
 

Volume 335 Number 18

 

�

 

1357

 

EXERCISE AND INSULIN SENSITIVITY

 

INCREASED GLUCOSE TRANSPORT–PHOSPHORYLATION AND MUSCLE 
GLYCOGEN SYNTHESIS AFTER EXERCISE TRAINING IN INSULIN-RESISTANT 

SUBJECTS
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Background

 

Insulin resistance in the offspring of
parents with non-insulin-dependent diabetes melli-
tus (NIDDM) is the best predictor of development of
the disease and probably plays an important part in
its pathogenesis. We studied the mechanism and
degree to which exercise training improves insulin
sensitivity in these subjects.

 

Methods

 

Ten adult children of parents with NIDDM
and eight normal subjects were studied before start-
ing an aerobic exercise-training program, after one
session of exercise, and after six weeks of exercise.
Insulin sensitivity was measured by the hyperglyce-
mic–hyperinsulinemic clamp technique combined
with indirect calorimetry, and the rate of glycogen
synthesis in muscle and the intramuscular glucose-
6-phosphate concentration were measured by car-
bon-13 and phosphorus-31 nuclear magnetic reso-
nance spectroscopy, respectively.

 

Results

 

During the base-line study, the mean
(

 

�

 

SE) rate of muscle glycogen synthesis was 63

 

�

 

9
percent lower in the offspring of diabetic parents
than in the normal subjects (P

 

�

 

0.001). The mean
value increased 69

 

�

 

10 percent (P

 

�

 

0.04) and 62

 

�

 

11
percent (P

 

�

 

0.04) after the first exercise session and
102

 

�

 

11 percent (P

 

�

 

0.02) and 97

 

�

 

9 percent (P

 

�

 

0.008)
after six weeks of exercise training in the offspring
and the normal subjects, respectively. The increment
in glucose-6-phosphate during hyperglycemic–
hyperinsulinemic clamping was lower in the off-
spring than in the normal subjects (0.039

 

�

 

0.013 vs.
0.089

 

�

 

0.009 mmol per liter, P

 

�

 

0.005), reflecting re-
duced glucose transport–phosphorylation, but this
increment was normal in the offspring after the first
exercise session and after exercise training. Basal
and stimulated insulin secretion was higher in the
offspring than the normal subjects and was not al-
tered by the exercise training program.

 

Conclusions

 

Exercise increases insulin sensitivity
in both normal subjects and the insulin-resistant off-
spring of diabetic parents because of a twofold in-
crease in insulin-stimulated glycogen synthesis in
muscle, due to an increase in insulin-stimulated glu-
cose transport–phosphorylation. (N Engl J Med 1996;
335:1357-62.)
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IRST-DEGREE relatives of patients with non-
insulin-dependent diabetes mellitus (NIDDM)
have a lifetime risk of diabetes of approximate-
ly 40 percent.
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 In these relatives, insulin resist-
ance is the best predictor of the development of dia-
betes and probably plays an important part in its
pathogenesis.
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 The most important site of peripheral
insulin resistance is the skeletal muscle, and in this tis-
sue there are several steps involved in insulin-mediat-
ed glucose uptake in which insulin resistance might
occur (Fig. 1). Previous studies using carbon-13 nu-
clear magnetic resonance (

 

13

 

C NMR) spectroscopy to
measure the glycogen content of muscle demonstrat-
ed that a defect in insulin-stimulated glycogen synthe-
sis in muscle plays a major part in slowing the rate of
glucose disposal in patients with NIDDM.
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 Recent
studies using phosphorus-31 (

 

31

 

P) NMR spectros-
copy to measure intracellular glucose-6-phosphate
indicate that a defect in glucose transport–phos-
phorylation in muscle is responsible for this abnormal-
ity in patients with NIDDM

 

6

 

 as well as in lean off-
spring who are normoglycemic but insulin-resistant.
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Exercise is well known to improve insulin sen-
sitivity
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 and can prevent or delay the onset of
NIDDM.
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 However, the mechanism by which exer-
cise improves insulin sensitivity in humans is un-
known. This study was undertaken to examine the
degree to which exercise improves insulin sensitivity
in both normal subjects and the insulin-resistant
adult children of parents with NIDDM and the
mechanism by which this improvement occurs.

 

METHODS

 

Screening Procedures

 

We initially recruited for the study 55 young (age range, 19 to
43 years), lean offspring of parents with NIDDM (ascertained by
history) and 8 subjects with similar characteristics who had no
family history of NIDDM or hypertension traced to their grand-
parents. All the subjects were in good health as assessed by medical
history, physical examination, routine blood counts, biochemical
tests, and urinalysis, and all had normal oral glucose tolerance. Ha-
bitual physical activity at work, during sports, and at leisure was
assessed with a questionnaire.
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 Subjects were excluded from the
study if they were not within 8 percent of their ideal body weights
(according to the 1959 Metropolitan Life Insurance tables) or if

F
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