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PREFACE

e ask a lot of our bodies. This is especially true of endurance athletes

(people who live by the mantra “no guts, no story”), who often find it
challenging to do things in moderation. And if you're like most of the ath-
letes I work with, you probably expect your body to simply show up and
do whatever it is you want it to. In reality, however, our body gets the final
say. Our ability to go long, whether we run, cycle, swim, hike, ski, or row, is
a gift. None of us is entitled to do these activities, even if we’re really good
at them. The key is to work with your body by giving it what it needs, so
you are able to consistently perform to your best. In other words, when it
comes to your body, you need to feed it, rest it, and take care of it.

My first career or day job was as an elite professional runner. After run-
ning competitively in high school and college, I was good enough to keep
pursuing this path. I ran around the world, including representing the United
States three times on national teams. Currently, 'm a board certified sports
dietitian and nutrition coach. I counsel teen and adult athletes of all shapes,
sizes, and athletic abilities on mastering high-performance eating habits.
It's simple—if you're relying on your body to perform, you're an athlete!
It doesn’t matter if you're a shoo-in to make the podium or if you simply
want to survive and cross the finish line—you’re an athlete.

The first task, and it’s often the hardest, is simply making it to the start-
ing line. By eating smart, you will have greater energy to train, suffer fewer
injuries, get sick less often, and recover more quickly. You'll also enjoy a
saner relationship with food and have an easier time reaching and main-
taining an appropriate, healthy weight. Eating smart, after all, is not about
eating right, being perfect, or becoming a gourmet chef. It's about making
daily food choices and establishing regular eating habits that are based on
balancing nutrition with convenience and pleasure. Putting the science (yes,
nutrition is a science) into practice during your chosen endeavor sets you
up to perform better and to enjoy the adventure or race more. (Or at least
as much as possible.)

This sports nutrition book is unique in two aspects. First, it’s not just
another general sports nutrition book. It’s geared specifically to the endur-
ance athlete. If you train for and participate or compete in endurance-based
events or would like to do so in the future—whether you run a 10K, finish

vii
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PREFACE

an Ironman, cycle across your state, or race against others across the entire
country—you have nutrition needs that differ from those of athletes in power,
stop-and-go, and team sports. Because most active people don’t have the
time or the scientific background to keep up with the ever-evolving field of
sports nutrition, I've done it for you. Part I of this book offers eight chapters
that deliver practical endurance-specific nutrition information that you can
apply the next time you open the refrigerator door, hear about a new sup-
plement, worry about your weight, or wonder, now that you've signed up,
how you're ever going to go that far or last that long. Even if friends and
family, a coach, or your teammates consider you nutritionally challenged,
you will be ready to pursue smarter eating habits after reading these chapters.

Second, I've drawn on my background as both a sports dietitian and a
successful endurance athlete to sort through what sports science profession-
als recommend versus what works in real life. Armed with my professional
expertise and personal experiences, I've partnered with some of the best
endurance athletes in the country so that as you read, you are learning from
the best.

Some themes ring loud and clear to the top-notch runners, cyclists, triath-
letes, adventure racers, rowers, open water swimmers, mountaineers, and
winter athletes involved in Nordic and backcountry skiing that I counsel.
They know their bodies extremely well. They always go into an endurance
event or race with a well-thought-out nutrition game plan. Most important,
they are always thinking about their food, fluid, and electrolyte needs while
on the move.

In partII (chapters 9 through 16), I coach you through the unique nutrition
challenges endurance athletes face in shorter-range, long-distance, ultra, and
multiday events and races in order to go longer as well as faster. Included
are strategies for dealing with challenging conditions such as altitude and
extreme heat or cold. Regardless of your sport or activity—running, cycling,
mountain biking, triathlon, adventure racing, hiking, mountaineering,
Nordic skiing, open water swimming, or rowing—your job is to go into the
endeavor with a well-conceived nutrition game plan. Regardless of your
goal—hoping just to finish or going farther and faster than ever before—your
job is to monitor your food, fluid, and electrolyte needs while on the move.
What bright athlete wouldn’t want to have an endurance-minded nutrition
coach by his or her side?

This book is offered to you, the endurance athlete, as food for thought.
Dig in!
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Eating Smart, Training
Smart, Racing Smart

Many athletes put a lot of emphasis on the pre-event meal,
believing it is the key element to performance. It is important
to remember that food eaten throughout the training week and
food and fluid consumed during the event is just as important.

Source: Australian Institute of Sport, 2009, Eating before exercise. [Online]. Available: www.ausport.
gov.au/ais/nutrition/factsheets/competition_and_training/eating_before_exercise [April 12, 2013].

Eating for endurance sports is an art and a science. The everyday fluid
and fuel needs of an endurance athlete can vary tremendously, especially
when compared to athletes involved in power and team sports. As an endur-
ance athlete, you put yourself at a real disadvantage if you think that you
can eat like your buddies who play a pickup game a few days a week or if
you wait until race day to focus on the nutrition piece of the performance
equation. Furthermore, if you believe that only elite-level runners, cyclists,
open water swimmers, rowers, triathletes, adventure racers, hikers, moun-
taineers, and backcountry and Nordic skiers benefit from paying attention
to what they eat, think again. Regardless of your age or athletic ability, three
factors figure prominently in your success: genetics, training, and nutrition.
You can’t do anything about your genes, so to improve, you must concen-
trate on the other two (along with getting adequate rest and recovery and
having strong mental skills, too, of course).

Indeed, what and how you eat, from one day to the next, and your abil-
ity to train are inextricably linked. The people who are most successful at
completing endurance endeavors, such as running a marathon or tackling
a half Ironman, are those who consistently train smart. And training smart
hinges on eating smart, day in and day out. Whether you want to place or
just want to finish, you must establish high-performance eating habits that
support what you're personally trying to accomplish each day, en route to
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your long-term goal. How else do you think that you can tackle an early
morning swim workout, work a full day, and then put in a quality bike ride
or run in the evening? And then get up the next day and do it again? Just as
important, how can you feel strong and confident and enjoy every passing
mile (or at least most of them) while you're doing it?

Eating a well-balanced diet doesn’t guarantee success. Poor eating habits,
however, will literally stop you in your tracks, or at least slow you down.
Our daily food choices fuel our training sessions, provide critical nutrients
required for muscle repair and recovery, and either support or stress our
immune and endocrine (hormonal) systems. Frequent poor training days,
recurrent colds, and lingering overuse injuries signal that your nutrition
program is out of sync with your training program. If you're a competitive
athlete, you obviously must think about what to eat and drink on race day.
But what about your food choices on all the other days? Even if you race
every weekend—>52 times a year—that leaves 313 other days that dramati-
cally influence your ability to be successful!

Besides being good for you, the foods that you choose to eat from day to
day must also be tasty and satisfying; otherwise, you won't eat them. The
key is to master an eating style that fulfills both these needs—high-perfor-
mance foods that supply key nutrients and fuel your body (foods that you
need) and foods that feed your mind (foods that you want). In addition,
unless you like to spend time in the kitchen or can afford to hire a personal
chef, you probably want to figure out how to eat smart without wasting
valuable time or energy.

Evaluating Your Typical Food Choices

You may already know something about what constitutes a healthy training
or day-to-day diet for an endurance athlete. Maybe you know a lot. Regard-
less, looking at what you're actually eating is always a worthy endeavor.
Knowledge about a topic doesn’t automatically translate into practice. Being
aware of and owning your current eating habits will help you answer for
yourself the plea I most often hear from athletes: “Just tell me what to eat!”

Keep It Simple

First, familiarize yourself with My Plate (see figure 1.1), a visual reminder
of a healthy diet based on a familiar image—a place setting for a meal. Use
My Plate as a template for building a smart, well-balanced sports diet. It
organizes foods by the nutrients that they contain into five food groups:
fruits, vegetables, grains (complex carbohydrates), dairy, protein foods, and
a separate category for the modest amount of healthy fat (oils) that we need
daily. My Plate also reminds us of the role of what I refer to as fun foods.
These are foods such as chips, alcohol, and candy that should be enjoyed
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in moderation because they supply
solid fats and added sugars (SoFAS),
and thus calories, but few or no nutri-
ents. The message is simple. Fill your
plate, at mealtimes and snacks, with
high-performance (nutrient-dense)
food-group foods. Include fun foods
and extras, as warranted, to help
meet daily energy (caloric) needs and
to ensure that eating is a pleasurable
experience. How much you need to
eat is particular to you, and heavily
depends on how much you move. This
is good news for endurance athletes:
Those who move more get to eat more!

As you take a closer look at My
Plate, you may wonder where some
foods fit.

Vegetables w

ChooseMyPlate.gov
N

/

FIGURE 1.1 High-performance eating
habits require you to balance eating foods
you want with the foods you need. Use My
Plate to guide your daily choices.

U.S. Department of Agriculture

Fruits: all fresh, frozen, canned, and dried fruits as well as 100 percent
fruit juices.

Vegetables: all fresh, frozen, canned, and dried vegetables as well as
vegetable juices.

Grains: all foods made from wheat, rice, oats, cornmeal, barley, or another
cereal grain, such as bread, pasta, oatmeal, breakfast cereals, tortillas,
and grits. Grain group foods are divided into two subgroups, whole
grains and refined grains. Whole grains, such as whole wheat flour,
bulgur, oatmeal, whole cornmeal, and brown rice, contain the entire grain
kernel—the bran, germ, and endosperm—and are nutritionally superior.

Protein foods group: meat, poultry, fish and seafood, eggs, peanut butter,
tofu and other processed soy products (tempeh, veggie burgers, and
TVP); also, a quarter-cup of cooked dry beans or peas is considered a
1-ounce (30 g) equivalent.

Dairy group: all fluid milk products and foods made from milk that retain
their calcium content, such as yogurt, cheese, and cottage cheese. Foods
made from milk that have little to no calcium, such as cream cheese,
cream, and butter, are not included. Fortified soy milk (soy beverage)
is included here because it provides a nutrition profile that is similar
to cow’s milk, particularly in its calcium, vitamin D, vitamin A, potas-
sium, and protein content. (Calcium-fortified rice and almond milks are
included, too; however, keep in mind that these varieties supply far less
protein than a cup of cow’s milk.)
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Oils (not a food group, but oils provide essential nutrients): fats from
many different plants that are liquid at room temperature, such as canola,
corn, olive, soybean, and sunflower oil. Other foods naturally high in
oils also fit best here, including nuts, seeds, and nut butters; flaxseed,
olives, and avocados; fattier fish and foods that are mainly oil, such as
mayonnaise, certain salad dressings, and soft margarines.

