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The most useful way to classify
| carbohydrate food for active
i people is by It ability to raise
blood glucose concentration. To hasten
recovery after intense training, athietes
should consume at least 50 g of high- or
moderate-glycemic carbohydrates as
soon after exercise as is practical- They
should eat at least an additional 50 g ev-
ery 2 hours until they eat a large meal. To
obtain the recommended 70% of calories
from carbohydrate, athletes may find it
healpful to determine how many 50-g car-
bohydrate food portions they need to eat
daily.

Imost all those in the athletic com-

munity, including athletes, coaches,

trainers, and teamn physicians, realize

that optimal nutrition is vital to most
training programs. For the most part, athletic
patients also realize that carbobiydrate is the sin-
gle most important nuirient in their diet be-
cause it is the predominant source of energy for
exercising muscles,

Despite this understanding, however, some
athletes remain deficient in carbohydrate be-
cause they are not taught how 1o select foods
thar have the “best types and optimal amounts”
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carbohydrates continued

Hockey players oftan
bacoma glycogen
depleted after a couple
pariods of intense play.
it may holp ta consume
carbohydrate that the
body can guickly
convert to blood
glucose.
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of carbohydrate to meet their immediate or
long-term energy needs. As a result, their oain-
ing and performance often suffer,

The Glycemic Index

Athletes and other active people sometmes
need to consume carbohydrate that can be very
quickly converted to blood glucose and trans-
ported via the bloodsteam to the muscles dur-
ing exercise. This is certainly the case for carbo-
hydrate ingested during the latter stages of
endurance sports such as bicycle road racing or
rmarathion munning—and maybe even an intense
game of soccer or hockey!' It iz also the case for
carbohydrate consumed during the first few
hours after exhaustive exercise, a time that is
critical for hastening the recovery of muscle
glycogen®

In contast, there may be other times—such
as at the beginning of a marathon or long hike—

when athletes and active peaple would benefit
most from carbohydrates that are converted 1o
blood glucose at a slower rate and for more pro-
longed periods* To help meet the athlete’s need
to tegulate glucose entry into blood at various
rates, food should be classified according to its
glycemic index”

The glycemic index measures the extent to
which blogd glucase is elevated above basal lev-
els for a period of dme after eating a food con-
taining 50 g of carbohydrate. The increase in
blood glucose is expressed as & percentage rela-
tive o the increase observed after eating a stan-
dard type of carbohydrate, such as bread or sim.
ple glucose, which rate 100. Foods can be
classified as having a high, moderate, or low
glycemic index.” Addirionally, active people
should consider the optimal amount of carbo-
hydrate to be ingested as well as the best iming
of meals.
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An Active Person’s Carbohydrate Need

When exercise is prolonged and intense
enough to deplete muscle glycogen and pro-
duce hypoglycemis, the exerciser will be forced
1o lower the intensity of the workout to a pace
corpparable to a slow run or jog.! Marathon run-
ners call this phenomenon “hitting the wall,”
and cyclists call it “the bonk.”

It takes 90 to 180 minutes of confintious exer-
cise perfortned at 60% to 80% Vo,max to de-
plete muscle glycogen! However, muscle glyco-
gen can &lso be depleted after only a 15- to
30-minute exercise session performed at very
high intensities (90% to 130% Vo.max) in inter-
vals of 1 to 5 minutes altemnated with rest peri-
ods

It is not uncommon for soccer g hockey
players to become glycogen depleted well before
completing a'game or after a hard practice.™
Therefore, athletes who attermpt to train daily at
intensities that deplete muscle glycogen must
take extraordinary measures to eat high-
giycemic carbohiydrates at optimal times.so,

Classification of Carbohydrates

Simple sugars include the monosaccharides
glucose and fructose as well as the disaccharides
sucrose (glucose plus fructose), lactose (glucase
plus galactose), and maltose (glucose plus glu-
cosel.

Complex carbohydratee have many glucese
units chained together The nurnber of glucase

units can range frorn a.few to several thousand, '

and these molecules are generally classified as
starch. A siraight chain of glucose units is called
amylose, and roany-branched glucose chains
ate called amylopectin.

