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ABSTRACT

The purpose of this study was to investigate the effects of swimming
training under the simulated altitude on the swimmers’ oxygen intake
and delivery capacity. Subjects were 15 healthy students, aged 18—21.
The subjects were exposed to altitude hypoxia equivalent to 3000—3500m
above sea level for 3 hours a day, 6 days a week for four months.
After one hour acclimatization, subjects repeated 10-min submaximal swim
(RPE 15—18) in the swim-mill for 2 hours.

Decrease in pH, PO, and increase in PCO, in venous blood gases and
decrease in pH and increase in PO, and PCO, in arterial bloodgases
were observed after the swim, which suggested that the subjects’ oxygen
delivery system was fully stimulated. HR during the swim in the altitude
hypoxia showed higher value than that at sea level. Aerobic work capacity
was determined by treadmill exercise, and though no significant changes
were found in HR and VO, after training, increase in O,-R was observed.
From these results, it might be suggested that 4 month hypoxic swim-
ming training allowed subjects to perform the exercise with less O,
intake.
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%1 Physical characteristics of swimmers
Age | Sex Body height|Body weight| Chest girth [Body fat|Rohrer’siBlood pressure Vital Capacity
yr (em) (kg) (cm) (%) | Index | (mmHg) (ml)
ISA 21 m 175.7 75:5 100.2 17.7 139.2 134/88 5,680
KAN 19 m 172.8 74.0 96.9 16.6 143.4 118/78 5,220
ITO 19 m 177.0 70.0 98.4 12.1 126.2 126/68 5,800
AKO 19 m 168.0 57.5 83.8 14.2 121.3 112/70 4,610
OGT 19 m 163.5 57.5 91.0 12.6 131.6 112/70 4,940
UNO 19 m 170.0 57.0 86.0 11.0 116.0 118/82 4,840
IWA 19 m 171.4 69.0 94.2 13.5 137.0 120/74 5,280
STO 19 m 169.0 77.5 102.0 22.6 160.6 146/90 4,250
SHM 18 m 172.4 67.0 91.0 13.0 130.8 124/82 6,110
X 171.1 67.2 93.7 13.4 | 134.0 123/78 5,192
KRO 18 f 160.1 50.0 79.3 14.0 121.8 106/78 3,100
YAM 18 f 161.3 54.0 81.0 18.3 128.7 128/84 3,020
HRO 18 f 163.3 52.9 84.0 17.5 121.5 114/78 3,200
TAK 18 f 152.8 53.5 82.5 20.9 150.0 126/80 3,200
YOS 18 f 158.4 54.0 83.9 19.1 135.9 118/74 3,770
MAK 18 f 150.3 57.0 87.1 23.1 167.9 128/86 3,060
X 157.7 53.6 82.9 " 18.8 137.6 120/80 3,225
% 2 Maximal data of cardio-pulmonary functions of swimmers
HR SBP DBP | Mean P (O2plusel RR VE TV VOpmax_ | 02-R
(beats/m) | (mmHg) | (mmHg) | (mmHg) | (ml) |(times/m)| (I/m) (m!) | (mi/kg-m) | {(m!l)
ISA 188 220 40 100.0 19.1 69 121.4 1,760 47.61 29.6
KAN 194 18.9 74 128.6 1,737 49.52 28.5
ITO 204 19.2 67 125.8 | 1,877 55.88 31.1
AKO 177 192 52 98.7 15.9 67 86.7 1,294 48.99 32.5
OGT 205 192 44 93.3 17.4 67 118.3 1,765 61.92 30.1
UNO 195 17.2 69 108.2 1,568 58.84 31.0
IWA 197 17.0 75 106.9 1,425 48.64 31.4
STO 184 230 50 110.0 18.6 75 110.1 1,469 44.20 31.1
SHM 192 196 50 98.7 19.6 55 113.4 | 2,062 56.20 33.2
X 193 206 47 100.1 18.1 62 113.2 1,662 52.42 30.9
KRO 192 190 62 104.7 11.4 65 68.9 | 1,060 43.81 31.8
YAM 195 ' 12.2 55 70.7 1,286 44.14 33.7
HRO
TAK 195 202 60 107.3 13.3 63 74.8 | 1,187 48.37 34.6
YOS 193 218 44 102.0 14.1 59 79.1 1,341 50.38 34.4
MAK 188 172 54 93.3 10.9 65 72.5 ¢ 1,115 36.11 28.4
X 193 196 55 101.8 12.4 61 73.2 1 1,198 44.56 32.6
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B 1 A photograph showing the swimming exercise of hypoxic training in swim-mill.
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B 2 Changes in blood gases due to swimming exercise in arterial (upper) and in venous

