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Determination of habitual physical activity by means
of a portable R-R interval distribution recorder
R. MASIRONI1 & P. MANSOURIAN 2

A new portable apparatus-the Interval Distribution Recorder (IDR) -has been devel-
oped by WHO for assessing habitual physical activity. It measures R-R intervals and
records counts in 8 heart rate classes-i.e., at 8 levels ofphysical activity, from sleeping
to heavy exercise. It is much simpler, easier to operate, and less expensive than tape
recording systems, and it requires only a minimum of skill and of cooperation by the
unsupervised subject. It is therefore suitable for population studies. The IDR system yields
more precise information than that obtained by using heartbeat totalizers, which only give
a mean heart rate value for the day and do not allow detection of differences in activity
patterns.

It is commonly held that physical fitness has
beneficial effects on cardiocirculatory function and
that both these parameters are adversely affected by
the increasingly sedentary habits of modem, in-
dustrialized society. However, when this hypothesis
is tested on a population basis to ascertain whether
differences in susceptibility to cardiovascular dis-
eases among population groups are related to the
degree of habitual physical activity, the conclusions
are far from being clear-cut (1).
The difficulties in carrying out this type of study

stem primarily from technical shortcomings. The
methods most commonly used for quantifying
physical activity (e.g., determination of oxygen con-
sumption, beat-by-beat recording of heart activity
on magnetic tape) are rather cumbersome and ex-
pensive, particularly when relatively large popula-
tion groups are to be surveyed. On the other hand,
simpler devices, such as pedometers, cumulative
heartbeat totalizers, and questionnaires, either do
not provide enough information or rely too much on
a subjective interpretation of the degree and pattern
of physical activity.
A group of WHO Temporary Advisers, at a

meeting on the " Assessment of Habitual Physical
Activity",a recommended that, if the above-men-

1 Cardiovascular Diseases, World Health Organization,
1211 Geneva 27, Switzerland.

2 Office of Science and Technology, World Health Organ-
ization, 1211 Geneva 27, Switzerland.

a Unpublished WHO document CVD/71.4.

tioned shortcomings are to be avoided, a new type of
apparatus should be developed that (1) would be
relatively inexpensive, sturdy, and easy to operate, so
that it could be used in fairly large population
groups; (2) would be socially acceptable on account
of being light and unobtrusively portable (pocket-
size or smaller); and (3) would provide sufficient and
reliable information on a given physiological para-
meter, which, in turn, should be closely related to
the level of physical activity.

After various methods and equipment currently
used in studying habitual physical activity had been
evaluated carefully in terms of cost, social accept-
ability, ease of use, accuracy, and data retrieval, the
apparatus described below was developed in col-
laboration with the Swiss Federal Institute of Tech-
nology (Chaire des Calculatrices digitales), Lau-
sanne.

MATERIAL AND METHODS

Description of the apparatus
The measurement system was conceived with a

view to exploiting the physiological principle that the
heart rate is sufficiently well related to the level of
physical effort and is easy to evaluate without
unduly inconveniencing the subject. In the apparatus
described here-Cardiac Interbeat Interval Distribu-
tion Recorder (IDR)-R-R intervals are differen-
tiated and recorded in 8 channels corresponding to
50-59, 60-69, 70-79, 80-89, 90-109, 110-139,
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140-169, and over 170 beats per minute. These heart
rate classes are assumed to reflect 8 different levels of
physical activity. Schematically, differentiation is
achieved in the following way: the QRS signals are
picked up by 3 chest electrodes, amplified, and fed
into a logic circuit. This circuit measures the R-R
intervals, classifies them according to length, counts
the number of intervals occurring within specified
classes, and feeds the " scores " into the appropriate
channels.
The apparatus consists of: (a) a detector and

memory system operated by four 1.36V mer-
cury batteries and enclosed in a plastic box
115 x 62 x 22 mm in size and 200 g in weight,
which can be carried in a shirt pocket, and (b) a

read-out system measuring 180 x 155 x 45 mm and
weighing 850 g, which is not carried by the subject
but is used by him for reading out the counts at the
end of the day or of any other experimental period.
The detector-memory system (IDR 73 Pick-up

unit) shown in Fig. 1 is connected by means of
3 snap-fastener leads to the electrodes, which should
be of a disposable, self-adhesive, gel-containing type
provided with a snap-fastener contact (e.g., Hewlett
Packard No. 14248A).

