Eur Respir J 2002; 20: 12-19
DOI: 10.1183/09031936.02.01152001
Printed in UK — all rights reserved

Copyright ©ERS Journals Ltd 2002
European Respiratory Journal
ISSN 0903-1936

Interval training as an alternative modality to continuous exercise
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ABSTRACT: Understanding of what constitutes a training load adequate to induce
training effects in patients with chronic obstructive pulmonary disease (COPD) is still
evolving. The present study investigated whether interval training (IT) is effective in
terms of inducing measurable improvements in physiological response and compared its
effects on exercise tolerance (ET) and quality of life to those of continuous training
(CT).

Thirty-six COPD patients, with a forced expiratory volume in one second of 45+4%
of the predicted value (meantSEM), were randomly assigned to CT (exercise at 50% of
baseline peak work-rate) or IT (work for 30 s at 100% of peak work-rate alternating
with 30-s rest intervals) groups that cycled 40 min-day™ and 2 days-week™ for 12
weeks.

After training, both groups showed significantly improved ET (IT, 5716 to 71+8 W;
CT, 5715 to 706 W) and total quality-of-life score of the Chronic Respiratory
Disease Questionnaire (IT, 77+3 to 88+2; CT, 78+3 to 931+2). At identical levels
of exercise, minute ventilation was significantly reduced (IT, 35.8+2.5 to
31.7+2.5 L-min’; CT, 36.4+2.7 to 32.5+2.7 L-min™"). The magnitude of improvement
in these variables was not significantly different among groups.

The present data expand on the principles of exercise prescription for chronic
obstructive pulmonary disease patients by demonstrating that interval training elicits
substantial training effects, which are similar in magnitude to those produced by
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continuous training at half the exercise intensity but double the exercise time.

Eur Respir J 2002; 20: 12-19.

Dyspnoea associated with insufficient mechanical
ventilatory reserve [1] and skeletal muscle dysfunc-
tion [2] are the principal factors that limit exercise
tolerance in patients with chronic obstructive pulmo-
nary disease (COPD). There is currently a compelling
body of evidence that exercise training induces con-
siderable physiological effects and improves measures
of exercise tolerance; as such it represents a corner-
stone of the interdisciplinary management of COPD
patients in pulmonary rehabilitation [3].

High-intensity continuous exercise training (80%
of baseline peak work-rate (WR) (PWR)) has been
shown by CASABURI et al. [4] to be superior to low-
intensity exercise (50% PWR) when the same total
work is performed by two groups of patients char-
acterised by moderate airflow limitation (forced
expiratory volume in one second (FEV1) 56% of the
predicted value). Further studies, by MALTAIS ef al. [5]
and CASABURI et al [6], however, reported that the
majority of patients characterised by severe airflow
limitation (FEV1 38 and 36% pred, respectively) were
not able to sustain prolonged high-intensity (80%
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PWR) exercise for either the entire duration [5] or
several weeks of the rehabilitation programme [6].

A well-established alternative strategy that allows
high-intensity exercise to be performed for a relatively
long period is interval training (IT), ie repeated
periods of maximal or high-intensity exercise alter-
nating with corresponding short intervals of rest.
Early studies in healthy subjects showed that more
work can be performed before exhaustion sets in by
exercising with intervals than when the same total
amount of work is performed continuously [7-9].
GosseLINK et al. [10] and CoprpooLsE et al [11]
examined the effects of IT on measures of exercise
tolerance and compared its efficacy to that of
continuous exercise in COPD patients. These studies
revealed no significant differences between the two
training modalities in terms of improvement in
exercise tolerance. Interestingly, the study of
CoprpPoOLSE et al. [11] reported that IT did not induce
a reduction in ventilatory demand at a given exercise
level. Furthermore, in the nonrandomised study of
GosseELINK et al. [10], the most severe patients were
assigned to the interval group, whereas, in the
randomised trial of CoppooLSE et al. [11], patients



INTERVAL VERSUS CONTINUOUS EXERCISE IN COPD 13

assigned to IT received a combination of high- and
low-intensity sessions. It is, therefore, probable that
the effectiveness of IT in these two studies, both in
absolute terms and relative to continuous exercise,
might have been underestimated. Therefore, the
present study was designed with a two-fold purpose:
first, to investigate whether a training programme
that consisted of maximal-intensity interval exercise
sessions could be effective in terms of inducing
measurable improvements in physiological response;
and, secondly, to compare the effects of the two
modalities on exercise tolerance, intensity of breath-
lessness and quality of life (QoL) in patients with
moderately severe COPD.