(under) blood samples.
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B33 Changes in heart rate due to swimming exercise in hypoxic training
at various kinds of high-altitudes.
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B4 Changes in heart rate due to swimming exercise in hypoxic interval
training at various kinds of high-altitudes.
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%3 Blood constituents of swimmers at rest before training

RBC Hb Ht pH PO, Glucose LA CHOL TG TP
(10*/mm?)| (g/dD) | (%) (mmHg) | (mg/dl) | (mg/dl) | (mg/dl) | (mg/dl) | (g/dD)

IS A
KAN 557 16.0 47.7 7.37 32.9 70 164 55 6.8
ITO 552 15.5 45.3 7.33 30.5 71 5 263 50 6.6
AKO
OGT 504 14.3 42.5 7.37 73 7 159 46 6.4
UNO 512 15.2 45.1 7.36 34.7
IWA 554 13.8 43.8 7.41 54.4 87 235 136
STO
SHM

X 536 15.0 44.9 7.37 38.1 75 6 205 72 6.6
KRO 402 12.1 36.2 7.35 101 271 74 745
YAM 503 12.7 44.7 7.36 89 127 52 6.8
KRO
TAK 456 13.2 39.0 7.37 28.4 89 8 300 97 6.7
YOS 451 12.3 39.9 7.39 38.9 83 214 48 8.1
MAK 450 12.2 36.5 7.37 30.1 88 194 88 7.6

X 452 12.5 39.3 7.37 32.5 90 8 221 72 7.3

¢ Blood constituents of swimmers at rest after training
RBC Hb Ht pH PO, Glucose LA CHQOL TG TP
(10*/mm®)| (g/dD) | (%) | (mmHg) | (mg/dl) | (mg/dl) | (mg/dl) | (mg/dD) | (g/dD)

ISA
KAN 520 16.2 50.4 7.31 30.3 94 11 179 46
ITO
AKO
OGT 530 16.0 47.2 7.31 43.8 80 11 143 47
UNO
IWA 503 16.3 44.2 7.34 33.3 91 10 204 63
STO 488 15.3 45.4 7.34 35.9 88 7 159 57
SHM

X 510 16.0 46.8 7.33 35.8 88 10 171 53
KRO 410 12.8 40.8 142 24
YAM 447 13.4 40.9 7.34 44.7 92 7 155 45
HRO
TAK
YOS 437 13.2 39.0 175 28
MAK 435 10.6 35.7 77 189 47

x 432 12.5 39.1 7.34 44.7 85 7 165 36
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5 Changes in aerobic capacity due to treadmill exercise before and after hypoxic training.



~— 164 —

beats/min

g OO
- O~
e O e ﬂ:\

PO
P :
A

150 |

ITO
100
Hypoxic Training
Crawl stroke 1.2m/sec X 10’ KAN
3500m above sea level
50 -

Rest Swimming Recovery

012012345678é10iéé4é

Time in min

Bl6 Comparison of changes in exercise heart rate before and after hypoxic training.
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Bl17 Comparison of changes in exercise heart rate before and after hypoxic intermittent training.
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