Fun foods and extras (enjoy as long as food group recommendations are
met and overall calorie needs are not exceeded): coffee and tea, soda,
fruit-flavored drinks, alcohol, cream cheese, butter and stick margarine,
jam and jelly, nondairy creamer, condiments, sour cream, sugar, honey;,
maple syrup, pickles, sauces, gravy, bacon, fatty deli meats, hot dogs,
sausage, French fries, onion rings, chips or crisps and other snack foods,
oil-popped popcorn, candy, chocolate, sherbet, gelatin desserts, high-
fat ice cream and frozen yogurt, cookies, doughnuts, muffins, pastries,
cakes, and pies.

Rate Your Own Plate

Before you read any further, take 10 minutes and look at what a typical
eating day means for you. First, recall what you had to eat (and drink)
yesterday, from the time you arose until you went to bed, so that you can
evaluate your choices and see how they compare to the My Plate guidelines.
If yesterday was unusual—if, for example, you were ill or traveling—choose
another, more typical day. Refer to figure 1.2, and use my favorite personal
recording format to track the foods and beverages that you consumed in
that 24-hour period. First, record the approximate time at which you ate or
drank something. Next, write down the item in the second column, followed
by the amount or portion you ate (using household measurements, such as
cups or ounces), and in the last column, list the appropriate food group(s) or
category this food or beverage belongs to as well as the number of My Plate
servings it represents. For example, if you stopped on the way to work for
a bagel with cream cheese and a container of orange juice, your food record
would look like the example in figure 1.2.

FIGURE 1.2 Sample Food Journal Entry

Date: Day of the week:
Food Group(s) &
Time Food/Beverage Portion Number of Servings
7:30 am  Bagel 1 large (4 02) Grains 4
Orange juice Medium (12 o0z) Fruit 1.5

Cream cheese Large smear Extras
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Don’t forget to include snacks, beverages, and foods that you ate on the
move, such as the energy bar that you downed in the car on the way home or
the cheese and crackers that you grabbed while passing through the kitchen.
Be sure to separately record condiments or major additions to foods, such as
the Parmesan cheese (dairy) that you covered your plate of spaghetti with or
the olive oil (0ils) in which you soaked your bread. Obviously, we most often
eat mixed foods, such as pizza, beef stew, chili, and Chinese food. Mixed
foods represent more than one food group or category. When keeping food
records, you need focus only on the major ingredients. A bean and cheese
burrito, for example, would count in the grains group (tortilla, rice), dairy
group (cheese), and protein foods group (beans).

To calculate the number of food group servings you consumed, compare
the amount that you ate (portion size) with standard My Plate serving sizes
(see table 1.1). For example, a large bagel counts as four grains, since the
average bakery or grocery-store bagel weighs 4 ounces (112 g) (1 oz, or 28
g, of bread is equal to one serving). For a mixed food (a small burrito, for
example), a good estimate would be two and one-half grains (small 6 in.,

TABLE 1.1 What Counts as a Serving?
Grains group What counts as an ounce?
Bread 1 regular slice, 1 small slice French
Tortilla 1 small (6 in., or 15 cm, diameter) flour or
corn, 1/4 large (12 in., or 30 cm, diameter)
Roll, biscuit 1 small (2 in., or 5 cm, diameter)
Bagel 1 mini (2.5 in., or 6.5 cm, diameter), 1/4

Hamburger bun, English muffin
Ready-to-eat cereal

Pasta, rice

Bulgur, millet, buckwheat, and other

whole grains
Oatmeal

Small crackers

Pancake
Muffins

Popcorn

large

1/2 bun or muffin

~1 cup flakes or rounds

1/2 cup, cooked (1 oz or 30 g)
1/2 cup, cooked

1/2 cup, cooked, 1 packet instant, 1 oz
(1/3 cup) dry—regular or quick

5 whole wheat, 2 rye crispbreads, 7
round or square

1 pancake (4.5 in., or 11.5 cm, diameter)

1 small (2.5 in., or 6.5 cm, diameter), 1/3
large (3.5 in., or 9 cm, diameter)

3 cups, popped, 1/2 mini microwave bag
or 100-calorie bag, popped

> continued



< continued, Table 1.1
Vegetable group

Raw, leafy greens (lettuce, spinach,

and so on)

Greens (collard, turnip, kale)
Spaghetti sauce

Raw or cooked vegetable
Tomato or vegetable juice
Carrots

Baked or boiled potato

Winter squash (acorn, butternut, Hub-

bard)
Mashed potatoes
Sweet potato

Corn
Fruit group
Commonly eaten fruit

Banana
Applesauce

Sliced or chopped, raw or cooked,
canned fruit

Cantaloupe (rock melon)
Grapefruit

100% fruit juice

Dried fruit

Dairy group

Milk

Yogurt

Hard cheese (cheddar, mozzarella,
Swiss, Parmesan)

Shredded cheese

Ricotta cheese

Processed cheese (e.g., American)
Cottage cheese

Fat-free or low-fat frozen yogurt or ice

cream
Pudding made with milk
Calcium-fortified soy milk

What counts as a cup?
In general, 2 cups raw

1 cup cooked

1 cup

In general, 1 cup

1 cup (240 ml)

2 medium

1 medium (2.5-8 in., or 6.5—-8 cm, diameter)
1 cup cubed, cooked

1 cup

1 large baked (at least 2.25 in., or 6 cm,
diameter), 1 cup sliced or mashed, cooked

1 cup or 1 large ear (8-9 in., or 20—-23 cm)
What counts as a cup?

1 small apple, 1 large orange or peach, 2
large plums, 12 strawberries, 32 seedless
grapes

1 large (8 in., or 20 cm)
2 (4 oz, or 112 g) snack containers

1 cup

1 large wedge (1/4 of medium melon)

1 medium

1 cup

1/2 cup

What counts as a cup?

1 cup (250 ml), 1/2 cup evaporated milk
1 cup, 1 regular container

1.50z (42 g)

1/3 cup
1/2 cup
2 oz (56 g)
2 cups

1 cup frozen yogurt, 1 1/2 cups ice
cream

1 cup
1 cup



Protein foods group
Meats: cooked lean beef, pork, or ham

Poultry: cooked chicken or turkey
(without skin)

Seafood: cooked fish or shellfish

Cooked beans (e.g., kidney, black) and
cooked peas (e.g., chickpeas, lentils)

Baked or refried beans
Hummus

Tofu

Tempeh

Soybeans

Egg

Peanut butter or almond butter
Oils

Soft margarine (trans-fat free)
Mayonnaise

Vegetable oils

Salad dressing

Olives

Avocado

Mixed nuts, peanuts, cashews,
almonds

Sunflower seeds
Peanut butter

Extras and fun foods
Regular soft drink
Wine

Beer, regular

Butter or stick margarine
Cream cheese

Cheese sauce
Croissant

French fries (chips)
Fruit-flavored drink

What counts as an ounce
equivalent?

1 oz, 1/3 to 1/2 small lean hamburger
1 oz, 1/3 chicken breast

1 oz, 1/4 of 1 can of tuna, drained
1/4 to 1/6 salmon steak

1/4 cup, 1/2 cup lentil or bean soup

1/4 cup

2 tbsp

1/4 cup (~2 oz, or 56 g)
1 oz, cooked

1/4 cup roasted, 1/2 soy or bean burger
patty, 1 falafel patty

1, 1.5 egg whites

1 tbsp

What counts as a teaspoon?
Count 1 tbsp as 2+ tsp

Count 1 tbsp as 2+ tsp

Count 1 tbsp as 3 tsp

Count 1 tbsp as 2+ tsp

Count 8 large as 1 tsp

Count 1/2 medium as 3 tsp
Count 1 oz as 3 tsp

Count 1 oz as 3 tsp
Count 2 tbsp as 4 tsp

12 0z (350 ml) can = +135 cal

1 glass or 5 0z (150 ml) =+120 cal
1 12 0z (350 ml) can =+155 cal

1 tbsp = +100 cal

1 tbsp = +40 cal

1/4 cup = +75 cal

1 medium (2 0z) = +230 cal

1 medium order = +430 cal

1 cup =+130 cal
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or 15 cm, tortilla; 3/4 cup of rice), one dairy (1 oz, or 28 g, of cheese), and
two protein foods (1/4 cup of cooked dried beans is one serving; 1/2 cup
would be two). Tally up the number of servings that you ate in each food
group or category and put a circle around the number. Be sure to monitor
the extras that provide relatively few, if any, nutrients and often are sources
of solid fats and added sugars.

Keeping the particular needs of endurance athletes in mind, I've modified
the My Plate system slightly. Because of their similar nutrition profiles, I place
starchy vegetables (like potatoes, sweet potatoes, winter squash, and corn)
in the grains group, and I put nuts and seeds in the oils category, rather than
thinking about them as a lean-protein source. (One ounce, or 28 grams, of
nuts provides 14 to 18 grams of fat and only 4 to 6 grams of protein.) Beans
and peas (such as kidney, black, and garbanzo beans; black-eyed and split
peas; and lentils) are unique foods. They are excellent sources of plant pro-
tein, fiber, folate, and potassium, along with some iron and zinc, and credible
nutrition experts, myself included, highly recommend that everyone eat them
frequently. If you regularly eat meat, poultry, and fish, or if your plate includes
an adequate serving of another protein-rich food, I would count beans and
peas in the grains group. Vegetarians, vegans, and other people who seldom
eat meat, poultry, or fish would count them in the protein foods group.

Granted, one day of tracking what you eat doesn’t give you a complete
picture of your eating habits. You may be pleasantly reassured, however, at
how well you're meeting your nutrition needs. You may also be prompted
to rethink some of your current choices. Because both male and female
endurance athletes come in all sizes and shapes, and because we participate
in events ranging from running a 10K to cycling across the country, our fuel
(caloric) needs vary widely.

Using the Choose My Plate System

Further assessment of your 24-hour food intake requires that you now esti-
mate your individual calorie needs and determine the corresponding number
of servings from each food group or category that you personally require.
While doing this based on just one day’s intake is certainly beneficial, you'll
learn much more by keeping a food journal.

