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Physical exercise has been considered benefical in the treatment of diabetes for many years. In poorly
controlled, especially, ketotic diabetics, however, physical exercise results in more pronounced
hyperglycemia, hyperlipidemia and hyperketonemia. But the mechanism of physical exercise has never been
studied in detail.

This study was performed to clarify the effect of physical exercise on the metabolic and hormonal
changes in patients with diabetes mellitus in order to establish the biochemical criteria of physical exercise
treatment.

100g glucose was administered to 5 healthy subjects, 4 mild and 4 severe diabetics. Furthermore, exercise-
glucose tolerance tests were carried out using treadmill walking with a speed of 70 m/min for 30 minutes
during 60 to 90 minutes following oral administration of 100g glucose, and the data were compared
respectively with those of glucose tolerance tests. The magnitude of decrease of blood glucose and insulin
levels tended to be lower in the severe diabetics than in the mild diabetics, and also, to be lower in the mild
diabetics than in the healthy subjects. In contrast, the total ketone body concentrations increased 30
minutes after exercise in severe diabetics. Physical exercise did not produce any significant changes in the
other metabolites and hormones. In one of the severe diabetics whose insulin values remained at a low level,
physical exercise became a stressor and the hypercaloraemic state induced further hypercaloraemia, because
the blood glucose, FFA and total ketone body levels increased after exercise.

It is concluded that only well controlled diabetic patients can participate in physical exercise treatment,
confirming that insulin may exert a permissive effect on exercise-induced glucose uptake.
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Table 1. Venous Concentrations of Substrates and Hormones in Healthy Subjects during O-GTT and Exercise-GTT.

after Glucose ingestion

min.
O-GTT Basal 30 60 90 120 180
Blood glucose, mg/dl 94.1+2.4 147.6+4.8 124.0+8.2 101.5+4.3 97:5¢5.2 84.9+3.4
Pyruvate, mM/1 0.11+0.01 0.15+0.04 0.19+0.02 0.15+0.01 0.14+0.01 0.13+0.01
Lactate, mM/1 1.03+0.07 1.35+0.09 1.71£0.12 1.48+0.11 1.38+0.09 1.23+0.08
Free fatty acid, mEq/1 0.45+0.04 0.31+0.03 0.25+0.02 0.23+0.03 0.21+0.02 0.19+0.01
Triglyceride, mg/d1 109.4x13.4 107.6+12.3 107.2+14.3 105.0+15.8 96.4+13.7 87.1+11.7
Total ketone body, mM/1 0.124£0.020  0.094+0.012  0.060+0.011  0.083+0.017 0.076+0.017 0.086+0.015
Immunoreactive insulin, yU/m1 8.1+1.7 66.5+7.6 53:1%5:9 53.6+8.4 48.2+7.4 34.3+7.4
Growth hormone, ng/m1 2.2+0.62 2.5+0.07 1.5+0.15 1.6+0.14 1.4+0.02 1.5+0.20
Glucagon, pg/m1 142.4+18.6 122.1+15.3 109.9+13.9 121.4+14.7 123.8+16.7 124.3+16.7
Exercise-GTT
Blood glucose, mg/d1 91.2%3.7 151.4+7.6 115.4+4 .4 81.4+4.2 97.4+4.9 87.2+11.0
Pyruvate, mM/1 0.13+0.01 0.16+0.02 0.16+0.01 0.11£0.10 0.14+0.01 0.11+0.01
Lactate, mM/1 0.60+0.14 1.31+0.15 1.56+0.07 1.14£0.17 1.16+0.11 1.07+0.12
Free fatty acid, mEq/1 0.41+0.03 0.25+0.01 0.19+0.02 0.20+0.01 0.17+0.01 0.18+0.01
Triglyceride, mg/d1 95.3+27.9 85.0+£25.9 85.2+27.3 79.8+27.3 69.2+23.1 68.2+19.3
Total ketone body, mM/1 0.119+0.020  0.089+0.015 0.062:0.014  0.067+0.012  0.069+0.012 0.064+0.016
Immunoreactive insulin, uU/m1  6.3:1.6 59.4+7.0 59.0+14.5 20.2+5.3 49.6+11.4 20.7+7.0
Growth hormone, ng/m1 1.8+0.34 1.48+0.29 1.28+0.23 1.44+0.24 1.44+0.31 1.18+0.22
Glucagon, pg/m1 171.4+49.4 157.4+46.9 144.2+42.5 148.6+45.7 157.2+44.6  170.4+50.7

Data are presented as the mean +SE.
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Table 2. Venous Concentrations of Substrates and Hormones in Mild Diabetics during O-GTT and Exercise-GTT.

