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Over the past two decades, the area of sport nutrition and nutritional supple-
mentation has escalated in monumental proportions. An enormous number of
qualified professionals—sport nutritionists, athletic coaches, athletic trainers,
sports medicine personal, strength and conditioning coaches, personal train-
ers, medical representatives, and health practitioners, among others—as well
as a variety of athletic and exercise participants have searched for viable
dietary ergogenic aids to attain optimal training and performance levels.
A multitude of universities have infused relevant sport nutrition courses, aca-
demic majors, and critical research agendas into their curriculums to further
investigate this popular and dynamic aspect of our society. Professional orga-
nizations such as The International Society of Sport Nutrition have evolved to
take a scientifically based approach to help further understand the annual
billion dollar industry. What an extraordinary challenge this undertaking has
been due to the multitude of nutritional supplements that are currently on the
market and the plethora of these products that surface on a regular basis.

The editors and the authors noted in this textbook firmly believe that the
public has the right to know the truth regarding nutritional supplement
ingestion—health, safety, efficacy—and quality-based scientific research is
the accepted approach supported by those contributing to this published
endeavor. However, it should be noted that even highly acclaimed researchers
are not always in agreement regarding specific scientific findings, but such is
the nature of research in any realm. Based on this reality, there is a critical
need for professionals to bridge the gap between scientific results and com-
mon sense approaches related to practical sports and exercise nutritional
supplement strategies.

A major purpose of this book is to provide detailed analysis of nutritional
supplementation supported by, whenever possible, replicated scientific
research regarding sports and exercise performance. Previous chapters have
been fully revised and new chapters have been added to cover important cut-
ting edge topics. New chapters include: (1) Carbohydrate Utilization and
Disposal in Strength/Power Training & Sports, (2) Exercise for Athletes with
Diabetes, and (3) Beyond the Obvious: Future Innovations in Sports Nutrition.
Additionally, the book is divided into four parts to accomplish this goal. Part
I delves into the industrial component as well as the psychological nature of
the consumer-based nutritional supplement game. In Part I, strong emphasis
is placed on nutrient-dense food/fluid ingestion basics. Part III provides infor-
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mation regarding specialized nutritional supplements and strategies for unique
athletic populations, and Part IV addresses the present and future status of
nutritional supplements in sports and exercise environments. This book pro-
vides the readers with a viable up-to-date reference guide, keeping in mind
publication time frames often limit the inclusion of current research out-
comes. We have attempted to include relevant nutritional supplement infor-
mation that is timely and useful in an ever-evolving industry.

College Station, TX Mike Greenwood, PhD, FISSN, FNSCA, FACSM,
RSCC *D, CSCS *D

Melbourne, VIC Matthew B. Cooke, BSc (Hons), PhD
Stow, OH Tim N. Ziegenfuss, PhD, FISSN, CSCS
Miami, FL Douglas S. Kalman, PhD, RD, CCRC, FISSN, FACN

Fort Lauderdale-Davie, FL. Jose Antonio, PhD, FISSN, FACSM, CSCS
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Abstract

The sports nutrition segment of the dietary supplement industry enjoyed
over a decade of unfettered growth under federal legislation passed in
1994. A series of breakthroughs in the dietary supplement field led to the
development and marketing of innovative products designed to enhance
performance, build muscle, or lose excess fat. As the popularity of these
products soared and evolved into a multibillion dollar industry, the sports
nutrition supplement market drew the attention of federal and state regula-
tory bodies and sports anti-doping authorities. Growing concerns over
potential consumer health risks, banned substance contamination, and
unfair athletic advantages have spurred government regulators and legisla-
tors to heighten the scrutiny of this market in recent years, leading to leg-
islative amendments and increased government enforcement action.

Keywords
Dietary Supplement Health and Education Act of 1994 « Food and Drug
Administration ¢ Dietary supplements ® FTC ¢ Nutrition

1.1 Dietary Supplement Health
and Education Act of 1994
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supplement products. The FDA was perceived as
engaging in anti-supplement policy and enforce-
ment tactics, provoking a groundswell of legisla-
tive criticism. In its official report about the need
for DSHEA to curtail excessive regulation of
dietary supplements by the FDA, the Senate
Committee on Labor and Human Resources
charged that the “FDA has been distorting the
law in its actions to try to prevent the marketing
of safe dietary supplement substances” [2]. The
Senate Committee also concluded that the “FDA
has attempted to twist the statute (i.e., the provi-
sions of the FDCA, as it then existed) in what the
Committee sees as a result-oriented effort to
impede the manufacture and sale of dietary sup-
plements” [3].

DSHEA represented a sharp rebuke to the
FDA’s regulatory tactics of the time. However,
although DSHEA defined “dietary supplements”
and “dietary ingredients,” set certain criteria for
“new dietary ingredients,” and prevented FDA
from overreaching, it did not, as some critics
have charged, leave the industry unregulated.
The dietary supplement industry is in fact regu-
lated by the FDA as a result of DSHEA. The
Center for Food Safety and Applied Nutrition
(CFSAN), a branch of the FDA, along with the
Office of Dietary Supplements (ODS) assists the
FDA in the regulation of dietary supplements.
This power ensures the FDA’s authority to pro-
vide legitimate protections for the public health.
The Federal Trade Commission (FTC) also con-
tinues to have jurisdiction over the claims (mar-
keting, from implied to direct claims) that
manufacturers make about their products. The
FDA and FTC work together to regulate the
dietary supplement industry. There is increased
sharing of information and overlapping of juris-
diction with regard to marketing and advertising
of dietary supplements.

DSHEA regulates dietary supplements more
like conventional foods than like drugs. Why?
The reasoning is that the ingredients in supple-
ments are inherently safe because they are con-
tained in the foods that humans eat. Unlike drugs,
dietary supplements do not require pre-approval
from the FDA. Dietary supplements, unlike drugs,
cannot be marketed to treat or cure diseases.
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Accordingly, dietary supplements with claims on
the labeling that promote treatment, prevention,
or cure for a specific disease or condition
would be considered an unapproved—and thus
illegal—drug.

Government Protections
from Dietary Supplement
Hazards and Risks

1.2

How is the FDA authorized to protect the public
in the realm of dietary supplements? What if evi-
dence showed that a particular supplement prod-
uct was causing an acute epidemic of illnesses
and fatalities? What could the FDA do about it?
The FDA is an Operating Division of the US
Department of Health and Human Services
(HHS), which is headed by the Secretary of
HHS. The Secretary has the power to declare a
dangerous supplement to be an “imminent haz-
ard” to public health or safety and immediately
suspend sales of the product [4].

The FDA also has the authority to protect
consumers from dietary supplements that do
not present an imminent hazard to the public
but do present certain risks of illness or injury to
consumers. The FDCA prohibits introducing
adulterated products into interstate commerce [5].
Two important provisions exist by which unsafe
dietary supplements can be deemed to be adul-
terated [6].

The first provision, which applies to all
dietary supplements, states that a supplement
shall be deemed adulterated if it presents “a sig-
nificant or unreasonable risk of illness or injury
under ... conditions of use recommended or sug-
gested in labeling, or ... if no conditions of use
are suggested or recommended in the labeling,
under ordinary conditions of use” [7]. The stan-
dard does not require proof that consumers have
actually been harmed or even that a product will
harm anyone. It was under this provision that the
FDA concluded that dietary supplements con-
taining ephedra presented an unreasonable risk.
The criminal penalties for a first conviction of
introducing adulterated supplement products into
interstate commerce can include a fine of up to
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$1,000, imprisonment for up to 1 year, or both [8].
Subsequent convictions, or convictions for
offenses committed with the intent to defraud or
mislead, can include fines of up to $10,000,
imprisonment of up to 3 years, or both [9].

The second provision by which supplements
may be deemed adulterated addresses only dietary
supplements containing “new dietary ingredients”
for which the FDA believes there may be inade-
quate information to provide a reasonable assur-
ance that the ingredient does not present a
significant risk of illness or injury.

1.3  New Dietary Ingredients

Recognizing that new and untested dietary sup-
plement products may pose unknown health
issues, DSHEA distinguishes between products
containing dietary ingredients that were already
on the market and products containing new
dietary ingredients that were not marketed prior
to the enactment of the law [10]. A “new dietary
ingredient” (NDI) is defined as a dietary ingredi-
ent that was not marketed in the United States
before October 15, 1994 [11]. DSHEA grants the
FDA greater control over supplements containing
new dietary ingredients. A new dietary ingredient
is deemed adulterated and subject to FDA
enforcement sanctions unless it meets one of the
two exemption criteria: either (1) the supplement
in question contains “only dietary ingredients
which have been present in the food supply as an
article used for food in a form in which the food
has not been chemically altered,” or (2) there is a
“history of use or other evidence of safety” pro-
vided by the manufacturer or distributor to the
FDA at least 75 days before introducing the prod-
uct into interstate commerce [12]. The first crite-
rion is silent as to how and by whom presence in
the food supply as food articles without chemical
alteration is to be established. The second crite-
rion—applicable only to new dietary ingredients
that have not been present in the food supply—
requires manufacturers and distributors of the
product to take certain actions. Those actions
include submitting, at least 75 days before the
product is introduced into interstate commerce,

information that is the basis on which a product
containing the new dietary ingredient is “reason-
ably be expected to be safe” [13]. That informa-
tion would include (1) the name of the new
dietary ingredient and, if it is an herb or botani-
cal, the Latin binomial name and (2) a descrip-
tion of the dietary supplement that contains the
new dietary ingredient, including (a) the level of
the new dietary ingredient in the product; (b)
conditions of use of the product stated in the
labeling or, if no conditions of use are stated, the
ordinary conditions of use; and (c) a history of
use or other evidence of safety establishing that
the dietary ingredient, when used under the con-
ditions recommended or suggested in the label-
ing of the dietary supplement, is reasonably
expected to be safe. For most of DSHEA’s exis-
tence, there was no guidance as to what evidence
might be required to establish a reasonable
expectation of safety. In fact, the FDA specifi-
cally stated that the person submitting the appli-
cation is responsible for determining what
information provides the basis for the conclusion
that the product is reasonably expected to be safe.
The only hint given was that the FDA expects the
applicant to ‘“consider the evidence of safety
found in the scientific literature, including an
examination of adverse effects associated with
the use of the substance” [14].

In July 2011, the FDA released a Draft Guidance
for Industry, entitled “Dietary Supplements: New
Dietary Ingredient Notifications and Related
Issues” [15]. While a guidance does not carry
the authority or the enforceability of a law or
regulation, the FDA’s NDI draft guidance repre-
sented the agency’s current thinking on the topic:

The purpose of this guidance is to give manufac-

turers and distributors of these products informa-

tion and recommendations to help them decide
when a NDI notification is necessary and to
improve the quality and quantity of NDI notifica-
tions. There are an estimated 55,600 dietary sup-
plement products on the market, and FDA has
received approximately 700 NDI notifications
since we began reviewing NDI notifications
approximately 16 years ago. Additionally, the

Institute of Medicine has estimated that 1,000 new

dietary supplements are introduced to the market

each year These figures, coupled with recent con-
cern by both the agency and industry regarding the



presence of undeclared active ingredients in products
marketed as dietary supplements, highlight the
necessity for marketers of dietary supplements to
submit NDI notifications as an important preven-
tive control to ensure that the consumer is not
exposed to potential unnecessary public health
risks in the form of new ingredients with unknown
safety profiles. [16]

The controversial draft guidance was met by
staunch criticism from the supplement industry.
Senators Orrin Hatch (R-UT) and Tom Harkin
(D-Iowa), who were the principal authors of
DSHEA, asked the FDA Commissioner to with-
draw the guidance and replace it with a new draft
that “will provide needed clarification on what
constitutes an NDI, but does not undermine the
balance Congress struck in DSHEA to provide
consumers with access to safe, affordable dietary
supplement products” [17]. Other members of
Congress and various industry trade groups have
asked the FDA to clarify its positions, including
the subject of identity information for NDI notifi-
cations. Other questions surround whether NDI
notifications should be submitted when a firm
changes its manufacturing process or the ratio of
ingredients and what would cause an ingredient to
be “chemically altered.” Given the many uncer-
tainties surrounding the draft guidance, the FDA
eventually agreed (after initially refusing) to with-
draw the document. As of this writing, the FDA
has not issued further NDI guidance documents.

1.4 New Dietary Ingredient

Review: Application Process

If a supplement manufacturer seeks to market an
ingredient to the public that was not previously
sold on the US market (prior to October 15,
1994), a dossier of animal and human safety data
and/or proof of historical use as a food must be
compiled. Unless the ingredient has been present
in the food supply as an article used for food in a
form in which the food has not been chemically
altered, the history of use or other evidence of
safety must be presented to the FDA/CFSAN at
least 75 days before introducing the product into
interstate commerce. What sort of information
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should be presented? By what process would the
FDA evaluate the data to determine if the ingredi-
ent should be allowed on the market? Let us take
an example.

Excluding discussions of whether animal
safety studies have utility as related to efficacy
outcome-oriented research in humans, let us
assume that the product of interest was found to
be of acceptable safety margins when used in
human doses. This means that the animal studies
found the ingredient to be noncarcinogenic, to
have a high LDs, (median lethal dose), and not to
be organotoxic. In addition, let us assume that the
human studies also found the product not to have
an effect on blood pressure or heart rate or on
markers of safety as denoted by specific blood
tests (e.g., liver, kidney). Based on the compila-
tion of animal and brief human studies, we can
believe that the product is nontoxic, although fur-
ther and more invasive safety data are warranted.

For example, the dietary supplement popu-
larly known as 7-Keto®, also known as 3-acetyl-
7-oxo dehydroepiandrosterone, was “approved”
by the FDA via the NDI premarket notification
process. Prior to marketing 7-Keto as a dietary
supplement, it was submitted for a review of
safety to the FDA in the form of an NDI premar-
ket notification. This document, which can be
viewed at the FDA website, received no com-
ments or concerns expressed from the
FDA. Subsequent to this initial filing, another
NDI premarket notification has been filed spe-
cific to the use of 7-Keto for weight loss in adults
at the prescribed dosage. This notification also
has received no comments or concerns expressed
from the FDA.

The FDA has a searchable database of submit-
ted NDIs that the public can view, located online
[18]. In addition to 7-Keto, other popular dietary
supplements (e.g., creatine ethyl ester, vinpo-
cetine, Diosmin 95) have successfully undergone
the NDI process. Some applications to the FDA
fail to meet the bar of demonstrating relative
safety, usefulness, and other criteria requested by
the FDA in the application, and thus the rejection
or failure rate for NDI applications is thought to
be about 65-70 % of the applications submitted.
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1.5 FDA Regulatory Action:
Ephedra Supplements

and DMAA

In February 2004, the FDA issued a final rule
prohibiting the sale of dietary supplements con-
taining ephedrine alkaloids, reasoning that this
category of supplements presented an unreason-
able risk of illness or injury (based on a risk-to-
benefit evaluation) [19]. The rule took effect on
April 12, 2004, 60 days from the date of publica-
tion, at which time companies that continued to
sell supplements containing ephedra alkaloids
found themselves subject to a variety of enforce-
ment possibilities, including seizure of the prod-
uct, injunction against the manufacturers and
distributors of such products, and criminal pros-
ecution of violators. Three months after the rule
was announced, Utah-based Nutraceutical Corp.
filed suit challenging the ban, specifically the
FDA’s risk-to-benefit analysis, arguing that the
FDA had not shown ephedra supplements to
present an undue risk at low doses.

In April 2005, a federal court in Salt Lake City
(US District Court for the District of Utah, Central
Division) issued its decision on a legal challenge
to the FDA’s 2004 Final Rule banning all ephed-
rine-alkaloid dietary supplements. Judge Tena
Campbell’s decision made two key points:

It held that the analysis used by the FDA was
incorrect and improper. The FDA’s analysis
weighed risks against benefits. DSHEA, how-
ever, requires a straightforward risk assess-
ment. The court held that requiring supplement
companies to demonstrate a benefit as a pre-
condition to marketing violated DSHEA by
shifting the burden from the FDA to industry.

It held that the FDA did not have adequate sci-
entific evidence to find that a daily dose of
10 mg or less of ephedrine alkaloids presented
a “significant or unreasonable risk of illness or
injury” [under 21 U.S.C. § 342(f)(1)(A)]. The
court effectively held that it is improper to ban
all ephedra supplements because the FDA lacks
data to determine what dosage might be safe.

The FDA filed a notice of appeal in the 10th
Circuit Court of Appeals.

On August 17, 2006, the US Circuit Court of
Appeals in Denver reversed and remanded the
Utah ruling that challenged the FDA ban on prod-
ucts containing ephedra. The federal appeals
court overturned Judge Campbell’s decision, rul-
ing that the FDA was correct in its 2004 analysis
of ephedrine products, concluding that the FDA
had properly examined the facts when it ruled, in
2004, that dietary supplements containing ephed-
rine alkaloids present an “unreasonable risk of
illness or injury” and that there is no acceptable
dose of the ingredient. Pursuant to this, the gov-
ernment has since seized numerous products con-
taining the herbal ingredient.

Further appeals/petitions were filed by
Nutraceutical, followed by a petition for a writ
of certiorari to the US Supreme Court. The US
Supreme Court denied Nutraceutical’s petition
for certiorari on May 14, 2007, refusing to con-
sider their appeal, establishing a precedent for the
applicable legal standards, and confirming the
FDA’s regulatory authority over the issues.

In 2012, the FDA again targeted a fat-loss
ingredient. This time, it was a stimulant called
DMAA, also known as 1,3-dimethylamylamine,
methylhexanamine, or geranium extract. Citing
evidence that DMAA, especially in combination
with other ingredients such as caffeine, can pose
health risks to consumers, FDA issued warning
letters to companies notifying them that DMAA
products were adulterated and needed to be taken
off the market [20]. One company resisted,
defending its marketing of the substance as legal,
until FDA took administrative detention actions.
In July 2013, the remaining stock of the products,
estimated to have been worth more than $8 mil-
lion at the retail level, was voluntarily destroyed
by the firm [21].

1.6 FDA Regulatory Actions:
Androstenedione, Piracetam,

and ATD

The ban on androstenedione is another exam-
ple of the authority of the FDA to prohibit the
marketing of ingredients the agency believes
are adulterated. On March 11, 2004, the FDA
pronounced that dietary supplement products



containing androstenedione were adulterated
new dietary ingredients under DSHEA. For the
second time in as many months, the FDA took
regulatory action against the sports nutrition
industry. There was no evidence of an immi-
nent health hazard posed by androstenedione.
However, instead of the formal administrative
procedure of issuing a proposed rule and invit-
ing public comment, the FDA took unilateral
action, issued a press release, held a news con-
ference, and sent warning letters to 23 compa-
nies that had manufactured, marketed, or
distributed the products containing androstene-
dione. In its warning letters, the FDA threat-
ened possible enforcement actions for
noncompliance. The effect was to cause retail-
ers, manufacturers, and distributors alike to
cease selling products containing androstene-
dione. No meaningful dialogue between the
FDA and industry occurred prior to the FDA
taking this action.

Supplements containing androstenedione
were introduced during the mid-1990s and were
promoted as a natural way to help increase
strength and muscle mass as well as to combat
the effects of the aging process in older men,
much of which is attributed to declining testos-
terone levels. Like dehydroepiandrosterone
(DHEA), androstenedione is a naturally derived
precursor to testosterone. Androstenedione con-
verts directly to testosterone in the metabolic
pathway. The fact that it is naturally derived
and, as described below, present in the food sup-
ply is important in relation to the action taken
by the FDA. In its press release [22] and warn-
ing letters, the FDA declared androstenedione to
be an adulterated new dietary ingredient based
on its position that no evidence demonstrates
“that androstenedione was lawfully marketed as
a dietary ingredient in the United States before
October 15, 1994” [23]. It seems to be correct
that androstenedione was not marketed before
1994, given that the first commercial marketing
of products containing androstenedione appears
to have been in 1996. Furthermore, a review of
the FDA’s electronic database indicates no sub-
mission of an application for a new dietary
ingredient involving androstenedione [24].
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Interestingly, however, the FDA went beyond
the explicit words of the statute and used the
term “lawfully marketed” in their letters instead
of simply “marketed.” The implication was that
to receive “grandfathered” status into DSHEA
as a pre-1994 supplement ingredient, the prod-
uct must not only have been marketed but must
have met the additional requirement of having
been lawfully marketed. At least one commenta-
tor has interpreted this language to impose a
burden on industry to prove the product was
generally recognized as safe (GRAS) pre-
1994—an impossible standard for any product
that was not explicitly affirmed as such by the
FDA prior to the enactment of DSHEA [25].
Assuming that androstenedione is indeed a new
dietary ingredient, the FDA could determine
that products containing androstenedione are
adulterated under DSHEA unless they meet
either of the two exemption criteria stated above.

Accordingly, it appears that the question of
exemption turns on (1) whether androstenedi-
one is present in the food supply as an article
used for food without chemical alteration and
(2), if not, whether the product could satisfy the
requirement of reasonable expectation of safety.
With respect to the first exemption, according to
scientific journals, androstenedione is indeed
present in the food supply without chemical
alteration [26]. Had there been open communi-
cation between the FDA and industry, the scien-
tific evidence that androstenedione is present in
the foods we eat could have been presented and
discussed. Moreover, until 1998, which is the
date for the most recent information, there were
no reports of adverse events reported on the
FDA’s database [27]. Adverse events comprise
one of the few specific pieces of information
that the FDA sets forth in their “information”
about what safety data they require [28]. The
FDA’s requirements to show safety have never
been fully articulated; arguably, the FDA’s policy
creates a nearly impossible procedure to demon-
strate safety. Unlike the situation regarding ephe-
dra supplements, industry did not formally
challenge the FDA'’s regulatory action regarding
androstenedione, and sales of androstenedione
ceased.
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The FDA'’s action on androstenedione marked
the start of a heightened enforcement policy
against what the agency deems to be adulterated
new dietary ingredients. In August 2010, the
FDA took actions with respect to piracetam and
1,4,6-etioallocholan-dione  (also known as
3,17-keto-etiochol-triene and more commonly
referred to as ATD). The FDA sent a letter to a
dietary supplement firm indicating that the
agency did not believe that piracetam and ATD
are dietary ingredients, and when combined with
claims that the products affect the structure or
function of the body, these substances are “new
drugs,” not supplements [29]. Significantly, in a
footnote to the letter, the FDA referenced a 2003
NDI notification filed by the firm for piracetam
and a 2004 reply by CFSAN, stating FDA’s posi-
tion that piracetam is “not a dietary ingredient.”
Although the company apparently complied with
the 75-day premarket NDI notification require-
ment, the FDA failed to respond to the company’s
notification within the 75-day waiting period (the
response was more than 90 days after the notifi-
cation had been filed). The warning letter was not
issued until 6 years after the notification was filed
and after the products had been discontinued.

Due to the long-after-the-fact timing of these
particular enforcement actions, little substantive
debate or review of the NDI regulations was gen-
erated. The FDA actions do, however, reinforce
the need for clarification and guidance with
respect to NDI notifications. These actions should
also serve as notice to the dietary supplement
industry as a whole that FDA is shifting its focus
toward NDIs and that we can likely expect more
enforcement actions in the near future.

If a new dietary ingredient is exempted from
adulterated status because it is present in the food
supply as an article used for food in a form in
which the food has not been chemically altered, it
is prudent for supplement companies to docu-
ment that information prior to marketing the
product or even to communicate that information
to the FDA. If a new dietary ingredient is not
exempted from adulterated status based on the
food-supply exemption, premarket notification of
history of use or other evidence of safety estab-
lishing that the dietary ingredient, when used

under the conditions recommended or suggested
in the labeling of the dietary supplement, is rea-
sonably expected to be safe must be provided to
the FDA at least 75 days before the product is
introduced into interstate commerce.

1.7 Contaminated Supplements

and Banned Ingredients

Research conducted by the United States
Olympic Committee in 2004 found that 90 % of
athletes use some form of dietary supplements.
To ensure a “level playing field” and protect the
health of athletes, sports bodies are free to create
their own lists of banned ingredients. Athletes are
generally held under a standard of “strict liabil-
ity” by their respective sport bodies and are there-
fore held responsible for everything they put into
their bodies.

Highly publicized cases, however, have shown
that when athletes fail drug tests, tainted dietary
supplements may be blamed, and expensive liti-
gation may follow. Such lawsuits may seek not
only compensation for the athlete’s lost potential
income during the ever-lengthening suspensions
from athletic bodies and the tarnishing of the ath-
lete’s name in the publicity that follows a positive
test but also punitive damages in the tens of mil-
lions. One of the most well-known lawsuits
against a dietary supplement company involved
world-class swimmer Kicker Vencill, who tested
positive for the anabolic steroid nandrolone. He
blamed it on contaminated dietary supplements—
vitamin capsules. When he received a 2-year sus-
pension from competition, he sued the sports
nutrition company Ultimate Nutrition and
received a nearly $600,000 verdict, which was
later appealed. The case was later settled for an
undisclosed amount with no direct admission of
guilt by the manufacturer.

The National Football League (NFL) running
back Mike Cloud, a Boston College graduate
playing for the Patriots, tested positive for noran-
drostenedione and androstenediol (two nandro-
lone metabolites). He claimed that a tainted whey
protein powder (Nitro-Tech™) caused his posi-
tive test and consequent four-game suspension,
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while the supplement’s Canadian manufacturer,
MuscleTech, countersued, maintaining that the
allegations were false and amounted to trade
libel. Pavle Jovanovic, a US bobsledder, tested
positive for 19-norandrosterone (also a nandro-
lone metabolite) in 2001. He was suspended for
2 years and disqualified from the Salt Lake City
Olympics in 2002. He blamed his troubles on
MuscleTech’s whey protein, saying it was cross-
contaminated by one of its prohormone products.
Jovanovic also filed suit, and MuscleTech coun-
tersued. Both Cloud and Jovanovic submitted
tests showing containers of the product contained
nandrolone metabolites not listed on the label
(these results were also televised nationally on
Bryant Gumbel’s HBO Inside Sports show).
Graydon Oliver, a tennis player, tested posi-
tive in 2003 for the prohibited substance hydro-
chlorothiazide, a diuretic used as a masking agent
for other banned substances (used medically
typically for hypertension). He blamed a purport-
edly homeopathic Chinese herbal sleeping aid
called Relax-Aid. He filed suit on October 1,
2004, against Keimke Inc. (a.k.a. Barry’s Vitamin
and Herbs), a Boca Raton purveyor of food and
health supplements. The Association of Tennis
Professionals panel found that Oliver was aware
of the ATP warnings regarding using supple-
ments and that he failed to investigate the product
as thoroughly as possible. ATP suspended Oliver
for 2 months and directed him to forfeit $5,000 in
prize money and championship points. Oliver
had retained a sample of Relax-Aid for testing
(note: his sample of Relax-Aid also tested posi-
tive for chlordiazepoxide, the active ingredient in
Librium). Allegedly, the store owner, even after
being informed that the user was a professional
athlete subject to mandatory testing, told Oliver’s
mother who purchased the product that the
dietary supplement was safe for all sports organi-
zations as it contained no banned ingredients.
Graydon brought suit alleging $15 million in
damages (economic and noneconomic losses).
In 2013, Australian middleweight boxing
champion Sam Soliman beat German champion
Felix Sturm by unanimous decision in Dusseldorf,
Germany, in a voluntary eliminator for the #1
position. Subsequently, it was revealed that
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Soliman’s A sample from a urine test was positive
for oxilofrine which is a banned stimulant on the
WADA list. He was suspended for 9 months by
the German authorities, although the positive
finding likely resulted from a contaminated sup-
plement product. Soliman was ultimately exoner-
ated when his B sample was tested and retained
his position as the IBF’s #1 contender for the
World Middleweight title. There have been cases
tracking from at least 2009 of other athletes who
have for some reason tested position for this
stimulant [30]. Some of the athletes who have
tested positive for this banned medication
have also maintained that they were only taking
dietary supplements and that the supplement was
contaminated. These positive drug tests from
potentially tainted supplements have led to
greater awareness and messaging by the testing
organizations to athletes and the public. As oxilo-
frine falls under as a regulated class of medica-
tion, it ought not to be part of any legal dietary
supplement.

A 2002 International Olympic Committee
(I0C) study titled “Analysis of Non-Hormonal
Nutritional Supplements for Anabolic-Androgenic
Steroids” done by an IOC-accredited drug testing
laboratory found that 94 of the 634 (14.8 %)
dietary supplement samples it studied contained
substances not listed on the label that would trig-
ger positive drug tests. The dietary supplements
were from 12 countries. The dietary supplements
from the United States tested positive in 45 of the
240 products tested, at a fail rate of 18.8 %.
During the 2002 Salt Lake City Winter Games,
athletes from the Netherlands submitted 55 sup-
plements to be confidentially analyzed for banned
substances. In total, 25 % of the supplements
tested positive for prohibited substances.

When DSHEA was passed in 1994, it con-
tained a provision requiring that FDA establish
and enforce current Good Manufacturing Practices
(cGMPs) for dietary supplements. However, it
was not until 2007 that the cGMPs were finally
approved, and not until 2010 that the cGMPs
applied across the industry, to large and small
companies alike. The adherence to cGMPs has
helped protect against the contamination issues
discussed and should serve to improve consumer
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confidence in dietary supplements. We should
expect an improving market, as these regulations
impose new, stringent requirements such as ven-
dor certification, document control procedures,
and identity testing. These compliance criteria
address the problems that have damaged the rep-
utation of the industry with a focus on quality
control, record keeping, and documentation.

However, it does appear that some within the
industry continue to struggle with compliance. In
2010, it was reported that about one-third of
FDA'’s 90 dietary supplement cGMP inspections
that year revealed severe compliance problems.
The most common problem was reportedly
“inadequate identity testing.” Undoubtedly, rely-
ing on certificates of analysis from the raw mate-
rials, supplier without further testing, or failing to
conduct identity testing of a finished product, can
result in the creation of a product that contains
something it should not—such as synthetic
chemicals or even pharmaceutical drugs. All
members of the industry need to ensure compli-
ance with cGMPs.

1.8  Anabolic Steroid Control Act

During the past decade, the use of performance-
enhancing substances in sports has been in the
media spotlight like never before, with publicized
positive doping tests in major and minor league
professional baseball, professional football, track
and field, cycling, weightlifting, tennis, inline
skating, boxing, soccer, swimming, softball,
Paralympics, and even horse racing. Chemically
induced advantages can undermine the traditional
principle of a level playing field, and the abuse of
these substances can lead to health risks. The war
against the use of performance-enhancing sub-
stances in sports has been waged mostly on two
fronts: (1) prohibition of the substances by ath-
letic bodies that have implemented drug testing
of players and (2) federal and state legislation of
the substances as dangerous drugs with criminal
penalties imposed on violators. Federal legisla-
tors responded to the reports of extensive use of
anabolic steroids and steroid precursors among
sports competitors by subjecting possessors of a

plethora of steroid precursor products—openly
sold in US health food stores until January
2005—to arrest and prosecution. The law, passed
by Congress in 2004, was an expansion of anti-
steroid legislation passed in 1990 and demon-
strates the evolution of government regulation in
this area.

1.8.1 Anabolic Steroid Control Act

of 1990

During the mid-1980s, reports of the increasing
use of anabolic steroids in organized sports,
including a purported “silent epidemic” of high
school steroid use, came to the attention of
Congress. When Canadian sprinter Ben Johnson
tested positive for the steroid stanozolol (popu-
larly known as Winstrol) at the 1988 Seoul
Olympics and was stripped of his gold medal,
the ensuing media frenzy galvanized the US
Congress into action. Between 1988 and 1990,
Congressional hearings were held to determine
whether the Controlled Substances Act should be
amended to include anabolic steroids [31].
Significantly, medical professionals and repre-
sentatives of regulatory agencies (including the
FDA, DEA, and National Institute on Drug
Abuse) testified against the proposed amend-
ment to the law. Even the American Medical
Association opposed it, maintaining that steroid
abuse does not lead to the physical or psychologi-
cal dependence required for scheduling under the
Controlled Substances Act [32]. However, any
“psychologically addictive” properties of ste-
roids or public health dangers seemed to be sec-
ondary considerations to Congress. Most of the
witnesses at the hearings were representatives
from competitive athletics whose testimony, and
apparently Congress’s main concern, focused on
the purported need for legislative action to solve
an athletic “cheating” problem [33].