Nutrition-wise, what’s most important is the big picture—not any single
food, meal, or day. To get a better handle on your typical eating habits, keep
a written record of what you eat for at least three consecutive days (two
weekdays and one weekend day) or, if you're really committed, for a full
week. Record your choices (items and portion sizes) daily and calculate the
corresponding number of food group or category servings. (Your recording
system can be as simple or sophisticated as you like; refer back to figure
1.2.) Keeping a food journal helps you identify true habits and patterns. For
example, perhaps you undereat during the day and then backload calories
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in at night, or you diet during the week, only to splurge on weekends. Addi-
tionally, a food journal can help you see that you miss out on key nutrients
if you routinely skimp on or eliminate entire food groups.

One of my clients, a health-conscious 22-year-old runner, came for a nutri-
tion checkup before heading back to college. A vegetarian, she was worried
that she wasn’t getting enough protein to perform at her best and help her
team return to the national championships. Keeping a food journal for just
three days enabled her to assess for herself that her protein intake was too
low. She responded by deciding to consume an ample lunchtime serving of
a protein-rich food, such as hard-boiled eggs, lentil soup, or tofu. She was
also shocked to see that over three days she had actually consumed very
few vegetables!

The value of using the Choose My Plate system to guide your daily food
choices is that you don’t need to worry about individual nutrients. Who has
time to track the 40-plus nutrients that our bodies need daily? Remember,
each food group (and the oils) contains foods that are high or rich in a unique
package of nutrients. Just by eating balanced meals and snacks (made from
a variety of foods from all five food groups and a modest amount of healthy
fat) most of the time, you will very likely get the nutrients that you need.
Learning to achieve and maintain a balance between eating high-perfor-
mance foods that you need and the extras that you want has other rewards
too. You'll feel satisfied and will have plenty of energy to do what you want
to do, and you won’t waste precious time and mental energy being preoc-
cupied or obsessed with food. Last but not least, you won’t need to worry
about throwing your system off balance by taking supplements that can
contain too much of certain nutrients and not enough of others.

A quick nutrition checkup can be, at times, particularly useful. You'll want
to adjust your daily diet, for example, whenever you step up your training.
Just like keeping a daily training log, a food journal can help you (or a sports
dietitian) assess what is working and what isn’t. Additionally, anytime your
training is going poorly, be sure to evaluate both your diet and your train-
ing log. Poor food choices, such as failing to eat enough carbohydrate-rich
foods to fully replete your glycogen stores or consuming too few calories
because you want to drop a few pounds, can leave you feeling unusually
fatigued and stale in a matter of days. On the other hand, consuming an
iron-poor diet may not slow you down for a few weeks to a few months,
however, you will feel the negative effects of depleted iron reserves even-
tually. A constant battle with one injury after another may also be linked
with poor eating habits. Athletes who routinely exercise with low muscle
glycogen stores incur more injuries. Finally, if you're trimming calories to
lose weight, make sure that you don’t trim vital nutrients by eliminating
entire food groups. Keeping a food journal will, at the very least, help you
become more aware of what you're eating, and it’s been repeatedly shown
to help those trying to lose weight.
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Estimate Your Daily Calorie Needs

Determining the amount of energy, or calories, your body requires on a
daily basis is as much art as it is science. Obsessively counting calories isn’t
necessary, and it frequently does more harm than good. Simply estimating
your daily calorie needs, however, can quickly help you better understand
your fuel needs as an endurance athlete. Use the following simple method
to estimate the range of calories that you need daily. (A more sophisticated
method designed for endurance athletes is presented in chapter 2. For
individualized information, consult with a sports dietitian or visit www.
choosemyplate.gov.)

Less active: little or no purposeful exercise, such as when you're taking
a break from training or recuperating from an injury or illness

Body weight in pounds X 13.5 to 15 calories per pound (body mass in kilo-
grams X 29 to 33 calories per kilogram) = calories

Light to moderately active: approximately 45 to 60 minutes a day of
purposeful exercise (moderate intensity), most days of the week

Body weight in pounds X 16 to 20 calories per pound (body mass in kilo-
grams X 36 to 44 calories per kilogram) = calories

Very active: approximately 60 to 120 minutes a day of purposeful exercise
(moderate intensity), most days of the week

Body weight in pounds X 21 to 25 calories per pound (body mass in kilo-
grams X 46 to 55 calories per kilogram) = calories

Extremely active: training for an ultraendurance event, such as an Iron-
man triathlon or 100-mile (160 km) ultra run

Body weight in pounds X 25 to 30 calories or more per pound (body mass
in kilograms X 55 to 66 calories or more per kilogram) = calories

Note that fitness enthusiasts and athletes commonly overestimate their
physical activity level. Don’t select a category based solely on the hardest
day of your week. The high ends of the calorie ranges equate to consistently
training or working out at moderate intensity or higher five to six days
per week. Additionally, the mid to higher ends of the ranges apply to male
athletes and the lower to mid ranges to active female athletes.
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Translate Calories Into Daily Food Amounts

Once you've estimated the amount of calories you require to meet your
nutrient needs, maintain your current weight, and adequately fuel your
workouts, turn your attention to table 1.2. Use it as a guide to translate cal-
ories into food amounts so that you know how much you actually need to
eat. Compare the circled values on your one-day or 24-hour food record with
the recommended food group targets in table 1.2. (Note: Some endurance
athletes may require more than 3,200 calories daily while racing or during
periods of high-volume training.)

TABLE 1.2 Translating Calories Into Daily Food Amounts

Daily cal-
Total ories from
calories  Fruits Vegetables Protein  Dairy ~Oils — extras and
needed*  (cups) (cups) Grains foods  (cups)*™ (tsp) fun foods**
2éf360900 Wy 0 2 S50zeq bSozeq 3 5 (153420 kJ)
27’,85%% o 1525 6ozeq bSozeq 3 ° (189155 k)
(281?30;)0 g 2 2.5 6ozeq 5.50zeq 3 6 (21(?31 5 kJ)
(25,220000 kJ) 2 3 70zeq 6o0zeq 3 6 (2193 10 kJ)
(211 gg(;o kJ) 2 35 Qozeq 6.50zeq 3 8 ?11,;)1 5 kJ)
(21?97%0 Q) 25 35 10 0z-eq 7o0z-eq 3 8 ?12,7680 kJ)
:(31,3230 9 0.5 4 10 0z-eq 7o0z-eq 3 10 ?21, 1240 kJ)
((31'?‘3.03075 kJ) 2.5 4 10 0z-eq 7o0z-eq 3 " (6;78 10 kJ)

*1 calorie =4.18 kJ

**Teens, young athletes up to age 24, and women who are pregnant or breastfeeding need 3 or more servings daily
(800 mg of calcium per serving) from the dairy group.

***Consume enough total calories to maintain a healthy weight by choosing more energy-dense (higher-calorie) items
from the five food groups, eating more servings from the five food groups, consuming more healthy oils, and enjoying
more extras and fun foods. Athletes who eat a balanced diet and still have trouble meeting their daily energy needs can
obtain additional calories from high-carb drinks, meal replacement beverages, and energy bars.

Adapted from the U.S. Department of Agriculture Center for Nutrition Policy and Promotion, 2012, USDA food patterns. [Online]. Avail-
able: www.cnpp.usda.gov/Publications/USDAFoodPatterns/USDAFoodPatternsSummaryTable.pdf [April 12, 2013].
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Assessing Your Current Eating Habits

Consider the following points as you assess not only your one-day food
record, but also what is most important to you nutrition-wise—the big pic-
ture. Remember, the effectiveness of your eating style doesn’t hinge on any
one food, meal, or even day of eating; rather, it's determined by your usual
or typical food choices over the course of several days.

Balance

First, a smart sports diet is well balanced. Does your plate typically hold
wholesome, carbohydrate-rich foods, such as brown rice, whole grains, whole
wheat pasta, and whole-grain breads and cereals (as well as potatoes, sweet
potatoes, and corn)? These foods provide complex carbohydrate, B vitamins,
fiber, and numerous other nutrients, while contributing little or no fat.

Carbohydrate provides the most readily available form of energy our
bodies need to fuel endurance sports and activities. Glycogen (carbohydrate
stored in the liver and muscles), for example, is the primary fuel that our
muscles rely on whenever we exercise more intensely. These same glycogen
reserves also help decide the length of time we can exercise continuously.
Accomplished endurance athletes have learned (often the hard way) to con-
sume enough carbohydrate daily to adequately replace the muscle glycogen
that is used up during workouts. Otherwise, they begin to feel sluggish or
unmotivated, and they are slower to recover and vulnerable to more inju-
ries. Maintaining a normal training pace (or even getting out the door) on
subsequent days also feels harder. A regular eating schedule, based on meals
and snacks built on whole grains, bread, cereal, rice, and pasta, as well as
an ample amount of carbohydrate-rich fruits, vegetables, beans or peas, and
low-fat milk and yogurt, is the key to ensuring that approximately 60 percent
of your total daily calories come from carbohydrate—the foundation of any
serious endurance athlete’s diet. Eating a higher-carbohydrate diet daily, as
compared to stuffing pasta down the night before a race, is also a far better
strategy if your goal is to train consistently day after day.

Asimportant as it is, endurance athletes cannot live on carbohydrate alone.
In fact, many endurance athletes suffer from carbohydrate overload. Their
diets are out of balance: too much carbohydrate and too little protein. As
endurance athletes, our bodies require quality protein from the foods that we
eat for numerous reasons: to build, maintain, and repair muscle fibers damaged
during daily exercise; to help injuries heal promptly; to make hemoglobin,
which carries oxygen to exercising muscles; to form antibodies to fight off
colds, infections, and other more serious diseases; to produce enzymes and
hormones that help regulate critical energy processes in the body; and to help
meet energy (caloric) needs in the latter stages of ultraendurance events. Up
to 20 percent of your total daily calories should come from protein.
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Lean meats, chicken, fish, eggs, beans and peas (black, kidney, pinto, and
so on), peanut butter, and soy foods such as tofu, tempeh, and edamame
supply protein as well as varying amounts of two other key nutrients—iron
and zinc. Low-fat dairy foods supply high-quality protein as well as signif-
icant doses of calcium, a nutrient needed for healthy nerves, muscles, and
bones. How well are you doing at meeting your protein needs by eating
lean protein-rich foods daily? Five to 7 ounces of meat (140-200 g), or
the equivalent, and 3 cups (750 ml) of milk a day, or the equivalent, cover
the minimum needs of most endurance athletes. Athletes often go to one
extreme or another when it comes to these two groups—protein foods and
dairy foods. Some have little trouble exceeding their requirements, thanks
to supersized burgers and pints of ice cream. Others, concerned about eating
a meat-free diet or reducing their fat intake, skimp on or eliminate animal
products with little regard for finding alternatives. In either case, the athlete
is no longer eating a smart, well-balanced sports diet.

