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Studies on the Relationships between Heart Rate and Work Intensity
during Work at Acute Hypobaric Hypoxia

Katsumi ASANO, Hiromi TAKAHASHI*, Kazuo KIKUCHI**
Akira MATSUZAKA*** and Tomonori CHIBA ****

The purpose of this study is to elucidate the relationships between heart rate and work intensity
during submaximal and maximal pedaling work at various simulated high altitudes.

Subjects were four male climbers in aged 27 to 38.

For submaximal test, pedaling on Monark ergometer (60 rpm) at the load of 540 kpm/min and 810
kpm/min were performed for 6 min, respectively. For maximal test, exhaustive maximal pedaling
work that load was increased stepweise by every 1 min from 180 kpm/min up to exhaustion was
conducted. These aerobic work capacity determination test were performed at sea level, 3,000m, 4,

000m, 5,000m and 6,000m simulated altitudes by using hypobaric chamber.

Results were summarized as follows:

1) \'fOZmax at 3,000m, 4,000m, 5,000m, and 6,000m simulated altitudes decreased by 6%, 9%, 25%
and 509 compared to the value of sea level, respectively.
2) Heart rate to a given oxygen intake during work increased in accordance with an increase of

altitudes until 5,000m.

Therefore, the relationships between heart rate and % \./'Ozmax from sea level to 5,000m altitude

showed a almost the same regression line, while the line in 6,000m altitude showed a relative lower

tendency than the lines at other lower altitudes.

From these results, it seems to be able to apply the relationships between heart rate and % \./'O2

max during work at sea level to the work at simulated altitudes until 5,000m.
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Physical characteristics in subjects

Subjects Age  Height Weight

(male) (yrs) (cm) (kg)
K.S. 27 166.8 64.5
AO. 29 173.6 59.3
T.N. 36 167.8 59.5
M.L 38 174.0 51.5

X 32.5 170.6 58.7
SD 4.6 3.3 4.6

Skinfold  Thickness 1
Triceps Subscap LBM % Fat
(mm) “(mm) kg) (%)

4.5 11.5 56.9 11.8
7.0 8.5 52.4 11.6
5.0 11.5 52.4 12.0
4.0 5.0 47.1 8.6
5.1 9.1 52.2 11.0
1.1 2.7 3.5 1.4

LBM : Lean Body Mass

Submaximal Work

N *810 kpm-min-'
540kpm-min~ (2.25kpx60rpm)

Maximal Work
Exhaustion

0.25kp T

(1.5kpx60rpm)

Rest

0—5 0—6 0—% 0 6 ——12(min)
V02.VE = w_ e
Blood ‘ a
HR ,RR
Sa0:

* The work loads were varied by each subject’'s heart rate response

in and above 4000m.

Fig. 1

Protocol of the experiment.
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Fig.2 Relationships between O, uptake and
ventilation volume at different simu-
lated altitudes from sea level to
6,000m.
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Fig.4 Relationships between O, uptake and
arterial O, saturation at different
simulated altitudes from sea level to
6,000m.
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Table 2 Individual maximal values at various altitudes and average values with SD.

Subjects ,ma. VEmax
(male) (l*min~') (mlkg~'*min™!) (I-min~1)
Sea level (760mmHg)
K.S. 3.03 47.0 119.3
AO. 2.50 42.1 110.4
TN  2.70 45.2 105.3
M.L 2.31 44.8 66.1
X 2.64 44.8 100.3
SD 0.27 1.8 20.4
3,000m (526mmHg)
K.S. 2.95 45.7 134.9
A.O. 2.57 43.6 126.9
T.N. 2.23 37.5 97.7
ML 2.14 41.4 92.1
X 2.47 42.1 112.9
SD 0.32 3.0 18.3
4,000m (462mmHg)
K.S. 2.39 39.8 150.4
AO. 2.40 40.4 144.3
T.N. 1.82 30.7 96.3
ML 1.68 33.4 89.0
X 2.12 36.1 120.0
SD '0.38 4.1 27.6
5,000m (405mmHg)
K.S. 2.45 37.8 164.8
AO. 2.16 35.3 167.6
T.N. 1.78 29.4 126.3
ML 1.48 28.3 85.3
X 1.97 32.7 136.0
SD 0.37 4.0 33.5
6,000m (354mmHg)
*KS 1.64 25.2 134.9
> (1.44) (22.3) (126.4)
A0. 1.21 19.9 111.1
1.33 21.8 90.5
"T.N. (1.32) (21.6) (88.8)
M.L 1.07 20.7 91.6
X 1.31 21.9 107.0
SD. 0.21 2.0 18.1