Congress passed the Anabolic Steroid
Control Act of 1990 [34], criminalizing the pos-
session of anabolic steroids without a valid
prescription. This was accomplished by amend-
ing Title 21 of the United States Code (U.S.C.)
§ 812(c), which contains the initial schedules of
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controlled substances [35]. Anabolic steroids
were listed under subsection (e) of Schedule
III. The law placed steroids in the same legal
class as barbiturates, ketamine, LSD precursors,
and narcotic painkillers such as Vicodin. To this
day, anabolic steroids remain the only hormones
in the schedules.

Once the law became effective, in 1991, mere
unlawful possession of any amount of anabolic
steroids, even without any intent to sell or distrib-
ute, became a federal crime [36]. A conviction is
punishable by a term of imprisonment of up to 1
year and/or a minimum fine of $1,000; and prior
state or federal drug convictions increase the pos-
sible sentence. Unlawful steroid distribution or
possession with intent to distribute became pun-
ishable by up to 5 years in prison for a first
offender or 10 years for a prior drug offender [37].

The 1990 law listed only 27 compounds, along
with their salts, esters, and isomers [38]. In the-
ory, however, there are hundreds or even thou-
sands of anabolic steroidal compounds—many of
which might enhance athletic performance—that
could be created in laboratories and offered for
human use. By the early part of the past decade,
some of these substances were being openly mar-
keted as performance-enhancing dietary supple-
ments. Called “prohormones” or in some cases
“prosteroids,” these products were frequently
metabolic precursors to testosterone or other
listed anabolic steroids. Prosecution of those
responsible for selling these compounds—
including androstenedione, norandrostenedione,
norandrostenediol, 1-testosterone, and
4-hydroxytestosterone—was hampered by the
absence of these compounds from the list [39].

1.8.2 Anabolic Steroid Control Act
and DASCA

Although dietary supplements have never been
embraced by anti-doping agencies, prohormone
supplements were of particular concern, present-
ing at least four problems beyond any perceived
health issues. First, by their very nature and
design, they defied traditional sports values: They
were pills that might give the player who swallowed
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them a chemically induced advantage over the
player who did not. Second, some of the steroid
precursor products shared metabolites with
banned anabolic steroids, raising the specter of
false-positive tests [40]. Third, traditional drug
screening might fail to detect some of the newer
“designer” steroid configurations. Lastly, poor
quality control at the manufacturing level pre-
sented the possibility that some dietary supple-
ment products might inadvertently contain
steroid precursors by ‘“‘cross-contamination,’
resulting in false-positive tests for anabolic ste-
roids [41]. Amid the searing media attention to
the issue, legislators publicly cried out for broader
and stiffer steroid laws. Congress drafted bills
and held hearings [42]. On October 22, 2004,
President Bush signed into law the Anabolic
Steroid Control Act of 2004, and it took effect in
January 2005 [43]. The new law expanded the
original steroid law that had been passed in 1990,
also providing $15 million for educational pro-
grams for children regarding the dangers of ana-
bolic steroids and directing the US Sentencing
Commission to consider revising federal guide-
lines to increase the penalties for steroid posses-
sion and distribution.

The law added 26 new steroid compounds to
the previous list of substances that are legally
defined as “anabolic steroids” and classified them
as Schedule III controlled substances [44]. An
exhaustive analysis of all the new compounds is
beyond the scope of this chapter, but a few obser-
vations are in order. Some of these compounds
were being marketed as dietary supplements,
whereas others, such as bolasterone, calusterone,
furazabol, and stenbolone, are actually early phar-
maceutical steroids that were missed in the origi-
nal federal law (note, however, that some states,
among them California, did include some of these
compounds in their own steroid laws). These
dusty old compounds were likely added to the list
after the highly publicized reemergence of norbo-
lethone (also added to the list) in an Olympic
urine sample. Listed also is tetrahydrogestrinone,
or THG, the so-called designer steroid that pre-
cipitated the BALCO scandal. Mere possession of
any of these products is now a basis for a person’s
arrest and prosecution as a federal drug criminal.
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The new law also changed the general requi-
site elements of an anabolic steroid. Ironically, no
longer is there any requirement for evidence that
an anabolic steroid is “anabolic” (i.e., that it pro-
motes muscle growth). It simply needs to be
chemically and pharmacologically related to tes-
tosterone and either on the new list of substances
or be any salt, ester, or ether of a substance on the
list. The omission of the criterion of promoting
muscle growth profoundly affects the process by
which a newly created “designer” steroidal com-
pound may be added to the list. Even under the
1990 law, the US Attorney General had the
authority [45] to schedule additional or newly
discovered steroidal compounds without going
back to Congress for approval. However, under
the old law, for a compound to qualify as an ana-
bolic steroid, the Attorney General was required
to prove that the compound had anabolic proper-
ties. Now, for administrative scheduling, the
Attorney General must only establish that the
compound is chemically and pharmacologically
related to testosterone [46].

After a protracted battle on the issue among
members of Congress, the law permits the con-
tinued sale of DHEA [47] as a dietary supple-
ment by adding it to the other hormonal
substances explicitly excluded from scheduling
(estrogens, progestins, and corticosteroids). The
law also fixes some of the mistakes and poor
draftsmanship of the 1990 law [48].

The new law retains the “catch-all” provision
of the 1990 law concerning certain variations of
the listed compounds and includes specific iso-
mers of a compound under that compound’s
heading [49]. However, not all prohormone prod-
ucts fall under the new law, nor do all conceivable
anabolic steroids.

The DEA tried to remedy the problem admin-
istratively, issuing a final rule [50], effective
January 2010, classifying three more compounds
as anabolic steroids (boldione, desoxymethyltes-
tosterone, and 19-nor-4,9(10)-androstadienedi-
one, along with their salts, esters, and ethers).
Then, the DEA last year published a notice of
proposed rulemaking to add yet two more steroi-
dal compounds, prostanozol and methasterone
(marketed as Superdrol), along with their salts,

esters, and ethers, to the list. The final rule on
these two was issued on July 30, 2012 [51], effec-
tive August 29, 2012.

Recognizing the difficulties in attempting
to administratively schedule new prohormones
one by one, Congress has attempted to fix this
problem through yet another version of the law.
The “Designer Anabolic Steroid Control Act of
2014”7 (DASCA) was signed into law on
December 18, 2014 [52]. DASCA lists 25 ste-
roidal compounds as newly criminalized ana-
bolic steroids. DASCA criminalizes very close
relatives of explicitly listed steroids. It says
that “a drug or hormonal substance (other than
estrogens, progestins, corticosteroids, and dehy-
droepiandrosterone) that is not listed ... and is
derived from, or has a chemical structure sub-
stantially similar to, 1 or more [listed] anabolic
steroids [is considered an anabolic steroid] if ...
[it] has been created or manufactured with the
intent of [promoting muscle growth or having
pharmacological effects like testosterone or] has
been, or is intended to be, marketed or other-
wise promoted [to suggest it will promote mus-
cle growth or have pharmacological effects like
testosterone].” In other words, derivatives and
slight variations on compounds which are on the
list can violate the law if they are made or if they
are marketed, or intended to be marketed, to
build muscle or have effects like testosterone.
DASCA prohibits a compound from being a
drug or hormonal substance under the law if it is
“an herb or other botanical” or “a concentrate,
metabolite, or extract of, or a constituent iso-
lated directly from, an herb or other botanical”
or if it is a dietary ingredient (under DSHEA)
and “is not anabolic or androgenic.” DASCA
places the burden of proof upon anyone seeking
to claim an exemption. The law also introduces
anew theory by which to prosecute steroid cases
by making it a crime to import, export, manu-
facture, distribute, dispense, sell, offer to sell, or
possess with intent to manufacture or sell any
anabolic steroid, or any product containing an
anabolic steroid, unless it bears a label clearly
identifying the anabolic steroid by accepted
(IUPAC) nomenclature. This provision would
apply to manufacturers who use deceptive or
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“creative” ingredient labeling to conceal that the
product is an anabolic steroid. It would also
apply to distributors and retailers who know,
intend, or have reasonable cause to believe that
the product contains an anabolic steroid. The
Attorney General will be able to add new
“designer” compounds to the list of anabolic
steroids with greater ease and speed (with only
30 days’ notice for temporary scheduling).

It is important to recognize, however, that
regardless of whether a steroidal substance is
scheduled under the Controlled Substances Act, the
marketing of these compounds as dietary ingredi-
ents is an “adulteration” or “misbranding” viola-
tion of the FDCA unless they comply with
DSHEA. Numerous prosecutions have been insti-
tuted against prohormone marketers over the last 5
years, resulting in criminal convictions of both
companies and, in a few cases, their principals [53].

1.9  Adverse Event Regulation

and Legislation

In response to growing criticism of the dietary sup-
plement industry, which is often inaccurately char-
acterized by mass media and sometimes the US
government as ‘“‘unregulated,” the 109th Congress
passed the first mandatory Adverse Event Reporting
(AER) legislation for the dietary supplement indus-
try. On December 22, 2006, President Bush
signed into law the Dietary Supplement and
Nonprescription Drug Consumer Protection Act.
This Act, which took effect on December 22, 2007,
was sponsored by Senator Orrin Hatch (Utah) and
cosponsored by Senators John Cornyn (Texas),
Michael Enzi (Wyoming), Edward Kennedy
(Massachusetts), Richard Durbin (Illinois), and
Tom Harkin (Iowa). After much debate in Congress
and input from the FDA, the American Medical
Association (AMA), many of the major supple-
ment trade associations, and a host of others, the
group finally agreed that the legislation was neces-
sary and the final version was approved by all. In
short, the Act requires that all “serious adverse
events” regarding dietary supplements be reported
to the Secretary of Health and Human Services.
An adverse event, as defined in section (a)(1)
of this new law, is any health-related event
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associated with the use of a dietary supplement
that is adverse. A serious adverse event, as
defined in section (a)(2)(A), is an adverse event
that results in (i) death, (ii) a life-threatening
experience, (iii) inpatient hospitalization, (iv) a
persistent or significant disability or incapacity,
(v) or a congenital anomaly or birth defect or (B)
requires, based on reasonable medical judgment,
a medical or surgical intervention to prevent an
outcome described under subparagraph (A).

Once it is determined that a serious adverse
event has occurred, the manufacturer, packer, or
distributor of a dietary supplement whose name
appears on the label of the supplement shall sub-
mit to the Secretary of Health and Human
Services any report received of the serious
adverse event accompanied by a copy of the label
on or within the retail packaging of the dietary
supplement.

This law strengthens the regulatory structure
for dietary supplements and builds greater con-
sumer confidence in this category of FDA-
regulated products, thus ensuring and protecting
Americans’ continued access to safe, beneficial
dietary supplements. Consumers have a right to
expect that if they report a serious adverse event to
a dietary supplement manufacturer, the FDA will
be advised about it. The Council for Responsible
Nutrition, Natural Products Association, American
Herbal Products Association, and the Consumer
Healthcare Products Association all support the
AER legislation and have structured educational
presentations for the dietary supplement industry
in order to educate and implement programs for all
companies to comply with this useful law.

1.10 Contamination or
Adulteration: A Need
for Better Consumer
Confidence

We must ask ourselves: Can the dietary supplement/
nutrition industry do anything more to enhance the
image and/or quality of the products being sold? Most
health professionals would emphatically state that con-
ducting clinical trials that examine the products as they
are intended to be used or as they are marketed to ensure
that they deliver on their promise is well worthwhile.
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The research industry intersects with many
other industries in more than one way. Research is
used to plan marketing, create a product, and learn
more about the product. Research can be used to
delineate consumer demographics within the
dietary supplement industry, to define safety and
efficacy, and for intellectual property means.
However, a point to consider is whether there
exists a responsibility on the part of a company
that markets a product to research and learn the
unknowns about their products. To paraphrase
former US Secretary of Defense Donald
Rumsfeld: Are you responsible for known-
unknowns? Before we explore the potential
answers, one must also wonder just who in the
chain of product retailing is really responsible for
the product dossier. Many companies purchase
their finished products from other companies and
simply relabel the products for their own market-
ing purposes (private labeling). Yet other compa-
nies source raw materials or sometimes branded
ingredients from a supplier and then retail it as
their own in the finished product. This is all per-
fectly legal and quite common in many industries.

To utilize a popular ingredient for the pur-
poses of this chapter, the example of blue-green
algae is examined. Blue-green algae are often
skimmed or collected from surface waters.
Among the most popular site in the United States
for cultivating blue-green algae is the Upper
Klamath Lake in southern Oregon. In 1996, the
state of Oregon noted that the Upper Klamath
Lake was experiencing an extensive growth of
Microcystis aeruginosa (a type of blue-green alga)
that is known to produce hepatotoxins (microcys-
tins). A local public uproar occurred, and the
local health departments decided to test the
waters and blue-green algae dietary supplements
(61 to be exact) for the presence of microcystins.
Among the dietary supplements tested was spiru-
lina (15 samples), which is also considered a
blue-green alga and is not from the Upper
Klamath Lake. The researchers established a
“no-observed adverse effect level” for the pres-
ence of microcystins via animal data and guid-
ance from Health Canada along with the World
Health Organization. The “tolerable human dose”
was determined to be 0.04 pg/kg/day or 2.4 total

pg for a 60 kg person. Most people who use these
types of supplement ingest 2 g/day; thus, the safe
dose of the hepatotoxin from blue-green algae
was determined to be 1.0 pg/g of product.

The results of the study were surprising (and
perhaps not well distributed among the compa-
nies that sell these types of dietary supplement).
In general, the average microcystin level of the
blue-green algae from this lake was found to be
>2.15 pg/g of product (more than double the
“safe” limit). Some samples tested were from the
same lot (meaning that three bottles of product
were purchased from the same lot), and the varia-
tion within the same lot from bottle to bottle
ranged from <30 to 99 %. This indicates that a
wide variation and potential for this particular
hepatotoxin exists within this class of dietary
supplements harvested from this region. The spi-
rulina dietary supplements did not contain any
serious amounts of hepatotoxins.

The exposure to high levels of microcystins is
known to disrupt liver function and can result in
intrahepatic hemorrhage as well as hypovolemic
shock; less is known about the risks of exposure
to low levels of this hepatotoxin over time. In ani-
mals, chronic exposure to low doses of this hepa-
totoxin is correlated with tumor progression
(liver cancer). The blue-green algae often har-
vested for dietary supplements are harvested dur-
ing the bloom when microcystins in the surface
water are at their maximum. Because spirulina is
grown under controlled conditions, the contami-
nation risk is less likely. Blue-green algae are
harvested from the surface waters; therefore, the
microcystins contained therein are known also to
contain neurotoxins that are produced from
cyanotoxins.

Under DSHEA, it is the marketer’s responsi-
bility to ensure the safety of the dietary supple-
ment being retailed to the public. It appears that
the most common “adverse effect” associated
with blue-green algae supplements is gastrointes-
tinal disturbance and that this side effect is some-
times interpreted by the industry to be
“detoxification.” There are no known cases in the
FDA database of serious AERs regarding blue-
green algae. Once the appearance of microcystin
hepatotoxin in surface water and in blue-green
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algae dietary supplements became known, some
states have enacted public health measures
(Vermont and Oregon).

It may be wholly possible that every company
in the product distribution chain, from the origi-
nal raw material supplier through the wholesalers
and distributors (with the possible exception of
the retail store outlet selling other companies’
brands), should conduct safety studies [54, 55].
These safety studies might run the gamut from
animal toxicity surveillance all the way to human
safety studies. In addition, the safety dossier may
include laboratory analysis for the presence of
known carcinogens, adulterated medications, and
other standard safety parameters. Perhaps, it is
the responsibility of the raw material company
and the finished goods retailer to know directly
with first-hand evidence that their product is safe
from known agents that can negatively affect the
heart, kidneys, liver, and so on. This is where it is
important for both types of company to employ
the services of a firm or in-house individual to
create a dossier (“Product Master File”) that has
direct and/or third-party peer-reviewed published
science denoting the safety of the ingredient and
to contract with a laboratory—either private or at
a university—to do first-hand product safety
studies. Companies that do all of this can feel
comfortable that they have directly satisfied the
safety aspects of DSHEA for their products; con-
sumers should feel more confident as well. It is
true that unknown safety issues may still be lurking;
however, a company that is responsible in doing
its due diligence by having a complementary file
on safety compiled from third-party science and
direct “owned” science is taking the steps that the
public should expect members of the sports nutri-
tion supplement industry to take.

Substantiation
from the Perspective
of Research

1.11

If you were set up on a blind date or better yet get
involved in online dating and were told that the
person who you will be meeting for drinks was
six foot two and in decent physical shape and had
brown hair and hazel eyes, but when you got to

R. Collins and D.S. Kalman

the club you saw no such person, would you
wonder what was going on? You find the club just
fine; it is located where he said it would be; the
music is just as cool as you thought it would be;
and then a man taps you on the shoulder, says
your name (“Hi Staci, nice to meet you!”). You
stare at him wondering, “Who are you?” Finally
he says his name and thanks you for meeting him.
He compliments your attire and perfume and
notes that your drink of choice is one of his favor-
ites as well. Still, you remember the online pic-
ture you saw of him, the details of his height,
build, even the type of work that he said he did.
So why does he not appear as well as he should?
Why is not the real thing (the guy) substantiating
the claims he made about himself in his online
dating profile? Do you think he was fudging to
hedge his bet? To perhaps increase the likelihood
he could make the sale?

The scenario occurs not only socially but in
business as well. For example, years ago you
could go to a used car lot and test-drive any car
there. The car would start, roar even; however,
after you plunked down your money for the vehi-
cle of your temporary dreams, the car would start
to stutter and often not even start. After an almost
epidemic of bad cars being sold, many states
enacted laws to protect the car buyers—known as
“lemon laws.” The typical scenario encompasses
a car being test-driven and enjoyed for its suppos-
edly superior strength and looks that just does
not pan out to have the “muscle” you expected.
Simply put, the advertising was not substantiated.
Can you think of other industries that may also
need a “lemon law”?

1.12 Advertising

Imagine you read an advertisement for a dietary
supplement that stated “other natural supple-
ments appear to treat only 15 %, or one type of
pain.” Would you then believe that the supple-
ment ad is implying that the particular product
being promoted treats or is useful for all types of
pain? Because a product is being directed or sold
to consumers, should it not have direct research
demonstrating support for its marketing claims?
In the case of comparing one product versus
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others for a specific effect, once a specific effect
is mentioned there is a further implication that
substantiation must exist. A lawyer or even a reg-
ulatory agency might say that the advertisement
is playing fast and loose with the scientific record.

Another example of a common advertisement
that we all see in the major periodicals and trade
journals is for a product purported to “reduce
stress, improve sleep quality, diminish PMS,
enhance mental sharpness, and reduce negative
side effects of caffeine.” This product is popular;
in fact, it is a branded ingredient in many prod-
ucts. The studies on the branded ingredient have
been carried out mostly in Japan, with few having
been conducted in the United States. One may
wonder if studies carried out in a foreign land, on
people who may have genotypes and phenotypes
different from those in the typical US population,
would yield the same results here. In other words,
does the research substantiate the advertising
claims that are made in the US market? The cur-
rent Guidance for Substantiation released by the
FDA in December 2008 addresses this very issue.
In fact, the FDA indicates that foreign studies
may not have equivalence for US substantiation
but will be considered as part of the portfolio.
This is surely something that must be a consider-
ation for any dietary supplement company, and
thus some motivation to organize a clinical trial
platform is there. It is also a factor that consum-
ers should consider when reading supplement
marketing materials [56-59].

1.13 IsThere Legal Precedence?

In January 2002, the FDA issued guidance
regarding claims and compliance guidelines for
dietary supplements. According to the Guidance
for Industry Regarding Structure/Function Claims,
claims can be made on or for dietary supplements
if you have substantiation that the claims are
truthful and not misleading. The substantiation
must be in place prior to the claim being made;
and, in fact, the FDA is to be notified within 30
days of first marketing the product. So although
there is clear guidance regarding what constitutes
a structure/function claim (for more information,
see the set of 10 criteria in section 101.93(g) of

Title 21 Code of Federal Regulations), it appears
from the above two product advertisement exam-
ples that these laws are not being followed.
Section 101.93(g) of Title 21 contains guidance
regarding claims, and this section keys in on dis-
ease or symptom claims, implied claims, and
much more. This is of utmost importance because
the document contains clear guidance regarding
what a company could say or how a company
could structure the label, advertisements, and
other product-supportive literature when market-
ing the product.

However, the lack of clarity as to what consti-
tutes substantiation for a claim is a concern. For
example, if you had one small-scale pilot open-
label study on what you considered the key ingre-
dient (the “active”) in your product and the small
study found efficacy of that ingredient, is this
enough substantiation on which to base advertis-
ing claims? Or think about a situation in which
you have a single-ingredient product, and studies
on that ingredient have already been published in
decent scientific journals and in the United States.
Would this be considered substantiation? In this
case, the answer appears to be that the substantia-
tion of prior “third party” (borrowed science, if
you will) is valid if the product that you sell has
the same exact dosage and quality of the studies
on which you are basing your claims. In other
words, if there are five studies on “product X”
and in those studies the ingredient is dosed at
250 mg three times per day but you decide to sell
it at 100 mg for twice per day usage, the pub-
lished science does not support your claims.

The FTC has announced its intention to be
more active in policing the advertising of weight
loss products. In fact, the FTC’s publication Gut
Check: A Reference Guide for Media on Spotting
False Weight Loss Claims detailed the types of
claims that the agency believes to be almost
impossible to substantiate. The FTC was granted
this power in the Federal Trade Commission Act
by the simple words within the Act that note the
prohibition of “unfair or deceptive acts or prac-
tices.” It is clear that deceptive claims are those
that are misleading or false in some way because
facts are misstated or omitted or important infor-
mation was not disclosed [60-62]. Even if “puff-
ery” is used in an advertisement, it can be
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considered deceptive if substantiation for the
basis of the claim is not real or valid. There are
many other areas that the FTC and FDA consider
when evaluating if an advertisement (of any
form) is valid, and these parameters should not be
discarded. However, one should be cognizant of
the FTC advertising and substantiation policy
(known as the “substantiation doctrine”) that was
first enacted in 1972 and then further articulated
in 1984. Within the FTC’s actions, the use of the
“Pfizer factors” in noting if a claim is substantiated
is typically used [63]. The factors evaluating sub-
stantiation include (1) type of product, (2) type of
claim, (3) the benefits of a truthful claim, (4) the
cost/feasibility of developing substantiation, (5)
consequences of a false claim, and (6) the amount
of substantiation that experts in the field believe
is reasonable. Did you know that the FTC’s
experts have stated that weight loss beyond 1
pound per week without dieting or exercise
should be considered scientifically not feasible?

In new FTC cases, the agency appears to be
attempting to redefine “competent and reliable
scientific evidence” through consent decrees. In
an action involving POM Wonderful in 2013, the
standard suggested by FTC is two randomized,
well-controlled, human clinical trials [64]. At
present, this is not the law and only applies to
these companies, but we may see a move toward
a broader application of this standard. The FTC
requires that companies identify all express and
implied claims that the advertisement conveys
to consumers. Once these claims are identified,
the scientific evidence is assessed to determine
whether there is adequate support for those
claims. Companies are barred from conveying
other claims beyond those expressly stated. As a
result, an advertiser is equally responsible for the
claims stated as well as those implied in the ad.
Additionally, an advertisement is considered
deceptive if it fails to disclose certain informa-
tion. Advertisers are required to disclose infor-
mation if it is material in light of representations
made or suggested by the ad. This also applies in
situations where material would alter the way in
which consumers would ordinarily use the
product [65].
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1.14 The Cost of Nontruth

Although the FTC has not clearly defined what
constitutes substantiation, it has provided a global
overview of how the agency analyzes marketing
claims. In addition, the FDA along with the FTC
points to a 1994 ruling as related to weight loss
claims that states that at least two well-designed
randomized clinical trials are needed to support
weight loss and appetite suppressant claims.
Because both the FDA and FTC point to this
1994 ruling, we now have some specific guidance
as to what constitutes substantiation from the
perspective of the amount of clinical trials needed
for claims support [66].

Companies that have run afoul of either the FTC
or FDA guidelines for advertising and marketing
have been pursued in courts for their private actions
and have paid financially. Fines appear to have
ranged from the cost of consumer redress to out-
right fines payable to the respective agency. In a
recent case, the manufacturer and subsequent
retailer of one popular weight loss supplement paid
$100,000 to the FTC and consented to not advertise
any weight loss supplements that did not have sub-
stantiation (not all parties in this suit have settled
with the FTC). In another FTC action, one com-
pany touting an oral growth hormone product paid
the FTC $485,000 for consumer redress with a bal-
loon clause of $5.9 million if the individual violates
the consent order. Two other companies who also
marketed oral growth hormone products have con-
sented to pay the FTC up to $20 million dollars for
their unsubstantiated marketing claims. In addition
to the $20 million dollar notation, the companies
and officers named in the FTC action may have to
pay up to an additional $80 million dollars if the
FTC finds that they misrepresented their personal
and corporate finances. The consent order notes
that substantiation is needed for claims and that the
defendants have agreed to acquire the proper sub-
stantiation for future products they wish to retail.
Do you think that with the possibility of losing
$100 million dollars, this company will spend the
money on studies to support their marketing? The
FTC has been very active over the past few years,
and it appears that they are more active than ever in
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enforcing the laws regarding misleading advertis-
ing and substantiation [67-71]. This should be
motivation enough for any dietary supplement
company to learn and to conduct themselves in the
right manner. In the big picture, because research
and development is tax-credible (IRS Codes 41 and
174), why not spend the money now rather than
paying fines and facing possible disbarment from
the industry and, heaven forbid, jail time later for
being guilty of unsubstantiated marketing claims?

1.15 Conclusion

As we have seen, after a decade of quietude, recent
Congressional legislation and FDA regulatory
actions have targeted sports and fitness supple-
ments, banning some products and criminalizing
others. The future may yet see additional regulatory
efforts, or even legislative initiatives, as the market
continues to evolve. Although the rules and regula-
tions set forth by the Federal Trade Commission
and the Food and Drug Administration were
designed with the best intentions, the role that polit-
ical pressure and potential lobbying by other indus-
tries plays in the enforcement of these rules and
regulations cannot be ignored. Part of the problem
lies with the industry itself, which could assist in
uplifting the perception of sports supplements by
creating a structured “self-policing” policy to ensure
product purity and quality. Meanwhile, despite cer-
tain governmentally imposed limitations, sports
nutrition supplements will likely continue to grow
in popularity. The Internet has provided consumers
with access to a wealth of information to research
dietary supplements from a multitude of perspec-
tives conveniently, helping individuals to make
more informed decisions. Millions of members of
the consuming public continue to enjoy the right to
decide for themselves whether to take a wide vari-
ety of dietary supplements.
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Introduction

Shawn M. Arent, Ph.D., CSCS*D, FACSM
Associate Professor, Rutgers University

Abstract

Research concerning the physiological and biobehavioral effects of
supplements commonly used in sport or exercise settings has multiplied
rapidly over the last decade. However, less attention has been directed to
understanding the motivational pathways leading to sport and exercise
supplement use. This chapter summarizes known usage rates for sport/fit-
ness supplements and describes motivational theories and constructs
which may be of use for understanding individuals’ use of these sub-
stances. In this respect, we contend that researchers should consider
behavioral approaches, the theory of planned behavior, balance theory,
achievement goal theory, social physique anxiety, and muscle dysmorphia
as useful for developing an understanding of the psychological influences
on supplement use. For some of the latter theories/constructs, research has
already shown support for their explanatory abilities, whereas research is
scant and the utility for understanding sport/exercise supplement use is yet
to be determined for many of the theories. In addition to describing the
motivation behind supplement use, this chapter summarizes the biobehav-
ioral effects of a select group of supplements commonly used to improve
performance, fitness, or health. Specifically, we consider psychobiological
effects of caffeine, creatine, Ginkgo biloba, St. John’s wort, and omega-3
fatty acids related to enhanced arousal, improved memory and cognition,
enhanced brain function and protection, and reduced depression. There is
promising initial evidence for the efficacy of these compounds in producing
favorable psychological outcomes, though certain shortcomings of many
studies on these compounds must be taken into account before reaching
definitive conclusions.

Keywords
Attitudes * Norms ¢ Persuasion ® Goal orientations ® Motivational climate ®
Body image * Creatine * Caffeine * Ginkgo ¢ St. John’s wort ¢ Fish oil

to drug-supplement interactions (e.g., Terrell
Owens). While there is considerable drama
and attention surrounding such high-profile

Over the last decade, there have been numer-
ous high-profile cases of athletes testing posi-
tive for performance-enhancing drugs (PEDs)
and claiming it was due to a tainted supple-
ment or examples of individuals having psy-
chotic episodes and ultimately attributing them

cases, it does show some of the reason for con-
cern in a largely unregulated and sometimes
poorly researched industry. As supplement use
has grown in sport and exercise settings, it
becomes increasingly important to understand
the reasons for supplements use. Additionally,
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while many supplements target physiological
systems, it is important to understand that these
systems impact behavior (and vice versa). Such
interactions of biological processes and behav-
ior are termed biobehavioral effects and repre-
sent the intersection of the fields of physiology
and psychology.

The growth of the overall supplement indus-
try over the past decade is startling. According to
the 1994 congressional Dietary Supplement
Health and Education Act, it was reported that
there were an estimated 600 dietary supplement
manufacturers in the United States producing in
the neighborhood of 4,000 products [1]. The
total annual sales of these products were esti-
mated to be at least $4 billion [1]. In 1998, this
figure had grown to $13.9 billion and by 2012
equaled to $23.5 billion with an estimated annual
increase of 5-7 % [2]. Anecdotally, it seems
there are several motivations for this explosion
in the use of supplements in sport and exercise—
the increase in overweight and obesity and the
pursuit of an ideal body shape have likely
spurred the growth of supplements purporting to
aid weight loss, media portrayal of “ideal” body
images for males may be causing adolescent and
adult males to increase supplement use to
increase their muscle size, and the ever-increas-
ing stakes in the sporting world seem to be caus-
ing athletes to continue to strive for new ways to
gain an edge on the competition.

As an initial foray into the psychology of sup-
plementation, this chapter proposes to look at
three questions: (1) what do we know about the
prevalence of supplement use, particularly con-
sidering supplementation among athletic popula-
tions or among those trying to gain muscle mass
or lose weight, (2) what accounts for the motiva-
tions causing the explosive growth in the sport
and exercise/weight loss supplement industry,
and (3) what do we know about psychobiological
outcomes related to sport performance, fitness,
and health for a select group of supplements with
purported biobehavioral effects? Reviewing the
literature considering each of the latter three
questions reveals some interesting research find-
ings as well as significant gaps in the body of
knowledge. It is our hope that an initial review

concerning supplement use in sport and exercise
from a psychological perspective will serve as an
impetus to further research allowing a better
understanding of the reasons for sport and exer-
cise supplement use, their effects, and areas of
potential concern.

