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that ove,r those speeds of walking and running the men are
mechanicallv more efficient when running. Curves are given
to estimate' the oxygen consumptions which men of different
weight would use in either walking or jogging at various speeds.
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WALK OR JOG FOR HEALTH: 11*
ESTIMATING THE MAXIMUM AEROBIC CAPACITY FOR EXERCISE

C. H. WYNDHAM, N. B. STRYDOM, C. H. VAN GRAAN, A. J. VAN RE SBURG, G. G. ROGERS, J. S. GREYSON AND W. H.
VAN DER WALT, Human Sciences Laboratory, Chamber of Mines of South Africa, Johannesburg

It is essential for the medical practitioner who is advising
a patient upon a programme of exercises to improve his
physical condition, to be able to estimate the patient's
maximum aerobic capacity for exercise. With this infor
mation, and a knowledge of the energy costs of walking
and jogging at different speeds, he can advise the patient
of the speeds at which he can walk or jog safely.

The physiologist measures the individual's maximum
aerobic capacity for exercise in terms of his maximum
oxygen intake. The direct measurement of maximum
oxygen intake in the laboratory is time-consuming and
costly. It requires a treadmill or bicycle ergometer and the
staff and equipment for the accurate measurement of the
individual's oxygen consumption at a number of work
loads up to the individual's maximum physical effort.
There has, in consequence, been a search for simpler and
shorter methods, preferably using submaximum work loads,
which will give reliable estimates of the maximum oxygen
intake. One such method is the submaximum step test
which is based upon the linear relationships between heart
rate and oJl.]'gen consumption when measured at a number
of different submaximum work loads.' Comparisons be
tween maximum oxygen intakes estimated by the sub
maximum step test and those measured directly on a
treadII'i!l and a bicycle ergometer have been published by
this laboratory:

However, even the step test of maximum oxygen intake
requires equipment for the accurate measurement of heart
rates and oxygen consumptions at a number of submaxi
mum work loads and, therefore, the employment of skilled
technical staff. There is clearly the need for an even simpler
test of maximum oxygen intake which requires neither
special equipment nor trained technical staff. Cooper's 12
minute walk or run procedure for predicting the maximum
oxygen intake appears to fulfil these requirements.' All
that is needed is a stop-watch and a level 440-yard track
so that the distance which the individual can walk or run
in 12 minutes can be measured accurately. Cooper showed
that there was a correlation coefficient of 0·897 between
maximum oxygen intake measured directly on the tread
mill and the distance run. The study was made on 115

'Date received: 13 October 1970.
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volunteers from the US Air Force who were between 17
and 52 years of age and weighed between 51 and 130 kg
(114 and 270 Ib).

Cooper's procedure for predicting the maximum oxygen
intake has much to commend it for the medical practitioner
who wishes to estimate a patient's maximum aerobic
capacity for physical conditioning and to follow his pro
gress during the programme. However, before we could
recommend this test we considered it to be essential to
validate Cooper's predictions from the 12-minute run
against direct measurements of maximum oxygen intake
on the treadmill on a random selection of White South
African males living in Johannesburg. It was possible that
living at Johannesburg's medium altitude of 1 763 m (5748
ft) above sea-level might upset the close correlation shown
by Cooper. Accordingly, maximum oxygen intakes were
measured on the treadmjl1 on a sample of 25 volunteers
from the laboratory staff. The subjects then ran as far as
possible in 12 minutes on a level running track. The volun
teers were aged between 17 and 54 years and weighed
between 60 and 110 kg (132 and 242 Ib). The direct
measurements of maximum oxygen intake were then com
pared with the predictions from Cooper's regression equa
tions.

