Response of Cardiopulmonary Function
in Middle and Old-aged Men
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In an earlier report the physical activity in

walking, jogging, tennis and other sports was
performed in order to improve our body
condition md physical fitness.

It was lm'm'd that a favourable effect of
physical activity improved coronary heart
disease. Therefore, the number of the people
increased who actived to sports event ()n lhe
other hand the aerobic Cdpdut\,’ IS tound to
decrease with aging in adults. 1‘mtmnd and
Rodahl reported a 2()|% drop in PWC in male
:,ub]ectc, from 45 to 60 yvears of age. Saltin and
(ulml)v found a 20 to 31% decline in VO2
max in nonsportsmen ol 40-54 vears of age.
This study is meaningful as one approach to
observe the changes of the cardiopulmonary
function occurring with increasing age.

The purpose of this study was to compare
the changes of the cardiopulmonary function
in the middle-aged men with that in the old

-aged men.

Subjects

The subjects selected for this study were 11
middle and old-aged men. The middle-aged
subjects were 5 ranging from 45 to 55 vears
and the mean age was 49, The group was
comprised of four professors and one techni-
cian of university. The old-aged subjects were
6 ranging from 62 to 77 vears and the mean
age was 68. They performed walking for about
30 minutes in early morning, All subjects were
non-smokers.

Table 1 presents their descriptive data.

Procedure
After the subjects came to the laboratory in
the morning, they rested about 30 minutes in

sitting posture. Next, resting heart rate (HR)
and blood pressure (BP) were measured. The
height and weight of subjects were also
measured.

Exercise was performed on a bicycle ergo-
meter (Monark, Sweden) at submaximal work
load. Pedaling rate was 50rpm,/min.

Expired air was collected in Douglas bag
and the volume was measured in a dry gas-
meter. (Gas samples were analysed with micro
scholander analyzer. Expired air was collected
during the final minute of exercise at each
load. The ECG was continuousiy recorded
for each minutes throughout the exercise
and recovery time. Heart rate was calculated
from ECG record. Blood pressure was measur-
ed indirectly using a Rive Rocci sphygmo-
manomater on the right arm during the final
minute of exercise at each load. The blood

pressure during recovery was measured

immediately after exercise.

Fig 1. Application of the Douglas hag method for
measuring aerobio energy output during

exercise on bicycle ergometer.



Tahle 1. Average and range values of age, height, weight, 9, fat, blood pressure and rate of resting.

Rest

Age Height Weight fat Blood Pressure  Heart rate
(yr.) (cm) (kg) (%) (mmHg) (beats/min)
Middle 49+ 3 1674+ 29 618" 4.7 157E 1.3 111" 8 72* 4 165+ 8
"rlj_Ied 45-55 163 —171 53.0—-66.5 13.0—-19.6 100-118 68 —78 52—74
Old 68+ 5 1614+ 5.1 519+ 55 104+ 1.0 128+ 22 79+12 62% 6
aged 6277 156 —169 53.8—-61.8 7.8—14.6 102—-169 64 -98 55-173
Results
Means and standard error for oxygen The average change in the old-aged men

uptake, heart rate, pulmonary ventilation,
respiratory frequency and blood pressure are
presented in Table 1. Mean values for oxygen

were greater than that in the Middle-aged men
at each work load (Table 2).

As shown in Fig 2, heart rate increased with

uptake, heart rate, pulmonary ventilation, work load in the middle and old-aged men. The

respiratory and blood pressure increased with average change of heart rate in the old-aged
an increase of work load in middle and old-

-aged men.

men were greater than that in the middle-aged
men during the exercise and at recovery time.

Table 2. Results from submaximal work loads : Means and standard error.