Do you routinely fill one-half of your plate with colorful fruits and vege-
tables? Nonfat and chock-full of vitamins A and C, fiber, and a host of other
health-promoting phytochemicals, fruits and vegetables are truly nature’s
vitamin pills. Nutrition researchers and health professionals don’t always
come to the same conclusion on what we should eat for optimal health;
however, one guideline exists that they do agree on: Eat more fruits and
vegetables. That’s because the scientific evidence is clear and overwhelming.
Filling up on fruits and vegetables can help you maintain a healthy weight
and reduce your risk of diet-related chronic diseases, such as diabetes,
heart disease, stroke, and some cancers. Besides, consuming 6 to 9 cups of
fruits and vegetables daily is far tastier and much more effective (not to
mention more enjoyable) than hoping you've guessed right about which
supplements to take.

Fat, by the way, is an appropriate and necessary part of a healthy sports
diet. Besides providing a concentrated dose of energy or calories, the fat sup-
plied by the foods we eat has other important roles. Consuming fat enables
your body to absorb and transport fat-soluble vitamins (A, D, E, and K) and
ensures that you get an adequate amount of linoleic acid, an essential fatty
acid (the body cannot make it) needed for growth and healthy skin and hair.
Including enough fat also helps us feel satisfied, so that we’re not preoccu-
pied with thoughts about food. A smart, well-balanced sports diet obtains
at least 20 percent of its total calories from fat. If you're an elite swimmer,
distance runner, triathlete, or cyclist who requires in excess of 4,000 calories
a day, you may need to consume a greater percentage of your calories as
fat in order to meet your high energy needs. How well are you doing at
including enough healthy fat daily as vegetable oil, salad dressing, fattier
fish, trans-fat-free margarine, avocados, olives, and nuts (5 to 11 teaspoons,
or 25 to 55 milliliters, a day covers most endurance athletes)?
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Extras are foods that offer little in the way of nutrition, such as coffee
and soda, as well as fun foods that supply more calories, unhealthy solid
fats, or added sugars than they do nutrients. These foods round out an
overall healthy diet and can help endurance athletes meet their high energy
requirements. Go ahead and enjoy the taste, pleasure, and psychological
boost that these foods provide. Problems arise when extras and fun foods
routinely take over the plate and squeeze out healthier food group options,
or when distorted fears about these foods lead to or further unhealthy eating
behaviors such as restrictive eating followed by bingeing.

Variety

Ahealthy sports diet is full of variety. No single food, or food group for that
matter, can supply the 40 or more nutrients that we need (see appendix B for
vitamins and minerals needed for optimal health and performance). Each
food group contains foods that are particularly rich in a unique package of
nutrients. Fruits and vegetables, for example, serve up mainly vitamins A,
C, and fiber, whereas dairy foods supply protein, calcium, vitamin D (milk
and yogurt), and riboflavin. You can get your calories from anywhere. Not
so for nutrients. Eliminating entire groups of food puts you at risk for being
low in certain essential nutrients needed for good health and optimal ath-
letic performance. Check your plate—do all five food groups appear daily?

Additionally, eating a varied diet also refers to including as many dif-
ferent foods as possible from each of the five food groups. For example, if
you always have apple juice for breakfast and snack on a banana, you've
missed opportunities to boost your vitamin C intake, as well as experiment
with other great-tasting foods rich in vitamin C, such as cantaloupe (rock
melon) and tangerine juice. (Apple juice provides no vitamin C unless it’s
been fortified, and bananas, although rich in potassium, carbohydrate, and
tiber, provide minimal amounts of vitamin C.)

Keep in mind that some foods are nutritional powerhouses compared
with others. Although you can certainly meet your carbohydrate needs by
eating bagels, plates of spaghetti, and an energy bar or two, your health and
performance (never mind your taste buds) would undoubtedly benefit from
including more whole grains, such as oatmeal for breakfast, brown rice or
couscous for dinner, and whole wheat fig bars as a snack.

Taking a multivitamin can help ensure that you get an adequate intake
of most nutrients, but it's no guarantee that the nutrients will be as well
absorbed as those from food are. And vitamin supplements don’t supply all
the health benefits, such as fiber, phytochemicals, and other yet undiscovered
nutritional boosters, contained in food. How much effort do you typically
make daily to eat a variety of foods from within each of the five food groups?
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Moderation

Moderation is the final piece of a healthy sports diet. Good at doing things
in extreme, endurance athletes often struggle with eating in moderation.
Many shun nutrient-rich foods because such foods also contain fat, or they
continually rely on sugar and caffeine for a pickup instead of obtaining
the energy that they need from real foods. No foods are good or bad for
you; your overall diet is what counts. Eating a single food, a specific type
of energy bar, for example, won't save an otherwise poor diet. At the same
time, eating a bowl of premium high-fat ice cream or a fast-food meal won’t
erase all your healthier choices.

Think about your personal day-to-day eating habits. Do you simply avoid
many foods or even eliminate entire food groups? Or do you substitute
healthier versions (less fat and sodium, fewer calories, and so on) or work
at incorporating appropriate alternatives? If you choose not to eat dairy
foods, for example, do you replace milk and yogurt with fortified soy or rice
versions, as well as eat plenty of dark green leafy vegetables to boost your
calcium intake? If you frequently struggle to maintain a healthy weight or
are simply trying to eat more healthfully, do you work at including more
fiber-rich fruits, vegetables, and whole grains daily? Or do you simply try
to stay away from foods high in unhealthy fats and added sugar, like chips,
mulffins, and chocolate? Keep in mind when assessing your fat intake that
you need to consider any significant amounts in other food group choices
(for example, oatmeal versus a croissant? Grilled chicken breast or fried
chicken?), as well as the amount that extras and fun foods contribute.

For many athletes, performing a diet makeover or losing weight without
skimping on good nutrition hinges on cutting out excess fat. A gram of fat
supplies 9 calories (37 kilojoules) compared with the 4 calories (17 and 16
kilojoules) contained in a gram of protein or carbohydrate. (A gram of alco-
hol supplies 7 calories, or 29 kilojoules.) But this doesn’t mean you should
bypass a sandwich and a glass of low-fat milk to eat an entire box of fat-free
cookies! A healthy sports diet includes moderation, and that means having
a positive relationship with food and striving to fit in all foods.

Getting the Most Out of Food Nutrition Labels

Being able to decipher food nutrition labels is the next best thing to having
a personal sports dietitian accompany you to the grocery store. Read on for
some tips on how to make food labels work for you (see figure 1.3).

1. First, always check the listed serving size. Compare it to the amount
that you actually consume. Adjust the rest of the listed nutrition infor-
mation accordingly. For example, if you eat twice as much as the listed
serving size, double the values given. Use labels to compare similar
food products because they generally have the same listed serving size.
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Serving Size: Always check the
serving size first. All the nutritional

info that follows relates to this
standard amount. If you eat more or
less than the serving size listed, adjust
the numbers accordingly.

Calories: The total number of
calories (from fat, carbohydrate, and
protein) provided by one serving.

Total Fat: Listed in grams for one
serving. Includes mono- and

polyunsaturated fat, saturated fat,

and trans fat. (5 grams = 1 tsp.)

Saturated Fat: Eating too much of
this unhealthy fat can raise blood —
cholesterol levels. 1

Trans Fat: Has been determined
to be as heart unhealthy as
saturated fat, or more so;
recommended daily limit is less
than 1% of total calories.

Cholesterol: Cholesterol in foods you -
eat can raise your blood cholesterol
level. For healthy adults, < 300 mg per
day is recommended. For adults with
high blood cholesterol, < 200 mg per
day is recommended.

Sodium: Can exacerbate high blood —
pressure in susceptible individuals.

For healthy adults, < 2,300 mg per

day is recommended. Endurance

Nutrition Facts

— Serving Size 1 cup (228g)

Servings Per Container 2
|

Amount Per Serving

Calories 250 Calories from Fat 110
% Daily Value* ]|
Total Fat  12g 18%
Saturated Fat 3g 15%
Trans Fat 3g
— Cholesterol 30mg 10%
— Sodium 470mg 20%
Potassium 700mg 20%
— Total Carbohydrate 31g 10%
Dietary Fiber 0g 0%
Sugars 59 —

Protein 5g

Vitamin A 4% . Vitamin C 2%
Calcium 20% . Iron 4%

*Percent Daily Values are based on a 2,000
calorie diet. Your daily values may be higher —
or lower depending on your calorie needs:

Calories 2,000 2,500

Total Fat Lessthan 659 80g
Sat Fat Lessthan 20g 25g
Cholesterol Lessthan 300mg 300mg
Sodium Less than 2,300mg 2,300mg
Total Carbohydrate 300g 3759
Dietary Fiber 25¢g 309

Calories per gram:
Fat9 « Carbohydrate 4 ¢ Protein 4

athletes may need more at times.

Total Carbohydrate: Listed in grams. —
Includes all carbohydrate sources:
complex carbohydrates (in grains,

beans, etc.), sugars, and dietary fiber.

Calories from Fat: A quick
comparison with “Calories” tells
you how fatty the food is. The
closer the two numbers, the
higher the fat content.

% Daily Value: An easy way to
see how a food fits into your
overall diet. (Labels use a
2,000-calorie diet as a standard.)

Dietary Fiber: 5 g or more per
serving = high fiber. 2.5 gto 4.9 g
per serving = good source of fiber.

Sugars: Includes naturally
occurring sugars found in milk
and fruit, so limit only sugars
from empty calorie foods such
as soda or candy and foods with
excessive amounts of added
sugar, such as high-fructose
corn syrup. (4 grams = 1 tsp.)

Beneficial Nutrients:

Obtaining 100% of each daily
usually requires eating a
combination of healthy foods.
Don’t expect one food to do it all!

Reference Values: Based on
2,000-calorie and 2,500-calorie
diets. This information remains
the same on every label, so you
don’t need to read

it every time.

