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HE wide use of the response of the heart to exercise as a
Tmeasure of various physical phenomena has led to many and

varied procedures. The chief differences in the procedures lie
in the variety and strenuousness of the exercise employed, and the
phases of recovery used as indices.

Since the most common procedure is to utilize some part of the
post-exercise rate, attention is given to this phase in this investiga-
tion. The problem is approached by studying the post-exercise re-
sponse of the heart to bouts of work which have been standardized
and measured.

The investigation reported in this study aims to contribute to the
understanding of the nature of the response of the normal and the
abnormal heart to different intensities of various types of exercise.
The response of the heart to various exercises 1s studied with respect
to the following phases: (1) the post-exercise pulse rate, (Z2) the
pulse-ratio, and (3) the recovery time.

Procedure.—For the purpose of counting the heart rate in the in-
vestigations herein reported, an automatic counter was devised and
has been described.! The cardiotachometer is accurate, stable, and
simple to operate. It is capable of counting accurately while a simple
exercise is performed. The pulse rate is read directly from the
counter, thereby eliminating the objection of counting and recording.

The heart rate was recorded in surroundings as free from distrac-
tions as possible. The procedure for recording the pulse was as fol-
lows: the subject was admitted to the room and directed to strip to
the waist. If his chest was extremely hairy he was asked to remove
the hair from about a 6-inch square just below the left nipple, with
an electric razor. His name, age, and any other historical information
desired was recorded and his weight and height were ascertained.
The subject reclined on a bed. He was told to lie quietly and to
refrain from talking. The cardiotachometer electrodes were attached
to the chest and a series of pulse rate recordings were made 1n the
reclining position. The resting rate was recorded in the reclining
position, because observations of a continuous record of reclining,

1 L. E. Morehouse and W. W. Tuttle, “An Electric Pulse Counter,” Jour.
Lab. and Clin. Med., 24 (August 1930) 1213. |
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sitting, and standing pulses reveal that the reclining pulse is the least
variable. When the rate attained a steady level it was recorded as
the resting rate. The exercise instructions were given and demon-
strated by the operator. The subject then assumed the starting posi-
tion and, when he was ready, the exercise was performed.

The cardiotachometer was started at the end of the last move-
ment of the exercise and the subject was directed to lie on the bed
and remain quiet. A continuous recording of the reclining pulse was
made until the rate returned and remained at the resting level.

Stool-stepping and weight-lifting were the exercises employed.
The stool-stepping was performed as described by Tuttle.2

A 25-1b. bar-bell was employed in the weight-lifting exercise.
The technique was to have the subject stand erect with the weight
supported by both hands, at arm’s length. At the proper signal,
the subject lifted the weight over his head, arms fully extended, low-
ering it then to the original position of support. The designated
number of trials was performed rhythmically with the beat of a

metronome.
THE POST-EXERCISE PULSE

The Effect of the Strenuousness of an Exercise on the Reliability
of the Post-Exercise Pulse Rate—In order to study the relationship
of the strenuousness of an exercise to the reliability of the post-exer-
cise pulse, two separate post-exercise pulse readings following four
intensities of stool-stepping exercises were made, and coefficients of
correlation were computed. Twenty men acted as subjects. Each
subject came to the laboratory and reclined until his pulse rate reached
a steady level. He then performed twenty steps on a stool after
which his post-exercise reclining pulse was recorded. After his
pulse returned to the resting level, it was again recorded after thirty,
and similarly after forty and fifty stool steps per minute. Only eleven
of the twenty subjects tested could perform fifty steps per minute.
Subsequent tests, one to five days later, were made on all subjects.

The reliabilities at the various intensities are as follows:

Steps Reliabilsty
20 070
30 205
40 720
50 781

The correlation of two observations of pulse rates following forty
and fifty stool steps per minute is high enough to be significant at
the 1 per cent level; that i1s, a coefficient as high as that obtained
would occur by chance less than once in a hundred times for samples
from an uncorrelated population. The more intense exercises are

2 W. W. Tuttle, “The Use of the Pulse-Ratio Test for Rating Physical Effi-
ciency,” Res. Quart. 2:2 (May 1931) 5.
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strenuous enough to command near-maximum amounts of pulse
acceleration which tend to overshadow disturbing factors in the en-
vironment. During the light exercises the mildly accelerated pulse
is easily further accelerated by extraneous stimuli which make post-
exercise pulse readings at these intensities unreliable.

