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Studies on Health Administration
for Obese Students (VIII).
—Effects of Mild Physical Exercise for Obese
Students during Glucose Tolerance Tests.—
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Sayoko HAYAMIZU*', Yuzo SATO*, Chikashi YAMAMOTO*’,
Tetsuo OHKUWA*, Yasushi TODA*”, and Akira ITO*?

To establish the biochemical criteria for exercise treatment for obesity, exercise glucose tolerance tests
(Exercise GTT) were administered to 7 obese and 6 healthy control students. Exercise glucose tolerance tests
were carried out by using treadmill walking with a speed of 70 m/min for 30 minutes during 60 to 90 minutes
following ingestion of 100 g of glucose, and the data were compared with those of glucose tolerance tests (GTT).

In the normal subjects, glucose and insulin levels decreased immediately after treadmill walking, but the
other metabolites remained unchanged. In the obese students, glycerol concentrations increased with the
decrease in glucose and insulin levels after treadmill walking.

From these results it may be suggested that mild physical exercise can provoke lypolysis in adipose tissue and

can become an effective treatment for obese patients.
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Figure 1. Schedule of the study
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Table 1. Characteristics of Subjects.

Treadmill Walking

Subject Height Weight Obese Index VO, max
(cm) (kg) (%) (L/min.)  %VO, max H.R. (beats/min.)
Obese
A 167.0 90.0 149.2 3.64 31.6 125
B 183.0 110.0 147.2 4.03 3%7 115
C 176.2 110.0 160.4 — — —
D 172.2 97.5 149.3 s — -
E 168.2 83.0 135.2 — S S
F 169.4 85.0 136.1 s — I
G 171.7 89.1 136.0 Se— s —
Normal
H 173.0 62.0 90.3 2.97 23.5 109
1 165.0 68.0 116.2 2.81 274 113
J 174.0 73.0 109.6 s — I
K 162.0 63.0 112.9 St — I
L 170.0 65.0 102.4 — — —
M 165.0 59.0 100.8 —_— — —
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Table 2. Venous Concentration of Substrates and Hormones in Obese and Control Subjects during GTT.

Glucose ingestion, min.

Basal 30 60 90 120 180

Obese
Blood glucose, mg/dl 93.8 + 6.8 1405 + 79 1148 *+10.1 1055 *108 1040 =+ 142 93.5 *125
Pyruvate, mM/I 0.12 £ 0.02 0.17 £ 003 018 * 003 0.14 £ 002 010 £ 0.02 0.09 + 0.03
Lactate, mM/I 118 + 0.24 1.40 + 0.16 1.83 = 0.26 1.33 + 0.21 142 + 0.16 1.23 + 0.05
Free fatty acid, mEq/I 049 + 0.04 0.37 + 0.04 0.27 + 0.02 0.24 + 0.02 0.19 + 0.01 0.19 + 0.02
Glycerol, mM/I 0.21 + 0.06 0.15 + 0.02 0.12 * 0.02 0.1l * 0.02 0.11 *£ 0.0l 0.10 + 0.02
Triglyceride, mg/dl 131.0 £ 11.7 1240 + 95 1264 *=11.0 1192 *102 1120 *+ 92 107.6 +10.3
Total ketone body, mM/1 0.055+ 0.015 0.044 + 0.013 0.031 = 0.009 0.049% 0.013 0.033+ 0.009 0.047 = 0.022
Immunoreactive insulin, pU/ml 7.2 £ 3.2 121.5  +20.8 98.9 +199 1068 * 154 834 * 114 73.6 *18.6
Growth hormone, ng/ml 99 * 29 6.0 + 2.0 46 £ 2.1 22 * 04 1.9 + 03 43 + 1.6
Glucagon. pg/ml 160.0 +21.8 1302 +189 117.5 *£20.2 1150 £203 128.7 +13.0 1387 =£19.7