HRmax  RRmax WLmax  HLa max
(bpm) (frmin™?) (kpmemin~!) (mM-17?)
192.0 60.8 1,440 12.2
195.3 53.5 1,260 10.7
190.0 42.0 1,170 11.7
178.0 34.4 1,080 9.5
188.8 47.7 1,237.5 11.0

6.5 10.2 133.1 1.0
182.0 58.0 1,440 10.5
188.5 59.0 1,170 8.6
177.0 44.7 1,080 11.6
176.5 43.4 1,080 11.1
181.0 51.3 1,192.5 10.5

4.8 7.2 147.5 1.1
175.0 59.0 1,350 10.9
189.0 61.5 1,170 10.2
180.7 48.7 1,080 11.8
179.5 48.5 1,080 13.6
181.1 54.4 1,170.0 11.6

5.1 5.9 110.2 1.3
181.0 61.7 1,’170 13.8
182.6 63.4 1,080 11.9
187.7 52.0 1,080 12.8
163.5 43.7 1,080 10.6
178.7 55.2 1,102.5 12.3

9.1 7.9 39.0 1.2

T 1710 58.7 810 —

(166.5) (58.7) (1,080) (10.1)
175.5 51.6 900 13.9
169.0 43.0 630 8.4
(169.0) (44.0) (900) (9.3)
164.8 47.0 900 10.8
170.1 50.1 810.0 11.0

3.8 5.8 110.2 2.3

* Their \./OZmax were not observed at the maximal work load.
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Fig.6 Relationships between O, uptake and
heart rate at different simulated
altitudes from sea level to 6,000m.

NORBMNIERPRLBIET 2 426D, i
g8 Dstretch receptorDRlEIC L 232 %
D, & 5KPa0,ETHREMEREZEAEL, M
AFaATIVAkMERERT 2D ET B
Cunningham &' O{RFED H 2, & SIEETH
KEE RO &S OHES, 3,000m~5,000m T
5%, 6,000mTL0%DERZRTEFEIZDNT
ik, BIREHRRBROEKR L EPO L O
DB UESEER L, vagal restraint
BT %728 &3 B Cerretelli® DKM D 2,

Harrison 59 & Nahas 5 &, Sa0,m75%1
BT L LAHEN TR AR TS EL, &
DA % anoxemia threshold s L3 T3, K
52 T4,000mEA_E D EEIRFSa0, 2375% LT D7k
¥ERLTWBZ s, EFRLLHEEOREM
B SN2, L LVO,maxi4,000mT20%,
5,000mT2B%DEERE T LI 2 L5, HEBO
RABEEIRMO, 82 (a—VO,Diff) DIRERET
DAEFARIESY I D,

2D & 3 fHE~ D a-VO,Diff DERIZ, X
PR EEESEZ LIRS, TRbOBRELD
HLa—VO,# %Xz 5 3 2 OBLA—VO, D S
BERRHE R, EANBITI LI ik d, T
Tt BT FOBLA—VO, Izt L, 3,000m, 4,000
m, 5,000m#¥ & U%6,000m®OBLA—VO,1F, &
12%, 30%, 0%DEFERLTWwSE, ZhoD
OBLA—VO, D& A, B3Rt e MEDE
WA (AT—V0,) IIEIEHES LT3,

200t
sea level
180F
6000m
T 1601 ~4850 m
€ 6400 m
a 140+ 5800m
3
£ 120k
o
I
100f -
gol —— present study
---- Pugh's study
0L
L . 1 L —
0 20 40 60 80 100

°lsVOzmax (%)

Fig.7 Comparisons of present study and
Pugh’s study in relationship
between % VO,max and HR at differ-
ent altitudes from sea level to 6,000m.