The Pulse Frequency for Thirty Seconds Following Stool-Step-
ping Exercises of Graded Intensity—Following observations of the
pulse frequency for thirty seconds after stool-stepping exercises, the
relationship between the immediate post-exercise pulse and the rest-
ing pulse rate was established. Eleven normal male adults were
observed in this experiment. The data collected on these subjects 1s

summarized as follows:

Steps per Mean Pulse per % Correlation with
Minute Min. after Exercise S.D. Resting Rate

10 41.36 5.65 534

20 46.45 5.83 513

30 53.73 4.89 746

40 62.18 7.14 603

The correlation of the pulse immediately after thirty and forty
steps with the resting rate is significant at the 1 per cent level of
confidence. Correlations of resting rate with milder exercises although
statistically insignificant are also consistently high. An examination
of the mean pulse rates for one-half minute following ten, twenty,
thirty, and forty stool steps per minute reveals that a direct relation-
ship exists between the post-exercise pulse and the intensity of the

exercise.

The Increase in Pulse Frequency Ouver the Resting Rate Follow-
ing Stool-Stepping Exercises of Graded Intensity.—What effect does
subtracting the resting rate from the rate immediately after exercise
have upon the relationship between the post-exercise rate and the
resting rate? Using the data collected from the above subjects, the
resting pulse frequency for thirty seconds was subtracted from the
pulse frequency for the first thirty seconds immediately aiter four
stool-stepping exercises. Correlations of these products with the
resting rates were made and are summarized in the following table:

Steps per Correlation with
Minute Resting Rate

10 —.644

20 —.401

30 —.402

40 —.020

Although the correlations are too low to be highly significant, at
every intensity of the exercise, a negative correlation 1s found to
exist between the resting pulse and the increase in the post-exercise
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pulse above the resting rate. Individuals with a low resting pulse
tend to show a greater increase in pulse rate due to mild exercise and
those with the higher resting rates are least affected.

Subtracting the resting rate from the post-exercise rate does, to
some extent, counter-balance the effect of the resting pulse rate
upon the post-exercise pulse rate following strenuous exercise. This
counterbalancing effect does not operate at the milder intensities
of exercise.

A comparison of the mean exercise rates with the resting rates
shows that a mild exercise (10 steps) increases the pulse only ap-
proximately 30 per cent over the resting level. An intermediate
exercise (20 or 30 steps) produces only about a 40 per cent in-
crease, while a more strenuous exercise (40 steps) results in more
than a 90 per cent elevation in rate.

The Rate of Pulse Deceleration Following Graded Intensities of
Exercise—The pulse deceleration after exercise may be measured
by comparing the rate during the first thirty seconds after an exer-
cise with the rate during the second thirty seconds after the same
exercise. Observations of the post-exercise pulse deceleration of
eleven normal male adults are summarized below :

Steps per Mean Correlation with
Minute Deceleration S.D. Resting Pulse
10 5.19 3.03 —.640
20 10.91 5.91 —.228
30 14.45 3.60 —.064
40 15.64 12.76 135

The post-exercise pulse deceleration rate is inversely related to
the resting rate at the mildest intensity of exercise. The greater
increase in beats due to the mild exercise in individuals with low
resting pulse rates is accompanied by a much faster fall in rate after
the exercise. At the strenuous exercise level this relationship does
not exist.

By comparing the mean deceleration rates, it is noticed that the
deceleration rate increases as the exercise rate is increased.

I'he Occurrence of a Secondary Rise in Pulse Rate after Exer-
cise m Indiwiduals with Normal and in Cases of Abnormal Hearts.—
Following the first fall in pulse rate after exercise there is observed
occasionally a secondary rise in pulse rate. This secondary rise
usually occurs at about one and one-half minutes after the exercise
and 1s observed to increase as much as ten beats per one-half minute.
This rise occurs most frequently after the more strenuous exercises
and lasts for about one-half to three minutes.

In order to study the frequency of the occurrence of a secondary
rise 1n heart rate following exercise in individuals with normal hearts
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and others with abnormal hearts, the post-exercise pulse of eleven
normal and eight abnormal cases is recorded.

The chi-square test is applied to the data to test the hypothesis
that there is no relationship between normality and abnormality of
the heart and the factor of secondary rise of pulse rate. Chi-square
was found to be .12. Since this value would be found by chance ap-

proximately 70 per cent of time, it is impossible to reject the hy-
pothesis that there is no relationship.

THE PULSE-RATIO

T'he Effect of the Resting Pulse Rate on the Pulse-Ratio.—In
order to observe the effect of the resting pulse rate on the pulse-ratio,
the significance of a difference in means of 29 subjects with resting
rates of 58 or less beats per minute and 34 subjects with resting
rates of 86 or more beats per minute is estimated by means of the
t-test.

The mean pulse-ratio of the low resting pulse rate sample 1s
2.909, and of the high is 2.757. The value of ¢ is 2.204. In a large
number of samples like this, the value of ¢ as large as 2.204 would
be found only between 5 per cent and 2 per cent of the time.

