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Abstract The objective of this study was to evaluate the
viability of using a single test in which cardiorespiratory
variables are measured, to establish training guidelines
in running and/or cycling training activities. Six triath-
letes (two females and four males), six runners (two fe-
males and four males) and six males cyclists, all with
5.5 years of serious training and still involved in racing,
were tested on a treadmill and cycle ergometer. Car-
diorespiratory variables [e.g., heart rate (HR), minute
ventilation, carbon dioxide output (V' CO,)] were calcu-
lated relative to fixed percentages of maximal oxygen
uptake (VOspmayx; from 50 to 100%). The entire group of
subjects had significantly (P < 0.05) higher values of
VOsmax on the treadmill compared with the cycle ergo-
meter [mean (SEM) 4.7 (0.8) and 4.4 (0.9) 1 min ',
respectively], and differences between tests averaged
10.5% for runners, 6.1% for triathletes and 2.8% for
cyclists. A three-way analysis of variance using a
3x2x6 design (groups X tests X intensities) demon-
strated that all factors yielded highly significant F-ratios
(P < 0.05) for all variables between tests, even though
differences in HR were only 4 beats - min_l. When HR
was plotted against a fixed percentage of V' Os,ax, @ high
correlation was found between tests. These results
demonstrate that for triathletes, cyclists and runners, the
relationship between HR and percentage of VOjpay,
obtained in either a treadmill or a cycle ergometer test,
may be used independently of absolute V' O,,,,,, to obtain
reference HR values that can be used to monitor their
running and/or cycling training bouts.
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Introduction

Maximal oxygen uptake (VOomax) is generally accepted
to be the best indicator of endurance performance ca-
pacity (Mitchell et al. 1958; O’Toole and Douglas 1995;
Sleivert and Rowlands 1996; Taylor et al. 1955; Welt-
man et al. 1990). Consequently, this variable is fre-
quently used to determine training intensities in
numerous endurance sports. VOs. 18 assumed to be
highly dependent upon the mode of testing, with the
highest values normally attained during treadmill run-
ning. Therefore, to optimize the effectiveness of a
training program, training activities need some specifi-
city with regard to mode, duration and intensity (Bou-
chard et al. 1979; Kohrt et al. 1987). Training effects
also appear to be specific to the mode of training used by
an athlete; therefore differences between testing modes
vary with training (Pechar et al. 1974; Sharkey 1988).
Because of this specific adaptation, runners are generally
tested on a treadmill, and cyclists on a cycle ergometer.
However, triathletes engage in three aerobic modes of
exercise that use the same muscle groups. Therefore, to
take into account testing mode specificity, triathletes
should preferably use three different tests to monitor
their training program.

However, there is a possibility that a cross-training
effect occurs when a high volume of training is per-
formed regularly with different modes of exercise (Flynn
et al. 1998; Schneider and Pollack 1991). If cross-train-
ing effects are real, then it may be possible to monitor
various training activities with a single indicator of work
intensity without having to undergo multiple testing
sessions using each training mode.

Numerous studies have shown that heart rate (HR)
and oxygen uptake (VO,) are strongly correlated in cy-
cling as well as running (Barbeau et al. 1993; Coast and
Welch 1985; Foster et al. 1978; Van Handel et al. 1988;
Veicsteinas et al. 1985). Since the availability of light-
weight monitors makes HR very easy to monitor con-
tinuously during training bouts, HR is now the variable



of choice used to control work intensity during training
bouts (Boulay 1995; Boulay et al. 1997; Gilman 1996;
Weltman et al. 1990). In trained endurance athletes
there is a possibility that HR values would be similar in
different exercise modalities when exercise intensities are
equivalent. Thus, the purpose of this study was to
evaluate the feasibility of using a single exercise test to
establish training guidelines in running and/or cycling
training activities.

Methods

Subjects

Six triathletes (two females and four males), six runners (two fe-
males and four males) and six male cyclists gave their written in-
formed consent (in compliance with Laval University’s Ethics
Committee regulations) to participate in this study, which was
performed in the preparatory phase of their training year. All
subjects were active athletes and had been competing at the pro-
vincial and national levels for periods ranging from 2 to 15 years;
some had participated in international events. Some of the physical
characteristics of these subjects are presented in Table 1.

