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Nutrition and Athletic
Performance

JOINT POSITION STATEMENT

ABSTRACT
It is the position of the American Dietetic Association, Dietitians of Canada,
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 fluids,
timing of intake, and supplement choices for optimal health and exercise
performance. This updated position paper couples a rigorous, systematic,
evidence-based analysis of nutrition and performance-specific literature with
current scientific data related to energy needs, assessment of body
composition, strategies for weight change, nutrient and fluid needs, special
nutrient needs during training and competition, the use of supplements and
ergogenic aids, nutrition recommendations for vegetarian athletes, and the
roles and responsibilities of the sports dietitian. Energy and macronutrient
needs, especially carbohydrate and protein, must be met during times of high
physical activity to maintain body weight, replenish glycogen stores, and
provide adequate protein to build and repair tissue. Fat intake should be
sufficient to provide the essential fatty acids and fat-soluble vitamins and to
contribute energy for weight maintenance. Although exercise performance
can be affected by body weight and composition, these physical measures
should not be a criterion for sports performance and daily weigh-ins are
discouraged. Adequate food and fluid should be consumed before, during,
and after exercise to help maintain blood glucose concentration during
exercise, maximize exercise performance, and improve recovery time. Athletes
should be well hydrated before exercise and drink enough fluid during and
after exercise to balance fluid losses. Sports beverages containing carbohy-
drates and electrolytes may be consumed before, during, and after exercise to
help maintain blood glucose concentration, provide fuel for muscles, and
decrease risk of dehydration and hyponatremia. Vitamin and mineral supple-
ments are not needed if adequate energy to maintain body weight is consumed
from a variety of foods. However, athletes who restrict energy intake, use
severe weight-loss practices, eliminate one or more food groups from their
diet, or consume unbalanced diets with low micronutrient density may require
supplements. Because regulations specific to nutritional ergogenic aids are
poorly enforced, they should be used with caution and only after careful
product evaluation for safety, efficacy, potency, and legality. A qualified sports
dietitian and, in particular, the Board Certified Specialist in Sports Dietetics in

the United States, should provide individualized nutrition direction and advice
after a comprehensive nutrition assessment.

POSITION STATEMENT

It is the position of the American Dietetic Association,
Dietitians of Canada, 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
food and fluids, timing of intake, and supplement choices
for optimal health and exercise performance.

This ADA position paper uses ADA�s Evidence Analysis
Process and information from the ADA Evidence Analysis
Library (EAL). Similar information is also available from
DC�s Practice-based Evidence in Nutrition (PEN). The use
of an evidence-based approach provides important added
benefits to earlier review methods. The major advantage of
the approach is the more rigorous standardization of review
criteria, which minimizes the likelihood of reviewer bias
and increases the ease with which disparate articles may be
compared. For a detailed description of the methods used in
the evidence analysis process, access the ADA�s Evidence
Analysis Process at http://adaeal.com/eaprocess/.

Conclusion Statements are assigned a grade by an expert
work group based on the systematic analysis and evaluation
of the supporting research evidence: grade I = good, grade
II = fair, grade III = limited, grade IV = expert opinion only,
and grade V = a grade is not assignable because there is no
evidence to support or refute the conclusion.

Evidence-based information for this and other topics
can be found at www.adaevidencelibrary.com and www.
dieteticsatwork.com/pen and subscriptions for non-ADA
members are purchasable at https://www.adaevidencelibrary.
com/store.cfm. Subscriptions for DC and non-DC members
are available for PEN at http://www.dieteticsatwork.com/
pen_order.asp

KEY POINTS

The following key points summarize the current energy,
nutrient, and fluid recommendations for active adults and
competitive athletes. These general recommendations can
be adjusted by sports nutrition experts to accommodate the
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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 gIkgj1 body weightIdj1 (2.7�4.5 gIlbj1 body
weightIdj1). Carbohydrates maintain blood glucose
levels during exercise and replace muscle glycogen.
The amount required depends on the athlete�s 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 1.7 gIkgj1 body
weightIdj1 (0.5�0.8 gIlbj1 body weightIdj1). 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. Consuming e20% 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 micronutrient deficiencies.
Athletes should consume diets that provide at least
the recommended dietary allowance (RDA) for all
micronutrients.

� Dehydration (water deficit in excess of 2�3% body
mass) decreases exercise performance; thus, adequate
fluid intake before, during, and after exercise is
important for health and optimal performance. The
goal of drinking is to prevent dehydration from
occurring during exercise and individuals should not
drink in excess of sweating rate. After exercise,

approximately 16�24 oz (450�675 mL) of fluid for
every pound (0.5 kg) of body weight lost during
exercise.

