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Objective The aim of this study is to exam the effects of exercise modes on the systolic blood pressure and rate-
pressure product during a gradually increasing exercise load from low to high intensity.

Methods Fifteen apparently healthy men aged 19 to 23 performed the graded exercise tests on cycle ergometer (CE)
and treadmill (TM). During the low-to-maximal exercises, oxygen uptake (VO,), heart rate (HR), systolic blood
pressure (SBP) and rate-pressure product were measured.

Results CE had a significantly lower maximum VO, than TM (CE vs. TM: 48.51+1.30 vs. 55.4+1.19 mL/kg/min;
p<0.001). However, CE showed a higher maximum SBP (SBP,,,) at the all-out exercise load than TM (CE vs. TM:
170£2.4 vs. 154+1.7 mmHg; p<0.001). During the low-to-maximal intensity increment, the slope of the HR with
VO, was the same as VO, increased in times of the graded exercise test of CE and TM (CE vs. TM: 2.542+0.100 vs.
2.506+0.087; p=0.26). The slope of increase on SBP accompanied by VO, increase was significantly higher in CE
than in TM (CE vs. TM: 1.669+0.117 vs. 1.179+0.063; p<0.001).

Conclusion The SBP response is stronger in CE than in TM during the graded exercise test. Therefore, there is a

max.

possibility that CE could induce a greater burden on workloads to cardiovascular system in humans than TM.
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INTRODUCTION

The graded exercise test is a test that analyzes the
change in the body’s respiratory gas, electrocardiogram,
or blood pressure (BP), which is induced by gradually
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increasing the workload with the use of a cycle ergom-
eter (CE) or a treadmill (TM) [1]. This test can detect
latent cardiovascular diseases and evaluate cardiovas-
cular function [2]. It is particularly useful for evaluating
the cardiopulmonary capacity of athletes and normal
people, as well as for clinical practice, such as diagnosis
and evaluation of cardiovascular disease, assessment of
treatment effect, ascertainment of pathophysiology, and
exercise prescription for rehabilitation [3-6]. To perform
the graded exercise test, a protocol and mode of exercise
testing should first be decided upon. The protocol for
the exercise stress test consists of standardized gradual
increments of exercise workload (oxygen uptake [VO,])
from the resting phase to the maximal workload [1,2].
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An appropriate exercise protocol can be decided upon
according to the absence or presence of disease, age,
and physical activity level of the examinee [7,8]. The two
major modes for the graded exercise test are CE and TM.
TM involves a higher exercise load than CE. Since most
people are more accustomed to walking than to riding a
bicycle, TM is generally preferred over CE [4,8,9].

Several protocols for the graded exercise test have been
developed, and the observable physiological features of
the two modes of exercise test (CE and TM) have been
studied. The hemodynamic responses to TM and CE in
the exercise tolerance test have established that VO,
(maximum oxygen uptake) was higher in TM than in CE.
Therefore, the level and mechanism of the hemodynamic
response differ in modes of the graded exercise test [7-11].

The results of previous studies, however, were only
about hemodynamic responses to modes of exercise test-
ing under the maximal exercise workload. Moreover, the
hemodynamic changes that result from gradual incre-
ments in the exercise load, from low to maximal inten-
sity, in TM and CE have not been successfully compared.
Particularly, the systolic blood pressure (SBP) response
to increased heart rate (HR) and VO, in TM and CE has
not yet been clearly identified [7-13]. Reed [12] reported
that SBPs at 40% and 60% HR reserve was higher in CE
than in TM. Also, it is reported that SBP at the maximum
workload was higher in CE than in TM [9]. These results
indicate that the degree of increase in SBP on the CE is
likely to be higher than the degree of increase in SBP on
the TM. As the increased SBP in CE could increase the
myocardial burden of patients with BP-related diseases
such as ischemic cardiovascular disease, hypertension,
and aneurysm, which may have an adverse effect [14], it
should carefully be considered in the exercise test and
exercise prescription. Thus, the information on the dif-
ferences in the increment level of SBP between CE and
TM is necessary for making an exercise prescription.

Previous studies on the differences of SBP between dif-
ferent modes of exercise testing were based, however, on
the HRs instead of VO, as the criterion for the exercise
workload, and used uniform intensities of the exercise
workload instead of gradually increasing the exercise
load from low to maximal intensity. Therefore, not much
information on BP has been seen in the hemodynamic
responses (particularly SBP) to graded exercise incre-
ments in the exercise load (VO,) from low to high inten-

sity in CE and TM exercise.

