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Seasonal Variation of Maximum Oxygen Uptake
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Kiyoshi SHIMAOKA*! , Miharu MIYAMURA*! | and Hideji MATSUI*1

The seasonal variation of the maximum oxygen uptake was measured on 13 healthy male subjects
during July 1976 to July 1977. Maximum oxygen uptake was determined on the maximal treadmill
exercise, once in ambient and once in constant temperature (18°C) on every month.

Maximum oxygen uptake was higher during winter to spring and lower during summer to fall in both

temperautre conditions.

Performance of the maximal treadmill exercise was higher during winter to spring and lower during
summer to fall in both conditions. Maximum heart rate was higher in summer and lower in winter in
ambient condition but was not different in constant condition. From these results it would appear that
maximum oxygen uptake and performance of the maximal treadmill exercise might be affected by
chronic adaptation to the season but maximum heart rate might be affected by room temperature.
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Table 1. Physical Data of Subjects

Subject Age Weight Height
Y.H. 18 48.0 163.0
Y.Y. 19 54.0 172.0
K.M. 19 52.0 165.0
YL 18 52.0 168.8
S.T. 18 60.5 166.0
T.B. 19 60.0 165.5
K.K. 27 69.0 175.5
K.S. 29 56.5 163.5
H.S. 32 70.0 167.0
N.F. 32 70.5 168.5
L.O. 33 575 167.0
M.M. 33 54.5 165.0
S.M. 36 56.0 172.0
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Figure 1. Monthly changes of mean ambient
temperature in the Nagoya City during July 1976
to July 1977.
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Figure 2. Mean monthly changes in the percentage
change of maximum oxygen uptake from the
annual mean of each subject.



Table 2.

Individual Valves of Maximum Oxygen Uptake (\"O2 max : 2/min), Maximum Oxygen Uptake Per
kilogram of Body Weight (\./O2 max/wt : mQ/kg-min), Maximum Heart Rate (H. R. max : beats/min) and Ex-
haustion time as Determined at Ambient Temperature.