FIGURE 1.3 Use food nutrition labels to select high-performance foods that provide power nutri-

ents and to determine which foods to limit or consume in moderation.

2. Don’t confuse calories from fat with total fat or percent of calories from
fat. Calories from fat tells you the calories that come from fat and, when
compared to calories, how fatty a food is (in figure 1.3, a 1-cup serving
provides 110 calories from fat, which is almost 50 percent of the 250
calories a serving provides). Total fat gives you the grams of fat in
a serving (in this example, 1 cup provides 12 grams). To determine
the percentage of calories from fat, divide calories from fat by calories
and multiply by 100 (in this example, 110 / 250 X 100 = 44 percent of

calories from fat).
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3. Use percent daily value (% DV) to quickly assess whether a serving is
high or low in nutrients. A low percent daily value (5 percent or less)
means that the food provides a small amount or is a poor source of
a nutrient, whereas a higher percent daily value means that it con-
tributes a large amount (based on a 2,000-calorie diet). Check if the
food is a good source (at least 10 percent) or an excellent source (20
percent or more) of key nutrients that most endurance athletes need
more of—fiber, vitamins A and C, calcium, and iron. Aim to select
foods that together provide 100 percent or more of these nutrients
(or average close to 100 percent over a few days). For nutrients to eat
in moderation, such as fat, saturated fat, trans fat, cholesterol, and
sodium, choose foods that together provide 100 percent or less of the
daily value.

4. Scan the ingredients list (required on most packaged foods) for infor-
mation on ingredients that you may be trying to eat more of (whole
wheat, for instance) and others that you want to avoid or limit for
health, religious, or other reasons. Labels list ingredients by weight
from most to least, and must now clearly indicate whether the food
contains any of eight major allergens: milk, eggs, fish, shellfish, tree
nuts, peanuts, wheat, or soybeans.

Building the Best Training Diet:
Simple Solutions for Busy Endurance Athletes

You're not alone if your plate doesn’t always measure up to the standard.
Athletes of all abilities, from beginners to world class, routinely shortchange
their health and performance by not paying enough attention to their daily
food choices (what to eat) and their typical eating patterns (how to eat).
This section focuses on what foods to eat (see chapter 8 for advice on how
to eat) and provides quick solutions for even the busiest or most nutrition-
ally challenged endurance athlete. The bottom line—don’t count calories.
Instead, make your calories count! (See appendix B for a quick review of
the functions, required amounts, and best food sources of key vitamins and
minerals.)

Make at Least Half Your Grains Whole

Very few athletes struggle to rack up enough grain servings. We like bread,
cereal, rice, and pasta, and those foods tend to be affordable, easy to prepare,
and readily available. In addition, modest serving sizes add up quickly.
Consuming at least half as whole grains, however, is often another matter.
Grains group foods (as well as starchy vegetables, dried beans and peas,
and low-fat milk and yogurt) supply complex carbohydrates that feed the
brain and replenish the glycogen used by working muscles and are superior
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to the carbohydrate provided by processed foods, such as candy bars, snack
items, desserts, and soft drinks. It’s wise to be discerning about the type
and amount of carbohydrate that you eat (because all carbohydrates are not
created equal); however, you don’t need to fear or avoid carbohydrate-rich
foods altogether. Whole grains supply more fiber, vitamin E, vitamin B,,
zinc, copper, manganese, and potassium than do refined grains. In addition,
whole grains help fill you up, without filling you out.

The following are simple solutions for making at least half your grains
whole.

Choose whole wheat bread more often than you do white, wheat,
multigrain, rye, or pumpernickel. Look for whole wheat (the key
word is whole) as the first ingredient listed, or at least listed before any
other flour. Try whole wheat tortillas, bagels, pitas, and waffles too.
Experiment with whole wheat pasta and other whole grains, such as
couscous, bulgur, kasha, quinoa, and brown rice. Buy prepackaged,
quick-cooking (15 minutes or less) whole-grain mixes or premade
salads featuring whole grains.

Eat a whole-grain breakfast cereal (hot or cold) like oatmeal, Wheat-
ena, Ralston, Roman Meal, Shredded Wheat, Grape Nuts, Cheerios,
Wheaties, or Total. Bran cereals like Raisin Bran, All-Bran, or 100%
Bran count, too.

Eat more whole-grain crackers and whole-grain crispbreads.
Choose brown rice over white rice as often as you can.

When baking at home, substitute whole wheat flour for half (or more)
of white flour in recipes.

Focus on Fruits and Vary Your Vegetables

Shortchanging yourself by barely
squeezing in the recommended Power Foods:

amounts every now and then means Fruits and Vegetables
you're missing out on essential nutri-
ents, like naturally occurring antiox-
idants, vitamins A and C. Besides, if
you aren’t eating these wholesome,
tiber-rich foods, what are you filling
up on? The trick—think color! Eat a
rainbow every day: red, orange, deep
yellow, dark green, blue, and purple.

High in vitamin A: apricots, can-
taloupe, carrots, kale, collards,
romaine lettuce, spinach, sweet
potatoes, winter squash

High in vitamin C: broccoli, cab-
bage, bell peppers, cantaloupe,
grapefruit, kiwi, mangoes, oranges,
spinach, strawberries, tomatoes

High in fiber: apples, bananas, ber-
ries, carrots, cherries, dates, figs,
pears, spinach, sweet potatoes




Here are simple solutions for vary-
ing your veggies:
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Drink tomato or 100 percent
vegetable juice. Keep individu-
al-sized servings on hand.

Include a cup (250 ml) of vege-
table soup with lunch.

Instead of another pale green,
nutrition-poor dinner salad,
order or serve vegetable-based
soup.

Buy fresh, ready-to-eat variet-
ies, such as prepackaged baby
carrots and sugar snap peas
and prewashed salad, in a bag,
or pick up precut favorites from
the salad bar. Keep a favorite
low-fat dressing on hand for
dipping and dressing salads.

Stock up on frozen or canned
vegetables. Toss them into
whatever else you're making or
heating up during the last few
minutes—spaghetti sauce, soup,
stew, casseroles, or mashed

Prepare vegetables in a few min-  © PhotoDisc

utes or less using the microwave

or a vegetable steamer with an automatic timer. Super-short cooking
times mean that fewer nutrients are lost.

Bake a potato or sweet potato in the microwave. Add your favorite
low-fat topping.

Eat more of the ones that you like, especially if you eat vegetables at
only one meal.

Choose fast food with veggies—vegetarian pizza, Chinese stir-fry,
vegetable curries, and so on.

Always serve (or order) two vegetables at dinner.

Learn to like vegetables that you hated as a kid. When you find your-
self smiling and having a good time during a meal, take one bite (no
more) of a veggie that you dislike. Do this at least a half dozen times,
a few days to a week or more apart. After not experiencing misery or
adverse reactions (like being sent to your room) several times, your
brain may decide that this food isn’t so bad after all.

Loaded with nutrients, vegetables add variety and
potatoes. flavor to meals and snacks.
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The following tips will help you put a smart focus on fruit. Keep in mind
that studies repeatedly show we’re more likely to eat fruit if we don’t have
to prepare it first.

Start early. Drink 8 ounces (240 ml) of 100 percent fruit juice or add
fruit (fresh, frozen, or canned) to your morning meal. Try a banana,
peach, or berries on cereal, pancakes, or waffles, or stir extra fruit
into yogurt.

Keep dried fruit, such as raisins, dates, dried apples, cherries, and
apricots, stashed in your desk drawer, car, and sports bag.

Keep bananas in the refrigerator (only the skins turn black) so that
they ripen more slowly.

Stock up weekly with ready-to-eat fresh fruit, prepackaged or from
the salad bar.

Make or choose desserts that emphasize the fruit, such as fruit parfaits,
tarts, or crustless pies.

Buy frozen berries and use them as a topping for ice cream, frozen

yogurt, or plain cakes, or to make fruit parfaits.

Go Lean With Protein

Making sure day-to-day protein
choices are lean and of high quality
is another area where both endurance
athletes and active women can short-
change themselves. Athletes need
ample amounts of protein, iron, and
zinc to consistently train and perform
at a high level. Iron is needed for
forming hemoglobin and myoglobin,
the oxygen-carrying compounds in
blood and muscles. Iron-deficiency
anemia results when iron levels are
too low to produce healthy red blood
cells, leading to fatigue and subpar
performances. Zinc is required for
fighting off infections and helping
wounds and injuries heal properly,
including the cellular microdamage
caused by logging an ambitious
number of daily training miles.
Animal foods, such as red meat, dark
poultry, and seafood, provide the most
readily absorbable form of iron (heme

Power Nutrient: Iron

Animal sources

Beef, pork, lamb, liver, and other
organ meats

Poultry (especially dark meat)
Fish and shellfish

Plant sources

Dark leafy greens: spinach, beet,
collard, and turnip greens; Swiss
chard

Tomato and prune juice

Dried fruit: apricots, raisins

Legumes: chickpeas; black, kidney,
lima, navy, and pinto beans

Lentils

Soy foods: tofu, tempeh, textured
vegetable protein, soy milk

Whole-grain and enriched breads
and cereals (including hot cereals,
such as oatmeal and Cream of
Wheat)

Wheat germ
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iron) and zinc. Boost your absorption
of nonheme iron from plant foods by
eating a food rich in vitamin C at the
same time. Have a glass of orange juice,
for example, with your morning bowl
of oatmeal. If you're eating enough
protein, you are most likely getting
enough zinc. Coffee and the tannins
in tea (regular and decaffeinated)
block the absorption of iron and zinc
from foods, so drink these beverages
between meals, not with them.
Incorporate these simple strategies
to ensure you go lean with protein:

e Choose lean cuts of meat

Power Nutrient: Zinc

Animal sources

Shellfish: oysters, crab, shrimp,
clams

Red meat: beef, pork, lamb, liver,
and other organ meats

Poultry

Fish

Dairy foods: milk, yogurt, cheese

Plant sources

Legumes: chickpeas; kidney, lima,
navy, and pinto beans; split peas

Lentils

Spinach

(rounds and loins, such as
tenderloin, sirloin, and round
steak) and trim all visible fat.
Choose the leanest ground
beef that you can afford or
substitute ground turkey breast
instead. Buy boneless, skinless
poultry or remove the skin.

