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The effects of the preceding swimming in cold water

on the maximal and submaximal bicycle-riding.

Takeshi MATSUI

summary
The purpose of the present study was to investigate the effects of preceding
swimming at low water temperature on following bicycle-riding in air.
Six trained male swimmers were served as subject.
They swam at 20°C and 27°C for 30 minutes followed by both maximal and
submaximal bicvecling.
During the 30min-swimming at 20°C oxygen uptake was significantry higher
than at 27°C,and the averaged difference was 367 ml/min.
After the 30min-swimming at 20°C,rectal temperature was lower than at 27°C
and blood lactate concentration was heigher than that,and the differences of
0.86°C and 1.41lmmo @ /¢ were significant respectivery.
During the submaximal bicycling followed after 30min-swimming at 20°C, heart
rate was significantry lower than at 27°C until 20min,and the difference
was 12 beats/min.
During the maximal bicycling followed after 30min-swimming at 20°C, fHmax
and Vo2max were significantly decreased compared to 30min-swimming at 27°C
from 169+7 beats/min,3155 %117 ml/min to 150 *8 beats/min,2928 =148 ml/min
respectively.
The fH peak and maximal work time was significantly correlated to rectal
temperature.
From the above observations,it was ascertained that the decreas of rectal
temperature and the increase of oxygen uptake observed during 30min-swimming
at 20°C water temperature as compared to 27°C significantly affected the
heart rate and during submaximal bicycling ,and the heart rate and oxygen up
take during maximal bicycling so that the decrease of 12 beats/min,19 beats/
min ,227 ml/min were observed respectively,and that resulted in 16%-decrease

of performance per 1°C-decrease of rectal temperature.
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Table 1. Physical chéracteristics ,ﬂ'ozmax and swimming performance of the subjects.

Age Stature Weight Body fat V02max Best Time
Subjects ' Swimming Bicycling Swimming Bicycling 100m free style
(yr)  (cm) (kg) (%) (ml/min) (ml/kg/min) (min,sec)
K O 18 177.2 72.5 13.0 3231 3468 44.6 47.8 1,05
Y T 21 166.8 66.2 10.4 3269 3377 49.4 51.0 0,59
M K 18 174.8 71.3 15.8 4335 3476 60.8 48.8 1,00
M 0 19 177.9 64.8 10.9 3381 3550 52.2 54.8 0,56
H 0 19 187.5 61.6 11.1 3643 3485 59.1 56.6 0,57
N S 19 170.8 72.8 12.3 4281 3383 58.8 46.5 0,54
X 19 172.5 68.2 12.2 3690 3457 54.2 50.9 0,59
+SD 1 4.4 4.3 1.8 457 60 5.9 3.7 4
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Table 2 . Blood lactate and free fatty acids concentration
at rest , after 30 min-swimming at 27°C and 20°C,during
following submaximal bicycling and after the bicvecling.

Subjects iWater: rest after bicycling after
temp.: in airi swim Smin { 10min :{ 15min :bicyecling

K O 27°C: 1.29 1.41 3.36 4.41 4.23 3.01
20 1.52 1.77 4.51 3.25 4.33 2.46
LA Y T 27 1.15 1.68 3.05 4.60 ——— 4.62
(mmo 2/ 2) 20 1.74 2.31 3.30 - 3.92 3.29
M K 27 1.61 2.00 2.52 3.35 3.50 2.13
20 1.47 4.06 3.26 2.77 3.24 1.92
M O 27 1.19 2.10 2.66 6.15 6.87 3.46
20 1.58 3.38 ——=- -—— - 3.88
H O 217 1.50 | 1.63 4.84 5.57 6.07 2.55
20 1.05 4.07 4.70 3.56 3.59 1.95
N S 27 1.09 1.89 3.02 2.95 2.717 1.77