Subj. Jul. Aug. Sep. Oct. Nov. Dec. Jan. Feb. Mar. Apr. May Jun. Jul. Average: SD
VO, max 2.64 2245 2.41.7 2.36.:2.68 ' 2:65 2.72/:2.74 -2.63 2:60 - 2.78 239 239 2.59+0.14
vy VO: max/wt 55.1 522 50.1 49.1 55.2 529 539 53.2 51.6 50.5 53.9 483 483 52.0 +2.5
- H.R. max 193 201 197 198 199 198 198 204 199 199 196 201 201 198 +3
Exhaustion time 6'20” 6'34" 6'40" 7'06" 7'23" 6'55" 6'50" 8'05" 7'16” 6'37" 6'07" 5'50" 5'50" 6'40"+ 44"
VO, max 3:19:53.10:3107-3.02-:3:12 3.07 . 3.19 3.05:3.04 325 3.21.72192% 3.17: 310+ 009
vy, VO max/wt 59.0 57.9 56.8 57.0 56.8 56.9 59.0 55.9 56.8 60.7 59.4 54.1 586 57.5:1.7
T+ H.R.max 193 199 198 197 197 194 198 193 198 198 199 200 198 197 =2
Exhaustion time 7'14” 7'03" 7'10" 7°02" 8'00” 8'08" 7'36" 830" 7'03" 7'45" 7'27" 7'00" 7'07" 7'31"+ 32"
VO, max 3.12 3.01 3.11 2.99 3.08 2.85 3.06 2.82 295 293 3.29 298 298 3.02 :0.12
kM. VO: max/wt 60.0 584 59.2 558 55.1 53.3 57.7 54.2 552 554 59.8 54.1 53.7 56.5 :2.3
Y H.R. max 196 194 199 196 198 192 194 193 194 193 196 191 189 195 +2
Exhaustion time 7'00” 7°00” 7°00” 7'00” 6'30” 636" 7'00" 7'00” 7'23" 700" 7'00" 6'32" 6'20" 6'52"+17"
VO, max 2.67 2.60 2.44 247 262 2.78 270 2.77 2.84 2.82 3.08 2.65 2.60 2.70 :0.16
v V0. max/wt 51.4 485 46.5 46.5 49.1 50.5 49.0 50.9 50.3 49.9 54.5 47.3 47.8 49.5 +2.2
**  H.R.max 191 187191 193 191 #4191 187 186 19T #191:7193 . -192 190 190 2
Exhaustion time 607" 5'58” 538" 5'23" 6'29” 6'07" 6'04" 7'02" 6'30" 6'32" 700" 6'31” 6'00" 6'15"+ 28"
VO, max 296 2.78 2.72 2.79 2.98 3.07 299 2.93 260 3.02 3.14 2.73 272 2.89 +0.16
s VO, max/wt 48.9 46.0 454 457 48.0 50.3 48.6 489 43.0 49.9 51.8 46.3 46.5 47.7 +24
"** H.R.max 197 195 197 199 197 196 191 190 196 191 194 196 196 195 =3
Exhaustion time 6'09” 6'02" 6'00" 633" 7'00” 6'56" 7'00” 700" 7'00” 6'31” 7'00” 6'30" 700" 6'40"+ 23"
VO, max 3.39 3.14 334 323 343 3.16 3.46 330 3.59 335 3.56 3.31 3.22 3.36 :0.14
1.5 VO, max/wt 55.2 51.6 539 51.2 54.5 505 546 52.8 56.1 519 54.8 50.6 49.0 53.1 +1.9
*®  H.R.max 200 193 200 204 205 196 192 194 198 196 194 199 192 198 :4
Exhaustion time 5'30” 5'00” 5'00” 5'00” 5'00” 5'13" 458" 5'00” 5'00” 5'00" 5'00” 500" 5'00” 5'03":9”
VO, max 3.84 4.14 4.10 3.98 4.17 4.18 4.00 4.17 3.88 4.13 4.09 4.08 3.87 4.06 +0.11
Kk VO, max/wt 55.7 60.0 59.4 57.7 59.5 593 57.6 58.8 55.1 57.8 56.7 56.7 54.8 579 +15
"™ H.R. max 185 186 185 185 182 181 183 182 188 186 182 185 179 184 +2
Exhaustion time 8'00” 7'00” 7'00” 7'00" 6'59" 7'24" 7'20" 7'14” 7'00” 700" 6'19” 7°00" 6'00" 7'06"+ 22"
VO, max 3137. 343 3158 1322 3.30 322 334 322 339 331 332 327 3.26 333+0:10
