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Effect of continuous and interval exercise training on
the PETCO, response during a graded exercise test in
patients with coronary artery disease
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OBJECTIVE: The purpose of this study was to evaluate the following: 1) the effects of continuous exercise training
and interval exercise training on the end-tidal carbon dioxide pressure (PETCO,) response during a graded exercise
test in patients with coronary artery disease; and 2) the effects of exercise training modalities on the association
between PETCO, at the ventilatory anaerobic threshold (VAT) and indicators of ventilatory efficiency and
cardiorespiratory fitness in patients with coronary artery disease.

METHODS: Thirty-seven patients (59.7 + 1.7 years) with coronary artery disease were randomly divided into two
groups: continuous exercise training (n=20) and interval exercise training (n=17). All patients performed a graded
exercise test with respiratory gas analysis before and after three months of the exercise training program to
determine the VAT, respiratory compensation point (RCP) and peak oxygen consumption.

RESULTS: After the interventions, both groups exhibited increased cardiorespiratory fitness. Indeed, the continuous
exercise and interval exercise training groups demonstrated increases in both ventilatory efficiency and PETCO,
values at VAT, RCP, and peak of exercise. Significant associations were observed in both groups: 1) continuous
exercise training (PETCO,VAT and cardiorespiratory fitness r=0.49; PETCO,VAT and ventilatory efficiency r=-0.80)
and 2) interval exercise training (PETCO,VAT and cardiorespiratory fitness r=0.39; PETCO,VAT and ventilatory
efficiency r=-0.45).

CONCLUSIONS: Both exercise training modalities showed similar increases in PETCO; levels during a graded exercise
test in patients with coronary artery disease, which may be associated with an improvement in ventilatory efficiency
and cardiorespiratory fitness.
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INTRODUCTION

End-tidal carbon dioxide pressure (PETCO,) is a non-
invasive index that is considered to be a good indicator for

ventilation and perfusion in the lungs (ventilation-perfusion
mismatch) of cardiac patients. This observation has led to an
increased ratio of physiologic dead space to tidal volume. In
this regard, patients with cardiac disease have been shown

evaluating the ventilation/perfusion relationship in patients
over a wide range of conditions (1,2). Variations in PETCO,
have been shown to reflect changes in both cardiac output
and pulmonary blood flow in animals and humans under
constant ventilation (3). For example, previous studies
(4,5,6) have demonstrated alterations in the distribution of
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to have an abnormally low PETCO, during exercise,
especially those with an impaired response of cardiac
output during exercise (5). Moreover, recent investigations
have shown that reduced PETCO, is considered to be a
strong predictor of adverse events in cardiac disease (7,8).

Aerobic exercise training has been recommended as a
non-pharmacological treatment for patients with coronary
artery disease (CAD) (9,10). In this context, continuous
exercise training (CET) promotes beneficial cardiorespira-
tory adaptations in CAD patients (11). Interestingly,
previous investigations (12) have also demonstrated the
effectiveness of interval exercise training (IET) for improv-
ing cardiorespiratory fitness in CAD patients. IET involves
alternating brief (2-5 min) higher-intensity (=75% VOapeal)
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Table 1 - Patient characteristics.

All patients CET IET
N 37 20 17
Age (years) 59.7+1.7 62.5+2.0 56.5+3.0
Weight (kg) 79.8+2.3 78.2+3.1 81.6+3.7
BMI (kg/mz) 28.3+0.6 28.1+1.0 28.5+0.9
Men/women 28/9 15/5 14/3
Hypertension 35 (84%) 19 (54%) 16 (46%)
Diabetes 11 (30%) 4 (36%) 7 (64%)
Myocardial 17 (46%) 11 (65%) 6 (35%)
infarction
Drugs
Beta-blockers 27 (72%) 16 (59%) 11 (41%)
ACE inhibitors 24 (65%) 10 (42%) 14 (58%)

Values are means+SE. CET =continuous exercise training; IET =interval
exercise training; BMI=body mass index. p>0.01 for all variables between
groups.

and moderate-intensity workloads throughout an exercise
session. However, little is known regarding the impact of
the exercise training modality on the PETCO, response
during a graded exercise test in CAD patients. Thus, the
purpose of this study was to evaluate the following: 1) the
effects of continuous exercise training and interval exercise
training on the PETCO, response during a graded exercise
test in CAD patients; and 2) the effects of exercise modalities
on the association between PETCO, at the ventilatory
anaerobic threshold (VAT) and indicators of ventilatory
efficiency and cardiorespiratory fitness in CAD patients.