2.2 Review of Literature

2.2.1 Definition of a Dietary
Supplement

In the United States, a summary definition of
dietary supplements as defined by the DSHEA of
1994 [1] can be stated as “a product (other than
tobacco) intended to supplement the diet that
bears or contains one or more of the following
dietary ingredients: (a) a vitamin, (b) a mineral,
(c) an herb or other botanical, (d) an amino acid,
(e) a dietary substance for use by man to supple-
ment the diet by increasing the total dietary
intake, or (f) a concentrate, metabolite, constitu-
ent, extract, or combination of any ingredient
described in clauses a, b, ¢, d, or e.” It should be
noted, additionally, that any claims a manufac-
turer or individual makes about a supplement
might change its classification. Dietary supple-
ments claimed to cure, mitigate, or treat disease
would be considered to be an unauthorized new
drug rather than a supplement. Researchers have
also differentiated “nonvitamin, nonmineral sup-
plements” (NVNM) as those primarily consisting
of herbal, botanical, protein/amino acid, brewer’s
yeast, and shark cartilage and a variety of other
plant-based and nonplant dietary supplements
such as enzymes and fish oil [3, 4]. Finally, in the
arena of competitive sport specifically, it should
be noted that there are both “accepted” and “illegal/
banned” substances, including some supplements.
Making this distinction somewhat difficult,
various sport governing bodies do not necessar-
ily agree about which supplements should consti-
tute banned substances, with inconsistencies
appearing between the IOC, WADA, USOC, and
the NCAA [5].

In an interesting quandary for the field of
performance enhancement, many supplements



26

marketed to athletes may contain banned
substances—either overtly or because of impuri-
ties in these supplements. Geyer and colleagues’ [6]
IOC-commissioned study examined nonhor-
monal supplements to determine the prevalence
of anabolic—androgenic steroids (AAS) in these
products not listed on the label. Researchers
bought supplements from 215 suppliers in 13 dif-
ferent countries testing 634 nonhormonal supple-
ments. A meaningful percentage of the
supplements (14.8 %) contained substances that
would lead to a positive drug test. These results
indicate that a proportion of supplements would
be considered drugs; further, they would be con-
sidered drugs with potentially deleterious side
effects. The difficulty for many athletes and the
various sport governing bodies is that it is diffi-
cult to determine which supplements may truly
be supplements and which contain substances
that would be considered drugs.

Despite the possibility for failed doping tests,
athletes typically take supplements because they
want an advantage over their competition.
Supplement use should not be surprising consid-
ering that some athletes are willing to take ille-
gal/banned drugs to improve performance. Thus,
it would appear that the desire for money, fame,
and feelings of achievement associated with ath-
letic success are driving forces for the use of
sport supplements. Yet not all athletes use sup-
plements, and some are extremely cautious about
the substances they ingest. Perhaps there are
more subtle psychological factors at work that
should be considered.

Problems also abound for individuals who
supplement in order to achieve added weight
loss and/or muscle gain (or even improved recov-
ery post-workout) from their exercise programs.
Products of dubious efficacy are plentiful, and little
is known about drug/supplement or supplement/
supplement interactions which may be hazardous
to the user’s health [7, 8]. Substances such as
brindleberry (Garcinia cambogia/indica), capsa-
icin, caffeine, L-carnitine, chromium picolinate,
and Ginkgo biloba have purported weight loss
benefits; however, not all of these substances have
research support in the published literature [9].

S.M. Arent and R.S. Lutz

Considering a worldwide ongoing obesity
epidemic [10] and problems in particular in the
United States, it is not surprising that many indi-
viduals are seeking new ways to lose weight.
Supplements promise, though probably seldom
deliver, a magic bullet of sorts—easy, hassle-free
weight loss with little in the way of dietary sacrifice.
Motivation for users of weight loss supplements,
however, is likely not simple or straightforward.
A range of issues ranging from body image con-
cerns to obsessive tendencies may be important
to consider.

2.2.2 Prevalence of Supplement Use

There have been several large-scale surveys of
supplement use among US citizens. The Slone
Survey [11] used random digit dialing to survey
2,590 US citizens to determine commonly used
herbals/supplements (nonvitamin, nonmineral:
NVNM) and vitamins and minerals. The ten most
commonly used substances in these categories
are reported in Tables 2.1 and 2.2, respectively.
Additionally, 14.0 % of individuals reported use
of a herbal/supplement over the previous 7-day
period. Popular reasons given for the use of
herbal/supplements included health (16 %),
arthritis (7 %), memory improvement (6 %),
energy (5 %), and immune booster (5 %). Recent
analysis of NHANES data from 2003 to 2006 [12]
found that of the 18,758 individuals included in
the analysis, 49 % reported supplement use, with
multivitamins being the most commonly consumed
(33 %) followed by botanical supplements (14 %).
Over 70 % of adults over 71 years indicated using
at least one dietary supplement [12].

Other large surveys have been conducted to
examine supplement use and find, generally,
greater usage rates among older individuals, non-
obese, Caucasians, females, nonsmokers, physi-
cally active individuals, those with higher levels
of educational attainment, as well as those with
higher fruit and fiber intake [3, 13, 14]. In a study
of 1,000 university students, Perkin and col-
leagues [4] found that 26.3 % indicated use of a
NVNM supplement and 16 % had used in the



Table 2.1 Understanding the motives for supplement use in sport and exercise settings

Theory

Pertinent construct(s)

Behaviorism/operant conditioning

Expected relationship to supplement use

Research support

Positive Supplement use that leads to reward/praise No known direct support
reinforcement should promote future use
Punishment Supplement use leading to punishment/ Indirect support (success

Theory of planned behavior

Attitude

Subjective norm

Perceived behavioral

control

Balance theory

Achievement goal theory

Goal orientation

Motivational climate

Other constructs

Social physique

anxiety

Muscle dysmorphia

sanction should reduce future use

Attitudes that supplements are good/healthy
should promote use

Beliefs that others feel you ought (injunctive
norm) to use or beliefs that others commonly
do use (descriptive norm) should promote use

Perceptions that supplements are easy to use,
available, or inexpensive should promote use

If subject likes a celebrity spokesperson
promoting a supplement and perceives that
celebrity approves of the supplement, the
subject should be more willing to try the
supplement as they should like it more (to
achieve psychological balance)

Individuals who have a high ego orientation
for their sport would be expected to be more
willing to use supplements, even if these
supplements are potentially harmful

Individuals within ego-promoting climates
would be expected to be more willing to use
supplements, even if these supplements are
potentially harmful

High social physique anxiety may promote
supplement use in some circumstances

Higher levels of muscle dysmorphia may
promote supplement use

of doping sanctions)

Supported w/ limited
research
Supported w/ limited
research

Supported w/ limited
research

Well supported
generally; no known
direct support

No known direct support

No known direct support

No known direct support

Supported w/ limited
research

Table 2.2 Ten most commonly used herbals/supplements in the United States: 1-week percentage prevalence by sex
and age®

Men ‘Women
1844 45-64 >65 years 18-44 45-64
Rank Herbal/supplement years years years years >65y Total
1 Ginseng 4 4 <1 2 5 2 33
2 Gingko biloba extract <1 4 1 1 4 5 2.2
3 Allium sativum <1 4 4 1 3 3 1.9
4 Glucosamine <1 2 4 <1 5 4 1.9
5 St. John’s wort <1 2 0 2 3 <1 1.3
6 Echinacea angustifolia 1 1 0 1 3 <1 1.3
7 Lecithin <1 <1 1 1 3 1.1
8 Chondroitin <1 1 1 0 3 2 1.0
9 Creatine 4 0 0 0 0 0 0.9
10 Serenoa repens 1 1 4 0 <1 0 0.9
Any use 12 17 11 10 23 14 14.0
Adapted from [11]

“Percentages weighted according to household size
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past. ginseng, echinacea, protein powder/amino
acids, and Ginkgo biloba were the most fre-
quently used supplements. Reasons for use
included to improve energy (61.2 %), to promote
weight loss (38 %), to burn fat (36.1 %), to sup-
plement inadequate diet (35 %), to build muscle
(27.8 %), and to relieve stress/improve mood
(24.7 %). It appears the reasons for use in the
university population are more performance- and
appearance-driven than the reasons for the gen-
eral US population, which are more health-
focused [11].

Sport Specific Use Athletes undoubtedly account
for a large portion of those who use dietary sup-
plements, and there are a variety of products that
are marketed directly at competitive athletes.
Sobal and Marquart’s [15] meta-analytic review
of vitamin/mineral supplement use among ath-
letes reported an overall use rate of 46 %. They
also found that elite athletes tended to more
commonly take supplements than did college or
high school athletes, and women used supple-
ments more often than men. Another conclusion
was that some athletes take high doses that may
lead to nutritional problems. Regarding other
herbal or other agents (e.g., AAS), use rates
widely vary depending on the sport population
investigated or the definition of supplement.
Froiland and colleagues [16] actually found use
rates as high as 89 % in a survey of 115 male and
88 female Division I athletes, with energy drinks
being the most commonly consumed supplement
(73 %) followed by calorie replacement products
(61.4 %), multivitamins (47.3 %), and creatine
(37.2 %). In some studies, though, use rates are
lower—often when investigating younger or less
competitive athletes and when using a definition
of supplement that excludes sports drinks and
vitamins. Scofield and Unruh [17] found 22.3 %
of adolescent athletes reported supplement use
in a small sample in Nebraska. In their study,
athletes defined supplements on their own terms
and most did not consider sport drinks to be a
supplement. Considering elite Canadian athletes
participating at the Atlanta and Sydney Olympics,
respectively, prevalence rates of 69 % and 74 %
were reported [18]. Though vitamin use was

S.M. Arent and R.S. Lutz

most common (58-66 %), nutritional supple-
ments were also commonly used (Atlanta, 35 %
of men, 43 % of women; Sydney, 43 % of men,
51 % of women) and typically consisted of cre-
atine and/or amino acid supplementation.
Nutritional supplement use occurred most often
in cycling (100 %) and swimming (56 %). Based
on overall results, it appears that supplementa-
tion increases with competitive level of sport and
is somewhat higher for female athletes.

2.2.3 Motivational Theories Applied
to Supplement Use

Examining the literature as a whole, it is well-
established that supplement use is high among
athletic populations and those who want to
either build muscle or lose weight. What exist-
ing theoretical paradigms, however, might
inform our future study of this area concerning
reasons for use and potential abuse? To answer
this question, it is perhaps best to consider three
specific categories—supplement use to produce
athletic performance benefits, supplement use to
build muscle for aesthetic purposes or body
image concerns, and supplement use to lose
weight for aesthetic purposes, body image con-
cerns, or health. Each of the three reasons for use
likely has different motivational underpinnings.
Therefore, in our description of theoretical
paradigms that may be applied to understand
supplement use, we have tried to identify the
areas where each theory may be particularly
effective for understanding supplementation.
Overall, it should be considered that there are
likely to be multifaceted, overlapping motiva-
tions for supplement use. Table 2.3 gives an
overview of psychological/motivational theo-
ries and constructs that may be related to sup-
plement use. As is obvious upon examination of
this table, little direct inquiry has been con-
ducted to explain motivation to use supplements
in sport and exercise settings.

Certainly, there is a behavioristic explanation
possible for the use of supplements in that ath-
letes’ use may lead to reward contingencies (e.g.,
more prize money) thus driving future behavior.
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Table 2.3 Ten most commonly used vitamins/minerals in the United States: 1-week percentage prevalence by sex and

age®
Men
18—-44 45-64
Rank Herbal/supplement years years
1 Multivitamin 19 29
2 Vitamin E 3 18
3 Vitamin C 4 13
4 Calcium 3 4
5 Magnesium 1 2
6 Zinc 2 2
7 Folic acid <1 3
8 Vitamin B, <1 2
9 Vitamin D <1 <1
10 Vitamin A <1 3
Any use 24 46

Adapted from [11]

Women

>65 18-44 45-64 >65

years years years years Total

31 25 29 33 26.0

14 4 19 19 10.0

12 5 16 14 9.1
7 6 19 23 8.7
5 2 6 5 3.0
3 1 5 3 2.2
4 2 3 4 2.2
2 2 3 3 2.1
2 <1 5 7 1.9
2 <1 4 3 1.8

47 35 51 59 40.0

aPercentages weighted according to household size. Numbers (excluding multivitamins) indicate prevalence of use in

nonmultivitamin products

Similarly, supplements that build muscle or
promote weight loss could produce rewarding
results. Also, there are undoubtedly social influ-
ences at work considering that coaches, parents,
athletic trainers, and peers have been reported as
influential to the decision to take supplements
[17, 19, 20]. Finally, other extant motivational
theories may be useful to predict supplement use
and abuse. Most of these potential explanations
have received limited research, if any, in the con-
text of supplement use, so our primary purpose is
to describe how theory or previous research
would predict the stated constructs’ explanatory
ability and direct future inquiry to understand
motivation for supplementation.

Operant Conditioning If supplements work
quickly and effectively to produce performance
changes or body shape changes resulting in
reward or praise, it is possible to use operant con-
ditioning as a means of explaining the choice to
take supplements. Operant conditioning focuses
on the manner in which our behavior and action
are influenced by the outcomes that follow them
[21]. Derived from the behavioristic research tra-
dition [22], the sum of findings in this area would
dictate that some outcomes/stimuli strengthen the
behavior that preceded them, while others
weaken the likelihood of the behavior that

preceded them. Outcomes or consequences that
increase the likelihood of behavior are known as
reinforcers, and those that decrease the likelihood
of behavior are known as punishment. In the
present context, prize money, praise from others,
or rewards due to improved performance are rein-
forcers of the behavior to take supplements.
However, it should be apparent that this theory
demands that the reward is contingent upon
taking the supplement—in other words, the sup-
plement must work effectively and ostensibly.
Additionally, it must likely work quickly in order
to provide effective reinforcement of use. If it
takes months to see the results, the behavior/
reward timeline may be too protracted to encour-
age future use, particularly in an age of instant
gratification. Otherwise, we must use other moti-
vational explanations to understand supplement
use. Because most legal supplements likely
would not produce dramatic sport performance
gains, muscle mass gains, or weight loss results,
perhaps the best explanation for use is found in
other theories. Behavioristic explanations, how-
ever, might be very applicable considering the
use of illegal substances such as steroid use.

Persuasion and Conformity A set of ideas/
principles that might best explain supplement use
across areas (performance enhancement, weight
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Pertinent influences on theory
constructs considering sport and
exercise supplementation
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Fig.2.1 The theory of planned behavior applied to sport/exercise supplement use. Adapted from [27]

loss, and muscle building) can be found examining
research on persuasion and conformity to norms.
Edwin Moses, one of the greatest hurdlers of all
time, once estimated that use rate of illegal drugs
in track and field to be about 50 % at the elite
level [23]. Such a statement is reflective of a
descriptive norm indicating what you believe
others actually do. In an exercise setting, this
would manifest in one’s belief that others com-
monly take weight loss supplements or muscle-

building supplements. The power of such norms

to influence behavior is well documented [24-26],

and if supplement use is perceived as the norm,
there will be social pressure to conform—even
in the face of negative outcomes that might be
due to use.

Among theories adopting the concept of nor-
mative influence on behavior, the theory of
planned behavior (TPB) may be useful for
understanding motivation to use supplements.
This theory proposes the existence of three
psychological constructs which are believed to
influence behavior through the mediator of
intent: normative influences, attitude, and per-
ceived behavioral control (see Fig. 2.1) [27].

Within normative influences, it is important to
consider what one believes concerning what oth-
ers feel you ought to do, known as the injunctive
norm, in addition to the actual, descriptive norm
relating to what others do themselves [27, 28].
Attitudes pertain to the degree that a behavior is
positively or negatively valued. Specifically, in this
context, would taking supplements be considered
“good”? Perceived behavioral control pertains to
one’s beliefs about factors that might facilitate/
impede performance of a behavior. Factors such
as cost and availability of supplements would be
expected to influence perceptions of behavioral
control. No known study has focused on supple-
ment use among athletes/exercisers using this
theory, though it has shown very good predictive
ability examining supplement use in other popu-
lations. In a study of 400 randomly selected women
from the UK Women’s Cohort Study including
15,000 participants who completed variables
pertinent to TPB constructs and supplement use,
Conner and colleagues [28] found that intent very
accurately predicted supplement use (82.9 %
accuracy) and that attitude was the strongest
predictor of intent, though subjective norm and
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perceived behavioral control were also significant
predictors of intent. The latter three variables
predicted an astonishing 70 % of variance in
intent to use supplements. Certainly, these
findings suggest that attitudes, normative beliefs,
and perceptions of control are important corre-
lates of supplement use among women. What is
not known, however, are the ultimate reasons for
use in this sample (e.g., weight loss, health ben-
efits, etc.). Future research examining the TPB’s
predictive ability given different reasons for sup-
plement use may be informative as these reasons
may moderate the relative association of these
predictors with intent to use and actual supple-
ment use.

When trying to change attitudes about whether
supplements are good or bad, it is likely that
some individuals will be more persuasive than
others. For example, individuals will be more
persuasive if they are seen as trustworthy or having
pertinent expertise [29]. The supplement industry
often uses exactly such a strategy to help market
their products. University research and “expert”
sport and exercise nutritionists are increasingly
being used to support the efficacy of perfor-
mance-enhancing, muscle-building, or weight
loss supplements. While this is a wise strategy
on the part of the supplement industry from an
economic standpoint, consumers should also
consider that a company may contract with mul-
tiple universities to test their product and only
report the results of the positive outcomes in their
advertisements. Such a practice should be viewed
as unethical, yet this is certainly a possibility.
In recent years, certain research labs have even
garnered a reputation for somehow always pro-
ducing positive results for certain supplements.
In some cases, these findings run contrary to a
majority of previous research. Even in the pub-
lished literature, there is likely to be a bias to the
benefits of supplements as opposed to studies
documenting no effects due to the file drawer
problem in current scientific practice where sig-
nificant results are published more frequently than
nonsignificant results [30, 31]. Scientists con-
ducting investigations in the area of supplements
should attempt to publish nonsignificant and
significant findings alike because of these issues.

Another theory that might inform persuasive
efforts to effect attitude change is Heider’s [32]
balance theory. According to this theory, people
want to view the world in a consistent manner. In
other words, if your favorite athlete has admitted
using a controversial supplement but you do not
generally approve of the use of performance-
enhancing substances, you are likely to change
either your opinion of the athlete or acceptability
of substance use in order to achieve harmony of
thought and action. In this manner, we might
expect that overt or covert messages from well-
liked or well-respected athletes that indicate
their use of supplements will cause others to view
use as acceptable even if they initially resist.
This would also support supplement companies’
use of well-liked spokespersons to tout the use
of their products. Similarly, using well-liked
spokespersons to advertise supplements with
purported weight loss benefits should have simi-
lar effects.

Achievement Goal Theory While the latter theo-
retical explanations allow some insight into the
use of supplements among athletic populations,
perhaps no theory addresses supplement use in
this population as precisely as achievement goal
theory [33, 34]. Within this theoretical paradigm,
it is assumed that there are differences in the
manners by which athletes judge their compe-
tencies, successes, or failures. Such differences
of goal involvement may be influenced by envi-
ronmental/situational influences, termed the cli-
mate [33], and individual differences, termed
goal orientations [35]. Individuals who are task-
oriented tend to judge their success on the basis
of personal improvement (e.g., I am successful if
I learn or improve), whereas those who are ego-
oriented tend to judge their success on the basis
of social comparison with others (e.g., I am suc-
cessful if I win). Task-oriented individuals typi-
cally view personal ability as changeable and
will exhibit strong motivation regardless of their
perceptions of competence [36]. Those who are
ego-oriented, in contrast, tend to view ability as
more static and are thus more likely to engage in
questionable strategies to ensure winning [37]
and would be expected to engage in more
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frequent doping activities and perhaps a greater
willingness to use supplementation strategies.
Interestingly, there is little direct evidence to link
ego-goal orientations or ego climates with sup-
plement use. However, this would be an impor-
tant topic of inquiry in future studies. Certainly,
this is an important topic of study in youth sport.
If young athletes who are ego-involved begin
using supplements, we must consider that they
may not be as likely to comprehend (or care about)
the potential for drug/supplement interactions.

Body Image and Eating Disorders The desire to
win in athletics couched within the achievement
goal framework appears to be a good model to
understand sport supplement use. In exercise and
fitness settings, however, theories directed to
body image may be more useful. While obesity
rates have dramatically increased in the United
States over the past few decades [38], a similar
increase in the ideal body size has not occurred in
the female population. In fact, the “ideal” waist
size for females may have become unhealthily
small [39]. Because of these two contradictory
trends, it is no surprise that the use of supple-
ments targeted at weight loss has increased
dramatically during this same time period. The
nation is getting heavier and feeling worse
about it, specifically in the female population.
While we know that a large portion of supple-
ment use is driven by a desire to lose weight [4],
less is known about more severe body image dis-
turbances in females as it may impact unhealthy
supplement practices. Risky supplementation
involving taking high doses or mixing supple-
ments may occur among individuals who have
more severe body image disturbances. More
research is needed to investigate the relations
between social physique anxiety, the degree to
which people are anxious or nervous when others
are observing or evaluating their physique [40],
and supplementation practices. Social physique
anxiety has been shown to be positively related to
percent body fat and body dissatisfaction [40, 41],
and it is logical that such dissatisfaction would be
an impetus for the use of weight loss supplements
that may be used in exercise settings. The feelings
associated with social physique anxiety are often
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so distressful that they have even been found to
be related to cortisol secretion in exercise-related
settings [42]. Given the intensity of these emo-
tions, it is reasonable to assume that practices
that may make one feel better about their phy-
sique (i.e., weight loss with supplements) would
be likely behaviors.

In a similar vein, it may be informative to look
at disordered eating practices and supplement use.
Examining the diagnostic criteria for bulimia [43],
one of the notable symptoms is ‘“recurrent
inappropriate compensatory behavior in order to
prevent weight gain, such as self-induced vomit-
ing; misuse of laxatives, diuretics, enemas, or
other medications; fasting; or excessive exercise”
(p- 549). It might be expected that individuals
suffering from bulimia, and perhaps anorexia
nervosa, would have excessive or unhealthy sup-
plementation practices. Research has shown that
among women at risk for eating disorders,
approximately 65 % engage in frequent use of
“diet pills” [44], of which it is reasonable to
assume a large portion would be considered
supplements. Again, as the supplement industry
has surged ahead promoting an ever-increasing
range of products, researchers must try to deter-
mine how this may pose yet another risk for those
who have eating disorders. It may also be that
high levels of supplementation could be a warn-
ing sign of an eating disorder. More research sim-
ply needs to be done in this area. We do know that
a warning sign of eating disorders is excessive
exercise [43], and those working in exercise set-
tings should be alert to this.

The Adonis Complex Typically, when one con-
siders issues related to body image concerns in
the United States, one focuses upon female popu-
lations. However, Pope and colleagues [45] have
identified a similar, but opposing set of preoccu-
pations afflicting males termed the Adonis
Complex, which seems to be afflicting boys and
men more specifically in the last few decades.
Those afflicted with the Adonis Complex may
compulsively lift weights or exercise, engage in
steroid abuse, elect to undergo plastic surgery, or
suffer from eating disorders or body dysmorphic
disorders, all in attempts to gain muscle mass,
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change fat distribution, or otherwise alter their
appearance to some ideal.

In one of the seminal works in this area, Pope
and colleagues [46] interviewed 108 bodybuild-
ers (55 steroid users and 53 nonuser controls)
and found a higher than normal incidence of
anorexia nervosa (2.8 % incidence) and a sur-
prising incidence of “reverse anorexia” (8.3 %
incidence) in which respondents believed they
appeared small and weak despite a very large,
muscular appearance. The latter finding indi-
cated that some of these bodybuilders exhibited
unusual preoccupations with their appearance.
Such pathological preoccupations with muscu-
larity have been termed muscle dysmorphia, and
research concerning this issue has found it to be
relatively common among adolescents and
young males [45]. As an important link to poten-
tial supplement use or abuse, in Pope and col-
leagues’ [46] research, all of the bodybuilders
indicating muscle dysmorphia (then termed
“reverse anorexia”) were in the sample of steroid
users, and many reported that the symptoms of
muscle dysmorphia were a factor that led to ste-
roid use. If these individuals are driven to use
illegal substances, one might expect higher than
normal use of any substance (i.e., muscle-build-
ing supplements) purported to promote strength
or muscle mass gains. As an indication of the
degree of this obsession, individuals with this
affliction have reported lifting weights for hours
a day while sacrificing other areas of their lives.
For example, some of these individuals reported
earning degrees in business, law, or medicine but
did not pursue a career or gave up a career in
these areas because they needed more time to lift
weights [47].

Recent research indicates that bodybuilders
suffering from higher levels of muscle dysmor-
phia are more likely to experience body dissatis-
faction, social physique anxiety, and use
muscle-building- or fat-reducing-targeted sup-
plements [48]. While the association between
“muscle dissatisfaction” and frequency of exercise
has been questioned, indicating that incidence
of muscular dissatisfaction is similar among
frequent and infrequent exercisers [49], this study
used perhaps an overly simplistic measure of

muscular dissatisfaction likely not sensitive to
indications of muscle dysmorphia. Nonetheless,
further research is necessary to determine the
incidence of muscular dissatisfaction or muscle
dysmorphia and their impact on a variety of
important outcomes such as supplement use.
At present, there is some evidence that supple-
ment use is greater among individuals with
muscle dissatisfaction [49], muscle dysmorphia
[48], or a high drive for muscularity [50]. It also
appears that illegal supplement use may accom-
pany muscle dysmorphia as data indicate that
one million or more US males have used these
substances (such as anabolic steroids) primarily
to promote muscle growth as opposed to perfor-
mance enhancement purposes [45]. Finally, it
should also be noted that research finds that
some men have become preoccupied with fat as
opposed to muscle and, in contrast to attempting
to gain weight, may develop eating disorders [45].
This suggests that body image concerns among
males may drive some to obsessively attempt to
build muscle mass, whereas others may obsessively
work to lose fat—and in both cases, it is likely
that legal or illegal supplementation is a common
means to achieve such goals.

Biobehavioral Effects

of Selected Supplements
Commonly Employed

for Performance, Fitness,
and Health

2.3

In addition to the psychological reasons underlying
supplement use, there are also a number of psycho-
logical and biobehavioral effects that are associated
with certain supplements or ergogenic aids. In
some illegal ergogenic aids (i.e., AAS), many of
these effects are considered negative side effects
associated with the use of the drug or substance.
For example, AAS abuse has been reported to
result in mood changes, irritability, aggression,
and psychotic or manic behavior [51-55]. There
has been mixed support for these effects in experi-
mental studies using supraphysiological doses of
testosterone [56-58]. However, it appears that
this may be due to considerable individual
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variability in the psychological responses to AAS
use, with those individuals predisposed to aggres-
sion or hostility most likely to respond with
increased aggressive behaviors or anger [56, 57].
It is worth noting, though, that due to ethical
restrictions in human subjects research, even the
“supraphysiological” doses of testosterone used
in the above studies (200-600 mg week™') fall
well below what some individuals typically use
when on an AAS cycle. The negative psychologi-
cal responses likely become more apparent as the
dosage increases.

In contrast to the negative psychological out-
comes associated with AAS administration, there
are actually many positive psychobiological
responses for some of the legal ergogenic aids
and nutritional supplements used in sport or exer-
cise settings such as caffeine, creatine, omega-3
fatty acids, Ginkgo biloba, and St. John’s wort.
Some of these effects include enhanced arousal,
improved memory and cognition, enhanced brain
function and protection, and reduced depression.
Unfortunately, definitive conclusions are difficult
for each of these compounds due to the typically
small-scale studies conducted on each of them as
well as likely publication bias in some cases [59].
In light of this, emphasis will be placed on meta-
analytic results and findings of well-controlled,
randomized trials where available when review-
ing the evidence for each supplement.

Caffeine Caffeine, particularly in the form of
coffee, is one of the most commonly used ergo-
genic aids and CNS stimulants [60]. In fact,
according to Sinclair and Geiger [61], caffeine is
the worlds’ most abused substance. Its effects on
physical performance (particularly endurance)
are well established, but there are also many stud-
ies that have examined the role of caffeine as a
psychological ergogenic. Caffeine would be used
by athletes as a performance aid in athletic situa-
tions, yet it is likely that this is a widely used sub-
stance among those populations in exercise
settings as well. Research has generally sup-
ported a beneficial effect of caffeine intake on
sensorimotor performance as well as vigilance
and attention. Some of these findings include
improvements in simple and choice reaction time
[60, 62-64], faster response rate for a tapping
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task [64], sustained attention and vigilance [64—66],
and improved decision-making [67]. Furthermore,
these effects appear to be even more pronounced
under the situation of sleep deprivation or fatigue
[67-69]. While it has been suggested that many
of these findings could be due to reversal of with-
drawal effects after caffeine abstinence rather
than actual performance benefits per se, there is
recent evidence that this is not the case [70].

Lieberman et al. [71] examined the impact of
three different doses of caffeine (100, 200, or
300 mg) or a placebo on cognitive performance
in 68 Navy SEAL trainees under extreme condi-
tions during their Hell Week. At the time of test-
ing, the SEAL trainees had been sleep-deprived
for approximately 72 h. Furthermore, due to stan-
dard SEAL training policy, they had refrained
from caffeine intake for the entire week, thus
controlling for possible “reversal of withdrawal”
effects. Results indicated significant improve-
ments in visual vigilance, choice reaction time,
fatigue, repeated acquisition, and alertness in
both the 200 and 300 mg groups, with the great-
est effects at 1 h post-ingestion but still persisting
at 8 h post. There were no differences between
the 200 and 300 mg groups. Additionally, though
marksmanship was not improved, caffeine also
did not adversely affect it, which had previously
been expressed as a concern with a fine-motor
steadiness type of task due to muscle tremors
associated with caffeine [72, 73]. It could be that
even if caffeine disrupts “steadiness,” it improves
target acquisition and detection [74, 75]. In tasks
requiring less fine-motor control (i.e., a tennis
serve), accuracy has been found to improve with
caffeine administration [76]. Caffeine adminis-
tration pre- and in-task has also been found to
improve both endurance performance as well as
decision-making ability [77], which has implica-
tions for sports requiring concentration and
decision-making late in games. In general, the
arousal effects induced by caffeine appeared to
benefit most areas of cognitive and psychological
performance tested.

Caffeine can be linked to a state of arousal
through specific physiological mechanisms.
Research has shown caffeine intake leads to more
positive frontal P2 and parietal P3 components of
event-related potentials (ERP) [78]. This increase
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in CNS activity indicates elevated levels of
arousal, heightened information processing, and
control-oriented mechanisms [78]. The arousal-
inducing properties of caffeine appear to be tied
primarily to its binding to adenosine A; and A,
receptors, though recent research has suggested
that the A,, receptor is primarily responsible for
mediating these effects [79]. This may help
explain the positive effects that caffeine ingestion
appears to have on the risk of Parkinson’s disease
(PD), which is characterized by central dopamine
deficiency [80]. Because of an interaction
between dopamine D, receptors and adenosine
A, receptors [81], caffeine appears to have
dopamine agonist-like effects [82]. Though two
small-scale clinical trials have failed to find an
effect of caffeine on Parkinson’s symptoms, the
dosage used was extremely high (>1,000 mg),
which may have eradicated the motor benefits
seen at lower caffeine doses [83]. A more recent
study found benefits on certain freezing-gait
characteristics (i.e., total akinesia) using a low-
dose (100 mg) caffeine treatment in patients with
PD, though there appear to be distinct “responder”
and “nonresponder” effects [84].

According to Ferrauti, Weber, and Struder
[76], caffeine can also produce improvements in
psychomotor coordination and neuromuscular
function through its effect on contractile status.
Other effects include increased heart rate and the
release of epinephrine, norepinephrine, and corti-
sol [78, 85]. Because of caffeine’s stimulatory
effects on the hypothalamic—pituitary—adrenal
(HPA) axis [86], it has the potential to induce an
endocrine response similar to that seen under
mental or physical stress. Individuals classified as
“at risk” for hypertension appear to be especially
sensitive to this HPA activation [87, 88], particu-
larly when also exposed to a psychosocial stressor
[88]. In light of this, it would appear prudent to
caution those at risk for hypertension on the use of
caffeine, particularly during periods of high stress.

