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ABSTRACT

The object of this study should be to establish the basis of the exercise
prescription for.the middle aged person through the exercise tolerance and
the regression equation of the maximal heart rate with aging in healthy
Japanese adults. '

142 carefully selected healthy adults underwent symptome-limited maxim-
al exercise test by means of bicycle ergometer and maximal heart rate and
endurance time were investigated. ECG, blood pressure and heart rate were
observed during exercise and recovery. In our study healthy adults were
carefully selected and the endpoint of maximal exercise test were also care-
fully determined. Because both the selection of the subjects and determi-

nation of the endpoint were very important factors to obtain standard data



of the exercise tolerance in healthy Japanese adults.

Results are as follows.

1. Maximal heart rate is inverseljr correlated to age.

The regression equation in male:
y=203.4—0.71 Xage min.
The regression equation in female:
y=203.3—0.83Xage min.
The constants in these regression equations are slightly lower than
those reported by Bruce, Lester and Sheffiled in U.S.A.

2. Endurance time is inversely correlated to age. The regression

equation is obtained as follows.

Male: y=18.83—0.15Xage min.

Female: y=16.24—0.10 X age min.
The gradual shortening of endurance time depending on age may
result from the reducing of max. \,.702 with aging. With the real
observed endurance time, regression equation may be applicable re-
versely to calculating the estimated age—“Standard Aerobic Age”—
as an index for endurance.

3. In 108 healthy men, their heart rates were almost equal, respond-
ing to the equal work loads at the submaximal level without dis-
tinction of age except the 60s. Accordingly, % MHR (percent of
maximal heart rate) gradually increased with aging for the equal
work loads. It means the decrease of reserve of aerobic capacity
with aging.

In Japan, there has been a few reports on the regression equation of the
maximal heart rate and endurance time in healthy Japanese adults; especial-
ly there are very few reports on maximal exercise test in which subjects as
healthy adults are carefully selected. Therefore results of this study have
a great value of the practical application for the exercise examination and
prescription for Japanese adults, and also have a great deal of social signifi-
cance now in Japan.
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%1 Body weight of study population by decade

Age

(yea:rs) 20 ~ 29

30 ~ 39

40 ~ 49 50 ~ 59 60 ~ 69

Male
mean =S.D.
(kg)

65.3411.3 67.8+ 9.2

63.6+ 8.9 66.81:12.1 65.8+:13.3@®

Female
mean =S.D.
(kg)

51.3*+ 4.8 50.5% 5.5

55.2+ 5.9 61.0+ 4.2 59.2+ 4.8@

® No statistical significance between each decade

# Statistical significance between male and female p<{0.001
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50 % N=108
mean age 42.5+£10.2 years
or 35%
30%
30+
20 17%
11%
M 7%

20~29 30~39 40~49 50~59 6069
decade

E1 Age distribution of normal ST responders
in male subjects
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Method
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150 watt
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30 watt 90 watt ]

12341234561 2345612 mnin

B12 Symptome-limited maximal bicycle ergometer test

ECG

telemetering monitoring (CCjy lead)
recorded every 1 minute

BP

recorded every 1 minute
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# 2 Observed mean max. HR and calculated max. HR

Male
decade number mean. age. mean. max. HR g?al;uiﬁigd
20 ~ 29 12 25.8+1.9 184.2+ 9.3 185414
30 ~ 39 32 35.56+2.3. ©176.7x= 9.2 178+t14
40 ~ 49 38 44.3+£2.7 174.1+13.9 172414
50 ~ 59 18 53.3+2.9 164.8+15.2 16614
60 ~ 69 8 63.1+1.3 156.9+11.9 © 159:+14
calculated max. HR=203.4—0.71Xage+14
Female
calculated
decade ( number mean. age. mean. max. HR max. HR
20 ~ 29 6 ’ 24.3+2.8 178.3:+13.7 183+15
30 ~ 39 10 36.6+2.2 176.1* 9.4 173+15
40~49 | 14 43.7+2.5  165.3+12.3 167:+15
50 ~ 59 2 55.0+1.4 173.0£24.0 158+15
60 ~ 69 2 65.0+1.4 137.5+10.6 149+15

calculated max. HR=203.3—0.83Xage=+15

%3 Maximal heart rate calculated from regression equation

age male | female | age male | female | age male | female | age male | female
20 189 186 33 180 176 46 170 165 59 161 154

21 188 186 34 179 175 47 170 164 60 160 153
22 187 185 35 178 174 48 169 163 61 160 152
23 187 184 36 177 173 49 168 162 62 159 152
24 186 183 37 177 172 50 168 162 63 | 158 - 151
25 185 182 38 176 171 51 167 161 64 158 150
26 185 181 39 175 171 || 52 166 160 65 157 149
27 184 181 40 175 170 53 165 159 66 156 148
28 183 180 41 174 169 54 165 158 67 155 147
29 182 179 42 173 168 55 164 158 68 155 147
30 182 178 43 172 167 56 163 157 69 154 146
A 181 177 44 172 166 57 163 | 156 70 153 145
32 180 176 45 171 166 58 162 155

Male ¥ =203.4—0.71X age+14/min
Female » =203.3—0.83Xage+15/min

PEHETORR T — Y OFHLHEHIE, 60RER RuBohi (RYL).