Dietary carbohydrare i3 primarily converted
to blood glucose, the only type of carbohydrate
{excluding lactate) that skeletal muscle can read-
ily metaholize for energy or store as glycogen. A
secondary purpose of dietary carbohydrate is ta
supply glucose and fruetose to the liver for
glycogen synthesis.

Carbohydrates can be functionally classified
according to their glycemic index® The glycemic
index is largely determined by the rate at which

ingested carbohydrate is made available to in-
testinal enzymes for hydrolysis and intestinal
absorpton. This is regulated by gasttic empty-
ing time" and the physical availability of the sug-
ar, or starch to hydrolytic enzymes. The laner is
influenced by cooking, which alters both the in-
tegrity of the starch granule® and the degree of
gelatinization.” Amylopectin is hydrolyzed more
rapidly in the intestines than amylosge and thus
has a somewhat higher ghreemic index
Glycemic index is not determined by whether
a carbohydrate is sirnpple or complex. Some
statchy eotnplex carbohydrates such as mashed
oz baked potatoes and bread preduce glycernic
Tesponses similar to that of
glucose. " Sucrose also hag 3
glycemic index comparable
to or somewhat less than
that of starchy complex car-
bohydrates.* Additicnally,
amylose and maltodextrin
elicit glycemic responses
identical to glucose. Mal-
todextritt is used in some
sport drinks in place of ghi-
cose or sucrose because it does not taste as
sweet; maltodextrin makes the drink more
palatable, especially when the concentration of
carbohydrate s high (greater than 20 g/100 mlL
of watet), Fructose, on the other hand, has a Jow

glycemnic index because it is only slowly convert- .

ed to ghicose in the liver,

Postexercise Glycogen Resynthesis
The titnie needed for an athlete to recover be-

tween intense raining sessions is often dictated

by how quickly muscle glycogen is restored,
Muscle glycogen is resynthesized to normally
high levels at a rate of only about 5% per hour
(eg, 5 mnolkg of muscle™hr when atterpting
o inersase muscle glycogen by 100 mmal/kg).
Therefors, even when diet is optimal, approxi-
marely 20 hours are required to recover muscle
glycogen stores, :

Thus, athletes who work out twice a day will
have chronically low muscle glycogen stores un-
less they perfornm one of the raining sessions at

continued
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carbohydrates continuad

*High-glycermic foods have a glycemic value above 85, moderate-glycemic foods have a rating from
8010 85, and low-glycemic fodds have a rating less than 60. Bread has & glycemic index of 100.

Adaptad with permission from Coyle EF: Timing and method of increased carbohydrate Intake to cope
with heavy training, competitlan and recovery. J Sports Sel 18941;9(spec nok?3-51, discussion 51-52,
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an intensity low enough not to rely heavily on
muscle glycogen. The important dietary factors
that dictate the rate of muscle glycogen resyn-
thesis are (1) the rate of carbohydrate ingestion,
{2) the carbohydrate type, and (3} the timing of
carbohydrate ingestion after exercizse,

Rate of Carbohydrate Consumption

To determine the optimal rate of carbohy-
drate ingestion, athletes have been given various
amounts of high-glycemic food to eat after exer-
cises7 Excluding the 2 hours inumediately af-
ter exercise, glycogen was resynthesized at only
2% per hour when athletes consumed 25 g of
carhohydrate every 2 hours. The resynthesis mte
increased to 5% per hour when athletes ate 50 g
every 2 hours. However, muscle glycogen resyn-
thesis did not increase by more than 5% to 6%
perhourwhen 100 g, 112 g, or 225 g were ingest-
ed every 2 hours.

This plateau in glycogen resynthesis is not
simply due to an accumulation of carbohydrate
in the gastrointestinal tract. Infravenous glucose
infusion ar about 100 g every 2 hours does not
increase rmuscle glycogen synthesis above 7% to
8% per hour,?

