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ABSTRACT the United States, should provide individualized nutrition direction and advice
It is the position of the American Dietetic Association, Dietitians of Canada, after a comprehensive nutrition assessment.

and the American College of Sports Medicine that physical activity, athletic

performance, and recovery from exercise are enhanced by optimal nutrition.

These organizations recommend appropriate selection of foods and quidsPOSITION STATEMENT

timing of intake, and supplement choices for optimal health and exercise

performance. This updated position paper couples a rigorous, systematic, |t is the position of the American Dietetic Association,

evidence-based analysis of nutrition and performance-specific literature with~: ... .
current scientific data related to energy needs, assessment of bod})pletltlans of Canada, and the American College of Sports

composition, strategies for weight change, nutrient and fluid needs, speciaMedICIne that physu_:al activity, athletic perfo_rmanC& _e_md
nutrient needs during training and competition, the use of supplements and€covery from exercise are enhanced by optimal nutrition.
ergogenic aids, nutrition recommendations for vegetarian athletes, and thd hese organizations recommend appropriate selection of

roles and responsibilities of the sports dietitian. Energy anti mecronutrientfood and fluids, timing of intake, and supplement choices
needs, especially carbohydrate and protein, must be met during times of hlgifor optimal health and exercise performance

physical activity to maintain body weight, replenish glycogen stores, and Thp ADA it ?A\DA(N) E d Analvsi
provide adequate protein to build and repair tissue. Fat intake should be 1S posiuon paper uses S Evidence Analysis

sufficient to provide the essential fatty acids and fat-soluble vitamins and toProcess and information from the ADA Evidence Analysis
contribute energy for weight maintenance. Although exercise performancelibrary (EAL). Similar information is also available from
can be affected by body weight and composition, these physical measurepC s Practice-based Evidence in Nutrition (PEN). The use
should not be a criterion for sports performance and daily weigh-ins are : : :

discouraged. Adequate food and fluid should be consumed before, duringOf an. eVIdenCﬁ:_baseq approach prowdes important added
and after exercise to help maintain blood glucose concentration duringbeneﬂts to earlier review methods. The major advantage of
exercise, maximize exercise performance, and improve recovery time. Athletethe approach is the more rigorous standardization of review
should be well hydrated before exercise and drink enough fluid during andcriteria, which minimizes the likelihood of reviewer bias
after exercise to balance fluid losses. Sports beverages containing carbohygnd increases the ease with which disparate articles may be
drates and electrolytes may be consumed before, during, and after exercise té’ompared For a detailed description of the methods used in
help maintain blood glucose concentration, provide fuel for muscles, and . ’ . ~ .
decrease risk of dehydration and hyponatremia. Vitamin and mineral supple—the evidence anaIyS|s process, access the ADAOs Evidence
ments are not needed if adequate energy to maintain body weight is consume@nalysis Process at http://adaeal.com/eaprocess/.

from a variety of foods. However, athletes who restrict energy intake, use  Conclusion Statementsre assigned a grade by an expert
severe weight-loss practices, eliminate one or more food groups from theifyqrk group based on the systematic analysis and evaluation

diet, or consume unbalanced dlets with Ioi/\_/ mlcronut_r_lent density may reqwreOf the supporting research evidence: grade | = good, grade
supplements. Because regulations specific to nutritional ergogenic aids ar

poorly enforced, they should be used with caution and only after careful?I = fair, grade I = limited, grade IV = expert opinion onIy,
product evaluation for safety, efficacy, potency, and legality. A qualified sports and grade V = a grade is not assignable because there is no
dietitian and, in particular, the Board Certified Specialist in Sports Dietetics in evidence to support or refute the conclusion.
Evidence-based information for this and other topic
can be found at www.adaevidencelibrary.com and
dieteticsatwork.com/pen and subscriptions for non-ADA

This joint position statement is authored by the American Dietetic . ; ;
members ar rch I https://www. videncelibra
Association (ADA), Dietitians of Canada (DC), and American College of embers are purc asable at ttps I adaevidencelib

Sports Medicine (ACSM). The content appears in ADA style. This paper is Com/Stor_e'Cfm' SUbscr'pt'onS for DC an_d no_n-DC membe —
being published concurrently Medicine & Science in Sports & Exergise ~ are available for PEN at http://www.dieteticsatwork.com

V103dS

and in theJournal of the American Dietetic Association, and the Canadian pen_order.asp O
Journal of Dietetic Practice and Researt¢hdividual name recognition is O
reflected in the acknowledgments at the end of the statement. Z

KEY POINTS %
0195-9131/09/4103-0709/0 _ _ ) >
MEDICINE & SCIENCE IN SPORTS & EXERCISE The following key points summarize the current energyfi==
Copyright” 2009 by the American College of Sports Medicine, American nutrient, and fluid recommendations for active adults anf§{@)
Dietetic Association, and Dietitians of Canada. competitive athletes. These general recommendations ¢ j_>|
DOI: 10.1249/MSS.00013e318190eb86 be adjusted by sports nutrition experts to accommodate t
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unique concerns of individual athletes regarding health,
sports, nutrient needs, food preferences, and body weight
and body composition goals.

Athletes need to consume adequate energy during
periods of high-intensity and/or long-duration training
to maintain body weight and health and maximize
training effects. Low energy intakes can result in loss
of muscle mass; menstrual dysfunction; loss of or failure
to gain bone density; an increased risk of fatigue, injury,
and illness; and a prolonged recovery process.

Body weight and composition should not be used as
the sole criterion for participation in sports; daily
weigh-ins are discouraged. Optimal body fat levels
depend on the sex, age, and heredity of the athlete and
may be sport-specific. Body fat assessment techniques
have inherent variability and limitations. Preferably,
weight loss (fat loss) should take place during the off-
season or begin before the competitive season and
involve a qualified sports dietitian.

Carbohydrate recommendations for athletes range from
6 to 10 gkg' * body weighid * (2.7D4.5 ' * body
weightd ). Carbohydrates maintain blood glucose
levels during exercise and replace muscle glycogen.
The amount required depends on the athleteOs total
daily energy expenditure, type of sport, sex, and envi-
ronmental conditions.

Protein recommendations for endurance and strength-
trained athletes range from 1.2 to 1.kgy" body
weightd * (0.5D0.8 tip' * body weighid ). These
recommended protein intakes can generally be met
through diet alone, without the use of protein or amino
acid supplements. Energy intake sufficient to maintain
body weight is necessary for optimal protein use and
performance.

Fat intake should range from 20% to 35% of total
energy intake. Consuming20% of energy from fat
does not benefit performance. Fat, which is a source of
energy, fat-soluble vitamins, and essential fatty acids,
is important in the diets of athletes. High-fat diets are
not recommended for athletes.

Athletes who restrict energy intake or use severe
weight-loss practices, eliminate one or more food
groups from their diet, or consume high- or low-
carbohydrate diets of low micronutrient density
are at greatest risk of miarotrient deficiencies.
Athletes should consume diets that provide at least
the recommended dietary allowance (RDA) for all
micronutrients.

Dehydration (water deficit in excess of 2D3% body

mass) decreases exercise performance; thus, adequate

EVIDENCE-BASED ANALYSIS

fluid intake before, during, and after exercise is
important for health and optimal performance. The
goal of drinking is to prevent dehydration from

approximately 16024 oz (450D675 mL) of fluid for
every pound (0.5 kg) of body weight lost during
exercise.

e Before exercise, a meal or snack should provide

sufficient fluid to maintain hydration, be relatively
low in fat and fiber to facilitate gastric emptying and
minimize gastrointestinal distress, be relatively high
in carbohydrate to maximize maintenance of blood
glucose, be moderate in protein, be composed of
familiar foods, and be well tolerated by the athlete.
During exercise, primary goals for nutrient consump-
tion are to replace fluid losses and provide carbohy-
drates (approximately 30D6Ig) for maintenance of
blood glucose levels. These nutrition guidelines are
especially important for endurance events lasting
longer than an hour when the athlete has not consumed
adequate food or fluid before exercise or when the
athlete is exercising in an extreme environment (heat,
cold, or high altitude).

After exercise, dietary goals are to provide adequate
fluids, electrolytes, energy, and carbohydrates to re-
place muscle glycogen and ensure rapid recovery. A
carbohydrate intake of approximately 1.0D1Kg'gt
body weight (0.500.711§’ *) during the first 30 min
and again every 2 h for 4b6 h will be adequate to re-
place glycogen stores. Protein consumed after exercise
will provide amino acids for building and repair of
muscle tissue.

In general, no vitamin and mineral supplements are
required if an athlete is consuming adequate energy
from a variety of foods to maintain body weight.
Supplementation recommendations unrelated to exer-
cise, such as folic acid for women of childbearing
potential, should be followed. A multivitamin/mineral
supplement may be appropriate if an athlete is dieting,
habitually eliminating foods or food groups, is ill or
recovering from injury, or has a specific micronutrient
deficiency. Single-nutrient supplements may be appro-
priate for a specific medical or nutritional reason (e.g.,
iron supplements to correct iron deficiency anemia).
Athletes should be counseled regarding the appropriate
use of ergogenic aids. Such products should only be
used after careful evaluation for safety, efficacy,
potency, and legality.

Vegetarian athletes may be at risk for low intakes of
energy, protein, fat, and key micronutrients such as
iron, calcium, vitamin D, riboflavin, zinc, and vitamin
B, Consultation with a sports dietitian is recommen-
ded to avoid these nutrition problems.