This study hypothesized that the SBP and rate-pressure
rate during cycle ergometer exercise could be higher
than SBP and rate-pressure rate during a TM exercise at
the given low-to-maximal exercise load expressed as VO,.
The aim of this study is to exam the effects of exercise
modes on the SBP and rate-pressure product (RPP) dur-
ing a gradually increasing exercise load from low to high
intensity.

MATERIALS AND METHODS

Subjects

Fifteen apparently healthy males who have no known
diseases and live independently were recruited from a
physical education college to take part in the study. All
participants, who regularly performed graded exercise
test at least two times a year for three years, were highly
motivated and accustomed to the performance of ex-
haustive tests on both the bicycle ergometer and TM. The
participation criteria were as follows: 1) nonsmoking;
2) age>19 and <23; 3) involvement in structured physi-
cal activity (i.e., regular moderate-to-high activity more
than 240 min/wk) in the 8 months previous to the study;
4) absence of medication; and 5) absence of any medical
or orthopedic condition aggravated by exercise. These
inclusion criteria were selected for earning stable cardio-
vascular response to the graded exercise test. Participants
gave written, informed consent after the experimental
procedures and the associated risks as well as the ben-
efits of participation were fully explained. All subjects
were recruited through advertisements in local media.
Sixty persons were interviewed on this study and 29 sub-
jects voluntarily participated in this experiment. Among
29 subjects, 14 participants were dropped out because
of unstable response to the graded exercise tests. Fifteen
participants finally completed all the experiments of this
study. Therefore, the compliance in the present study
was 51.7%. Written informed consent was obtained from
all subjects. Institutional Review Board (IRB) approved
the procedure and study design of this study (IRB serial
no. 10—107).

Exercise tests
Participants were instructed to arrive at the laboratory
in a rested state, at least 3-hour postprandial, to avoid
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strenuous exercise and alcohol in the 48 hours preced-
ing a test session. They were weighted (kg) and had their
height (cm) measured, and were fitted with a Heart Rate
Monitor (Polar Electro, Kempele, Finland). Participants
then completed a medical history and physical activity
questionnaire. After allowing a ten-minute seated rest
period, HR and BP were measured at rest by a Heart Rate
Monitor and a mercury sphygmomanometer. Cardiopul-
monary responses to exercise were measured during a
graded CE model T300 (COSMED, Rome, Italy) and TM
tests model Excalibur Sport (Lode BV., Groningen, Neth-
erlands) on two different days with an interval of one
week in random sequence. Room temperature was 20°C—
24°C and relative humidity was 45%—55%. TM testing was
performed according to the Bruce protocol [1], which
consists of three-minute increments of TM speed and
incline, starting at a speed of 2.74 km/h and a gradient
of 10%, increasing in gradient by 2% every 3 minutes in
line with simultaneous increments of speed of 2.74, 4.02,
5.47, 6.76, 8.05, and 8.85 km/h. The graded cycle ergom-
eter testing used a Bruce ramp protocol that consists of
continuous work rate increments [1]. With the pedaling
cadence at 70 rpm, the work rate increased as a ramp of
35 W/min to achieve maximal power output within 8 to
12 minutes of the test. Both test modes included a warm-
up period consisting of stretching exercises and a three-
minute walk at 6.0 km/h or a three-minute pedaling at 70
rpm with a load at 20 W. The two protocols were compa-
rable for gradually increasing loads and reaching the all-
out load even though the Bruce ramp protocol produced
continuously increased loads because the sum of the
three-minute increased loads at each three-minute-long
stage were comparable with each stage of Brue protocol
for TM [1,2]. During CE and TM tests, VO,, HR, BP, and
the Borg-rated perceived exertion were recorded per
minute starting from the baseline, starting from two and
at maximal exercise. VO,, carbon dioxide production, and
gas exchange ratio were measured on a breath-by-breath
basis by a gas analyzer K4b, (COSMED). The HR was
determined with a Heart Rate Monitor, and BP was mea-
sured with a mercury sphygmomanometer by a trained
technician under supervision of a physician. The Borg-
rated perception of exertion was attained through direct
communication by using the Borg scale. The RPP were
obtained by multiplying the HR by SBP (RPP=HRxSBP).
The establishment of a maximal VO, (VO,,,,,) for each
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participant was evaluated against the criteria (a plateau
in VO,, Borg-rated perceived exertion 19 or 20, HR within
+10 beats of age-related maximum and a respiratory ex-
change ratio >1.15) and confirmed if three of them were
met. The gas analyzer was calibrated with mixed calibra-
tion gas every 5 exercise tests.