K5, VO, max/wt 59.7 60.2 61.1 555 56.9 555 58.1 56.4 59.5 58.1 58.2 56.7 56.2 58.0 1.8
"> H.R. max 193 189 188 186 189 182 188 190 187 192 185 187 192 188 :3
Exhaustion time 7'00" 7'15” 7'15” 7'00” 7'00” 7'02" 7°00" 7'00” 7'00” 7°00” 700" 7°00" 6'17" 6'59"+ 13"
VO, max 3.37 3.32 3.34 3.37 3.37 339 3.48 3.39 3.22 3.38 3.33 3.20 3.36 3.35 +0.07
g5 VO.max/wt 48.1 46.7 46.7 46.9 46.3 46.8 47.9 46.4 44.7 46.6 454 443 46.6 464 +1.1
H. R. max 198 198 198 199 194 199 196 196 200 191 191 191 193 196 3
Exhaustion time  5'00” 5'00” 5'30" 4'59” 5'00” 5'00” 5'00" 5'40" 5'00" 434" 5'00" 4'42" 5'00" 5'02"+ 16
VO, max 3.04 2.85 3.27 291 3.08 3.01 3.22 296 3.02 3.21 3.33 3.11 3.16 3.08 +0.14
N.F. VO, max/wt 43.1 40.7 46.7 41.5 443 44.0 454 419 444 469 48.0 457 46.5 444 +22
H.R.max 183 189 188 187 184 182 188 186 185 188 191 188 189 187 3
Exhaustion time  5'00” 600" 5'00" 6'00” 6'00” 6'00” 6'00" 6'00" 6'10" 6'00" 6'00” 6'07" 6'00" 5'52"+ 22"
VO, max 3.09 3.12 3.13 295 3.10 3.17 3.07 3.18 3.19 3.02 3.11 3.98 3.04 3.09 :0.07
Lo, VO, max/wt 53.8 53.3 53.1 50.0 53.0 533 51.3 53.0 53.2 51.2 52.2 492 51.0 522 :14
" H.R.max 181 179 177 175 176 176 177 175 177 178 179 176 183 177 +2
Exhaustion time 6'00" 6'15" 6'00” 6'05” 6'28” 6'30" 6'39” 6'40” 6'42" 6'00" 6'31” 600" 6'00" 6'18"+17"
VO, max 2.51 2.54 251 239 2.61 259 255 241 250 2.62 2.55 242 245 252 :0.07
KM VO, max/wt 46.0 46.5 457 42.7 46.7 463 455 43.0 44.6 46.7 455 428 434 452 :15
H. R. max 203 201 196 192 195 191 193 190 191 193 193 193 192 194 :4
Exhastion time ~ 5'00” 5'03” 5'03” 500" 505" 5'05" 5'00" 4'36” 4'38” 5'10 5'31” 4'30" 4'30" 4'56"+ 17"
VO, max 3.08 3.17 3.04 289 3.18 3.14 3.39 3.32 3.14 3.14 327 3.15 3.17 3.16 :+0.12
S.M. VO, max/wt 55.0 55.6 54.8 498 54.3 536 57.4 56.7 54.6 55.1 56.9 54.3 54.7 548 +19
H. R. max 190 194 197 187 187 191 187 185 189 194 186 183 187 189 4
Exhaustion time  7°00” 7'34” 7'00” 7'00” 708" 8'00” 8'00” 8'00" 800" 800" 800" 745" 7'42" 738"+ 25"
VO, s 3.10 3.05 3.08 2.97 3.13 3.10 3.17 3.10 3.08 3.14 3.24 3.01 3.04
& £0.35 £0.43 +0.46 +0.42 +0.39 +0.38 +0.37 +0.41 +0.38 +0.38 +0.35 +0.42 +0.38
A Y0, ‘maxfat 532 521 523 50.0 523 51.8 52.8 51.7 51.5 524 53.6 499 50.5
Werage 'z +51+59+55:+51+46+42+48+51+53+45+ 47+ 46 44
*8D H.R 193 193 193 192 192 190 190 190 192 192 191 191 191
8- Tnax t 6+ 6+ 7+ 8+ 8+ 7T+ 6+ 1T+ 6+ 5 6i6t068
s 6'15" 6'17" 6'10" 6'14" 6'28” 6'32" 6'30" 6'45" 6'31" 6'27" 6'27" 6'07" 608"
Exhaustion time ,° g5n,” §1n.” 517, 5175 55%s 59"+ 58"+1'07"+ 58"+1'04"+ 53"+ 59"+ 54"