MATERIALS AND METHODS

Population

The patients were admitted to the coronary care unit from
the TotalCor Hospital for the diagnosis of coronary artery
disease. Forty-five CAD patients (60.0+1.7) were initially
enrolled into this study. The inclusion criterion was stable
coronary artery disease diagnosed by coronary angiography.
The exclusion criteria were unstable angina pectoris, complex
ventricular arrhythmias, pulmonary congestion, and ortho-
pedic or neurological limitations to exercise. Thirty-seven
patients meeting the inclusion/exclusion criteria were
considered for this study. The CAD patients were randomly
divided into two groups: CET (n=20) and IET (n=17). The
patients remained on their standard medication throughout
the study, and no changes were reported. The study
participants read a detailed description of the protocol and
completed a written informed consent (Table 1).

Graded Exercise Test

A maximal graded exercise test was performed on a
programmable treadmill (DigiStress model pulsar, Go-
vernador Valadares, MG, Brazil). The gas exchange and
ventilatory variables were measured continuously during the
gas exchange tests, breath by breath, using an open-circuit
spirometry procedure based on an exercise system
(SensorMedics - model Vmax 229 Pulmonary Function/
Cardiopulmonary Exercise Testing Instrument, Yorba Linda,
CA, USA). The following variables were obtained breath by
breath and were expressed as 30-s averages: pulmonary
oxygen uptake (VO, ml-kg'l-min’1 STPD), respiratory
exchange ratio (RER), pulmonary ventilation (VE 1-min™
BTPS), functional estimate of dead space (VD/VT),
ventilatory equivalents for oxygen and carbon dioxide
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(VE/VO,; and VE/VCO;) and end-tidal pressures for
oxygen and carbon dioxide (PETO, and PETCO, mmHg).
Before each test, the gas analyzers were calibrated using
gases of known concentrations of carbon dioxide and
oxygen balanced with nitrogen, and the flow meter was
calibrated using a 3-L syringe. The heart rate was
continuously recorded at rest, during the graded exercise
testing and during the recovery period using a 12-lead ECG
(HW Systems- HeartWare Ltd.). All tests in this study were
performed in the same laboratory at the same room
temperature (20-23°C).

The subjects performed a ramp-like progressive exercise
test until they were exhausted on the treadmill. The exercise
workload (speed and/or slope) was increased every 1
minute; the incremental part of the exercise test was
completed between approximately 8 and 12 minutes.

Ventilatory Anaerobic Threshold

The ventilatory anaerobic threshold (VAT) was deter-
mined to occur at the break point between the increase in
the carbon dioxide output and VO, (V-Slope) or the point at
which the VE/VO, reached the minimum value and began
to rise without a concomitant rise in VE/VCO, (13).

Respiratory Compensation Point

The respiratory compensation point (RCP) was deter-
mined to be the point at which the VE/VCO, reached its
minimum value and began to rise and the highest value of
PETCO, before its progressive fall (14).

Peak Oxygen Consumption

The peak oxygen consumption (VOzpeax) Was defined as
the maximum attained VO, at the end of the exercise period,
when the subject is exhausted (analog scale of the perceived
exertion to the Borg scale).

Exercise Training Program

A supervised exercise training program was conducted at
the cardiorespiratory rehabilitation center of the TotalCor
Hospital. The exercise training program consisted of three
60-minute exercise sessions per week over a 3-month
period. Each exercise session consisted of a 5 minute
warm-up, 50 minutes of aerobic exercise and 5 minutes of
cool-down exercises. The CET was performed on a treadmill
with a 50-minute duration and intensity at VAT. The IET
consisted of seven sets of 3 minutes at RCP and seven sets of
3 minutes of exercise at moderate intensity corresponding to
the VAT totaling 42 minutes. Heart rate was monitored
throughout the session to ensure that all patients exercised
within the limits of intensity.

Statistical Analysis

The statistical procedures were performed using SPSS
version 16.0 (SPSS Inc., Chicago, IL). The normality of the
distribution was checked for all variables using the
Kolmogorov-Smirnov test. A two-way analysis of variance
(ANOVA) with repeated measures was performed to
evaluate possible within-group and between-group differ-
ences for physical characteristics, cardiorespiratory fitness,
ventilatory efficiency and PETCO, response during GET in
the CAD patients subjected to CET and IET. When
significance was identified, a Tukey’s post hoc comparison
was performed.
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Table 2 - Physical and cardiorespiratory measurements in the CAD patients subjected to continuous exercise training and

interval exercise training.