When evaluating the psychological or biobe-
havioral effects of caffeine, it is important to keep
in mind that plasma concentrations typically reach
their peak within 30—-60 min after ingestion [89].
Therefore, test administration must be timed
appropriately. Additionally, some studies have
evaluated the psychological and cognitive effects

using absolute doses, while others have standard-
ized dose by bodyweight. Depending upon the
heterogeneity of the study sample, these two
approaches could provide distinctly different
interpretations of a dose-response effect. This
can become even more problematic if pretreat-
ment caffeine intake is not accounted for or con-
trolled [90]. This may be particularly important
for the study of skills requiring concentration,
reaction speed, and accuracy. Finally, Mikalsen
et al. [91] found mixed evidence for potential
expectancy and placebo effects for caffeine and
arousal. Further research in this area appears
warranted in order to determine the extent of
these effects and the impact on actual psycho-
logical performance.

Creatine Creatine use is common among both
athletic and exercise populations. Much like the
research on caffeine, there is abundant evidence
that creatine supplementation improves physical
performance, particularly for tasks requiring
strength and power. Because of this, and because
of the role of creatine in brain function and neu-
roprotection [92], interest has risen for investigat-
ing the role of creatine in the treatment of certain
clinical conditions such as traumatic brain injury
(TBI) and Huntington’s disease (HD), as well as
for general cognitive functioning.

Overall, TBI affects approximately between
1.7 and 3.8 million people each year in the US
alone [93]. Emergency room visits due to sport-
related TBI in children and adolescents have
risen 60 % in the last 10 years and account for
almost 200,000 TBIs annually [94], which can
result in subdural hematomas, deterioration of
cognitive function, or even death [95, 96]. These
injuries are occurring despite improvements in
safety equipment, rule changes, and training
methods. Furthermore, there is currently very
little in the way of “therapeutic intervention” to
help prevent or even treat this type of injury [97].
It has been hypothesized that creatine might
exert neuroprotective effects through provision
of sufficient ATP immediately after trauma or by
inhibiting the mitochondrial permeability transition
pore (mPTP) [95, 96]. In an effort to examine the
potential neuroprotective effects of creatine on this
type of injury as well as underlying mechanisms,
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Sullivan et al. [95] employed an animal model of
experimentally induced TBI. They found that
chronic creatine administration reduced cortical
damage due to experimentally induced TBI by as
much as 36 % in mice and 50 % in rats. They also
found that chronic creatine supplementation
resulted in maintenance of cellular ATP levels,
reductions of free radical formation, decreased
intramitochondrial Ca?*, and maintenance of
mitochondrial membrane potential [90]. There
also appeared to be inhibition of mPTP, though
recent research using ubiquitous mitochondrial
creatine kinase (UbMi-CK)-deficient mice sug-
gests that the neuroprotective effects of creatine
are most likely due to the maintenance of ATP/
ADP and PCr/Cr levels rather than mPTP inhibi-
tion [93]. Nonetheless, the overall findings of
Sullivan et al. [95] are encouraging and warrant
further investigation into the potential use of cre-
atine supplementation in the prevention and
treatment of TBI.

The use of a human model in a true-
experimental design of TBI and creatine supple-
mentation would likely not be ethically acceptable
or logistically feasible at this point. However,
there is evidence supporting the cognitive bene-
fits of creatine in humans. Using a double-blind,
placebo-controlled, crossover design, Rae et al.
[98] found that 6 weeks of creatine supplementa-
tion (5 g day™) in 45 young adult vegetarians
resulted in improved brain function as evidenced
by significant improvements on speed of process-
ing tasks, including working memory and intel-
ligence. Similarly, Watanabe et al. [99] found that
supplementing with 8 g of creatine per day for 5
days reduced mental fatigue resulting from a
repeated serial calculation task. Perhaps more
importantly, they found that creatine ingestion
was associated with increased oxygen utilization
in the brain during the task as measured with
near-infrared spectroscopy [99]. This is consis-
tent with in vitro results demonstrating that mito-
chondrial oxygen consumption is greater in the
presence of higher creatine concentrations [100].
A recent, intriguing study [101] found that 6 months
of creatine administration (0.4 g kg™! day™) in
children (ages 1-18 years) admitted to a hospital
in Greece with TBI resulted in trends for
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improved duration of posttraumatic amnesia,
period of intubation, and length of the ICU stay
compared to a placebo. It also significantly
improved linguistic understanding [101].
Another potential area of clinical utilization
for creatine supplementation has been in the
treatment of HD, which is a progressive neurode-
generative disease for which there currently is no
effective therapy. One of the side effects to HD
that might contribute to neuronal death is
impaired energy metabolism, particularly in the
brain [102]. Given creatine’s demonstrated
neuroprotective effects as well as its role in bio-
energetics, researchers have begun to examine
the utility of the supplement in delaying or
improving the symptoms associated with HD.
Fortunately, a transgenic mouse model of HD was
developed [103] that has allowed examination of
mechanistic effects of HD and potential treatments.
Using this model, Ferrante et al. [102] found
that creatine supplementation enhanced brain
creatine concentrations, delayed brain atrophy,
delayed atrophy of striatal neurons, and signifi-
cantly improved survival. Body weight and
motor performance were also improved with
creatine supplementation. Matthews et al. [104]
used a slightly different animal model of HD by
inducing HD-like striatal lesions with malonate
and 3-nitropropionic acid (3-NP). They found
that both creatine and cyclocreatine provided
protective effects against malonate and 3-NP
lesions in a dose-response manner. There was
actually a reduction in the neuroprotection
afforded by creatine supplementation at its high-
est dose, suggesting a curvilinear (U-shaped)
dose-response curve for treatment efficacy. It is
also worth noting that creatine appeared to func-
tion as either a free radical scavenger or as an
inhibitor of hydroxyl radical formation [104].
The authors suggest that by preventing ATP
depletion, creatine and cyclocreatine serve to
prevent the cascade of events leading to free
radical generation or accumulation and cell
death [104]. Unfortunately, these effects have not
always translated into symptom improvements
in studies utilizing creatine supplementation in
human HD patients [105]. However, it is possible
that the supplementation method was less than
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ideal for attenuating declines associated with this
disease in humans or that differential effects will
be seen depending upon the stage of the disease.
Given the promising results from animal studies,
further research is clearly warranted to determine
whether the effects seen in an animal model of
HD translate to the human model.

Ginkgo Biloba The use of Ginkgo biloba as a
therapeutic aid can be traced back over 5,000
years to early Chinese medicine [106]. It was not
until the 1960s that Ginkgo biloba extract (EGb)
was introduced into Western medicine [106].
EGb is commonly found in energy drinks that
would be commonly used by sport and exercise
populations, though the doses in these drinks are
usually quite low. Athletes may be persuaded to
take EGb because of its professed effects on
mental alertness or focus. Purported clinical uses
now include treatment for memory impairment,
dementia, Alzheimer’s disease, and intermittent
claudication [59, 107]. There is even evidence
that EGb might help prevent symptoms of sea-
sonal affective disorder (SAD) during the winter
months [108]. While there have been well over
40 controlled trials examining these effects,
much of the early research was relatively small-
scale and of questionable methodological quality
[107]. Meta-analyses that have included the more
rigorous of these trials have generally found posi-
tive results for the effects of EGb on memory
impairment, Alzheimer’s disease, and dementia
[107, 109-111]. Despite the generally positive
findings, however, Birks and Grimly Evans [111]
conclude that the evidence for EGb having
significant benefit for treatment of dementia or
cognitive impairment is both inconsistent and
unconvincing. Part of the reason for this conclu-
sion appears to be based on concern for publi-
cation bias in this area [107, 111]. Ernst [59]
argues that the evidence for EGb’s effects on
normal cognitive function is not compelling,
but that the average effect associated with EGb
and Alzheimer-related dementia is likely to be
clinically relevant. There is some evidence that
acute EGb ingestion can provide enhanced
cognitive effects in even healthy, young
adults, though this effect was significantly more

pronounced when EGb was combined with
Panax ginseng [112]. Future research should
consider interactive effects of EGb with other
common supplements.

Most EGb used for medical and research pur-
poses (EGb 761) contains 24 % flavone and 6 %
terpenoids [113]. It is believed that the flavonoids
contribute the antioxidant effects of EGb, thus
making it an effective free radical scavenger [113].
This might actually be one of the primary mecha-
nisms through which EGb exerts its effects on
dementia and cognition. Oxidative damage to
polyunsaturated fatty acids (PUFA) in brain
cells results in impaired neurotransmitter uptake,
and cellular damage resulting from free radical
production appears to be a key contributor to the
pathology and neurotoxicity associated with
Alzheimer’s disease [114]. Research using an
animal model for Alzheimer’s disease found that
both in vivo and in vitro treatment with EGb 761
resulted in significant attenuations in reactive
oxygen species (ROS) [115] and enhanced hip-
pocampal neurogenesis [116]. This is consistent
with epidemiological findings in humans demon-
strating an association between flavonoid [117]
and vitamin E [118] intake and cognitive func-
tioning in older adults.

Results of a few, large-scale randomized clini-
cal trials (RCT) have provided somewhat mixed
results regarding the effects of EGb administra-
tion on symptoms of dementia, though the major-
ity of the evidence supports the efficacy of EGb
treatment. In a 24-week study of 156 subjects
with Alzheimer-induced dementia or multi-
infarct dementia, Kanowski et al. [119] found
that EGb 761 administration resulted in improved
cognitive performance, behavior (i.e., coping
skills, independence), and EEG mapping charac-
teristics compared to placebo. LeBars et al [120]
randomly assigned 202 subjects with dementia of
mild-to-moderate severity to receive either
120 mg day~! of EGb 761 or a placebo for 1 year.
They found that EGb successfully attenuated
continued declines in cognitive functioning and
the signs and symptoms of the disease compared
to placebo, though the effects were relatively
modest. There were also some patients that
improved while taking EGb. A re-analysis of
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the data [121] revealed that the changes in the
experimental group were dependent upon sever-
ity of the disease at baseline. In those indivi-
duals classified as having “mild” cognitive
impairment, EGb resulted in improvements.
In those individuals having “severe” cognitive
impairments, progression of the disease was only
stabilized or slowed by EGb, but was still better
than placebo [121]. A more recent 24-week
placebo-controlled, double-blind EGb trial with
123 patients [122] failed to support the efficacy
of two different doses (240 or 160 mg day™") of
EGDb for subjects with age-associated memory
impairment or dementia. However, these results
have been criticized as difficult to interpret due to
the mixture of subjects suffering from dementia
and subjects with, in some cases, very little cog-
nitive impairment [113]. In light of this criticism,
interpretation becomes even more challenging
due to the fact that subjects in each of the original
EGb dose groups were randomly assigned to
continue with EGb or a placebo after 12 weeks.
A more recent RCT in over 400 individuals with
mild-to-moderate dementia, Alzheimer’s disease,
or vascular dementia found significant improve-
ments in cognitive function, neuropsychiatric
symptoms, and functional abilities over 24 weeks
of treatment with 240 mg d' of EGb [123].
Overall, it appears that EGb has potentially
beneficial effects on Alzheimer’s disease and
dementia symptoms, and further well-designed
RCTs should help elucidate long-term efficacy
and dose-response effects.

St. John’s Wort The use of St. John’s wort may be
less common for sport or exercise-specific rea-
sons as compared to caffeine, creatine, or EGB.
However, this supplement is widely used in the
general population [11] and has interesting pur-
ported benefits and concerning possible side
effects. Also, this supplement has similar pur-
ported benefits to alleviate depression as does
physical exercise, and its study in conjunction in
exercise settings is warranted. Several meta-analytic
reviews [124—-129], most of which have included
only RCTs in their analyses, have supported the
efficacy of St. John’s wort (SJW; Hypericum per-
foratum L.) for the treatment of depression of
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mild-to-moderate severity compared to placebo.
Many of these meta-analyses [124, 126, 128]
have also concluded that SJW is as effective as
some of the conventional antidepressants,
including tricyclic antidepressants (TCA) and
fluoxetine, typically with fewer side effects.
However, Whiskey et al. [128] urged caution in
interpreting the apparent equivalence due to the
low statistical power inherent in most of the
RCTs that traditionally compared SJW to antide-
pressants. A more recent, larger-scale (N=251)
RCT, however, found that SIW was at least as
effective as paroxetine for treating moderate to
severe major depression and was better toler-
ated [130]. Nonetheless, most RCTs continue to
support the meta-analytic conclusions (see
reviews [131, 132]), though evidence for efficacy
in treating major depression appears mixed [130,
133-135].

The two primary substances contained in
SJW that are believed to be responsible for the
antidepressant effect are hyperforin and hyperi-
cin [131]. Recent evidence now points to hyper-
forin being the main contributor to this effect
[136, 137]. Various mechanisms have been iden-
tified to explain how SJW might exert its antide-
pressant effects, though the precise mechanism
remains unclear [131]. SJW or its isolated com-
ponents have been shown to inhibit serotonin
(5-HT), norepinephrine, and dopamine reuptake
[138], inhibit GABA and L-glutamate uptake
[136, 139], and inhibit substance-P (SP) produc-
tion of proinflammatory cytokines (e.g., IL-6)
[140] that have been implicated in depressive
etiology. Additionally, STW has been shown to
inhibit monoamine oxidase (MAQ), though this
inhibition appears to be of insufficient magni-
tude to account for significant antidepressant
effects [141]. It is entirely possible that SJW
functions to reduce depression through a com-
bined effect of each of these mechanisms.

Despite the established benefits of SJW in the
treatment of mild-to-moderate depression, there
is a major concern with its use that focuses on
apparent drug-interaction effects. There have
been various reports of SJW having negative
interactions with drugs such as warfarin,
cyclosporine, HIV protease inhibitors, digoxin,
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theophylline, and oral contraceptives by decreasing
their circulating concentrations [142]. The mech-
anism behind these interactions appears to be the
combined result of induction of the cytochrome
P450 isoenzymes, particularly CYP3A4 as well
as CYP2C9 and CYP1A2, and the transport pro-
tein P-glycoprotein by SJW [142]. These effects
appear to be primarily related to the degree of
hyperforin content, with the least enzyme induc-
tion seen for STW products with <1 % hyperforin
[142]. It also appears that STW can compound the
effects of other selective serotonin reuptake
inhibitors (SSRIs) and potentially lead to sero-
tonin excess if STW and SSRIs are combined due
to their common pharmacological mechanisms
[143, 144]. Considering the commonality of the
mechanisms identified above to explain SJWs
effects on depression and those that have been
advanced to explain the effects of exercise on
depression (see review [145]), it is imperative
that future studies begin to explore the potential
interactions between SJW (as well as many other
popular herbal supplements) and exercise. While
there might be a synergistic effect, we must also
consider the physiological responses induced
by exercise and how they might impact the
metabolism of these supplements. Dose-response
models derived from primarily sedentary popula-
tions may not apply to more active groups.

Omega-3 Fatty Acids Omega-3 fatty acids
(O3FA) have received considerable attention for
their established effects on cardiovascular
health, blood lipids, and inflammation. However,
there is increasing evidence for impacts of the
O3FA constituent components eicosapentaenoic
acid (EPA) and docosahexaenoic acid (DHA)
on cognitive- and mood-related issues [146].
Sufficient EPA and, in particular, DHA are
absolutely required for development of sensory,
perceptual, cognitive, and motor neural systems
during brain growth, which is part of the reason
that they have begun to receive attention in
supplemental form for adults and individuals
with certain cognitive-based disorders [146].
There is evidence that O3FAs may be helpful
in treating mild Alzheimer’s disease [147].
A large-scale double-blind RCT in patients with

mild-to-moderate Alzheimer’s disease found
that a combined DHA/EPA supplement (total
2.3 g day') slowed the decline in cognitive
function in a subgroup with less severe dysfunc-
tion [147]. As noted by the authors, the effect
appeared to be primarily driven by DHA. This
also makes theoretical sense given that DHA lim-
its production and accumulation of amyloid
peptide toxin, thus protecting against Alzheimer’s
disease and dementia [148]. It also suppresses
several signal transduction pathways induced by
amyloid P [148]. Because of this, DHA may be
more effective if begun early and used in con-
junction with antioxidants. It is also worth noting
that even in otherwise healthy subjects, a recent
double-blind RCT [149] found that using 4 g fish
oil/day (800 mg DHA and 1,600 mg EPA) for 35
days resulted in improved mood, attention, reac-
tion time, and decision-making.

Another area related to cognitive function
and development that has received interest as an
area of impact with O3FA is attention-deficit/
hyperactivity disorder (ADHD), which happens
to be the most common childhood development
disorder. Prevalence rates in children range
between 4 and 15 % [150]. Children with ADHD
consistently exhibit abnormal FA status, with
pronounced O3FA deficiencies [150]. The low
levels of O3FA have been found to be correlated
with behavioral problems and learning difficul-
ties [151]. Though results have been mixed [150,
152-155], most RCTs have supported at least
some benefits of an EPA/DHA combination (par-
ticularly if combined with O6FA) for improving
ADHD symptoms and behaviors. From a design
standpoint, some of these RCTs have used a
potentially “active” placebo in the form of olive
oil which may explain some of the small differ-
ences noted between groups.

Given the notable cognitive effects of O3FA, it
is perhaps not surprising that they have been
investigated for their potential contribution to
protection or recovery from TBI. Much like we
see with creatine, O3FA restore cellular energetics,
reduce oxidative stress and inflammation, repair
cellular damage, reduce axonal damage, and mit-
igate the activation of apoptotic processes after
TBI [156-159]. Perhaps equally as important,
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O3FA also appear to regulate BDNF and maintain
brain plasticity [159]. Of critical consideration is
that supplementation not only serves as effective
treatment from induced TBI in an animal model
[158], but it also provides a prophylactic effect
when supplemented regularly before the injury
[157, 159]. Recovery was to the level of unin-
jured animals by 30 days in one study [158].
Overall, it appears that O3FA supplementation
enhances structural, biochemical, behavioral, and
cognitive (i.e., memory) responses to TBI in animal
models utilizing mild fluid percussion injury
[159] or impact acceleration injury [157, 158] to
induce TBI. By increasing axonal regeneration,
reducing inflammation, buffering glutamate
cytotoxicity, and decreasing lipid peroxidation
byproducts, O3FA mitigate much of the patho-
genesis resulting from TBI. Unfortunately, human
data are generally lacking. Given the promising
animal findings, this is an area of research with
O3FA that clearly warrants human trials.

One final area of biobehavioral impact of
O3FA that has received considerable support in
human research is on mental health and, specifi-
cally, depression. Not only does epidemiological
and correlational evidence support the role of low
levels of O3FA in the etiology of depression
[156], but supplementation with these com-
pounds has provided generally positive results
for mild, moderate, and, in some cases, major
depression [146]. In a recent double-blind RCT
in individuals with major depression, O3FA only
appear to be effective if the depression is not
accompanied by comorbid anxiety disorders [160].
There may even be a positive effect for bipolar
disorder [146]. It has become increasingly clear
that the effects of O3FA on depression are almost
solely due to the EPA component (1-4.4 g/day)
[161], which may explain mixed findings from
some studies if a high DHA component was
employed [162]. While a meta-analysis by Bloch
and Hannestad [163] concluded that there is no
significant benefit of O3FA on depression, it
has been heavily criticized [164] for including
studies in which depressive disorder was not
rigorously diagnosed and one study in particular
that represented 31.7 % of the weighted pooled
estimate in the meta-analysis but used self-rating
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to classify depression [165]. A re-analysis of the
data after accounting for the questionably
included clinical trials resulted in a significant
effect for O3FA on depression [164].

It has been suggested that method of delivery
may impact O3FA outcomes, with EPA and DHA
bound to phospholipids (i.e., omega-3 phosphati-
dylserine; omega-3 phospholipids via krill oil)
potentially being the most effective method of
administration due to their ability to target the
brain [146]. However, most of this evidence
applies to ADHD and dysmenorrhea while direct
testing for depression is lacking. Future research
is warranted in this area. Additionally, further
examination of mechanisms of action for the
O3FA biobehavioral effects is needed, particu-
larly considering that DHA and EPA appear to
provide different outcomes depending on the
condition. Whether the compounds are modulat-
ing inflammation, modifying neurotransmitters
(especially BDNF), maintaining membrane fluid-
ity, reducing oxidative stress, or providing for
axonal protection needs to be elucidated in order
to provide sound recommendations for applica-
tion and potentially enhance effects with other
biobehavioral treatments (e.g., exercise, creatine)
in a synergistic manner.

24  Summary

Though supplement use continues to grow in
the United States, little attention has been given
to developing a theoretical understanding of
the motivational forces at work in this area.
Researchers should consider that most individu-
als in sport and exercise environments are look-
ing for quick results reflected as performance
gains, shape change, or health. If supplements
provide such changes, they could be said to be
reinforced through reward contingencies. Thus,
in one sense, the motivation to take supplements
is quite simple—those who take supplements are
(sometimes) rewarded. This might help to explain
why many muscle-building supplements have been
shown to contain illegal constituents that would
actually lead to a failed drug test [6]. Supplement
companies want their products to work very
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effectively in order to capitalize upon the
motivating properties of reward. On the other
hand, we know that the effectiveness of many
supplements is not well-established and that it is
likely that few supplements can legitimately offer
immediate improvement. Therefore, researchers
must consider other motivational explanations for
supplement use in sport and exercise settings.
Among theories or constructs that may explain
supplement use in sport and exercise, the theory
of planned behavior, balance theory, achievement
goal theory, social physique anxiety, and muscle
dysmorphia would be important to consider.
The theory of planned behavior considers the
importance of norms, attitude and perceived
behavioral control as predictors of intent to
engage in behavior that is partially under our
volitional control. Understanding how supplements
are considered good/bad (attitude), commonly
used or approved of (subjective norm), and
available and easy to use (perceived behavioral
control) may allow researchers to understand the
pathways directing supplement use. Closely
related to the idea of normative influence on
behavior, we should consider the persuasive
effects of well-liked spokespersons who tout the
efficacy of certain supplements. According to
balance theory, individuals may change their
action (begin to use supplements) or attitudes
(condone use) when faced with a situation that
causes imbalance of thought and action (i.e., one
of their favorite athletes uses supplements).
Achievement goal theory proposes that individu-
als who are motivated to beat others or win (i.e.,
judge success based on social comparison) will be
more likely to use legal or even illegal supple-
mentation to achieve such goals. Individuals
driven by personal improvement (i.e., task
involved motivation) should be less likely to use
supplements. Finally, upon considering the forces
driving supplementation in sport and exercise, it is
important to consider how body image and social
physique anxiety relate to supplement use. This
may be one of the more important psychological
considerations considering the dramatic findings
of Pope and colleagues [42]. If individuals are
willing to risk their career to lift weights to
change their body shape, it suggests an alarming

obsession with body image that has been already
linked to supplement use. What seems to be lack-
ing in the literature is an understanding of moti-
vational factors and their relation to supplement
use generally, but more importantly to dangerous
(i.e., over-supplementation or mixed supplemen-
tation) supplementation practices.

Consideration of the psychological outcomes
associated with some of the best-selling supple-
ments (e.g., caffeine, creatine, Ginkgo biloba, St.
John’s wort) has revealed encouraging findings
for efficacy in improving such things as arousal
and attention, neuroprotection, cognitive func-
tion, neurological diseases, and mild-to-moderate
depression. Furthermore, there is reason to be
encouraged by the RCTs and meta-analytic
reviews that have been conducted on many of
these compounds. Some of these studies, particu-
larly those employing animal models, have pro-
vided important evidence for the physiological
mechanisms potentially underlying these psy-
chological outcomes. While considerable work
remains to be done to continue to clarify these
mechanisms and examine their applicability to
the human model, biological plausibility for
these supplements’ psychological utility appears
to have been established. Dose-response issues,
on the other hand, remain unresolved for many of
the substances, and this is an area that warrants
further consideration in order to establish optimal
use. Along these same lines, effects that might be
impacted by exercise need to be evaluated for
Ginkgo biloba and St. John’s wort. This is par-
ticularly important for St. John’s wort consider-
ing the established interaction effects that it has
been shown to have with many drugs [133-136].
Some of the effects induced by these drugs have
also been found to be induced by exercise [137],
and this needs to be considered in future research.
Finally, before definitive efficacy conclusions
can be reached for creatine and neuroprotection,
Ginkgo biloba and dementia/Alzheimer’s disease,
and St. John’s wort and depression, larger-scale,
long-term RCTs are needed. To this point, trials
of these supplements have been too small
and too short [55]. Generally speaking, though,
there appears to be a positive risk-benefit profile
for each of the reviewed supplements, thus
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warranting dedication of resources to further
examination of their application to enhancing
performance as well as to various diseases and
conditions.

2.5 Practical Applications

* The use of supplements having obvious effi-
cacy to the user is likely to cause future use.

e Information leading to favorable attitudes
about supplements is likely to promote their
use. Promotion or data from “experts” can be
persuasive in developing (or degrading) favor-
able attitudes regarding supplements.

* Individuals who perceive that supplement use
is common among their peers will be more
likely to use supplements. Individuals who
believe thatthey “should” be taking supplements
will be more likely to take supplements. One
should be aware of the messages sent by
coaches, trainers, and professionals regarding
frequency of use of supplements and the neces-
sity of supplement use.

* Individuals will be more likely to take supple-
ments if they feel they are easy to use or cheaper.

* Well-liked individuals (e.g., professional ath-
letes, celebrities) who state they use supple-
ments may lead their fans to use supplements.

e Athletes motivated primarily to win may
engage in greater supplementation. Care may
be taken to ensure that win-focused athletes
don’t engage in illegal or dangerous supple-
mentation practices.

e There appears to be a portion of the popula-
tion compulsive about their appearance which
may cause an increase in supplementation
(either to gain muscle or lose weight).
Appearance of these compulsions should be
taken seriously, as we are just beginning to
learn about the nature of these issues.
Professionals working with such individuals
should be on the lookout for illegal or danger-
ous supplementation practices.

* We know little about the overlap of eating
disorders and supplementation use, but indi-
viduals who work with those attempting to

S.M. Arent and R.S. Lutz

lose weight should consider preoccupation
with weight an important risk factor. Studies
show that intense and prompt treatment is the
best course of action to help individuals with
eating disorders. Professionals working in this
area should monitor traditional warning signs
and supplementation practices alike.

Caffeine doses in the range of 200 mg appear
to produce positive changes in attention, vigi-
lance, and arousal, particularly if the individ-
ual is fatigued or sleep deprived. This may be
particularly useful to athletes that require sus-
tained vigilance or individuals exposed to
extreme conditions and physical and psycho-
logical demands (i.e., military, firefighters).
Creatine not only enhances physical perfor-
mance but also has apparent neuroprotective
effects. Its use as a prophylactic might be ben-
eficial to athletes involved in sports where
incidence of TBI is high (i.e., mixed martial
arts, football, soccer, boxing). Additionally,
creatine use might be beneficial for individu-
als suffering from Huntington’s disease in
order to help attenuate neurodegeneration.
Moderate doses appear to be most effective.
Ginkgo biloba supplementation might help
attenuate or even reverse some of the cogni-
tive symptoms of Alzheimer-related dementia.
It appears to do this through a reduction in
oxidative stress at the level of the brain cells.
St. John’s wort can be used to help reduce
symptoms of mild-to-moderate depression.
However, caution must be observed if the indi-
vidual is taking other drugs, such as warfarin,
cyclosporine, HIV protease inhibitors, digoxin,
theophylline, or oral contraceptives because it
may interact with these drugs and lower their
circulating levels. Combination with SSRIs
can exacerbate their effects. Interactions with
exercise also need to be considered because of
many overlapping mechanisms.

O3FA improve cognition in health individuals
and those with Alzheimer’s disease, reduce
problems associated with ADHD, serve as a
prophylactic and treatment for TBI, and
reduce depression. The DHA and EPA com-
ponents appear to have different effects
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depending on the desired outcome, with
DHA contributing primarily to cognitive
benefits and EPA contributing to antidepressant
effects. Doses from 1.5 to 4 g day!' appear to
be well-tolerated and most effective.
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Abstract

A nutrient-dense diet is a critical aspect in attaining optimal exercise training,
recovery, and athletic performance outcomes. While including safe and
effective nutritional supplements in the dietary design can be extremely
helpful in promoting adequate caloric and nutrient ingestion, they are not
a complete cure in promoting adequate caloric ingestion based on indi-
vidualized caloric expenditure needs without the proper diet. Specifically,
a strategic and scientifically based nutrient-dense dietary profile should be
created by qualified professionals to meet the sport/exercise-specific
energy and nutrient demands of any individual involved in select training
intensity protocols. Finally, ingesting the right quantity and quality of
nutrient-dense calories at precise windows of opportunity becomes vital in
attaining desired training and/or competitive performance outcomes.
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3.1 Establishing Adequate
Dietary Foundations

S.M. Kleiner, PhD, RD, CNS, FISSN (54) One of the important differences between any
High Performance Nutrition LLC, athlete and a champion is the keen ability to pay
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attention to details regarding a variety of training
categories. While one might think that the
important details of sports nutrition center on tar-
geting the right supplements, that assumption
could not be further from the truth. Nothing is

Texas A & M University, College Station, TX, USA more important than a good nutritional foundation.

© Springer International Publishing Switzerland 2015 51
M. Greenwood et al. (eds.), Nutritional Supplements in Sports and Exercise,
DOI 10.1007/978-3-319-18230-8_3


mailto:susan@drskleiner.com

52

This chapter focuses on the details of nutrient
density, how to pack in the most nutrition for
every calorie that you eat from food, putting your
food to work for you. By maximizing nutrient
density, your body will be primed to respond to
the supplements that you may choose to add to
enhance your nutrition program. Build a strong
nutritional foundation and your optimal health,
fitness, and performance outcomes will follow.

3.2  Nutrient Density Defined
The most important factor in an athlete’s diet is
the amount of energy available. Calories (or
joules) are the key to activity, to feeling ener-
gized, to building muscle, to increasing power,
and to fueling endurance. Hand in hand with cal-
ories are the nutrients that you consume per calo-
rie. If one just focuses on getting enough calories
to fuel activity, foods high in simple sugars and
fats would be the ideal choices. There is no doubt
that this would fuel exercise. However, a diet
robust in calories, along with the right composi-
tion of proteins, carbohydrates, healthy fats, vita-
mins, minerals, and other notable food factors,
will catalyze metabolism and tissue building, get-
ting the athlete further in training at a faster rate,
with a superior outcome.

A common example of nutrient density is
comparing a sports drink to orange juice and
water (see Table 3.1). Even if you doubled the

Table 3.1 Nutrient density fluid comparisons

8 oz. sports 8 oz. orange 8 oz.

drink juice water
Calories 50 112 0
Protein (g) 0 2 0
Carb (g) 14 27 0
Fat (g) 0 0 0
Vit A (IU) 0 266 0
Vit C (mg) 0 97 0
Folate (mg) 0 110 0
Ca (mg) 0 0 5
Mg (mg) 0 0 2
K (mg) 30 473 0
Na (mg) 110 2 5
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amount of sports drink to make the calories
equivalent to orange juice, the nutrient density is
not even close.

The sports drink is the performance beverage of
choice during exercise to promote rehydration and
glucose/electrolyte replenishment. If a sports drink
is the beverage of choice all day long, then many
calories will add up without any further nutrition.
If orange juice is chosen as a beverage during the
day, there is greater density of nutrients per calo-
rie, building the nutritional foundation throughout
the day. Finally, water adds no calories and a minor
amount of nutrients, but the ongoing fluid replace-
ment is essential for an athlete. By eliminating
“empty calories” from sports drinks during non-
exercise times, the athlete can eat more nutrient-
dense foods, allowing for a greater amount and
variety of nutrients in the diet and enhancing the
nutritional foundation for performance.

3.3  The Nutrient-Dense Diet

It is often assumed that a nutrient-dense diet is
also a diet full of variety, but this should not be
taken for granted. One could easily have a diet
that is high in certain nutrients, but missing oth-
ers due to the elimination of an entire food group.
For instance, if dairy is eliminated from the diet,
one could easily consume enough of most nutri-
ents, but it would be difficult to consume enough
calcium and vitamin D. Along with choosing
foods that are dense in nutrients, a nutrient-dense
diet must also be rich in a variety of foods from
all the food groups to be most readily and effi-
ciently both nutritionally dense and complete
(see Table 3.2).

