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Physiological analysis of mountain climbing exercise in women.
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AR =S $AE. B9 FM el=le 441714
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Table 1.

Physiques of subjects

Age, Ht, | Wt Skinfold thickness mm % Ta LBM,
N Name yr om ‘ kg Back l Arm F Wmst Ambgg 1 Mean 7 ' kg
1] K s H | 196 | 1504 458 | 160 | 140 | 155 } 195 | 162 | 2.2 | 333
2 K H J 222 | 153.0 47.4 135 | 165 | 125 , 120 | 136 | 239 36.1
3 H H S 22.4 | 15%.1 53.5 . 12.0 | 20.2 ‘ 18.5 ! 15.5 | 165 | 23.5 40.9
4 Yy s I 20.4 | 153.6 41.9 142 | 10.2 123 i 7.8 | 1.1 | 24.5 31.7
5 K S Y 16.5 | 156.8 ° 51.0 ‘ 120 | 16.0 . 16.2 | 14.7 | 147 | 240 38.8
6 J 158 22.0 | 163.2 615 | 25.0 | 20.5 ‘ 17.5 185 | 20.4 231 47.2
7 H Y § 18.0 | 163.8 6.7 195 © 20.0 | 180 175 | 188 | 26.2 , 455
8 , K Y J 325 1606 5.4 122 : 10.8 138 122 | 123 | 209 = 40.6

Table 2. Radio-telemetered heart rate counts in uphill mountain climbing at a Mt. Dobong(ifil#) course,

516 meter high, 20% grade

Uph111 Mean Total Peak " Resting Date,
No. Name time, HR, heat HR, HR, year of
min beats/min beats b/m b/m 1972
1 K S$ H 36.8 172.7 6, 355 188 72 11 Mar
2 K H J 38.2 174.2 6, 654 192 80 18 Mar
3 H H S 32.2 161.4 5,197 180 76 24 Mar
41 Y s 1 36.9 159.7 5, 893 178 80 | 6 May
5 K S Y 33.4 194.8 6,506 204 7 10 May
6 J I S 36.6 169.9 6,218 184 68 13 May
7 H Y § 37.4 159.9 5,980 180 60 17 May
8 K vy J 32.5 157.9 5,132 134 56 20 May
Mean 35.5 168.8 5,992 189.0 70.5
S.D. 2.23 11.4 532.3 821 8.22
], ¥ 853 FA= Lange (1961)9] AA =z FAs) o A= Fhew & Alsbe] A7k o) AR dEs FAE
At Alxd ®elth Z A A=tst A7 Qo) wA g &
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Fig. 1.
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Time vs heart rate curve of a subject in uphill and downhill mountain climbing exercise.

Table 8. The ratio of mean or peak heart rate during mountain climbing to the predicted maximal heart

rate (}*—0 633 Age (yr) +202.5)

Downhlll

Uph'” o Predicted _ - o -
No. Mean HR Peak HR Max HR, Mean HR | Peak HR
- b i -
b/m % Ratio b/m % Ratio /m | b/m % Ratio[ b/m % Ratio
1| 1727 9.8 | 188 | 989 190. 1 ‘ 125.2 | 5.9 ‘ 132 69.4
2 74.2 92.5 192 101.9 188.4 | 140.9 748 | 148 78.5
3 161. 4 85.7 180 95. 6 1883 | 139.0 73.8 [ 152 80.7
4 159. 7 86. 8 178 96. 8 183.9 | 146.7 | 78 156 84.8
5 | 194.8 ’ 101. 4 204 106. 2 1921 — - | = -
6 169.9 90.1 184 97.6 188.6 | 138.2 73.3 144 76.3
7 159.9 | 83.7 180 04.2 9.1 117.5 | 6.5 128 66.9
8 157.9 | 874 18 | 101.2 189 | — 0 — —
Mean | 168.8 89.8 | 186.0 99.1 134.6 71.5 | 143.3 76.1
S.D. 11.49 5.14 8. 21 3.64 | 9.99 6.05| 10.17 6.22
FEXHS (1968)¢] A) 45 F4 = Max Heart Rate ) AEs AzAE Fd AR 455 o sky
(beats/min)=—. 633Age (yr)-+202.5& A A=n] o] A 94. 2% A 106.2% Aolell i or 8219 5ol
o efgt Wl &R B3 o] M3Folrh. Hwre] 22 99.1%7F et 4 228 =2 g8 Eoke 7} 5

= Fa BT AdLES] AAd Al ALLES
v EE 83% WA 101.4% L xEglon 8w
of glo] WiFste] 89. 8%l o]zl vh vhaalnl #wy
89.8%ql sligtal A A3 25§ 35.58 F
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Table 4.