Higher rates of intravenous glucose infusion
may, however, accelerate glycogen synthesis,™
and it has recently been suggested that eating a
large amount of carbohydrate (28 g every
15 minutes, which totals 448 g in 4 hours) may
increase glycogen synthesis to 9% per hour for a
short period.' However, excluding the first
2 hours postexercise, muscle glyeogen synthesis
appears near optimmal (5% to 7% per howr) when
an athlete consumes at least 50 g of glucose ev-
ery 2 hours. Tables 1 and 2 present the portions
of various types of food that contain 50 g of car-
bohydrate,

Recommendations in the text of this paper
for the grams antd portions of carbohydrate food
are for a person weighing 70 kg (154 Ib). A per-
son’s actual carhohydrate intake, however,
ghould be adjusted to his or her body weight.
Patients need to factor in the extent to which
their body weight differs from 70 kg. For exam-
ble, a person weighing 100 kg should mukiply
the recommended grams and portions by 1.4

Adapted with permission frorn Coyle EF: Timing and
method of increased carbohydrate Intake to cope
with heavy training, cormnpetition and recovery. J
Sports Sci 1991 ;8(spec no):29-51, discussion 51-52,

(100kg/70 kg), whereas a person weighing 50 kg
should multiply the grams and pordons by 0.7

(50kg/70 kg).
Athletes czn also be advised o optirmize car-
bohydrate intake by obtaining about 70% of
continusd
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carhohydrates continued

i)

“Estimates of the numiber of food portions (50 g carbahydrate per portion) and total grams of carbabydrate

needed to obtain the recommended 70% of total calorle Intake from carbohydrate-rich foods llstad in

tables 1 and 2.

T Total caloric intake should ba adjugted for body weight and activity laval.

¥ Bacause carbohydrate contains 4 keal/y, recommendsd grams of carbohydrate are found By dividing

recammended kilocalories from carbohydrate by 4,

their total caloric intake from carbohydrate®
Thiz advice, though sound, is difficult to imple-
ment because it does not directly inform ath-
letes as to what foods to eat and how much. As
shown in table 3, this can be simplified by telling
athletes how many gramns of carbohydrate they
should eat per day.

For caloric needs not specified in table 3, pa-
tients can estimate the amount of carbohydrate
they need by multiplying their estimated total
caloric intake by 0.7 {70% of calories). They can
then divide this number by four (because carbo-
hydrates contain 4 keal/g) to estimate the nmum-
ber of grams of catbohydrate they should con-
surne, Food labels list the grams of carbohydrate
per serving, and athletes can total their daily in-
take, ‘

The easiest method, however, is to simply tell-

athletes how many 50-g portons of carbahy-
drate-rich foods they need to eat per day. En-
durance athletes whe are expending 3,000 to
4,000 kcal per day are advised to eat about 525 to
700 g/day of carbohydrate, which amounts 1o 8
to 10 g-day-kg of body weight "= More sim-

ply. this equals 10 to 14 50-g portions of carbo-

.hydrate each day.

Glycogen Resynthesis

If high-glycemic foods resynthesize glycogen
at 5% to 6% per hour, how do foods with a mod-
erate or low glycemic index compare? Although
the glyeernic index of sucrose is slightly less than
that of glucose,” it also promotes glycogen syn-
thesis at 5% to 65% per hour* Moderate-glycernic
foods such as rice and pasta alsa appear to pro-
mote resynthesis ar about 5% per hour=*

Therefore, bazsed on the limnited data available
at this rime, there is no indication thar meoder-
ate-glycemic foods are less effective than high-
glycemic foods ar synthesizing muscle glycogen.
Also, it makes little difference if the eathohydrate
is in liquid or solid for high- and moderate-
g]ycernir.'. foods &1”

Muscle glycogen resynthesis from low-
glycemic foods is, however, clearly suboptimal.
‘This i1s most apparent with fructose, which stimn-
ulates glycogen resynthesis at only 3% per hour
because of the slow rate at which the liver con-

continued
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carbohydrates continued

verts fructose to ghicose?