&, FRpick - T ENET, EEATUANO —7F, RalE, ERSELRARBETS
HZRBRRETIE, FA—AMoe U TIFERICERE Bicdic, ZNZENOFROBEHLEBRDM%BIC
COEIRBIEACEERRT, S0 EEEOR W 7z B %R T % MHR (% Maximal Heart



%4 Heart rate response of healthy men on bicycle exercise test

(Data were taken from those with normal ST response)

S8 before * | 50W* | 50W* | 100W* | 100W* | 150W* |endurance | 2 endu-
decade exercise 1 4 1 1 time (max. HR)
20 ~ 29 | 68+10 14.4+1.9
=15 in | 104% 8| 118X13 | 183:14 | 15614 | 16710 min | 184% 9 —
P <0.05
0 =39 | 7310 | 103+ 9| 115210 | 134411 | 156413 | 16611 | 13.0+2.0{ 177: 9 *
N.S.
0~2 | 72410 | 1042 7| 115210 | 132 8| 156314 | 168210 | 12.222.2 17414 —F
p<0.05
0 =39 | 7111 | 103+ 7| 115+13 | 182415 | 156416 | — | 10.4:1.6) 16515 -——*—
- + TR NS P SRRSO RO S S S| | PR SY TRRTUS ST PRI O S P, i N.S'
00 ~ 50 | 66+ 7 | 101+15| 125+10 | 142+18 - 7.4%3.1) 15712 — Y
* no significant H.R. difference between each age group at same submax. work load
%
100
90
80
70
Il age 20—29 n=12
i age 30~39 n=32
;.‘f: 60 IV age 40—49 n=38
T V age 50~59 n=18
= 50 VIl age 60~69 n= 8
40
304
20 L 1 1 1 L i 1 L N 1 1 i i L
Before | 2 3 4 5 6 7 8 9 10 11 12 13 14 15 min.
L 50 w —1 100w ! 1150 W ——am
External work load
work load
at endurance
h before 50w1 50w 100w1 100ws 150w1 lendurance|  (min)
20 ~ 29 37% 57 61 72 85 91 100 14.4+1.9
30 ~ 39 41 58 64 75 88 94 100 13.0+2.0
40 ~ 49 41 59 66 76 90 97 100 12.2+2,2
50 ~ 59 43 62 70 81 95 —_ 100 10.4+1.6
60 ~ 69 42 64 80 87 — — 100 7.4+3.1
Bl5 % age predicted max. HR of each decade to external work load

(Data were taken from those with normal ST response.)
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6 Endurance time of healthy Japanese men on bicycle exercise test.
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Endurance time (min)

150 watt | "=34 o
_l..... 16}~ Te~al *
l o “~e_
LN ] T~
100 watt o
l -.-‘-‘hh!- ~a .... ..."..\‘
= “ep o T one
— 10 5=16.24—0.10 - age DTS o 1 S.D.
r=—0.51 . ~~o_
d.f.=32 ¢ T ~<._
p <0.005
50 watt one. S.D.=+2.1 min. .
-——lI 4
30 watt
| L 1 | 1 1
0{} 10 20 30 40 50 60
Age

7 Endurance time of healthy Japanese women on bicycle exercise test.

%5 Observed mean endurance time and calculated endurance time.

Male
observed calculated
decade |number il endurance endurance
20 ~ 29 12 25.8+1.9 14.4%+1.9 14.9+2.6
30 ~ 39 32 35.56%2.3 13.0%£2.0 13.5+2.6
40 ~ 49 38 44.3+2.7 12,.2+2.2 12.2+2.6
50 ~ 59 18 53.3%+2.9 10.4+1.6 10.9%+2.6
60 ~ 69 8 63.1+1.3 7.4+3.1 9.4+2.6
calculated endurance=18.83—0.15Xage+2.6
Female
observed calculated
decade | number mean. Bge endurance endurance
20 ~ 29 6 24.3+2.8 13.6+2.4 18.8+2.1
30 ~ 39 10 36.6+2.2 12.4x1.0 12.5*x2.1
40 ~ 49 14 - 43.7%+2.5 11.3+1.3 11.8%+2.1
50 ~ 59 2 55.0%1.4 12.0t5.7 10.7+£2.1
60 ~ 69 2 65.0+1.4 8.0+1.4 9.7k2.1

calculated endurance=16.24—0.10Xage=*=2.1



% 6 Enduranse time time calculated from regression equation

age male femalel age ‘ male

female

20 15.8 | 14.2 33 13.9 | 12.9
21 15.7 | 14.1 34 13.7 | 12.8
22 15.5 | 14.0 35 13.6 | 12.7
23 15.4 | 13.9 36 13.4 | 12.6
24 15.2 | 13.8 37 | 13.3 | 12.5
25 15.1 | 13.7 38 13.1 | 12.4
26 | 14.9 | 13.6 39 13.0 | 12.3
27 14.8 | 13.5 40 128 | 122
28 14.6 | 13.4 41 127 | 12.1
29 14.5 | 13.3 42 12.5 | 12.0
30 14.3 | 13.2 43 12.4 | 11.9
31 14.2 | 13.1 44 12.2 | 11.8
32 14.0 | 13.0 45 12.1 | 11.7

age male | female | age male | female

46 11.9 11.6 59 10.0 10.3
47 11.8 11.5 60 9.9 10.2
48 11.6 11.4 61 9.7 10.1
49 11.5 11.3 62 9.5 10.0
50 11.3 11.2 63 9.4 9.9
51 11.2 11.1 64 9.2 9.8
52 11.0 11.0 65 9.1 9.7
53 10.9 10.9 66 8.9 9.6
54 10.7 10.8 67 8.8 9.5
55 | 10.6 | 10.7 | 68 8.6 | 9.4
56 10.4 10.6 69 8.5 9.3
57 10.3 10.5 70 8.3 9.2
58 10.1 10.4

Age FUTHEBBEOEELLTNS (E6).

% -
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