� 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 30�60 gIhj1) 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 1.0�1.5 gIkgj1

body weight (0.5�0.7 gIlbj1) during the first 30 min
and again every 2 h for 4�6 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
B12. Consultation with a sports dietitian is recommen-
ded to avoid these nutrition problems.

EVIDENCE-BASED ANALYSIS

Studies used in the development of this position paper
were identified from the PubMed database maintained by
the National Library of Medicine and CENTRAL database,
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as well as through research articles and literature reviews.
Five topic-specific questions were identified for evidence-
based analysis (Fig. 1) and incorporated into this position,
updating the prior position on nutrition and performance
(1). Search terms used were athlete, performance, power,
strength, endurance, or competition and macronutrient,
meal, carbohydrate, fat, protein, or energy. For the purpose
of this analysis, inclusion criteria were adults aged 18�
40 yr; all sport settings; and trained athletes, athletes in
training, or individuals regularly exercising. Because the
grading system used provides allowances for consideration
of study design, the evidence-based analysis was not limited
to randomized controlled trials. Study design preferences
were randomized controlled trials or clinical controlled
studies; large nonrandomized observational studies; and
cohort, case�control studies. All sample sizes were included
and study dropout rate could not exceed 20%. The
publication range for the evidence-based analysis spanned
1995�2006. If an author was included in more than one
review article or primary research articles that were similar
in content, the most recent paper was accepted, and earlier
versions were rejected. However, when an author was
included in more than one review article or primary
research article for which content differed, then both
reviews could be accepted for analysis.

The following exclusion criteria were applied to all
identified studies:

� 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 rates 920%

� Publication before 1995
� Studies by same author, which were similar in content
� Articles not in English

Conclusion statements were formulated summarizing the
strength of evidence with respect to each question (Fig. 1).
The strength of the evidence was graded using the
following elements: quality, consistency across studies,
quantity, and generalizability. A more detailed description
of the methodology used for this evidence-based analysis
may be found on the American Dietetic Association�s Web
site at www.eatright.org/cps/rde/xchg/ada/hs.xsl/
8099_ENU_HTML.htm.

ENERGY METABOLISM

Energy expenditure must equal energy intake to achieve
energy balance. The energy systems used during exercise
for muscular work include the phosphagen and glycolytic
(both anaerobic) and the oxidative (aerobic) pathways. The
phosphagen system is used for events lasting no longer than
a few seconds and of high intensity. Adenosine triphosphate
(ATP) and creatine phosphate provide the readily available
energy present within the muscle. The amount of ATP
present in the skeletal muscles (¨5 mmolIkgj1 wet weight)
is not sufficient to provide a continuous supply of energy,
especially at high exercise intensities. Creatine phosphate is
an ATP reserve in muscle that can be readily converted to
sustain activity for ¨3�5 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
events lasting 60�180 s. Approximately 25%�35% of total
muscle glycogen stores are used during a single 30-s sprint
or resistance exercise bout. Neither the phosphagen nor the
glycolytic pathway can sustain the rapid provision of
energy to allow muscles to contract at a very high rate for
events lasting greater than ¨2�3 min.

The oxidative pathway fuels events lasting longer than
2�3 min. The major substrates include muscle and liver
glycogen, intramuscular, blood, and adipose tissue triglycer-
ides and negligible amounts of amino acids from muscle,
blood, liver, and the gut. Examples of events for which the
major fuel pathway is the oxidative pathway include a 1500-
m run, marathon, half-marathon, and endurance cycling or
Q1500-m swimming events. As oxygen becomes more
available to the working muscle, the body uses more of the
aerobic (oxidative) pathways and less of the anaerobic
(phosphagen and glycolytic) pathways. Only the aerobic
pathway can produce much ATP over time via the Krebs
cycle and the electron transport system. The greater

FIGURE 1�Specific topics and the respective questions used for the
evidence analysis sections of the nutrition and athletic performance
project.
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dependence on aerobic pathways does not occur abruptly,
nor is one pathway ever relied on exclusively. The intensity,
duration, frequency, type of activity, sex, and fitness level of
the individual, as well as prior nutrient intake and energy
stores, determine when the crossover from primarily aerobic
to anaerobic pathways occurs (2).