Studies used in the development of this position paper
occurring during exercise and individuals should not were identified from the PubMed database maintained by
drink in excess of sweating rate. After exercise, the National Library of Medicine and CENTRAL database,
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as well as through research articles and literature reviews. e Publication before 1995

Five topic-specific questions were identified for evidence- e Studies by same author, which were similar in content
based analysis (Fig. 1) and incorporated into this position, e Articles not in English

updating the prior position on nutrition and performance

(1). Search terms used were athlete, performance, powe Conclusion statements were formulated summarizing the

r ; . . .
strength, endurance, or competition and macronutrient,étrength of evidence with reSpECt to each question .(F'g' 1.
The strength of the evidence was graded using the

meal, carbohydrate, fat, protein, or energy. For the purposefO”Ong elements: quality, consistency across studies,

of this analysis, inclusion criteria were adults aged 18D . . . S
40 yr: all sport settings: and trained athletes, athletes inquanuty, and generalizability. A more detailed description
' ’ ’ of the methodology used for this evidence-based analysis

tralm.ng, or individuals regularly EXercising. Becaqse the may be found on the American Dietetic AssociationOs Web
grading system used provides allowances for consideration . .
ite at www.eatright.org/cps/rde/xchg/ada/hs.xsl/

of study de_5|gn, the ewdenc_e-based analy5|_s was not limite 099 ENU HTML.htm.
to randomized controlled trials. Study design preferences - -
were randomized controlled trials or clinical controlled
studies; large nonrandomlzed observatlpnal studl_es, AN NERGY METABOLISM
cohort, casebcontrol studies. All sample sizes were include

and study dropout rate could not exceed 20%. The Energy expenditure must equal energy intake to achieve
publication range for the evidence-based analysis spanne@nergy balance. The energy systems used during exercise
1995D2006. If an author was included in more than onefor muscular work include the phosphagen and glycolytic
review article or primary research articles that were similar (both anaerobic) and the oxidative (aerobic) pathways. The
in content, the most recent paper was accepted, and earligghosphagen system is used for events lasting no longer than
versions were rejected. However, when an author wasa few seconds and of high intensity. Adenosine triphosphate
included in more than one review article or primary (ATP) and creatine phosphate provide the readily available
research article for which content differed, then both energy present within the muscle. The amount of ATP
reviews could be accepted for analysis. present in the skeletal muscléss(mmolkg * wet weight)

The following exclusion criteria were applied to all is not sufficient to provide a continuous supply of energy,
identified studies: especially at high exercise intensities. Creatine phosphate is
an ATP reserve in muscle that can be readily converted to
sustain activity foré 3D5 min (2). The amount of creatine
phosphate available in skeletal muscle is approximately four
times greater than ATP and, therefore, is the primary fuel
used for high-intensity, short-duration activities such as the
clean and jerk in weight lifting or the fast break in
basketball.

The anaerobic glycolytic pathway uses muscle glycogen
and glucose that are rapidly metabolized anaerobically
through the glycolytic cascade. This pathway supports

e Adults older than 40 yr, adults younger than 18 yr,
infants, children, and adolescents

Settings not related to sports

Nonathletes

Critical illness and other diseases and conditions
Drop out rate920%

Topic Question

Energy balance and What is the relationship between energy balance/

body composition

imbalance, body composition, and/or weight
management and athletic performance?

timing, caloric intake, and macronutrient intake for
optimal athletic performance during recovery?

FIGURE 1NSpecific topics and the respective questions used for the
evidence analysis sections of the nutrition and athletic performance

project.

events lasting 60D180 s. Approximately 25%D35% of total
muscle glycogen stores are used during a single 30-s sprint
or resistance exercise bout. Neither the phosphagen nor the

Training What is the evidence to support a particular meal . . . . .
timing, caloric intake, and macronutrient intake for egCOIytIC pathway can sustain the rapld prQVISlon of
optimal athletic performance during training? energy to allow muscles to contract at a very high rate for
Competition What is the evidence to support a particular meal events Iagtlng greater th&r?b3 min. .
timing, caloric intake, and macronutrient intake The (_)X|dat|ve pqthway fuels ev_ents lasting longer th_a m
for optimal athletic performance during 2D3 min. The major substrates include muscle and liviig)
competition during the 24 hours prior to . . . . SR
competition? glycogen, intramuscular, blood, and adipose tissue triglyce
Whatis the evid - 1 ides and negligible amounts of amino acids from muscld
at 1s the evidence to support a particular meal : . )
timing, caloric intake, and macronutrient intake blopd, liver, and thg gut. Ex.amples of events for which thiff@}
for optimal athletic performance during major fuel pathway is the oxidative pathway include a 1500@)
competition? m run, marathon, half-marathon, and endurance cycling (&
Recovery What is the evidence to support a particular meal QL500-m swimming events. As oxygen becomes mor <

available to the working muscle, the body uses more of thjjs
aerobic (oxidative) pathways and less of the anaerob <
(phosphagen and glycolytic) pathways. Only the aerobi
pathway can produce much ATP over time via the Kreb
cycle and the electron transport system. The greatd
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dependence on aerobic pathways does not occur abruptlynutrients, and may result in metabolic dysfunctions associ-
nor is one pathway ever relied on exclusively. The intensity, ated with nutrient deficiencies as well as lowered resting
duration, frequency, type of activity, sex, and fitness level of metabolic rate (RMR). The newer concept of energy
the individual, as well as prior nutrient intake and energy availability, defined as dietary intake minus exercise energy
stores, determine when the crossover from primarily aerobicexpenditure normalized to fat-free mass (FFM), is the
to anaerobic pathways occurs (2). amount of energy available to the body to perform all other
Conversion of energy sources over time.  Approx- functions after exercise training expenditure is subtracted.
imately 50%D60% of energy during 1D4 h of continuous Many researchers have suggested that 30 Ikt &l
exercise at 70% of maximal oxygen capacity is derived FFMId * might be the lower threshold of energy avail-
from carbohydrates and the rest from free fatty acid ability for females (12D15).
oxidation (3). A greater proportion of energy comes from  Estimation of energy needs of athletes and active indi-
oxidation of free fatty acids, primarily those from muscle viduals can be done using a variety of methods. The Dietary
triglycerides as the intensity of the exercise decreases (3)Reference Intakes (DRI) (15,17) and the Dietary Guidelines
Training does not alter the total amount of energy expended2005 (16) (http://www.healthov/dietaryguidelines/
but rather the proportion of energy derived from car- dga2005/report/HTML/D3_Disccalories.htm) provide ener-
bohydrates and fat (3). As a result of aerobic training, gy recommendations for men and women who are slightly
the energy derived from fat increases and from car-to very active, which are based on predictive equations
bohydrates decreases. A trained individual uses a greatedeveloped using the doubly labeled water technique
percentage of fat than an untrained person does at the santbat can also be used to estimate energy needs of athletes
workload (2). Long-chain fatty aids derived from stored (Fig. 2).
muscle triglycerides are the preferred fuel for aerobic Energy expenditure for different types of exercise is
exercise for individuals involved in mild- to moderate- dependent on the duration, frequency, and intensity of the

intensity exercise (4). exercise, the sex of the athlete, and prior nutritional status.
Heredity, age, body size, and FFM also influence energy
ENERGY REQUIREMENTS expenditure. The more energy used in activity, the more

calories needed to achieve energy balance.

Meeting energy needs is a nutrition priority for athletes.  Typical laboratory facilities are usually not equipped to
Optimum athletic performance is promoted by adequatedetermine total energy expenditure. Therefore, predictive
energy intake. This section will provide information equations are often used to estimate BMR or RMR. The two
necessary to determine energy balance for an individualprediction equations considered to most closely estimate
Energy balance occurs when energy intake (the sum ofenergy expenditure are the Cunningham equation (1980)
energy from foods, fluids, and supplement products) equals(18) and the HarrisbBenedict equation (19). Because the
energy expenditure or the sum of energy expended as basaunningham equation requires that lean body mass be
metabolic rate (BMR), the thermic effect of food, the known, sports dietitians typically use the HarrisbBenedict
thermic effect of activity (TEA), which is the energy equation. To estimate total energy expenditure, BMR or
expended in planned physical activity, and nonexerciseRMR is then multiplied by the appropriate activity factor of
activity thermogenesis (5). Spontaneous physical activity is1.8D2.3 (representing moderate to very heavy physical ac-
also included in the TEA. tivity levels, respectively). Numeric guidelines such as these

Athletes need to consume enough energy to maintain(8) only provide an approximation of the average energy
appropriate weight and body composition while training for needs of an individual athlete. An alternative method
a sport (6). Although usual energy intakes for many in- for estimating exercise energy expenditure is to use me-
tensely training female athletes might match those of maletabolic equivalents (METS) recorded during a 24-h period
athletes per kilogram body weight, some female athletes(20). Any of these methods can be used to estimate en-
may consume less energy than they expend. Low energyergy expenditure for the determination of energy intake
intake (e.g.GL800D2000 kctf ) for female athletes is a  requirements and provide the sports dietitian with a basis to
major nutritional concern because a persistent state ofguide the athletes or active individuals in meeting their
negative energy balance can lead to weight loss andenergy needs.
disruption of endocrine function (7D10).