Table 3.
kilogram of Body Weight (\'/O2 max/wt :

haustion time as Determined at Constant Temperature (18°C).

Individual Valves of Maximum Oxygen Uptake (\'I.Oz max : 2/min), Maximum Oxygen Uptake Per
mg@/kg-min), Maximum Heart Rate (H. R. max : beats/min) and Ex-

Subj. Jul. Aug. Sep. Oct. Nov. Dec. Jan. Feb. Mar. Apr. May Jun. Jul. Average:SD
VO, max 2.551:2.29.5 2.4%5 2,621 2.815 2.65/9.2,65 2.5%%2.52#.2.71"2.2.50 2.4772.57 £0.13
Y. H VO, max/wt 54.2 48.2 504 540 56.3 53.1 53.0 49.5 494 S52.1 50.0 49.4 51.7 23
** H.R.max 199 ©°197 :+200 +:201 #7198 #6203 5201 $¥196 5£203 L2197 =¥20] 1998200 +2
Exhaustion time 7'10" 7'23% 6'56% 713" 8'23! ‘7 10/% 7'00%'7'005:7/247-7 13/:16'46/'":5°33" 1 7'06" + 2
VO, max 3:13 2,91 :.3:17+:3.12=: 3,18 3.18 ©3.31. : 3.24.3.3.99 3.30'4 3.13 3:.13+ 3.18 +0.11
Y. Y VO, max/wt 584 554 58.7 57.8 599 588 61.9 594 60.9 61.0 574 574 59.1 +18
> H. R. max — 1195 - . 195 -7192 193 -193 #2198 9193 7193 197 #8196  1954¢:195 £2
Exhaustion time 7'30” 7°00” 7'39" 7'46" 7'30" 8'26" 8'30" 8'20" 8'00" 8'00" 8'00” 8'10" 7'54"+25"
VO, max 3.14 3.12 3.07 3.17::3.09:% 3:024:.2.96'¥.3.01:1:3:16/°.3:28. : 3.20 3.02:-73.11 £ 0.09
k.M V0. nax/wt 59.3 60.6 58.5 57.6 58.3:£57.5,,156.9'.56.8 ¥58.5".560.8 1'58.2 54.9'58.5 +1.3
* H.R.max — 192 191 199 193 L4195 #7189 #2194 V€187 »£190 #<191 192'++192 +3
Exhaustion time 7'30” 8'00” 7'00” 700" 7'12% 7308 7 00%F 72008 7301 7°13% 7'06"+7'31% 7°18"+ 18"
VO, max 270 — 247 265 2.78 292 290 283 3.00 2.76 2.94 2.99 2.68 2.81 +0.15
Y1 VO, max/wt 50.9 47.5 50.0 52.0 53.1 52.8 52.0 53.6 48.9 534 53.8 48.8 51.6 +2.0
: H. R. max 189 182 189 190 192 188 191 189 195 191 190 189 188 190 3
Exhaustion time 6'15" 6'20” 632" 6'30” 7'05" 7'04" 7'00" 7'18"” 800" 720" 7'20" 7'00" 7'00" 6'59"+28"
VO, max 3.06 " 2.96 " 2.86°+2.89 #.2.923.1¥:3.00/:3.12/+3.03:1:3.03:°.3.24 .2.93 3.05 3.01 +0.10
S.T VO, max/wt 49.7 49.3 47.7 478 479 506 49.6 52.0 505 50.1 54.0 49.7 51.2 49.9 1.7
e R. max 190 187 196 196 “*194 17195 #1191 ¢€195 ¥¥190 *€193 ~¥198 1 “197 192 194 3
Exhaustion time 7'03"°7'19"+ 37"
VO, max 340 3.19 3.26 3.400..3.33+ 3.51:1.3.45.%.3.36. = 3.313-3.4512:3.451:3.39 '3.36° 3.38 + 0.09
T.B VO, max/wt 56.6: '51.0' 152.6 154.3-54.67 #55.7.4:54.8.#54:1>. 152.1:.53.5:-153 5. °52.1 526 53.7 £1.5
: H. R. max 191 191 195 203 198 200 192 199 188 196 192 194 196 195 :4
Exhaustion time 6'00" 5'00” 500" 5'00” 500" 6'00” 5'00" 5'08” 500" 5'00” 5'00" 5'03" 5'00" 5'10"+21"
VO, max 425 4.00 4.07 4.05 4.15 4.07 4.24 3.94 420 4.02 4.22 4.01 4.04 4.10 +0.10
K.k, V0. max/wt 61.6 59.3 60.3 58.8 60.6 58.1 61.0 559 59.5 56.2 594 56.6 58.2 58.9 +18