Statistical analysis

Based on the power analysis with G-power 3.0 program
[14], it is estimated that at least 15 patients were requited
to detect the mean differences in VO,, HR, SBP, and RPP
between CE and TM, with a statistical power of 80%, type
I error of 0.05, effects size of 0.7 and one-tailed test. To
compensate for a possible exclusion, 29 subjects were
first enrolled and after a dropout of 14 subjects (51.7%
of compliance). 15 subjects finally completed this study.
Descriptive statistics were used for all the variables, and
all values were presented as the means and standard er-
rors. Comparisons of individual data between exercise
modes were performed using Wilcoxon matched-pairs
singed-ranks test. For estimating the increment ratios of
the HR-to-VO,, SBP-to-VO,, RPP-t0-VO,, and SBP-to-HR,
the binary linear regression analysis was conducted with
the model of ender. Independent variable was VO, with
the dependent variables of HR, VO,, and RPP, respec-
tively. Independent variable was also HR with SBP. With
calculating the binary linear regression analysis, beta
value was used for the slope of equation and constant
value was used for y-intercept in the regression equation.
F-value was identified for the significance of the equation
model. The variance inflating factor (VIF) was calculated
on the regressions of VO,-HR, VO,-SBP, VO,-RPP, and
HR-VO, and the values of VIF were 1.000 in all of the re-
gression analyses. Pearson product moment coefficients
(r) were used to assess the significance of relationships of
hemodynamic response variables. The statistical signifi-
cance level was set at p<0.05 with the one-tailed test. All
analyses were performed using SPSS ver. 11.0 (SPSS Inc.,
Chicago, IL, USA).

RESULTS

Fifteen healthy male participants all obtained the
resting-to-maximal VO, by reaching all-out intensity in a
gradual stress test on CE and TM. Their general charac-
teristics were shown at (Table 1), including age, physique,
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Table 1. Characteristics of subjects (n=15)

Characteristic Mean+SD Range
Age (yr) 21+1.3 19-23
Height (cm) 178.4+4.6 168.3-186.0
Weight (kg) 76.4+7.3 63.2-90.1
BMI (kg/m?) 24.0+1.7 21.0-28.1
HR,., (beat/min) 61+3.4 53-66
SBP,.. (mmHg) 105+5.8 95-115
DBP,., (mmHg) 69+6.7 52-80
MAP, ., (mmHg) 81+5.4 67-90
RPP,,, 6,449+468 5,782-7,260

Values are meantstandard deviation (SD).
BMI, body mass index; HR,,, resting heart rate; SBP,,
systolic blood pressure at rest; DBP,, diastolic blood
pressure at rest; MAP,,,, mean arterial blood pressure at
rest; RPP,,, rate-pressure products at rest.

®

65.0 1

60.0
55.0 —

n

50.0

mL/log/m

45.0 1

40.0

35.0 T 1
VO

2max

200 A

1901 p<0.001

180

170

mmHg

160 -

150 ~

140

T
SBP

max

HR, and BP at resting. As shown in (Fig. 1), the VO,,,,, on
CE was significantly lower than that on TM (CE vs. TM:
48.51+1.30 vs. 55.4+1.19 mL/kg/min; p<0.001). At this
status, the maximum heart rate (HR,,,,) was significantly
lower in CE than TM (CE vs. TM: 177+2.4 vs. 188+2.3
beats/min; p<0.001), while maximum systolic blood
pressure (SBP,...) in CE was significantly higher than in
TM (CE vs. TM: 170+2.4 vs. 154+1.7 mmHg, p<0.001),
leading to a significantly higher load in the maximum
rate-pressure product (RPP,...) in CE compared to RPP,,,
in TM (CE vs. TM: 30,149+678 vs. 28,971+295; p<0.05). In
other words, CE had lower VO,,,,, and HR,,, than TM at
the level of aerobic maximal capacity, and showed high
SBP, .. and RPP