Blood pressure

Work load Age VO VE HR RR (mm Hg)

(kpm/min) (vr.) (¢ /min) (¢ /min)  (beats/min) (f/min) systolic Diastolic
e e e m ik R
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e - 0.70 20.71 8.0 190 140 5
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—_ 0.83 23,60 949 16.1 124 83
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i +0.02 + 123 o4 £ 08 r 3 -

_ 0.91 26.59 104.2 188 136 83

- O +0.04 + 127 + 46 * 1 i 5 9

o (77 0.93 30.04 107.6 217 152 91

o +0.03 + 124 * 48 + 23 vy 6

45, 1.70 30.86 1145 20.0 143 86

- AR ~0.06 r 128 + 47 £ L§ o8 4

‘ g 113 37.92 1190 239 157 94

a +0.03 * 272 & Bl + 2.3 * 2 4

- 119 34.84 127.5 216 149 a2

e s +0.53 + 182 + 7.0 + 0.8 vy 3

A g o 1.28 41.99 134.0 27 162 83

et +0.04 + 2.25 + 31 * 06 * 6 2



Heart rate (beats/min)

However, heart rate in the middle-aged men
were greater than that in old-aged men at
1.0 kp work load.
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Fig 2. Changes in heart rate due to exercise

on bicycle ergometer.

As shown in Fig 3, increase ratio of heart
rate in the middle and old-aged men increased
with an increase of work load. The average
change of increase ratio in the old-aged men
were significantly greater than that in the
middle-aged men. When subjects rested, the
increase ratio of heart rate quickly returned
to the level of their resting.
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Fig 3. Changes in heart rate (in percentage of
the resting value) due to exercise on

bicycle ergometer.

The average change of respiratory frequency
in the middle and old-aged men increased
with an increase of work load (Fig 4). The

average change of respiratory frequency in the
old-aged men were greater than that in the
middle-aged men. When subjects rested, the
average change of respiratory freq uency in the
middle-aged men quickly returned to under
the level of resting. However, it was observed
that the avereage change of respiratory fre-
quency in the old-aged men was at the steady
level during recovery.
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Fig 4. Respiration rate due to exercise on bicycle
ergometer.
The oxygen uptake during submaximal

exercise increased with an increase of work
load in the middle and old-aged men. The
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5. Change in oxygen uptake with exercise
intensity.



average change of oxygen uptake in the old
-aged men was greater than that in the middle
-aged men at each load (upper of Fig 5).

As shown in Fig 6, heart rate and pulmona-
ry ventilation increased with an increase of
oxvgen uptake in the middle and old-aged
mern.

The significant high correlation coefficient
was found between heart rate and oxygen
uptake in the middle and old-aged men
(p<0.01).
between the middle-aged and old-aged men

There is no significant differnce

in corresponding values for heart rate and
pulmonary ventilation.
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Fig 6. Heart rate and ventilation in relation oxy-

gen uptake during bicycle exercise.

In the oxygen uptake ranging between (.2
and 1.4 ml/min, there was a linear relation-
ship between average blood pressure and
oxygen uptake in both group (Fig 7). The sig-
nificant high correlation cofficent was found
hetween oxygen uptake and systolic blood
pressure in the middle and old-aged men.

However, there is no significant diastolic
blood pressure in the old-aged men.

The Fig 8 showed relationship between
work load and percentage of maximal oxygen
uptake (’,fo\."()ZmaV) for the middle and old
-aged men. % VO2 max increased with work
load in the both group.

However, % VO?2 max in the old- aged men
was greater than that in the middle-aged men
at each work load.

In this study, maximal oxygen uptake was

determined by calculative equation.
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Fig 7. Relationship between blood pressure and
oxygen uptake in the middle and old-aged
men
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Fig 8. Change in % VO max with exercise
intensity.
Discussion

It was I'cmnz(ll that oxygen consumption
increased with an increase of W()lk mtensltv
in exercise. On the other hand, Astrand has
reported that heart rate increased with an
increase of oxygen uptake in exercise.

In this studay, heart rate change in exercise
hecome greater with work load, but the change
of heart rate in the old-aged men were some-
what higher than that in middle-aged men.

Increase of ratio of heart rate in the old-aged
men was greater than that in middle-aged
men. Ya%i'r‘.lji has reported that heart rate in



the old-aged men decreased than that in young
-aged men during maximal exercise.

Can this dscrease be shown with aging ?