The 12-minute run requires a high degree of motivation
which might not always be present in the individual to be
tested. The step-test procedure, being based upon measure
ments of heart rate and oxygen consumption at a number
of submaximum work loads, is independent of motivation.
Also, being a submaximum effort test, it is more suitable,
and safer, for individuals with cardiorespiratory disability
or those in their late 50s and early 60s. It was therefore
also decided to determine the maximum oxygen intakes
of 24 of the subjects by means of the step-test procedure.
For this purpose heart rates and oxygen consumptions were
measured at work levels of 54 and 81 W (2 400 and 3 600
ft-Ib/min). (The mean oxygen consumptions for these work
rates were 1'38 and 1·83 litres( min respectively.) The maxi
mum oxygen intake estimated from the heart rate and
oxygen consumption at these submaximum work loads is
compared with those of the 12-minute run and the direct
measurement on the treadmill.
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VO>JUX.
(step test)

36·0
46·0
35-8
33·8
35·5
27-5
33-3
46·6
30·6
36·8
45·6
40·8
49·5
39·6
24·2
49-6
31'3
54{)
42-9
37·7
47-2
47·5
49·9
29·2

VO>.MAX.
(l2-min run)

42-6
50·8
48{)
35·4
35·0
32{)
41 ()
50·5
43{)
45·0
46·5
45{)
50·8
49·0
25{)
53-6
32{)
54·8
42·6
50·5
47-2
50·0
53·0
47·2
69-6

VD-nux.
(treadmill)

39·2
44·3
40·2
34·8
35·5
34·6
38·1
46·0
40·3
43-6
46·4
46·0
51·]
43·3
27-8
50-5
31·2
56·0
43-8
46'1
47·7
52·5
55-3
44·3
66·6

Subjects
1
2
3
4
5
6
7
8
9

IO
11
12
13
14
15
16
17
18
19
20
21
n
23
24
25

MEnIOD

Maximum oxygen intake was determined on the labora
tory's treadmill by the method that has been discussed in
detail in a previous publication.'

In brief the subjects walked on the treadmill, on the flat,
at speeds of 4,8, 6'4 and 8·1 km/h (3, 4 and 5 mph) and
ran at 9·7 km/h (6 mph) for lO-minute periods. Above 9·7
km/h (6 mph) the period of running was reduced to 5
minutes. Between each bout of exercise the subjects rested
for approximately 15 minutes. The speed of running was
increased by 1·6 km/h (1 mph) steps until a speed was
reached at which the individual could not complete a
period of 5 minutes of exercise.

Oxygen consumption was determined by collecting
expired air in a Douglas bag through special low-resistance
valves over a period of 3 minutes up to 9·7 km/h (6 mph)
and over a period of 1 minute at higher speeds. The con
centration of oxygen in an aliquot sample of expired air
was measured in a Beckman paramagnetic oxygen analyser.
Heart rates were monitored by means of an ECG with
special chest electrodes.

TABLE H. ESTIMATES OF VO'''AX. ON TREADMILL, 12-!>'!Il\'UI1l
RUN AND STEP TEST

RESULTS

The heights, weights and ages of the 25 subjects are given
in Table L The table also includes the oxygen consump
tions measured at the different speeds of walking or run
ning on the treadmill and the maximum heart rates attained,
the heart rates and oxygen consumptions when stepping
at 54 and 81 W (2400 and 3600 ft-lb/min) and the dis
tances run in 12 minutes.

The maximum oxygen intakes in ml/kg body-weight per
minute when (i) measured directly on the treadmill; (if)
predicted from the 12-minute run from Cooper's regression
equation; and (iil) estimated from the step test, are given
in Table li.

The correlation coefficient between maximum oxygen
intakes, predicted from the 12-minute run and those
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Fig. 1. V<hM.Ax. measured during a 12-minute run plotted against VO'MAX. measured
on a treadmill.

35 45 55
Maximum oxygen intake an treadmill (ml/min/kg)

This shows that the mean for the 12-minute run is signifi
cantly higher and the mean for the step test significantly
lower than the direct measurement on the treadmill. The
second point was examined by determining regression
equations for the maximum oxygen intakes, from the 12
minUle run, on the values for the treadmill, and from

measured directly on the treadmill was 0,94, compared with
the correlation coefficient of 0·88 between the maximum
oxygen intakes estimated for the step test and direct
measurements on the treadmill.