CET IET
Pre Post Pre Post

Physical measurements

Age (years) 62.5+2.1 62.6+2.1 56.5+2.7 56.8+2.6
Weight (kg) 78.2+3.3 78.1+3.3 81.6+3.3 81.9+3.0
BMI (kg/m?) 28.1+1.0 28.1+1.0 28.5+0.7 28.5+0.7
Cardiorespiratory measurements

VOspeak mL/kg/min 18.0+1.2 22.2+1.3* 17.9+1.0 22.3+1.1*
VO, (VAT) ml/kg/min 12.5+0.7 15.0+0.7* 12.3+0.6 14.0+0.7*
VEVCO, (VAT) 33.04+0.8 29.7+0.6* 31.840.4 29.14+0.6*
VD/VT (VAT) 0.20+0.0 0.16+0.0* 0.20+0.0 0.18+0.0*
PETCO, (VAT) mmHg 37.54+0.6 41.0+0.4*1 38.04+0.6 40.2+0.3*

Values are means+SE. Pre, pre-intervention; Post, post-intervention; CET, continuous exercise training; IET, interval exercise training; BMI, body mass
index; VAT, ventilatory anaerobic threshold. *p<0.05 vs. pre-intervention; tp<0.01 vs. pre-intervention.

For both groups, the relative difference (A%) was
calculated for PETCO, in the intervals from rest to VAT,
rest to RCP, and rest to peak of exercise.

The Pearson-product moment correlation was per-
formed to examine the association between PETCO, at
VAT and the cardiorespiratory fitness and ventilatory
efficiency after the interventions. The data are presented as
means + SE. A p-value of <0.05 was considered statistically
significant.

RESULTS

Effects of interventions

Baseline measurements. Before the interventions, no
differences in the physical characteristics between the
groups studied were noted (Table 2). In addition, both
groups exhibited similar levels of cardiorespiratory fitness
and ventilatory efficiency (Table 2).

Physical characteristics. After the interventions, neither
the CET nor IET showed a significant reduction in body
weight (Table 2).

Cardiorespiratory response. After the interventions,
both the CET and IET showed an increase in the VOppeak-
A comparison between the groups revealed a similar
increase in the cardiorespiratory fitness (Table 2).

The ventilatory efficiency was analyzed at the VAT. After
the exercise training program, the CAD patients subjected to
either CET or IET showed significantly lower values for
VEVCO, and VD/VT. In addition, both exercise training
modalities demonstrated an increase in the PETCO, at VAT
(Table 2). A comparison between the groups revealed a
similar increase in the ventilatory efficiency (Table 2).

After the interventions, both the CET and IET showed
values significantly greater for the PETCO, during the GET
(Figure 1).

The changes in the PETCO, response from rest to VAT,
rest to RCP, and rest to peak of exercise are shown in
Figure 2. The statistical analysis determined that the relative
difference of the PETCO, in all intervals analyzed were
significantly higher after the interventions.

The results of the correlation analysis between PETCO, at
VAT and the cardiorespiratory parameters after either CET
or IET are shown in Table 3.

Positive associations were observed in both groups for
cardiorespiratory fitness: 1) CET (PetCO,VAT and VOjpeak
r=0.49; PetCO,VAT and VO,VAT r=0.49; p<0.05) and 2)
IET (PetCO,VAT and VOgpeax r=0.39; PetCO,VAT and
VO,VAT r=0.33; p<0.05). However, negative associations
were observed in both groups for ventilatory efficiency: 1)
CET (PetCO,VAT and VEVCO,VAT r=-0.80; PetCO,VAT
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Figure 1 - PETCO, response during a graded exercise test in patients with coronary artery disease subjected to either continuous
exercise training or interval exercise training. VAT = ventilatory anaerobic threshold; RCP =respiratory compensation point. 1 p<0.05 vs.
rest (pre- and post-continuous); { p<0.05 vs. rest (pre- and post-interval); * p<<0.05 vs. post-continuous; 8 p<0.05 vs. post-interval.
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Figure 2 - Percentage difference from rest to ventilatory
anaerobic threshold (rest/VAT), rest to respiratory compensation
point (rest/RCP) and rest to peak of exercise (rest/Peak) in
patients with coronary artery disease subjected to continuous
exercise training (panel A) and interval exercise training (panel
B). VAT =ventilatory anaerobic threshold; RCP =respiratory com-
pensation point. * p<<0.05 vs. post-intervention.

and VD/VT VAT r=-0.57; p<0.05) and 2) IET (PetCO,VAT
and VEVCO,VAT r=-0.45; PetCO,VAT and VD/VT VAT
r =-0.42; p<0.05).

DISCUSSION

The main findings of this investigation were the follow-
ing: 1) continuous exercise training and interval exercise
training improved the PETCO, response during a graded
exercise test in CAD patients; 2) both exercise modalities
resulted in similar increases in the values of PETCO,; and 3)
after exercise training, the improvements in ventilatory
efficiency and cardiorespiratory fitness in patients with
CAD were associated with increased values of PETCO..

Table 3 - Correlations between PETCO, at ventilatory
anaerobic threshold and the cardiorespiratory
measurements in CAD patients after continuous exercise
training and interval exercise training.