Conversion of energy sources over time. Approx-
imately 50%�60% of energy during 1�4 h of continuous
exercise at 70% of maximal oxygen capacity is derived
from carbohydrates and the rest from free fatty acid
oxidation (3). A greater proportion of energy comes from
oxidation of free fatty acids, primarily those from muscle
triglycerides as the intensity of the exercise decreases (3).
Training does not alter the total amount of energy expended
but rather the proportion of energy derived from car-
bohydrates and fat (3). As a result of aerobic training,
the energy derived from fat increases and from car-
bohydrates decreases. A trained individual uses a greater
percentage of fat than an untrained person does at the same
workload (2). Long-chain fatty aids derived from stored
muscle triglycerides are the preferred fuel for aerobic
exercise for individuals involved in mild- to moderate-
intensity exercise (4).

ENERGY REQUIREMENTS

Meeting energy needs is a nutrition priority for athletes.
Optimum athletic performance is promoted by adequate
energy intake. This section will provide information
necessary to determine energy balance for an individual.
Energy balance occurs when energy intake (the sum of
energy from foods, fluids, and supplement products) equals
energy expenditure or the sum of energy expended as basal
metabolic rate (BMR), the thermic effect of food, the
thermic effect of activity (TEA), which is the energy
expended in planned physical activity, and nonexercise
activity thermogenesis (5). Spontaneous physical activity is
also included in the TEA.

Athletes need to consume enough energy to maintain
appropriate weight and body composition while training for
a sport (6). Although usual energy intakes for many in-
tensely training female athletes might match those of male
athletes per kilogram body weight, some female athletes
may consume less energy than they expend. Low energy
intake (e.g., G1800�2000 kcalIdj1) for female athletes is a
major nutritional concern because a persistent state of
negative energy balance can lead to weight loss and
disruption of endocrine function (7�10).

Inadequate energy intake relative to energy expenditure
compromises performance and negates the benefits of
training. With limited energy intake, fat and lean tissue
will be used for fuel by the body. Loss of lean tissue mass
results in the loss of strength and endurance, as well as
compromised immune, endocrine, and musculoskeletal
function (11). In addition, long-term low energy intake
results in poor nutrient intake, particularly of the micro-

nutrients, and may result in metabolic dysfunctions associ-
ated with nutrient deficiencies as well as lowered resting
metabolic rate (RMR). The newer concept of energy
availability, defined as dietary intake minus exercise energy
expenditure normalized to fat-free mass (FFM), is the
amount of energy available to the body to perform all other
functions after exercise training expenditure is subtracted.
Many researchers have suggested that 30 kcalIkgj1

FFMIdj1 might be the lower threshold of energy avail-
ability for females (12�15).

Estimation of energy needs of athletes and active indi-
viduals can be done using a variety of methods. The Dietary
Reference Intakes (DRI) (15,17) and the Dietary Guidelines
2005 (16) (http://www.health.gov/dietaryguidelines/
dga2005/report/HTML/D3_Disccalories.htm) provide ener-
gy recommendations for men and women who are slightly
to very active, which are based on predictive equations
developed using the doubly labeled water technique
that can also be used to estimate energy needs of athletes
(Fig. 2).

Energy expenditure for different types of exercise is
dependent on the duration, frequency, and intensity of the
exercise, the sex of the athlete, and prior nutritional status.
Heredity, age, body size, and FFM also influence energy
expenditure. The more energy used in activity, the more
calories needed to achieve energy balance.

Typical laboratory facilities are usually not equipped to
determine total energy expenditure. Therefore, predictive
equations are often used to estimate BMR or RMR. The two
prediction equations considered to most closely estimate
energy expenditure are the Cunningham equation (1980)
(18) and the Harris�Benedict equation (19). Because the
Cunningham equation requires that lean body mass be
known, sports dietitians typically use the Harris�Benedict
equation. To estimate total energy expenditure, BMR or
RMR is then multiplied by the appropriate activity factor of
1.8�2.3 (representing moderate to very heavy physical ac-
tivity levels, respectively). Numeric guidelines such as these
(8) only provide an approximation of the average energy
needs of an individual athlete. An alternative method
for estimating exercise energy expenditure is to use me-
tabolic equivalents (METs) recorded during a 24-h period
(20). Any of these methods can be used to estimate en-
ergy expenditure for the determination of energy intake
requirements and provide the sports dietitian with a basis to
guide the athletes or active individuals in meeting their
energy needs.

BODY COMPOSITION

Body composition and body weight are two of the many
factors that contribute to optimal exercise performance.
Taken together, these two factors may affect an athlete�s
potential for success for a given sport. Body weight can
influence an athlete�s speed, endurance, and power, whereas
body composition can affect an athlete�s strength, agility,
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