However, it is not only the correlation coefficients that
are important. We need to know whether there are signi
ficant differences between the means determined by these
various methods and whether the differences between the
determinations of the methods are constant over the range
of the measurements. The first of these points is examined
in Table III in which the means of the maximum oxygen
intakes, determined by the various methods, are compared.

x
y,
y,

65

(b) Equations:
y, = 1·016x + 0·71 Standard error of estimate = 3·07
y, = 0·9933x - 3·36 Standard error of estimate = 3·95

Regression lines from these equations are drawn in
Figs. I and 2 together with the individual results. Fig. I
shows that, over this range of measurements, the maximum
oxygen intakes predicted from the 12-minute run are
consistently higher than those measured directly on the
treadmill; Fig. 2 also shows that the maximum oxygen
intakes, estimated from the step test, are consistently lower
than those measured on the treadmill.

The variability of the maximum oxygen intakes of dif
ferent individuals about these regression lines is indicated
by the errors of the estimates, and shows that the
variability of the predictions for the 12-minute run is
slightly less than the estimates from the step test.

DISCUSSION

It is clear from the high correlation coefficient of (}94
between the maximum oxygen intakes predicted from
Cooper's 12-minute run and the maximum oxygen intakes

measured directly on the treadmill,
and also from the closeness of the
regression line to the line of identity
for these two determinations of
maximum oxygen intake, that the
prediction of oxygen intake from the
12-minute run is a reasonably accu
rate method of estimating an indi
vidual's maximum oxygen intake.
However, Cooper's test does demand
a sustained physical effort for a
period of 12 minutes and this may
be difficult to achieve in poorly
motivated individuals. Also, the 12
minute run could be dangerous for
unfit, overweight individuals in their
late 50s and early 60s who do not
take any form of regular exercise
(weekend golf or tennis does not
qualify an individual as fit enough
for an all-out 12-minute run) or
ambulatory patients with some form
of cardiorespiratory disability. The
12-minute run for these two cate
gories of subjects should only be
carried out after the medical prac
titioner has satisfied himself that it
is safe to do so, and preferably after
an exercise ECG has been read by a
competent cardiologist.

The dangers inherent in an all-out
12-minute run can be avoided of
course by the use of the step-test
procedure, which has a correlation

estimates, from the step test, on the values for the tread
mill.

Regression Equalions
(a) Legend:
Treadmill V<bux.
12-min run Vo~(.u.

Step test VO"'AX.

Regression line
Line of identity
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Mean at the

Parameler Il Mean difference 5% level
Treadmi.Il 25 44'184 -1·42 Yes
12-min run 25 45-604

Treadmill 24 43'275 +3-654 Yes
Step test 24 39-621



56 S.-A. MEDIESE TYDSKRIF 16 Januarie 1971

Regression line

Line of identity

/
./

/
/

./
/

/
./

./
./

/
/

/
./

/ ..
./. /.

/
./

./
/ .

/

/
./

/
/

with reasonable accuracy. The next issue is the interpre
tation of the results. Age and sex have been shown by the
Astrands··7 to have a major effect on maximum oxygen
intake. Our proposal therefore is that for males under 30
years of age, Cooper's fitness classification be used; this is
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Maximum axyqen intake on treadmill (mljmin/kg)

F'g. 2. VO-o>Ln. measured during a step test plotted against VO->-MAx. measured on a
treadmill.
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coefficient of 0·88 with the direct
measurements on the treadmill. The
estimate of maximum oxygen intake
for the step-test procedure is made
from measurements of heart rate and