Heart rates and corresponding oXygen consumptions obtained by treadmill tests

Rest 5.5 km/hr, 0% 5.5 km/hr, 15% 8 km/hr, 15%
No. bI:aRt:s/ o VO-z_ _ ER' Vo: HR, '_\im | V,c,’,’
eats/ | Tl | bm | (@l | bm | | | ol | b/m _ml
kg kg kg kg
1 72 0.170 | 3.71 94 0. 583 ! 12.72 130 1.12 24.45 184 1.95 42. 57
2 80 0.196 | 4.13 109 0.742 | 15.65 148 1.48 31.22 176 1.96 41.35
3 76 0.205 | 3.83 115 0.994 | 18.58 146 1.56 29.16 177 2.13 39.81
4 80 0.182 | 4.34 118 0.844 | 20.12 144 1.33 31.70 174 1.96 46.72
5 72 0.204 | 4.00 110 0.857 - 16.80: 148 1.38 27.05 186 2.90 56. 86
6 68 . 0.222 3.60 100 0.779 | 12. 66 154 1.58 25. 83 176 1.91 31.30
7 60 ' 0.193 3.12 104 1.064 - 17.24° 154 1.88 30.47 176 2.28 37.08
8 56 \ 0.180 | 3.50 104 0.853 . 16.59 ‘ 148 1.41 27.43 182 2.10 40. 85
Table 5. Oxygen consumption and energy expenditure (Vo,%5) in uphill mountain climbing
Q. Consumption Energy expenditure
Resting| Uphill Mean Peak Mean
No. Vo, | time, : I ' o Peak
ml min Vo Rta: io Vo: I Rtaot io _keal Total ﬁ{il_
1 ! ml/kg rest l ml/kg rest min keal mn
1 170 | 36.8 | 1.8t | 305 | 106 | 206 | 4.9 | 121 9.0 331.2 10.3
2 196 38.2 1.96 41.3 i 10.0 2.30 48.5 11.7 9.8 374. 4 11.5
3 205 32.2 1.82 34.0 8.8 2.18 40.7 10.6 9.1 293.0 10.9
4 182 36.9 1.64 39.0 9.0 1.97 46.9 10.8 8.2 302.6 9.8
5 204 33.4 2.33 45.6 11.4 2.50 49.0 12.2 | 11.6 387. 4 12.5
6 222 36.6 1.82 29.5 8.1 2.04 31 9.1 9.1 333.0 10.2
7 193 37.4 2.00 32.4 10.3 2.37 38.4 12.2 10.0 374.0 11.8
8 180 32.5 1.65 32.1 2.1 2.02 39.2 11.2 8.2 266.5 10.1
Mean 3.5 1.88 36.7 9.76 | 2.18 42.6 11.2 9.4 332.79 10.9
S.D. 2.23| 0.207 5.19 1.01| 0.19 5.33 0.99 1.03 40.77 0.89
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Fig. 2. Relation between heart rate and oxygen
consumption obtained by a treadmill test
in one subject.

