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Abstract
Many exercise protocols are in use in
clinical cardiology, but no single test is
applicable to the wide range of patients'
exercise capacity. A new protocol was
devised that starts at a low workload and
increases by 15% of the previous work-
load every minute. This is the first
protocol to be based on exponential
rather than linear increments in work-
load. The new protocol (standardised
exponential exercise protocol, STEEP) is
suitable for use on either a treadmill or a

bicycle ergometer. This protocol was
compared with standard protocols in 30
healthy male volunteers, each of whom
performed four exercise tests: the
STEEP treadmill and bicycle protocols,
a modified Bruce treadmill protocol,
and a 20 W/min bicycle protocol. During
the two STEEP tests the subjects' oxygen
consumption rose gradually and expon-
entially and there was close agreement
between the bicycle and the treadmill
protocols. A higher proportion of
subjects completed the treadmill than
the bicycle protocol. Submaximal heart
rates were slightly higher during the
bicycle test. The STEEP protocol took
less time than the modified Bruce tread-
mill protocol, which tended to produce
plateaux in oxygen consumption during
the early stages. The 20 W/min bicycle
protocol does not take account of
subjects' body weight and consequently
produced large intersubject variability
in oxygen consumption.
The STEEP protocol can be used on

either a treadmill or a bicycle ergometer
and it should be suitable for a wide range

of patients.

Many different exercise protocols are used in
clinical cardiology. Because no single test is
suited to the wide range of patients' exercise
capacities many centres use two protocols-
one for fitter patients and another for more

limited patients. This, however, requires a

pre-test estimate of exercise capacity, which is
not always accurate.

Several features are desirable in any exer-

cise protocol. It should be applicable to a wide
range of patients so that assumptions about
exercise capacity do not have to be made
before the test. The most severely limited
patients should be able to exercise for at least
3 minutes,' which necessitates starting at a

low workload. On the other hand, the test

must not be too long or fatigue and boredom
(of both the patient and supervising
physician) may become limiting factors. An
average duration of 10 minutes has been sug-
gested,23 and all patients should reach their
maximum by 15 minutes.2
A further complication is that various exer-

cise laboratories use different modes of exer-
cise testing: bicycle ergometers predominate
in mainland Europe while treadmills are
favoured in the United Kingdom and United
States. These two modes of exercise have an
essential difference: on a treadmill the work
performed during each stage is dependent on
body weight, while bicycle exercise is weight
independent. Bicycle exercise testing
therefore needs to be standardised for body
weight so that different subjects perform
similar relative work at each stage, otherwise
larger subjects will have a performance advan-
tage. Most existing bicycle protocols fail to
take this into account. During treadmill exer-
cise the patient has to carry his or her own
weight and so this mode of exercise testing is
automatically standardised.
The aim of this study was to devise a new

protocol that would accommodate the full
range of patients' exercise capacity and could
be used on either a treadmill or a bicycle
ergometer.

Subjects and methods
The cardiopulmonary responses to the new
exercise test were compared with standard
protocols in 30 healthy male volunteers (mean
age 38 years (range 28-55); mean weight 74 kg
(range 57-97)).

EXERCISE PROTOCOLS
The new protocol was designed to begin at a
low workload (2 METS, 7 ml/kg/min) and the
initial increments were kept small by increas-
ing the workload by 15% of the previous stage
every minute. This results in an exponential
rise in workload, and the highest stage
required to test even relatively fit patients is
reached after 15 minutes. This is the first
protocol to be based on exponential rather
than linear increments in workload.
The mathematical model of this new exer-

cise test was translated into a treadmill
protocol by means of standard formulas for
oxygen consumption derived from treadmill
speed and gradient.4 At each stage either the
treadmill speed or the gradient was increased,
never both together. Table 1 shows the result-
ing STEEP treadmill protocol.
The STEEP test was applied to a bicycle
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ergometer after allowing for body weight.
Table 2 was derived, again by means of stan-
dard formulas,4 to predict the bicycle protocol
required to elicit the same relative oxygen

consumption as the treadmill protocol for a

given body weight (rounded to the nearest

5 kg).

METHODS
Each of the 30 men performed four exercise
tests in random order on separate visits at the
same time of day in the postabsorptive state.
They exercised to symptom limited maximum
on a modified Bruce treadmill protocol' and a

20W/min bicycle protocol.6 They exercised
either to exhaustion or to completion of the 15
minute treadmill and bicycle STEEP
protocols. All tests were performed in an air
conditioned exercise laboratory at a constant
temperature.
A Marquette MAC 2 was used for the

treadmill tests and a Bosch ERG 551 electron-
ically braked ergometer was used for the bi-
cycle protocols. Respiratory variables were

determined during exercise by an automated
gas analysis system (Beckman metabolic
measurement cart; classic exercise model sys-
tem 2) that was calibrated for barometric
pressure. Before each test the oxygen and
carbon dioxide sensors were calibrated with a

standard gas mixture containing 16% oxygen,

4% carbon dioxide, and 80% nitrogen.
The oxygen consumption (Vo2) for each

stage of the various protocols was taken as the
average over the last 30 seconds of that stage.
Heart rate was taken from the electrocar-
diogram during the last 10 seconds of each
stage. Systolic blood pressure was determined
by palpation every 3 minutes.