20 1.39 3.60 4.58 5.10 4.02 3.08
XtsDi 27 1.31 1.79 3.24 4.51 4.69 2.92
+0.18 i+0.24 :+0.77 :+1.13 :X+1.55 {+0.94
X+tSD: 20 1.46 3.20%: 4.07 3.67 3.82 2.76
+0.21 i+0.87 {+0.65 :+0.87 i+0.37 {%0.72
K O 27 0.049 : 0.902 : 0.699 : 0.578 | 0.513 { 1.047
20 0.718 : 0.324 : 0.176 : 0.236 : 0.158 : 0.197
FFA Y T 27 0.170 : 0.681 : 0.451 : 0.387 | ——--- -+ 0.739
(mEq/ 2 ) 20 0.157 { 0.431 : 0.440 { ----- 0.505 : 0.728
M K 27 0.236 ¢ 0.236 ¢ 0.324 : 0.363 : 0.321 : 0.497
' 20 0.736 : 0.731 : 0.665 i 0.404 : 0.368 { 0.659
M O 217 0.459 : 0.519 : 0.525 : 0.464 : 0.352 { 0.495
20 0.165 { 0.547 | —-=== | —==o= | ————o 0.942
H O 217 0.217 : 0.396 : 0.346 : 0.387 : 0.352 | 1.066
20 0.151 { 0.184 { 0.187 i 0.264 : 0.264 | 0.431
N S 217 0.082 { 0.190 : 0.170 : 0.170 : 0.206 { 0.236
20 0.288 : 0.536 : 0.470 i 0.470 { 0.335 { 0.332
XtsD 27 0.262 : 0.487 : 0.419 { 0.392 : 0.36% : 0.580
+0.132 +0.248 +£0.167 *0.122 #0.074 %0.303
X+ts8SD 20 0.300 : 0.459 : 0.383 : 0.344 : 0.326 : 0.548
+0.257 £0.174 £0.183 #*0.097 £0.155 #£0.253

% Significant difference between 27°C and 20°C trials(P<0.05).
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Table 3. Comparison of rectal temperature at rest kand during swimming at 27°C and 20°C

between submaximal and maximal trials.

Water Exercise

Rectal temp. (O

temp. intensity rest  rest swimming  (min)
49 in air in water -0 -3 -6 -9 -2 -15 ~-18 -21 -4 -27 -30
submax 36.85 36.87  36.86 38.82‘ 36.80 36.82 36.87 36.91 36.98 37.03 37.06 37.12 37.15
27 +0.24 *£0.25 +0.24 £0.25 +0.23 +0.25 *0.27 £0.29 +0.29 :!:O.SZ i0.35 +0.37 $0.39
max 37.01 36.97  36.93 36.96 36.95 35.99 37.30 87.12 37.18 37.25 37.30 37.36 37.40
+0.41 £0.44 £0.23 £0.28 £0.21 +£0.16 £0.62 £0.18 +0.22 £0.26 +0.31 £0.34 £0.37
submax 36.79 36.82  36.83 36.80 35.91 36.63 36.62 36.55 36.52 36.45 36.40 36.37 36.29
20 £0.22 £0.24 £0.27 £0.33 £0.91 £0.42 £0.45 +0.47 +0.54 +0.64 +£0.69 +0.74 £0.77
max 36.93 36.92  36.89 36.85 36.71 36.66 36.56 36.51 36.50 36.46 36.43 36.40 36.35
£0.11 =£0.11 £0.16 £0.20 %+0.29 £0.35 +0.41 £0.47 +0.53 £0.61 £0.66 £0.71 +0.75
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Table 4. Comparison of oxygen up take ,heart rate and respiratory exchange ratio