Abtfa;d has reported a decrease in maximal
aerobic power with the aged. In this study,
the respiratory freqency in the old-aged men
increased with an increase of work load than
that in middle-aged men. However, respiratory
frequency in the old-aged men was slow in re-
covery after exercise. Sato et a] have reported
that respiratory in the old-aged men increased
at submaximal exercise.

In this study, heart rate in the old-aged
men was lower than that in middle-aged men
under 1.0 kp work load.

It seemed to be a progressive decline in the
functional capacity of the cardiovascular svs-
tem with aging.

In this study, oxygen uptake (ml/kg/min)
in the middle and old-aged men mcreased
during exercise at work load. Several lm ecm-
gater have reported that heart rate increased
with an increase oxygen uptake in exercise.
Results of this study are quite simelar with
the results (Jt thle] investigaton.

Recent btudles have shown that the relation-
ship between oxygen uptake and heart rate
was liner relation during submaximal exer-
cise on bicycle ergometer. ;\strand reported
a decrease in maximal aerobic power with
aged. Shehard etﬂ;l. have reported that the
efficency of young people (23.0%) was higer
than that in the old-aged men (21.5%) on bicy-
cle ergometer

Robinson (-.'[ '1 have reported a decline of
at PWC in the middle-
aged men. In this study, ’J(‘j\.f'OZ max in old-

approximately 227,

aged men was higher than that in middle-aged
men at each work load. It was suggested that
the old-aged men was lower that the middle-
aged men in aerobic capacity.

Blood presé'dllgé is known to increase during
exercise. In this study, the systolic blood pre-
ssure increased with oxvgen uptake.

The linear relationship was found between

n\vgen uptake and systolic blood pressure.
Abtrand has reported that blood pressure
increased linearly with oxvgen uptake duung
exercise on hicycle ergometer. Sato et al have
reported that systolic blood pressure and the
pulse pressure increased with work load. By
Asahinﬂe{‘. the systolic blood pressure during
exercise increasedwith an increase of oxygen
uqtake. On the other hand, the stroke volume
is known to decrease in very old untraine
md]wduals.

On of the reasons of the difference in blood
pressure response during exercise may be
awing to different ability to raise the cardiac

output reported by several investigators.

Summary and conclusions

The purpose of this study was to compare
the changes of the cardiopulmonary function
in the middle-aged men with that in the old
-aged men. Heart rate, oxygen uptake, pulmo-
nary ventilation, respiratory frequency and
blood pressure during submaximal exercise

were determined in 11 men 44 to 76 years old.

Theie results were summarizsd as follows :
1) Meanvalues for heart rate, oxygen uptake,
pulmonary ventilation, respiratory fre-
quency and blood pressure increased with
an increase of work load in the middle and
old-aged men.
2) The

between oxygen uptake and heart rate

linear relationship was found
during submaximal exercise in the middle
and old-aged men.

3)  Systolic blood pressure increased with
an increase of oxygen uptake in the middle
and old-aged men.

4) The average change of systolic blood

pressure in the old-aged men was greater

than that in the middle-aged men.

The authors acknowlege to Mr.T. Yamaguchi,
Mr. S. Suzuki (Okayama University) and the

— 62 —



subjects in this study. Grant of 1982 from Okayvama Prefectural

This research was supported by Research Junior College.

References
1) Astrand P. O. and Irma Ryhming. A nomogram for caluculation of aerobic capacity from
pulse rate during submaximal work.
J. Apple. Physiol. 7 : 218-221, 1954,
23 Astrand, . Aerobic work capacity in men and women with special refernce to age. Acta
Physiol. Scand. 49 : 1-49, 1960.

3) r’-o‘sstrand P. O., Cuddy, T. E., Saltin B. and Stenberg J. Cardiac output during submaximal
work. J. Appl. Physiol. 19 : 268-274, 1964.

4} Astrand P. O., B. Ekblom, R. Messin, BB. Saltin and I. Stenberg. Intra-arterial blood pressure
during exercise with different muscle groups. J. Appl. Physiol. 20 (2) : 253-256, 1965.