I'/OZmaX test

Subjects underwent continuous, incremental tests to volitional ex-
haustion on both a treadmill and a cycle ergometer. These two
maximal tests were carried out randomly, with a minimal interval
between tests of 2 days, and a maximal interval of 7 days. The test
protocols were designed to yield similar test durations. The running
test was conducted on a motor-driven treadmill (Quinton Instru-
ments, Sedttle Wash., USA). After a 5-min warm-up dt a speed of
3.5 km - h™', the starting speed was set at 5.5 km - h™'. The grade
was set at 5% and was increased every 2 min by 1.1 km - h~" until
it reached 13.1 km - h™', after which it was raised by 3% every
2 min until exhaustion. The cycle ergometer test was performed on
an electromagnetically braked cycle ergometer (Warren E. Collins,
Braintree, Mass., USA). Subjects were asked to choose a familiar
and comfortable pedaling rate equal or higher than 60 rpm and to
maintain that rate throughout the test. After a 4-min warm-up
period at 100 W, the test was initiated at an initial power output of
100 W. Increments of 25 W were made every min until 200 W was
reached; thereafter, 25-W increments were made every 2 min until
exhaustion.

Physiological measurements

During the tests, V0,, minute ventilation (V'g), carbon dioxide
output (¥'CO,) and respiratory exchange ratio (R) were recorded
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continuously with an automated open-circuit gas analysis system
using O, and CO, analyzers (Model S-3A and Anarad AR-400,
Ametek, Pittsburgh, Pa., USA), and a turbine-driven digital
spirometer (Model S-430, Vacumetrics/Vacumed, Ventura, Calif.,
USA) that had a 5.3-1 mixing chamber. HR was recorded by
electrocardiography in the CMS5 position (Model M200, Burdick,
Milton, Wisc., USA). The criteria used to confirm that }’ Oy, had
been reached were plateauing of VO, in spite of an increase in
speed or work rate, and an R value greater than 1.1. HR at ex-
haustion was taken as maximal heart rate (HR,,ay)-

Statistical analysis

Simple linear regression analysis was used to determine the rela-
tionship between tests and cardiorespiratory values. A three-way
(three groups X two tests X six intensities) analysis of variance
(ANOVA) with repeated measures was used to test significant
differences between dependent variables. Significant F-ratios were
followed by post-hoc comparison using Newman-Keul’s proce-
dure. Homogeneity of variance was tested with the Levene proce-
dures (Steel and Torrie 1980). For all statistical tests, a probability
level of P < 0.05 was considered significant. All values are ex-
pressed as means (SEM), unless specified otherwise.

Results

The maximal power output values obtained at exhaus-
tion for both exercise tests are presented in Table 1, and
other measures of performance are given in Table 2. All
groups exhibited a significantly (F ;5 = 22.79; P < 0.05)
higher VOomax On the treadmill than on the cycle ergo-
meter, with cyclists exhibiting higher values than both
the runners and the triathletes in both tests. Differences
between tests averaged 2.8% for cyclists, 10.5% for
runners and 6.1% for triathletes. Subjects differed sub-
stantially in absolute V' O,p.x, With values ranging from
2.3t0 6.1 1 min~! for the cycle ergometer, and from 3.0
to 5.71-min™' for the treadmill. These large inter-in-
dividual differences were due mainly to gender. If the
values provided by the female runners and triathletes
were removed from the analysis, the average absolute
VOsmax Values were 5.0 and 5.1 | - min™! for the runners
and 4.4 and 4.6 1 - min™"' for the triathletes in the cycle
ergometer and treadmill tests, respectively.

In separate groups, HR,,, values were higher on
the treadmill than on the cycle ergometer. Vg was higher
on the treadmill for the cyclists and runners, while V'CO,
was higher on the treadmill only for the cyclists.