: H. R. max 180 183 190 190 18 180 184 182 184 179 182 189 185 184 :4
Exhaustion time 8'00” 7°00” 8'00” 8'13” 8'00” 7'00” 8'00” 710" 800" 7'00” 7'00” 8'00” 8'00" 7'39"+ 29’
VO, max 340 3.37 3.32 3.48 3.55 3.44 3.38 342 345 3.37 339 336 3.24 3.41 :+0.06
K.s. Vo max/wt 60.2 58.6 57.7 61.0 61.8 59.2 59.2 61.1 60.0 57.6 59.5 57.8 54.9 59.5 13
: H. 188 193 188 187 1881 180 186 189 187 186 187 185 189 187 +3
Exhaustion time 7'00” 7°05” 7'18” 7°00” 7'00” 7°05" 7°00” 7'00” 7'23" 7'00” 7'00” 7'00" 6'32" 7'02": 11’
VO, max 3.52 340 3.29 342 337 3.33' 360" 31437.3487:3.35°3.58°:3.27 3.39 342 +0.10
H.S VO, max/wt 50.3 48.0 46.9 47.5 46.5 46.6 50.8 47.0 48.3 46.2 49.1 455 47.7 47.7 16
. H. R. max 203 198 204 200 193 196 198 200 196 195 192 192 194 197 *4
Exhaustion time 6'00” 6'00” 6'00” 6°00” 5'12" 5'40" 6'00” 5'41" 5'29” 6'00" 5'40" 5'15" 5'00" 5'41":21"
VO, max 3.12 329 3.20 3.04 3.25 3.07 3.34 330 295 3.27 3.15 3.18 3.24 3.18 +0.11
N.F. VO. max/wt 44.6 46.7 45.0 44.0 47.1 452 474 478 437 474 46.0 46.4 46.9 459 +13
. H. R. max 187 187 185 189 188 187 186 187 184 191 186 184 187 187 +2
Exhaustion time 6'00” 6'00" 600" 7°00” 7'00” 6'05"” 6'00" 6'00" 600" 7°00” 6'00” 630" 6'30" 619"+ 25
VO, max 3.12 306 3.21 3.17 316 3.13 3341!320:93.17:3.1713.243.07 3.14 3.17: 007
Lo VO, max/wt 53.9 52.7 54.8 54.1 54.0 53.0 556 54.2 533 53.7 54.51 51.6 52.0 53.8+1.0
*~* H.R.max 176176 179 181 '181 178 ~"178 =178 <*178; *179¥¥179 1 179 ' 179° 179 £2/.
Exhaustion time 635" 6'27" 700" 7°00” 6'40” 6'30” 7°00” 7°00” 700" 6'30" 6'00" 7'00" 6'31" 6'43"+18
VO, max 2.59 245 247 2.66 2.83 264 269 254 262 267 253 252 254 260 +0.10
KM YO max/wt 474 446 449 475 509 47.1 48.0 45.0 468 46.9 45.1 45.0 453 46.6 +1.7
** H.R.max — 194 191 190 191 190 ‘197 193 -196 195 197 190 191 193 :3 _
Exhaustion time 4'55" 5'03" 5'08” 503" 5'06” 5'03” 5'36” 5'08” 6'00” 6'00” 6'00” 5'31” 5'00" 5'16"+22
VO, max 3.20 3267311 329 332 338 347:334734353.171350+3.31 3.37 331 +011
S.M VO, max/wt 572 58.1- 56.1 §7.2 572 56.5 '59.4 '57.6 59.1* *55.1' 760.8: '58.1 58.0 57.7 15
1e5% | 'HUR smax. 191 187 190 190 186 183 188 187 192 189 187 185 182 188 2
Exhaustion time 7'43” 7°00” 8'25” 7'45" 8'00" 800" 9'00" 8'15" 8'50" 8'46” 800" 8'17” 800" 809"+ 3l
VO, max 3.22 3.13 3.06" 3:14- 3.20 3.20 :3.26 '3.18 3:19::3:16:3:27 : 3.14 '3.13
+0.40 +0.39 £0.44 £0.42 0.37 +0.34 +0.41 +0.36 +0.41 +0.38 +0.40 +0.37 +0.40
V0, max/wt 54.2 53.2 52.2 525 :54.2 53.7 54.7 535° 534 752.0 546 525 52.1
Average = +53251£551252+49+47+47146+53+42+53+47 1242
tSD 4 R max 188 190 192 192 192 189 191 191 190 190 190 190 190

