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Evaluation of Simple Estimating Method for Cardiovascular Endurance

— Analysis of the Figure Drawn by the Changes in Blood Pressure and
Heart Rates during Short-period and Light-loaded Exercise —

by

Yu Imachi, Satoshi Sasayama, Kanetomo Yamashita

Kyolo University

ABSTRACT

Maximum oxygen uptake (\.Fozmax) is generally considered the most
accurate measure of cardiovascular endurance. The most precise
evaluation of \}Omx is performed setting with a subject involving a
maximal graded exercise either on treadmill or bicycle ergometer
until exhaustion while applying analysis of expired gas. This requires
special equipments and technical skill, and is not only troublesome
but also dangerous for some types of subjects. Toovercome the
problems, numerous devices and techniques have been devised for
evaluation of physical working capacity under submaximal exercise
such as application of nomograms, PWCy, etc.. Basing on the idea
stating that certain kinds of physiological outputs during submaximal
exercise at fixed work load should reflect cardiovascular endurance,
authors confirmed through preliminary experiments that figures
drawn by the combination of changes in systolic blood pressure and

heart rates during short-period (2 minutes) and light-loaded (600 kpm
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/min)  exercise showed clear distinction between trained and
untrained subjects. This figure was named BP-HR Lissajous’ figure.

The purpose of this study was to develop a simpler and easier
method for evaluation of cardiovascular endurance by analyzing
BP-HR Lissajous’ figure. This time a newly developed blood pressure
monitoring apparatus, Finapres, which had been proved to be
accurate and reliable by many investigators was utilized for drawing
BP-HR Lissajous’ figure during and affer 2 minutes exercises on a
bicycle ergometer work loads of which were 300, 450 and 600 kpm/
min respectively. The data were fed into a personal computer, and
the figure was drawn by feleding heart rate into X-axis and systolic
blood pressure into Y-axis. The estimated values of \.Fogm obtained
from multiple regression analysis of the parameters calculated from
(198 £14 years old)

were compared with their actual values of {Iogm, and the results

the figures on 12 healthy male subjects

suggested that this simple and easy testing method might be useful
and effective, at work load of 600 kpm/min, r =0.921 (P < (.02
with standard error of estimate 2.75mi/kg ¢ min, in evaluation of

cardiovascular endurance.
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exercise finish

[ exercise start

Exercise
-------- Recovery

Systolic Blood Pressure (mmHg)

Heart Rate (bpm)

Bl1 BP-HR Lissajous’ figure drawn by feeding
heart rate to X-axis and systolic blood pre-
ssure to Y-axis during exercise and rec-
overy
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1 The characteristics of the subjects

. Age Weight | Height
=ubject (year) (kg) (cm)
A T. 19 66 168
H. M. 21 76 186
M. H. 21 71 172
J. M. 20 76 177
S. M. 19 95 161
S. 0. 18 79 171
S.U. 18 62 170
Y. S 19 63 177
M. S. 23 57 176
T. W, 20 60 170
H. W. 20 71 177
Y. K. 19 98 183
mean 19.8 69.5 174.0

S. D. 1.4 11.4 6.5
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finish point
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start point
of exercise

Systolic Blood Pressure (mmHg)

Exercise
- Recovery

Heart Rate (bpm)

B2 Parameters for multiple regression analy-
sis. dP : increment of heart rate, dB : incre-
ment of systolic blood pressﬁre, L : length
between start and finish points, S : area of
the figure
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2. 1 BP-HR Rissajous’ figure
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dP & BAMRE H B L O W 2788 L,
SERE Vo, ZRBERE L CEERSTES
W, EiIfE & HEEE (EV) Mo#hEKE X CEE
BafREk (r) ZEERERlIcRkD 5 &, ZhThE
4 BLURIDLH IS,

BESHBEPHER S /o EEEE 600 kpm/
min BOBRFRBILUTOL > TH - 1.