after Glucose ingestion

min.
O-GTT Basal 30 60 90 120 180
Blood glucose, mg/d1 117.8+6.9 204.8+13.2 228.2+21.4  228.6+28.2  203.0£26.7  143.8£27.0
Pyruvate, mM/1 0.14+0.03 0.16+0.02 0.16+0.02 0.12+0.03 0.14+0.02 0.11+0.03
Lactate, mM/1 1.53+0.37 1.44+0.18 1.79+0.22 1.78+0.09 1.61+0.18 1.22+0.10
Free fatty acid, mEq/1 0.45+0.09 0.37+0.07 0.32+0.08 0.30+0.08 0.24+0.06 0.21+0.05
Triglyceride, mg/d1 146.6+25.6 153.8+28.1 150.4+27.7 142.8+29.1  138.4+26.7 132.2£26.9
Total ketone body, mM/1 0.069+0.016  0.069+0.022  0.071+0.027 0.085£0.032 0.053+0.026 0.068+0.027
Immunoreactive insulin, uU/m1 12.73.3 36.4+4.8 48.1+£7.9 66.2+1.12 58.5+13.7 38.7+7.7
Growth hormone, ng/m1 4.0+0.77 2.0+0.24 1.7+0.34 1.6+0.25 1.6+£0.27 2.9+0.93
Glucagon, pg/m1l 89.8+18.9 108.5+25.7 91.5+29.1 81.5+21.0 84.5£21.8 64.7+21.1
Exercise-GTT
Blood glucose, mg/d1 122.5+6.7 203.2+14.3 228.7¢19.0  205.7+24.5  208.3£22.8 151.5+18.0
Pyruvate, mM/1 0.14+0.02 0.14+0.02 0.16+0.03 0.18+0.01 0.17+0.01 0.130.01
Lactate, mM/1 1.38+0.15 1.57+0.18 1.84+0.14 1.69+0.13 1.71£0.12 1.28+0.07
Free fatty acid, mEq/1 0.49+0.11 0.46+0.13 0.34+0.07 0.29+0.06 0.26+0.04 0.22+0.04
Triglyceride, mg/d1 154.4£9.2 162.0+8.6 159.2+9.6 153.0+7.4 137.8+7.6 133.6+5.4
Total ketone body, mM/1 0.088+0.031  0.094+0.020  0.103:0.036 0.103x0.049 0.129+0.076 0.094+0.042
Immunoreactive insulin, pU/m1 13.7+3.5 35.7+1.4 48.4+8.9 53.1+14.5 55.2+15.3 41.0+8.2
Growth hormone, ng/m1 5.6+2.55 2.7+1.00 1.9+0.44 2.2+0.71 1.8+0.60 1.7+0.51
Glucagon, pg/ml 113.3+x11.9 111.0£15.0 121.3+15.5 110.8+19.8  116.3%22.3  95.5+19.5

Data are presented as the mean + SE.
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Figure 1. Effect of exercise on blood glucose concentrations following ingestion of 100 g of glucose in healthy subjects,
mild diabetic patients and severe diabetic patients.

Table 3. Venous Concentrations of Substrates and Hormones in Severe Diabetics during O-GTT and Exercise-GTT.

after Glucose ingestion

min.
Basal 30 60 90 120 180

O-GTT

Blood glucose, mg/d1 204.5+39.0  272.0¢42.1  340.0+39.00 347.0+43.2 311.8452.6 289.5+62.3
Pyruvate, mM/1 0.13+0.02 0.13+0.02 0.15+0.02 0.16+0.02 0.17+0.01 0.13+0.03
Lactate, mM/1 1.13+0.11 1.32+0.15 1.51+0.06 1.70+0.03 1.83+0.07 1.49+0.11
Free fatty acid, mEq/1 0.60+0.24 0.41+0.11 0.36+0.10 0.33+0.11 0.29+0.10 0.29+0.14
Triglyceride, mg/d1 126.0+3.7 119.0+5.8 123.5+5.7 122.0+7.4 114.8+6.5 115.3+8.7
Total ketone body, mM/1 0.168+0.074  0.130+0.053 0.136+0.053 0.125+0.041 0.089+0.042 0.071+0.022
Immunoreactive insulin, uU/m1 11.8+2.9 21.9+4.9 30.4+10.3 40.4+9.7 32.4+11.4 24.3+6.2
Growth hormone, ng/m1 5.5+2.90 2.6+1.22 2.0+0.78 2.1+0.71 5.0+3.91 2.7+1.42
Glucagon, pg/ml 86.8+15.4 102.8430.7  108.0£12.0  106.8+13.0 106.3x11.4 98.0+12.3
Exercise-GTT

Blood glucose, mg/d1 209.0+¢23.1  315.54¢26.4 371.0+38.5 367.5+44.7 350.3:39.3 305.0+62.3
Pyruvate, mM/1 0.12+0.03 0.13+0.04 0.15+0.04 0.15+0.03 0.17+0.04 0.13+0.03
Lactate, mM/1 0.99+0.24 1.04+0.28 1.38+0.28 1.39+0.19 1.53+0.25 1.14+0.27
Free fatty acid, mEq/1 0.56+0.17 0.48+0.12 0.49+0.15 0.45+0.17 0.34+0.13 0.26+0.08
Triglyceride, mg/d1 131.0+20.0 157.3+£36.1  167.8+39.3  155.3+36.4 138.0+29.8 138.0+28.8
Total ketone body, mM/1 0.198+0.085 0.160£0.092 0.118+0.032 0.073+0.022 0.101+0.046 0.049+0.013
Immunoreactive insulin, uU/m1 16.8+5.8 23.9+7.6 31.0+11.8 34.8+11.4 35.6+12.3 24.5+5.8
Growth hormone, ng/m1 1.83+0.55 2.25+0.25 3.63+2.20 9.70+4.40 3.10+1.05 2.38+0.42
Glucagon, pg/m1 100.5+15.0 113.0£15.6  117.0+11.0  96.5+6.6 106.0+8.9 84.8+7.5

Data are presented as the mean + SE.
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Figure 2. Effect of exercise on FFA concentrations following ingestion of 100 g of glucose in healthy subjects, mild

diabetic patients and severe diabetic patients.
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Figure 3. Effect of exercise on total ketone body concentrations following ingestion of 100 g of glucose in healthy
subjects, mild diabetic patients and severe diabetic patients.
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Figure 4. Effect of exercise on immunoreactive insulin concentrations following ingestion of 100 g of glucose in healthy

subjects, mild diabetic patients and severe diabetic
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Figure 5. Effect of exercise on blood glucose, FFA and total ketone body concentrations following ingestion of 100 g of

glucose in a severe diabetic patient.
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