01
oxygen consumption at two or more Z
submaximum work levels. These c
work levels can be adjusted so that
even patients with cardiorespiratory
disability can carry out the task
without strain. In this regard it will
be noted that subject No. 15, who ~
was grossly overweight and never
took any form of physical exercise, ~
had a heart rate of 195 beats/min (j)

while stepping at 54 W (2 400 ft-Ib /
min) (a mean oxygen consumption C1l

of 1-38 litres/min). Work levels of ~
17·5 and 35 W (780 and 1560 ft-Ib/ c
min) would have been more reason
able for a grossly unfit individual of
this nature. Some years ago the step
test procedure, using these low work
levels, was used on ambulatory
patients with rheumatic heart disease
before and after cardiac surgery in
order to evaluate the effect of the x

procedure upon their capacities for 0

aerobic exercise" ~
The predictions of maximum oxy

gen intake from Cooper's regression
equation from the 12-minute run are
so good that there is little advantage
in substituting the regression equa
tion obtained on our subjects at
Johannesburg's altitude. This point
is made in Fig. 3 where Cooper's regression line and our
regression line are drawn; the regression equations with
their standard deviations are as follows:

(a) H.S.L.: Distance = 0·0291 0, + 0·3006 a' = 0·0076
a = 0·0872

(b) Cooper: Distance = 0·0278 0, + 0·3138 a' = 0·00985
(j = 0·09925

What is surprising from Fig. 3 is that our subjects could
run approximately 0·08 km further in 12 minutes at dif
ferent values of maximum oxygen intake than could
Cooper's subjects. This difference may be due to the fact
that the direct measurement of maximum oxygen on the
treadmill (which requires maximum effort) is affected more
by the altitude of 1 763 m (5748 ft) above sea-level than is
the distance run in 12 minutes (which is a submaximum
effort). The subjects of the present experiment were all
well acclimatized to Johannesburg's medium altitude, being
permanent residents in Juhannesburg. Previous work from
this laboratory has shown clearly that -maximum oxygen
intakes, measured on the treadmill, are 12% lower in
Johannesburg than at sea-level.'

It can be concluded from these studies that the 12
minute walk or run test of Cooper can be used to assess
the maximum oxygen intake of well-motivated subjects

3·5

E
x

a" 3·2
u
c
o
; 2·9..,
c
:::J 2-6

"'

Maximum oxygen intake

Fig. 3. Regression line (and individual plots) of walik/run
dIstance on VO"r.",. for Hum'ln Sciences Laboratory sub
jects and regression line for Cooper's subjects.
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TABLE IV. COOPER'S LEVELS OF CARDIOVASCULAR FITNESS IN
RELATIO:-l TO 12-MINUTE RUN AND VO"ux.

given in Table IV. For age-groups above 30 years, Irma
Astrand's' adjustments can be used tentatively; i.e. maxi
mum oxygen intak.e categories in Table IV are reduced
by 20% for the 40 - 50 age-group and by 30~o for the 50 - 60
age-group. These adjustments for age are tentative and
should form the subject of future research in South Africa,

as also should be the classification for females of different
age-groups.

SUMMARY

The medical practitioner who is advising a patient upon a pro
gramme of exercise must be able to estimate the patient's
maximum aerobic capacity for exercise. Tests on a treadmill or
bicycle ergometer are time-consuming and costly, but Cooper's

DisTance
Miles K./o r;eTres

<1'0 <1-61
1-0 • 1·24 I ·61 - 1·99
1·25 - 1·49 2·00 - 2-39
1·50 - 1·74 2-40 - 2-80
1·75 or 2·81 or

more more

\1 O~)L\,X.

(ml/ min / kg)
<25'0

25·0 - 33·7
33-8 - 42·6
42·7 - 51·5
51·6 or

more

Fitness
level

Very poor
Poor
Fair
Good
Excellent

12-minute run or walk requires a level 440-yard track and a
stop-watch only. Submaximal tests are safer for individuals
with cardiorespiratory disability or for men aged over 50 years.
Comparisons were therefore made of maximum oxygen intakes
measured by means of the three procedures on 25 subjects
varying in weight from 60 to 110 kg and in age from 17 to 54
years.

Predictions from Cooper's test correlated highly (0'94) and
estimates for the step test correlated well (0·88) with the tread
mill measurements. Cooper's test overestimates maximum
oxygen intake and the step test underestimates it, but the dif
ferences are small.