W HFoled 9. 7ol Adbe] 22 Fabe ala
AF 2 Ak 33.1 A 49.0 ml/kg/min o]l o 8
B B o] 42.6 ml/kg/mine] Gl o= 1A A A& kel o
Foulge 4= 11244 o]=F oYk

Adre] 227 Weyke] AZ| Y A1xe AL o 4
A g FAC Re abed o] v g A (FEEER
B) £Feln, A%E AR AL AR wE4ok 4
£ AFA % Fol AN Edile AFAE 2 &5
ojdd. i vk A% W e Al wFeof] AG AW A
PR AL 1F oke] 2Fol Hgatd s 44
FE AT A7 2dEG Ow FALY AH 5
< A A5 132&% Fol & 2% o] Ae] AFAstd Atk
Azl FAAHA o] & &+ gloxmz (Gilbert and
Auchincloss, Jr., 1971), Jx=A4x 2XF LA
% 22 AR AR HE4 HEAH Bk oub oW
T4 277t 284 2A 4& ou ££8& FAdo=z
WEele g Addl 7pokd AA 5L stz 97 o
ol

Al He Al AR e 2 e M4 9% A
7l A4 A$ 85 1ml/min/kg, &=z A4 AL
66. 3 ml/min/kgsl °]=7] % 3} (Saltin and Astrand,
1967), WEAdeoz wm @At $4 H47 71, A &
T 47k 55 ml/min/kgel = BE @3 o] 44, 4
% Aol 38 ml/min/kgE el lw) (Hermansen and
Andersen, 1965), $-&]v} 2} o2} Aol 4 54.3 ml/min/
kgo] ol2r® dh} ofad 2EAE Pl 47.30] 18
A2 BE ozbal glo] 42.5 ml/min/kgols] (&R,
/M, 1968), 39.7 ml/min/kg (BREH, R 1968)
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Table 6. Radio-telemetered hreathing frequency

counts during uphill mountain climbing

Uphill

Uphill breathing frequency
No. | time, Rest
min Mean } Total ! Peak
2 | 382 \ 46 | 1500 | 46 18
3| 822 | 3.7 | 1,08 | 40 13
4| 369 335 | 1,237 3 15
6 | 366 ' 380 | 1,30 | 44 18
7 | 374 338 | 1.266 40 14
Mean | 35.5 | 36.1 | L414.2 41.6 | 156
$.D. | 223! 3.2 168.5 293 2.05

9 B37l Gl vk A Auke] o wlo] Ax A
Bol W itsle 36.7 ml/min/kge} e o] £Fo] Ao
Al AL S v BE d=bz Al AR
) sl BE Hebi ek

oleh wiatrlAl W et Aoto] o2& Eabs A w
7 4 Al A AA bE4o 89. 8% w55
A4 A dA) g

oA &2(R58)¢ Aol wel 8.2 WA 116
kcal/min o] %l 2 o] 3] Fste] 9.4 keal/min o] 3. 84 o]
B 35.5% 225 Fad HF3d 332.7kcal 8 &
Hlstdeh, 22 259 HIA= 9.80A 12.5 keal/
min o] 12 B Fele] 10.9 keal/min & 4 v]stgd o}

ko] 22019 FHGE A6E 2 A3z AL
T A A EFF FAL APTES FAH 74
At AR 2 AT & 2FFAU Rl
AlA 82 AFE AR 471 . L2 E B4 B
Fae A ok o2 333 WA 41390 HEat
o Wi 3615019t L2k Fotd HaNe w2
383 WA 46H9om T 41.63Fc]Yt o] etd
iz} 8] W 35.5 £ 2udldd o2l Hq
EF 131434 E4E By

teltiol izd27] AAE 20%<¢ e yre] 2L
Held A9 SAT A3 455 HES ATE A4
T A=l 2% 1877 A7 b Agtss 2y
2.2 BASE o] 279 28417k A rto)
A7 e ggkon] 79 Y Fo] 28.241. 34 Folgit)
Aol 2279 35.5% wvl 44 e Aolgd}
Zode] 2718 Agutdt Fale] Wl 134.6+9.9
GE (5 117.5 WA 146. 7dE)e gk 8] et
=50 AN Es H2g-e Y EFeh 143.31+10.17 (4
#5128 A 1569F) wHEe]
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Fig. 8. Time vs breathing frequency curve of a subject in uphill and downhill mountain

climbing exercise.