Inadeql_Jate energy intake relative to energy expenc_jlture ODY COMPOSITION
compromises performance and negates the benefits o
training. With limited energy intake, fat and lean tissue Body composition and body weight are two of the many
will be used for fuel by the body. Loss of lean tissue mass factors that contribute to optimal exercise performance.
results in the loss of strength and endurance, as well asTaken together, these two factors may affect an athleteOs
compromised immune, endocrine, and musculoskeletalpotential for success for a given sport. Body weight can
function (11). In addition, long-term low energy intake influence an athleteOs speed, endurance, and power, whereas
results in poor nutrient intake, particularly of the micro- body composition can affect an athleteOs strength, agility,
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. . plethysmography are Level Il techniques, and skinfold
The DRI method for estimating energy requirements of an adult male = . . . .
662 —9.53(age, yrs) + PA [15.91 (weight in kg) + 539.6(height in meters)]. measurements and bioelectrical impedance analysis (BIA)
For an adult female estimated energy requirements = are Level Il techniques. Levels Il and Il techniques are
354 — 6.91(age, yrs) + PA [9.36 (weight in kg) + 726(height in meters)] . . e
used in practice by sports dietitians.

Physical activity (PA) is defined below. . . . . .
yuiealactivity (PAY s deined below Underwater weighing, once considered the criterion

1.0-1.39 Sedentary, typical daily living activities (e.g., household tasks, walking to bus) H i

1.4-1.59 Low active, typical daily living activities plus 30-60 min of daily moderate Standard » 1S N0 Ion_ger common. DXA’ Orlglna”y develop_e_d
activity (e.g., walking at 5-7 knv/h) o N to assess bone mineral, can be used for body composition

1.6-1.89 Active, typical daily living activities plus 60 min of daily moderate activity . . . .

1.9-2.5 Very active, typical daily activities plus at least 60 min of daily moderate activity analySIS (2 1) . Althoug h DXA IS fa.| rly accu I’ate, qU|Ck, a.nd

plus an additional 60 min of vigorous activity or 120 min of moderate activity.

noninvasive, the cost of and access to the instrument limits
FIGURE 2NThe Dietary Reference Intake (DRI) method for estimat- Its use In .practlce. Alr dlsplacement plethysmqgraphy
ing energy requirement for adults (17). (BodPod; Life Measurement, Inc, Concord, CA) is also
used to determine body composition by body density (22),
and body fat percentage is calculated using the equation of
and appearance. A lean body, i.e., one with greater musclegither Siri (23) or Brozek (24). Although this method
fat ratio, is often advantageous in sports where speed igrovides valid and reliable assessment of body composi-
involved. tion, it may underestimate body fat in adults and children
Athletic performance cannot be accurately predicted by 2%D3% (25).
based solely on body weight and composition given that Two of the most commonly used Level Il methods are
many factors affect body composition (21). Some sportsskinfold measurements and BIA. In addition, measures of
dictate that athletes make changes in body weight andbody weight, height, wrist and girth circumferences, and
composition that may not be best for the individual athlete. skinfold measurements are routinely used by sports dietitians
Athletes who participate in weight-class sportsNsuch as to assess body composition. Usually, seven skinfold sites are
wrestling or lightweight rowingNmay be required to lose or used including abdominal, biceps, front thigh, medial calf,
gain weight to qualify for a specific weight category. subscapular, supraspinale, and triceps. The standard techni-
Athletes who participate in body-conscious sports, such asques and definitions of each of these sites are provided by
dance, gymnastics, figure skating, or diving, may be pres-Heymsfield et al. (22) and Marfell-Jones et al. (26).
sured to lose weight and body fat to have a lean physique,Prediction equations using skinfold measurements to deter-
although their current weight for health and performance ismine body fat content are numerous (22). Approximately
appropriate. With extreme energy restrictions, losses of both60%Bb70% of the variance in body density is accounted for
muscle and fat mass may adversely influence an athlete(y/ this measurement. In addition, population differences
performance. limit the ability to interchange the prediction equations and
Individualized assessment of an athleteOs body composstandardization of skinfold sites and skinfold measurement
tion and body weight or body image may be advantageoustechniques vary from investigator to investigator. Even the
for the improvement of athletic performance. Age, sex, skinfold caliper is a source of variability (22). Despite the
genetics, and the requirements of the sport are factors thainherent problems of skinfold measurement, this technique
impact the individual athleteOs body composition. An op-remains a method of choice because it is convenient and
timal competitive body weight and relative body fatness inexpensive. The US Olympic Committee (USOC) is using
should be determined when an athlete is healthy andthe International Society for Advances in Kinanthropometry
performing at his or her best. (ISAK) techniques (26) as efforts are underway to stan-
Methodology and equipment to perform body composi- dardize measures worldwide. The USOC advocates using
tion assessments must be accessible and cost-effective. Nthe sum of seven skinfolds (mm) based on ISAK land-
all of the following methods meet these criteria for the marks, marking skinfold sites on the body, reporting
practitioner. In addition, athletes and coaches should knowduplicate measures, and communicating the results asfié8]
that there are errors associated with all body compositionrange, rather than percentage of body fat.
techniques and that it is not appropriate to set a specific BIA is based on the principle that an electrical signal i
body fat percentage goal for an individual athlete. Rather, amore easily conducted through lean tissue than fat or bo
range of target percentages of body fat values should bg?22). Fat mass is estimated by subtracting the BIA
recommended. determined estimate of FFM from total body mass. Whol
Assessment methodology. Three levels of assess- body resistance to the flow of an electrical current con
ment techniques are used to assess body composition (22fucted through the body by electrodes placed on wrists a
Direct assessment based on analysis of cadavers, althouginkles can provide fairly accurate estimates of total bod
not used in clinical practice, is designated as a Level 1water and FFM (22). Bioelectrical impedance analysis i
technique. The other two technique levels are indirect as-dependent on several factors that can cause error in t
sessments (Level I1) and doubly indirect assessments (Leveineasurement and must be taken into account to obtain
[ll). Hydrodensitometry, or underwater weighing, dual- fairly accurate estimate. Hydration status is the most i
energy x-ray absorptiometry (DXA), and air displacement portant factor that may alter the estimated percentage bo
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fat. The prediction accuracy of BIA is similar to skinfold Conclusion statement. Four studies have reported
assessments, but BIA may be preferable because it does natconclusive findings related to the effects of energy and
require the technical skill associated with skinfold measure-protein restriction on athletic performance, but carbohydrate
ments (27). Currently, upper and lower body impedancerestriction has been shown to be detrimental. For weight-
devices have been developed but have not been evaluated idlass athletes, two studies show that weight loss preceding
an athletic population. athletic competition may have no significant effect on
Body composition and sports performance. Body measures of performance, depending on refeeding protocol.
fat percentage of athletes varies depending on the sex of théEvidence Grade Il = Limited) (www.adaevidence-
athlete and the sport. The estimated minimal level of bodylibrary.com/conclusion.oi?conclusion_statement_id
fat compatible with health is 5% for males and 12% for =250448).
females (22); however, optimal body fat percentages for an
individual athlete may be much hlghe_r tha_m these_mlm- MACRONUTRIENT REQUIREMENTS
mums and should be determined on an individual basis. TheFOR EXERCISE
ISAK sum of seven skinfolds indicates that the range of
values for the athletic population is 30D60 mm for males Athletes do not need a diet substantially different from
and 40D90 mm for females (26). Body composition analysisthat recommended in the Dietary Guidelines for Americans
should not be used as a criterion for selection of athletes for(16) and Eating Well with CanadaOs Food Guide (28).
athletic teams. Weight management interventions should beAlthough high-carbohydrate diets (more than 60% of
thoughtfully designed to avoid detrimental outcomes with energy intake) have been advocated in the past, caution is
specific regard for performance, as well as body composi-recommended in using specific proportions as a basis for
tion (i.e., loss of lean body mass). See Figure 3for practicalmeal plans for athletes. For example, when energy intake is

guidelines for weight management of athletes.

Setting and monitoring goals

m Set realistic weight and body composition goals. Ask the athlete:

- What is the maximum weight that you would find acceptable?

- What was the lowest weight you maintained without constant dieting?

- How did you derive your goal weight?

- At what weight and body composition do you perform best?

m Encourage less focus on the scale and more on healthful habits such as stress
management and making good food choices.

m Monitor progress by measuring changes in exercise performance and energy level, the
prevention of injuries, normal menstrual function, and general overall well-being.

m Help athletes to develop lifestyle changes that maintain a healthful weight for
themselves-not for their sport, for their coach, for their friends, for their parents, or to
prove a point.

Suggestions for food intake

m Low-energy intake will not sustain athletic training. Instead, decreases in energy intake
of 10% to 20% of normal intake will lead to weight loss without the athlete feeling deprived
or overly hungry. Strategies such as substituting lower-fat foods for whole-fat foods,
reducing intake of energy-dense snacks, portion awareness and doing activities other than
eating when not hungry can be useful.

m If appropriate, athletes can reduce fat intake but need to know that a lower-fat diet will
not guarantee weight loss unless a negative energy balance (reduced energy intake and
increased energy expenditure) is achieved. Fat intake should not be decreased below
15% of total energy intake, because some fat is essential for good health.

m Emphasize increased intake of whole grains and cereals, and legumes.

m Five or more daily servings of fruits and vegetables provide nutrients and fiber.

m Dieting athletes should not skimp on protein and need to maintain adequate calcium
intakes. Accordingly, use of low-fat dairy products and lean meats, fish, and poultry is
suggested.

m A variety of fluids-especially water- should be consumed throughout the day, including
before, during, and after exercise. Dehydration as a means of reaching a body-

weight goal is contraindicated.

