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Fueling for Performance

Jeffrey R. Bytomski, DO*"

Context: Proper nutrition is crucial for an athlete to optimize his or her performance for training and competition. Athletes
should be able to meet their dietary needs through eating a wide variety of whole food sources.

Evidence Acquisition: PubMed was searched for relevant articles published from 1980 to 2016.

Study Design: Clinical review.

Level of Evidence: Level 4.

Results: An athlete should have both daily and activity-specific goals for obtaining the fuel necessary for successtul
training. Depending on the timing of their season, athletes may be either trying to gain lean muscle mass, lose fat, or

maintain their current weight.

Conclusion: An athlete will have different macronutrient goals depending on sport, timing of exercise, and season status.
There are no specific athletic micronutrient guidelines, but testing should be considered for athletes with deficiency or
injury. Also, some athletes who eliminate certain whole food groups (eg, vegetarian) may need to supplement their diet to

avoid deficiencies.
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thletes have many strategies they can use when fueling for

performance. Nutrition can play a crucial role in

optimizing training sessions as well as with recovery and
metabolic adaptation. Michael Pollen summarized healthy eating
in his book I Defense of Food with “Eat (real) food, mostly
vegetables, not too much.”® Athletes should be able to obtain
both adequate macronutrients (protein, carbohydrates, fats) and
micronutrients through a variety of foods. Sports medicine
providers should help athletes navigate the many facets of sports
nutrition, including food composition, nutrient timing,
supplement use, and energy balance. Additionally, athletes’
nutritional requirements may vary widely depending on sport,
position, timing of season, and training vs rest day. Most athletes
will plan to either gain lean muscle mass, lose fat, or maintain
their current body composition while not impeding their
performance on the field. It can be difficult for an athlete to
navigate all the various “fad diets” and “healthy” choices when
shopping or eating outside the home. Athletes also need to be
educated on the detrimental effects of rapid weight loss strategies
for competitive advantage, especially in sports such as wrestling
and gymnastics. Detrimental effects include hypohydration and
loss of glycogen stores and/or lean muscle mass."”

Unfortunately, formal clinical training in nutrition is often
lacking. Most US medical schools (71%) do not provide the
minimum 25 hours of nutrition education, and 36% provide less
than half as much.' Therefore, most sports medicine providers
are not prepared to work with athletes to maximize their
nutrition intake for their specific goals.

ENERGY BALANCE

The first step in counseling athletes on nutrition is
approximating their energy requirements per day to maintain
their weight or energy balance. Energy balance occurs when
energy intake (ED) = total energy expenditure (TEE). The TEE is
a summation of basal metabolic rate (BMR) + thermic effect of
food (TEF) + thermic effect of activity (TEA). There are many
factors that go into an athlete’s TEE, and it may vary depending
on his or her energy needs for that day. Some factors that may
increase demand include training, environmental exposure
(heat, cold, or altitude), fat-free mass (FEM), stress, illness, or
some medications. Factors that also negatively affect energy
requirements include decreased training and FFM. Our energy
requirements also decline as we age.
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Table 1. Calculating the resting metabolic rate using the
Mifflin—St Jeor equation

Resting Metabolic Rate

Sex (Mifflin—St Jeor equation)
Male 10 x weight (kg) + 6.25 x height (cm)
—5 x age (years) +5
Female 10 x weight (kg) + 6.25 x height (cm)

—5 x age (years) — 161

Two terms that are used sometimes synonymously are basal
melabolic rate and resting metabolic rate (RMR). BMR is
measured in a darkened room after 8 hours of sleep and 12
hours of fasting in a reclined position, whereas RMR
measurements are taken in a less restrictive environment and are
typically 10% higher than those for BMR. RMR is more practical
to use than BMR and represents anywhere from 38% to 80% of
an athlete’s TEE.*' There are many equations and estimates that
are used for each, with the Harris-Benedict" equation for BMR
and the Mifflin-St Jeor” for RMR being some of the more
commonly used. The Mifflin-St Jeor equation is predictive within
10% of calculated RMR.*** The Mifflin-St Jeor equation uses age
(years), sex, height (cm), and weight (kg) and is calculated using
different formulas for men and women (Table 1).