With such a high value of ¢, the hypothesis that the samples were
drawn at random from the same population may be rejected and it
may be said with a high degree of confidence that the means do
differ. Low resting rates are associated with high pulse-ratios and
high resting rates with low pulse-ratios.

T'he Relationship of the Rate of Stool-S tepping Exercise to the
Pulse-Ratio.—The linear proportionality between the pulse-ratio and
the rate of the exercise reported by Tuttle and others 5 does not
extend to light exercise. In fact, a stool-stepping exercise of ten
steps per minute may produce a higher pulse-ratio than a similar
exercise of twenty steps. An observation of the pulse-ratios of five
normal subjects tabulated below bears out this relationship.

—_———

Subject Pulse-Ratio Pulse-Ratio Pulse-Ratio Pulse-Ratio
Number at 10 Steps at 20 Steps at 30 Steps at 40 Steps
115 2.19 2.13 2.52 3.29
116 2.10 2.09 2.51 3.16
117 2.01 1.97 2.44 3.09
118 2.01 1.97 2.31 2.65
119 2.01 1.99 2.19 252

— & ede
THE RECOVERY TIME

T'he Relationship of the Intensity of W erght-Lifting Exercises to
the Recovery Time—The average recovery times of ten normal male

¢ W. W. Tuttle, “Response of the Heart to Exercise of Graded Intensity,”
Proc. Soc. Exper. Biol. and Med., 29 (March 1931) 598.

6 W. W. Tuttle and G. Wells, “The Response of the Normal Heart to Ex-
ercises of Graded Intensity,” Arbeitsphysiol., 4 (Feb. 1931) 519.
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adults after lifting a 25-pound weight 5, 10, 15, 20, and 25 times per
minute are tabulated below :

Lifts per Recovery Time
Minute in Minutes
5 27
10 2.8
15 3.3
20 10.9
25 14.0

An examination of this table reveals that the recovery time is
prolonged as the intensity of the exercise is increased. In the
majority of subjects, the heart rate returns to the resting level
within 3 minutes after 5 to 15 lifts. After 20 and 25 hits, however,
most subjects require 9 or more minutes to recover.

The greatest variation in recovery time between subjects is found
when the more intense exercises are used. Everyone responds nearly
alike to the mild exercises, 5 to 15 lifts, but after 20 to 25 lits, a
wide variation is noted.

The Effect of the Resting Pulse on the Recovery Time.—Corre-
lations between the resting rate and the recovery time following
the five intensities of weight-lifting exercises performed by the

above subjects are shown below :

Lifts per Mean Recovery Correlation with
Minute Time S.D. Resting Pulse
S 2.70 2.02 —.200
10 2.80 1.13 —.034
15 3.30 1.60 078
20 10.90 7.00 —.093
14.00 6.20 —.266

29

By referring to this summary it may be seen that there 1s no
significant relationship existing between the resting pulse and re-
covery time at any intensity of the exercise.

SUMMARY AND CONCLUSIONS

The development of an electric cardiotachometer makes possible
a more accurate study of certain phases of the response of the heart
to various types of exercise, namely; (a) the nature of the recovery
of the pulse rate following exercise, and (b) the factors which affect

the response of the heart to exercise.
Data on the post-exercise pulse rate support the following con-

clusions:
1. The reliability of the pulse rate for two minutes after exer-

cise is directly related to the strenuousness of the exercise. Thus,
if the response of the heart to exercise is to be measured, the exer-

cise must be strenuous enough (40 to 50 stool steps per minute)
to overshadow environmental stimuli which affect the pulse rate
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after light exercises (20 to 30 stool steps per minute) to such an
extent that successive readings are unreliable.

2. The rate of the first few heart beats immediately following
exercise is directly related to the intensity of the exercise and the
resting rate.

3. The post-exercise increase in pulse rate above the resting
level 1s directly related to the intensity of the exercise, and at mild
intensities of exercise is inversely related to the resting pulse rate.

4. The rate of pulse deceleration following exercise is directly
related to the intensity of exercise and the elevation of the pulse rate
immediately after exercise. After a very light exercise, it is in-
versely related to the resting pulse rate.

5. A secondary rise in pulse rate after exercise is a normal, but
variable phenomenon.

6. The pulse-ratio of individuals with high resting rates is lower
than the pulse-ratio of those with low resting rates. The pulse-
ratios are directly proportional to the rate of the exercise except at
extremely slow rates, which may produce pulse-ratios higher than
the pulse-ratios of faster rates of exercise.

7. The recovery time is prolonged in relation to the intensity of
the exercise and is not related to the resting pulse rate.

8. In general, where exercises are used to differentiate individuals
on the basis of the post-exercise pulse rate, the pulse-ratio, and the
recovery time, they must be strenuous in order to give reliable results.



