Other weight management strategies

m Advise athletes against skipping meals (especially breakfast) and allowing themselves
to become overly hungry. They should be prepared for times when they might get
hungry, including keeping nutritious snacks available for those times.

m Athletes should not deprive themselves of favorite foods or set unrealistic dietary rules
or guidelines. Instead, dietary goals should be flexible and achievable. Athletes should
remember that all foods can fit into a healthful lifestyle. Developing list of “good” and
“bad” food is discouraged.

m Help athletes identify their own dietary weaknesses and plan strategies for dealing with
them.

m Remind athletes that they are making lifelong dietary changes to sustain a healthful
weight and optimal nutritional status rather than going on a short-term “diet”.

FIGURE 3NWeight management strategies for athletes. Modified with
permission from: Manore MM. Chronic dieting in active women: what
are the health consequencedPomens Health Issues. 1996;6:332D41.

4000D5000 kctf 1, even a diet containing 50% of the
energy from carbohydrate will provide 500D600 g of
carbohydrate (or approximately 7648y * (3.2D3.6 tip' 1)
for a 70-kg (154 Ib) athlete), an amount sufficient to
maintain muscle glycogen stores from day to day (29).
Similarly, if protein intake for this plan was 10% of energy
intake, absolute protein intake (1000128 ¢ could
exceed the recommended protein intake for athletes (1.2D
1.7 gkd 'Id *or 84D119 g in a 70-kg athlete). Conversely,
when energy intake is less than 2000 kfdl, a diet
providing 60% of the energy from carbohydrate may
not be sufficient to maintain optimal carbohydrate stores
(4P5 dkg or 1.8D2.3 ' 1) in a 60-kg (132 Ib) athlete.
Protein. Protein metabolism during and after exercise is
affected by sex, age, intensity, duration, and type of
exercise, energy intake, and carbohydrate availability. More
detailed reviews of these factors and their relationship to
protein metabolism and needs of active individuals can be
found elsewhere (30,31). The current recommended dietary
allowance (RDA) is 0.8 Ilgg * body weight and the ac-
ceptable macronutrient distribution range (AMDR) for
protein intake for adults older than 18 yr is 10%D35% of total
calories (15). Because there is not a strong body of evidence
documenting that additional dietary protein is needed by
healthy adults who undertake endurance or resistance exer-
cise, the current DRI for protein and amino acids does not
specifically recognize the unique needs of routinely active in-
dividuals and competitive athletes. However, recommending
protein intakes in excess of the RDA to maintain optimum
physical performance is commonly done in practice.
Endurance athletes. An increase in protein oxidation
during endurance exercise, coupled with nitrogen balance
studies, provides the basis for recommending increased
protein intakes for recovery from intense endurance training
(32). Nitrogen balance studies suggest that dietary protein
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intake necessary to support nitrogen balance in endurancessential fatty acids. Athletes should follow these general
athletes ranges from 1.2 to 1.kg lld * (29931). These recommendations. Careful evaluation of studies suggesting
recommendations remain unchanged, although recent studa positive effect of consuming diets for which fat provides
ies have shown that protein turnover may become moreQ70% of energy intake on athletic performance (43,44) does
efficient in response to endurance exercise training (29,32)not support this concept (45).

Ultra-endurance athletes who engage in continuous activity

for several hours or consgitve days of intermittent

exercise should also consume protein at or slightly aboveVITAMINS AND MINERALS

1.2D1.4 kg 'id * (32). Energy balance, or the consump-  \jicronutrients play an important role in energy produc-
tion of adequate calories, particularly carbohydrates, tOtion, hemoglobin synthesis, maintenance of bone health,
meet those expended, is important to protein metabolism sqygequate immune function, and protection of body against
that amino acids are spared for protein synthesis and nobyidative damage. They assist with synthesis and repair of
oxidized to assist in meeting energy needs (33,34). Inmyscle tissue during recovery from exercise and injury.
addition, discussion continues as to whether sex differencegyercise stresses many of the metabolic pathways where
in protein-related metabolic responses to exercise eXisipjicronutrients are required, and exercise training may result
(35,36). _ _ _ in muscle biochemical adaptations that increase micronutri-
Strength athletes. Resistance exercise may necessitate gnt needs. Routine exercise may also increase the turnover
protein intake in excess of the RDA, as well as that neededynq |oss of these micronutrients from the body. As a result,
for endurance exercise, because additional protein, essenti@reater intakes of micronutrients may be required to cover
amino acids in particular, is needed along with sufficient jycreased needs for building, repair, and maintenance of
energy to support muscle growth (30,31). This is particu- |ggn body mass in athletes (46).
larly true in the early phase of strength training when the  The most common vitamins and minerals found to be of

most significant gains in muscle size occurs. The amount ofconcern in athletes® diets are calcium and vitamin D, the B
protein needed to maintain muscle mass may be lower forjtamins, iron, zinc, magnesium, as well as some antiox-

efficient protein use (30,31). Recommended protein intakes46p50). Athletes at greatest risk for poor micronutrient
for strength-trained athletes range from approximately 1.2statys are those who restrict energy intake or have severe
to 1.7 gkg' Hid * (30,32). weight-loss practices, who eliminate one or more of the
Protein and amino acid supplements.  High-protein  food groups from their diet, or who consume unbalanced
diets have been popular throughout history. Although ang |ow micronutrient-dense diets. These athletes may
earlier investigations in this area involved supplementationpyenefit from a daily multivitamin-and-mineral supplement.
with individual amino acids (37,38), more recent work has ge of vitamin and mineral supplements does not improve

shown that intact high-quality proteins such as whey, performance in individuals consuming nutritionally ade-
casein, or soy are effectively used for the maintenancegyate diets (46948, 50).

repair, and synthesis of skeletal muscle proteins in response
to training (39). Protein or amino acids consumgd nearg Vitamins: Thiamin, Riboflavin, Niacin, Vitamin B ¢,
strength and endurance exercise can enhance mamtenanf?antothenic Acid. Biotin. Eolate. Vitamin B
of, and net gains in, skeletal muscle (39,40). Because ’ ’ ’ 12
protein or amino acid supplementation has not been shown Adequate intake of B vitamins is important to ensure
to positively impact athletic performance (41,42), optimum energy production and the building and repair of
recommendations regarding protein supplementation aremuscle tissue (48,51). The B-complex vitamins have two
conservative and directed primarily at optimizing the major functions directly related to exercise. Thiamin, ribo-
training response to and the recovery period after exerciseflavin, niacin, pyridoxine (B), pantothenic acid, and biotin
From a practical perspective, it is important to conduct a are involved in energy production during exercise (46,51
thorough nutrition assessment specific to the athleteOs goalshereas folate and vitamin,Bare required for the pro-
before recommending protein powders and amino acidduction of red blood cells, for protein synthesis, and i
supplements to athletes. tissue repair and maintenance including the CNS. Of the
Fat. Fat is a necessary component of a normal diet, vitamins, riboflavin, pyridoxine, folate, and vitaminBare
providing energy and essential elements of cell membranedrequently low in female athletesO diets, especially tho
and associated nutrients such as vitamins A, D, and E. Thavho are vegetarian or have disordered eating patter
acceptable macronutrient distribution range (AMDR) for fat (47,48).
is 20%D35% of energy intake (17). The Dietary Guidelines Limited research has been conducted to examine whet
for Americans (16) and Eating Well with CanadaOs Foodexercise increases the need for the B-complex vitami
Guide (28) make recommendations that the proportion of(46,48). Some data suggest that exercise may slight
energy from fatty acids be 10% saturated, 10% polyunsat-increase the need for these vitamins as much as twig
urated, 10% monounsaturated, and include sources othe current recommended amount (48); however, thed
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increased needs can generally be met with higher energyhave a limited effect with strength training (66). There is
intakes. Although short-term marginal deficiencies of B some evidence that vitamin E may attenuate exercise-
vitamins have not been observed to impact performancejnduced DNA damage and enhance recovery in certain
severe deficiency of vitamin,B folate, or both may result  active individuals; however, more research is needed (66).
in anemia and reduced endurance performance (46,47,52)Athletes should be advised not to exceed the tolerable upper
Therefore, it is important that athletes consume adequaténtake levels (UL) for antioxidants because higher doses
amounts of these micronutrients to support their efforts forcould be pro-oxidative with potential negative effects
optimal performance and health. (46,64,68).
Vitamin C supplements do not seem to have an ergogenic

effect if the diet provides adequate amounts of this nutrient.
Vitamin D Because strenuous and prolonged exercise has been shown
to increase the need for vitamin C, physical performance
can be compromised with marginal vitamin C status or
deficiency. Athletes who participate in habitual prolonged,
3trenuous exercise should consume 100D1000 mg of vita-
min C daily (47,69,70).

Vitamin D is required for adequate calcium absorption,
regulation of serum calcium and phosphorus levels, and
promotion of bone health. Vitamin D also regulates the
development and homeostasis of the nervous system an
skeletal muscle (53b55). Athletes who live at northern
latitudes or who train primarily indoors throughout the year,
such as gymnasts and figure skaters, are at risk for pooMinerals: Calcium, Iron, Zinc, and Magnesium
vitamin D status, especially if they do not consume foods
fortified with vitamin D (50,56,57). These athletes would
benefit from supplementation with vitamin D at the DRI
level (5Kgld * or 200 IU for ages 19D49 yr) (54,56,58D61).
A growing number of experts advocate that the RDA for
vitamin D is not adequate (53,62,63).