The thermic effect of food is roughly 3% to 10% of caloric
expenditure® but may vary depending on the types of food
eaten and is not usually incorporated into energy expenditure
calculations. This effect reflects the energy it takes for the body
to digest food consumed. This is where some advocates have
proposed eating small frequent meals to continue to fuel your
metabolism, especially when athletes are looking to lose fat
while keeping lean mass.

Once RMR is calculated, you multiply this number by the
athlete’s physical activity level (PAL), which is an estimate of
their TEA. There are many estimates for an athlete’s PAL, and
one’s energy requirements may vary greatly, as some elite
athletes when training may require upward of 12,000 kcal per
day. The PAL factor will be between 1.4 for sedentary
individuals and 2.4 for elite athletes” (Table 2 and Appendix 1,
available in the online version of this article).

Another energy balance concept that was first studied in
women is energy availability (EA). This concept looks at optimal
energy for health and function versus energy balance. It is
defined as dietary intake minus exercise energy expenditure
normalized to FFM, which is the amount of energy available to
the body to perform all other functions after the cost of exercise
is subtracted."” An EA of 45 kcal per kilogram FEM per day is
associated with energy balance and optimal health, while that
lower than 30 kcal per kilogram FEM per day is associated with
impairments of a variety of bodily functions.””* A low EA may
occur from low EI, increased activity, or a combination of the

two. It may also be associated with disordered eating or
high-volume training errors for a specific competition.

Another easy way to estimate baseline caloric needs is to
multiply weight (Ibs) by 14. One caveat is that this calculation
should not be used in athletes with more than 30% body fat, as it
would overestimate caloric needs. With any of the above
equations, it is important to follow caloric intake and training for a
couple weeks and then adjust based on an athlete’s progress.
Once an estimate for an athlete’s total EI is determined,
macronutrient needs can be calculated (see Appendix 1).

MACRONUTRIENTS

The 3 main macronutrients are protein, carbohydrate, and fat. Tt is
important for athletes to consume the optimal ratio of
macronutrients in their diet based on their training goals, such as
gaining muscle or losing fat while maintaining lean mass. Food
quality is also very important, as whole foods should be consumed
whenever possible versus packaged foods and bars or shakes.
Shakes can be a good source of nutrition but should be made with
whole ingredients without added sugars. An example of a whole
food shake would be the following: 1 cup unsweetened almond
milk, 1 cup frozen banana or berries, 1 tablespoon coconut oil,

1 cup plain Greek yogurt, and 1 to 2 scoops of protein powder.
This would contain approximately 400 calories and have around
30 g of protein and 30 to 50 g of carbohydrate.

Protein and carbohydrates have 4 kcal per gram, while fat has
9 keal per gram when calculating an athlete’s needs. Alcohol is
not a macronutrient but does have 7 kcal per gram and is
obviously discouraged for optimal training and health.

Protein

Proteins are important for many body processes. Not only are
they the building blocks of muscle, tendons, and other soft
tissues, but they also are essential for building enzymes,
hormones, and neurotransmitters for many bodily functions.
Proteins are composed of both essential and nonessential
amino acids, with the former only being fully obtained through
proper nutrition as our bodies cannot produce them. There is
much debate on how much protein is needed for athletes. The
dietary reference intake (DRD for protein is 0.8 g per kilogram
body weight (0.36 g/Ib) for sedentary individuals.” This equates
to about 56 grams of protein per day for an average man. Many
studies have shown that athletes have higher daily protein
requirements.”* There are many instances where higher daily
protein intake is beneficial for athletes; examples include
strength training, maintaining lean mass in a caloric deficit, and
during injury recovery. The American College of Sports
Medicine (ACSM), International Society for Sports Nutrition
(ISSN), and International Olympic Committee (IOC) provide
consensus that the daily protein requirements of athletes range
between 1.2 and 2.0 g per kilogram body weight per day, which
is well above the DRI and would equate to 84 to 140 grams of
protein per pound per day for the average man.* The 10C
recommends 1.8 to 2.7 g per kilogram body weight per day
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Table 2. Physical activity factors

Category Example PAL Factor
Sedentary to light activity Walking or yoga 1.4-1.69
Moderate activity Fitness classes, weight lifting, running, or cycling 1.70-1.99

Vigorous activity Endurance and elite athletes

2.0-2.4 or higher for elite athletes

PAL, physical activity level.