Cooper's run or walk test can therefore be used safely to
predict accurately the maximum oxygen intake of individuals
who take regular exercise. The step test is preferable for
patients with cardiorespiratory disability, or overweight, seden
tary individuals in their 40s and 50s. Tentative suggestions are
made for using the results to estimate cardiorespiratory fitness
of individuals of different ages.
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SOUTH AFRICAN MEDICAL AND DENTAL COUNCIL : SUID-AFRIKAANSE GENEESKUNDIGE
EN TANDHEELKUNDIGE RAAD

OPENING ADDRESS BY MR W. K. P¥KE-LEES, FORMER REGISTRAR OF THE GENERAL MEDICAL COUNCIL,
1951 - 1970

I felt greatly honoured when I was invited b; your President
to be present at this meeting and to address you at the end
of my visit to South Africa.
Dankie vir die eer my aange
doen 031 die Raad toe te spreek.

When I heard that this meet
ing was going to be held in
East London, it struck a note
in my memory. I happen to be
interested in history, and what
I had recalled was the wreck
of the East Indiaman, the Gros
venor, in Pondoland in 1782.
I think the story is well known
in South Africa, but what may
be less known is the part con
cerning East London. After
great hardships, some of the
castaways got as far as this,
only to be stopped by the
Buffalo River. Here they had
to d:g holes in the sand for Mr Pyke-Lees
drin;;ing-water, for the river
was salt as well as wide.
Half-starved and weak, and troubld by the presence of
elephants, they struggled along the east bank, which was well
wooded as well as hilly. Eventually they forded t:le river, and
made their way again towards the sea which they reached near
Cove Rock. Later, at what is now Christmas Rock, they were
set upon by 20 Xhosas who threw stones and sticks at them;
but they found Hottentot figs and shellfish by the sea-shore,
and this prolonged the lives of some of them.

To that sad story there was a sequel. When the first news
reached far-away Cape Town, the Governor, Van Plettenbug,
at once instructed the landdrost at Swellendam to organize a
commando and search for survivors all along the coast to the
north-east. The expedition returned from its difficult and
dangerous task 3 months later; and then Van Plettenberg wrote
to Warren Hastings, the Governor of Bengal, whence the

Indiaman had sailed. He had not hesitated for a moment, he
said, although at the time the two countries of Holland and
England were at war, to send the relief expedition; and now
he was repatriating forthwith the handful of European survivors
to Europe and the Indian survivors to Bengal. Whereupon
Hastings, 'deeply moved', we are told, 'by the humanity of
Van Plettenberg', with the consent of his Bengal Council pur
chased a diamond valued at the time at £1 400, had it set in a
ring engraved with words from Virgil which said 'It is noble to
learn from an enemy', and sent it to Van Plettenberg, asking
him to wear the ring as a permanenl acknowledgement of their
esteem ror him.

I hope I have not dwelt too long on that story. Gibbon once
said in his work on the Roman Empire that history is mainly
a record of the crimes, follies and misfortunes of mankind. and
no doubt we often think of it in that wav: but it is not always
so. I confess I find the story of Van Pleitenberg and the relief
expeditions-there was a second one later-very moving; and
you may think that Hastings comes well out of it too.

My own first contact with South Africa in the medical field
dates back to 1937, when I went as Assistant Registrar to the
office of the General Medical Council. I became Registrar in
1951, and retired from that post at the end of March in this
year. Here let me say that, as you will of course understand,
I am speaking to you today in a purely personal and unofficial
capacity, since I am no longer Registrar, and any views I
express are my own and not necessarily shared by the General
Medical Council.

I have here a copy of the initial memorandum, prepared in
South Africa in 1921, which led to the establishment of medical
reciprocity between the United Kingdom and South Africa. I
will read a part of it:

Prime Minister's Office
February 15, 1921

'Ministers have the honour to recommend that His Royal
Highness the Governor-General may be pleased to request
the Right Honourable the Secretary of State for the Colonies
that steps be taken, in terms of Section 17 of the Medical