Yejure] A7 9] AR wE4 g 7 Al Ao
AR NEas v 2l WEEZ AT AE AR
ARG Z 7 Ad Ad A HE5A Aok
61.5% WA 79.8%0) #Feled Aol wel 279 2
7} Aolaidan, R el Al gleid= 100%E
qir qe] YAW AFAE Y 49T FIRAT =
= gt FEge Fd A3 44 76116 22%
o] REge ook AL 4 A wEse § 2
Aeo) B8 BEde do A AF 76.116.22%
of Eaalgleh & 20% A4S A4S el A7
L S 5] ohs A4 A el glod oA

Table 7. Radio-telemetered heart rate in downhill
mountain walk at a Mt. Dobong course,
516 meter high, 20% grade

Downhill | Mean HR, Total Peak

No. walk time, beats heart HR,

min — beats b/m

min

1 28.4 125.2 | 3585 132

2 29.6 140.9 | 4,170 148

3 26.0 139.0 3,614 152

4 20.7 146.7 4, 357 156

5 26.7 — — —

6 29.3 138.2 4, 049 144

7 28.0 117.5 3,290 128

Mean 28. 2 134.6 3,839 143.3
S.D. 1.34 9.9 377.41 10.17

71 Felo] wald

Waldte] A7 AEY F AATES TA= 3.200
W E WA 4,357 E Aelel TEHEien Hictd
3,830+377. 4 W&ol

ol el AE Aol o2& 36.5% Fatd ¥
3,002 ¥lE3} 28.2 %% vl AAE WHLE F
opell 3,839 = e=slst HEerl® Tikd F A
A upE2 3 e 63.7% Aleldl 9,831 wEo] ¥k
2E Age] 94 4% FF T F AR FFFE
93,615 WA 113,988 #t%o)dh sh& v} (Glagov et al.,
1970), 20% 7AE) ARL 63.7 ¥l e HA o
2 upEae 1/0.5 WA 1/11.5¢ A¥AFY ALz
50 AAR A% AL Lol

Welule] A9 A4 A G 4L AsE AN
o, WEe|® Ay B¢ WF A AFAFL A
wte} 21.4 WAl 32 6 ml/min/kg o]l WHstd 26.2
+3.97 ml/min/kg olglow HAA AH G ozt ¥
g2 6610.56we1gsk. Wl dte] A7) Fots AL
AF % Farge 23.0 WA 37.1ml/min/kg o] H e
# F5he} 2944, 97 ml/min/kgol .o, o] A& sbA
Al AE e 7.470.83 wle el arlelddt
WA Lgeke (A8%) st ¥ 6 51064 keal/
min 7} sgles] 28 2% Foke] WElwel A7 7]zl
% 184.8+10. Theal & A w|igleh. A 4u]9
Ao WFete 7.2+0 85 keal/min o] ek
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Table 8. Oxygen consumptmn and energy expenditure (Vo.X5) in downhill mountain walk

} O.g Conqumptlon Energy expenditure Date
‘ .
i Mean Peak Mean year
No. - - . _ Peak, of
_ Yo | Ratio Vor Raro ! keal tota] eal 1972
1 ml/kg | rest 1 ml/kg | rest min ca
1] 105 | 229 | 61| 115 251! 67 52 | 27 | 57 11 Mar
2 1.34 28.2 6.8 1. 48 31.2 7.5 6.7 1938.3 r 7.4 18 Mar
3 1. 40 26.1 6.8 1. 65 30.8 8.0 7.0 . 182.0 | 8.2 24 Mar
4 | 1.37 | 32.6 7.5 | 156 | 37.1 8.6 6.8 | 2025 7.8 6 May
5 1.32 1 21 4 5.9 1.42 23.0 6.3 6 6 } 193. 4 7.1 13 May
o s R S P
Mean | 1.29 26. 2 6. 6 1.45 29.4 7.4 G 5 184.8 7.2
S.D. 0.124 3.97 0.56 | 0.17 4. 97 0. 832 0. 642 | 19.76 0 85
Table 9. Comparison of data of mountain clunbnur between men and women
- R - V uph]Il
| 3 ‘ f Vo Enu‘gy cxpcndlturc 1
uphill I Mean | Total I . Breathing
Age, time, HR, ] heart | 1 Ratio Mean [ Total frequepcy
¥yr min r b/m f beats L to keal | kocml per min
| f [ ke rest min | a4
Men 35.9 36.5 149.0 | 533 | 5.7 83 | 111 | 39 —
Women 22. 8 35.5 168. 8 5,992 36.7 9.7 9.4 | 332 36.1
Downhill
Men 31.7 184 | 3,710 | 242 6.8 75 | 28
Women 28.2 134. 6 ’ 3,839 ' 26.2 6.6 6.5 184