Table 1 Physical and physiological characteristics of the sub]ects Data are presented as the mean (SEM). Metabolic equivalents of energy

expended above metabolic rate (METS) = 3.5 mlO, - - min~
Subjects Physical characteristics Test results
Age Mass Height Expertise Ergocycle Treadmill
(years) (kg) (m) (years)
Maximal Duration Metabolic Duration
power (W) (min) rate (METS)  (min)
Cyclists 24.3 (7.5) 72.5 (3.7) 1.78 (0.06) 6.2 (4.1) 439.6 (42.3) 21.3 (1.4) 20.8 (1.4) 19.8 (1)
Runners 21.0 (2.4) 64.8 (13.8) 1.72(0.1) 6.0 (2.2) 320.8 (78.1) 15.3 (6.3) 19.6 (1.6) 20.3 (1.9)
Triathletes 21.3 (1.6) 65.7 (5.6) 1.73 (0.05) 4.3 (2.8) 375 (31.6) 18.5 (3.2) 20.0 (1.5) 19.7 (1.4)
All groups 22.2 (5.0) 67.7 (9.1) 1.74 (0.07) 55@3.2) 378.5 (71.5) 18.4 (4.7) 20.1 (1.5) 19.9 (1.4)
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) The differences in HR between tests varied from
|l asa 3 beats - min~! for the cyclists and triathletes to
| gdg 6 beats - min~' m for the runners. Figure 1 illustrates
e | Al the evolution of HR relative to absolute values of VOs.
ER S There were large inter-individuals differences, but in all
- P three graphs,’ individuals values for the treadmill test are
gfé’ atas almost superimposed upon those of the cycle ergometer
S=|mtax test, as demonstrated by the nearly identical regression
N é L88R lines.
. Figures 2 and 3 present graphs of Vg and VCO,,
- | =aga respectively, plotted against absolute values of O,. The
SdElececee inter-individual differences were much smaller than
2olmzey those observed for HR, especially at lower V'O, values.
The dispersion of Vg values at high VO, values was
A~ related to the inter-individual differences in 7Oy« that
57 =Y ; ; ;
fg|s=Zss were observed as subjects reached their ventilatory
2 E NRE A threshold at different values of O,. This was especially
= evident in the runners’ data, as the two female runners
bé\*?*ﬁ had V'Ospax values of around 3.0 1 min_.l.
=2 e& Figure 4 shows mean HR plotted against fixed per-
o oA centages of VOjn.x (50-100%) for the cyclists (left
S ¥ 5@ panel), runners (middle panel) and triathletes (right

panel). There were large differences in individual HRs
(data not shown), but differences between tests in indi-

(beatsmin™") (I'min~)

Table 2 Physiological measurements at exhaustion. Data are presented as the mean (SEM). (HR Heart rate, Vo, oxygen uptake, V O max maximal 7O,, V' minute ventilation, ¥ CO,

E ffﬁﬁ vidual athletes were much smaller. Significant differen-
% o g ces (Fy15=9,54; P < 0.05) were found between tests
|z S22 for mean HR,,,,, and ANOVA revealed significantly
different mean submaximal HR values between tests for
o2 - all groups (Fy,15=7,82; P < 0.05). Post-hoc analysis
N BN indicated that HRs were not different between tests at
= ; %8 j values of under 90% ¥V O,pax for the runners and under
s < ob * 60% for the triathletes, while cyclists showed differences
El D e at each stage. Submaximal HRs were significantly
§Tm §@§§ ) higher on the treadmill than on the cycle ergometer,
wa oo | & however these differences were small, reaching about
ZE|ccde e 4 beats - min~".
£ The statistical relationships between the HRs achieved
Sl asaq| & on the cycle ergometer and those achieved on the treadmill
SElccee| 2 at various percentages of VO,n.x in all athletes are pre-
2 é 28I s sented in Fig. 5. HRs achieved on the cycle ergometer
[} . . .
aq:‘; were highly correlated with those achieved on the tread-
~acca| ® mill when calculated at fixed percentages of ¥ O,p,.«. The
E.IE S=9 g =z correlation coefficients were similar for the three groups
g Elacax § and reached r = 0.96 for the cyclists, r = 0.97 for the
el A g runners and r = 0.98 for the triathletes.
&
~ T |
T lecee |y . .
gle~—v| 3 Discussion
nE|l v -
Noe | 2232 | g
§ Comparisons between exercise tests or between labora-
= 2 tory and field tests have been conducted since the birth
] El ~maa| & of exercise physiology and have been the topic of nu-
a2l 2 Ela=Y| § - i
£l 2| dtaa | 5 merous publications. Such comparisons generally used
ol ol 28|z = protocols that were very similar or that generated very
g 2 similar physiological responses. Nagel et al. (1971), for
S 22| g example, compared the VO, requirements of gradual
o «»n wn = %‘ ) . .
= | 8 2520 = treadmill, cycle ergometer and step-device tests at seven
_§ & é § = & different workloads. Even though the protocols of that
513 Oer< | study were very similar from one test mode to another,