EV=0.009 S— 0.401 L+ 3.834 dB/dP
+ 0.365 H— (0.767 W+ 49.39

F4 v b AE—vEEE Vol 15

s [l

—~ 200 .
= (1) Subject: AT
£
E 190}
-]
1o
=
1]
3 180f
bt
(¥
B
o 170t
m
-
S 160}
B ® Exercise
wn G Recovery
150 . " % " i i " i P 7
70 80 90 100 110 120
Heart Rate (bpm)
— 200 ¢
= (2) Subject: YK
E
E 190}
@
| ™
=2
w
g 180}
et
o
3
2 o}
m
-
e 160}
n ® Exercise
U? O Recovery
1wl . . ) )
80 90 100 110 120 130
Heart Rate (bpm)
< 190 ¢
- (3) Subject: HM.
E -
E 180} -
@ Lt
| -
-
w
o 170}
ft
=W
~
S 160} g
m HS,
2 5 .
% e | { ® Exercise
Yy . O Recovery
Mol .o L . o
80 90 100 110 120 130

Heart Rate (bpm)

E3 Different types of BP-HR Lissajous’
figures drawn during 600 kpm/min
work load

3. %5 =

ChE T Astrand Sicky, HiglEz Lo
X =% &M icEARERR OO OZ L,



== JR{==

& 2 Maximum oxygen uptake and parameters obtained from BP-HR Lissajous’ figure according to

differrent work loads

5, BAREAZHET 28520 fTbh TS, T
OHETE, —HHREBEFHHRTHD, AfR
B 1,200 kpm/min £ PPHVERETH - k.
AHBRO L 51, 600 kpm/min LI OMETO
BB AR O ME & OB D2 L% EHEHIE L,
Fhick > THLNEREE /Sy — Vg 5 T
Eb o, FARENEHEL K5 &9 56ls i
BRI,

BEEFEA > 5185 h/EH)EE 300 kpm/
# & 08 450 kpm/min BB AR BRGE
DEHE & HEEHMOHEBREL, ThZEhnr=
0876 BLU0839 L@V EZRLID, ThoD

min,

o 300kpm/min 450kpm/min 600kpm/min
Subject | b‘,’jﬂ;ﬁf’;g) S L | dB/dP S L | dB/dP S L | dB/dP
(mmHg+bpm)|{ % |(mmHg/bpm){(mmHgbpm)| * |(nmHg/bpm)|{(mmHg/bpm)| * |(mmHg/bpm)
A.T. 47.8 648.9 | 32.67 0.80 744.7 | 40.49 0.47 579.0 | 47.51 0.37
H. M. 39.9 ~15.9 | 19.62 0.29 124.2 |29.53 0.11 —399.1 | 51.57 0.99
M. H. 43.6 830.5 | 39.55 2.89 792.5 | 46.45 1.89 285.3 | 40.61 0.79
J. M. 47.3 677.4 | 34.73 0.78 799.2 | 52.76 0.83 755.4 | 48.58 0.79
S. M. 50.8 205.1 | 11.73 0.02 139.2 | 45.73 0.83 58.6 | 51.82 0.72
~ S. 0. 33.3 621.4 | 32.17 1.29 —261.3 {49.14 1.21 109.9 | 52.61 1.22
S:. U 48.6 454 .8 | 47.27 1.79 148.9 | 58.88 1.51 51.8 | 66.04 1.35
Y. S. 51.5 —58.6 | 27.91 1.14 —269.0 | 23.29 0.03 355.0 | 49.32 0.73
M. S. 49.5 926.2 | 41.34 0.88 1332.9 | 63.47 0.95 1076.0 | 78.68 1.04
T. W. 35.7 —151.2 | 45.54 1.44 837.6 | 47.21 1.32 —421.3 | 67.45 1.36
H. W. 48.1 1737.6 | 47.62 1.67 29.8 | 50.21 1.03 1234.3 1 70.08 1.03
Y. K. 31.8 523.2 | 36.06 2.16 89.4 | 33.65 1.31 —21.7 | 37.99 1.53
mean 44.0 533.3 34.7 1.3 375.7 45.1 1.0 305.3 55.2 1.0
S.D 6.7 497.4 10.5 0.8 484 .1 11.2 0.5 502.6 12.0 0.3
% 3 Multiple correlation coefficients according BOEEHAWET BT LIITEE Pt ThH
to different work loads 2 AEIOERICB T 2 HERE O 12 4 & )k
Wioxc load ’ DB TH > LFRB S5 LBbhs. —
(kpm/min) . e
pro/m %, B 600 kpm/min T AR ERDE
0.876 .
300 B 128 Th-ic bbb o d, HEEHEN
450 0.839 e = 2
(r=0921, P<0.02) #FS5h, TORKOD V,,
o 632 OO EHEEE 13 275 mi/kg » min &/h&
*P <0.02
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min * kg TET LI ICEKBEOERESZATVS
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