From the graded exercise tests on the CE and TM reach-
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ing from low intensity to maximal intensity, patterns of
responses of HR, SBP, and RPP for gradually increasing
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Fig. 1. Hemodynamic differences between cycle ergometer (CE) and treadmill (TM) at the maximum level of work-
load (n=15). VO,,,,, maximum oxygen uptake; HR,,,,, maximum heart rate; SBP,,,., maximum systolic blood pressure;

RPP, ., maximum rate-pressure product.
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Fig. 2. An example of hemodynamic patterns of the heart rate, systolic blood pressure (SBP) and rate-pressure product
(RPP) according to the work rates on cycle ergometer (CE) and treadmill (TM) during the gradual exercise test (n=1).

VO,, oxygen uptake.

load VO, are as in (Fig. 2). HR, SBP, and RPP proportion-
ally increased as VO, increased, but SBP and RPP of CE
were higher than TM, except that HRs of CE and TM
maintained the same level with each other in terms of the
width and slope for the increase.

The results of a slope of the line from relation of HR,
SBP, and RPP with VO, or SBP for fifteen participants (Fig.
3). While the increment of the HR-VO, appeared to be the
same as VO, increased in times of graded exercise test of
CE and TM (p=0.26), the slope of SBP increase and RPP
accompanied by VO, increase (SBP-VO, and RPP-VO,,
respectively) were all significantly higher in CE than in
TM (p<0.001). On the other hand, on the standard of the
HR, not VO,, for exercise load, SBP accompanied by the
increase of exercise load (HR) elevated with a stiffer slope
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in CE than in TM (p<0.001). In the end, SBP in times of
gradually increasing exercise load for CE increased rela-
tively a lot in TM, and RPP too elevated to a high level as
aresult.

DISCUSSION

In this study, two modes of exercise tests (CE and TM
exercise) were performed with gradual increments in
the exercise workload from low to maximal intensity, to
identify the differences in the hemodynamic responses,
particularly VO,, HR, SBP, and RPP during the low-to-
maximal exercise. The results showed that VO,, HR, SBP,
and RPP increased in positively direct proportion to the
increase in the exercise workload in TM and CE. The
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Fig. 3. The slope differences between cycle ergometer (CE) and treadmill (TM) exercise during the graded exercise
test. (A) Slope for heart rate (HR) to oxygen uptake (VO,): HR is the y-axis and VO, is the x-axis. (B) Slope for systolic
blood pressure (SBP) to VO,: SBP is the y-axis and VO, is the x-axis. (C) Slope of rate-pressure product (RPP) to VO,:
RPP is the y-axis and VO, is the x-axis. (D) Slope for HR to SBP: HR is the y-axis and SBP is the x-axis. All values are

meanztstandard error.

slope of the increasing line in the hemodynamic vari-
ables with the increased VO, differed, however, between
CE and TM.

Conventionally, in the graded exercise tolerance tests,
VO,,.., differ most conspicuously in CE and TM. It has
been reported that VO,,,., was higher in TM than in CE
[15,16], and that the degree of difference varied from 6%
to 25% [16]. These differences are considered attribut-
able to the difference in examinees’ ages and degrees of
physical fitness, the type of exercise, and exercise test
protocols. Consistent with the results of the previous
studies, VO,
than in TM. As the TM test can most accurately measure

in this study were significantly lower in CE

VO,,... and HR_,, the sensitivity in detecting myocardial
ischemia is naturally higher in TM than in CE [17,18].

In this study, VO, was first used as the criterion for the
increasing exercise workload, and the degrees of HR, SBP,
and RPP responses to the CE and TM exercise were ascer-
tained. HR increased to the same degree as the increase
of VO, in CE and TM; whereas SBP and RPP increased
considerably more in CE than in TM for most of the low-
to high-intensity exercise loads. The slopes of the line of
HR-VO, with the gradual increase in the exercise work-
load in TM and CE were the same. The slopes of SBP and
RPP with the increases in HR and VO, were significantly
higher in CE than in TM, though. As such, the increases
in HR, SBP, and RPP had direct proportional relation-
ships to the increase in VO,, and both SBP and RPP, but
not HR, increased more in CE than in TM. Also, the SBP
increase with the increase in HR was higher in CE than in
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TM. These results indicate that the BP response at a max-
imal exercise load is stronger in CE than in TM, which
leads to higher RPP.