Fig. 1 Evolution of heart rate
(HR) relative to absolute oxy-
gen uptake (VO,) for the cycle
ergometer (closed circles) and
treadmill (open squares) tests
(individual values for the
cyclists, runners and triathletes)

Fig. 2 Evolution of minute
ventilation (V) plotted against
absolute VO, for the cycle
ergometer (closed circles) and
treadmill (open squares) tests
(individual values for the
cyclists, runners and triathletes)

Fig. 3 Evolution of carbon di-
oxide output (V'CO,) plotted
against absolute maximal VO,
(VO 34x) for the cycle ergome-
ter (closed circles) and treadmill
(open squares) tests (individual
values for the cyclists, runners
and triathletes)
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Fig. 4 Mean HR plotted 220
against fixed percentages of

VOsmax for the cycle ergometer

(closed circles) and treadmill 200
(open squares) tests performed
by cyclists (left), runners (mid-

dle) and triathletes (right) 180

HR (beats-min')
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Fig. 5 Correlation between HR values attained during the cycle
ergometer and treadmill tests at different percentages of V' Oopax for
the entire group (triathletes circles, runners squares, cyclists
triangles)

the VO, results, presented in 1 - min~', showed small but
significant differences between tests since: “...no single
line could describe the metabolic responses to the work
loads on the three instruments.” These results, as well as
many others, have revealed that adaptation in an exer-
cise test appears to be specific to the mode of testing.
The tests used in the present protocol were neither
designed to generate similar /"O, values at each stage, nor
to give similar rates of increase between stages. The major
means used to ensure that tests results would be compa-
rable were based on attaining a roughly similar test du-
ration, and on reporting results against fixed percentages
of VOsmax. The expression of work intensity in a relative
form has definitive merits because it provides the possi-
bility of comparing groups with very different character-
istics. For example Turley and Wilmore (1997) used that
procedure to compare the physiological stress induced by

~ Treadmill
~@ Ergocycle

100 50 60 70 80 90 100 50 60 70 80 90 100
90 VOamax 90 VO2inax

Runners Triathletes

%0 VO
Cyclists

exercise tests in adults and children. Therefore, this pro-
cedure ensures that the results of both tests are not only
comparable, but are also applicable to field situations in
mimicking what athletes do in the field, because habitually
they do not adhere to the same standardized work pro-
tocols in different exercise modes.

Test durations were not different between tests
(Table 1), even though there was a 5-min difference for
the runners that was caused by the presence of two fe-
male runners with a small body frame (42 and 57 kg)
who could attain cycle ergometer maximal work loads of
200 and 250 W, respectively. Although the presence of
these two female runners complicated the analysis of the
data, their results have been retained because they are an
expression of the biological variation that is likely to be
encountered in the sports world.