Exhaustion time
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Figure 3. Maximum oxygen uptake of each subject as expressed by vector that was obtained at ambient (left)

and constant (right) temperature.
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Figure 4. Mean monthly changes in the percentage
change of exhaustion time from the annual mean
of each subject.
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Figure 5. Exhaustion time of each subject as expressed by vector that was obtained at ambient (left) and con-

stant (right) temperature.
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Figure 6. Mean monthly changes in the percentage
change of maximum heart rate from the annual
mean of each subject.
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Figure 7. Maximum heart rate of each subject as expressed by vector that was obtained at ambient (left) and

constant (right) temperature.

E =

AEBRTIE, RABREZHEIBICOVLT, AKR
b ERETES, EboKichrr TR 3D,
IPSBRICH T TEL BB LS BEHEHHBL S
areds, 2IZREEIC, REOERETE -2
M5 &, HABMEEREY 8 HIKEL 13y
Kb oRicr 3 TEL B BAEMNDH » 12C &5
LT3,

#5010 3, thoER<T, A—Mic, 3@E
! OB, $1ubb, 5°C, 18C, B5CORAT,
AEB L RBORIE HHEIC LD, BAREERE
PR LR, coBEOREETIR, AEN
EREURONC EABRBLTV S, —F, KER
) ERETICENT AKETLY, 5L A
&L LEEHEHBSONI. CHOHDCT
Eho, RERTHONS, BABEEREDOSE
LB, AEHORESICLEbDTIEIL,
ERRao, wmBRHEOLH AR, EHA
D chronic 7T WIEDOKERE L bDTHB EER
5hz,

AZR T, AKET EBET WIhoi
b, 5 A, BABREERBHE L T
S, BREDON, BICEECEET
| B0 2y orBROTEBTE, AKET
T+84 %, FBETT +50%&&E 5B

mERLTN 3,

—}, toBMELTOFEBETIR, AKET
T +20%, FRETFTTIR +1.8 %08 MERT
KFEL, BRSO OF—42—Td, 4LD%¥
FICELT, RAREZEBREOZFHEHIL, A5
NEh-712bDD, WTFNOHEBRED 5 i, i
DREXOVENMEEZRL TV S, BHE Y (3, Eik
BT, AMERE, FEBOMLVEICK
BOEBRES LA T I EZ28E LT3,

AEERTIR, BEOEHEDL, EFTOHFH,
1 FERMbF O EOBRVEBRAETIR, 5AICAL
STCEMDBA SN DITH L, 4 THICEm
HWHOA LN &3, FEMOthE 5T &3
Eicks, BELAEOHLES, BHHEOE(MSZIC
—RHsr0hd LN, LL, FHiZAH
THbo

Exhaustion time ICBL Td, AKETTR, B
D OKICPITEL, 2o BICHITE N3 &
IBFEMEH AL LN, EREFTH, AETR
10D, MROEFHBA SNt —F, Bl L 1,
SHEHORE FICBT 5 EER 19 T3, Exhaustion
time (2, 5°C~3COBHNTIR, BEDOZEI
ZHEDr o0 LoD T, NS DEHEH T,
RRBRIABREBEOHALALLIIC, HEKOE
BICEEBINI - DT, FMH~D chronic



BEIEDOEREL L BDTHELEEZON S,
oL, ThoDE®HH, RAREBNEDOR
FEBRIPTNBT EMD, Fli~D chronic 73
HIE D#ER I T - 72 i KIEB R D U D Z 8 23,
Performance (€ & Z# 452 T4 EELLN
5o

ERS9 &, 54RI#ED Performance 75, &
ML, BRAT AEEDH ST EEREL
TWb, O EICRLT, BRGE, R—MEA
B TIL, AN Performance (T3, i KERR
BINE X ORERED, KREUEEEZBXIILT
WaEHIKBDLNSE, EBRNTWVE, LALEY
5, AFTHRNRTEIEIIC, RADERD S,
LA, i 5o Performance DA H) T,
REHOBRBRE RIS 2V EKEL, FHAOH
HGOKEBT > RBOLEHM, LOKREUEE
AHZTHWATEBELON Do