CET IET
r p-value r p-value
VOypeak MLkg/min 0.49 0.01 0.39 0.01
VO, (VAT) mL/kg/min 0.49 0.01 0.33 0.05
VEVCO, (VAT) -0.80 0.01 -0.45 0.01
VDT (VAT) -0.57 0.01 -0.42 0.01

CET, continuous exercise training; IET, interval exercise training.
r=Pearson’s product moment correlation coefficient.
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The elucidation of the mechanisms involved in the
improvement observed in the PETCO, response after
exercise training in the CAD patients are beyond the scope
of this study. However, we suggest that factors related to
the improvement of the ventilation-perfusion (V/Q) mis-
match may be responsible for the increase in the PETCO,
during a graded exercise test (11).

In this regard, previous investigations have shown that
the failure of pulmonary blood flow (cardiac output) to
increase appropriately during exercise and increased
physiological dead space are the main factors leading to a
decrease in PETCO;, in cardiac patients (1,15). For example,
Matsumoto et al. (5) reported a positive association
between cardiac output and PETCO, during a graded
exercise test in cardiac patients. In addition, ETO et al. (11)
observed a close relationship between increased PETCO,
and cardiac output after aerobic exercise training in cardiac
patients. In contrast, previous studies (1,5,15) reported an
association between low levels of PETCO, during exercise
with ventilatory inefficiency. Accordingly, our findings
suggest that factors related to the increase in both
ventilatory efficiency and cardiorespiratory fitness were
mainly responsible for the increase in PETCO, during the
graded exercise test. In fact, after 12 weeks of either CET or
interval exercise training, the CAD patients had lower
values for VEVCO, and VD/VT at VAT. Moreover, the
CAD patients subjected to both exercise training modalities
demonstrated increases in VOppcar. After the interventions,
we observed a positive association between PETCO, at
VAT and VOppeax and a negative association between
PETCO, at VAT and VEVCO, at VAT. These findings
suggest that the improvement in the V/Q mismatch after
exercise training may be associated with an increase in the
PETCO, at VAT. Another possible explanation for the
increased PETCO, after exercise training would be raising
the set point of PaCO, modulation by peripheral chemor-
eceptors and/or hypoventilation (11,16).

With regard to cardiorespiratory fitness, the CAD patients
subjected to either CET or IET exhibited similar increases in
VOgpeak- In this context, our findings are in agreement with
previous studies that demonstrated the same effectiveness
of both exercise training modalities to increase the cardior-
espiratory fitness in CAD patients (12,17). However, other
investigations (18,19,20) observed greater responsiveness to
interval exercise training compared with continuous exer-
cise training.

For example, Rogmo et al. (18) observed a superior
increase in VOppea in CAD patients subjected to IET, in
which 4 minutes at a higher intensity (80-90% VOzpeai) and
3 minutes at a moderate intensity (50-60% VOjpea) were
alternated throughout the exercise session. In the same
study (18), the CAD patients subjected to CET performed 41
minutes at a moderate intensity (50-60% VOzpeax) over 10
weeks. In the same context, Ciolac et al. (20) observed that
interval exercise training (80% of reserve heart rate) in
hypertensive patients increased cardiorespiratory fitness to
a higher degree than continuous exercise training (60% of
reserve heart rate).

In this investigation, the CAD patients subjected to IET
performed 3 minutes at RCP (80-90% VOgpea) and 3
minutes at moderate intensity corresponding to the VAT.
In contrast, the patients subjected to CET performed 50
minutes at VAT (70-80% VOxpear) over 12 weeks.
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These results conflict with previous studies (18,20) and
may be associated with a greater relative intensity and
higher training volume in the CET group of our study.

In fact, evidence has suggested that stroke volume is the
main factor that limits cardiorespiratory fitness (20).
Moreover, higher intensities of aerobic exercise promote
an increase in central O, delivery (cardiac output), thereby
contributing to the training-induced improvements in
VOZpeak (20)

These findings demonstrate the need for a greater number
of randomized trials to investigate the mode of aerobic
exercise training that is more responsive in terms of
increased cardiorespiratory fitness for patients with cor-
onary artery disease.

Interestingly, after an exercise training program, the CAD
patients did not display any reduction in body weight.
Recent studies (21,22) have indicated that exercise-related
caloric expenditure for patients enrolled in cardiac rehabi-
litation programs was only modest.

In both exercise training modalities, we observed energy
expenditures of approximately 230 kcal/session. For exam-
ple, Savage et al. (2000) reported that a caloric expenditure
of 270 kcal/session during three months of a cardiac
rehabilitation program had little impact on measures of
obesity.

This study has limitations, such as the lack of evaluations
of cardiac output and arterial blood gases during the graded
exercise test.

In summary, these findings suggest that both continuous
exercise training and interval exercise training promote an
improved PETCO, response during a graded exercise test in
patients with coronary artery disease. Taken together, these
results demonstrate that the application of different mod-
alities of aerobic exercise training may be important in
improving cardiorespiratory efficiency in patients with
coronary artery disease.
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