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EXPLORATIONS IN THE USE OF HEART RATE
AS A PREDICTOR OF ENERGY EXPENDITURE

Peter F. Heywood
and

Thomas T. Poleman

Tue relationship between hegrt rate and oxygen consumption in an
individual, when meagsurements are made at various levels of exercise,
has been described by Wyncham, et_al (1959), Malnotra, et al (1963) and
Ekblom {1969). This relationship has been used by Malhotra, et al (1963)
and Bradfield, et al (1969) to predict the energy cost of specific acti-
vities from measurements of heart rate alone. Because the regression
varies between individuals it is necessary to determine the exaci rela-
tionship for each individual and thus reduce the error involved in pre-
dicting from heart rate.

An extension of the use of thie relationship with important possible
uses, is the prediction of 2h-hour energy expenditure from mean 2L-hour
heart rate once the nature of the relationship betwsen oxygen consumption
and heart rate has been determined for each individual, With the develop-
ment of telemetry and latterly the Socislly Acceptable Monitoring Insiru-
ment (SAMI), which has the advantages of not encuﬁbering the subject and
that conslderations of range are not involved, the determination of mean
2h-hour heart rate has become possible.

It was with this in mind that the oxygen consumption and hesrt rate
measurements which constitute this report were made, Preliminary use
was also mede of the mean 24-hour heart rate as a predictor of energy

expenditure.




Method

The measurements involved in calibration of each individual are
described below:

L. Measurement of heart rate. BEach subject was connected via suction
electrodes to the SAMI Electrode Test Set, thus giving an auditory signal.
An oberrver counted heart rate for 30 seconds in each minute of the test
period. The mean of these values was taken as the heart rate Tor the
period.

2. Measurement of Oxygen Consumptioh.

a. A Kofranyi-Michaelis respirometer with a face mask was used
to measure the volume of expired air and to take a sample of 0.6% of ex-
pired air.

b. A single 30cec. sample was taken from the sagple bladder of
the respirometer and analyzed for oxygen, carbon dioxide and nitrogen
using the Peters and Van Slyke manometric apparatus.

¢c. Oxygen consumption was calculated from the following formula:

Oxygen consumption (liters/min,) = T%E (20.93 - OQe)
where V = volume of expired air in liters/win. STPD
0,. = oxygen content of expired air as %.

2e

The caloric equivalent of the oxygen consumed was obtained by multiplying
the amount of oxygen consumed by 4,92 as in the formula developed by
Weir (1949).
3. Exerclise levels. FHeart rete and oxygen consumplion were measursd
in all subjects at at least three levels of exercise.
a. Rest - sitting in a chair

b. Approximately 6 steps/minute on and off a stool.

c. Approximately 10 steps/minute on and off a stool.




Any variatibns in the number of steps per minute are shown in the resulis
sheet.

Each subject wore the respirometer for approximately five minutes
at rest before the "at rest" measurements were made.

Each exercise level was performed for one minute before measurement
started, and then measurements were made over the next four minutes, A
rest period of k to 5 minutes was allowed between exercise levels.
Subjects

The four male subjects ranged in age from 26 to 39 years.

C.V., and J,M., were calibrated twice.

Age; height and weight of each subject are showvm in Table 1.

Results

J.M, wag calibrated twice and thus there were 7 points determined.
Within the range of heart rate measured the relationship seems to be
linear (Graph 1).

C.V. was also calibrated twice resulting in a total of 6 points.
With the exception of one point, the relationsghip appears linear within
the range of heart rates tested {Graph 3).

Both subjects were more al ease on the second calibration.

J.C. was calibrated with only 3 points. The highest level of exer-
cise was continued for only 2 mirutes as heart rate had increased guickly.
The subject also appeared 4o react to the respirometer more than éther
subjects. Thus the results obtained may not be valid and it is not possis
ble to tell from the results whether the relationship is linear or curvi-
linear (Graph 4). TI% should slso be noted that the lowest hear’ rate for
D.M. was 88.

A weasurement was also made of J.M,'s heart rate during a 7-hour

period of sleep. The mean heart rate was 58 per minute,




Discussion

L. Within the range of heart rates tesied for each individual and
with the exception of D.M, the relationship seems to be linear.

2. A feasible method of calibration has been evolved.

3. Although the relationship between heart rate and oxygen con-
sumption has been used successfully by others to predict the energy cost
of speciiic activities, an extension of this method o the prediction
of 2h-hour energy expenditure depends on knowledge of the relationship
when the subject is sleeping., I the relationship at gleep is linear
with the relationship during weking hours it would be possible to predict
total oxygen consumption from mean 2l-hour heart rate.

The sleeping heart rate of J,M, would indicate that the relationsghip
at sleep is not linear with the relationship during the waking hours, as
extrapolation to a heart rate of 58 would give a negative value For oxXygen
consumption. Thus 2L-hour oxygen consumption could be estimated from

a2, An estimate of oxygen consumption during sleep. Basal oxygen
consumption measurements could be used for this purpose.

b. An estimate of oxygen consumption during the waking hours.
The relationship obtained during calibration, together with
mean heart rate could be used,

Suggestions for future research

a. Calibration procedure.

1, Use of equipment such as a bicycle epgometer which would allow
greater constancy of work level to be maintained during cali-
bration and smaller differences between each work level.

2. Determination of up to & points for sach individual allowing
greater certainty as to the linsarity of the relationship.

3. The use of move rapid, buit equally accurate methods of respira-




tory gas analysis would greatly reduce the time required for
calibration.,

L, The use of duplicate samples of expired air to increase aceuracy.

D, Modification of the electrode test set to aliow a rermanent
auditory and/or visual record of heart rate to be obtained during
calibration.

b. Pertaining to prediction of 2h-hour energy expenditure.

L. Determination of the relationship between oxygen conswmpbion
and heart rate during sleep and its relation to other points
determined during exercise.

2. Check results obtained by this method against results cbtained
by a diary method over a period of at least a week in a small
group of' subjects when knowledge of weight changes and fluid
balance were zlsc known,

3. Check the SAMI against an EKG over 2U-hour periods both during

sleep and exerciss,
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