The results of our investigation have shown that, as
frequently reported by others, V'O,,.x Was higher on the
treadmill than on the cycle ergometer (Bouchard et al.
1979; Hermansen and Saltin 1969; Kohrt et al. 1987,
Martinez et al. 1993; McArdle and Magel 1970;
McConnell et al. 1984; Schneider et al. 1990). These
differences were small for cyclists (2.8%), but higher for
triathletes (6.1%) and runners (10.5%). These data thus
confirmed that absolute V'O;,. values are dependent
upon the mode of exercise and the specific training of an
athlete (McConnell 1988). Moreira-Da-Costa et al.
(1984, 1989) also reported that V'O, .« values were sig-
nificantly different between testing modes for runners,
but not for cyclists. Conversely, Miura et al. (1997),
Medelli et al. (1993) and Zhou et al. (1997) did not find
different values for VO,,,.x between tests with male tri-
athletes, while Schneider and Pollack (1991) found
similar results with female triathletes. One can postulate
that these findings might be related to the training spe-
cificity that causes local adaptation in active muscles,
which then may induce a specific enhancement of me-
chanical work efficiency. The small difference observed
in the cyclists of the present study might be related to the
fact that as a group, these athletes were older and had a
far greater and more diverse training and racing expe-



rience than the other groups. These observations con-
firm that athletes with a substantial previous cycling
experience as a form of exercise training exhibit cycle
ergometer V'O, values that are equal to or approach
those attained on a treadmill (Pechar et al. 1974).

At maximal work rate, significant differences were
observed in HR,,,, between tests for all groups, with
higher values being attained on the treadmill. These
results are in agreement with those of previous reports
(Martinez et al. 1993; McArdle and Magel 1970; Me-
delli et al. 1993; Schneider and Pollack 1991; Zhou et al.
1997), but differ from others in which no significant
differences are reported (Hermansen and Saltin 1969;
Kohrt et al. 1987; Moreira-Da-Costa et al. 1989; Schn-
eider et al. 1990). As in the present study, the former
studies were performed with male and female athletes,
while the latter studies included only male athletes. In
the present study, without the female runners, the
differences in HR,,,, between tests decreased to
3 beats - min~' (190 beats - min~' for the treadmill and
187 beats - min~' for the cycle ergometer), and conse-
quently reduced the mean HR,,,, for all groups. This
might be an indication that in an exercise restricted to
localized muscle groups such as cycling, the female
runners of the present study were probably limited by
their small muscle mass and/or by the specificity of
movement patterns required on the cycle ergometer,
while the two female triathletes (being taller and heavier
in addition to being more familiar with the activity)
were probably more efficient on the cycle ergometer.

Statistical analysis revealed that when expressed
against percentages of /' Oap,y, the runners’ HRs were not
significantly different between tests until 90% of V'O, ppux,
while the cyclists and triathletes exhibited distinct HR
profiles throughout the tests, since, with the exception of
triathletes at 50% of VOypay. significant differences were
observed at each percentage of V'Oy,... These results
might have been dependent upon the training period,
however, because when athletes were tested in their
competitive phase, Martinez et al. (1993) showed no HR
differences between cycle ergometer and treadmill tests at
work intensities expressed as percentages of VOjpax.
Moreover, unpublished data from our laboratory show
that experienced triathletes obtain similar submaximal
HRs when performing cycle ergometer and treadmill tests
at the same percentage of V'O, .« in the competitive phase
of their training year, corroborating the results of
McArdle and Magel (1970), who showed similar HRs in
both tests with trained subjects. On the other hand, Her-
mansen and Saltin (1969) reported a different pattern;
their subjects achieved higher HRs on the cycle ergometer
than on the treadmill at the same metabolic rates. They
assumed that a position effect was responsible, with a re-
duced venous return and a lower stroke volume occurring
when the subjects were in the upright position. However,
the trend for higher HRs on the cycle ergometer was re-
duced with training, since trained subjects demonstrated
smaller differences (4 beats - min~") than untrained sub-
jects (11 beats - min™Y).
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The results of studies performed with triathletes are
equivocal for Vgmay. In some studies subjects achieved a
higher Vgmax On the cycle ergometer than on the tread-
mill (Dengel et al. 1989; Kreider et al. 1988; Nagle et al.
1971; Schneider et al. 1990), while in other studies re-
sults were inconsistent because they used either un-
trained subjects or single-sport athletes (McArdle and
Magel 1970; Pannier et al. 1980; Pechar et al. 1974). In
the present study, runners displayed the highest tread-
mill Vgmax values; the cyclists achieved their Vg, on
the cycle ergometer, while the triathletes displayed sim-
ilar values in both tests. The cyclists displayed the
highest V' gmax values on both tests probably because as a
group they were taller and heavier than the two other
groups. The statistical analysis also revealed that the
cyclists and runners exhibited different Vg values at each
percentage of VOn,.x tested, whereas the triathletes
showed no difference at maximal values, but differences
at sub-maximal work intensities. The higher Vg values
observed in runners during treadmill running was a
consequence of their greater mechanical efficiency on the
treadmill (calculated at 10.0 km - h™"). This translated
into a longer duration of their run in spite of VOjmax
values smaller than those observed in cyclists. As a
motor activity, running is more complex than cycling
such that a really good runner is able to minimize the
energetically expensive vertical variations of his or her
center of gravity, thus permitting a more efficient use of
his or her aerobic power. Cyclists, on the other hand,
displayed a higher Vg, during the cycle ergometer test
as they were more efficient on this instrument (gross
mechanical efficiency calculated at 200 W), while being
limited by a less efficient running technique. The im-
portance of mechanical efficiency on the perception of
physiological strain appears to be confirmed by the
similar Vg values observed in triathletes. Since they de-
vote about the same amount of time in each of the
training modes studied, the triathletes probably had
more similar mechanical efficiencies in both testing
modes than did the other two groups. ]