Soy foods: tofu, tempeh, textured
vegetable protein

Peanut butter

Peanuts, cashews, Brazil nuts

Sunflower seeds

Whole-grain and enriched breakfast
cereals, including oatmeal

Wheat germ

Use low-fat cooking methods,

such as baking, broiling, and
grilling. A 3-ounce (85 g) serving of meat is only the size of a deck of cards.

Eat more fish. Preparing fish takes only minutes. Or buy ready-to-eat
shellfish, such as precooked shrimp. Don’t like fish? Order it when you
dine away from home, from someone who is an expert at preparing it.

Eat more beans. Keep several canned varieties on hand, buy beans
from a salad bar to add to salads, or serve as a side dish instead of
potatoes or rice. Choose soups made from beans or peas (minestrone,
split pea, black bean, or lentil) and try at least one meatless meal a
week, such as tacos or burritos stuffed with beans, vegetarian chili,
or black beans with rice.

Don’t shy away from eggs. Inexpensive and easy to prepare, eggs
provide the highest quality protein. At 213 milligrams of dietary
cholesterol per egg, most endurance athletes can afford to follow the
American Heart Association guidelines and include eggs (daily rec-
ommended cholesterol limit is less than 300 milligrams of cholesterol
for people with normal levels of bad LDL cholesterol) as part of an
overall heart healthy diet. Choose egg whites or egg substitutes (such
as Egg Beaters) to get protein without the fat and cholesterol.
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* Toss tofu (rich in high-quality protein and a good source of iron,
magnesium, and zinc) into soups, stews, and lasagna, mash it with
cottage cheese and seasonings to make a sandwich spread or dip, or
blend it with lemon juice and salt for a baked-potato topping.

* Other time-savers include canned tuna (packed in water) or chicken,
precubed meat for kebabs and stir-fries, precooked rotisserie chickens,
frozen veggie burgers or garden burgers, and edamame (preboiled
soybeans).

¢ Include a source of lean, quality protein at each meal. Don’t eat your
grains plain. Smear your bagel with peanut butter, toss baked beans
over noodles, and add precooked seafood to your favorite sauce and
pour it over pasta, rice, or couscous.

Get Your Calcium-Rich Foods

If the foods you eat don’t supply the calcium your body needs, it steals from
the only source it has—your bones! To reduce your risk of osteoporosis
later in life, optimize your bone mass when you can, which is up to about
age 25; after that, the goal becomes holding on to what you have. Because
many endurance athletes hit their stride later in life, every day counts in
consuming enough calcium.

If you choose not to drink milk or consume dairy foods, you need to
incorporate other calcium-rich foods into your daily diet. Aim for at least
1,000 milligrams of calcium daily (1,300 milligrams for younger athletes age
9 to 18 and 1,200 milligrams for adults over age 50). It’s easy to determine
how much calcium a serving of a particular food provides. Check the food’s
nutrition label and add a zero to the listed percent daily value for calcium.
For example, a food supplying 25 percent of the daily value provides 250
milligrams of calcium.

Follow these simple strategies to boost your calcium intake from low-fat,
calcium-rich foods:

¢ Drink milk whenever you can—any variety will do, but choose low-fat
milk as often as you can. Drink low-fat milk shakes, fruit smoothies,
lattes, and flavored milks (check the dairy case for chocolate and
other varieties or stir in flavored syrups). Enjoy pudding or custard
for dessert.

* Prepare foods such as hot chocolate, oatmeal, or tomato soup with
low-fat milk rather than water.

* Snack on yogurt or use it to make a salad dressing or vegetable dip.

¢ Add aslice or two of low-fat cheese to a sandwich or burger, snack on
low-fat string cheese or a slice of cheese pizza, and sprinkle low-fat
Parmesan or mozzarella cheese on foods.
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e Don’t let less nutritious bev-
erages, such as soda (diet and
regular), coffee, tea, iced tea,
lemonade, and fruit drinks
squeeze milk out of your diet.

¢ If you suffer from lactose intol-
erance, try drinking or eating
a limited amount (one-half
cup) of milk or ice cream at a
time. Have it with a meal, not
on an empty stomach. Exper-
iment with lactose-reduced
and lactose-free milk and milk
products or take lactase tablets
before you consume dairy
foods. You can also substi-
tute soy, rice, or almond milk
(choose a brand fortified with
calcium and vitamin D) for
regular milk. Yogurt and nat-
ural-aged hard cheeses, such

Power Nutrient: Calcium*

1 cup (250 ml) of milk (nonfat, low
fat, or whole)

1 cup of yogurt

1.5 0z (42 g) of cheese

2 cups of cottage cheese

1 1/2 cups of ice cream or frozen
yogurt

1 cup of fortified soy, rice, or almond
milk

1 cup of fortified orange juice

1 1/2 cups of cooked collards,
turnip greens, or kale

3 cups of cooked broccoli
1 1/2 cups of baked beans

5 o0z (140 g) of firm tofu (prepared
with calcium sulfate)

1/2 cup of soy nuts

4 0z (112 g) of canned salmon with
bones

as cheddar and Swiss, tend to

1 8.75 oz can (105 g) of sardines
produce fewer symptoms.

with bones

*Note: Contains at least 300 mg per serving.

* To boost your calcium intake

beyond that supplied by dairy
foods, verify that your tofu is
prepared with calcium sulfate (check the label) and add or substitute
other calcium-fortified foods, such as breakfast cereals, orange juice,
and soy, rice, or almond milk. Eat plenty of dark green leafy vegetables,
such as kale, collard, and turnip greens; bok choy; and broccoli. (Don’t
count on the calcium in spinach because the body absorbs it poorly.)

Choose Healthy Fats (Oils) Over Unhealthy Fats

As previously discussed, a smart sports diet contains an adequate amount
of fat. And just as not all carbohydrates are created equal, nor are fats.
The goal is to include enough of the healthier fats and limit the unhealthy
offenders—the saturated fats and trans fats. High-fat foods that are liquid (or
soft) at room temperature, like vegetable oils and soft-spread margarine, are
favored because they contain more heart-healthy monounsaturated fat and
little or no saturated or trans fat. The same is true for the fat in nuts, seeds,
avocados, olives, and fattier fish. Saturated and trans fat are the bad guys
that tend to clog arteries, raise cholesterol levels, and lower the body’s level
of HDL, or good, cholesterol. The American Heart Association recommends
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a daily trans-fat limit of 1 percent of total calories, or 2 grams for those eating
2,000 calories a day. (Be aware of your portion sizes on anything labeled “0
Trans Fats!” Foods are allowed to have as much as a half gram of trans fat
per single serving and still carry this label.)

All fats are energy dense. At 9 calories per gram (when looking at food
labels, think of 5 grams of fat as being equal to a teaspoon), only the most
physically ambitious endurance athletes can get away with eating all the fat
that they want. Severely restricting or trying to avoid eating fat altogether,
though, can lead to serious problems. For most athletes, however, attempting
to eat a diet too low in fat simply backfires. They eventually feel deprived and
unsatisfied, and compensate by overeating, either bingeing on high-fat foods
or just eating too much in general.

Rely on these simple solutions for incorporating healthier fats (in modest
amounts) over unhealthy fats into your diet:

¢ Top salads with low-fat salad dressings and use low-fat dressings as
a dip for vegetables.

¢ Switch to a liquid or soft-spread (tub) margarine.
¢ Experiment and find a low-fat cheese and ice cream that you like.

* Read the food nutrition label on items traditionally high in trans fats—
cookies, crackers, cakes, muffins, preprepared cake mixes, pancake
mixes, donuts, hard taco shells, packaged or microwave popcorn,
and frozen dinners—and choose brands that don’t use trans fats and
are low in saturated fat. For baked goods without food labels, scan
the ingredients list and choose varieties those that don’t contain the
words “partially hydrogenated.”

* Eat fattier fish (rich in heart-healthy omega-3 fatty acids), like salmon,
herring, sardines, striped bass, trout, halibut, or albacore tuna, at least
twice a week.

¢ Limit saturated fat (which tends to be solid at room temperature) by
doing the following consistently: Trim visible fat on meats, remove
the skin from chicken and turkey, select the leanest ground beef that
you can afford, swap ground turkey breast for other ground meats,
and eat smaller portions of major offenders—bacon, sausage, hot dogs,
fatty deli meats, and ribs—and eat them less frequently.

* Eatfried food, especially fried fast food (including French fries, fried-
tish sandwiches, and chicken nuggets), as infrequently as possible—
save those foods for special occasions.

* Substitute a small handful of nuts (1 ounce, or 30 grams) for foods
higher in unhealthy fats, like chips or crisps, candy bars, crackers, and
many types of energy bars.
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Taste and Savor Extras and Fun Foods

Who better to enjoy sweets, treats, and some extra fat and sugar than endur-
ance athletes putting in the miles? Occasional, even daily, indulgences can
support both your body and your spirit. After all, being a smart eater involves
choosing foods that not just meet your daily nutrition or physical needs,
but also leave you feeling satisfied. In other words, food is not the enemy.
Eating is supposed to be a pleasant and enjoyable experience. Despite poplar
opinion, eating foods high in fat or sugar and otherwise low in nutrients
does not cause people to automatically or instantly gain weight. Routinely
eating calories from any food when you're no longer physically hungry
(when your body no longer needs food) causes weight gain. Extras and fun
foods become a problem only when those foods consistently squeeze out
healthier options or when they contribute to excess calories being consumed.

On the other hand, just because you work out doesn’t mean that you can
simply tune out and pay little to no attention to what you eat. It’s unlikely
you’ll be able to eat whatever food you want in whatever amount you want
(or are served, if you often dine away from home) all the time. Consuming
too much fat or too much of the wrong kind of fat (saturated and trans fats),
going overboard on cholesterol and sodium, or just eating more calories than
you require to keep your weight in a healthy range increases your risk for
heart disease, diabetes, and some cancers. That sort of diet is also unlikely
to do much for your performance. So, budget your calories and decide
what luxuries you can afford to include: more food from any food group;
soft drinks, wine, beer, candy, desserts, and modest amounts of solid fats
like butter and cream cheese; or high-calorie versions of foods, such as fried
chicken, cheese sauce, and bacon.

The following are simple solutions to finding a balance when it comes to
the extras and fun foods in your diet:

* Snack on real food from the five food groups. Aim to put together
snacks that include at least one food group (two is even better). Instead
of plowing through a box of cookies, for example, enjoy a reasonable
amount with a glass of milk. Better yet, on some occasions, pour a
bowl of your favorite whole-grain cereal and add milk.