The primary minerals low in the diets of athletes, espe-
cially female athletes, are calcium, iron, zinc, and magne-
sium (47). Low intakes of these minerals are often due to
energy restriction or avoidance of animal products (70).

Calcium. Calcium is especially important for growth,
maintenance and repair of bone tissue, maintenance of
blood calcium levels, regulation of muscle contraction,
nerve conduction, and normal blood clotting. Inadequate
dietary calcium and vitamin D increase the risk of low bone

The antioxidant nutrients, vitamins C andA=¢carotene, mineral density and stress fractures. Female athletes are at
and selenium, play important roles in protecting cell greatest risk for low bone mineral density if energy intakes
membranes from oxidative damage. Because exercise caare low, dairy products and other calcium-rich foods are
increase oxygen consumption by 10- to 15-fold, it has beeninadequate or eliminated from the diet, and menstrual
hypothesized that long-term exercise produces a constandysfunction is present (47,52,55,71D73).

OOoxidative stressOO on the muscles and other cells (4®upplementation with calcium and vitamin D should be
leading to lipid peroxidation of membranes. Although determined after nutrition assessment. Current recommen-
short-term exercise may increase levels of lipid peroxidedations for athletes with disordered eating, amenorrhea, and
by-products (64), habitual exercise has been shown to resultisk for early osteoporosis are 1500 mg of elemental
in an augmented antioxidant system and reduced lipidcalcium and 400D800 IU of vitamin D per day (50,72,73).
peroxidation (50,65). Thus, a well-trained athlete may have Iron. Iron is required for the formation of oxygen-

a more developed endogenous antioxidant system than &arrying proteins, hemoglobin and myoglobin, and for
sedentary person. Whether exercise increases the need fa@nzymes involved in energy production (50,74). Oxygen-
antioxidant nutrients remains controversial. There is little carrying capacity is essential for endurance exercise as well
evidence that antioxidant supplements enhance physicads normal function of the nervous, behavioral, and immune
performance (49,50,64,66). Athletes at greatest risk for poorsystems (64,74). Iron depletion (low iron stores) is one of
antioxidant intakes are those following a low-fat diet, the most prevalent nutrient deficiencies observed among
restricting energy intakes, or limiting dietary intakes of athletes, especially females (75). Iron deficiency, with or
fruits, vegetables, and whole grains (29,66). without anemia, can impair muscle function and limit work

The evidence that a combination of antioxidants or single capacity (47,58,75,76). Iron requirements for endurance
antioxidants such as vitamin E may be helpful in reducing athletes, especially distance runners, are increased by ap
inflammation and muscle soreness during recovery fromproximately 70% (58,74). Athletes who are vegetarian or
intense exercise remains unclear (42,67). Although theregular blood donors should aim for an iron intake greater
ergogenic potential of vitamin E concerning physical than their respective RDA (i.e., 18 mg and 8 mg, for men
performance has not been clearly documented, endurancand women respectively).
athletes may have a higher need for this vitamin. Indeed, The high incidence of iron depletion among athletes is
vitamin E supplementation has been shown to reduceusually attributed to inadequate energy intake. Other factors
lipid peroxidation during aerobic/endurance exercise andthat can impact iron status include vegetarian diets that have

Antioxidants: Vitamins C and E, p-Carotene, and
Selenium
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poor iron availability, periods of rapid growth, training at be cautioned against single-dose zinc supplements because
high altitudes, increased iron losses in sweat, feces, urinethey often exceed this amount, and unnecessary zinc sup-
menstrual blood, intravascular hemolysis, foot-strike hemo-plementation may lead to low HDL cholesterol and nutrient
lysis, regular blood donation, or injury (50,75,77). Athletes, imbalances by interfering with absorption of other nutrients
especially women, long-distance runners, adolescents, anduch as iron and copper (47). Further, the benefits of zinc
vegetarians should be screened periodically to assess ansupplementation to physical performance have not been
monitor iron status (75,77,78). established.

Because reversing iron degocy anemia can require Magnesium. Magnesium plays a variety of roles in
3b6 months, it is adntageous to begin nutrition inter- cellular metabolism (glycolysis, fat, and protein metabo-
vention before iron deficiency anemia develops (47,75). lism) and regulates membrane stability and neuromuscular,
Although depleted iron stores (low serum ferritin) are cardiovascular, immune, and hormonal functions (47,55).
more prevalent in female athletes, the incidence of iron Magnesium deficiency impairs endurance performance by
deficiency anemia in athletes is similar to that of the increasing oxygen requirements to complete submaximal
nonathlete female population (50,75,77). Chronic iron exercise. Athletes in weight-class and body-conscious
deficiency, with or without anemia, that results from sports, such as wrestling, ballet, gymnastics, and tennis,
consistently poor iron intake can negatively impact health, have been reported to consume inadequate dietary magne-
physical, and mental performance and warrants promptsium. Athletes should be educated about good food sources
medical intervention and monitoring (76,78). of magnesium. In athletes with low magnesium status,

Some athletes may experience a transient decrease iaupplementation might be beneficial (47).
serum ferritin and hemoglobin at the initiation of training
due to hemodilution after an increase in plasma volume . . ]
known as OOdilutional®® or GOsports anemiad® and magdisp, Chloride, and Potassium

respond to nutrition intervention. These changes seem to be Sodium is a critical electrolyte, particularly for athletes
a beneficial adaptation to aerobic training, which do not with high sweat losses (80D83). Many endurance athletes
negatively impact performance (50). will require much more than the UL for sodium (2@ d)

In athletes who are iron-deficient, iron supplementation and chloride (3.6 I %). Sports drinks containing sodium
not only improves blood biochemical measures and iron (0.590.7 #.' %) and potassium (0.8D2.0LG?), as well as
status but also increases work capacity as evidenced b¥arbohydrate, are recommended for athletes especially in
increasing oxygen uptake, reducing heart rate, and decreasndurance event8Z h) (50,80,82,83).
ing lactate concentration during exercise (47). There is Potassium is important for fluid and electrolyte balance,
some evidence that athletes who are iron-deficient but donerve transmission, and active transport mechanisms. During
not have anemia may benefit from iron supplementationintense exercise, plasma potassium concentrations tend to
(50,75). Recent findings provide additional support for decline to a lesser degree than sodium. A diet rich in a variety
improved performance (i.e., less skeletal muscle fatigue)of fresh vegetables, fruits, nistseds, dairy foods, lean meats,
when iron supplementation was prescribed as 100-mgand whole grains is usually considered adequate for main-
ferrous sulfate for 4D6 wk (76). Improving work capacity taining normal potassium status among athletes (32,83).
and endurance, increasing oxygen uptake, reducing lactate
concentrations, and reducing muscle fatigue are benefits of
improved iron status (50).

Zinc. Zinc plays a role in growth, building and repair of HYDRATION
muscle tissue, energy production, and immune status. Diets Being well hydrated is an important consideration for
low in animal protein, high in fiber and vegetarian diets, in optimal exercise performance. Because dehydration
particular, are associated with decreased zinc intake (50,52)increases the risk of potentially life-threatening heat injurfiési
Zinc status has been shown to directly affect thyroid such as heat stroke, athletes should strive for euhydrati
hormone levels, BMR, and protein use, which in turn can before, during, and after exercise. Dehydration (loS2&6
negatively affect health and physical performance (50). body weight) can compromise aerobic exercise perfo

Survey data indicate that a large number of North mance, particularly in hot weather, and may impai

Americans have zinc intakes below recommended levelsmental/cognitive performance (83).
(74,75,79). Athletes, particularly females, are also at risk for The American College of Sports MedicineOs (ACSM
zinc deficiency (79). The impact of low zinc intakes on zinc Position Stand on exercise and fluid replacement (8
status is difficult to measure because clear assessmergrovides a comprehensive review of the research a
criteria have not been established and plasma zinc concenrecommendations for maintaining hydration before, during
trations may not reflect changes in whole-body zinc statusand after exercise. In addition, ACSM has published
(47,79). Decreases in cardiorespiratory function, muscleposition stands specific to special environmental conditio
strength, and endurance have been noted with poor zind84,85). The major points from these position stands are t
status (47). The UL for zinc is 40 mg (74). Athletes should basis for the following recommendations.
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Fluid and Electrolyte Recommendations hypertonic fluids or when carbohydrate concentration is
greater than 8%.