S F1wHR—%VO,maxDEIREF %, HES
FUEEETCORAT ERAKEHNOVTRLT
%%k, 3,000m, 4,000m3 X U5,000mE TILHE
FFLiZBRSRERCh I erbbhrd, Lz
285T3,000m~5,000mMBYEE T, BEET
LR OHR—%VO, max B{F & v, HR»5%
VO,maxDEERERHET 52 LB TE LI,
L7 L6,000m HH4S R E T E, YIH OEHMEV 720
i, B, 3,000m~5,000m % T O EIRESE 72
D FE -T2, #->T, A—OHR? S E%VO0,
maxDEHEELZE RELIERC R 2 2 e
E26N%, ZOERERRLEZOBHE TH 5,
T b BB 2 EETOHR—% VO, max [E/RE
&b, 3,000m~5,000miE S EEICB T 5.0
L1303/ 5 DR & T DEBEE %, 60% V0, max
LLTRDZZENTES, —F, BUI303/45
Tb, 6,000mHH % E B T EIREFAH 25 0 FE
20z, EEREIZT0%V0,max k%D, 10%
BLEEenB I LItk S,

L2 Uhs o RSO fBRI, EEOZILEI
&5 7zPughs'” OREEH & OHR—%VO,
maxERRERREZ LD TH -7 (®T)e TD
Pugh® DHEES L VB TO, BATE & UHK
EEIEHR—%V0,maxDEBRIIKDO L 3 H T
»2% (Y:HR, X: %VO,max).

#OE: Y=1.30X+54.64 (r=0.97, n=34)

4,650m: Y=0.80X+78.87 (r=0.88, n=34

5,800m: Y=0.60X+81.12 (r=0.86, n=34
6,400m: Y=0.52X+94.48 (r=0.83, n=10)

COEREOER, HRmaxDEIZH2 LE 2
5N 5, BIFICHRMaxDER T 2 2 & 13 West
519 HEEL T b, Astrand 52 13 Z DEFE
THRmaxD& T id, POET D.LEFA—Vnode~
DEEIC L5 b0 LIEML Twb, %72Pugh®
i, ZUFFHRmax DK T Ik, EERE~OEIED
RIS 3N ZHDBARIW & 5 MERED L&
PRIETAERO—DLEZEL TS, —F, &
WD & 5 2 RAMEERE TR, &RELVER
T, BAEEEOHbEIZ, 15~16g/dlD I H
D, B S i HbEKIZTAD Sk mnodz, o T
Pugh'® O+ 2 & 5 REER s Vi L,
HRmaxDE FHH & M idZBD S hoiz b
DEEZBND, '

=

— 241 —

vV 2 #

2T~V DOBEH = B FEIUK 4 A& fiwE L
L, EEES N —=> 270 S woHR—%V0,
max BE%& %, 3,000m~6,000miZ D\ THE &5 2z
T5ZeRHNE Uz, RERFHERIFRERE
HIEEEE 2 F v, EET, 3,000m, 4,000m, 5,000
mi & U6, 000miASEE B 5 5 EDEER%,
I1H1EE LEBES L VVHEREL LT X —F —
W& 2BEORATER R NEE R EREL
776
1) ZEE, BAT S & URAEHIFOV0,~VE
BiRik, MELFCEVWEEARE®ELL,
5,000m T ¥ VO,max O #925%1E 3 = % L,
VEmax i3 §936% DBIA % R Lz, Licaso> T
SUIEERE (VE/VO, BIEA) 1, BE LRI
WERFABITL I,
2) T, BRAT B L URKEEFEDSa0,1,
BE L F I EBIER 2R U, 3,000mTOE
BIRF CII LREIFOHI80% 2 RFF L 7243, 4,000mEX
LETICEERE OBV {EB L, 4,000m,
5,000mTIE#170%, 6,000m Tk fI60%IET L
726
3) OBLA—VO,ix, #FETH 1.7 1/5433,000m
~6,000mDIET, $7151/4 121/48B X010
1/ EBH e i BB ER LI,
4) VO,maxiZEEIEICER L, 7% (3,000m),

200~

1801 st
21601 / N
e -7
2 8T
140 m A
E’ 3000m 5 - 6000 m
T % e

120 7 ’

e
e
100f
0(// 1 L 1 |
0 50 60 70 80 90 100

% VOzmax (%)

Fig.8 Differences of work intensity determi-
nation between below 5,000m and
6,000m altitude.
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