* Savor your favorites. Slow down and figure out what it is that you
really crave or desire. Sit down, serve it on a plate, and consciously
enjoy every bite. Rushing can leave you feeling unsatisfied and can
cause you to eat more than you really need, as can restricting or
depriving yourself for as long as possible.

¢ Cut down on soft drinks and other caffeinated beverages. Drinking
too much coffee, tea, and soft drinks fills you up and may temporar-
ily perk you up, but that’s it. Ask yourself whether what you really
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need is something to eat. Sustainable energy comes from the calories
provided by foods and nutritious beverages. On top of that, you can
only consume so much fluid, and water, low-fat milk, 100 percent fruit
or vegetable juice, herbal tea, and sports drinks (when appropriate)
make far healthier choices.

* Make your own healthy soda by mixing 100 percent fruit juice and
seltzer, half and half.

* Answer a chocolate craving before it gets out of control—chocolate
syrup drizzled on fruit, flavored hot chocolate made with low-fat
milk, a couple of small chocolates, or a small piece of the real thing.

® On occasions when fun foods abound, such as buffets, parties, and
holiday celebrations, choose one or two items that you really want,
enjoy them, and move on. Spend your time and emotions connecting
with people instead of worrying or feeling guilty about food.

Fill Up on Smart Fluids

Water is the ultimate nutrient, especially for athletes. Our muscles are 70 to
75 percent water, and it serves as the medium in which the body conducts
almost all its activities.

Water performs numerous functions:

¢ It helps digest food through saliva and stomach secretions.
¢ Water helps lubricate joints and cushion organs.

¢ [t transports nutrients, hormones, and oxygen through the blood (of
which water is the main ingredient) to working muscles, and removes
waste products such as carbon dioxide and lactic acid.

¢ In urine, water carries waste products out of the body.

* Insweat, it helps regulate body temperature, especially during exer-
cise, by absorbing the heat generated by muscles and transporting it
to the skin where it can evaporate.

Classic early signs of being underhydrated (even when you're not exer-
cising) include light-headedness or dizziness, headaches, loss of appetite,
dark-colored urine, lack of energy, and fatigue. Throughout the day, don’t
wait until your tongue sticks to the roof of your mouth to think about your
fluid needs. Waiting until you're outright thirsty means that you've waited
too long. Stay on top of your fluid needs by drinking a minimum of 8 cups
(2L) of fluid a day. Emphasize healthy beverages such as water, 100 percent
fruit or vegetable juice, low-fat milk, herbal tea, and, when appropriate
(such as before, during, and immediately after exercise), sports drinks. To
prevent kidney stones and reduce your risk of colon and bladder cancer,
aim to drink at least 4 cups, or half of your daily intake, as water. Alcohol,
soda, and other highly caffeinated energy drinks aren’t the best hydrating
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choices. Besides being nutrition zeros, alcohol and large doses of caffeine
act as diuretics (they cause you to urinate), and the carbonation in fizzy
beverages may cause you to drink less.

Here are simple solutions for increasing your daily fluid intake.

Begin the day conscious of the need to stay hydrated. Drink an 8-ounce
(240 ml) glass of water when you get up in the morning.

If you take vitamins or other supplements, take them with a full glass
of water, not just a few sips.

Drink at least a cup of water or another healthy beverage with all
your meals and snacks.

For easy access, keep a jug of water on your desk or carry a water
bottle with you when traveling or running errands.

Hydrate before you head out to exercise by drinking water or a sports
drink—aim for 2 cups during the 2 hours before exercise.

Have a large glass of water along with your beer, wine, or other alco-
holic drink. An added bonus is that you'll handle the alcohol better.

Make your own healthy soda by mixing fruit juice and seltzer, half
and half.
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Meeting Energy Demands

Exercise represents one of the highest levels of extreme stresses
to which the body can be exposed. For example, in a person who
has an extremely high fever approaching the level of lethality, the
body metabolism increases to approximately 100 percent above
normal; by comparison, the metabolism of the body during a
marathon race increases to 2,000 percent above normal.

Source: A. Suleman, K. Riaz, and K.D. Heffner, 2011, Exercise physiology. [Online]. Available: http://
emedicine.medscape.com/article/88484-overview [April 12, 2013].

onsuming adequate calories, or fuel, daily sets you up to train success-

fully—a necessity for those who compete. It’s also a must, however, if
you just want to feel good while working out. The longer or more stren-
uous the activity, the more important it is to consume the optimal mix of
energy-supplying nutrients—carbohydrate, fat, and protein. As you read
in chapter 1, consistently eating well-balanced meals and snacks (in the
recommended amounts for you) that contain a variety of foods will most
likely supply you with adequate calories, as well as the nutrients required
for fueling your typical day-to-day activities. This chapter provides detailed
information about obtaining the optimal mix of fuel based on your training
and competitive needs as an endurance athlete, which vary significantly
from the needs of athletes involved in power or team sports.

This chapter is for athletes who want to delve deeper and understand the
underlying physiology of how to best ready their bodies for future endurance
endeavors. How you fuel your body directly affects your workouts during
the week and your weekend races and endurance adventures (as well as
your day-to-day overall health). The type of exercise that you undertake
also influences the fuel that your body uses. All of us have heard conflicting
advice about eating for endurance activities. What you'll come to understand
as the formula for athletic success is this: Carbohydrate makes up the back-
bone of a smart sports diet; however, protein and fat play crucial roles, too.

31



32

Endurance Sports Nutrition

The Body’s Fuel Sources

Our ability to run, bicycle, ski, swim, and row hinges on the capacity of the
body to extract energy from ingested food. As potential fuel sources, the
carbohydrate, fat, and protein in the foods that you eat follow different met-
abolic paths in the body, but they all ultimately yield water, carbon dioxide,
and a chemical energy called adenosine triphosphate (ATP). Think of ATP
molecules as high-energy compounds or batteries that store energy. Anytime
you need energy—to breathe, to tie your shoes, or to cycle 100 miles (160
km)—your body uses ATP molecules. ATP, in fact, is the only molecule able
to provide energy to muscle fibers to power muscle contractions. Creatine
phosphate (CP), like ATDP, is also stored in small amounts within cells. It’s
another high-energy compound that can be rapidly mobilized to help fuel
short, explosive efforts. To sustain physical activity, however, cells must
constantly replenish both CP and ATP.

Our daily food choices resupply the potential energy, or fuel, that the body
requires to continue to function normally. This energy takes three forms:
carbohydrate, fat, and protein. (See table 2.1, Estimated Energy Stores in
Humans.) The body can store some of these fuels in a form that offers muscles
an immediate source of energy. Carbohydrates, such as sugar and starch, for
example, are readily broken down into glucose, the body’s principal energy
source. Glucose can be used immediately as fuel, or can be sent to the liver
and muscles and stored as glycogen. During exercise, muscle glycogen is
converted back into glucose, which only the muscle fibers can use as fuel.
The liver converts its glycogen back into glucose, too; however, it’s released
directly into the bloodstream to maintain your blood sugar (blood glucose)
level. During exercise, your muscles pick up some of this glucose and use it

TABLE 2.1 Estimated Energy Stores in Humans

Energy source Storage site Approximate energy (kcal)
ATP/CP* Various tissues 5
Carbohydrate Blood glucose 80
Liver glycogen 400
Muscle glycogen 1,500
Fat Serum free fatty acids 7
Serum triglycerides 75
Muscle triglycerides 2,500
Adipose tissue 80,000+
Protein Muscle protein 30,000

*ATP/CP = adenosine triphosphate/creatine phosphate
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in addition to their own private glycogen stores. Blood glucose also serves
as the most significant source of energy for the brain, both at rest and during
exercise. The body constantly uses and replenishes its glycogen stores. The
carbohydrate content of your diet and the type and amount of training that
you undertake influence the size of your glycogen stores.

The capacity of your body to store muscle and liver glycogen, however, is
limited to approximately 1,800 to 2,000 calories worth of energy, or enough
fuel for 90 to 120 minutes of continuous, vigorous activity. If you’'ve ever hit
the wall while exercising, you know what muscle glycogen depletion feels
like. As we exercise, our muscle glycogen reserves continually decease, and
blood glucose plays an increasingly greater role in meeting the body’s energy
demands. To keep up with this greatly elevated demand for glucose, liver
glycogen stores become rapidly depleted. When the liver is out of glycogen,
you'll “bonk” as your blood glucose level dips too low, and the resulting
hypoglycemia (low blood sugar) will further slow you down. Foods that
you eat or drink during exercise that supply carbohydrate can help delay
the depletion of muscle glycogen and prevent hypoglycemia.

Fat is the body’s most concentrated source of energy, providing more
than twice as much potential energy as carbohydrate or protein (9 calories
per gram versus 4 calories each per gram). During exercise, stored fat in
the body (in the form of triglycerides in adipose or fat tissue) is broken
down into fatty acids. These fatty acids are transported through the blood
to muscles for fuel. This process occurs relatively slowly as compared with
the mobilization of carbohydrate for fuel. Fat is also stored within muscle
fibers, where it can be more easily accessed during exercise. Unlike your
glycogen stores, which are limited, body fat is a virtually unlimited source
of energy for athletes. Even those who are lean and mean have enough fat
stored in muscle fibers and fat cells to supply up to 100,000 calories—enough
for over 100 hours of marathon running!

Fat is a more efficient fuel per unit of weight than carbohydrate. Carbo-
hydrate must be stored along with water. Our weight would double if we
stored the same amount of energy as glycogen (plus the water that glycogen
holds) that we store as body fat. Most of us have sufficient energy stores of
fat (adipose tissue or body fat), plus the body readily converts and stores
excess calories from any source (fat, carbohydrate, or protein) as body fat.
In order for fat to fuel exercise, however, sufficient oxygen must be simul-
taneously consumed. The second part of this chapter briefly explains how
pace or intensity, as well as the length of time that you exercise, affects the
body’s ability to use fat as fuel.

As for protein, our bodies don’t maintain official reserves for use as fuel.
Rather, protein is used to build, maintain, and repair body tissues, as well
as to synthesize important enzymes and hormones. Under ordinary circum-
stances, protein meets only 5 percent of the body’s energy needs. In some
situations, however, such as when we eat too few calories daily or not enough
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Carbohydrate, protein, and fat each play distinct roles in fueling exercise.