Table 3. Summary of daily carbohydrate requirements

Organization Physical Activity Level g/kg BW per day

ACSM Athletes 6-10

ISSN General physical activity, 30-60 min/d, 3-4 times a week 3-5
Moderate- to high-intensity volume, 2-3 h/d, 5-6 times a week 5-8
High-volume, intense exercise, 3-6 h/d, 1-2 sessions, 5-6 times a week 8-10

10C Low-intensity or skill-based activities 3-5
Moderate exercise program, ~1 h/d 5-7
Endurance program, moderate to high intensity, 1-3 h/d 6-10
Strength-trained athletes 4-7
Extreme commitment, moderate to high intensity, >4-5 h/d 8-12

ACSM, American College of Sports Medicine; BW, body weight; 10C, International Olympic Committee; ISSN, International Society for Sports Nutrition.

when an athlete is trying to lose fat while gaining lean mass in
a slight caloric deficit and proper training program.”

Overall, athletes should consume approximately 15% to 30%
of their calories from protein sources. Some authors have
discussed the deleterious effects from high-protein diets
including kidney failure and osteoporosis, but there are no
well-done studies to support this at this time.””** Protein-
restricted diets are reserved for those with decreased renal
function, as an athlete with normal kidney function should be
able to eat the amount of protein using the above guidelines
without deleterious effects. Recommended sources of protein
for athletes include lean meats and fish, cottage cheese, eggs,
plain Greek yogurt, and protein shakes. Good sources of
protein for vegan athletes include lentils, tempeh, chickpeas,
black beans, quinoa, almonds, and plant-based protein shakes.

Carbohydrates

Carbohydrates are the main energy source during high-intensity
activity for the central nervous system as well as muscular work.
Carbohydrates have been vilified in the media lately with their
link to the obesity epidemic and possible gut inflammation. This
has also led to the explosion of available gluten-free products,

but the vast majority of people do not need to avoid gluten as
there are many health benefits to eating a diet rich in whole
grains.'” This can lead to a lot of confusion for an athlete trying
to make good food choices to fuel his or her body.
Carbohydrates are not all created equal, as there is a vast
difference between eating a bowl of oatmeal versus a bowl of
ice cream. Whole grains, fruits, vegetables, and legumes are
highly nutritious foods that are rich in antioxidants, fiber,
vitamins, and minerals, while processed sugars abundant in the
Western diet can be quite detrimental to health."

Athletes have varied carbohydrate requirements based on
training intensity, type of workout, and timing during their
season. In general, athletes will need to consume 3 to 5 g per
kilogram body weight daily for light activity and upward of 8 to
12 g per kilogram body weight per day for intense training. A
summary of requirements based on the ACSM, ISSN, and I0C
recommendations is listed in Table 3.

Fat

Fat requirements for athletes are similar to those for nonathletes
(20%-35% total daily calories should come from healthy fats).
The IOC does not recommend consuming less than 15% to 20%
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of total calories from fat because it is essential for many processes
in the body, including cell membrane structure, absorption of
fat-soluble vitamins, hormone regulation, brain health, and
energy for muscle metabolism.*® Athletes should focus on good
sources of fat that are high in unsaturated fats and essential fatty
acids. Trans fats should be avoided, and saturated fat should be
less than 10% of total consumption.”" Healthy sources of fat
include salmon, nuts and nut butters, and avocado, as well as
coconut and olive oil. Athletes may also consider taking omega-3
supplements as they can also counteract inflammatory and free
radical formation sustained from training.46

There has been renewed interest in eating high-fat, low-
carbohydrate diets in low-intensity and endurance exercise. Fat,
in the form of plasma-free fatty acids, intramuscular
triglycerides, and adipose tissue, provides a fuel substrate that is
both relatively plentiful and increased in availability to the
muscle as a result of endurance training.” The body cannot
extract the energy from fats fast enough for high-intensity
exercise, hence the high carbohydrate mantra for athletes.”
However, our bodies store thousands of calories of fats that can
be metabolized at an adequate rate for energy during
endurance exercise. Essentially, athletes use these diets to
change their metabolism so their body will preferentially burn
fat for fuel. This would be beneficial for ultra-endurance events
to prevent some athletes from “bonking” or “hitting the wall”
when their glycogen stores are depleted because of their
metabolism being geared for burning carbohydrates versus fat
for fuel. Athletes consuming less than 10% of their calories from
carbohydrates are able to oxidize fat between 1.2 and 1.5 g/min
during progressive-intensity exercise near 65% VO, max.** A
fat-burning adapted Ironman triathlete is able to use the fat
stores in his or her body to fuel the race effectively at that
oxidation rate for the entire race compared with a carbohydrate-
burning athlete who would need to consume another 90 to
105 g per hour to maintain performance.”™*