Axte) 2.2 & 3558 Eqkell ¥ 332, 7 keal o} 28. 2 A7 e WEeleh: el Hols} gl gL 4o
¥ e 2 Fobel BF 184.8keal & A A 637 ok & vk F wak AGEe] ko] 5 Fol 35942
+ Faboll 517.5 keal® &gk Ao] "o}, 29 4q) A el7be] 22840 Breb 104 oA ot AE o=
A=t (52kg)e] b ot ol viAl £ulzkow AR el AZEE T AT A9 gor ‘E}Z}ﬂ- 5 5,343 4

AT xFol 2,10keal, FEHEY 2EL F 7o) 0 AR g 2dA A0 2.2y wsle ozl
2,200kcal, F¢ > Fo 2,800keal, A %o @ oluch ZF ©e 5,992 WMES £k Aba Al
el 3,600 kcalg A x] gk (FAO +=¥3, 1967) 2t HE Fapst 357908 ofsled Salr oj A e 57
Foulaetd, S5Fd FEHE 259 1/4.2, AL 2l 36.7 ml/min/kg% et S 02 Eqle] 4

X529 1/7 ) Adete °ﬂl—1?<]" BHA 1A zhelele 4 ZEaE HATE ol 149.0 wHEol 3 of2hy) wja
Ag Astahe 250 sl ghawde A0S o 168. 8 "-}%—ii AT Aolg vElve] WAk o2ty
= e Ak A 27 G4 9. 5w AAEEA AT A ko] o] e gL 17y
HWel s A= 6.6 S AQT S Eold e = FReY AFE Az e G4ATL ¥y F A
2ol 2ol wted g Aeiet Tl AL 2718 2A5¢ FoFt = o)y

Az T2 @A dabel 2lo] B2 4] FALFL olvb AF2] Aolel BFSm Amte] Lyur o2
FHE ub YAV (B5EE,  HEEE, 1971), 3o} (motivation)o.2 =71 del 37 $4t $5¢ ¥ B
Az BAET AAE v 2D 22 A9Kol A A Gt of AF wslz F ohgel 35 ml/min/kg oFabe] Aba
of 2% wl datsh ot Alejel e AlAl &5 o AHFE et 4 F280 ok Welute] Ao
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A AE Ax M ko] o3} 26. 26 Wt FA 24.2
ml/min/kgz o] = FE 2rleld. AR FA &
Eag A o] 6lF 304 el FFFE
ZA3 51 Cooper {1970)2] A 448 7271 444 HHA ZF
o] 35 ml/min/kge] H& FFE8Y FLHALEL A5
el dlda s £EFolzt T AF Seld T4 EF
Fute] £ =7]] 2Feko] 35 ml/min/kgo] 4b4 A3 ek
+ Fabebe Hel $93 AT

4 B

Az §9& Aoz EHAGHEIL) 45,
gk 2567 o)k $Q A A, 80 516918]) Aol )
1.3km A", Eolo # 26078 F FAE7}F 20%<
AR 54 25 FAdge A2E 2 2dYe F
qtol] AAA 7] 58 =) 2.9 7] B (radio-telemetry ol
o} 3te] cassette tapeel] 7)Sstm o] Ao m iy Al o}
E2z Jzkdez AFEsigl " AGaA A&

AR oste] F4H A e A b o
A ARG AA 2R ofdol4 AL c=vE A
A4 Qe AEET AS 4 ALAS
o} oAt AAE BFANR FA8 T 2T
AL ol

1. Hde] Are 35580 LasgdR, o F¢2
B AR $E57F o F 168 8 HEeln FHaR i
¥ 186.0 #tEel ol=7 ) of 7z Al nEs F
Ax 5,992 wEel gt

2. Aol A9l AA HEFE ALY AW AR
ulE ol 83.7% WA 101.4% Aboldl Qo] T 89.8%
o ez, el Ay EFo A Hu W
a0l 09, 1% o] E2g e} Aute] T4 %L A7
L&l

