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Effects of rain on thermal and metabolic

responses while running exercise in humans.
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1. Effect of rain on energy metabolism while running in a cold environment.
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Fig.3 Oxygen consumption (mL/kg/min) during rest and while running for 30

min at 70%VO2max in RAIN (40mm/h of precipitation) and CON (without

precipitation) at 5 °C. Values are means + SD (n=7). *Significantly different from

control (p<0.05).
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Fig.4 HR (bpm) during rest and while running for 30 min at 7 O%V02max in

RAIN (40mm/h of precipitation) and CON (without precipitation) at 5 °C. Values

are means = SD (n=7).
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Fig.5 RPE (rating of perceived exertion) while running for 30 min at 7 0%VO2max
in RAIN (40mm/h of precipitation) and CON (without precipitation) at 5 °C.

Values are means + SD (n=7).
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Fig.6 RER (respiratory exchange ratio) during rest and while running for 30 min

at 70% V O2max in RAIN (40mm/h of precipitation) and CON (without

precipitation) at 5 °C. Values are means = SD (n=7).

34



_ —A— RAIN
1 —O- CON

® O
o v o

= A
o o

& D
S ot

-5 0 5 10 15 20 25 30(min)

Esophageal temperature ("C)
W oW W W W W W

Fig.7 Esophageal temperature during rest and while running for 30 min at
7 0%V02max in RAIN (40mm/h of precipitation) and CON (without precipitation)
at 5 °C. Values are means + SD (n=7). *Significantly different from control

(p<0.05).

35



%)
bo
|

k= —A— RAIN
.-a*d}a —O- CON
£
o 2
g 3
=
=2
o0 g
o QO
BJ—‘J

-5 0 5 10 15 20 25 30(min)

Fig.8 Weighted mean skin temperature during rest and while running for 30

min at 70%VO2max in RAIN (40mm/h of precipitation) and CON (without
precipitation) at 5 °C. Values are means + SD (n=7). *Significantly different from

control (p<0.05).
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Fig.10 Esophageal temperature during rest and while running for 30 min at
7 0%V02max in RAIN (30mm/h of precipitation) and CON (without precipitation)
at 33 °C. Values are means + SD (n=11). *Significantly different from control

(p<0.05).
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Fig.11 Weighted mean skin temperature during rest and while running for 30
min at 70%VO2max in RAIN (30mm/h of precipitation) and CON (without

precipitation) at 33 °C. Values are means + SD (n=11). *Significantly different

from control (p<0.05).
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Fig.12 Oxygen consumption during rest and while running for 30 min at
7 O%VOZmax in RAIN (30mm/h of precipitation) and CON (without precipitation)

at 33 °C. Values are means + SD (n=11).
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Fig.13 HR during rest and while running for 30 min at 70%VO02max in RAIN
(30mm/h of precipitation) and CON (without precipitation) at 33 °C. Values are

means + SD (n=11). *Significantly different from control (p<0.05).
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Fig.14 RPE (rating of perceived exertion) while running for 30 min at 70%V
O2max in RAIN (30mm/h of precipitation) and CON (without precipitation) at 5

°C. Values are means + SD (n=11).
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Fig.15 RER (respiratory exchange ratio) during rest and while running for 30

min at 70%VO2max in RAIN (30mm/h of precipitation) and CON (without

precipitation) at 5 °C. Values are means = SD (n=11).
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Table 1 Plasma lactate, glucose,

norepinephrine,

epinephrine,

serum

triglyceride and FFA concentrations at rest and during 30 min of exercise.

Exercise duration (min)

Condition

Rest Rest (cold) 10 20 30

Lactate RAIN 1.22+0.34 1.56 £ 0.40 6.51 £1.19% 5.72 £0.62* 444 +1.13*
(mmol/L) CON 1.42+0.39 1.72+0.33 4.48 £0.47 3.65+1.08 3.02+0.79
Glucose RAIN 97.4+8.5 945+9.3 101.4+15.6 105.1+16.4 108.4 +16.3
(mg/dL) CON 94.4+7.0 96.2+7.9 99.0+£12.9 95.5+13.1 106.7 +13.9
Norepinephrine RAIN 180.6 542 564.7+173.3 2905.6+951.3* 2288.1+640.7* 1754.3 +886.1
(pg/mL) CON 185.7£102.9 557.3+231.8 1942.6+798.3 1423.4+£5429  1355.4+623.1
Epinephrine RAIN 47.4+29.0 44.7+20.0 172.0+70.3 207.1 £100.7 172.7+97.7
(pg/mL) CON 45.0+18.4 50.3 £30.1 115.9+58.9 149.4 £ 85.1 128.4 + 68.8

RAIN 65.7+23.5 62.9+23.5 77.3 £36.0 74.0 +£36.5 74.0 +£33.0
TG (mg/dL)

CON 552+17.0 52.5+15.7 51.7+15.7 542 +18.6 51.5+17.9

RAIN 0.31+£0.25 0.44+£0.23 0.36£0.14 0.41£0.20 0.64+£0.25
FFA (mg/dL)

CON 0.42+0.18 0.59+0.26 0.52+0.14 0.51+0.19 0.71£0.24

RAIN, 40mm/h of precipitation; CON; control without precipitation. Values are

means + SD (n=7). *Significantly different from control (p<0.05).
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Table 2 Plasma lactate, glucose, epinephrine, norepinephrine, serum

triglyceride and FFA concentrations at rest and during 30 min of exercise.

Exercise duration (min)

Condition
Rest Rest (33°C) 10 20 30

Lactate RAIN 1.26 +0.30 1.11+0.19 4.05+1.40 457+194 4,95 +2.54%
(mmol/L) CON 1.51+0.41 1.20+0.32 448 +1.68 549 +291 6.96 +3.29
Glucose RAIN 90.7+43 91.5+39 89.1+51 102.7+13.5 123.4+38.1
(mg/dL) CON 87.0+7.7 928+11.0 93.1+19.1 93.2+20.0 1259+ 343
Epinephrine RAIN 57.8 +18.1 89.14 +28.5 154.1+892 238.1 +204.6 181.5+111.6*
(pg/mL) CON 59.5+329 86.0 = 31.6 151.1+424 289.8 +204.6 345.8 +306.8
Norepinephrine RAIN 302.2+65.0 283.1+45.8 1313.7+479.0  2237.0+11502 2113.1+943.9
(pg/mL) CON 304.8+91.8 317.7+1558 1225.7+2943 2276.8 +861.9 2451.1+ 7353

RAIN 62.0 +38.8 63.1+44.0 64.7 +45.0 648 +44.1 58.8+443
TG (mg/dL)

CON 61.7+38.5 61.3+39.6 66.1 £40.8 67.5+41.9 62.4 +38.7

RAIN 0.44 +0.20 039+0.22 042 +0.27 049 +0.34 0.71 £ 0.26
FFA (mg/dL)

CON 033+£026 036022 039+024 042+0.23 0.62 +0.37

45

means + SD (n=11). *Significantly different from control (p<0.05).

RAIN, 30mm/h of precipitation; CON; control without precipitation. Values are
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