Disturbances of fluid and electrolyte balance that can

At least 4 h before exercise, individuals should drink occur in athletes include dehydration, hypohydration, and
approximately 597 nikg 1 body weight é 2D3 mlllp’ 1) hyponatremia (83). Exercise-induced dehydration develops
of water or a sport beverage. This would allow enough time because of fluid losses that exceed fluid intake. Although
to optimize hydration status and for excretion of any excesssome individuals begin exercise euhydrated and dehydrate
fluid as urine. Hyperhydration with fluids that expand Over an extended duration, athletes in some sports might
the extra- and intracellular spaces (e.g., water and glycerobtart training or competing in a dehydrated state because
solutions) will greatly increase the risk of having to void the interval between exercise sessions is inadequate for
during competition (83) and provides no clear physiologic full rehydration (82). Another factor that may predispose an
or performance advantage over euhydration. This practiceathlete to dehydration is OOmaking weightOO as a prerequisite

e Before exercise

should be discouraged (83). for a specific sport or event. Hypohydration, a practice of
some athletes competing in weight-class sports (i.e.,
e During exercise wrestling, boxing, lightweight crew, martial arts, etc.), can

occur when athletes dehydrate themselves before beginning

Athletes dissipate heat produced during physical activity a competitive event. Hypohydration can develop by fluid
by radiation, conduction, convection, and vaporization of restriction, certain exercise practices, diuretic use, or sauna
water. In hot, dry environments, evaporation accounts forexposure before an event. In addition, fluid deficits may
more than 80% of metabolic heat loss. Sweat rates for anyspan workouts for athletes who participate in multiple or
given activity will vary according to ambient temperature, prolonged daily sessions of exercise in the heat (84).
humidity, body weight, genetics, heat acclimatization state, Hyponatremia (serum sodium concentration less than
and metabolic efficiency. Depending on the sport and 130 mmolL’ ) can result from prolonged, heavy sweating
condition, sweat rates can range from as little as 0.3 to aswith failure to replace sodium, or excessive water intake.
much as 2.4 W ! (83). In addition to water, sweat also Hyponatremia is more likely to develop in novice marathon-
contains substantial but variable amounts of sodium. Theers who are not lean, who run slowly, who sweat less, or who
average concentration of sodium in sweat approximatesconsume excess water before, during, or after an event (83).
50 mmolL! * or approximately 1 i’ * (although concen- Skeletal muscle cramps are associated with dehydration,
trations vary widely). There are modest amounts of electrolyte deficits, and musdhgigue. Nonbheat-acclimatized
potassium and small amounts of minerals such asAmerican football players commonly experience dehydration
magnesium and chloride lost in sweat. and muscle cramping particularly during formal preseason

The intent of drinking during exercise is to avert a water practice sessions in late summer. Athletes participating in
deficit in excess of 2% of body weight. The amount and rate tennis matches, long-cycling races, late-season triathlons,
of fluid replacement is dependent on the individual athleteOsoccer, and beach volleyball are also susceptible to dehydra-
sweat rate, exercise duration, and opportunities to drinktion and muscle cramping. Muscle cramps also occur in
(83). Readers are referred to the ACSM position stand forwinter-sport athletes such as cross-country skiers and ice
specific recommendations related to body size, sweat rateshockey players. Muscle cramps are more common in profuse
types of work, etc., and are encouraged to individualize sweaters who experience large sweat sodium losses (83).
hydration protocols when possible (83).

Consumption of beverages containing electrolytes and
carbohydrates can help sustain fluid and electrolyte balance Because many athletes do not consume enough fluids
and endurance exercise performance (83). The typeguring exercise to balance fluid losses, they complete their
intensity’ and duration of exercise and environmental exercise session dehydrated to some extent. Given adequate
conditions will alter the need for fluids and electrolytes. time, intake of normal meals and beverages will restore
Fluids containing sodium and potassium help replace sweatydration status by replacing fluids and electrolytes lost
electrolyte losses, whereas sodium stimulates thirst andluring exercise. Rapid and complete recovery from exces-
fluid retention and carbohydrates provides energy. Bever-sive dehydration can be accomplished by drinking at least
ages containing 6%BH8% carbohydrate are recommended fok6D24 0z (4500675 mL) of fluid for every pound (0.5 kg) of
exercise events lasting longer than 1 h (83). body weight lost during exercise. Consuming rehydration

Fluid balance during exercise is not always possible beyerages and salty foods at meals/snacks will help replace
because maximal sweat rates exceed maximal gastridluid and electrolyte losses (83).
emptying rates that in turn limit fluid absorption, and most
often, rates of fluid ingestion by athletes during exercise fall
short of amounts that can be emptied from the stomach an
absorbed by the gut. Gastric emptying is maximized when Hot and humid environments. The risk for dehydra-
the amount of fluid in the stomach is high and reduced with tion and heat injury increases dramatically in hot, humid

o After exercise

dSpecial Environmental Conditions
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environments (84). When the ambient temperature exceedathlete might tolerate a snack consisting of milk and a
body temperature, heat cannot be dissipated by radiationsandwich 1 h before a low-intensity workout but would be
Moreover, the potential to dissipate heat by evaporation ofuncomfortable if the same meal was consumed before a
sweat is substantially reduced when the relative humidity isvery hard effort. Athletes in heavy training or doing
high. There is a very high risk of heat illness when tempe- multiple daily workouts may need to eat more than three
rature and humidity are both high. If competitive events occurmeals and three snacks per day and should consider every
under these conditions, it is necessary to take every precautiopossible eating occasion. These athletes should consider
to ensure that athletes are well hydrated, have ample access &ating near the end of a workout, having more than one
fluids, and are monitored for heat-related iliness. afternoon snack, or eating a substantial snack before bed.
Cold environments. It is possible for dehydration to Conclusion statement. Twenty-three studies investi-
occur in cool or cold weather (85). Factors contributing to gating consumption of a range of macronutrient composition
dehydration in cold environments include respiratory fluid during the training period on athletic performance were
losses and sweat losses that occur when insulated clothingvaluated. Nine studies have reported that the consumption
is worn during intense exercise. Dehydration can also occurof a high-carbohydrate diet9§0% of energy) during
because of low rates of fluid ingestion. If an athlete is the training period and the week before competition results
chilled and available fluids are cold, the incentive to drink in improved muscle glycogen concentrations and/or signif-
may be reduced. Finally, removal of multiple layers of icant improvements in athletic performance. Two studies
clothing to urinate may be inconvenient and difficult for reported no additional performance benefits when consum-
some athletes, especially women, and they may voluntarilying level above 6 g carbohydratep * body weight. Two

limit fluid intake (86). studies report sex differences; women may have less ability
Altitude. Fluid losses beyond those associated with to increase muscle glycogen concentrations through in-
any exercise performed may occur at altitu88500 m creased carbohydrate consumption, especially when energy

(8200 ft) consequent to mandatory diuresis and highintake is insufficient. One study based on the consumption
respiratory water losses, accompanied by decreased app®f a high-fat diet §65% of energy) for 10 d followed by
tite. Respiratory water losses may be as high as 1900a high-carbohydrate die®?§5% of energy) for 3 d reported
mLid * (1.9 Ud 1) in men and 850 mid * (0.85 Ud %) in a significant improvement in athletic performance. Nine
women (87,88). Total fluid intake at high altitude studies report no significant effects of macronutrient com-
approaches 3P4id. * to promote optimal kidney function  position on athletic performance during the training period
and maintain urine output @& 1.4 L in adults (87). and week before competitio(Evidence Grade Il = Fair).
(www.adaevidencelibrary.com/conclusion.cfm?conclusion_

THE TRAINING DIET statement_id=250447).

The fundamental differences between an athleteOs di%re Exercise Meal
and that of the general population are that athletes require xercise Mea
additional fluid to cover sweat losses and additional en- Eating before exercise, as opposed to exercising in the
ergy to fuel physical activity. As discussed earlier, it is fasting state, has been shown to improve performance
appropriate for much of the additional energy to be supplied(89,90). The meal or snack consumed before competition or
as carbohydrate. The proportional increase in energyan intense workout should prepare athletes for the up-
requirements seems to exceed the proportional increase isoming activity and leave the individual neither hungry nor
needs for most other nutrients. Accordingly, as energywith undigested food in the stomach. Accordingly, the fol-
requirements increase, athletes should first aim to consuméowing general guidelines for meals and snacks should be
the maximum number of servings appropriate for their used: sufficient fluid should be ingested to maintain hy-
needs from carbohydrate-based food groups (bread, cerealdration, foods should be relatively low in fat and fiber tolf¢8}
and grains, legumes, milk/altatives, vegetables, and facilitate gastric emptying and minimize gastrointestina I'-H
fruits). Energy needs for many athletes will exceed the distress, high in carbohydrate to maintain blood glucose arjf@)
amount of energy (kcel ) in the upper range of serv- maximize glycogen stores, moderate in protein, and familij
ings for these food groups. Conversely, athletes who areto the athlete.
small and/or have lower energy needs will need to pay The size and timing of the pre-exercise meal are interr@g)
greater attention to making nutrient-dense food choiceslated. Because most athletes do not like to compete on a @)
to obtain adequate carbohydrate, protein, essential fats, andtomach, smaller meals should be consumed near the eve
micronutrients. allow for gastric emptying, whereas larger meals can be co