3. Adbo] SAte] At 4A =& 20.5 WA 45.6ml/
min/kge 2 3 F3+e 36.7 ml/min/kg o122 LA A
A3l ok vl gL 9. 7ol U Aol AL 2
2y 530 A4 AA % AL BT 42 6 ml/min/kg
olv] 1A A A3 ke 11291} HE E el

4 Aol 2279 THFS+ NFE 36130 =2
A& 41.6 8ol g+t

5 o] A9 &l)x) L8k 9. 4kcal/mino]Hd
orx # 3 10.9kcal/minoj] @iz 35.5 ¥ Ak
o] Ao 2F 332.7kcal7} 231

6. uute] Aol 28.2 8] Ao A tF
4 3ol wi¥ 134.6 4% (117.5 WA 146.7 5]
o, HzAE ¥ 143 3 $EeI. He o] A

e 3L o o odm

£ 2% 3,839 W5 A4 vhye] Rayd
A4 A3 =ke. 262 ml/min/kge b4 3k9] 6. 6l
olglow] Ante] o welel Yd U3 el
A 2282 6 5keal/min 24 ulelte] e
28, 28 Sabel] R 184, 8keal® 4. Arols} g
Wol 2 A 63.7 % Etell 517.5kcal & ¥k
i

ABSTRACT

Physiological analysis of mountain
climbing exercise in women

Chang Soo Sohn and Kee Yong Nam

Department of Physiology and Physical Culture
Research Institute, Seoul National University
College of Medicine, Seoul 110, Korea

Physiological analysis of the physical exercise of
mountain climbing in 8 women was made. The course
between two places (256 and 516 meters altitude)
was 1, 300 meters in distance and the difference of
vertical height was 260 meters making a mean grade
of 20%. In the field, the heart rates during uphill
or downhill walk were recorded on magnetic tapes
by means of EKG FM radio-telemetry. In the
laboratory, oxygen consumption was obtained by
the recorded heart rates, using individual heart rate
vs oxygen consumption diagram obtained by treadmill
tests. The following results were obtained.

1. Uphill walk time was 35.5 minutes, and during
this period the mean heart rate was 168. 8 beats/min
and the peak heart rate was 186.0 beats/min. The
total heart beats during the uphill walk was 5,992
beats.

2. The ratio of individual mean heart rate during
the uphill walk to the maximal heart rate distributed
between 83.7% and 101.4%, and the mean of the
total group was 89.8%. The ratio of peak heart
rate of uphill walk to the maximal heart rate was
99.1%. Thus a uphill walk of a 20% grade mountain
course was an exhaustive exercise,

3. Oxygen consumption during uphill walk was
36.7 (ranged between 20.5 and 45.6) ml/min/kg,
and the ratio of this to the resting oxygen consum-
ption was 9.7. The peak value of oxygen consump-
tion during uphill walk was 42. 6 ml/min/kg and the
ratio of this to the resting oxygen consumption was
11. 2.

4. Breathing frequency during uphill walk was
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36. 1/min and the peak frequency was 41. 6/min.

5. Energy expenditure during uphill walk showed
a mean of 9.4 kcal/min and the peak expenditure
rate was 10.9 kcal/min. The total energy expenditure
during 35.5 minutes of uphill walk was 332.7 kcal.

6. In downhill walk, the time was 28.2 minutes,
mean heart rate was 134.6 (ranged between 117.5
and 146.7 beats/min, and the peak heart rate was
143. 3 beats/min. The ratio of mean heart rate
to the maximal heart rate was 71.5%. Total heart
beats during the downhill walk was 3, 839 beats.
Oxygen consumption during the downhill walk was
26.2 ml/min/kg and the ratio of this to the resting
oxygen consumption was 6.6. The rate of energy
expenditure was 6.5 kcal/min, and the total energy
expenditure during the 28. 2 minutes of downhill walk
was 184.8 kcal.

Thus the grand total energy expendilure during
the 63.7 minutes of up- and downhill walk was 517.5
keal,
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