In addition to choosing a variety of foods from
all of the food groups, a variety of foods from
within each food group should also be selected.
For example, one could select only wheat bread,
apples, celery, yogurt, hamburger, and butter to
create a diet that includes foods from all the food
groups. But if this is what was eaten each day it
would not provide a nutritionally complete diet,
despite representation from all of the food groups.
Selecting apples, peaches, and grapefruits from
the fruit group, celery, broccoli, and onions from
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Table 3.2 Foundational food group categories

Grains, breads, and starches
Fruit
Non-starchy vegetables
Milk/dairy
Meat and meat substitutes
Very lean
Lean
Medium-fat
High-fat
Fats

the vegetable group, wheat, buckwheat, quinoa,
peas, and winter squash from the grains and
starches group, etc., represents variety among the
food groups as well as from within each group.

3.4 Nutritional Supplements

Defined

Within the area of sports, performance-enhancing
aids have been defined and classified by Dr.
Melvin H. Williams. Describing them as sports
ergogenics, Dr. Williams categorizes them into
nutritional aids, pharmacological aids, and physi-
ological aids. Nutritional supplements would fall
under the category of nutritional aids and serve to
“increase muscle tissue, muscle energy supplies,
and the rate of energy production in the muscle.”
Some nutritional supplements are also used to
enhance mental focus and energy [1].

Most nutritional supplements are obvious, but
some are not as clear. Supplements included in
the broad nutritional aids category include fluid
replacements, carbohydrates, fats, protein/amino
acids and their metabolites, vitamins, minerals,
plant extracts, miscellaneous food factors, phyto-
chemicals, probiotics, prebiotics, and engineered
dietary supplements.

3.5 TheRole of Supplements

in a Nutrient-Dense Diet

There are many circumstances where nutritional
supplementation plays a very important role in
both health and performance. The most common

instance is when food groups or key foods in the
diet must be eliminated intentionally due to food
allergies or intolerances. Supplementation with
the minerals and vitamins associated with bone
health is essential when individuals are allergic to
cow’s milk protein. Supplementation may come
in the form of food fortification, as with the addi-
tion of calcium and vitamins A and D to soymilk.
Supplementation can also be in a daily dose of
the nutrients through liquids, pills, or capsules.

Oftentimes the diet is unintentionally incom-
plete due to lack of nutritional knowledge, hectic
lifestyle, or other reasons. In this case, daily mul-
tivitamin—mineral supplementation has been sug-
gested as an “insurance policy” for health
promotion and disease prevention [2].

The use of nutritional supplementation in
sports is pursued with the goal of enhancing per-
formance. As stated above, in this case nothing
can substitute for a complete, nutrient-dense diet
from foods. However, there are circumstances
where athletes benefit from supplementation due
to increased requirements but an inability to con-
sume increased amounts of nutrients from foods.
An example of this may be protein. The protein
requirements of a lightweight or middleweight
strength and power athlete may be difficult to
meet with food alone. Since dense sources of
protein most often occur with fats and/or carbo-
hydrates (egg whites are the exception here), the
total caloric intake for the diet may be too high,
or the foods too inconvenient to eat throughout
the day. A powdered protein supplement can
offer just pure protein that can be easily mixed
with water anywhere during the athlete’s day. For
any athlete, the convenience of dietary supple-
ments used in a targeted way in the diet, of which
protein is one good example, is often the driving
force for their use.

Athletes may also benefit from increased
amounts of specific nutrients, but will not neces-
sarily benefit from consuming increasing
amounts of the whole foods that are the source of
those nutrients. Creatine is an excellent example
of this notion. While the research is clear that
many athletes will benefit from creatine supple-
mentation, consuming enough creatine from food
(meat) to achieve dose requirements would be
both difficult and unhealthy.



54

In both of the above examples, nutritional
supplementation plays an important role in per-
formance enhancement. However, neither of the
supplements will be as effective if used in place
of a nutrient-dense diet, rather an addition to a
nutrient-dense diet.

3.6 Designing
a Nutrient-Dense Diet
3.6.1 Establishing Viable Energy

Requirements

Signs and symptoms associated with decrements
in performance and health that are related to clin-
ical safety markers have been linked to a number
of aspects including chronic caloric restrictions
[3, 4]. In relation to establishing a solid nutri-
tional foundation, to adequately set the stage for
reaching optimal training/performance outcomes
one need not look any further than establishing a
properly designed dietary plan. While this may
seem to be an easy goal to accomplish, the com-
mitment, time, and costs often associated with a
quality dietary strategy often make it difficult to
attain this option. It is a widely accepted fact that
athletes involved with high-intensity training and
competition do not ingest the right type and/or
amounts of macronutrients to offset their energy
expenditure. Confirming this premise, utilizing a
self-report measure, researchers recently reported
that 405 Division I strength and power athletes’
{male=191; female=214} caloric intake did not
match the recommended caloric intake require-
ments compared to their caloric expenditure dur-
ing their annual peroidized training cycles [5].
Specifically, 86 % of the participants surveyed
reported being drastically below the scientifically
based recommended macronutrient intake for
strength/power athletes [3-5]. In fact over 79 %
of the athletes reported being hungry during
practice/training sessions and competitive events
[5]. Finally, with the noted undernourished mac-
ronutrient levels, one could also question these
athletes’ micronutrient dietary status, especially
when 74 % of these participants reported never
ingesting a multivitamin during the academic
training year.
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While nutritional supplementation is a viable
alternative for athletes to consume and meet
their dietary needs, it should be noted that this
practice is not a healthy option to completely
replace a quality nutrient-dense diet. This is
exactly why it is referred to as nutritional supple-
mentation, to complement/supplement a prop-
erly designed nutrient-dense diet. In this section,
nutritional necessities surrounding an ‘“eat to
compete” philosophy are addressed in relation to
strategies to promote recovery of athletic and
exercise populations.

The most critical aspect of establishing a
properly implemented dietary strategy to accom-
plish optimal performance outcomes is to insure
that exercise participants ingest quality caloric
needs to balance specific energy expenditure [3, 4].
When considering this nutritional approach, it is
always important to include and calculate indi-
vidual differences regarding select exercise
training intensities. While RDA guidelines have
been established regarding daily dietary con-
sumption for general populations, these sug-
gested initiatives really do not apply to athletic or
exercise populations involved with intense train-
ing protocols because of greater caloric require-
ments. For example, daily caloric intake needs
for untrained individuals are based on the num-
ber of kilocalories per kilogram of body weight
per day which usually averages between 1,900
and 3,000 kcal daily [6-8]. Without question,
when adding various factors of exercise into
the equation, the frequency, duration, and inten-
sity demands of the training protocol require
increased nutritional intake to maintain an effec-
tive energy balance. Individuals involved in low-
intensity exercise lasting 30-40 min a day that is
performed three times per week typically require
1,800-2,400 kilocalories per day due to minimal
physical exertion and energy expenditure [4, 7, 8].
Athletes undertaking moderate exercise proto-
cols defined as 5-6 times a week for 2-3 h a day
or intense training 5—6 days a week 3—6 h a day
obviously require greater dietary needs (2,500—
8,000 kcal/day depending on body weight) com-
pared to individuals involved in light exercise
protocols [4, 8, 9]. When accurately evaluating
the amount of caloric values needed for individu-
als involved in the previously mentioned levels of
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exercise training, it becomes increasingly evident
that athletes have a difficult time maintaining
ingestion of enough calories by simply consuming
a well-balanced diet. Due to the enormous energy
expenditure for high volume intensity training
the combination of nutritional supplementation
to a quality nutritional dietary profile makes it
much more feasible for athletes to consume
enough energy to replace caloric needs. The
proper replacement of caloric needs based on
energy expenditure not only helps control a per-
son’s health status but heightens the recovery
process needed for adaption to the exercise ses-
sion and future optimal training/performance
bouts. While a balanced energy status is vital for
all athletes in formalized training, this aspect
becomes even more imperative for larger athletes
who must consume huge amounts of quality cal-
ories to offset the energy expenditures acquired
from high volume and intensity training.
Obviously the ramifications of inappropriate
dietary strategies can not only lead to tremendous
weight loss but make the athlete more susceptible
to the various signs and symptoms of physiologi-
cal and psychological decline. Further, there is
scientific evidence that the athlete who under-
takes intense training has a greater preponderance
to display suppressed appetites which increases
the possibility of health risk factors and ultimately
promotes performance decrements [10]. A great
strategic plan is to develop a multidisciplinary
team approach that combines athletic coaches,
athletic trainers, sports nutritionists, strength and
conditioning coaches, parents, and physicians to
closely monitor and evaluate the athlete’s nutrient-
dense dietary status in an effort to maintain
body weight and promote restoration, thereby
promoting optimal performance outcomes.
While caloric ingestion concerns of larger
athletes were previously mentioned, there are
additional athletic groups that require close
monitoring in relation to meeting caloric energy
demands. Specifically, female athletes such as
gymnasts, figure skaters, and distance runners
can be highly susceptible to eating disorders and
therefore place themselves in jeopardy of not
meeting specific energy caloric needs. This can

also hold true for athletes who participate in
sports like horse racing (jockeys), boxing, and
wrestling and select unsafe dietary strategies in
order to make a particular weight class for
competition.

3.7 Determining Macronutrient

Profiles

The goals of training and competition will guide
the determination of dietary macronutrient pro-
files. While the differences in the dietary recom-
mendations may appear small, research has shown
that they lead to significant differences in out-
comes in endurance enhancement, muscle growth,
strength building, and power output. In all cases,
adequate energy consumption is the most critical
factor, with macronutrient distribution following
close behind. For a very detailed discussion of
research and nutrient-dense recommendations for
energy and macronutrient profiles and diet plans,

see Power Eating, 4th Edition [11].

3.7.1 Endurance Enhancement
Carbohydrates and fats are long-distance fuels.
A diet low in either one will temper performance
advancement. Protein is essential for repair and
recovery of damaged tissues and to keep the
body healthy as it is driven in distance and duration.
Typical recommendations for carbohydrate are
5-7 g/kg body weight per day for general train-
ing. With exercise of increased distance and
duration, a carbohydrate intake of 8-10 g/kg/day
has been shown to be a successful dietary strat-
egy for fueling performance. Male athletes are
more likely to achieve these recommendations
than female athletes. Due to their lower energy
requirements, it is often difficult to consume this
much carbohydrate and maintain control of body
weight, an essential factor in long-distance
sports [12]. These calorie and carbohydrate defi-
cits can lead to disruption of metabolic control
and are therefore essential to monitor in female
and male athletes [13].
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The protein needs of endurance athletes are
close to twice the Dietary Reference Intakes for
the general population. According to research
studies, an intake of 1.4-1.8 g/kg/day of protein
is an important target for support of endurance
exercise [14, 15].

The difficulty with these recommendations is
that once you add up the carbohydrate and pro-
tein needs of the diet, there is little room left for
fat. However, the critical role that monounsatu-
rated and polyunsaturated fats play in health pro-
motion, disease prevention, hormone production,
weight control, mood, and cognitive function
requires their adequate inclusion in the diet. The
proportion of calories from fat in the diet should
not go below 25 % for any extensive length of
time. The role of fats is so important that if calo-
ries are restricted it is advisable to reduce the pro-
portion of carbohydrates in the diet to leave room
for adequate protein and fat [16]. However, with
appreciable energy restriction, a lowering of
energy output is advisable to avoid gross meta-
bolic disturbances [13].

3.7.2 Weight Gain and Muscle
Growth

There is little disagreement on the nutritional
requirements of building strength and power.
Carbohydrate is required to fuel muscle build-
ing and sports-specific exercise, protein is
essential to tissue recovery, repair, and growth,
and fat is essential for production of the hor-
mones that allow the entire anabolic process to
move forward.

The protein needs of strength trainers and
bodybuilders are higher than those of endurance
athletes. When energy intake is adequate, protein
needs during a building phase range from 2.0 to
2.5 g/kg body weight per day and are closely
linked to total energy consumption. Carbohydrate
needs are lower than those of endurance athletes
and range from 4.5 to 7.0 g/kg/day depending on
intensity and frequency of training. Depending
on energy intake, 25-30 % of total calories will
come from healthy fats [11].
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3.8 Nutritionally Dense
Restoration Timing

Consideration

The issue of rest and recovery for athletes
involved with specific training intensities and
competitive situations involves so much more
than adhering to adequate sleep patterns.
Specifically, sport nutritionists and researchers
have placed tremendous emphasis on the value of
adequate dietary timing to promote viable recov-
ery ingestion strategies. Understanding the value
of select but quality nutritional timing is critical
for athletes to not only increase strength and
muscle mass but to enhance optimal performance
outcomes.

Notable researchers in the Exercise and Sport
Nutrition Laboratory at Texas A & M University
promote the following guidelines for nutritional
timing for athletic and exercise populations. In
order to enhance the digestive process, athletes
are encouraged to eat a full meal complete with
high-energy carbohydrates 4-6 h before prac-
tice or competition. An example of this could
include the ingestion of a high carbohydrate
breakfast for afternoon training sessions and a
carbohydrate snack for events prior to noon.
Thirty to 60 min before practice/competition
athletes should consume a combination carbo-
hydrate (30-50 g)/protein (5-10 g) snack or
shake to help provide needed energy and reduce
catabolism. Ready to drink products and bars
are convenient options for pre-training and pre-
competition events which can help control
markers of overtraining. One concern associated
with post-training and competition dietary inges-
tion is that select athletes just are not hungry
after the intense event. However, this is one of
the most critical times to replenish dietary
energy balance to offset tremendous energy
expenditure. A viable recommendation is to
ingest a post-workout snack within 30—60 min
after the event comprised of a light carbohy-
drate/protein (50-100 g of carbohydrates and
30-40 g of protein) snack until the individual is
ready to consume a complete dietary meal within
the 2 h supported nutritional recovery window.
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Further, the scientific based recommendation is
to ingest low to moderate glycemic index and/or
glycemic load carbohydrates prior to and during
training/competition with an emphasis on high
glycemic index/load carbohydrate ingestion
options post-workout [5]. The post-workout/
competition meal should be high in carbohy-
drates and protein because this is the period that
body is most receptive to energy replenishment
which helps sustain the critical energy repletion
and balance. Overall, the general dietary sug-
gested guidelines for athletes during heavy train-
ing periods include 55-65 % calories from
carbohydrates, 15 % from protein, and less than
30 % from fat [3]. Sport nutritionists and
researchers recommend that athletes involved in
heavy intense training eat as frequently as 4-6
meals daily. However, it is recommended that
power and/or strength athletes do not need as
much carbohydrates as suggested in these
guidelines.

In a recent book entitled “Nutrient Timing,”
the authors further drive home the importance of
proper dietary ingestion based on a finely tuned
nutritional schedule [17]. This exceptionally
written and scientific based reading promotes
the importance of a “Nutritional Timing System”
that is comprised of three vital phases: (1)
Energy, (2) Anabolic, and (3) Growth. While the
majority of nutritional research has been cen-
tered on what to eat, this cutting-edge contribu-
tion places tremendous emphasis on what and
when to eat. The primary concepts of this book
not only allow the athlete to reach optimal
potentials but prepare for the next training or
competitive bout.

There are numerous formulae for determining
energy needs. Table 3.3 is a representation of
accumulated data translated into an easy-to-use
format [18]. Under circumstances of endurance
and ultra-endurance training, energy demands
may be significantly higher, and the sport-specific
energy demand should be added to the energy
estimation (see Table 3.3). Numerous charts of
energy expenditure during exercise are available
from exercise physiology texts, as well as within
online sites and nutrient analysis software.

Table 3.3 Men and women’s estimation of daily energy
needs based on activity intensity [16]

Estimated energy

Level of activity expenditure (kcal/kg/day)

Very light

Men 31
Women 30
Light

Men 38
Women 35
Moderate

Men 41
Women 37
Heavy

Men 50
Women 44

Very light: walking/standing, light: walking up to 3.0 mph;
housecleaning, moderate: walking 3.5-4.0 mph; heavy
housecleaning, heavy: football, soccer, other serious ath-
letic endeavors; manual labor

3.9 Translating Nutrients

into Food

Once macronutrient numbers are determined,
they must be applied to the design of a meal plan
and a menu. Meal plans can be based on accepted
dietary guidelines but will need to be broadened
and increased based on the needs of athletes. For
a sedentary population, dietary guidelines often
serve as a complete meal plan since calorie and
nutrient needs are relatively low. In an active pop-
ulation, dietary guidelines serve as the scaffolding
upon which a diet more dense in calories and
nutrients can be built. Without the guidelines, it
becomes more cumbersome to determine a basic
outline of foods to include in the diet. The guide-
lines also ensure food group variety in the diet.
Several dietary guidelines are in use. The
USDA MyPlate Food Guide is the most widely
disseminated food guide in the United States
(www.myplate.gov) [19]. Worldwide many coun-
tries have developed their own dietary guidelines
based on cultural preferences and regional
foods. The Healthy Eating Plate from Harvard
School of Public Health (http://www.hsph.harvard.
edu/nutritionsource/healthy-eating-plate/) [20],
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The Mediterranean Diet Pyramid and Heritage
Diet Pyramids from Oldways Preservation and
Exchange Trust (www.oldwayspt.org) [21],
and the Healing Foods Pyramid 2010 from the
University of Michigan Integrative Medicine
Clinic (http://med.umich.edu/umim/food-pyramid/
index.htm) [22] are also well-accepted and scien-
tifically founded food guides.

An adjunct to the food guides is the use of an
accepted database of calories and macronutri-
ents in foods. This can be done by hand using a
rough equivalency chart based on The Exchange
Lists for Meal Planning from the American
Dietetic Association and The American Diabetes
Association (see Table 3.4) [23]. Added to this
chart is the notation for a teaspoon of added
sugar. In all food guides, sugar is an optionally
added food that should be controlled to avoid
diluting the nutrient density of the diet. Rapidly
and comfortably digested and utilized carbohy-
drates should be used by an athlete around exer-
cise to gain the greatest fuel advantage.

One can determine the amount of added sugar
in foods by first selecting a sugar-free prepared
food, such as shredded wheat cereal, and observ-
ing the amount of sugar listed per serving on the
Nutrition Facts label. This sugar-free cereal contains

S.M. Kleiner and M. Greenwood

0 g of sugar. Therefore, any cereal that contains
sugar has it added as an ingredient (unless fruit is
added as an ingredient, and even then the fruit
will add a minor amount of sugar). You can deter-
mine the number of teaspoons of added sugar in
foods by using this strategy and knowing that one
teaspoon of sugar contains 4 g. Note that certain
foods contain a natural amount of sugar: milk, for
instance, contains 12 g of milk sugar per one cup
serving. This should be subtracted from any
amount greater than 12 g per cup in a milk prod-
uct with added sugar [11].

Nutrient database software is also available
for meal planning and menu design. There are a
number of options available, from free and sub-
scription online services to personal and profes-
sional software programs. Take the time to
investigate the quality of the software and the
nutrient database used for establishing nutrient
values of foods consumed. The database should
be research quality from reputable sources. The
USDA Nutrient Database for Standard Reference
is the gold standard used by nearly all modern
software programs. Release 26 is the most recent
edition. Other research quality databases may
specialize in certain nutrients. For instance, the
University of Minnesota Nutrition Coordinating

Table 3.4 Nutrients and calories per serving of food from each food group and from teaspoons of added sugar

Food groups Carbohydrates (g)
Grains, breads, and starches 15
Fruit 15
Milk
Fat-free 12
Reduced-fat 12
Whole 12
Non-starchy vegetables 5
Meat and meat substitutes
Very Lean -
Lean -
Medium-fat -
High-fat -
Fat -
Added sugars (1 teaspoon) 4

Protein (g) Fat (g) Calories
3 0-1 72-81
- - 60

8 0 80

8 1-5 89-120
8 8 152

2 - 28

7 0-1 28-37
7 3 55

7 5 73

7 8 100

- 5 45

- - 16

Adapted from: American Dietetic Association, American Diabetes Association. Exchange lists for meal planning. 2003
and Kleiner SM, Greenwood-Robinson M. Power eating, 3rd ed. Champaign, IL: Human Kinetics; 2014
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Center Database is well known for its collection
of foods important in the research of lipid metab-
olism, cancers, and other disease states.

If you are going to use the software for meal
planning, then it must be versatile enough to
allow for customization of calorie levels and
nutrient composition. Many software programs
will generate menus based on guidelines that you
enter; others can use only preset guidelines.
Editing should be easy and fairly intuitive. Files
should be able to be exported and used in word
processing or calendar programs, or compressed
for email or other online utilities [24].

3.9.1 Example Diet Plans

Creating an effective diet plan requires an under-
standing of the goals of the athlete and their sport.
When training and competition seasons alter
energy and nutrient requirements, one diet plan
may not be enough. Many athletes, especially
youth athletes, participate in more than one sport
and move quickly from a strength and power
sport to the next season where speed and agility
are primary. They frequently request a weight
gain diet prior to the first season and a weight loss
diet prior to the second.

For some athletes, the diet during the competi-
tive season is lower in calories than in the pre-
season. During the preseason for football,
increases in weight and strength can be desirable.
Training activity is high, especially during train-
ing camps when two-a-day practices are common,
along with strength training and position-specific
drills. Energy needs are high. Once the season
begins, activity levels decrease so calorie intakes
must decrease to avoid fat gain.

Reset calorie and nutrient levels based on
physical goals and seasonal changes. Diets can be
designed for weight maintenance, muscle build-
ing, or fat loss. Macronutrient composition can be
set to enhance endurance capacity or strength and
power. Refer to other chapters in this text for
sport-specific macronutrient breakdowns.

Once the calorie and macronutrient composition
is set, choose a food guide system to start the distri-
bution of nutrients into foods, portions, and servings.

Table 3.5 Percent calculation of macronutrients ingestion
according to food groups

Maintenance diet for a male athlete training 5 or more
days per week [11]

Body weight: 180 1b./81.5 kg; height: 6'2"/188 cm;
age: 25 years

Calories: 42 calories/kg/day 3,423 calories

Protein: 1.4 g/kg/day 115¢g
Carbohydrate: 6.0 g/kg/day 486 g
Fat: ~1.4 g/kg/day ~1l4¢g

Table 3.6 Food group distributions via USDA “My Food
Plate Guide” SuperTracker

Grains, breads, and starches 10 servings

Fruit 5 servings
Milk 3 servings
Nonstarchy vegetables 4 servings

Meat and meat substitutes
Fats

7 servings (ounces)
11 servings

Use the values in Table 3.5 to calculate the
amount of calories and macronutrients gained from
the number of portions from each food group. In
most cases, the number of servings suggested in the
food guide will not add up to the calorie and macro-
nutrient levels set for your diet plan. At this point,
begin to fill out the plan by adding more servings
from the different food groups to yield your set val-
ues and still allow for variety among all the food
groups. An example follows.

If you now use the USDA My Plate Food
Guide SuperTracker at www.myplate.gov and
enter this personal data, the results are actually
quite close in calories: 3,200 [19]. The distribu-
tion of food groups from the SuperTracker is
noted directly in Table 3.6.

Now the actual distribution of macronutrients
must be calculated and food group servings
adjusted to meet guidelines set for the mainte-
nance diet for the actual athlete. More detail must
be added to the meat group and the servings
adjusted to control for unhealthy saturated fats,
leaving room for healthy and essential monoun-
saturated and polyunsaturated fats. More carbo-
hydrate in the form of added sugar or fast starches
must be added to allow for proper fueling before,
during, and after exercise. While the final numbers
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Table 3.7 Example final meal plan for maintenance diet

S.M. Kleiner and M. Greenwood

Number of

Food groups servings Carbohydrate (g) Protein (g) Fat (g) Calories
Grains, breads, 11 165 32 0-11 880
and starches
Fruit 9 135 - 540
Nonfat Milk 3 36 24 0 240
Non-starchy 11 55 222 - 275
Vegetables
Meat and meat substitutes

Very lean 4 - 28 0-5 140

Lean 3 - 21 9 165

Medium fat 1 - 7 5 75
Fat 18 - - 90 810
Tsp of added sugar 23 92 - - 368
Totals (goal) 483 1322 104 3,493

aProtein quality in non-starchy vegetables is low; so to maintain a high nutrient density from vegetables and a high-
quality overall protein consumption, a larger margin is allowed for total protein consumption. While this augments total
calorie consumption, it is not a substantial amount of calories for a highly active athlete

are not exactly the same as the goal, they are very
close. It is often very difficult to create a diet that
exactly meets the goal values (see Table 3.7).

The next step is to distribute these foods
throughout the day, creating a meal plan that fol-
lows the principles of food combinations and
timing of eating that enhance sports performance
and that is also practical and palatable for the ath-
lete (see Table 3.8). Then the food group catego-
ries will be translated into actual food selections
to create a day’s menu.

3.10 Summary

* A nutrient-dense diet is the foundation to ath-
letic performance and optimal results.

* The most important factor in an athlete’s diet
is the amount of energy available.

e Nutrient density is defined as a rich amount of
nutrients per calorie consumed.

* To attain optimal performance outcomes via
quality nutritional intake, exercise and athletic
populations must match caloric ingestion with
caloric expenditure.

e Itis a widely accepted fact that athletes involved
with high-intensity training and competition

do not ingest the right type and/or amounts
of macronutrients to offset their energy
expenditure.

Along with choosing foods that are dense in
nutrients, a nutrient-dense diet must also be
rich in a variety of foods from all the food
groups to be both nutritionally dense and
complete.

Nutritional supplements are not a complete
substitute for a well-balanced nutrient-dense
diet. However, nutritional supplementation
strategies, in addition to a nutrient-dense diet,
are vital in assisting the athlete in replacing
the necessary caloric requirements lost
through high-intensity energy expenditure.
Because matching caloric intake to energy
expenditure is critical, athletes engaged in
intense training to build performance (2-3 h/
day) should ingest between 60 and 80 kcal/kg/
day. The quality caloric requirement should be
based on the intensity of training and the total
energy expenditure.

Because it is difficult to consume large quanti-
ties of food in one setting and difficult to
maintain a quality energy balance, athletes are
encouraged to eat 4-6 meals per day. Ingesting
carbohydrate/protein snacks between meals
helps offset energy expenditure.
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Table 3.8 Example daily meal plan for adequate nutrient
enhancing  sport

timing and food
performance
Food group servings

Pre-workout snack

1 milk

1 fruit

1 tsp added sugar
Workout

18 tsp added sugar

Breakfast

2 grain/bread/starch
1 vegetable

1 milk

3 fruit

2 tsp added sugar

1 medium-fat meat/
substitute

5 fat

Snack
2 grains/bread/starch

2 vegetable

6 fat

Lunch

5 grains/bread/starch

2 vegetable

1 fruit

4 very lean meat/
substitute

2 fat

Snack

2 fruit

1 milk

1 tsp added sugar
3 fat

combinations

Menu

Water

1 c plain yogurt

% cup fresh blueberries
1 tsp honey

Water

~70 g carbohydrate from
sports drink

Water

2 slices whole-grain bread
Sliced tomato to garnish eggs
1 ¢ fat-free milk

1 ¢ orange juice

1 ¢ melon cubes

2 tsp 100 % fruit spread for
bread

1 whole egg, scrambled

Y2 avocado cooked with eggs

1 tsp heart healthy spread for
cooking eggs

8 whole grain crackers or
1 cup quinoa

2 c vegetable sticks
3 Tbsp natural peanut butter

Foot-long Subway sandwich
(choose from “6 grams of fat
or less” list)

Fill sandwich with vegetable
choices

1 banana

4 oz. meat included in
sandwich

2 tsp olive oil or 2 tbsp salad
dressing

8 dried apricots

1 tall nonfat latte
1 tsp sugar in latte
18 almonds

Snack (before or after dinner)

3 vegetables

Plate of fresh vegetable crudité

(continued)

Table 3.8 (continued)

Food group servings Menu
Dinner

Green tea or other tea
2 grains/bread/starch
2 fruit

1 tsp added sugar

1 baked sweet potato

6 oz. or about 30 red grapes
1 tsp. sugar or honey for tea
3 vegetable Y4 ¢ steamed asparagus
2 ¢ mixed green salad
3 lean mean/substitute | 3 oz. grilled salmon

3 fat 2 tbsp. olive oil-based salad
dressing

1 tsp olive oil for grilling
salmon

Because athletes are susceptible to negative
energy balance during intense training peri-
ods, dietary options should be comprised of
the following combinations: carbohydrate
(8-10 g/kg/day), high-quality protein (1.5—
2.5 g/kg/day), and low to moderate fat intake
(less than or equal to 30 % of diet). This rec-
ommendation is suggested 4-6 h before train-
ing whenever possible. Recommended fat
intake for athletes attempting to lose weight is
0.5-1 g/kg/day.

Nutritional timing is imperative as a dietary
strategy. To help maintain energy balance and
reduce catabolic states, athletes are encour-
aged to consume the following 30-60 min
prior to exercise: 50-100 g of carbohydrate
and 30-40 g of protein.
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Introduction

Elfego Galvan

Abstract

Appropriate nutritional guidelines are an essential component of optimal
training programs to aid in adaptations, peak sports performance, and
injury prevention. Understanding the latest macronutrient guidelines set
forth by the latest research findings and position stands from credible pro-
fessional organizations that have a specialty with applied sports nutrition
can assist dietitians, nutritionists, coaches, and athletes develop suitable
nutrition plans that are strategically timed around an athlete’s training
schedule. Furthermore, it is important to recognize the three main energy
systems used to yield adenosine triphosphate (ATP) and the bioenergetics
involved in strength—power events, speed events, and endurance events. To
develop a nutrition plan, you must determine the total daily needs for both
calories and macronutrients.

Keywords
Macronutrients ¢ Protein ¢ Carbohydrate ¢ Fats ¢ Estimating energy
expenditure

scientific principles makes it easier for athletes
and other physically active persons to eat a diet
that will prepare them for successful training or

Appropriate nutrition guidelines are an essential
component of athletic performance, body com-
position goals, and health. While natural variabil-
ity between persons makes it inappropriate to
create one diet to recommend to all, examining
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athletic competition. The purpose of this chapter
is to discuss the three macronutrients (i.e., pro-
tein, carbohydrate, and fat) that provide energy
(e.g., calories) and how they can promote and
maintain athletic nutrition. Throughout the chap-
ter, the term athlete will be used to refer to any-
one who exercises consistently.

Designing a nutritional program for an ath-
lete can be viewed much like the process of
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exercise prescription. The nutritional design
should be individualized and account for factors
such as age, height, weight, gender, body compo-
sition, training regimen, and bioenergetics
demands of the activity or sport. Much like the
concept of sport-specific training, to maximize
the benefits of training and/or exercise perfor-
mance, one needs to implement a system of per-
formance nutrition for sport and recovery. To do
this, it is necessary to understand the primary
energy systems used during a particular activity.
Furthermore, it is necessary to understand an
athlete’s goals. Only then can kilocalorie
requirements, macronutrient ratios, and nutrient
timing issues be addressed.

The aim of this chapter is to provide a frame-
work to allow athletes, coaches, and sports nutri-
tionists to make successful food and supplement
choices and recommendations. These choices
will enable the athlete to train and compete at
maximal capacity and reach their fitness goals.
Each individual responds differently to a given
diet; athletes must take these recommendations
and make adjustments if their body does not
respond as they would wish.

4.2 The Macronutrients
Macronutrients consist of the three nutrients that
are required in large quantities in an individual’s
diet: protein, carbohydrate, and fat. These nutri-
ents provide the energy or kilocalories required
to maintain the body’s functions during exercise
and rest. Whether in energy production or cellu-
lar structure, these nutrients play a vital role in
athletic performance as well as the overall health
of an individual.