STATISTICAL ANALYSIS
The significance of differences in the mean

heart rate, Vo2, and blood pressure between
the protocols was determined at each stage by
uncorrected paired t tests. The significance

after Bonferroni correction for multiple com-

parisons is also discussed in the text. Repeated
measures analysis of variance was not applied
because the subjects stopped exercise at dif-
ferent rates on the various protocols; this led
to missing data which were "not at random".
The significance of differences between the
proportions of subjects failing to complete the
two STEEP tests was assessed by McNemar's
test for comparing correlated proportions.

Results
AGREEMENT BETWEEN THE TWO STEEP TESTS
Twenty seven men completed the 15 minute
STEEP treadmill test and 18 completed the
bicycle protocol (p < 0-005). Figure 1 shows
the oxygen consumption during each stage of
the two STEEP tests. During both the tread-
mill and bicycle protocols the subjects' Vo2 rose

in an exponential manner. There was no sig-
nificant difference in mean Vo2 for 1 1 of the 15
stages. The subjects' oxygen consumption was

slightly, but statistically significantly, higher
for the first three minutes and the final minute
of the treadmill test (fig 1). None of the
differences was significant after correction for
multiple comparisons.

Figure 2 shows the subjects' heart rates
during the two STEEP tests. Heart rates were
significantly higher during the middle stages of
the bicycle test, but the difference was less than
10 beats per minute at every stage. There was

no significant difference in blood pressure
between the two modes of exercise.

COMPARISON WITH EXISTING PROTOCOLS

Figure 3 compares oxygen consumption during
the STEEP treadmill protocol with that during
the modified Bruce protocol. The modified
Bruce protocol required 19 minutes to com-

plete the range of workloads covered by the
STEEP test in 15 minutes. A plateau in Vo2
was achieved during the first four stages of the

Table 1 STEEP treadmill protocol

Stage (min):

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15

Speed (mph) 1 5 20 20 20 25 25 25 30 30 30 3-5 3-5 35 42 50
Speed (km/h) 24 32 32 32 40 40 40 48 48 48 56 56 56 67 80
Elevation (",) 0 0 1 5 3 3 5 7 7 9 11 11 13 16 16 16

Table 2 STEEP bicycle protocol showing the workloadfor each of the 15 stages of the protocol as determined by the subject's body weight in
kilograms

Stage (min):

Weight (kg) 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15

50 15 20 25 30 40 50 60 70 85 95 110 125 145 170 185
55 15 20 30 35 45 55 65 80 95 105 125 140 160 185 205
60 15 25 30 40 45 60 70 85 100 115 135 150 175 200 225
65 20 25 35 40 50 65 80 90 110 125 145 165 190 220 240
70 20 25 35 45 55 70 85 100 120 135 155 175 205 235 260
75 20 30 40 45 60 75 90 105 125 145 170 190 220 250 280
80 25 30 40 50 65 80 95 115 135 155 180 200 235 270 295
85 25 35 45 55 65 85 100 120 145 165 190 215 250 285 315
90 25 35 45 55 70 90 105 130 150 175 200 225 265 300 335
95 25 35 50 60 75 95 115 135 160 180 215 240 280 320 350
100 30 40 50 65 80 100 120 140 170 190 225 250 295 335 370
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Figure I Mean (SD)
oxygen consumption of 30
healthy men performing
the two STEEP protocols.
Vo2, oxygen consumption.
*p < 005 on uncorrected
t test.

Figure 2 Mean (SD)
heart rate of30 healthy
men performing the two

STEEP protocols. *p <
0 05 on uncorrected t test.

Figure 3 Mean (SD)
oxygen consumption of 30
healthy men performing
the two treadmill
protocols. Vo2, oxygen

consumption.

Figure 4 Mean (SD)
oxygen consumptionfor 30
healthy men performing
the two bicycle protocols.
Vo2, oxygen consumption.
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modified Bruce protocol but not during sub-
sequent stages. The mean (SD) exercise time
on this protocol was 20 minutes 14 seconds (156
seconds), and the mean (SD) Vo2 max was 45-3
( 1 3- 1 ) ml/kg/min.