;&strund P. O. and Rodahl K. Textbook of work physiology. McGraw-Hill, New York, 1970.

o
—

6 ) /gxstrand [, fgsstrand P. O., Hallback I. and Kilbom A. Reduction in maximal oxygen uptake
with age. J. Appl. Physiol. 5 : 649-654, 1973.

Adams, William C. Influence of age, sex and bodv weight on the energy expenditure of
bicyei riding, J. Appl. Physiol. 22 (3) : 539-545, 1967.

-~

%) Andersen, K. Lange and Lars Hermansen. Aerobic work capacity in middle-aged Norwe-
gian men. J. Appl. Physiol. 20 (3) @ 432-436, 1965.

9)  Asahina K., H. Fukunaga, T. Fujimatsu, K. Yuasa, N. Tsunoda and M. Ichikawa. Responce
of cardiopulmonary function during maximal and submaximal work on a bicycl ergometer.
Soc. Scien. Reser. Chukou Univ.

10)  Byrd R. J., D. P. Smith C. B. Chackleford. Jogging in middle-aged men ; Effect on cardiova-
scular dynamics. Arch Phys. Med. Rehabil. 55 : 301-305 1974.

11)  Hiroshi Ebashi and H. Shibavama. Regulatory mechanism of ciculation during exercise in
sports who cured from hypertension by havitual exercise. Bull. Physol. Fitness Research
Insrirute 45 : 16-34, 1980.

12)  Grimby G. And Saltin B. Physiological analysis of physically well-trained middle-aged and
old athletes. Acta. Med. Scand. 179 (5) : 513-524, 1966.

13)  Hermansen L., B. Ekblom and B. Saltin. Cardiac output during submaximal and maximal
treadmill and bicycle exercise. J. Appl. Physiol. 29 (1) : 82-86, 1970.

14)  Holmer L. and P. O. }D\sn'and. Swiming traning and maximal oxygen uptake. J. Appl. physiol.
33 : 510-513, 1972.

15)  Holmgren, A. Scand. J. Clin. and Lah. Inrest. 8, Suppl. 24, 1, 1956,

16) Ikai M. and M. Miyamura. Maximal cardiac output in ordinary Japanese related to sex
and age. Jap. ]. Phys. Educ. 14 : 175-183, 1970.

17)  Pollock M. L., H. S. Miller, R. Janeway, A. C. Linnerud, B. Robertson and R. Valentiono.
Effects of walking on body composition and cardiovascular function of middle-aged men.
J. Appl. Physiol. 30 : 126-130, 1971,

18)  Sato Tasuku, T. Ishiko, J. Aoki, T. Shimizu and T. Maejima. Exsrcise change of heart rate
blood pressure and respiratory rate in relation to sex and age. J. Journal, Phy. Fitnes. spots.
Med. 26 (4) . 165-176, 1977.

19)  Saltin B and Grimby G. Physiological analvsis of middle-aged and former athletes. Circu-
lation 38 : 1104-1115, 1968.



20)
21)

22)

23)

24)

25)

Shephard R. J. (K. Yamaji) Physical activity and aging. lgaku-shoin, Tokyo, 1979.

Stdney K. H. and R. J. Shephard. Frequency and intensity of exercise training for elderly
subjects. Med. Sci. Sports. 1978.

Tzankoff S. P., S. Robinson, F. S. Pvke and C. A. Brown. Physiological adjustment to work
in order men affected by physical training. J. Appl. Physiol. 33 : 346-350, 1972.

Wilmore J., J. Royce, R. Girandola, F. Katch and V. Katch. Physological alteration, resulting
from a 10-week program of jogging. Med. Sci. Sports 2 : 2-14, 1970.

Yamaji K. Science of heart rate, Taisyukan, Tokyo, 1981,

Robinson S., Dill D. B, Tzankoff S. P., Wagner J. A. and Robinson R. D. Longitudinal
studies of aging in 37 men. J. Appl. Physiol. 38 (2) : 263-267, 1975.

(Received 31 March 1983)