4.2.1 Protein

In the human body, skeletal muscle consists of
approximately half of total body weight [1].
Proteins may be mainly associated with play-
ing a role in skeletal muscle hypertrophy, but
they play a role in every cell of the body. They
are needed to support normal growth and repair
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of tissues and cells. Furthermore, proteins have
structural and regulatory (e.g., hormones)
roles. Proteins provide structure to bodily tis-
sues such as skeletal muscle, connective tissue,
bone, and organs. In addition, nonstructural
proteins act as hormones, catalysts (enzymes),
buffer systems, cellular water balance regula-
tors, and lubricants. Noting these numerous
functions, the value of proteins in the body
cannot be underestimated. In contrast to carbo-
hydrates and fat, the body has no physiologic
reserve of protein stores. Therefore, if the body
is not sufficiently supplied with protein, it will
catabolize tissue proteins, and cellular function
will be lost.

Proteins are nitrogen-containing compounds
composed of dozens, hundreds, or thousands of
amino acids. Amino acids are joined by peptide
bonds, and several amino acids joined together
become a polypeptide. Polypeptide chains then
bond together and form various proteins.
Chemically, proteins can be divided into groups:
simple or conjugated. Simple proteins contain
only amino acids or their derivatives. More rec-
ognizable to some are conjugated proteins,
which contain some nonprotein substances such
as sugar molecules (glycoproteins), lipids (lipo-
proteins), or phosphate groups (phosphoproteins).
One protein category that is most important to
the nutritionist and the athlete alike is essential
versus nonessential and complete versus incom-
plete proteins.

For nutritional purposes, amino acids (AA)
can be divided into several groups: essential, con-
ditionally essential, and nonessential. It is impor-
tant to understand that all AA (i.e., essential,
conditionally essential, and nonessential AA)
are necessary for normal growth and general
health [2]. Essential amino acids (EAA) must be
provided by the diet as the body cannot synthe-
size them [3]. Generally, protein from animal
sources contains a greater concentration of EAA
than protein from plant sources [3]. Conditionally
essential amino acids (CEAA) are needed in
greater amounts under certain physiologically
stressful situations. Under certain stressful situa-
tions, nonessential amino acids (NEAA) can
become CEAA. For example, proline, a NEAA
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Table 4.1 Nonessential, essential, and conditionally
essential amino acids

Conditionally

Nonessential Essential essential
Alanine Isoleucine Arginine
Asparagine Leucine Cysteine
Aspartic acid Lysine Glutamine
Glutamic acid Methionine Histidine
Glycine Phenylalanine Proline
Serine Threonine Tyrosine

Tryptophan

Valine

Adapted from [5, 6]

under normal physiological conditions, becomes
a CEAA in burn victims [4, 5]. NEAA does not
need to be provided by dietary protein as they are
AA that our body can synthesize de novo [5].
Some argue that serine and glutamic acid are the
only truly NEAA as they are the only AA that can
be synthesized de novo from non-amino acid
sources of nitrogen [5]. EAA, CEAA, and NEAA
are listed in Table 4.1.

Furthermore, it is also useful to know if a cer-
tain dietary protein is categorized as a complete
or incomplete protein. A complete protein is one
containing all AA within one serving. Complete
proteins are primarily found in animal products
and are proteins that contain the proper quantity
of EAA. Meat, fish, eggs, milk, and cheese are all
good sources of complete proteins. Incomplete
proteins, on the other hand, lack one or more
EAA. A few animal products may be considered
incomplete proteins, but they are primarily found
in plant protein sources such as grains, legumes,
or vegetables. It can be challenging for vegetar-
ian and vegan athletes to obtain proper amounts
of all essential amino acids when forced to eat
many plant sources in combination. An option is
to combine two or more incomplete proteins (i.e.,
complementary proteins) in order to ingest all of
the EAA. For example, combining legumes (lim-
ited in methionine) with corn (limited in lysine)
results in the ingestion of all EAA [7]. Thus, an
athlete following a vegetarian or vegan diet can
obtain the EAA by combining foods of comple-
mentary AA composition.
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4.2.2 Carbohydrates

Carbohydrates have a wide range of functions,
but they are most known for providing kilocalo-
ries (i.e., energy) and a storage form of energy in
the body. Simpler carbohydrates are known to
have the empirical formula (CH,0),, hence the
name “hydrate of carbon” [8]. Carbohydrates are
usually classified into three major groups: mono-
saccharides, disaccharides, and polysaccharides.

Monosaccharides are single sugar molecules
and include glucose, fructose, and galactose.
Monosaccharides can bond to form disaccharides
and polysaccharides. Disaccharides, as the prefix
suggests, are two sugar units and include sucrose
(glucose + fructose), lactose (glucose + galac-
tose), and maltose (glucose + glucose).
Monosaccharides and disaccharides are better
known as simple carbohydrates or simple sugars.
Polysaccharides are commonly referred to as
complex carbohydrates. Important polysaccha-
rides include starch, fiber, and glycogen.
Glycogen is also the storage form of glucose in
the body and is found primarily in the liver and
skeletal muscle.

Over the last few decades, simple carbohy-
drates have received an overwhelming amount of
negative attention. Beverages such as sodas, fruit
juices, energy drinks, and functional waters are
sweetened with simple sugars [9], and these
sugar-sweetened beverages are associated with
an increased risk of weight gain, metabolic syn-
drome, and type 2 diabetes in both children and
adults [10-12]. Furthermore, simple carbohy-
drates have also been associated with a greater
risk for certain cancers [10]. It may sound like
simple carbohydrates are vastly inferior to com-
plex, but a mix of carbohydrate types is beneficial
for supplying athletes with energy. While the
majority of the sedentary population should cut
back and even avoid sugar-sweetened beverages,
the athletic population has better use of short-
term simple sugar-containing beverages to
enhance training adaptations and exercise perfor-
mance during competition [13]. With that said,
athlete should consume simple sugars before,
during, and after exercise training (this will be
further discussed in the nutrient timing section).
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Polysaccharides are generally promoted
because of their ability to be absorbed more
slowly and provide greater nutrient value over-
time. Starch is the storage form of carbohydrate in
plants, and starch can be found in grains, nuts,
legumes, and vegetables. It is a viable energy
source because it digests slowly and provides
energy for longer periods than does simple carbo-
hydrate. Fiber on the other hand, is indigestible,
and is useful in slowing the digestive rate of food,
adding bulk to the feces, reducing appetite and is
associated with health benefits [14, 15]. It is found
in foods such as vegetables, fruits, nuts, and
legumes. Current recommendations suggest that
~20-40 g/day, depending on age and gender, of
dietary fiber be consumed for proper health [16].

Although first developed for use with diabet-
ics, the glycemic index (GI) provides a useful
tool for helping athletes with food choices. The
GI is a measurement of the response of blood
glucose concentration after a 50-g bolus of a
carbohydrate-containing food [17, 18]. The val-
ues are based on a standard of 100, which is the
value for glucose or white bread (common food
found globally). Often, people mistake the GI as
a function of whether foods are simple or com-
plex. However, some complex carbohydrates
(e.g., baked potatoes) may increase glucose lev-
els similarly to glucose. These values can be
helpful for athletes to determine food choices
when they quickly want to increase glucose/gly-
cogen levels. A food is considered to have a low
GI when its value is less than 55, a medium GI
when it is 55-70, and a high GI when its value is
over 70 [19].

Glycemic load (GL) is often confused with the
glycemic index. Although GL is related to GI, the
latter is thought to be a better indicator of dietary
insulin demand [20]. GL is related to GI, yet its
value represents the effect it will have on blood
sugar after an average serving of a particular food
[19]. It is calculated by dividing the product of the
grams of carbohydrate in a typical serving of a
food and its GI value by 100 [19]. A low, medium,
and high GL is represented by a score of 10 or
less, 11-19, and 20 or more, respectively [19].
Table 4.2 lists common foods and data derived
from subjects with normal glucose tolerance [21].
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4.2.3 Fat

Lipids are a broad group of energy dense com-
pounds made up of carbon, hydrogen, and oxy-
gen that are insoluble in water. Often, the terms
fat and lipid are used interchangeably, although
they are indeed different——all fats are lipids,
but not all lipids are fats. Lipids include triglyc-
erides, sterols, and phospholipids. Triglycerides
are the primary fat found in our food and our
body. They are the primary storage form of fat
within the human body. Sterols are found in
both plant and animal sources. In animal and
plant sources, sterols are referred to as choles-
terol and plant sterols, respectively. Although
many associate cholesterol with negative health
outcomes, it plays an import role as a structural
component of all cell membranes and is a pre-
cursor of bile acids, steroid hormones, and vita-
min D. Phospholipids are the predominate lipids
of cell membranes. Phospholipids play a role in
intracellular communication as well as struc-
tural support of the cell membrane. Many other
lipids exist and are significant in the diet. For
the purposes of this chapter, the terms fat/fats
will be used to refer to dietary lipids.

Weight gain is often attributed to dietary fats
because they contain far more energy per gram
than does carbohydrate or protein. Dietary fats
provide 9 calories per gram, while carbohydrates
and proteins provide 4 calories per gram. Fats
are often viewed in a negative light due to the
association with weight gain and their role in
disease development. However, fats serve many
functions in the body. These include providing
energy for tissues and organs as well as playing
a role in cell membrane makeup, nerve signal
transmission, vitamin transport, and cushioning
and insulation for internal organs. In addition,
for endurance athletes, they are a vital fuel
source for skeletal muscles.

The primary fats found in large quantities in
foods are triglycerides. Triglycerides are com-
posed of three fatty acids and one glycerol mol-
ecule. Fatty acids can be grouped by the amount
of hydrogen they contain, otherwise known as
saturation. Saturated fatty acid chains contain
no double bonds; monounsaturated fatty acids
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Table 4.2 Glycemic index (GI) and glycemic load (GL) values determined in subjects with normal glucose tolerance:

2008

Food item GI (glucose=100)
Coca Cola®, soft drink 63

V8® 100 % vegetable juice 43+4

V8® Splash, tropical blend fruit drink 47+4

Bagel, white 69

100 % whole wheat burger bun 62+6

Rye bread (50 % rye flour + 50 % 50
wheat flour)

Wonder™, enriched white bread 71+9
Rice, Arborio, risotto rice, boiled 697
(SunRice brand)

Rice, brown, steamed 50

Ice cream, premium, French vanilla, 38+3
16 % fat

Milk, full fat 41+2
Milk, reduced fat (1.4 %) 30+6
Milk, skim 32
Soy milk, full fat (3 %) 44+5
Soy milk, reduced fat (1.5 %), light 173
Yoplait™ no fat yogurt, various flavors 18+3
Grapes, black 59
Raisins 64+11
Pineapple, raw 66+7
Watermelon, raw 72+13
Apple juice, unsweetened, reconstituted | 39+5
Carrot juice, freshly made 43+3
Peanut butter 23+3
Filet-O-Fish™ burger (fish patty, 66+10
cheese, and tartar sauce on a burger bun)

Pizza, Super Supreme, pan (Pizza Hut, 36+6

Sydney, NSW, Australia)

GI (bread = 100) | Serve size (g) | GL per serving

90 250 ml 16
61 250 ml 4
67 250 ml 13
99 70 24
89 30 7
725 30 7
101£13 30 10
99 150 36
72 150 21
54 50 3
59 250 ml 5
43 250 ml 4
46 250 ml 4
63 250 ml 8
24 250 ml 8
26 200 3
84 120 11
91 60 28
94 120 6
103 120 4
55+7 250 ml 10
61 250 ml 10
33 50 1
94 128 20
51 100 9

Adapted from International Tables of Glycemic Index and Glycemic Load Values: 2008 [21]

contain one double bond; and polyunsaturated
fats have two or more double bonds. The fatty
acid makeup of the triglycerides is important to
its metabolism in the body. For example, satu-
rated fats may increase cholesterol in the body,
while unsaturated fats may have no effect or
lower cholesterol.

Cholesterol is found in food and even synthe-
sized by the body. High-density lipoproteins
(HDLs) are a type of cholesterol composed of a
high protein-to-fat ratio. HDL is typically known
as good cholesterol because of its protective
nature against heart disease, while elevated low-
density lipoproteins (LDLs) are a risk factor for

heart disease. LDL is primarily fat with lower
amounts of protein. However, recent research
suggests that lipoprotein size, regardless of
whether the lipoprotein is high or low density, is
more important to cardiovascular health [22].
Small particle LDL and HDL may both have a
negative effect on the cardiovascular system [22].
A recent prospective study of 26,332 initially
healthy women evaluated the association between
HDL particle size, determined via nuclear mag-
netic resonance spectroscopy, and the risk of
coronary heart disease (CHD) [23]. Researchers
observed a positive association in CHD and both
small and very small HDL particles.
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Dietary fats also provide a source of essential
fatty acids. These fatty acids are essential as the
body cannot synthesize them from endogenous
sources. There are two types of fatty acids to pay
special attention to in the diet. The essential fatty
acids are linoleic (omega-6) and linolenic
(omega-3), both 18-carbon fatty acids. Linoleic
acid is found in oils of plant origin, while marine
oils are a good source of linolenic acid. Although
both linoleic and linolenic are essential fatty
acids, they have very different roles in the body.
Linoleic acids are generally associated with the
promotion of inflammation [24] and certain can-
cers [25], while linolenic are anti-inflammatory
and associated with a decreased risk of heart dis-
ease [26] and cancers [25].

Trans fatty acids should receive considerable
attention as well due to their relationship with
health status. Trans fats, as they are commonly
known, are often oils that are solidified through a
process known as dehydrogenation, although
some amounts are found naturally. Dr. Paul
Sabatier, a French chemist, received the Nobel
Prize in Chemistry in 1912 for developing a
method to convert oils, via hydrogenation, to
saturated fats. Trans fats are now used in foods
such as margarine, shortening, and some dairy
products. These fats are beneficial to the food
industry as they are inexpensive to make and pro-
mote product shelf life. The reduction of trans
fats has become a point of public scrutiny in
places such as fast food and packaged foods
because, although they are unsaturated fats, they
behave like saturated fats in the body. Trans fatty
acids have been shown to have a negative effect
on blood cholesterol markers of health, increase
inflammatory markers, and promote endothelial
dysfunction [27]. Research suggests that trans
fatty acids should have no place in our food sup-
ply as they have no health value and pose sub-
stantial health risks [28]. In 2013, the Food and
Drug Administration took their initial steps to
potentially eliminate trans fats from our
processed-food supply as ample evidence sug-
gested that trans fats are no longer safe for
consumption.

Generally, fruits and vegetables contain little
fat. Animal products such as meat, milk, cheese,
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and eggs, as well as baked goods, generally
contain high amounts of saturated fats. Nuts and
peanut/canola oils can be good sources of mono-
unsaturated fats. Polyunsaturated fats, including
the essential fatty acids, can be found in fish,
nuts, corn, soy, and sunflower oils. Lastly, marga-
rine, shortening, cookies, pastries, and fried
foods have high levels of trans fats.

4.2.4 Metabolic Usage

Paramount to understanding sport-specific eating
and proper food decisions is a basic knowledge
of the metabolic usage of the macronutrients
within the body. This chapter will give only a cur-
sory overview of the bioenergetics of activity and
exercise, yet these principles are essential to a
proper nutritional design. The discussion here
will be limited to energy production from carbo-
hydrates and fats.

The primary energy systems used during exer-
cise depend on the intensity and duration of the
exercise. Most exercise activity can be categorized
as power—strength events (e.g., discus throw),
speed events (e.g., 100-m sprint), and endurance
events (e.g., triathlons). Short quick bursts such
as a discus throw and vertical jump are fueled by
the phosphagen system (adenosine triphosphate
[ATP] system and creatine phosphate [CP]). The
glycolytic system is mainly responsible for sup-
plying energy derivative during speed events
such as a 100-m and 400-m sprints. Endurance
events are mainly supported by the substrates
metabolized by the oxidative phosphorylation
system. It is important to realize that all of the
energy systems work in unison, but under certain
conditions, one energy system may be more
dominant in providing energy substrates. In terms
of energy metabolism for exercise, it is agreed
that fats provide the dominant energy source dur-
ing low- to moderate-intensity exercise [29]. As
exercise intensity increases, there is a greater reli-
ance on carbohydrate (e.g., muscle and liver gly-
cogen; blood glucose; blood, muscle, and liver
lactate) oxidation for fuel. In addition, the longer
the duration, the more fat will be utilized. This
means that even activity that begins at high or
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moderate levels will taper off due to glycogen
depletion, and fat will be the primary fuel deriva-
tive after 20-30 min of continual exercise. These
basic concepts are essential to determine proper
dietary guidelines for an activity or event.

When comparing energy reserves, the human
body has far more fat than glycogen stores.
Skeletal muscle glycogen stores approximately
400 g for an 80-kg individual, with an additional
100 g stored in the liver. In comparison, that same
80-kg individual may have over 12,000 g of fat
stored in adipose tissue! When factoring in the
fact that fat is more than twice as calorie dense
than carbohydrate, the energy stores are quite
unbalanced. However, while each fatty acid pro-
vides 147 ATP and each triglyceride provides
460 ATP, glucose metabolism (36 ATP/molecule)
is more efficient per unit of oxygen at providing
energy. In addition, it takes roughly 20 min for
free fatty acids to be liberated for use through
lipolysis. Therefore, per unit of time glucose is
more efficient and thus the preferred fuel for
high-intensity exercise. These data help to briefly
detail the merits of both fats and carbohydrates as
fuel sources. The importance of both of these
fuels should not be underestimated by the athlete,
when considering intake or expenditure.

4.3 Determining Intake Needs
Possibly, the most important piece of the nutri-
tional puzzle for athletes is the understanding of
how to determine the right amount of calories
and macronutrients to consume. After all, what
good is an understanding of what the nutrients
are for an athlete if they do not know how much
they need to take in?

The initial consideration when determining
macronutrient needs is to determine the goal of
the nutritional design. Is the goal to improve
muscular strength and power, lose fat mass, or
simply improve body composition? Secondly,
one must then consider the bioenergetics of the
event or training required to meet the estab-
lished goal. For example, a high-intensity, high-
frequency resistance training will require higher
dietary protein intake than other forms of exercise.
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Finally, physiologic factors such as size, age,
and gender will play a role in caloric needs as
well as the macronutrient distribution of those
calories. For example, older athletes may need
higher protein intake to prevent muscle loss and/
or bone resorption, while highly active women
at risk for amenorrhea may need to increase
caloric intake and fat consumption.

4.3.1 Determining Caloric Needs
Meeting caloric needs of an athlete should be a
nutritional priority. To determine macronutrient
intake needs, one must begin by determining the
caloric needs of the individual. Total energy
expenditure (TEE) is composed of four factors:
resting metabolic rate (RMR), exercise energy
expenditure, thermogenesis, and activities of
daily living.

RMR accounts for the greatest percentage of
calorie expenditure. RMR is positively correlated
with total body surface area and lean body mass.
The percentage of TEE from RMR depends on
the fitness and activity level of the individual, but
it generally accounts for 6070 % of daily energy
expenditure. As a person becomes more active,
RMR will begin to account for slightly lower per-
centages of energy expenditure. RMR values
below 50 % of TEE have even been reported in
male endurance athletes [30].

When direct or indirect calorimetry is not
available to determine RMR, the next best
method is using a predictive equation to estimate
an athlete’s RMR. Two predictive equations rec-
ommended by several professional organizations
[31] include the Harris—Benedict equation [32]
and the Cunningham equation [33]. It is sug-
gested that the Cunningham equation, which
requires fat-free mass information, is the most
appropriate predictive equation to use when
working with endurance athletes [34]. If accu-
rate fat-free mass data is not available, then the
Harris—Benedict equation may be more appro-
priate. The Harris—Benedict equation requires
information of total body weight, height, and
gender. It is important to note that neither the
Cunningham nor the Harris—Benedict equations
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Table 4.3 Various predictive equations

Harris— RMR (kcal/ | 66.47+13.75 (wt. in
Benedict: day) = kg)+5 (ht. in cm)—6.76
Males (age in years)
Harris— RMR (kcal/ | 655.14+9.56 (wt. in kg)
Benedict: day) = + 1.85(ht. in
Females cm)—4.68(age in years)
Cunningham: |RMR (kcal/ |500+22 (LBM [lean
day) = body mass] in kg)
De Lorenzo: RMR (kcal/ |-857+9.0 (wt. in
day) = kg)+11.7 (ht. in cm)

were developed using athletic test subjects;
rather, they were developed using healthy
untrained subjects. The De Lorenzo equation did,
however, use male athletes to predict RMR [35].
Numeric guidelines such as these only provide an
approximation of the average energy needs of an
individual athlete (Table 4.3).

While most of these equations do not take into
account fat-free mass, they have been reported to
predict RMR within 200 kcal/day in endurance
athletes of both genders [34].

Exercise energy expenditure and activities of
daily living are often combined into physical
activity. It is important to remember to factor in
daily activities such as walking up/down stairs,
yard work, or even shopping. These activities
take small amounts of energy to complete, but
energy nonetheless. Then, the athlete’s training
routine must be taken into account. Once the
RMR has been established by using a predictive
equation or by measurement, the next step is to
determine the daily energy expenditure from
physical activity. This is accomplished by multi-
plying the RMR value by the physical activity
level factor that most closely represents the ath-
lete’s current physical activity level. Although no
standard physical activity level factor exists, the
values below in Table 4.4 are common ranges for
the sedentary and active population [36].

The final component of TEE is thermogenesis,
which is energy expenditure not accounted for by
RMR or physical activity. The most important
form of thermogenesis is the thermic effect of
food, which accounts for the energy cost of diges-
tion, absorption, transportation, and storage of
the macronutrients. The measured thermic effects
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Table 4.4 Physical activity level based on doubly
labeled water

Physical
Lifestyle and level of activity activity level
Chair bound/bed bound 1.2
Seated work with no option of moving | 1.4-1.5
around and little or no strenuous leisure
activity
Seated work with discretion and 1.6-1.7
requirement to move around but little
or no strenuous leisure activity
Standing work (e.g., housework, shop 1.8-1.9
assistant)
Significant amounts of sport or 2.1-23
strenuous leisure activity (30—-60 min
4-5 times per week
Strenuous work or highly active leisure | 2.0-2.4

time
Adapted from Human energy expenditure in affluent

societies: An analysis of 574 doubly-labelled water mea-
surements [30]

of fat, carbohydrates, and proteins are 0-3 %,
5-10 %, and 20-30 %, respectively [37]. In other
words, it does not take much energy to break-
down, transport, and store dietary fat, whereas
much more energy is required to do the same for
dietary protein. The thermic effect of food gener-
ally accounts for 5-10 % of TEE.

We know TEE determines the number of calo-
ries that the athlete needs per day to stabilize his/
her body weight. If, however, a change in body
weight is desired, as in the case of weight-
dependent or muscle-building sports, the daily
caloric intake will need to be adjusted as such.
Dietitians and nutritionists often recommend a
500 calorie per day reduction, which will lead to
3,500 calorie deficit over the course of 1 week. It
is generally assumed that this 3,500 calorie
reduction will result in the loss of one pound of
fat. One pound of fat is worth approximately
3,500 calories. If all weight loss came in the form
of lost fat mass, then the previous assumption
would be true [36]. However, this is not the case.
Approximately 25 % of skeletal muscle mass is
also lost when body mass is reduced [38]. Under
certain conditions such as rapid weight loss and
at altitude, the loss of lean muscle mass can be
even greater.
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4.3.2 Determining Macronutrient
Intake

Once daily caloric intake is determined, the mac-
ronutrient composition distribution of the diet
must be considered. The first thing to consider is
the type of athlete you are working with. Are you
working with a strength and power athlete or an
endurance athlete? From there, you can start with
the general recommendations for protein, carbo-
hydrate, and fat for that specific type of athlete.
A second consideration should be the athlete’s
goal. Is the goal to lose fat mass, gain lean body
mass, or maintain current body composition?

Beginning with protein, the general guideline
for sedentary individuals is to intake ~0.8 g/kg of
body weight [39]. This recommendation of pro-
tein intake is estimated to be sufficient for most
(~98 %) healthy, adult men and women. The
International Society of Sports Nutrition recom-
mends a protein intake of 1.4-2.0 g/kg/day for
the athletic population [40]. It was suggested
that protein consumption for endurance athletes
occur on the lower range (i.e., 1.4 g/kg/day), ath-
letes in intermittent sports such as soccer and
basketball in the middle range (i.e., 1.7 g/kg/
day), and strength and power athletes on the
higher range (i.e., 2 g/kg/day). Other researchers
have also recommended the upper range of daily
protein intake to prevent lean muscle mass losses
during periods of caloric restriction [41]. In
addition, BCAAs may be important for endur-
ance athletes in delaying fatigue in respect to the
central fatigue hypothesis. New research reports
that dietary protein intake as high as 1.8 g/kg
stimulates protein synthesis following endur-
ance exercise, but further research is needed
[42]. For athletes participating in regular resis-
tance training, greater amounts of protein are
needed in order to maintain an anabolic environ-
ment and increase muscle mass.

Carbohydrate intake is of great importance to
endurance athletes who train for longer than
90 min/day in order to replenish muscle and liver
glycogen levels. However, each gram of glyco-
gen requires extra water to be stored and may
inhibit performance in training or events shorter
than 90 min. Generally, individuals need between
6 and 10 g/kg of carbohydrates daily to restore
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muscle and liver glycogen levels, but athletes
training for periods longer than 90 min may
require 8—10 g/kg daily [42]. In fact, Fallowfield
and Williams [43] determined that even when
isocaloric diets were consumed, a high-
carbohydrate (8.8 g/kg) diet was significantly
better at maintaining running time than a low-
carbohydrate (5.8 g/kg) diet. However, benefits
vary between individuals, and some may experi-
ence gastrointestinal problems on a high-
carbohydrate diet. Therefore, it is important for
athletes to determine what works best for them.

Once the total grams of protein and carbohy-
drate have been determined, multiply each factor
by 4 to find the total number of calories from
each of the respective substrates. Once this is
completed, subtract the number from the total
energy needs determined earlier. The remainder
of the necessary calories will come from fat.
Divide the fat calories by 9 to determine the total
number of fat grams to be consumed per day.

Though fats are the last macronutrient to be
prescribed in the diet, they are not simply throw-
away calories. It is not the unimportance of fats
but rather the importance of protein and carbohy-
drate that makes dietary fat the final consider-
ation. It is not recommended for an athlete to
consume less than 20 % of calories from fat as it
can promote immune system dysfunction and
deteriorate health status [44—46]. Generally, it is
accepted that athletes consume approximately
30 % of their calories from fat [47]. Additionally,
athletes participating in high-volume training can
safely ingest up to 50 % of their calories from fat
[47]. In fact, higher fat diets (~35 % kcal) have
been reported to enhance endurance performance
in some athletes [48]. The effects of a high-fat
diet also vary between individuals; caution
should be used in recommending such a diet. For
athletes attempting to lose fat mass, a dietary fat
intake of 0.5-1 g/kg body weight/day is recom-
mended [47].

Since the daily recommendations are ranges,
these should be reconciled with the percentages.
For example, if the values of 9 g/kg of carbohy-
drate and 1.4 g/kg of protein breakdown to 80 %
carbohydrate, 12 % protein, and 8 % fat, then
they need to be adjusted to lower the carbohy-
drate intake and increase the fat and protein.
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4.3.3 Case Study

Ellen is an endurance athlete who comes to you
for nutrition counseling. She is 27 years old, 5 ft.,
4 in. (163 cm) tall, weighs 121 Ib. (55 kg), and
her body fat percentage is 23 % according to her
latest DEXA (dual energy X-ray absorptiome-
try). During her training, she performs well at the
beginning of her sessions, but she feels fatigued
sooner than she would like or expect. She trains
5-6 days/week for 90 min per session at a 7 mph
pace. She informs you that she consumes 2,197
calories per day with 302 g of carbohydrate, 83 g
of protein, and 73 g of fat.

Since Ellen is an endurance athlete and we
have her body fat percentage information, we will
use the Cunningham equation (RMR=500+22
[LBM in kg]). If we did not have Ellen’s body fat
percentage information, we would not be able to
use the Cunningham equation, and thus it would
be more appropriate to use either the De Lorenzo
or the Harris—Benedict equation. Using Ellen’s
information, we get an RMR value of ~1,430 cal-
ories (500+22 [42.25 kg of LBM]). Using a phys-
ical activity level factor of 2.1 (based on her
training frequency per week), we multiply the cal-
culated RMR value by 2.1, which gives us approx-
imately 3,000 calories per day. You inform Ellen
that she first needs to consume more calories;
based on her RMR (1,430 kcal) and her physical
activity level factor (2.1), her calorie intake during
regular training periods should be approximately
3,000 calories per day. The added calories should
help her to improve her endurance. Frequent
nutrition counseling and body composition
assessment of an athlete will help determine
any undesirable body composition changes. If
unwanted weight gain occurs, then reducing
caloric intake would be appropriate.

Now that we have her total daily caloric needs,
we can work on setting dietary guidelines for pro-
tein, carbohydrate, and fat. Based on the dietary
protein recommendations mentioned earlier, we
can recommend Ellen to consume 1.4 g of pro-
tein/kg body weight/day. This gives us a total
dietary protein intake of 77 (1.4x55) grams of
protein per day. Now, following with carbohy-
drate guidelines, we would recommend 8 g of car-
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bohydrate/kg body weight per day. Ellen would
be recommended to consume approximately
440 g (8x55) of carbohydrate per day. Right now,
we have protein contributing approximately 308
calories (77 g of proteinx4 calories per gram of
protein) and carbohydrates contributing 1,760
calories (440 g of carbohydratex4 calories per
gram of carbohydrate), which gives us a total of
2,068 calories. Since we are recommending
Ellen to consume approximately 3,000 calories,
the remaining 932 calories (3,000—2,068=932)
will come from dietary fat. This amount of dietary
fat (~31 % calories from fat) puts us well within
the fat recommendations mentioned above.
Remember that these are simply guidelines
that can be adjusted at any time to better suit the
athlete.

You inform her that this diet should help to
maximize muscle glycogen stores while still pro-
viding enough fat for oxidation and protein for
contractile protein repair. After beginning this
new diet, Ellen discovers that her ability to main-
tain intensity during the ends of her workouts
improves and that she recovers more readily from
her training bouts.

44  NutrientTiming
One of the hottest topics in the sports nutrition
field is the concept of “nutrient timing.” Nutrient
timing suggests that it is not merely what you eat
and how much, but also when. To properly build
lean mass, replace glycogen stores, or simply
maximize athletic performance, one needs to be
conscious of the proper time to ingest food or mac-
ronutrient supplements. Not only is the timing an
issue in terms of proper metabolic usage, but
improper timing can also cause gastrointestinal or
psychological discomfort. In general, pre- and
postexercise supplements are preferred to be in
liquid form to limit gastrointestinal discomfort.
Aside from improving performance, the pri-
mary nutritional goal for endurance athletes is to
maximize (pre) and replenish (post) glycogen
stores. For many years, endurance athletes have
used “carbohydrate loading” as a tool for increasing
muscle glycogen stores. Variations of carbohydrate
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loading regimens exist, but it requires several
days of high-carbohydrate intake combined with
tapered exercise the week before competition.
Yet, endurance athletes should not forget about
the importance of fats as a fuel either. For muscle
glycogen to be spared during long-duration
endurance training, fats must be metabolized
preferentially to glycogen. Depending on the
intensity of exercise, carbohydrate supplementa-
tion immediately before or during exercise may
inhibit lipolysis due to increases in insulin. Fat
oxidation seems to be inhibited by carbohydrate
intake during lower-intensity exercise (~45 %
VO,max), but not during moderate-intensity
exercise [49, 50]. In contrast, increased dietary
fat appears to increase lipolysis and fat oxidation
during exercise [51]. Therefore, it may be
advisable to consume carbohydrate prior to mod-
erate- to high-intensity exercise so muscle glyco-
gen is maximized, but to consume small amounts
of fat prior to low-intensity exercise to increase
fat oxidation.

To maximize glycogen replenishment after
exercise, it is necessary to ingest a carbohydrate
supplement immediately after and every 2 h (up
to 6 h) following exercise [52]. In addition, add-
ing protein to the carbohydrate supplement
appears to increase glycogen storage by acting
synergistically on insulin secretion [53].
Restoring the glycogen levels properly after exer-
cise will allow for proper recovery and support
the next day’s training or competition.