With regard for the timing of meals and snacks, common sumed when more time is available before exercise or corfjes
sense dictates that food and fluid intake around workouts bepetition. Amounts of carbohydrate shown to enhanc
determined on an individual basis with consideration for an performance have ranged from approximately 200 to 300 @)
athleteOs gastrointestinal characteristics as well as thef carbohydrate for meals consumed 3P4 h before exg
duration and intensity of the workout. For example, an cise. Studies report either no effect or beneficial effects =
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pre-event feeding on performance (91D98). Data are equiingested, the form of carbohydrate does not seem to matter.
vocal concerning whether the glycemic index of carbohydrateSome athletes may prefer to use a sport drink, whereas
in the pre-exercise meal affects performance (92,99D102).others may prefer to consume a carbohydrate snack or
Although the above guidelines are sound and effective, sports gel and consume water. As described elsewhere in
the athleteOs individual needs must be emphasized. Sontkis document, adequate fluid intake is also essential for
athletes consume and enjoy a substantial meal (e.g., pammaintaining endurance performance.
cakes, juice, and scrambled eggs) 2b4 h before exercise or Conclusion statement. Thirty-six studies investigat-
competition; however, others may experience severe gasing the consumption of a range of macronutrient composi-
trointestinal distress after such a meal and need to rely ortion during competition on athletic performance were
liquid meals. Athletes should always ensure that they knowevaluated. Seven studies based on carbohydrate consump-
what works best for themselves by experimenting with new tion during exercise lasting less than 60 min show
foods and beverages during practice sessions and planningonflicting results on athletic performance. However, of
ahead to ensure they will have access to these foods at th&7 studies based on carbohydrate consumption during
appropriate time. exercise lasting greater than 60 min, 5 reported improved
Conclusion statement. Nineteen studies investigating metabolic response, and 7 of 12 studies reported im-
the consumption of a range of macronutrient composition provements in athletic performance. Evidence is inconclu-
during the 24 h before competition on athletic performance sive regarding the addition of protein to carbohydrate
were evaluated. Of eight studies, six reported no significantduring exercise on athletic performance. Seven studies
effect of meal consumption 90 min to 4 h before trials on based on consumption of pre-exercise meals in addition to
athletic performance. Six studies that focused on thecarbohydrate consumption during exercise suggest en-
consumption of food or beverage within the hour before hanced athletic performandé&vidence Grade Il = Fair)
competition reported no sididant effects on athletic  (www.adaevidencelibrary.com/conclusion.cfm?conclusion_
performance, despite hyp&rgemia, hyperinsulinemia, statement id=250453).
increased carbohydrate oxidation, and reduced free fatty
acid availability. Variations in research methodology on
glycemic index of meals consumed before competition have
led to inconclusive findinggEvidence Grade Il = Fair) The timing and composition of the postcompetition or
(www.adaevidencelibrary.com/conclusion.cfm?conclusion_postexercise meal or snack depend on the length and
statement_id=250452). intensity of the exercise session (i.e., whether glycogen
depletion occurred) and on when the next intense workout
will occur. For example, most athletes will finish a
marathon with depleted glycogen stores, whereas glycogen
Current research supports the benefit of carbohydratedepletion would be less marked after a 90-min training run.
consumption in amounts typically provided in sport drinks Because athletes competing in a marathon are not likely to
(6%D8%) to endurance performance in events lasting 1 h operform another race or hard workout the same day, the
less (103D105), especially in athletes who exercise in thdiming and composition of the postexercise meal is less
morning after an overnight fast when liver glycogen levels critical for these athletes. Conversely, a triathlete partici-
are decreased. Providing exogenous carbohydrate duringating in a 90-min run in the morning and a 3-h cycling
exercise helps maintain blood glucose levels and improveworkout in the afternoon needs to maximize recovery

Recovery

During Exercise

performance (106). _ between training sessions. The postworkout meal assumes
For longer events, consuming 0.7 g carbohydtlegb% considerable importance in meeting this goal.
body weighihi ! (approximately 300601 1) has been Timing of postexercise carbohydrate intake affects

shown unequivocally to extend endurance performanceglycogen synthesis over the short term (110). Consumption
(107,108). Consuming carbohydrates during exercise isof carbohydrates within 30 min after exercise (1.0D1.5 g
even more important in situations when athletes have notcarbohydratikgd * at 2-h intervals up to 6 h is often
carbohydrate-loaded, not consumed pre-exercise meals, aecommended) results in higher glycogen levels after
restricted energy intake for weight loss. Carbohydrate exercise than when ingestion is delayed for 2 h (111). It is
intake should begin shortly after the onset of activity; unnecessary for athletes who rest one or more days between
consuming a given amount of carbohydrate as a bolus afteintense training sessions to practice nutrient timing about
2 h of exercise is not as effective as consuming the sameaglycogen replenishment provided sufficient carbohydrates
amount at 15- to 20-min intervals throughout the 2 h of are consumed during the 24-h period after the exercise bout
activity (109). The carbohydrate consumed should vyield (112). Nevertheless, consuming a meal or snack near the
primarily glucose; fructose alone is not as effective and mayend of exercise may be important for athletes to meet daily
cause diarrhea, although mixtures of glucose and fructosecarbohydrate and energy goals.

other simple sugars and maltodextrins, seem effective (107). The type of carbohydrate consumed also affects postex-
If the same total amount of carbohydrate and fluid is ercise glycogen synthesis. When comparing simple sugars,

720 Official Journal of the American College of Sports Medicine http://www.acsm-msse.org

Copyright @ 20® by the American College of Sports Medicine. Unauthorized reproduction of this article is prohibited.



glucose and sucrose seem equally effective when consumethformation for Better Nutrition proposed a new system
at a rate of 1.0D1.5lky * body weight for 2 h; fructose for evaluating health claims that uses an evidence-based
alone is less effective (113). With regard to whole foods, model and is intended to help consumers determine
consumption of carbohydrate with a high glycemic index effectiveness of ergogenic aids and dietary supplements
results in higher muscle glycogen levels 24 h after a more reliably (117). Although all manufacturers are
glycogen-depleting exercise as compared with the sameaequired by the FDA to analyze the identity, purity, and
amount of carbohydrates provided as foods with a low gly- strength of all of their productsO ingredients, they are not
cemic index (114). Application of these findings, however, required to demonstrate the safety and efficacy of their
must be considered in conjunction with the athleteOs overaiproducts.
diet. When isocaloric amounts of carbohydrates or carbo- Canada regulates supplements as medicine or as natu-
hydrates plus protein and fat are provided after enduranceal health products (NHP). Products regulated in Canada
(115) or resistance exercise (116), glycogen synthesis rateas NHP must comply with Natural Health Products
are similar. Including protein in a postexercise meal, Regulations (2003) and manufacturers are allowed to make
however, may provide needed amino acids for musclea full range of claims (structure/function, risk reduction,
protein repair and promote a more anabolic hormonaltreatment, prevention) as supported by scientific evidence
profile (33). (117). In Canada, sports supplements such as sport drinks,
Conclusion statement. Twenty-five studies investi- protein powders, energy bars, and meal replacement prod-
gating the consumption of a range of macronutrient compo-ucts/beverages are regulated by Health CanadaOs Canadian
sition during the recovery period were evaluated. Nine Food Inspection Agency, whereas energy drinks, vitamin/
studies report that consumption of diets higher in carbohy-mineral and herbal supplements, vitamin-enhanced water,
drate 65% carbohydrate or 0.8D1.0 g carbohydteges and amino acid supplements fall under the NHP Regulations.
body weighh 1) during the recovery period increases Anabolic steroids are considered drugs and are tightly
plasma glucose and insulin concentrations and increasesegulated under the Controlled Drugs & Substances Act.
muscle glycogen resynthesis. Provided that carbohydrate Sports dietitians should consider the following factors in
intake is sufficient, four studies show no significant benefit evaluating nutrition-related ergogenic aids: validity of the
of additional protein intake and two studies show no claims relative to the science of nutrition and exercise, quality
significant effect of meal timing on muscle glycogen ofthe supportive evidence provided (double-blinded, placebo-
resynthesis during the recovery period. Studies focusingcontrolled scientific studies vs testimonials), and health and
on carbohydrate consumption during recovery periods of 4legal consequences of the claim (121,122). The safety of
h or more suggest improvements in athletic performance.ergogenic aids remains in question. Possible contamination
(Evidence Grade Il = Fair)(www.adaevidencelibrary.com/ of dietary supplements and ergogenic aids with banned or
conclusion.cfm?conclusion_statement_id=250451). nonpermissable substances remains an issue of concern.
Therefore, sports dietitians and athletes must proceed with
caution when considering the use of these types of products.
DIETARY SUPPLEMENTS AND Ultimately, athletes are responsible for the product they
ERGOGENIC AIDS ingest and any subsequent consequences. Dietary supple-
ments or ergogenic aids will never substitute for genetic
The overwhelming number and increased availability of makeup, years of training, and optimum nutrition.
sports supplements presents an ongoing challenge for the Both national [National Collegiate Athletic Association
practitioner and the athlete to keep up-to-date about the(NCAA; www.ncaa.org), United States Anti-Doping Agency
validity of the claims and scientific evidence. Although (www.usantidoping.org)] and imtetional sports organizations
dietary supplements and nutritional ergogenic aids, such agworld Anti-Doping Agency (WADA; (www.wada-ama.org)]
nutritional products that enhance performance, are highlylimit the use of certain ergogenic aids and require random uri
prevalent, the fact remains that very few improve perfor- testing of athletes to ensure that certain products are
mance (117D119) and some may cause concern. consumed. In Canada, the Canadian Centre for Ethics in Spjiig)
In the United States, the Dietary Supplements and Health(www.cces.ca) is the organization which checks for banng
Education Act of 1994 allows supplement manufacturers tosubstances.
make health claims regarding the effect of products on body The ethical use of performance-enhancing substances i
structure or function but not therapeutic claims to OOdiagsersonal choice and remains controversial (117). Therefo
nose, mitigate, treat, cure, or preventOO a specific diseaseitiis important that the qualified sports nutrition professiona
medical condition (117,120). As long as a special supple-keep an open mind when working with elite athletes td
ment label indicates the active ingredients and the entireeffectively assess, recommend, educate, and monitor a
ingredients list is provided, claims for enhanced perfor- letes who contemplate using or actively take dietary suf
mance can be made, valid or not. The Act, however, madeplements and/or ergogenic aids (117). Credible an
the FDA responsible for evaluating and enforcing safety. In responsible information regarding the use of these produg
2003, the US/FDA Task Force on Consumer Health should be made available by qualified health professiona
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such as Board Certified Specialists in Sports Dieteticslittle evidence to promote use of caffeine alone as a weight-
(CSSD) who carefully evaluate the riskbbenefit ratio, loss aid (118).
including a complete dietary assessment. Sports drinks, gels, and bars. Sports drinks, gels, and

It is beyond the scope of this article to address the bars are commonly used as convenient dietary supplements
multitude of ergogenic aids used by athletes in North or ergogenic aids for busy athletes and active people. It is
America. From a practical perspective, however, mostimportant that qualified nutrition professionals educate
ergogenic aids can be classified into one of four categoriesconsumers about label reading, product composition, and
1. those that perform as claimed; 2. those that may performappropriate use of these products (before, during, and after
as claimed but for which there is insufficient evidence of training and competition).
efficacy at this time; 3. those that do not perform as Sodium bicarbonate. Sodium bicarbonate may be an
claimed; and 4. those that are dangerous, banned, or illega¢ffective ergogenic aid as a blood buffer (role in acidbbase

and, therefore, should not be used (122). balance and prevention of fatigue), but its use is not
without unpleasant adverse effects such as diarrhea
(117,143).