Although all groups exhibited a higher VO, and
HR,.x on the treadmill than on the cycle ergometer, the
triathletes exhibited a lower V' Os,qx in the treadmill test,
and the runners exhibited the lowest HR for both tests
than both of the other groups, HR values achieved on
the treadmill were highly correlated to those attained on
the cycle ergometer when expressed at a fixed percentage
of VOsmax (Fig. 5). Our results were congruent with
those of other studies. Similar observations have been
reported by Hermansen and Saltin (1969) who found a
high correlation between HRs attained on a cycle er-
gometer and those attained on a treadmill when ex-
pressed at absolute VO,p.x. Arts and Kuipers (1994)
demonstrated that the relationship between power out-
put, ¥Ormax and HR were linear for absolute values as
well as for percentages of maximum power output,
VOomax and HR .«, and could be used interchangeably
to monitor intensity bouts. On the other hand, Weltman
et al. (1990) reported that HR data provide guidelines
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for exercise prescription for runners of similar ability for
durations as short as 15-30 min. Moreover, Boulay
etal. (1997) observed that HR was a more stable
physiological variable than either Vg or blood lactate in
an endurance performance test lasting 90 min, and re-
vealed that establishing training intensities with HR re-
sults and the corresponding VO, obtained from a
common laboratory exercise test remains the most
practical approach for controlling exercise intensity
during a prolonged workout.

The results of the present study have shown that the
HR differences generated by using the HR attained
during a cycle ergometer test to predict the HR that
would be attained while running were smaller than the
habitual intra-individual variations observed while
carrying out prolonged training activities. For example,
at 70% of ¥ Ospayx these differences were 1 beat - min™"
for runners and 2 beats - min_.1 for triathletes. At a
higher training intensity (at VO,na.y) the differences
reached 3 beats - min~' for cyclists and triathletes and
6 beats - min~! for runners. Therefore, to the athletes
and coaches trying to monitor more precisely the den-
sity of training, these small statistical differences would
appear to be rather non-significant and may very well
justify the use of a single progressive test to provide
information about training zones in endurance training
activities.

Taken together, these results have demonstrated that
the relationship between HR and VO, expressed as a
percentage of VOsay, gathered during cycle ergometer
or treadmill tests, are interchangeable and can be used to
monitor the intensity of activities performed using either
mode of exercise. Although trained cyclists would
probably prefer a cycle ergometer test and runners a
treadmill test, these results are especially interesting for
triathletes and other athletes who use a variety of
training modes; those athletes may then be able to use
only one mode of testing to obtain their training
guidelines.
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