BL, choDT i3, BEEEED  Performance
WCEBA 5 Z 10 X513, KT Exhaustion
KEBZEHICOVTDAETZALLETH b0
ERR O UL ES) T3, BRIIREDS Performance
OEIRETF & 155 C &h Adams!’ MacDougall®)
Stk -THESIN, FfhwF7 VvV L—RDLE
L, L—z2BOKE L CHEEREREBAE LN T
LB EDLL LN TH D, LIch-T, KRR
o LVEB oA h , EEE ORI, RIT
A~ chronic 7SEINMC L AZEHEEFHMNAL S NS D
Eohid, BEDEALHTH 5,
BEAOHEEIC OV TR, AKEBTT, DIHT
Re s BKEL, RiBY, EEREHIS
Sh, ERETCR—EOHBIIA LN -T.
¥, FiR L7 SEHEOBE T TOXER 'Y TR,
5°C, 18°C, 35°CORMEIAT, HALHEITE,
BEunEsHON, BRESEGNRESD 1. C
NoOERNS, AKETFTTHONIREALHE
DEH L, FH~D chronic LHEHDOKERL &7
bOTIEEL, AEHORRICEELZTILLD
ThbrLEZON 5,
EBRECOOHAKIL K2iEl, HidBnE
WEHERTC &L, BRSO, AADLICE-
THEIN TV 3, RAESHHCE, OHAKE,

)

|

EBRMORBROZEL L VRIRZID LA |

EEBRHIOLRINT, |

X ik

1) Adams, W. C.,, R. H. Fox, A. J. Fry, and L. C.
MacDonald. Thermoregulation during marathon

running in cool, moderate, and hot environments.
J. Appl. Physiol. 38 (6):1030 ~ 1037, 1975.

2) BEEUA. BlickT5 "k FOBEGRE" ICB
TAHE. BFDHWA8(10) 1 673 — 681,
1972.

3) MacDougall, J. Duncan., W. G. Reddan, C. R.
Layton, and J. A. Dempsey. Effects of metabolic
hyperthermia on performance during heavy
prolonged exercise. J. Appl. Physiol. 36 (3):
538 ~ 544,1974.

4) WmEBIER. EEAHOEMEBHORRICHETS

B, 18 BEAHE I LHHAHROE

MZEBOEREICHON T, KEEKRH 171168 -

172, 19617,

BEMIBR, A OEMESHORRICETS

B . H2H EBHAMKO T A vF - REOF

HEBICON T, KEERMHR 17:173 179,

1967,

6) EiRaL, EO#HET HEEEAS, EBHRY, KRKO

ERROFHLEH, HEAFHEFHIRRE

(BRF)  5(3) 1261 — 276, 1974,

Osiba, S. The seasonal variation of basal metabo-

lism and activity of thyroid gland in man. Jap.

J. Physiol. 7 - 355 ~ 365, 1957.

8) 14 ABE. EBERHBAUCRALRRSOFHNED
YOI EQRET E OB T, KEAR
W 4(4) . 439 —452,1954.

9) SR, EBEESE, JLI=E KEHET
WINEAL. BREOT * vE—{H., B6R)
EMOETICOOT, FEPEHE 10 (1) 12~
4,1952.

10) B, SHER, BEEHR Bkyrad. R
ZBEERICE T 3R AEB OB ERERCD
BHRICOV T, BAKBELBIOEALS
P.274, 1978

1) LF#E— FNRX BABEEREOFHICS
BEBIcONT. BREE KK NEFLALTH
% P.238, 1977.

12) FARY. SUBEE. WUWT, Lk W8
FEF ﬁ%ﬁ%%%®§%ﬁ%®§ﬁmﬁﬁt
WK A L OB BESE 8(4)1142-14
1968.

13) Yoshimura, M., K. Yukiyoshi, T. YoshikaWa
and H. Takeda. Climatic adaptation of basi
metabolism. Fed. Proc. 25 (4):1169 ~ 1174
1966.

5

~

7

~

(19794 1 B 298 %AF)
Rl