Studies addressing the effects of low-carbohydrate diets on the
ease of weight control in athletes, the capacity to train and
recover, immune function and injury risk, or hand-eye
coordination or capacity to concentrate in sports are lacking.”
Additionally, some endurance athletes can be insulin resistant,
and eating a diet high in carbohydrates may not be best for
their long-term health.**” Some studies show that marathon
runners with lower coronary risk factors have marked
atherosclerosis. 224

MICRONUTRIENTS

Athletes stress many of the metabolic pathways during training
and may have increased micronutrient (vitamin and mineral)
requirements. Most athletes should be able to obtain sufficient
micronutrients through a well-balanced diet, but athletes who
practice extreme dietary or weight-loss patterns or eliminate
whole food groups may be at risk for certain deficiencies.
Examples would be restricting EI, vegetarians, illness, injury
recovery, or those with specific medical conditions. Athletes

should be evaluated on an individual basis if there is concern
for possible deficiency based on symptoms or performance
decline. Hence, there are no general micronutrient guidelines
for athletes. Common deficiencies include iron, vitamin D,
calcium, and some antioxidants such as vitamins E and C.*
Vegetarians may require vitamin B . iron, calcium, vitamin D,
riboflavin, and zinc supplementation based on their food
preferences..36 It is important to note that micronutrients are
important for optimum health but are not considered to have
ergogenic properties.

Iron

Iron serves as a key component in oxygen transport via
hemoglobin and myoglobin in energy pathways throughout the
body. Female endurance athletes are the most common group
of athletes with iron deficiency, although any athlete, including
males, may become iron deficient.” Iron deficiency can occur
from many causes, including heavy menstruation, inadequate
dietary intake, gastrointestinal losses, and training losses both
intravascularly and via sweat. Most experts agree that athletes’
requirements for iron are greater than the recommended daily
allowance of >18 mg for women and >8 mg for men.
Furthermore, a female athlete’s requirement may be as high as
70% more than the ztverage.6

At-risk athletes should be tested for iron deficiency, with the
most common tests being serum ferritin and hemoglobin. Serum
ferritin is the best indicator of iron stores but can be falsely
elevated as it is an acute-phase reactant and can increase during
inflammatory states.” There has also been debate as to what
serum level constitutes iron deficiency. Serum ferritin levels
between <35 and <10 ng/mL have been used along with a
hemoglobin of <12 g/dL to describe iron deficiency with or
without anemia.”’ Many athletes can be iron deficient without
anemia. If they are anemic, they often have a mean corpuscular
volume in the microcytic range. Athletes may also have transient
dilutional anemia when initiating a training program. This is an
adaptation to training and should be taken into account when
evaluating athletes for anemia.

Treatments for iron deficiency include dietary intake, oral
supplementation, and intravenous or intramuscular injections.
Side effects of supplementation include gastrointestinal
discomfort, constipation, and nausea. Athletes’ iron levels
should be monitored at regular intervals as it can take 3 to 6
months to correct their deficiency. Increasing dietary iron
should be the first-line treatment in athletes without anemia,
with heme iron (from meats) being the most bioavailable
source. Oral iron supplementation should be taken with vitamin
C for better absorption, and polyphenolic (coffee and tea)
compounds should be avoided. Dosages remain controversial,
but 100 mg of FeSO, (approximately 20 mg of elemental iron
per day) along with nutritional counseling appears to be
sufficient over 6 to 8 weeks to improve status and/or prevent
decline.® Intramuscular and/or intravenous injections should be
reserved for those with severe deficiency or those who do not
respond to dietary and oral supplementation.
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Table 4. Nutrient intake surrounding activity