X HD

tek

(B H £ X

at rest and during swimming at 27°C and 20°C between submaximal and maximal trials. T
| rest rest swinming  (min) -
| in airiin water, -5 -10 -15 -20  -25  -30
% submax 295 339 | 1904; - 1882 1862 1832 1781 1787 e
27°C + 15 + 44 +248; 224 *£225 +£177: £293i +187 —
max 302 398 2124 2136 2054 2002 2009 2035 Aj
\.70 2 ‘ + 29 + 52 +447: +424; +405) +403] 383 +395 -
(me/min) submax 348 588 2307 2313 2228t 2207: 2012¢ 2182 -
20°C + 67 t+ 104 +408: *+289; +344; +£276i +397) £ 325 ]
max 296 525 2305 2294 2199 2180 2131 21490
+ 24 ; £157 | +319: £288; *265; +£316 297 312 N
submax 65 62 115 118 119 118 118 119 —
27°C +10. + 8 + 2; = 4 6 £ 6 £ 7 + 8
nax 66 65 129; 1300 131, 130i 130} 132 R
ftH + 8 + 8 + 12: %+ 15; *+ 14! £ 15 + 14 + 15 I
(beats/min) submax 62 76 121 122 120 120 122 122 B
20°C + 7 +11 + 10 £ 8 X+ 8 £ 8 = 8 £ 8
max £3 71 121 122 120 119 119 120 T
+ 5 +15 i+ 8 + 8 + 8 £ 9 + 100 £ 12 L
submax 0.85 0.92 0.83 0.87 0.89 0.86 0.88 0.86
271°C +0.10 | £0.08 +0.04;: £0.03: £0.04i+0.05:+£0.03 '10.03 T
max 0.81 0.85 0.83 0.85 0.87 0.886 0.84 0.87 i
R +0.03 i £0.03 +0.03: £0.04: £0.04i%0.04! £0.05:+0.05 s
submax 0.83 0.84 0.80 0.80 0.82 0.81 0.83 0.82
20°C £0.07 i £0.80 +0.05:+0.06: £0.06i+£0.07 £0.08{ £0.07" ST
max 0.78 0.77 0.81 0.83 0.82 0.82 0.83 0.83 .
+0.04 {£0.05 +0.05:+0.04: £0.03; £0.04: £0.04 £0.04
| | | | L () | | L




Table 5. Blood free fatty acids concentration at

rest,after 30 min-swimming at 27°C and 20°C,and

after the bicycling.

Water: rest after after -
Subjects itemp. in swimming ibicycling
°C air
K O | 27 © 0.562 @ 0.404 i 1.301
20 | 0.381 | 0.233  0.360
FFA | Y T |27 @ 0.228 @ 0.431 | 0.321
(mEq/ ¢) 200 | 0.184 | =——-- 0.495 '
M K 27 | 0.266 @ 0.516 : 0.569 T
20 | 0.335 | 0.527 | 0.505 S A R
M O 27 | 0.313  0.335 | 0.266 : |
20 0.165 | 0.547 | 0.942 E—
H O | 27 | 0.203 | 0.272 | 0.275 _J_J*;‘
| 20 | 0.151 | 0.266 i 0.313 T
N S |27 0.135 @ 0.269 . 0.275 S
20 | 0.225 | 0.440 | 0.231 | |
X+SD: 27  0.285 ¢ 0.371 | 0.501 ‘ l
+0.136 *0.089 #0.373 B
X+SD: 20 | 0.240 | 0.403 i 0.474 T
+0.087 *0.130 0.230 |
L I I ‘
| ‘ a x &
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after 30 min swimming at 27°C and 20°C.

Table 5. Exhaustive time in maximal bicvcling \

|

L

Exhaustive time

Subject (min,sec)
27°C 20°C
K O 6 00” < 7° 08~
Y T 57237 > 4’ 48”
M K 77 04” > 3° 34~
M O 4’ 337 > 3’ 07”
H O 67 09” > 3’227
N S 47177 > 27 18”7
X 5° 57~ 4’ 04”
+38D + 577  *1’57”

(E X & K ¥ B 2
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Fig.l. Changes of rectal temperature at rest,during swimming at 20°C and 27°C,
and submaximal bicveling in air.
%k (P<0.05) and skk(P<0.01) show significantry different Qfrom @ .
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Fig. 3. Changes of rectal temperature during maximal bicycling
after swimming at 20°C and 27°C.
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Fig. 4. Changes of oxygen uptake , heart rate and respiratory

exchange ratio during maximal bicycling after swimming
at 20°C and 27°C.
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Fig.g. Maximal work time,heart rate and oxygen uptake
during maximal bicycling as a function of rectal
temperature at a biginning of this exercise.
Solid circles: @ after 20°C swimming and open: QO
after 27°C swimming.
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