Balogun et al. [17] reported that the higher RPP in CE
than in TM was attributable to the increased HR. In this
study, however, the SBP increase was higher in CE than
in TM when the same oxygen uptake and HR were used
as criteria for the exercise load, and consequently, RPP
also increased. This is a very interesting result that was
not ascertained in the previous studies. A higher SBP in
CE than in TM is observable in athletes. BP of endurance
athletes during exercise can increase to 175/69 mmHg;
whereas resistance athlete’s BP can reach 480/350 mmHg
at the maximum effort. Also, cycle athlete’s BP increases
to over 200 mmHg during cycling exercise [19-22]. Cy-
cling and rowing are both dynamic and static exercises.
Fagard [22] reported that in a large-scale study of 947
elite athletes, cycling and rowing increased the inside
diameter of the left ventricle and the thickness of the
myocardial wall the most. The high SBP during cycling
and rowing is the main cause of the increased inside di-
ameter of the left ventricle and the increased thickness of
the myocardial wall [22]. In a recent study of women with
sedentary lifestyles, both their SBP and diastolic blood
pressure were higher in the CE test than in TM when 40%
and 60% of the target HR were used [12]. That study ex-
plained the reason for the higher BP in CE as the increase
in the blood flow resistance in the muscle in CE under a
similar workload, the reduced stimulation of the vagus
nerve, and the increased tension in the muscle with in-
creased exercise intensity [23-25].

Generally, an exercise prescription is made with a lower
minimal load, and it is recommended that the exercise
load is 85% of the target HR, according to the Karvonen
et al. [26]. When the data obtained from the TM test are
applied to the Karvonen et al. [26], normal people can
exercise in CE without any problem. However, patients
with ischemic cardiovascular disease, exercise-induced
hypertension, and aneurysm may be subject to a higher
myocardial burden in CE. Therefore, for them to be able
to exercise in TM, the exercise intensity should be deter-
mined based on the exercise load test performed in TM;
and likewise, for them to be able to exercise in CE, the
exercise prescription should be made based on the HR
obtained from the exercise load test performed in CE.
The correlation between the change in BP with increased
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HR in TM and CE should be identified in further studies;
and based on such a correlation, an exercise prescription
should be made using the formula for converting HR in
TM to HR in CE, to obtain a similar myocardial burden.

Conventionally, the myocardial oxygen uptake (MVO,)
has been an effective marker of the coronary circula-
tion response in relation to the myocardial metabolic
demand. MVO, can be measured from SBP and HR
(HRxSBP), and is generally defined as RPP or a double
product [27,28]. It is reported that RPP is the most reli-
able marker of myocardial perfusion in patients with
coronary arterial disease as well as in normal people.
Many patients with chronic stable angina are likely to
experience repetitive chest pain at the same RPP [5,29].
Moreover, the change in the ischemic ST segment occurs
at certain RPPs, and the BP is likely to increase in patients
with exercise-induced hypertension more significantly
in CE than in TM. It was also reported that exercises that
involve an increase in RPP without increasing HR to over
100 were the main reason for the rupture of aneurysm
[4,29]. Beta-blockers, which are used to prevent such
cardiovascular event and aneurysm, are known to be ef-
fective in reducing RPP [3,5,29]. Other research have also
reported that cardiovascular disease patients, including
hypertensive patients, showed a much more burden of
RPP to the TM exercise at the intensity of 40% and 80%
heart rate reserve (HRR) compared to the CE exercise at
the same intensity of 40% and 80% HRR [30-32]. Thus,
it was considered risky to apply data from TM to CE to
make an exercise prescription for patients with ischemic
cardiovascular disease, exercise-induced hypertension,
or aneurysm. Although there has been no report that in-
creased RPP due to increased SBP resulted in cardiovas-
cular events more in CE than in TM at a maximal exercise
load, clinical studies are required to ascertain this.

There was a limitation in this study. Even though the BP
was measured by a single expertise in this study, the in-
tra-rater reliability of BP measurements was not assessed.
Therefore, some caution about measurement error on BP
should be considered.

At the comparably given workloads ranging from the
low to maximal intensity, the BP response is stronger in
CE than in TM, which leads to higher RPP. Therefore,
there is a possibility that CE could induce more burdens
of workloads to cardiovascular system in humans. These
findings could imply that people and patients with car-
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diovascular disease patients would do strenuous exercise
at CE than in TM exercise.
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