Legumes have a low glycemic index largely
because the carbohydrate granule is not as ac-
cessible to digestive enzymes, a factor that can
be influenced by food processing and cooking.
Legumes also do not appear to promote a high
rate of glycogen synthesis during the first
6 hours after exercise, although they may be
compatable to high- and moderate-glycernic
carbohydrates at 20 to 44 hours postexercise. =

Timing of Carbohydrate Consumption

During the first 2 hours after a workout, an
exerciser’s rate of muscle plycogen resynthesis is
7% to 8% per hour. Although this is somewhat
faster than the normal rate of 5% to 6% per hour,
' it isn't rapid.? However,
the rate of eatly resynthe-
$i3 I3 inportant for an ac-
tive person because it al-
lows quicker recovery
before the next practice,
competiton, or workout.

Because eating more
than 50 g of carbohydrate
with a high or moderate
glycernic index every 2
hours does not seem beneficial for increasing
muscle glycogen resynthesis, it may seem best
for an athlete to eat small, frequent meals unitil
enough carbohydrate has been consumed
(more then 600 g for a 70-kg persan). However,
Costill &t a1* fed runners 525 g of carbohydrate
(70% of their caloric intake) over 24 hours and
found that muscle glycogen synthesis was simi-
lar whether the runners ate two large meals or
seven smaller meals. This may indicate that the
gastric etnptying rates of the two larger meals
were slow enough 1o result in a prolonged rate of
glucose entyy into the blood, with a pattemn of
carhohydrate absorption similar to when small,
frequent meals are eaten. '

Spegcific, Practical Recommendations

To» dexive 70% of their total calories from cat-
bohydrate, active patients should know how
many grams of carhohydrate they need to eon-

120
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surne. As stared eatlier, a simple method is to -
form thern how many 50-g carbohydrate food
portions they should eat per day.

Within 4 howurs after exercise. To hasten re-
covery of muscle glycogen, athletes should
consume at least 50 g of a high- or modetate-
glycemic carbohydrate as soon after exercise as
is practical. Also, they should eat at least an addi-
tional 50 g every 2 hours unt] they ear a large
rmeal.

The food ¢an be either liquid or solid. Most
important, it should be palatable to the athlete,
Because appetite Is usually suppressed for 2 pe-
riod after intense exercise, foods should coniain
more concentrated carbohydraie and less bulk,

Foods and drinks that contain primagily glu-
cose, sucrose, maltodextring, and other starches
serve an important functon. Cyclists riding in
the Tour de France derive most of their total calo-
ries from these high-glycemic sources.® These
supgars and syrups are sometimes considered
empty calories for sedentary adults whose carbo-
hydrate intake js restricted to anly 200 to 400
g/day and who are thexefore advised to select
carbohydrate foads that provide recommended
daily fiber, vitamins, and minerals,

However, athletes often are not able to eat
enough cereals, grains, and vegetables to meet
theijr extreme carbohydrate needs. They have
difficulty eating large amounts of bulky, high-
fiber food in the limited time available, and they
can become satiated prematurely and may ex-
perience gastrointestinal discomfort.s ,

Fourto 24 hours after exeacise, The most im-
portant factor for glycogen resynthesis during
the 4- to 24-howut period after exerciseis the total
amount of carbohydrate consumed. Based on
the limited dara currendy available, it does not
appear that the glycemic index plays a major
role in determining the mte of muscle glycogen
synthesis during the 4- to 24-hour period after
exercise, as long as the athlete hias ingested at
least 100 g of carbohydrate within 4 hours after
EXercise.

Any far consumed during the 4- to 24-hour
period will blunt the glycemic response, and
protein may have a variable influence There-

contiruerd
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carbohydrate# continued

fore, the glycemic responses to high-carbohy-
drate meals containing fat and protein may be
influenced less by the glycemic index of the indj-
vidual carbohydrate in the meal.

The Dietary Difference
When training extensively, active patients
mmst not lose sight of the importance of con-

suming catbohydrate-rich foods and beverages.
When consured after exercise, foods with a high
or moderate glycemic index can help patients re-
cover more quickly from intense training, FaM

Addregs correspondence to Edwatd E Cayle, Phi3, Hu-
man Perfornance Laboratory, Bellmant Hall, Room 222,
The University of Texas at Austin, Austin, TX 78712
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