When Protein Carbohydrate Fat Comment
Preexercise 20-30 g, especially | 200-300 g Limit due to If an athlete is carbohydrate loading,
for resistance gastrointestinal he/she may consume 8-10 g/kg
training distress body weight/day for 1-3 days prior
to competition
During Not needed 30-60 to 90 g/h Not needed Hydration only if activity under
exercise depending on length 60 minutes. Should be liquid/
of activity gel-form carbohydrates for easy
digestibility
Postexercise | 20-30 g within 60-120 g within In normal ratio Continue refeeding with postworkout
30 minutes 30 minutes (1:3-4 ratio with protein and meal for regular refueling needs
with protein) carbohydrates depending on exercise intensity

Vitamin D

Vitamin D is an important fat-soluble vitamin that helps regulate
many metabolic pathways in bone health, inflammation, and
muscle function.™ Some studies have also shown decreased risk
of stress fracture and positive effects in injury prevention and
rehabilitation.""**" Athletes requiring vitamin D testing are
those with a history of stress fracture, signs of overtraining,
muscle pain or weakness, and a lifestyle involving low exposure
to ultraviolet-B (UVB).

Insufficiency has usually been defined as <30 ng/mL, and
deficiency as <20 ng/mL vitamin D 25(OH).” Diet alone is
usually not sufficient to correct low vitamin D status, as oral
supplementation either daily (2000-4000 TU) or weekly (25,000~
50,000 TU) may be considered with interval follow-up testing in
8 weeks to avoid toxicity, since it is a fat-soluble vitamin and
may accumulate in the body. Symptoms of vitamin D toxicity
include nausea, vomiting, poor appetite, constipation, weakness,
weight loss, mental confusion, irregularities in cardiac rhythm,
and calcification of soft tissues.

Calcium

Calcium is important for many metabolic processes, including
bone health (with vitamin D) and muscle contraction, nerve
conduction, and clotting functions.” Low dietary calcium intake
is often associated with disordered eating and low energy
availability in female athletes, which is another factor leading to
stress fractures and low bone mineral density in this group. The
10C recommends 1500 mg per day of calcium along with 1500
to 2000 U vitamin D to optimize bone health for at-risk
athletes.”

Antioxidants

During exercise, oxygen consumption in muscle can increase
15-fold, leading to production of free radicals (or reactive
oxygen species) that overwhelm the antioxidant protection

system. ™ High concentration of these species can be harmful to
many cellular tissues, although some reactive molecules such as
hydrogen peroxide and nitric oxide may serve functions in
cellular signaling and as secondary messengers in moderate
concentrations.” Athletes should avoid foods that may increase
oxidative stress and increase foods that are higher in antioxidants
such as vitamins C and E. Two examples would be the
Mediterranean diet, which has a favorable effect on blood lipids
and also protects against oxidative stress,” and a diet high in
fruits and vegetables, which raises plasma levels of antioxidants
and protects against many chronic diseases.® Vitamin C promotes
collagen synthesis, facilitates glycogen storage, and may prevent
exercise-induced oxidative changes.* Vitamin E prohibits
propagation of free radical formation. At high doses, vitamins C
and E can be pro-oxidant, and large doses of vitamin E can also
impede vitamin K metabolism and platelet function.’

There is little evidence that antioxidant supplementation
enhances athletic performance,™ although it may be beneficial
in athletes recovering from injury. Athletes at greatest risk for
poor antioxidant intake are those restricting EI, on a chronic
low-fat diet, or limiting dietary intake of fruits, vegetables, and

whole grains.”

NUTRIENT TIMING

Timing of nutrient intake depends on many variables, including
the type of training (practice, strength, conditioning, or
recovery), schedule, and the individual athlete’s dietary
preferences. Other variables include intensity and length of
training, an active vs recovery day, and timing leading up to
competition. Some endurance athletes may prefer a low-
carbohydrate, high-fat diet as well. Intermittent fasting is also
available to some athletes who are looking to lose fat and their
training is later in the day or they may supplement if their first
training session is a resistance workout. Macronutrient timing is
summarized in Table 4.
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Table 5. Summary of hydration guidelines