After the skin has been swabbed with alcohol, the
3 electrodes are positioned on the 6th intercostal
space at the left midaxillary line (C6-neutral), on the
5th left interspace at the midclavicular line (C4), and
on the 4th interspace on the left of the sternum (C2).

Fig. 1. Cardiac Interbeat Interval Distribution Recorder (IDR), showing the detector-memory system (pick-up
unit) and the information retrieval system (Readout unit).

292



DETERMINATION OF PHYSICAL ACTIVITY

IDR pick-up unit can be carried by

Other positions can also be used, e.g., RA, C4, and
LA (neutral), but strong arm movements may cause
muscle noise.

After the electrodes have been connected, the
pick-up unit is inserted into the rectangular opening
on the left side of the read-out box (Fig. 1) and a

loud-speaker will signal, by means of a regularly
intermittent tone, if the electrodes are properly set
and if the heartbeats are being picked up correctly. If
the batteries are weak, the " Pick-up batteries " or

the " Readout batteries " light indicators will light
up. The charge condition of the pick-up batteries can
also be checked on the galvanometer (Fig. 1). After
zero-setting, which is done by pressing the " Moni-
toring" and " Reading" buttons simultaneously
and subsequently releasing them, and is checked
through the automatic turning off of the " Reset "
light indicator, the pick-up box is disconnected from
the read-out box. At this moment the recording and
storage processes start. At the end of each experi-
mental period (e.g., a day) recording is stopped by
again connecting the detector to the read-out box.
After the " Reading" button has been pressed, the

Fig. 3. Position of electrodes.

"Reading next " button is pressed 8 times to obtain
the 8 subtotal heartbeat readings. These appear in
the " Counts " window, whereas the register
number-i.e., the heart rate class-appears in the
"Class " window (Fig. 1).
The whole procedure is simple enough to require

only a minimum of skill and of cooperation from the
subject. Fig. 2 shows how the pick-up unit can be
carried by the subject, and Fig. 3 shows the position
of the electrodes. Design considerations and details
are being published elsewhere (2).
Many pick-up units may, of course, be read by the

same read-out unit.

RESULTS

Determination of heart rate (fi%) and its relationship
to pulse rate (fP)
The sum of heartbeats recorded in the 8 registers

obviously gives the total number of heartbeats dur-

I Fig. 2. How the
the subject.
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ing the experimental period. This total, divided by
the time, gives the mean heart rate for the period.
The first item to be checked for reliability, therefore,
was whether such a calculated mean heart rate
corresponded closely to the pulse rate taken by
palpating the carotid or radial artery. This test can
be performed successfully only during a short, well-
defined test-e.g., by exercising on a bicycle ergo-
meter at steady pulse rate. Fig. 4 shows that most
points fall along, or very close to, a straight line
passing through the origin.

Evaluation of daily activities
Once the reliability of the equipment in terms of

the relationship between fh and fp had been estab-
lished, the next step was to obtain data on long-
term, varied, daily activities.

Since experimental periods may vary in length, the
raw numbers read from the registers cannot be used
as such for comparing activities. They should be
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Table 1. IDR reading for 190 minutes of office work

Register No. fh Class Read out Percentage of(beats in 190') total beats a

1 170+ 0 0

2 140-169 0 0

3 110-139 50 0.3

4 90-109 2 590 16.4

5 80-89 10 210 64.6

6 70-79 2 880 18.2

7 60-69 70 0.4

8 50-59 0 0

Total 15 800 99.9

Mean fh b 83

a Equivalent to percentage of the total time spent in each
heart rate class.

b Total number of beats divided by time.