Figure 4 compares the two bicycle protocols.
The mean exercise time on the 20 W/min
protocol was 12 minutes 29 seconds and the
mean (SD) Vo2 max was 38-2 (10-5) ml/kg/min.
The between subject variability of oxygen
consumption at each stage, as reflected by the

standard deviation, was less with the STEEP
bicycle protocol than with the 20 W/min
protocol (fig 4).

Discussion
We have designed a new exercise protocol that
is the first to be based on exponential rather
than linear increments in workload. The test
begins with a low workload and because it uses
small, frequent increments it is suitable for
even the most severely limited patients. Never-
theless, it is designed to induce cessation of
exercise in patients with V02 max up to 35 ml/
kg/min within 15 minutes so that boredom and
fatigue are not limiting factors. To allow
measurement of oxygen consumption over the
full 15 minute protocols the STEEP tests were
initially validated in healthy men rather than
the patient population for which they are
designed. Both STEEP tests produced a
gradual exponential rise in oxygen consump-
tion in these healthy subjects, and no plateau in
the cardiovascular responses was apparent.
For 11 of the 15 stages of the treadmill and

bicycle tests the mean Vo2 was the same.
Oxygen consumption was slightly higher dur-
ing the first 3 minutes ofthe treadmill protocol,
possibly because the initial treadmill speed was
considerably slower than the subjects' normal
walking pace, causing them to adopt an inef-
ficient gait. Vo2 was also higher on the treadmill
during the final stage of exercise. This may be
because some subjects performing the bicycle
test had already reached their V02 max and
were therefore unable to increase their oxygen
consumption further during the last stage of
the protocol.
Our finding that the Vo2 max with the 20 W/

min bicycle protocol was lower than with the
modified Bruce test accords with previous
studies that showed VT2 max was 6%-17%
lower on a bicycle ergometer than on a tread-
mill.2 I Possible reasons for a lower Vo2 max
on a bicycle ergometer include an early end to
exercise because of localised fatigue and pain in
the quadriceps.'° In addition, the maximum
cardiac output was lower during bicycle exer-
cise,7 and this resulted in a lower V02 max
because oxygen consumption is proportional to
cardiac output."1 12 During submaximal stages
the heart rate during the STEEP bicycle
protocol was higher than during the treadmill
protocol, despite similar oxygen consumption.
This suggested a lower stroke volume during
bicycle exercise as was reported in previous
studies.' 13 14
Many existing protocols have relatively long

stages of two or three minutes each in an
attempt to produce a plateau of oxygen con-
sumption at each stage. The time taken to reach
a steady state is variable, however, and depends
on the physical fitness of the subject and the
relative work intensity.'3 15 The effect of this
was illustrated in this study: during the
modified Bruce protocol a steady state was
reached rapidly during the early stages but not
at all during later stages. Thus a true steady
state may not be achieved during the the final
stage ofan exercise test. Another problem with
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tests consisting ofa few prolonged stages is that
patients become familiar with the protocol
during repeat testing and may repeatedly stop
exercising at the same stage. This learning
effect may mask improvement with treatment.3
We therefore designed a protocol with small,
frequent increases in workload, as recommen-
ded by previous researchers.2 16 This type of
protocol is very useful if submaximal exercise
testing is planned later. When a protocol with
small, frequent increases in workload has been
used for a maximal test, it is possible to choose a
stage at 60%-70% ofthat subject's Vo2 max for
a subsequent submaximal test. A further
advantage of the STEEP treadmill test over
existing treadmill protocols is that it avoids
simultaneous increases in speed and gradient
which can unsettle patients.'7
The mean exercise time of 12 minutes 29

seconds for the 20 W/min bicycle protocol was
appropriate for these normal subjects; the test
would be too short for severely limited patients,
however. Furthermore, because body weight is
not taken into account, the oxygen consump-
tion at each stage varied considerably between
subjects. With the 20 W/min bicycle protocol it
is therefore not possible to determine whether a
patient's exercise time is impaired or to
measure the degree of impairment without
correction for body weight or direct
measurement of oxygen consumption during
the test. The STEEP bicycle test takes account
of body weight and therefore produces less
interpatient variability.
We designed a new protocol based on short

stages with exponential increments in work-
load. The potential advantage of this protocol is
that it is suitable for a wide range of patients.
The most severely limited patients should
manage the initial low workloads, while the
exponential rise in workload terminates the test
within 15 minutes before boredom and fatigue
become limiting factors. The treadmill test is
unlikely to intimidate patients because the
increments are small and simultaneous
increases in speed and gradient are avoided.
The test can also be used on a bicycle ergometer

if an allowance is made for body weight. In
healthy subjects we obtained close agreement
between the mean oxygen consumptions for
each stage with both modes of exercise. It
remains to be seen whether this will be true in a
representative patient population.

DBN is a British Heart Foundation Junior Research Fellow. We
thank Niall MacFarlane for technical assistance.
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