For resistance-training athletes, the goals are
to increase amino acid uptake and anabolic hor-
mone release to enhance protein synthesis as
well as to replenish glycogen stores. At present,
it appears that providing protein and/or carbohy-
drate immediately before and after resistance
exercise may provide the optimal environment
for enhanced muscle growth [54]. While con-
sumption of protein [55] or carbohydrate [56]
following exercise has been shown to increase
protein synthesis, the combination of the two has
shown even greater success before and after
exercise [57, 58]. The protein—carbohydrate
combination consumed prior to and after a work-
out has also been shown to significantly increase
growth hormone levels [59, 60]. In addition, it
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currently appears that consuming the postexercise
supplement as soon as possible is extremely
important and more effective than waiting for
extended periods [54, 61].

Research in the area of nutrient timing and its
connection with athletic performance is greatly
expanding. As more research is completed, fur-
ther information on the proper timing of macro-
nutrient intake will most certainly come to light.

4.5 Summary

Proper macronutrient nutrition is part of the basis
of any successful training and competition pro-
gram. Although it is suggested that prior to using
nutritional supplements, an athlete must properly
regiment their diet, it is not imperative. Most
dietary supplementation studies do not control
nutritional intake. A fitting nutritional design is
an essential part of an athlete’s training program.
A proper meal plan will help manage body com-
position, promote training adaptations and exer-
cise performance, improve recovery, and prevent
fatigue and injury. When designing a nutritional
program, you must know what type of athlete you
are working with. Once that is established, you
can set total caloric needs, followed by total daily
grams of proteins, carbohydrates, and fats.
Additionally, we know that the timing of protein
and carbohydrate in relation to exercise training
is important to training adaptations. Each of these
factors plays a critical role in the development of
peak athletic performance.
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Abstract

The purpose of this chapter is to review the role of micronutrients in sport.
Attention is given to the function of micronutrients in the body, examples
of quality dietary sources of each micronutrient, and an assessment of the
literature examining how the recommended daily intake of a micronutrient
may or may not change with exercise. The discussion includes plausible
biological mechanisms of proposed performance enhancement and cur-
rent research to support or negate these claims. Water-soluble vitamins,
fat-soluble vitamins, macrominerals, and select microminerals are dis-
cussed in detail, and a comprehensive table reviewing all micronutrient
recommendations for the athletes is provided. Practical applications for
professionals working with athletes conclude the chapter.

Keywords
Micronutrients * Vitamins ¢ Minerals * Ergogenic aid ¢ Physical
performance

5.1 Chapter Introduction

In order to maintain normal health, a wide range
of vitamins, minerals, and trace elements must be
present in adequate amounts in the body.
Micronutrients play many important roles in the
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body, including hemoglobin synthesis, mainte-
nance of bone health, adequate immune function,
and protection of body tissues from oxidative
damage [1]. In addition to this, and of interest to
the athlete, micronutrients are integral in the pro-
cess of energy metabolism. While macronutrients
(carbohydrate, protein, and fat) constitute the
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sources of fuel for our bodies, micronutrients
allow for the breakdown and use of these fuels.

To help quantify which micronutrients we
need and in what amounts, the Food and Nutrition
Board, along with the Institute of Medicine,
provides reference values, known as Dietary
Reference Intakes (DRIs: Tables 5.1 and 5.2), of
suggested intake of micronutrients to prevent
deficiency and provide optimal nutrition [2]. The
DRIs consist of four categories: recommended
dietary allowance (RDA), adequate intake (Al),
estimated average requirement (EAR), and toler-
able upper intake level (UL). The goal of the
RDA is to provide a dietary intake level that is
sufficient to meet the requirement for 98 % of
healthy individuals. The Al is used when no RDA
has been determined, while the EAR is used to
satisfy the needs of 50 % of individuals within a
particular group. The UL is the maximum recom-
mended intake that individuals can consume of a
particular nutrient, without the risk of adverse
effects. The DRIs vary among gender and age
groups, and importantly, these values represent
what is needed for the “normal” individual. Thus,
if and how micronutrient needs change with
increased physical activity is still a matter of
debate. It appears logical that regular intense
exercise training increases all nutrient require-
ments by increasing turnover and decreasing
absorption. Moreover, high intakes of micronu-
trients may be required to cover needs related to
tissue maintenance and repair.

The purpose of this chapter is to review the
function of micronutrients in the body, provide
examples of quality dietary sources of each micro-
nutrient, and assess the literature examining how
the recommended daily intake of a micronutrient
may or may not change with exercise.

5.2  Vitamin Introduction

Vitamins are organic compounds naturally found
in small amounts in food products. They are des-
ignated as essential nutrients because they cannot
be synthesized by the body in amounts that are
necessary to support normal physiological func-
tion. Generally, vitamins are classified as either
water soluble or fat soluble, based on the medium

M.C. Serra and K.M. Beavers

needed for their absorption. Water-soluble vita-
mins include the B complex (thiamin, riboflavin,
niacin, pantothenic acid, pyridoxine, biotin, folic
acid, cyanocobalamin) and ascorbic acid (vita-
min C), and fat-soluble vitamins include vitamins
A, D, E, and K. Each group and its associated
vitamins will be examined in detail in the para-
graphs that follow.

5.2.1 Water-Soluble Vitamins

As their name suggests, water-soluble vitamins
dissolve readily in water and are lost daily in the
urine. Because of this, most water-soluble vitamins
are not stored in the body, necessitating their regu-
lar dietary consumption. The largest contributors
to the water-soluble vitamins are the B complex
vitamins, including thiamin (B,), riboflavin (B,),
niacin (B;), pantothenic acid, pyridoxine (Bg), bio-
tin, folic acid, and cyanocobalamin (B,,). B vita-
mins act primarily as coenzymes, facilitating
hundreds of chemical reactions in our bodies.
Ascorbic acid, or vitamin C, is also a water-soluble
vitamin and plays a major role as an antioxidant.

5.2.1.1 Vitamin B, (Thiamin)

Thiamine monophosphate (TMP), thiamine
pyrophosphate (TPP), and thiamine triphosphate
(TTP) are the three most studied forms of thia-
min. The TPP form makes up ~80 % of thiamin
in the body, while TMP and TTP each contribute
~10 %. TPP functions in the metabolism of car-
bohydrates, by serving as a cofactor in the con-
version of pyruvate to acetyl-CoA and in the
transketolase  reaction, which synthesizes
NADPH, deoxyribose, and ribose sugars in the
pentose phosphate pathway. Thiamin also plays a
role in branch chain amino acid metabolism and
may serve a role in nerve conduction and trans-
mission. Although found in a variety of animal
products and vegetables, an abundance of thia-
min is found in only a few foods (see Table 5.3).
There are no known adverse effects associated
with thiamin supplementation; therefore, no UL
has been set. Deficiency of thiamin may lead to
cardiac failure, muscle weakness, neuropathy,
and gastrointestinal disturbances (all hallmarks
of the thiamin-deficiency disease: beriberi).
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Table 5.3 Summary of water-soluble vitamins

Nutrient
Thiamin (B,)

Riboflavin (B,)

Niacin (B;)

Pantothenic acid

Vitamin B¢

Biotin

Folate

Vitamin B,

Vitamin C

Function

Carbohydrate
and amino acid
metabolism

Oxidative
metabolism,
electron
transport system

Oxidative
metabolism,
electron
transport system

Essential to the
metabolism of
fatty acids,
amino acids, and
carbohydrates

Gluconeogenesis

Cofactor in
synthesis of
fatty acids,
gluconeogenesis,
and the
metabolism of
leucine
Hemoglobin and
nucleic acid
formation
Hemoglobin
formation

Antioxidant

Adult (nonpregnant)
recommended intake

e UL:N/A

¢ Deficiency: weakness,
decreased endurance,
weight loss

e UL:N/A

* Deficiency: altered
skin and mucous
membrane and
nervous system
function

e UL: 35 mg/day

¢ Deficiency: irritability,
diarrhea

e UL:N/A

¢ Deficiency: muscle
cramps, fatigue,
apathy, malaise,
nausea, vomiting

e UL: 100 mg/day

¢ Deficiency: dermatitis,
convulsions

* UL:N/A

¢ Deficiency: dermatitis,
alopecia,
conjunctivitis

e UL:1,000 pg/day

¢ Deficiency: anemia,
fatigue

¢ UL:N/A

¢ Deficiency: anemia,
neurologic symptoms

e UL: 2,000 mg/day
¢ Deficiency: fatigue,
loss of appetite

Food sources

Yeast, pork,
fortified grains,
cereals, legumes

Milk, almonds,
liver, eggs, bread,
fortified cereals

Meats, fish,
legumes,
peanuts, some
cereals

Liver, egg yolk,
sunflower seeds,
mushrooms,
peanuts, brewer’s
yeast, yogurt,
broccoli

Meats, whole
grain products,
vegetables, nuts
Liver, egg yolk,
soybeans, yeast,
cereals, legumes,
nuts

Yeast, liver, fresh
green vegetables,
strawberries

Organ meats,
shellfish, dairy
products

Citrus fruits,
green vegetables,
peppers,
tomatoes, berries,
potatoes
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Comments for the athlete

Studies indicate that there
is no need for additional
thiamin supplementation
above the DRI
recommendations with
exercise

Athletes who consume
adequate levels through
the diet do not require
supplementation above
the DRI

All persons should obtain
the DRI for niacin intake
to ensure adequate intake
and performance

Limited research exists
on pantothenic acid
supplementation and
exercise performance

Exercise has been shown
to increase the loss of
vitamin Bg

Not enough information
to make a
recommendation
regarding
supplementation and
exercise

Exercise does not appear
to increase needs

Supplemental vitamin B,
does not appear to benefit
performance unless a
nutritional deficit is
present

Results of
supplementation on
performance are
equivocal; possible
benefits of
supplementation include
enhanced immune
function, antioxidant
effects, and decreasing
body temperature
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Because of the role thiamin plays in energy
(particularly carbohydrate) metabolism, it is
speculated that needs increase with exercise.
Indeed, the differential RDA for thiamin for men
and women (1.1 mg/day for adult women and
1.2 mg/day for adult men) is based on increased
energy requirements and carbohydrate intake in
men than women. Further, exercise has been sug-
gested to affect thiamin status by decreasing
absorption of minerals, increasing turnover and
metabolism of the nutrients, increasing thiamin-
dependent mitochondrial enzymes, increasing
needs through tissue repair and maintenance, and
varying biochemical adaptations through exer-
cise training [3].

Suzuki et al. [4] determined that 100 mg/day of
thiamin supplementation significantly decreased
self-reported fatigue (compared to a placebo)
after 30 min on a bicycle ergometer. Additionally,
one mg/kg of intravenous TPP, administered 24 h
prior to a submaximal exercise bout, resulted in
reduced serum lactate and postexercise heart rate,
as well as improved VO,max compared to a pla-
cebo [5]. However, other studies examining sup-
plementation of thiamin derivatives have been
unsuccessful at showing improvements in exer-
cise performance [6, 7]. Despite a plausible bio-
logical mechanism, the current literature does not
support thiamin supplementation above the DRI
recommendations with exercise.

5.2.1.2 Vitamin B, (Riboflavin)

Riboflavin functions as a catalyst for redox reac-
tions in energy production and many metabolic
pathways, mainly as a component of flavin mono-
nucleotide (FMN) and flavin adenine dinucleo-
tide (FAD) [8]. Also, riboflavin is required for the
conversion of other nutrients to their active forms,
including niacin, folic acid, and vitamin B¢. FAD
is part of the electron transport chain, which is
central to energy production. Signs and symp-
toms of deficiency include sore throat, cracked
and red lips, inflammation of the tongue and lin-
ing of the mouth, and bloodshot eyes, although
overt riboflavin deficiency (ariboflavinosis) is
rare. Excess intake of riboflavin is eliminated in
the urine; therefore, no UL exists. Most plant and
animal food sources contain riboflavin, with
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milk, liver, whole and enriched grains, and forti-
fied cereals among the best dietary sources.

Nutritional surveys provided to athletes suggest
that most athletes consume the DRI recommended
amount of riboflavin [9, 10]; however, whether
current recommendations are adequate for athletes
has been debated. Although conflicting data exists
as to whether exercise affects the biochemical sta-
tus of riboflavin in the blood [3, 11], potentially
due to increased losses [3, 12], supplementation
does not appear to improve physical fitness if
baseline values are within the normal range [13,
14]. If riboflavin deficiency is present, however,
limited data suggest that supplementation may
improve fitness performance [13]. The current
consensus is that individuals who consume ade-
quate levels through the diet do not require supple-
mentation above the DRI.

5.2.1.3 Vitamin B; (Niacin)
Niacin is a water-soluble vitamin whose deriva-
tives, such as NADH, NAD, NAD+, and NADP,
play vital roles in substrate metabolism. There is
growing evidence that NAD+ plays an important
role in mitochondrial function and energy
metabolism, calcium homeostasis, and inflamma-
tion [15]. Deficiencies of this vitamin can result in
a condition known as pellagra, a disease charac-
terized by scaly skin sores, diarrhea, inflamed
mucous membranes, mental confusion, delusions,
and ultimately death. Although pellagra has
almost disappeared from industrialized countries,
it is still common in regions that subsist primarily
on a corn-based diet, as corn is a very poor source
of niacin. (It is now known that treating corn
products in an alkali bath, typically limewater,
will increase the bioavailability of niacin.)
Although critical to the oxidation of fuel
sources, and thus exercise metabolism, studies
assessing the role of niacin on metabolic
responses during acute exercise are limited. With
small doses of niacin (<1 g/day), supplementa-
tion has been shown to improve agility [16], but
not endurance [17]. Large doses of niacin (typi-
cally supplemented in the form of nicotinic acid)
have been shown to adversely affect plasma free
fatty acid concentrations during exercise [18,
19], and thus, it is hypothesized that large doses
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may negatively impact lower-intensity exercise.
However, to date, large niacin supplementation
doses have only been shown to decrease
performance when carbohydrate availability is
low [20, 21]. Surveys of athletic populations
show that niacin consumption is adequate, with
only athletes participating in weight-restrictive
behaviors falling below recommended levels [9,
10]. At present, it is recommended that all per-
sons obtain the DRI for niacin intake to ensure
adequate intake and performance.

5.2.1.4 Vitamin B; (Pantothenic Acid)
Pantothenic acid performs multiple roles in cel-
lular metabolism and regulation as an integral
part of two acylation factors: coenzyme A (CoA)
and acyl carrier protein (ACP). In these forms,
pantothenic acid is essential to the metabolism of
fatty acids, amino acids, and carbohydrates, as
well as the synthesis of cholesterol, steroid hor-
mones, vitamin A, and vitamin D [22]. Although
human studies looking at the effect of panto-
thenic acid and exercise performance are limited,
two studies suggest that supplementation with
pantothenic acid (or vitamin Bs derivative) does
not alter exercise metabolism or exercise perfor-
mance [23, 24].

5.2.1.5 Vitamin B, (Pyridoxine

and Related Compounds)
Vitamin Bg collectively refers to all biologically
active forms of vitamin By (including pyridoxal,
pyridoxamine, and pyridoxine) although the met-
abolically active form of the vitamin is pyridoxal
phosphate or PLP. By is involved in many differ-
ent cellular processes including gluconeogenesis,
niacin formation, lipid metabolism, erythrocyte
function and metabolism, and hormone modula-
tion [22]. All persons, including athletes, con-
sume adequate amounts of this vitamin [10, 25].
Vitamin B¢ is widely distributed in foods (see
Table 5.3 to view foods with the greatest concen-
trations of vitamin Bg) and commonly found in
multivitamin and mineral supplements.

Because exercise has been shown to increase
the loss of vitamin B4 as 4-pyridoxic acid [26]
and because PLP acts as a cofactor in both gluco-
neogenesis and glycogenolysis, it has been
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postulated that supplementation of the vitamin
may increase exercise performance. Studies show
that time to exhaustion does not improve follow-
ing B4 supplementation [27, 28], and thus supple-
mentation above the DRI does not appear to
improve performance.

5.2.1.6 Vitamin B, (Biotin)

Biotin, also known as vitamin H, plays an impor-
tant role in the catalysis of many essential meta-
bolic reactions, including the synthesis of fatty
acids, gluconeogenesis, and metabolism of leu-
cine. To date no studies have been conducted
looking at the role of biotin in exercise perfor-
mance in humans.

5.2.1.7 Folic Acid

Named for the abundance of the vitamin in green,
leafy vegetables (or foliage), folic acid plays sev-
eral important roles in energy metabolism. Folic
acid is the synthetic form of folate and is needed
for DNA production and erythropoiesis.
Deficiencies, common among athletes [10, 26,
29], can cause errors in cellular replication, par-
ticularly affecting the red blood cells; as a result
of folate deficiency, megaloblastic anemia can
occur. The DRI for folate is 400 pg/day for
women and men. Due to its prominent role in cel-
lular growth and differentiation, this value
increases to 600 and 500 pg/day during preg-
nancy and lactation, respectively [2]. Folate is
ubiquitous in nature and found in most all natural
foods. However, the vitamin is highly susceptible
to oxidative damage, and thus the folate content
of foods is easily destroyed by heat.

Due to its role in erythrocyte production, it is
not surprising that researchers question whether
folic acid supplementation can increase athletic
performance. Results of one study showed that
while folate supplementation in an athletic popula-
tion did significantly increase circulating levels of
serum folate, this increase did not translate into
increased performance [30]. The authors of this
study speculate that changes in circulating concen-
trations of folate may not reflect changes in cellular
folate status; thus, over-supplementation cannot be
justified. At present recommended intake of folate
follows the DRI for normal individuals.
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5.2.1.8 Vitamin B,, (Cyanocobalamin)
Cyanocobalamin, or vitamin B,,, is unlike other
B vitamins in that plants do not provide it and the
body is capable of storing it in the liver. Vitamin
B, is involved in fat and carbohydrate metabo-
lism, as well as protein synthesis. Additionally,
vitamin B, is responsible for the conversion of
homocysteine to methionine, and deficiencies in
the vitamin have been linked to hyperhomocyste-
inemia, an independent risk factor for cardiovas-
cular disease [31]. In nature, this vitamin is
synthesized by microorganisms, and thus it is not
found in plant foods, except when they are con-
taminated by microorganisms. Small amounts of
vitamin B, are found in legumes, which contain
microorganisms, and may provide the only
dietary source of vitamin B, for vegans.

Although older studies have shown that sup-
plemental B, does not benefit performance
unless a nutritional deficit is present [32, 33],
controlled, well-designed studies utilizing mod-
ern technology are needed to determine whether
Vitamin B, is needed in larger amounts by indi-
viduals who exercise.

5.2.1.9 Vitamin C (Ascorbic Acid)
The functions of vitamin C are based primarily
on its biological reductant capabilities. As such,
vitamin C is involved in collagen formation, cor-
tisol synthesis, neurotransmitter synthesis, and
iron absorption. Vitamin C has also been shown
to promote resistance to infection through the
immunologic activity of leukocytes, production
of interferon, process of inflammatory reaction,
and/or integrity of the mucous membranes [22].
When dietary intake of ascorbic acid is insuffi-
cient, a set of conditions occur (e.g., malaise,
lethargy, petechiae, gum disease, poor wound
healing) that are collectively known as scurvy.
Important to the athlete, vitamin C has certain
biological functions that can influence physical
performance. Due to its requirement in the syn-
thesis of carnitine (the enzyme responsible for
the transport of long-chain fatty acids into the
mitochondria), it is thought to play a major role
in lipid energy availability. Additionally, it may
act as an antioxidant, along with vitamins A and
E, preventing cellular damage caused by free
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radical intermediates. In general, intakes of 0.2—
1.0 g/day reduce oxidative stress, but do not
improve athletic performance [34]. Large doses
(>1.0 g/day) may possibly impair athletic perfor-
mance through reduced mitochondrial biogenesis
or alterations in vascular function [34].

5.2.2 Fat-Soluble Vitamins

The fat-soluble vitamins include vitamins A, D,
E, and K. Vitamins A and E function as antioxi-
dants, and vitamins D and K play a role in bone
metabolism. Because fat-soluble vitamins are
stored for extended periods when consumed in
excess, they create a greater risk for toxicity than
water-soluble vitamins. Disease states affecting
the absorption or storage of fat could cause defi-
ciency of these vitamins.

5.2.2.1 Vitamin A

The roles of vitamin A within the body are vast,
including immune function, vision, growth, and
gene expression. Vitamin A comprises a group of
compounds, including retinol, retinal, retinoic
acid, or retinyl ester. Provitamin A carotenoids
(i.e., a-carotene and [-carotene) are precursors to
retinol, one of the most active forms of vitamin
A. Some provitamin A carotenoids have been
found to have antioxidant activity, with f-carotene
suggested to be the primary anticancer agent in
fruits and vegetables [35].

Dietary carotenoids are consumed primarily
through oils and brightly colored fruits and vegeta-
bles, whereas preformed vitamin A is found only in
animal products. The RDA requirements for vita-
min A are expressed in retinol activity equivalents
(RAE). A UL of preformed vitamin A has been rec-
ommended because retinol is stored and metabo-
lized in the liver; however, the liver has a protective
mechanism for reducing vitamin A metabolites by
excreting the metabolites in bile. Adverse effects
associated with an overdose of vitamin A include
acute effects such as vertigo, blurred vision, and
nausea, as well as chronic effects such as bone loss
and liver abnormalities [36].

To date, there is very little research examining
the effects of p-carotene supplementation alone
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on muscular strength or endurance. Although
there is potential for vitamin A supplementation
to decrease oxidative stresses from exercise,
research is limited, predominantly because vita-
mins C and E have greater antioxidant capabili-
ties. Further, evidence of vitamin A deficiency in
athletic individuals is lacking, likely because
body storage is appreciable [37]. Due to the fat
solubility  properties, supplementation  of
[-carotene is not recommended.

5.2.2.2 Vitamin D (Calciferol)

Although many forms of calciferol (vitamin D)
exist, the two main forms are ergocalciferol
(vitamin D,) and cholecalciferol (vitamin Dj).
Vitamin D, is produced from ergosterol in the
diet, while vitamin Dj is synthesized by ultravio-
let radiation from a precursor of cholesterol in
the skin. Both forms are biologically inert and
must be converted to the biologically active
form, 1,25-dihydroxyvitamin D (1,25 (OH),D).
The major source of vitamin D for humans is
sunlight. This source is especially important
because few dietary sources contain vitamin D
naturally (see Table 5.4). In the United States,
many dairy foods (i.e., milk and cheese) are

Table 5.4 Summary of fat-soluble vitamins

Adult (nonpregnant)
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fortified with vitamin D to avoid deficiency in
latitudes where exposure to sunlight is limited
during the winter months.

Excess amounts of vitamin D (hypervitamin-
osis D) can lead to high blood pressure, bone
loss, and kidney damage. These effects are
thought to be caused, for the most part, by hyper-
calcemia that may occur with hypervitaminosis
D [38]. This is because the function of vitamin D
is to maintain serum calcium and phosphorus lev-
els within the body by enhancing their absorption
from the gastrointestinal tract and promoting
their release from the bones. Active vitamin D
provides such a role by working in combination
with the parathyroid hormone (PTH) to mobilize
calcium and, indirectly, phosphorus from the
bone to maintain serum concentrations as needed.

Studies suggest that serum 25-hydroxyvitamin
(25(0OH)D) concentrations <50 nmol/L is com-
mon among athletes [39—41], with serum profiles
often worse depending upon winter season, unfa-
vorable latitude of training, and indoor training
routine [42]. Decreased vitamin D is associated
with increased inflammation in athletes [43].
In subjects with elevated baseline inflammation,
the addition of vitamin D supplementation to

Food sources

Nutrient Function recommended intake
Vitamin A | Vision, immune e UL: 3,000 pg preformed
response, epithelial vitamin A/day
cell growth and ¢ Deficiency: dry skin, dry
repair hair, broken fingernails,
susceptibility to infections
Vitamin D | Bone remodeling e UL: 100 pg/day
and maintaining ¢ Deficiency: osteomalacia,
serum calcium and osteoporosis, heart
phosphorus disease, hypertension
concentrations
Vitamin E | Antioxidant ¢ UL: 1,000 mg
a-tocopherol/day
* Deficiency: retinopathy,
neuropathy, and myopathy
Vitamin K | Essential for normal | UL: N/A

blood clotting

Deficiency: increase in
blood clotting time and
decrease in bone mineral
density

Broccoli, squash,
sweet potatoes,
pumpkin,
cantaloupe, liver,
milk, eggs

Natural sources:
fatty fish, egg yolks
Fortified sources:
milk, cereals

Vegetable oils,
unprocessed cereal
grains, green leafy
vegetables, nuts

Green leafy
vegetables, cereal,
organ meats, dairy
products, eggs

Comments for the athlete

Supplementation of
B-carotene is not
recommended

May influence bone
mineralization and help
prevent fractures

Antioxidant properties
may be beneficial in
decreasing oxidative
stress during exercise
bouts

Supplementation may be
needed for formation of
bone
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exercise has been shown to reduce inflammation
beyond that of exercise alone [44]. Further, insuf-
ficient vitamin D may increase risk for injuries,
such as stress fractures, which are quite common
among athletes. In older adults, increasing serum
25(OH)D levels from 53 to 74 nmol/L by supple-
mentation reduced fracture risk by 33 % over 5
years [45]. In a large sample of active female
military recruits, supplementation with 800 IU/
day of vitamin D for 8 weeks resulted in 20 %
lower incidence of stress fractures than the pla-
cebo group [46].

With regard to athletic and muscular perfor-
mance, studies examining the effects of vitamin
D supplementation in young athletes are sparse.
A recent study examining the effects of 5,000 IU/
day of vitamin D; supplementation for 8 weeks
showed that supplementation resulted in
improved 10 m sprint time and vertical jump
height [39]. In older adults (>50 years of age),
beneficial effects of vitamin D treatment have
been observed on muscle function, including
muscle strength [47, 48] and physical function
[49, 50], when vitamin D status is low prior to
supplementation. However, the beneficial effect
of supplementation on physical function is not
universally observed. A recent review showed
that over half of the previously published papers
examining the effects of vitamin D supplementa-
tion on muscle function show a lack of an effect
versus beneficial results [51].

In conclusion, and much like the other micro-
nutrients, while randomized controlled trial evi-
dence is not strong enough to suggest vitamin D
as an ergogenic aid, insufficient levels of vitamin
D can contribute to decreased athletic perfor-
mance, potentially by increasing the risk of debil-
itating stress fractures. Thus, obtaining optimal
25(0OH)D levels (i.e., >50 ng/mL) through diet
and UV exposure is recommended.

5.2.2.3 Vitamin E

Unlike the other fat-soluble vitamins, vitamin E
has no specific metabolic function. Instead, its
major function is as an antioxidant of polyunsat-
urated fatty acids, preventing free radical damage
in biological membranes caused by lipid peroxi-
dation. Because vitamin E is absorbed similarly
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to dietary fat, changes in pancreatic function,
chylomicron transport of lipids, and bile produc-
tion are known to impair vitamin E absorption
[52]. The majority of vitamin E is stored in the
adipose tissue, while smaller amounts are stored
in the heart, liver, lungs, brain, muscles, and adre-
nal glands. Eight naturally occurring isomers of
vitamin E exist; however, only the a-tocopherol
form is maintained in human plasma [53].
Adbverse effects of vitamin E deficiency include
retinopathy, neuropathy, and myopathy; however,
deficiency occurs rarely in humans. There are no
adverse effects noted with ingestion of naturally
occurring vitamin E in foods. As a nutritional
supplement, side effects include fatigue, gastro-
intestinal disturbances, and altered lipid concen-
trations. Nutritional supplements contain either a
natural or synthetic form of a-tocopherol.
Studies examining the effects of vitamin E
supplementation on oxidative stress and lipid
peroxidation during exercise are numerous.
Compared to a placebo, supplementation of
800 mg/day o-tocopherol for 2 months [54]
resulted in improvements in antioxidant potential
1.5 h after completing a triathlon. However, the
large dose also appeared to cause significant
increases in oxidative stress markers and did not
improve performance time. Conversely, free radi-
cal production was reduced in basketball players
following lower dose supplementation (1 month
of 200 mg/day of a-tocopherol) [55]. Regarding
performance, no difference in aerobic work
capacity was observed following supplementa-
tion with a low (35 days of 268 mg/day of vita-
min E [56]) or high dose (4 weeks of daily
1,200 TU of a-tocopherol [57]) of vitamin
E. Additionally, supplementation with 400-
1,000 IU of vitamin E does not appear to reduce
biochemical indices of muscle damage following
acute, strenuous exercise [58, 59]. Interestingly,
data from a recent randomized controlled trial
suggests that combined vitamin E and C supple-
mentation (which often occurs together) may
hamper beneficial cellular adaptations to exercise
[60], with authors interpreting results to advocate
caution when considering antioxidant supple-
mentation combined with endurance exercise.
Further research should be aimed at determining
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specific recommendation regarding vitamin E
supplementation on exercise performance, oxida-
tive stress, and muscle damage.

5.2.2.4 Vitamin K
Two forms of vitamin K naturally exist: phyllo-
quinones (vitamin K;), produced by plants, and
menaquinones (vitamin K,), produced by bacte-
ria in the large intestine. The predominant forms
of intake in the diet are phylloquinones, from
green leafy vegetables. Vitamin K functions as a
critical cofactor of y-carboxylase, an essential
posttranslational modification required for the
functional activity of coagulation proteins such
as prothrombin. Deficiency of vitamin K leads to
changes in blood clotting (increased prothrombin
time) and a decrease in bone mineral density
(increase in plasma under-y-carboxylated osteo-
calcin) [61].

Although no studies on the effects of vitamin
K supplementation and performance exist, sup-
plementation benefits on bone mass have been
studied. Vitamin K, (10 mg/day) supplementation
in younger (20-30 years of age), female endur-
ance athletes showed no effect on the rate of bone
loss following 2 years of supplementation [62]. It
was determined that females beginning endurance
training at younger ages were at risk for higher
amounts of bone loss than those that began their
training at a later age; however, both groups had a
relatively high rate of bone loss when compared
to standards for females of the same age. In post-
menopausal elite female athletes, 1 month of K,
supplementation (10 mg/day) resulted in increased
bone formation marker and decreased bone
resorption marker production [63].

5.2.3 Vitamins and Exercise
Summary

Because both fat- and water-soluble vitamins are
essential to human physiological function, exam-
ining their effect on exercise, both on athletic
performance and deficiency avoidance, is popu-
lar in sport nutrition research. In summary, the
grouping of “B vitamins” has two major func-
tions directly related to exercise. Thiamin,
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riboflavin, vitamin Bg, niacin, pantothenic acid,
and biotin are involved in energy production dur-
ing exercise, whereas folate and vitamin B, are
required for the production of red blood cells,
protein synthesis, and tissue repair and mainte-
nance. Vitamin C may play a role in improved
immune function and may indirectly benefit ath-
letic performance. Although it is thought that
exercise may slightly increase the need for these
vitamins, demands can usually be met by the
increased energy intakes required for physically
active persons to maintain energy balance. The
two major functions of the fat-soluble vitamins
include the antioxidant activity of vitamins A and
E and bone formation of vitamins D and K.

In general, benefits of vitamin supplementation
in regard to increased exercise needs or improved
athletic performance are assumed inconclusive,
unless stated otherwise. More research is needed
before micronutrient supplementation above the
DRI should be recommended to athletes, either as
a requirement for increased needs during exercise
or as an ergogenic aid.

Sidebar 5.1 Multivitamin and Mineral
Supplementation: To Supplement or Not?