1. Ergogenic aids that perform as claimed Protein and amino acid supplements. Current evi-

Creatine. Creatine is currently the most widely used dence indicates that protein and amino acid supplements are
ergogenic aid among athletes wanting to build muscle andno more or no less effective than food when energy is
enhance recovery (118,123D125). Creatine has been showadequate for gaining lean body mass (30,31,117). Although
to be effective in repeated short bursts of high-intensity widely used, protein powders and amino acid supplements
activity in sports that derive energy primarily from the are a potential source fotldgal substances such as
ATP-CP energy system such as sprinting and weight lifting nandrolone, which may not be listed on the ingredient label
but not for endurance sports such as distance running(144,145).

(32,117,126D128). Most of the researches on creatine have
been conducted in a laboratory setting with male athletes.

The most common adverse effects of creatine supple-
mentation are weight (fluid) gain, cramping, nausea, and
diarrhea (32,117,129). Although widely debated, creatine is  The ergogenic aids that have claims as health and
generally considered safe for healthy adults, despiteperformance enhancers include glutamideyydroxyme-
anecdotal reports of dehydration, muscle strains/tears, anghy|putyrate, colostrum, and ribose (117). Preliminary
kidney damage (130D132). Although the effects of long- stydies concerning these ergogenic aids are inconclusive
term use of creatine remain unknown, studies to date do nogs performance enhancers. These substances are not banned

show any adverse effects in healthy adults from creatinefom yse by athletes (www.wadana.org/en/prohibited
supplementation (133). Nevertheless, health care professiojst.ch2).

nals should carefully screen athletes using creatine for any
risk of liver or kidney dysfunction or, in rare instances,
anterior compartment syndrome. 3. Ergogenic aids that do not perform as claimed
Caffeine. The potential ergogenic effects of caffeine may o o
be more closely related to its role as a CNS stimulant and the The majority of ergogenic aids currently on the market
associated decreased perception of effort as opposed to idre in this category (122). These include amino acids, bee
role in mobilizing of free fatty acids and sparing of muscle Pollen, branched chain amino acids, carnitine, chromium
glycogen (117,134). In 2004, WADA moved caffeine from picolinate, cordyceps, coenzyme Q10, conjugated linoleic
the restricted list to its Monitoring Programme. However, @cid, cytochromeC, dihydroxyacetoneF-oryzanol, gin-
caffeine is still a restricted substance by the NCAA, where aS€ng, inosine, medium-chain friglycerides, pyruvate, oxy-
positive doping test would be a caffeine le9&b KgimLl * genated water, and vanadium. This list is by no means
of urine. New evidence shows that caffeine, when used in€xhaustive, and it is likely that other substances would be
moderation, does not cause dehydration or electrolytebes'f placed in this category. Similarly, it is possible for any
imbalance (135D138). However, when rapid hydration is of these compounds to eventually move from this to another
necessary, athletes should rely aoncaffeinated and category after appropriate scientific inquiry and evalua-
nonalcoholic beverages. tion. To date, however, none of these products has been
The use of high-energy drinks containing caffeine can be shown to enhance performance and many have had adverse
ergolytic and potentially dangerous when used in excess ofeffects (122).
in combination with stimulants or alcohol or other unreg-
ulated herbals and should be discouraged (32,117,1398) Ergogenic aids that are dangerous, banned, or illegal
141). Adverse effects of caffeine are anxiety, jitteriness,
rapid heartbeat, gastrointestinal distress, and insomnia, and The ergogenic aids in this category should not be used
it could be ergolytic for novice users (134,142). There is and are banned by WADA. Examples are androstenedione,

2. Ergogenic aids that may perform as claimed but for
which there is insufficient evidence
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dehydroepiandrosterone, 19-norandrostenedione, 19-norarand pregnancy). Very low fat diets or avoidance of all
drostenediol, and other anabolic, androgenic steroids,animal protein may lead to a deficiency of essential fatty
Tribulus terrestris ephedra, strychnine, and human growth acids. Sport dietitians should educate novice vegetarian
hormone. Because this is an evolving field, sports dietitiansathletes on resources for menu planning, cooking, and
need to consistently consider the status of various nutri-shoppingNespecially high-quality plant protein combina-
tional ergogenic aids. tions and acceptable animal sources (i.e., dairy and eggs) as
well as foods rich in or fortified with key nutrients (calcium,
The Vegetarian Athlete vitamins D, B, and riboflavin, iron, and zinc) (52).

The Position Statement of the American Dietetic Asso-
ciation and Dietitians of Canada on vegetarian diets (2003

provides appropriate dietary guidance for vegetarian ath- As nutrition information advances in quantity and
letes. This article provides additional considerations for Cornp|e)(ity7 athletes and active individuals are presented
vegetarians who participate in exercise. Well-planned vegewith a myriad of choices and decisions about appropriate
tarian diets seem to effectively support parameters thatand effective nutrition for aivity and performance.
influence athletic performance, although studies on this|ncreasingly, athletes and active individuals seek professio-
population are limited (31,146). Plant-based high-fiber dietsnals to guide them in making optimal food and fluid
may reduce energy availability. Monitoring body weight and choices. Although many athletes and active individuals
body composition is the preferred means of determiningview winning or placing in an event to be the ultimate
whether energy needs are met. Some individuals, especiallgvidence of the effectiveness of their dietary regimens,
women, may switch to vegetarianism as a means of avoidinGsports dietitians should address the combined goals of
red meat and/or restricting energy intake to attain a lean bodhealth and fitness, enhanced capacity to train, and optimal

composition favored in some sports. Occasionally, this mayathletic performance. Therefore, sports dietitians should be
be a red flag for disordered eating and increase the risk folcompetent in the following areas:

the female athlete triad (72,73). Because of this association,

coaches, trainers, and other health professionals should be

alert when an athlete becomes a vegetarian and should ensure

that appropriate weight is maintained. e Conduct comprehensive nutrition assessment and
Although most vegetarian athletes meet or exceed consultation

recommendations for total protein intake, their diets often e Educate in food selection, purchasing, and preparation

provide less protein than those of nonvegetarians (31). e Provide medical nutrition therapy in private practice,

Thus, some individuals may need more protein to meet health care, and sports settings

training and competition needs (31). Protein quality of e Identify and treat nutritional issues that impact health

plant-based diets should be sufficient provided a variety of and performance

foods that supply adequate energy is consumed (31). e Address energy balance and weight management issues

Protein quality is a potential concern for individuals who e Address nutritional challenges to performance (gastro-

)Roles and Responsibilities of the Sports Dietitian

Roles

avoid all animal proteins such as milk and meat (i.e., intestinal disturbances, iron depletion, eating disorders,
vegans). Their diets may be limited in lysine, threonine, female athlete triad, food allergies, and supple-
tryptophan, or methionine (39). ment use)

Because plant proteins are less well digested than animal e Track and document measurable outcomes of nutrition
proteins, an increase in intake of approximately 10% services
protein is advised (15). Therefore, protein recommendations e Promote wound and injury healing
for vegetarian athletes approximate 1.3D1KY did * e Oversee menu planning and design, including pre- anliel
(52). Vegetarians with relatively low energy intakes should postevent and travel
choose foods wisely to ensure protein intakes are consistent e Develop and oversee nutrition polices and procedure
with these recommendations. e Evaluate the scientific literature and provide evidencs

ey
m
Q
. . : e >
Vegetarian athletes may be at risk for low intakes of based assessment and application —
energy, fat, vitamins B, riboflavin, and D, calcium, iron, @)
and zinc, which are readily available from animal proteins. I @)
. . . . Responsibilities
Iron is of particular concern because of the low bioavail- <
ability of nonheme plant sources. Iron stores of vegetarians e Apply sports nutrition science to fueling fitness andjie
are generally lower than omnivores (52). Vegetarian ath- performance c
letes, especially women, may be at greater risk for de- e Develop personalized nutrition and hydration strategie <
veloping iron deficiency or anemia. Routine monitoring of e Advise on dietary supplements, ergogenic aids, mefQ
iron status is recommended for vegetarian athletes, espe- and fluid replacement products, sports drinks, barg j_>|
cially during periods of rapid growth (i.e., adolescence and gels
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e Evaluate dietary supplements and sports foods forof the position must be directed to ADA headquarters at
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e Provide nutrition strategies to delay fatigue during
exercise and speed recovery from training AUTHORS

e Help enhance athletic training capacity and performance American Coll ¢ Svorts Medicine: N = Rod ohD
s S s : : . - American College ol sports Medicine: Nancy R. Rodriguez, A
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