P mHo 30796

Fig. 4. Best-fitting line of correlation between fh obtained from IDR and fh.
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DETERMINATION OF PHYSICAL ACTIVITY

Heavy exercise, bicycle ergometer150W

Mean fh 169±29
(no 4; t= 8)
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80 Exercise, fast walk, bicycle ergometer 'c150W

60 Mean fh 715 ± 10

20
20

fice+ walk+ stairs

Mean fh 92± 1
(n= 7; t= 378)

ffice work (Sedentary)
Mean fh 82± 6
(n = 8; t- 259)

Sleep
Mean fh 67 ±6
(n= 5; to 430)
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Fig. 5. Frequency distribution of he
various activities (n = number of experin
length of time spent in activities, in

converted into percentages by dividing each of the
8 heartbeat numbers by the total number of heart-
beats. Since the duration of the experimental period
is known, those percentages are equivalent to the
length of time that the subject spent at each heart
rate (i.e., activity) level. The values read in the
8 registers yield histograms that relate the percentage
of total beats (i.e., the percentage of total time) to
each heart rate class-in other words, a frequency
distribution of heart rates.
A typical example of numerical data obtained

during a test is shown in Table 1, and a summary of
frequency distribution histograms obtained during
several types of activity is shown in Fig. 5.

DISCUSSION

As expected, the highest percentage of counts (i.e.,
of time spent) in each histogram falls into the class
that corresponds to the mean heart rate for the
experimental period. This peak, as well as the whole
histogram, shifts toward higher heart rate classes as
the intensity of activity increases.

Thus, from simply looking at the shape and
position of the histogram in relation to the heart rate
classes it can be seen whether a subject was more or
less active. However, in order to characterize the
intensity of physical activity objectively, the shape
and position of the histogram must be quantified.
The best way of doing so is to plot a cumulative
distribution curve of the percentage of time spent at
each heart rate class (Fig. 6). The curves shift to the
right as the activity becomes more intense. The ratio
(given in parentheses in Fig. 6) of the area at the left
of each curve to the total area identifies each activity
level in terms of the percentage of the subject's
physical capacity. The more intense the activity, the
higher this ratio-that is, the higher the fraction of
physical capacity used (3, 4).
The possibility of differentiating heart rate pat-

terns, the length of time spent at each heart rate
level, and peak activities is a very important prere-
quisite for the assessment of habitual physical activ-
ity. Indeed, it is known that only heart rates that are
high enough and that are sustained for a sufficiently
long time have a training effect on the cardiorespira-
tory function. According to Goldsmith & Hale (5),
repeated short bursts of intense activity have a
training effect, whereas there is little evidence that

artbeats during work of lower intensity carried out for a full working
nents; t = mean day over a number of years has any measurable
minutes). training effect.
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The information described above cannot be ob-
tained by using cumulative heartbeat totalizers (6, 7).
These systems only give the mean heart rate value for
the day and do not, therefore, allow any interpretation
of the intensity and proportional duration of differ-
ent activities. This is particularly true for activities
that differ in pattem but result in the same mean
heart rate, as exemplified in Fig. 7.

In matched experiments, different types of activity
were carried out that nevertheless resulted in the
same mean fh. Thus, the mean fh alone would not
indicate differences in activity patterns. On the other
hand, analysis of the histograms shows that such
differences do exist, both in the short-term fixed
activity (a and a') and in longer, varied, daily
activities (c and c').
Of course, very detailed information can be

obtained by using portable beat-by-beat tape re-
corders. Tape recording systems are, however,
delicate and expensive, especially as sophisticated
playback and display equipment is needed. A com-
puter is essential to arrange the 100 000-odd daily
heartbeats in a readable form and in terms of heart
rates and of the time spent at each heart rate.
Excessively detailed information makes evaluation
cumbersome and may not be needed. Cost may
make the use of tape recorders on a population basis
prohibitive.
The IDR system may thus offer a useful com-

promise, being far less expensive and complicated
than a tape recording system while yielding more

detailed information than that given by a cumulative
heartbeat totalizer.
Of course, all approaches involving heart rate

leave open the problem of how to avoid overestimat-
ing activity levels when tachycardia is induced by
miscellaneous environmental, psychological, or
other stimuli, since these-unlike strenuous muscu-
lar activity-have only a minor influence on meta-
bolic cost and on cardiorespiratory fitness. To what
extent these miscellaneous influences affect the total
daily number of heartbeats and each of the 8 heart
rate classes remains to be determined. However, the
consensus of investigators is that emotionally in-
duced heart rate increases are unlikely to occur to a
substantial extent in familiar patterns of everyday
physical activity, and are not usually a major source
of error.