Current recommendations from the
Academy of Nutrition and Dietetics sug-
gest consuming a wide variety of foods to
avoid chronic disease and micronutrient
deficiency. Although it is ideal to consume
nutrients through a balanced diet, over-the-
counter multivitamin and mineral supple-
ments may contribute to total nutrient
intake, especially if dietary intake is inade-
quate. The percentage of US adults who
used at least one multivitamin and mineral
supplement increased from 30 % in 1988—
1994 to 39 % in 2003-2006, with use more
common among women than men [64].
Lun et al. [65] recently reported that multi-
vitamin and mineral use in high-
performance athletes is 16 %, with 87 % of
taking >3 dietary supplements (e.g., com-

(continued)
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Sidebar 5.1 (continued)

bination of multivitamin and mineral sup-
plements, sports drinks, sports bars, protein
powder, and meal-replacement products).
In general, supplementation to an athlete
on a well-balanced diet has not been shown
to improve performance. Eight weeks of
supplementation with a liquid multivitamin
and mineral supplement in resistance-
trained men did not appear to improve
short-duration anaerobic exercise perfor-
mance compared to a placebo [66]. In addi-
tion, no apparent difference in endurance
performance was observed in athletes who
regularly consume multivitamin and min-
eral supplements versus those who do not
[67]. Research to evaluate whether supple-
mentation with megadoses of multivitamin
and mineral improves performance is nec-
essary. However, because supplements are
concentrated sources of nutrients and
dietary supplements may be marketed
without providing evidence of safety or
efficacy, it is important for health-care pro-
fessionals to monitor for excess nutrient
intake in those choosing to consume a
multivitamin and mineral supplement.

5.3  Mineral Introduction

Dietary minerals are chemical agents required by
living organisms to maintain physical health. Like
vitamins, minerals also regulate macronutrient
use and are classified as either macrominerals or
microminerals/trace elements, depending on the
daily amount needed. Additionally, minerals play
various roles involved in enzyme regulation,
maintenance of acid-base balance, nerve and
function, and cellular growth. Because many of
these processes are heightened during exercise,
the field of exercise nutrition has sought to explore
the relationship between different mineral needs
and physical activity. Such findings, along with
the general function, effects of deficiency or over-
supplementation, and recommended intake lev-
els, are the focus of this section.
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5.3.1 Macrominerals

Macrominerals are required in amounts greater
than 100 mg/day and include calcium, phospho-
rus, magnesium, sulfur, potassium, sodium, and
chloride. A comprehensive review of the above
listed macrominerals and their role in physical
performance can be found in Table 5.5.

5.3.1.1 Calcium

Calcium is the most abundant mineral in the
body, totaling approximately 1-2 % of body
weight. Ninety-nine percent of calcium in the
body is found in the structure of the teeth and
bones. The remaining 1 %, found in the blood,
muscle, extracellular fluid, and other tissues,
functions in different roles throughout the body,
such as in vascular and muscle contractions,
blood coagulation, and nerve transmission [68].
At low calcium concentration, absorption
depends on the activation of vitamin D; however,
passive diffusion becomes more common at
higher concentrations [68]. In addition to vitamin
D, calcitonin and parathyroid hormone (PTH) are
two hormones that regulate serum calcium con-
centrations. Calcitonin and PTH increase when
blood calcium concentrations drop, causing cal-
cium to be released from bone, reabsorbed in the
kidneys, and absorbed in the intestines. A high-
protein diet, as well as foods containing sodium,
phytates, fiber, oxalic acid, and caffeine, may
decrease the bioavailability and absorption of
dietary calcium.

The two main calcium compounds found in
supplements are calcium citrate and calcium car-
bonate. Calcium carbonate supplements typically
contain 40 % calcium, while calcium citrate sup-
plements contain 21 % calcium; therefore, more
calcium citrate must be taken to equal a similar
amount of calcium available in calcium carbon-
ate [69]. Amounts less than 500 mg/day of cal-
cium generally are recommended because
absorption decreases as the amount of calcium in
the supplement increases. Calcium citrate sup-
plements are typically better absorbed in indi-
viduals with decreased stomach acid [69], usually
a result of taking the supplement with food.
When adolescent females were supplemented
with 670 mg/day of a calcium citrate malate
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Table 5.5 Summary of minerals

Nutrient

Calcium

Phosphorus

Magnesium

Sulfate

Potassium

Sodium

Chloride

Iron

Zinc

Function

Structure of the
teeth and bone,
vascular and muscle
contractions, blood
coagulation, nerve
transmission

Essential for strong
bones and teeth and
energy metabolism

Energy metabolism,
neuromuscular
coordination, bone
mineralization

Protein synthesis
and formation of
disulfide bridges

‘Water balance,
acid-base balance,
electrical potential
gradients across
membranes
Maintain
extracellular volume
and plasma
osmolality

Same as sodium

Transportation of
oxygen in the body

Aids in wound
healing and is a
vital component of
many enzymatic
reactions

Adult (nonpregnant)

recommended intake

e UL:
2,500 g/day in adults
<50 years
2,000 g/day in adults
>50 years

* Deficiency: improper
bone mineralization,
tetany, muscle pain and
spasms

e UL:
4 g/day in adults
<70 years
3 g/day in adults
>70 years

¢ Deficiency: anorexia,
muscle weakness, bone
pain, rickets, confusion

e UL: 350 mg/day

¢ Deficiency:
hypocalcemia, tetany,
tremors, muscular
weakness, confusion

e UL:N/A
e Deficiency: stunted
growth

« UL:N/A

¢ Deficiency: muscle
weakness, myalgia,
increased risk of
hyponatremia

e UL: 2.3 g/day

* Deficiency:
hyponatremia, muscle
cramps, overhydration,
hypotension

e UL: 3.6 g/day

¢ Deficiency:
overhydration,
hypotension, muscle
cramps

e UL: 45 mg/day

¢ Deficiency: fatigue,
lack of stamina,
breathlessness,
headaches, insomnia

* UL: 40 mg/day

* Deficiency: altered
taste, hair loss, diarrhea,
fatigue, delayed wound
healing

Food sources

Dairy products,
pinto and black
beans, spinach,
fortified cereal,
orange juice

Milk, carbonated
cola drinks, eggs,
whole wheat
bread, almonds,
lentils, some fish

Wheat flour,
artichokes,
pumpkin seeds,
almonds, tuna

Meat, poultry, fish,
eggs, dried beans,
broccoli,
cauliflower

Tomatoes, orange
juice, beans,
raisins, potatoes,
grapefruit

Processed and
cured meats and
cheeses, frozen
meals

Similar to
sodium-containing
foods

Lean red meats,
seafood, beans,
leafy green
vegetables,
molasses

Oysters, wheat
germ, ground
beef, liver, ricotta
cheese
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Comments for the
athlete

Possible effects of
calcium supplementation
on body weight and
sweat losses during
exercise; however,
current recommendation
is DRI

Phosphate loading may
increase exercise
performance; however,
supplementation is
potentially harmful

Although exercise may
increase needs, current
recommendation is DRI

Although exercise may
increase needs, current
recommendation is DRI

Exercise does not appear
to increase needs

Ultra-endurance athletes
and those with
occupational physical
activity and heat
exposure may benefit
from supplementation

Similar to sodium

May have beneficial
effects on physical
performance in those
who are iron deficient

Evidence supporting
zinc supplementation in
athletes has been
equivocal

(continued)
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Table 5.5 (continued)

Nutrient

Chromium

Boron

Copper

Fluoride

Todine

Manganese

Molybdenum

Selenium

Vanadium

Function

Involved in
carbohydrate,
protein, and lipid
metabolism and
facilitates the action
of insulin

Function
unknown—
proposed functions
include metabolism
of vitamin D,
macromineral
metabolism, and
immune function

Enzyme catalyst,
enhances iron
absorption,
antioxidant
Mineralized bones
and teeth

Essential in thyroid
hormone function

Antioxidant, bone
formation,
metabolism of
amino acids, lipids,
and carbohydrates
Enzymatic cofactor

Defends against
oxidative stress

Stimulates cell
proliferation and
differentiation,
regulates phosphate-
dependent enzymes,
insulin-mimetic
activity

Adult (nonpregnant)
recommended intake

UL: N/A

Deficiency: weight loss,
peripheral neuropathy,
impaired glucose
utilization, and
increased insulin
requirements

UL: 20 mg/day
Deficiency: proposed
effects include
decreased bone density,
mineral metabolism,
and cognitive function

UL: 10,000 pg/day
Deficiency: leukopenia,
fatigue, hair loss,
anorexia, diarrhea

UL: 10 mg/day
Deficiency: dental
caries weakened bone

UL: 1,100 pg/day
Deficiency: goiter,
reduced mental
function,
hypothyroidism

UL: 11 mg/day
Deficiency: decreased
growth, impaired
glucose tolerance,
dermatitis

UL: 2,000 pg/day
Deficiency: headache,
night blindness,
tachycardia, tachypnea

UL: 400 pg/day
Deficiency:
cardiomyopathy
muscular weakness,
pain

UL: 1.8 mg/day
Deficiency: heart and
kidney disease,
reproductive disorders

Food sources
Eggs, liver,
oysters, wheat
germ, spinach,
broccoli, apples,
bananas

Grapes, leafy
vegetables, nuts,
grains, apples,
raisins

Shellfish, finfish,
beef, table salt,
coffee

Fluorinated water,
tea, fish, legumes,
potatoes

Todized table salt,
seafood, kelp,
dairy

Nuts, leafy
vegetables, whole
grains, pineapple,
teas

Carrots, cabbage,
legumes, nuts

Brazil nuts,
seafood, fish and
shellfish, meats,
garlic, eggs

Black pepper,
beer, wine,
mushrooms,
sweeteners, grains
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Comments for the
athlete

Studies suggest that
chromium
supplementation benefits
may only occur in
individuals with
impaired chromium
concentrations

Boron supplementation
does not appear to effect
physical performance

No known benefits of
supplementation on
performance

No known benefits of
supplementation on
performance; however,
suboptimal intake may
affect bone mineral
density

No known benefits of
supplementation on
performance; however,
suboptimal thyroid
hormone concentrations
may affect performance

No known benefits of
supplementation on
performance

No known benefits of
supplementation on
performance

No known benefits of
supplementation on
performance; however,
may be beneficial due to
antioxidant effects.
Toxic if consumed in
excess

No known benefits of
supplementation on
performance
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supplement (mean daily intake approximately
1,500 mg/day) for 7 years, supplementation posi-
tively influenced gain of bone mass throughout the
bone-modeling phase of the pubertal growth spurt,
which is when requirements of calcium are deter-
mined to be the highest [70]. By the beginning of
young adulthood, the only significant findings
were seen in those of tall subjects, suggesting that
calcium requirements vary with skeletal size.
Positive effects of calcium supplementation were
seen at all skeletal regions examined during the
young adulthood assessment period.

In a large placebo-controlled trial of 1,000 mg
calcium carbonate plus 400 IU vitamin D5, exami-
nation of physical performance and self-reported
exercise measures after 1, 2, and 4 years did not
result in improvements in subjective or objective
physical function [71]. However, the effects of
calcium supplementation on physical perfor-
mance are lacking. Possible effects of supplemen-
tation on body weight and sweat losses warrant
review, especially since low calcium intake is
well documented in athletes [72—74]. Martin et al.
found that 400 mg/day of calcium carbonate sup-
plementation can correct negative calcium bal-
ance attributable to low calcium dietary intake
and additional dermal losses following a 1-h
strenuous exercise session [75]. Elevated urinary
calcium losses also are observed following high-
impact and resistance training exercise program
[76]. Thus, calcium supplementation may benefit
those involved in high-intensity sports, as well as
those with weight restrictions. Overall, current
research does not support the need for calcium
supplementation above the DRI; however, more
research is required.

5.3.1.2 Phosphorus

Phosphorus is essential for all living cells as a
component in phospholipid membranes, as well
as in nucleic acids and nucleotides. Eighty-five
percent of total body phosphorus is found in the
bone, and the remaining 15 % is found in the soft
tissues. The form of phosphorus most commonly
found in nature is phosphate; however, while
stored in the bone, the main form is hydroxyapa-
tite crystals. Although extremely rare, because
phosphorus is well dispersed throughout plant
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and animal foods, deficiency of serum phosphorus
may lead to anorexia, muscle weakness, bone
pain, rickets, confusion, and death. High intake
of phosphorus may reduce serum calcium con-
centrations and reduce the formation of active
vitamin D, leading to an increase of PTH. Elevated
PTH is associated with increased bone loss to
maintain serum calcium concentrations. Along
with its adverse effects on the bone, overcon-
sumption of phosphorus also may cause calcifi-
cation of soft tissues, especially the kidney.

Athletes often consume excess phosphorus
due to “phosphate loading.” The aim of the sup-
plementation is to improve tissue oxidation by
increasing erythrocyte 2,3-diphosphoglycerate
concentrations. Phosphate loading may result in
improved athletic performance in endurance ath-
letes by improving oxygen release in tissues. For
ergogenic purposes, sodium phosphate typically
is supplemented orally in capsule form, at a dose
of 3-5 g/day for a period of between 3 and 6 days
[77]. Numerous studies have shown positive
effects of phosphate loading on peak power out-
put, increased anaerobic threshold, and improved
cardiovascular responses in trained athletes [78—
80]. Before phosphorus supplementation is rec-
ommended among athletes; however, effects on
performance and bone mineralization must be
evaluated.

5.3.1.3 Magnesium

As a required cofactor for over 300 enzymatic
reactions, magnesium plays an important role in
aerobic and anaerobic energy generation. Other
functions of magnesium include immune func-
tion, neuromuscular coordination, and bone min-
eralization. Magnesium is important in vitamin D
absorption and metabolism. It also plays a struc-
tural role in the body. Fifty to sixty percent of
body magnesium is stored in the bones, and the
parathyroid hormone is dependent upon magne-
sium for regulation of calcium in the bone. Also,
magnesium is required for regulating the outward
movement of potassium from myocardial cells
and the intracellular concentration of calcium
during muscle contractions [68]. Serum magne-
sium depletion may lead to hypocalcemia, tetany,
tremors, muscular weakness, and confusion.
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Several studies report that athletes may be
deficient in magnesium [74, 81, 82], and exercise
is believed to increase magnesium requirements
by as much has 10-20 % [83]. Because of its role
in immune function, low magnesium status could
contribute to the depressed immunological
changes observed after strenuous exercise, which
may be sufficient to lead to an infection, particu-
larly upper respiratory tract infections [84].
Mooren et al. [85] observed that 2 months of
magnesium supplementation was unable to pre-
vent exhaustive exercise-induced alterations in
immune cell function in athletes with balanced
magnesium status. Marginal magnesium defi-
ciency also resulted in increased peak oxygen
uptake and peak heart rate following submaximal
exercise compared to those with adequate mag-
nesium intake [86]. Recently, Kass et al. found
that supplementation with 300 mg of magnesium
oxide resulted in reduced resting and recovery of
systolic blood pressure following aerobic and
resistance exercise, but did not have an effect on
athletic performance [87]. Overall, studies do not
support the need for supplementation of physi-
cally active individuals, with adequate magne-
sium status, to improve performance.

5.3.1.4 Sulfur

The mineral, sulfur, is a major constituent of
three amino acids: cystine, cysteine, and
methionine. Additionally, sulfur is involved in
protein synthesis, as it is responsible for the for-
mation of disulfide bridges, a necessary compo-
nent of the tertiary structure of proteins. Dietary
sources of sulfur include meat, poultry, fish, eggs,
dried beans, broccoli, and cauliflower.

Current research studying the effect of sulfur
on athletic performance is limited to amino acids
containing the mineral. While a DRI is currently
not available for sulfur, at present there is no lit-
erature to suggest that athletes need to consume
higher amounts than the average person.

5.3.1.5 Potassium

As an electrolyte, potassium plays a major role in
electrical and cellular body functions. Along with
sodium and chloride, potassium is involved in
maintaining water balance and distribution,
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osmotic equilibrium, acid-base balance, and elec-
trical potential gradients across membranes [88].
Because nerve and muscle cells have the highest
gradients of bodily cells, potassium plays a major
role in nerve and muscle function.

Due to its role in muscle function, several
studies have been conducted looking at the rela-
tionship between potassium and exercise perfor-
mance. Prolonged exhaustive exercise has been
shown to impair potassium transport processes in
exercising muscle [89]. This impairment can lead
to a rise in extracellular potassium concentration
in the skeletal muscle, which is thought to play an
important role in the development of fatigue dur-
ing intense exercise [90].

Although few studies have been conducted
looking at the effects of potassium supplementa-
tion on exercise performance, an interesting study
suggests that potassium phosphate supplementa-
tion may mediate perceived and physiological
exertion [91]. In a double-blind, placebo-
controlled study, eight highly trained endurance
runners were asked to provide a rating of per-
ceived exertion (RPE) during maximal graded
exercise tests. Results showed that overall RPE
was lower with supplementation, thus encourag-
ing prolonged activity; however, no group differ-
ences were observed in maximal physiological
response. Additional studies are warranted before
exercise-specific recommendations can be made.

5.3.1.6 Sodium and Chloride

The cation, sodium, and the anion, chloride, are
normally found together in most foods as sodium
chloride, also known as salt, with the highest
concentrations found in prepared, cured, or pick-
led food products. In the body, sodium and chlo-
ride are required to maintain extracellular volume
and plasma osmolality. Healthy adults should
consume 1.5 g of sodium and 2.3 g of chloride
each day, or 3.8 g of salt, to replace the amount
lost in sweat [92]. Sweat is produced by our bod-
ies as a by-product of thermoregulation. Should
the capacity for sweat production be hindered, a
rise in core temperature and resultant heat illness
could result. For the athlete, conditions such as
extreme heat or exercise intensity can signifi-
cantly elevate sweat losses above what is
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Table 5.6 Hydration guidelines for exercise
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Pre-exercise During exercise Postexercise

¢ ~4 h before exercise, consume ¢ Consume 0.4-0.8 L/h e If time permits, consumption
5-7 mL/kg of a 20-50 mEq Na* |« If prolonged, solution should contain: of normal meals and
solution — 5-10 % carbohydrate solution beverages will restore

e If urine is dark, drink another -
3-5 mL/kg of a 20-50 mEq Na* -
solution ~2 h before exercise

American College of Sports Medicine [93]

considered normal, and resultant
adjustments must be made.

Given the critical need to maintain fluid
homeostasis, the American College of Sports
Medicine has put forth guidelines for proper
hydration [93] (see Table 5.6). Inclusion of sodium
chloride in rehydration beverages has been shown
to reduce urinary water loss, leading to a more
rapid recovery of fluid balance, with some experts
now recommending sodium concentrations of
20-50 mmol/L and an osmolality between 200
and 330 mOsm/kg water in glucose-electrolyte
beverages consumed during physical activity [94,
95]. Fruits, vegetables, and other high-moisture
foods also make an important contribution to total
fluid intake. Evidence suggests that humans
receive 20-25 % of their daily water intake from
foods and that recovery from exercise and heat
exposure is improved when food is ingested
before consuming water after exercise [96].

Recently, there have been reports of hypona-
tremia among individuals who tend to over-ingest
water during exercise lasting more than 4 h in
length [97]. Additionally, lower plasma sodium
and development of exercise-associated hypona-
tremia may be attributed to pituitary secretion of
vasopressin, an impaired mobilization of osmoti-
cally inactive sodium stores, and/or an inappropri-
ate inactivation of osmotically active sodium. For
ultra-endurance athletes, inclusion of sodium
chloride in the fluid replacement beverage is often
suggested as a potential means of reducing risk of
hyponatremia. Although hyponatremia is not
likely to be a major risk factor for the general pop-
ulation, ultra-endurance athletes and people with
occupational physical activity and heat exposure
may benefit from these recommendations [98].

dietary

20-30 mEq/L Na*
2-5 mEq/L K* .

euhydration

If a more rapid recovery is
required, consume ~1.5 L
fluid per kg body weight lost

5.3.2 Microminerals/Trace Elements

Microminerals, or trace elements, include iron,
zinc, copper, selenium, iodine, fluoride, chro-
mium, manganese, molybdenum, boron, and
vanadium. In general, these elements are required
in amounts less than 100 mg/day. Although 14
trace minerals have been identified as essential
for life, there is sufficient information on only
four, as related to physical performance. The
following section will provide detailed informa-
tion on four of these trace elements, with
Table 5.5 summarizing recommended dietary
intake, food sources, and functional role in the
body for all other microminerals.

5.3.2.1 Iron

Dietary iron is a constituent of hemoglobin, myo-
globin, cytochromes, and iron-containing
enzymes. As such, iron plays a fundamental role
in the transport of oxygen in the body, and ade-
quate stores are necessary for optimal athletic
performance. Dietary iron can be obtained
through quality food sources, as well as obtained
from foods prepared in cast iron cookware.
Furthermore, the bioavailability of iron in certain
foods (particularly vegetables) can be increased
by the addition of an acid (i.e., vitamin C) during
preparation.

Iron deficiency is the most common nutritional
disorder disease [99], with iron status negatively
altered in many populations of chronically exer-
cising individuals [100]. Despite claims of blood
loss as a result of foot striking, gastritis, and men-
struation, as well as the pseudo-anemia caused by
an increase in plasma volume during exercise, the
true cause of anemia in athletes often can be
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attributed to a diet inadequate in iron [101]; thus,
efforts should be placed on the improvement of
dietary quality. If left untreated, an iron deficiency
can cause anemia, a condition where hemoglobin
cannot be formed. Iron deficiency without anemia
is found in 29 % of female and 4 % of male recre-
ationally active subjects [102] and, depending on
the sport surveyed, can increase to a prevalence
of 80 % in elite athletes [103]. In general, reduc-
tions in tissue oxidative capacity hinder endur-
ance and energetic efficiency, which translates
into impaired athletic performance. Numerous
studies have shown the negative impact of iron
deficiency anemia on work output and physical
performance [104, 105], with supplementation in
deficient individuals shown to improve athletic
performance [106, 107].

Because some individuals carry a gene for
increased iron absorption, or hemochromatosis,
over-supplementation is not advised. Iron is a
very powerful oxidant and is toxic at high con-
centrations; it is for this reason that iron supple-
mentation should only be reserved for those
individuals who are deficient. Moreover, even in
individuals without hemochromatosis, iron sup-
plementation can cause side effects, usually stom-
ach upset such as nausea, vomiting, diarrhea, dark
stools, or constipation. In general, female ath-
letes, vegetarians, and endurance athletes are con-
sidered at greater risk for iron deficiency than the
typical athlete; however, proper diagnosis of the
condition by assessing ferritin levels in the blood
by a medical provider is necessary before supple-
mentation should be considered.

Sidebar 5.2 The Vegetarian Athlete

In a recent poll, 4 % of US adults were
found to be vegetarian [108]. While this
percentage may seem small, in actuality it
translates to over nine million people! With
the prevalence at only 1 % in 1997 [109],
the trend of vegetarianism shows no sign of

stopping.

(continued)
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Sidebar 5.2 (continued)

According to the Vegetarian Resource
Group, vegetarian diets can be classified
into four major groups:

Vegans: Do not eat meat, fish, or poultry.
Additionally, do not use other animal
products and by-products such as eggs,
dairy products, honey, leather, fur, silk,
wool, cosmetics, and soaps derived
from animal products.

Lacto-vegetarians: Do not eat meat, fish,
poultry, or eggs; do consume dairy
products.

Ovo-vegetarians: Do not eat meat, fish,
poultry, or dairy; do consume egg
products.

Lacto-ovo vegetarians: Do not eat meat,
fish, or poultry; do consume dairy and

eggs.

Additionally, some persons may self-
describe themselves as vegetarians if they
are occasional meat eaters who predomi-
nately practice a vegetarian diet.

In addition to the numerous health benefits
associated with a vegetarian diet [110], the high-
carbohydrate nature of a vegetarian diet can be
beneficial for the athlete during heavy training
when maximizing body glycogen stores is a
must. Although the benefits to following a vege-
tarian diet are numerous, appropriate nutrition
education and planning are necessary to ensure
that dietary needs are being met. Certain nutri-
ents are either not present or are not as easily
absorbed in plant products as they are in animal
products. Specifically, vegetarians need to be
mindful of their intake of iron, calcium, vitamin
By, and vitamin D, as good sources of these
nutrients are mostly of animal origin. Listed
below in Table 5.7 are vegetarian-friendly food
sources of the nutrients that are most likely to be
lacking in a vegetarian diet.
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Table 5.7 Good food sources of specific micronutrients
for the vegetarian

Nutrient Good food choices

Iron Legumes, leafy green and root
vegetables, prune juice, tahini, and
dried fruits

Zinc Grains, legumes, and nuts

Calcium Calcium-set tofu, fortified beverages
(orange juice, soy milk), kale, collard,
mustard greens, tahini, and blackstrap
molasses

Vitamin D Fortified foods (soy and rice milk).
Sun exposure (~10—15 min 2-3 times
per week)

Vitamin B, Fortified foods (cereal, soy, and dairy

products) and meat analogues

Adapted from the Vegetarian Resource Group [111]

5.3.2.2 Zinc

The mineral zinc primarily serves a structural
role in thousands of proteins. Additionally, zinc is
also involved as a cofactor in many enzyme reac-
tions and plays a vital role in tissue repair. As
with many other nutrients, it has been suggested
that athletes generally consume less zinc than the
RDA [112, 113]. In athletes, zinc deficiency can
lead to anorexia, significant loss in body weight,
latent fatigue with decreased endurance, and a
risk of osteoporosis [114]. Zinc depletion can
reduce total work capacity of the skeletal muscle
[115]; however, exercise has not been shown to
cause significant losses in the athlete when
dietary zinc intake is sufficient [116].

To date, evidence supporting zinc supplemen-
tation in athletes has been equivocal. Two recent
studies showed that zinc supplementation in ath-
letes resulted in higher antioxidant [117] and
greater inflammatory responses [118] than in
non-supplemented athletes. Kilic et al. reported
that 4 weeks of zinc supplementation positively
affected hematological parameters in athletes
[119]; yet Lukaski et al. found that neither zinc
supplementation nor a restricted zinc intake was
found to have any effect of maximal oxygen
uptake over a 4-month period [120].

Although the ergogenic potential for zinc sup-
plementation is debatable, the effects of over-
supplementation are not. In the body, an intake of
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zinc greater than 50 mg/day has been shown to
inhibit copper bioavailability [121]. Additionally,
zinc intake ten times greater than the RDA has
been shown to decrease immune function, reduce
HDL cholesterol, and increase LDL cholesterol
[122]. For these reasons, zinc supplements
exceeding 15 mg/day are not recommended.

5.3.2.3 Chromium

The two most common forms of chromium are
chromium IIT and chromium VI, with chromium
IIT being the form most often found in foods
because of its greater stability. Chromium VI is
recognized as carcinogenic if inhaled or ingested,
whereas chromium III is important in carbohy-
drate, lipid, and protein metabolism. Chromium
helps facilitate the action of insulin, ultimately
increasing insulin sensitivity and decreasing the
need for insulin. Chromium is well dispersed
throughout many food sources. Side effects asso-
ciated with chromium deficiency include weight
loss, peripheral neuropathy, impaired glucose uti-
lization, and increased insulin requirements.
Although nephritis, hepatic dysfunction, carcino-
gens, and rhabdomyolysis (extreme skeletal mus-
cle damage) are possible effects of high chromium
intake, at present, no upper limit for chromium
has been set.

Because of chromium’s role in energy metab-
olism, numerous studies examining the effects of
chromium supplementation and exercise have
been performed. Volek et al. determined that
11 pmol chromium III supplementation had no
effects on glycogen synthesis during recovery
from high-intensity cycle ergometry in over-
weight adult males on a high-carbohydrate diet
[123]. Likewise, no differences in strength gains
in older adults during twice-weekly resistance
training for 12 weeks were observed with 924 pg
chromium/d as chromium III versus a placebo
[124]. Multiple studies have hypothesized that
benefits of supplementation may only occur in
individuals with impaired chromium concentra-
tions [125, 126]. Further, chromium supplemen-
tation has been suggested to dispose an individual
to iron deficiency, depending on the dose and
duration of chromium supplementation [125].
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5.3.2.4 Boron

The physiological role of boron in the body is not
clearly understood. Proposed functions include
metabolism of vitamin D, macromineral metabo-
lism, and immune function. Due to a lack of evi-
dence surrounding boron, no DRI has been
established.

Some data suggest that boron may play an
ergogenic role in athletic performance by increas-
ing the concentration of plasma steroid hormones
[127]. Additionally, Meacham et al. have con-
ducted two studies to determine if supplementing
3 mg/day of boron versus a placebo in athletic
versus sedentary participants has an effect on
minerals, namely, phosphorus, magnesium, and
calcium, affecting bone mineral density (BMD).
The first study found that athletes supplemented
with boron had lower serum magnesium concen-
trations than the sedentary subjects, but no dif-
ferences were seen among activity groups
receiving the placebo [128]. Plasma calcium did
not differ between any groups, and serum phos-
phorus concentrations were significantly lower
than baseline values among all groups. The sec-
ond study not only looked at blood mineral con-
centrations, but also BMD using a dual-photon
absorptiometer [129]. Boron supplementation
did not appear to influence BMD; however,
serum calcium and magnesium increased and
phosphorus decreased over time in all subjects.
Serum phosphorus concentrations were signifi-
cantly lower in boron-supplemented subjects,
with sedentary levels lower than active individu-
als. Athletic subjects supplemented with boron
had lower serum magnesium levels than seden-
tary individuals. Due to varied findings on serum
mineral concentrations with boron supplementa-
tion, more research should be conducted to deter-
mine effects on BMD.

5.3.2.5 Other Minerals

Little research exists on exercise and the follow-
ing minerals: copper, fluoride, iodine, manga-
nese, molybdenum, selenium, and vanadium.
Functions, DRIs, known effects of exercise, and
food sources of each nutrient may be found in
Table 5.5. Exercise does not appear to increase

M.C. Serra and K.M. Beavers

needs above the DRIs, nor is there conclusive
evidence recommending the use of supplementa-
tion for increased athletic performance.

5.3.3 Minerals and Exercise
Summary

Athletes should consume a balanced diet in an
attempt to obtain adequate amounts of minerals
necessary for optimal performance. Mineral sup-
plementation may be recommended in those who
do not consume a balanced diet. Research has con-
sistently found iron and calcium to be consumed
in low amounts by athletes. During strenuous
activity or exercise in a hot environment, elevated
sweat losses may result in increased dietary
requirements of sodium and chloride. Mineral
deficiencies, especially iron and chromium, may
lead to performance impairment, while deficien-
cies in calcium, magnesium, and phosphorus may
decrease bone health. Overall, when well-nour-
ished athletes are supplemented with minerals,
including calcium, magnesium, iron, zinc, copper,
and selenium, no improvements in athletic perfor-
mance have been found. Phosphorus is the lone
mineral in which multiple studies have shown that
supplementation may improve performance in
athletes without deficiency. However, due to
adverse effects with over-supplementation and the
need for further controlled research, current
recommended intake remains the DRI

5.4  Chapter Summary

In conclusion, the micronutrient needs of the ath-
lete do not appear to differ from that of a healthy
individual; that is, the athlete may refer to appro-
priate DRI tables to gauge nutrient needs.
Generally, when dietary intake is adequate, supple-
mentation is unnecessary. If dietary intake is inad-
equate (such as the case of strict vegans and intake
of vitamin B,), or increased losses through sweat
occur, supplementation may be warranted; how-
ever, care should be taken not to exceed the upper
limit of the specific micronutrients in question.
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5.5 Practical Application

For the professional working with the athlete,
proper assessment should be made of caloric
intake and expenditure prior to dietary prescrip-
tion recommendations. This involves evaluation
of current dietary habits (i.e., analysis of a 4-day
food record or 24-h dietary recall) and exercise
status (i.e., type, frequency, duration, and inten-
sity of exercise). Additionally, age and gender as
well as environmental factors (i.e., temperature
and terrain) should also be considered when
making dietary recommendations. Professionals
should emphasize consuming a well-balanced
diet before recommending supplementation.
Special attention should be given to female and
vegetarian athletes who may present with low
calcium and iron levels. Tables 5.3 through 5.5
serve as a quick reference for recommended
intakes and good dietary sources of specific
micronutrients, as well as the role each plays in
physical performance.
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