When How Much to Consume

Preexercise 12-20 oz water or sport drink, 8 0z just prior
to event

Comment

Consider small salty snack for fluid retention

During exercise | 6-12 oz of water or sport drink every
15-30 minutes

No energy drinks. Consider sodium replacement in
endurance events

Postexercise 16-24 oz of fluid for every pound lost May obtain sodium and electrolyte replacement from a
wide variety of foods
HYDRATION normal strength training sessions.™ Limiting or eliminating

Proper hydration is important for optimized performance,
prevention of metabolic strain, and thermoregulation during
exercise.”* Athletes should have a proper hydration strategy
before, during, and after exercise based on their specific needs
and fluid losses. Most authorities support athletes losing <2%
body weight during activity, as more than that decreases
cognitive function and performance.">**% Thirst is often not a
good indicator of dehydration as an athlete can sometimes lose
1.5 L before thirst is perceived.'?

Athletes may lose anywhere from 0.3 to 2.4 L per hour of
sweat, and rates vary widely based on environment, sex, body
size, and length of activity.”® Sweat comprises water, sodium,
potassium, calcium, magnesium, and chloride, so athletes
should replace both fluids and electrolytes with their recovery
strategy. Hydration guidelines are summarized in Table 5.

NUTRITION DURING INJURY RECOVERY

As a way to facilitate healing, nutrition is often neglected.
Athletes may often decrease intake in fear of weight gain during
the recovery period. Nutrition can be an excellent tool to help
attenuate muscle loss; limit fat gain; aid in muscle, bone, and
collagen synthesis; as well as manage inflammation. While it is
possible that caloric expenditure will be less during recovery,
energy expenditure may initially increase 20% if the injury is
severe” because of mobility modifications. For example, using
crutches during immobilization uses 2 to 3 times the energy
compared with walking.*

Athletes need to monitor caloric intake to decrease the loss of
muscle mass during periods of decreased activity.” This is
especially important with immobilization, which is associated
with decreases in muscle protein synthesis and anabolic
resistance.” Athletes should consider protein sources such as
lean meats, dairy, and soy throughout the day. Those sources
along with whey protein are also high in leucine, which aids in
muscle synthesis.” Athletes should consider increasing protein
intake during this time 1.2 to 1.5 times their usual level to help
build healing tissue and limit muscle loss.*> Once athletes begin
active rehabilitation, they may resume normal training levels of
calories and protein. Athletes may consider consuming 20 to
30 g of protein after rehabilitation sessions as they would with

alcohol is beneficial as alcohol can impair muscle protein
synthesis.” Creatine supplementation may also help attenuate
muscle loss during immobilization, but more research is
needed. "

For bone healing and stress fractures, athletes should have
adequate intake of calcium and vitamin D. For athletes with
multiple stress fractures, clinicians should consider evaluating
vitamin D and other laboratory studies as well as assessing
female athletes for disordered eating practices. Zinc, vitamin A,
vitamin C, and other micronutrients have a clear association
with wound healing, tissue repair, and growth.”

Although inflammation is a necessary response to acute injury
and is needed in the first phases of healing, prolonged
inflammation may decrease recovery, and athletes should consider
a diet higher in omega-3 oils such as salmon, flaxseed, and chia
seeds.” Athletes should also look for foods high in vitamin C as it
has anti-inflammatory properties and also has been shown to
promote collagen synthesis.” Foods high in vitamin C include
citrus fruits, red and yellow bell peppers, dark leafy greens, kiwi,
broccoli, berries, tomatoes, mango, and papaya.

CONCLUSION

Sports nutrition is a key component for optimizing training,
performance, injury prevention, and injury recovery. Nutritional
recommendations need to be individualized for each athlete;
thus, clinicians should be well informed to help determine
proper caloric, macronutrient, micronutrient, and hydration
intake based on the athlete’s sport demands and training goals.
An athlete’s RMR along with his or her weight goals (loss,
maintenance, or gain) are used to determine training
macronutrient levels for protein, carbohydrate, and fat ratios.
Micronutrient intake or supplementation should be determined
based on identified nutrient deficiencies and/or dietary
restrictions (eg, vegan, vegetarian) to assist with injury
prevention and enhance injury recovery. Educating athletes on
how to effectively fuel and hydrate for training sessions and
competition based on the concept of nutrient timing is
important to maximize performance. A comprehensive
understanding of sports nutrition is crucial for clinicians to
provide individualized and optimized recommendations.
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