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the number of glucose transporters in your muscles increases, mak-
ing the muscles themselves even more susceptible to the actions of
insulin. “This allows less insulin secretion,” says Goodyear, “and a
better overall regulation of glucose levels in the body.” That e≠ect,
depending on the type of exercise and the way you eat “could last
for 24 to 48 hours after the exercise bout,” says Goodyear. “I think
this is the fundamental way that exercise can reduce the risk of de-
veloping diabetes and can delay the development of diabetes.”

A major factor that controls the sensitivity of muscles to the in-
sulin signal is the level of glycogen (stored fuel), she says: “The
more you deplete glycogen levels, the more sensitive the muscles
will become.” Thus, longer and more vigorous activity—jogging
for 60 minutes, for example—will have longer-lasting e≠ects on
glucose uptake than a short walk.

But the reason exercise works so well in treating people who
already have type 2 diabetes has nothing to do with insulin: they
already have insulin in the bloodstream, but the muscles don’t re-
spond. The current challenge in Goodyear’s field, therefore, is to
figure out how this separate exercise e≠ect works.

When a muscle contracts, glucose transporters move to the cell
membrane—just as they do in the presence of insulin. This sug-
gested to researchers that perhaps exercise activates the same
protein-signaling pathways as insulin. Not so, says Goodyear. She
and other scientists have since discovered that a molecule called
AMP kinase may be a key to the regulation of glucose transport

by exercise. The molecule, which is already known to reg-
ulate fatty acid oxidation, is now the subject of an

“explosion of research,” Goodyear says. “It

turns out that AMP kinase is probably doing lots of things in the
cell besides regulating glucose transport.” It may even regulate
PGC-1, a gene transcription protein that HMS professor of cell bi-
ology Bruce Spiegelman has shown can increase the number of
mitochondria (energy-producing structures) in muscle cells, in-
crease fatty acid oxidation, and even induce switches in muscle
fiber type—all adaptations to endurance exercise, says Goodyear.
For the purposes of glucose transport, AMP kinase acts as a kind
of cellular fuel sensor. Pharmaceutical companies are interested in
the molecule as a possible drug target—perhaps a first for the
field of exercise research.

Despite the possibility of AMP kinase-based medicines for
people with diabetes, Goodyear’s research has led her to conclude
that it is not the only molecule involved in exercise-induced glu-

From Elite to Everyman
Genetic endowments aside, an elite en-
durance athlete and the average daily
walker are, in their adaptations to exercise,
different less in kind than in degree. “Adap-
tations to training take place along a contin-
uum,” says Jennifer Sacheck, a postdoctoral
fellow at Harvard Medical School studying
the biochemistry of activity and inactivity.
The person who works out every day for
an hour will show better adaptation to
training stress than someone who exercises
three times a week for 20 minutes.

But the elite are not only training more,
they are careful and systematic about what
they do. Many use heart-rate monitors to
gauge the intensity of their workouts, so
they can exercise at a percentage of their
maximum heart rate (roughly, 220 minus
one’s age). Most of their workouts, perhaps
80 percent of them during the course of a
year, take place in what is called “zone 1,”
when the heart beats at roughly 70 to 75
percent of its maximum. This is an easy
pace once initial training adaptations have
occurred; the challenge of a zone-1 work-
out is said to lie in its length, which may
range from one hour most days up to two

to three hours once a week. An endurance
athlete’s season will begin with months of
this long, slow, distance training, thought
specifically to increase capillarization of
muscles and to enhance the mechanisms of
aerobic energy metabolism. As the compet-
itive season approaches, the athlete begins
to introduce high-intensity intervals into
the training, typically working up to two of
these a week. For example, a series of four,
four-minute intervals performed at 90 to
95 percent of the maximum heart rate (a
challenging pace) might be performed with
the goal of increasing the stroke volume of
the heart. Always, the athlete is trying to
stress the body, but to avoid injury, because
the hard-won adaptations to training are all
reversible, some in as little as a few weeks.

R e s i s t a n c e
training is usually
part of the ath-
lete’s routine also,
in order to build
strength and avoid
the loss of lean
muscle mass over
time. Most impor-
tant of all, the elite
athlete stays com-

mitted to training year round, with perhaps
a few weeks or a month off each year to
pursue other kinds of physical activity.

For the rest of us, lack of motivation can
be a major obstacle to exercise—and even
people who want to exercise regularly can
have difficulty incorporating activity into
their busy daily lives. Doing something en-
joyable, and making it part of a daily rou-
tine—perhaps by walking or biking part of
the way to and from work—are proven
strategies. Here are some additional things
that Sacheck and JoAnn Manson, chief of
preventive medicine at Brigham and
Women’s Hospital in Boston, and a profes-
sor at Harvard’s public health and medical
schools, have found can motivate the sloth-
ful, and keep them on track.

• Knowledge. Learn more about 
what exercise can do for you.

• Aspiration. Have a goal to
work toward. Make it realistic.

• Monitor progress. Use a pe-
dometer, or perhaps keep a log
of what you do. These tools will
let you track your progress.

• Authority. Ask your doctor to
prescribe a course of exercise.

• Patience. Changes in the body 
occur slowly. People who are
trying to lose weight in particu-
lar need to give it time.

• Social support. Having a
spouse, friends, or exercise
partner share your efforts will 
improve consistency.

• Reveille. People who exercise 
in the morning can often avoid
the inevitable distractions that
come up in the course of a day.

• Variety. Try out new activities.
Weight-train, row, swim, or 

rollerskate. Cross-training is 
good for physical and mental
well-being.

• Strategy. Increase your activ-
ity by taking the stairs instead
of an escalator or elevator, or 
getting off one stop early when
riding public transportation. Go
for walking meetings with col-
leagues.

• Options. Have indoor and out-
door options so that you can’t
make excuses whenever the 
weather is bad.Try a new class,
join a gym, or purchase home 
exercise equipment.

• Self-abnegation. If not for
yourself, then do it for your 
family!

For more, read The 30-Minute Fit-
ness Solution: A Four-Step Plan for
Women of All Ages, by JoAnn Man-
son and Patricia Amend (Harvard
University Press).
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