In conclusion, the IDR system offers new possibil-
ities of studying habitual physical activity in popula-
tions, since it is relatively inexpensive and easy to
use. The results show a marked degree of con-
sistency. The system is sensitive enough to allow
differentiation of activities that differ in pattern but
result in the same mean heart rate. Only minimum
skill and cooperation are required from the subjects.
A feasibility study on the use of the system for the
determination of daily physical activity of school-
children of both sexes aged 10-19 years was recently
carried out in a Norwegian village. The device was
socially very well accepted and caused no incon-
venience or interference with everyday life. It is now
being manufactured commercially in Norway.
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evaluating patterns of activity resulting in the same mean flh.

bicycle ergometer (5 min at 150 W, fh = 150) + rest (5 min to fh = 96), mean flh = 122
walk at 4.6 km/h, fh = 114
walk from 4.2-6.3 km/h (f h = 1 08-1 22), mean f h = 1 1 4
office work + slow walk + rest, mean fh = 83
office work + fast walk + bicycle ergometer + housework + rest, mean fh = 84
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RESUME

DETERMINATION DE L'ACTIVITE PHYSIQUE HABITUELLE
A L'AIDE D'UN ENREGISTEUR PORTABLE DE LA DISTRIBUTION DE L'INTERVALLE R-R

On a mis au point un appareil portable destine A eva-

luer l'activite physique habituelle. Il enregistre l'onde R
de l'ECG, calcule la duree des intervalles successifs entre
les pulsations cardiaques, les repartit en huit classes et
emmagasine les numerations respectives dans une memoire
A circuit integre. La distribution des intervalles enregistres

au cours d'une periode experimentale peut etre etudiee
ulterieurement grace A un appareil de lecture numerique
distinct.

Les huit classes correspondent aux rythmes cardiaques
comportant 50-59, 60-69, 70-79, 80-89, 90-109, 110-139,
140-169 et plus de 170 pulsations, et l'on admet qu'elles
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refletent les differents niveaux d'activite physique. L'appa-
reil d'enregistrement (dimensions: 115 x 62 x 22 mm;
poids: 200 g) est porte par le sujet; I'appareil de lecture
(dimensions: 180 x 155 x 45 mm; poids: 850 g) peut evi-
demment servir a la lecture des enregistrements de plu-
sieurs appareils. Les deux types d'appareils sont peu
encombrants et leur cout est suffisamment faible pour
qu'on puisse en principe envisager de les fabriquer en
grande quantite en vue d'enquetes au sein de groupes
de population importants. Les intervalles entre les batte-
ments, c'est-a-dire les nombres de pulsations repartis
dans les huit classes, peuvent faire l'objet d'une repre-
sentation graphique sous la forme d'histogrammes ou de
courbes de distribution de frequence cumulative montrant

le laps de temps correspondant a chaque niveau de
frequence cardiaque, c'est-a-dire d'activite. L'aspect des
traces indique le degr6 d'activite du sujet, et la methode
permet de differencier des activites de nature differente
mais caracterisees par un meme rythme cardiaque
moyen.

Les informations obtenues concernant le type d'acti-
vite physique habituelle sont pratiquement aussi detaillees
que celles fournies par les systemes d'enregistrement sur
bande, plus couteux et d'un maniement plus difficile.
La question d'une eventuelle surestimation de l'activite
physique, resultant d'une tachycardie d'origine emotive,
est examinee et consideree comme n'ayant pas d'influence
notable sur les activites habituelles.
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