Carbohydrate

Fat

Provides a highly efficient source of fuel-Because the body requires
less oxygen to burn carbohydrate as compared to protein or fat,
carbohydrate is considered the body’s most efficient fuel source.
Carbohydrate is increasingly vital during high-intensity exercise when
the body cannot process enough oxygen to meet its needs.

Keeps the brain and nervous system functioning—When blood glucose
runs low, you become irritable, disoriented, and lethargic, and you
may be incapable of concentrating or performing even simple tasks.

Aids the metabolism of fat—To burn fat effectively, your body must
break down a certain amount of carbohydrate. Because carbohydrate
stores are limited compared to the body’s fat reserves, consuming
a diet inadequate in carbohydrate essentially limits fat metabolism.

Preserves lean protein (muscle) mass—Consuming adequate carbo-
hydrate spares the body from using protein (from muscles, internal
organs, or one's diet) as an energy source. Dietary protein is much
better utilized to build, maintain, and repair body tissues, as well as
to synthesize hormones, enzymes, and neurotransmitters.

Provides a concentrated source of energy—Fat provides more than
twice the potential energy that protein and carbohydrate do (9 calories
per gram of fat versus 4 calories per gram of carbohydrate or protein).

Helps fuel low- to moderate-intensity activity—At rest and during
exercise performed at or below 65 percent of aerobic capacity, fat
contributes 50 percent or more of the fuel that muscles need.

Aids endurance by sparing glycogen reserves—Generally, as the
duration or time spent exercising increases, intensity decreases (and
more oxygen is available to cells), and fat is the more important fuel
source. Stored carbohydrate (muscle and liver glycogen) are subse-
quently used at a slower rate, thereby delaying the onset of fatigue
and prolonging the activity.

Protein

Provides energy in late stages of prolonged exercise—\When muscle
glycogen stores fall, as commonly occurs in the latter stages of
endurance activities, the body breaks down amino acids found in
skeletal muscle protein into glucose to supply up to 15 percent of
the energy needed.

Provides energy when daily diet is inadequate in total calories or
carbohydrate—In this situation, the body is forced to rely on protein to
meet its energy needs, leading to the breakdown of lean muscle mass.
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carbohydrate, as well as during latter stages of endurance exercise, when
glycogen reserves are depleted, skeletal muscle is broken down and used
as fuel. This sacrifice is necessary to access certain amino acids (the build-
ing blocks of protein) that can be converted into glucose. Remember, your
brain also needs a constant, steady supply of glucose to function optimally.

The Body’s Energy Systems

The first energy system the body relies on is the phosphagen system. A small
reserve of ATP and another high-energy compound called creatine phos-
phate (CP; also called phosphocreatine) is stored within muscles to power
activity instantly. This reserve is sufficient to fuel several seconds of short,
high-power, all-out efforts, such as when you lift weights or serve a tennis
ball. When you perform exercise lasting beyond 10 seconds, however, your
body requires an additional energy source for the continual resynthesis of
ATP. Fat and glycogen, therefore, represent the major energy sources that
the body routinely relies on.

The second energy system that the body relies on is anaerobic glycolysis,
a series of biochemical reactions that don’t require oxygen to convert the
glycogen stored in muscles into useable energy. Carbohydrate is the only
nutrient whose stored energy can be used to generate ATP anaerobically
(without adequate oxygen). This factor becomes increasingly important
during high-intensity exercise of short duration. The anaerobic breakdown
of muscle glycogen generates ATP (as well as lactic acid) rapidly for a short
amount of time, and it serves as the primary fuel for all-out exercise lasting
1 to 2 minutes, such as running an 800-meter race. During anaerobic metab-
olism, every molecule of glucose burned yields 2 molecules of ATP.

As an endurance athlete interested in completing longer bouts of exercise,
you rely predominantly on a third system known as aerobic metabolism
(involves a series of oxygen-requiring reactions) to generate a constant supply
of ATP. Endurance and ultraendurance activities require the body to take in
more oxygen (hence, your relatively slower pace) so that carbohydrate and
fat will be oxidized more completely, yielding a more substantial amount of
ATP. During aerobic metabolism, every molecule of glucose oxidized yields
36 ATP (as compared with only 2 ATP when broken down anaerobically).
For example, during the first 20 minutes of moderately paced, less-than-all-
out exercise, liver and muscle glycogen are broken down to glucose, and
the ATP generated supplies about half the energy that the body requires.
The breakdown of fat stores supplies the remainder of energy at this time.

Thank goodness for our body’s ability to store fat. The complete oxidation
of a triglyceride molecule yields 460 ATP! During light to moderate exercise,
fat supplies about 50 percent of the energy required. The oxidation of fat
gradually increases as moderately paced exercise continues past an hour or
two and muscle glycogen stores become more and more depleted. During
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prolonged exercise, the oxidation of fatty acid molecules can provide nearly
80 percent of the energy that the body needs. The complete breakdown of
fatty acids, however, depends in part on the breakdown of carbohydrate.
When carbohydrate levels (that is, glycogen and blood glucose) in the body
fall, the ability of the body to break down fat for fuel also falls. So, as an
endurance athlete, keep the science in mind and remember that fat burns
in a carbohydrate flame.

If not enough carbohydrate and fat are present to meet energy needs,
the body must turn to using protein for energy. Protein must first be con-
verted into a form that can enter various metabolic pathways to produce
ATP aerobically. In some cases, amino acids can be broken down directly in
muscles, and the by-products can be converted into glucose and used for
energy. In other cases, amino acids are converted into intermediate products
in the liver and then broken down through the same pathways as glucose
to yield energy.

Energy Demands for Intensity and Duration

Don’t fall into the trap of believing that you burn either solely carbohydrate
or solely fat when you exercise. In reality, our bodies rely on a mixture of
tuels during every activity that we do, from resting on the couch to sprinting
toward the finish line. How hard you work (the intensity) and how long
you go (the duration) ultimately determine what proportion of fuels is used.
At rest, for example, more fat than carbohydrate (blood glucose) is burned
to meet energy needs. During low-intensity exercise (about 25 percent of
maximal oxygen uptake, or 25 percent of VO,max; for more on this topic,
see What Is VO, max?) such as walking, fat continues to supply more than
half of the required energy. At these times, the body favors burning fat as
fuel because enough oxygen is available to break it down. Lastly, as long as
you consume enough calories and carbohydrate from day to day, your body
won’t have to resort to using protein to fuel everyday activities or exercise.
If the intensity of the exercise that you perform remains low to moderate
(up to 65 percent of maximal oxygen uptake, or VO, max), your body relies
on a mixture of fat and carbohydrate (glycogen and blood glucose) as fuel.
As you pick up the pace (increase the intensity above 70 percent of VO, max),
you have trouble consuming enough oxygen to meet your needs. Your body
responds by relying less on fat for energy, shifting instead to burning more
glycogen. First, fat cannot be mobilized (broken down into free fatty acids
and brought to the muscle from adipose tissue) or burned quickly enough
to meet the energy demands of intense muscle contractions. Second, the
burning, or oxidation, of carbohydrate for energy requires less oxygen than
does the oxidation of fat, so carbohydrate becomes the preferred fuel when-
ever oxygen is a limiting factor. On top of that, as lactic acid accumulates
(as a by-product of the breakdown of glycogen when enough oxygen isn’t
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Whatls \'Iozmax?

VOzmax is a measurement of aerobic capacity—the ability of the body to
take in, transport, and use oxygen. As you exercise more intensely, the rate
at which you consume oxygen increases. At some point, however, your
body reaches a limit on the amount of oxygen that it can consume, even if
the intensity of the exercise continues to increase. This point is known as
your maximal oxygen uptake, or VO, max. As an indicator of aerobic fitness,
VO,max can help predict which athletes will perform well in endurance
activities. It can't, however, determine who will win.

Two other major factors influence your performance in endurance
activities: your ability to perform at a high percentage of your VO,max for
a prolonged period of time (referred to as your lactate threshold) and your
skill or efficiency at performing the exercise. Your lactate threshold is the
exercise pace above which lactic acid begins to accumulate significantly
in your bloodstream. This occurs when glycogen and glucose are broken
down rapidly because sufficient oxygen isn't available (as occurs during
anaerobic metabolism). By training smartly, you can push your lactate
threshold higher. That means you will be able to perform more intensely
before accumulating lactate—a distinct competitive advantage because
the buildup of lactate contributes to fatigue. Second, the more skilled or
proficient you are at performing a type of exercise, the more economical
you are. That is, you require less oxygen to perform the same rate of work
(you work at a lower percentage of your maximal VO, max), which is another
distinct advantage because it helps you conserve energy over the long run.

available), it further hinders the ability of muscles to burn fat. At times of
high-intensity, all-out exercise (90 to 95 percent of aerobic capacity), your
body relies exclusively on glucose.

You've probably figured out by now that how long you go (duration)
is inversely related to how fast you go (intensity). For example, no matter
how talented you may be, your average speed in a marathon won’t be as
fast as it is during a 10K race. Fat becomes more important as a fuel source
as the intensity of exercise decreases, which occurs as the distance or time
that you exercise increases. The oxidation of fat, for example, contributes
up to 70 percent of the energy needed during moderate-intensity exercise
lasting 4 to 6 hours. As exercise continues and glycogen stores run low, the
breakdown of fat supplies most of the energy needed (see figure 2.1). Because
the burning or oxidation of fat supplies ATP at a significantly slower rate,
however, you cannot maintain the same intensity or pace. Intensity becomes
limited to approximately 60 percent or less of aerobic capacity and only if
some carbohydrate is still available.
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FIGURE 2.1 As exercise intensity increases (your pace quickens or you work harder), the
body's dependence on carbohydrate (glycogen and blood glucose) as fuel increases.

Adapted, by permission, from J.A. Romijn, E.F. Coyle, L.S. Sidossis, et al., 1993, “Regulation of endogenous fat and car-
bohydrate metabolism in relation to exercise intensity and duration,” American Journal of Physiology - Endocrinology and
Metabolism 265(3): E380-E391.

The limiting factor on performance, therefore, even during moderate-in-
tensity exercise, remains the body’s limited carbohydrate stores. No matter
how ample your fat stores, after you deplete your muscle glycogen stores,
you will experience fatigue to some degree and will be unable to sustain your
current pace. On top of that, your brain needs a constant supply of glucose.
As previously mentioned, if you exhaust your liver glycogen stores and thus
cannot maintain an adequ