Control
Blood glucose, mg/dl 958 + 48 1548 * 6.1 1253 £ 99 1055 * 73 93.1 * 49 87.6 + 28
Pyruvate, mM/I 0.12 + 0.0l 0.15 + 0.0l 0.17 £ 0.01 0.14 £ 002 0.14 * 0.01 0.12 + 0.0l
Lactate, mM/I 1.01 & 0.11 1.23 £ 0.10 1.59 + 0.03 1.40 £ 0.07 1.40 + 0.06 118 + 0.07
Free fatty acid, mEq/1 0.52 + 0.06 0.30 + 0.02 022 + 002 021 * 0.0l 0.21 £ 0.01 0.19 £ 0.01
Glycerol, mM/1 0.18 + 0.02 0.16 * 0.02 0.13 £ 0.02 0.12 £ 0.01 0.12 £ 0.0l 0.13 + 0.02
Triglyceride, mg/dl 76.0 *10.2 76.0 125 722 £11.1 67.0 £ 97 610 * 9.1 556 + 8.2
Total ketone body, mM/I 0.123+ 0.026 0.092 % 0.011 0.054 = 0.009 0.057 £ 0.008 0.067 = 0.007 0.080 = 0.018
Immunoreactive insulin, pU/ml 44+ 1.4 546 * 9.6 67.0 £ 10.0 54.1 + 94 426 + 64 234 + 6.7
Growth hormone, ng/ ml 1.6 + 02 39 + 1.6 1.7 £ 0.2 1.5 + 0.1 1.0 £ 0.2 1.5 + 03
Glucagon, pg/ml 180.3 +43.6 1563 +£227 146.0 +£225 1420 *162 1576 *214 1526 +19.5

Data are presented as the mean + SE.
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Figure 2. Changes in Blood Glucose during GTT
and Exercise GTT
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Table 3. Venous Concentration of Substrates and Hormones in Obese and Control Subjects during Exercise GTT.

Glucose ingestion, min.

Basal 30 60 90 120 180
Obese
Blood glucose, mg/dl 87.7 £ 35 130.0 * 47 1092 +11.9 9.2 + 58 1100 + 35 850 * 24
Pyruvate, mM/I 0.14 + 0.02 0.16 = 0.03 0.11 £ 0.0l 0.09 £ 0.02 0.1 % 0.02 010 + 0.0l
Lactate, mM/I 1.27 + 0.11 1.27 £ 0.11 [.52 £ 0.1] 1.20 = 0.00 131+ 0.09 110 £ 0.02
Free fatty acid, mEq/1 0.51 = 0.05 0.38 + 0.03 0.29 + 0.02  0.30 £ 0.03 0.24 + 0.0l 0.21 + 0.02
Glycerol, mM/1 0.19 + 0.03 0.17 * 0.02 0.16 + 0.02 0.18 £ 0.02 0.15 + 002 015 + 0.02
Triglyceride, mg/dl 1218 *+ 145 1183 =+ 14.1 M58 E 2.0 1105 £11.4 940 + 68 1061 +108
Total ketone body, mM/1 0.054 & 0.006 0.054 £ 0.004 0.069 = 0.027 0.069 + 0.030 0.058 + 0.009 0.074 + 0.013
Immunoreactive insulin, pU/ml 17.6 ~ + 3.8 1154 +21.1 107.5 +21.7 509 +14.7 107.6 +21.3 509 +15.6
Growth hormone, ng/ml 59— 17 2.5 —+—0.6 1.8 + 03 30— 53 %20 29 + 04
Glucagon, pg/ml 1380+ 255 1205 +£21.3 1067 +19.5 1150 +207 1165 + 24.7 131.2  *21.1
Control

Blood glucose, mg/dl 90.5 + 35 1438 * 63 1089 +10.3 873 + 89 932 % 63 9.0 =& 9.5
Pyruvate, mM/1 0.1 & 0.003 0.13 + 0.002 0.13 * 0012 0.11 + 0013 0.12 + 0004 0.11 + 0.003
Lactate, mM/I 0.78 + 0.08 1.03 + 0.11 1L.OI + 0.14 0.94 + 0.05 1.06 £+ 0.09 1L.OI £ 0.11
Free fatty acid, mEq/1 0.45 * 0.06 0.29 + 0.03 0.23 + 0.02 0.21 + 0.03 0.18 + 0.02 0.18 + 0.02
Glycerol, mM/I1 0.14 £ 0.02 0.1 + 0.01 0.09 + 0.02 0.10 £ 0.01 0.09 % 0.01 0.09 + 0.01
Triglyceride, mg/dl 70.0  *13.0 70.0 *12.9 68.4 12,6 59.6  +11.3 540 + 9.2 526 * 92
Total ketone body, mM/1 0121+ 0.016  0.080+ 0.019 0.048 = 0.014 0.066 + 0.013 0.095+ 0.033 0.058 + 0.018
Immunoreactive insulin, pU/ml 5.4 + |8 633 + 50 489 + 139 208 + 4.7 443 +10.0 187 + 6.3
Growth hormone. ng ml 4.1 + 13 22 = 06 1.4 + 0.2 14 £ 02 1.5 + 03 1.3+ 02
Glucagon, pg/ml 1053 +19.5 1050 203 117.6 +182 1033 +13.6 101.3 + 128 830 + 7.1

Data are presented as the mean + SE.
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Figure 3. Changes in Free Fatty Acid during GTT
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