Methods
Patient inclusion criteria

Thirty-six outpatients with COPD defined as
moderate to severe using American Thoracic Society
criteria were referred to the rehabilitation programme
by their attending chest physicians (table 1). Prior to
entering the study, the patients were clinically stable
and met the following criteria: 1) postbronchodilator
FEV1 <60% pred and FEVi/forced vital capacity
(FVC) <65% without significant reversibility (<15%
change in initial FEV1); 2) optimised medical therapy;
and 3) no clinical evidence of exercise-limiting cardio-
vascular or neuromuscular diseases.

Table 1.—Physical characteristics, pulmonary function and
exercise capacities of patients at the outset of the study

Interval group  Continuous group

Males/females n 14/4 16/2
Age yrs 6712 6912
Weight kg 7743 76+3
Height cm 16612 16712
FEV1 L 1.16+0.09 1.13£0.09
% pred 454439 44.413.6
FVCL 2.24140.13 2.17+0.11
% pred 64.7+4.8 65.6£3.8
DL.co % pred 58.3+5.6 52.2+5.1
Pa,0, mmHg T1+2 7112
Pa,co, mmHg 40+2 41+1
Arterial pH 7.41£0.06 7.431+0.02
Peak work-rate W 5716 57£5
Peak 7’0, L-min’! 1.060.06 1.0940.06
% pred 54.8+3.4 55.7£3.5
Peak Vg L-min™ 35.842.5 36.442.7
LT L-min™ 0.81£0.05 0.781+0.04
Peak fc, beats-min™' 12844 12244
Peak Sp,0, % 94+1 92+1

Data are presented as mean*+SEM. FEV1: forced expiratory
volume in one second; FVC: forced vital capacity; DL,CO:
diffusion capacity of the lung for carbon monoxide; Pa,0,:
arterial oxygen tension; Pa,CO,: arterial carbon dioxide
tension; V’0,: oxygen uptake; V' minute ventilation; LT:
lactate threshold; fc: cardiac frequency; Sp,0,: arterial
oxygen saturation measured by pulse oximetry; % pred:
percentage of the predicted value. (1 mmHg=0.133 kPa;
1 kPa=7.5 mmHg.).

Study design

The study was designed as a randomised controlled
parallel two-group study. Once it was verified that the
patients met the selection criteria, they were randomly
assigned to one of the two training modalities: interval
or continuous. Stratified randomisation was used to
achieve approximate balance of the important char-
acteristics (table 1), including FEV1 (< or >50%
pred) and PWR (< or >70 W) as assessed by ramp-
incremental cycle ergometer test (see below), in the
continuous (CT) and IT groups. Within each stratum,
patients were randomly assigned. All patients gave
informed consent and the protocol was approved by
the Institutional Research Review Panel of Eugeni-
dion Hospital on issues of ethics, health and safety.

Outcome measurements

Within 1 week before and after the end of the
training programme, patients visited the laboratory
for a half-day session and performed pulmonary
function and cardiopulmonary exercise tests on the
cycle ergometer.

Pulmonary function tests. Spirometry for the deter-
mination of FEV1 and FVC was performed in the
sitting position using a spirometer (Masterlab; Jaeger,
Wiirzburg, Germany) according to recommended
techniques [12]. Lung diffusion capacity for carbon
monoxide (DL,CO) was determined via the single-
breath method. Maximum voluntary ventilation
(MVYV) was estimated by multiplying the FEV1 by
40 [13]. Arterial blood was drawn by puncture of the
radial artery at rest while breathing room air for
the analysis of arterial oxygen tension (Pa,0,), carbon
dioxide tension, oxygen saturation (Sa,0,) and pH
(ABL330; Radiometer, Copenhagen, Denmark).

Cycle ergometer test. After a 2-min rest, followed by
2 min unloaded pedalling, each subject performed a
ramp-incremental (1-min increments of 5 or 10 W) test
to the limit of tolerance on an electromagnetically
braked cycle ergometer (Ergoline 800; Sensor Medics,
Anaheim, CA, USA). PWR was defined as the highest
work level reached and maintained at a pedalling
frequency of >50 revolutions per minute for 30 s.
Patients breathed through a mouthpiece with a nose
clip in place. Pulmonary gas exchange and ventilatory
variable measurements were obtained from calibrated
signals derived from rapidly responding gas analysers
and a mass flow sensor (Vmax 229; Sensor Medics).
The following variables were recorded breath by
breath: pulmonary oxygen uptake (V’0,), pulmonary
carbon dioxide output (V'C0,), respiratory exchange
ratio, minute ventilation (}V’E), tidal volume (V'T), and
respiratory frequency (fR). Cardiac frequency (fC) was
determined using the R-R interval from a 12-lead
on-line electrocardiogram and Sa,0, by pulse oximetry
(Sp,0,). Subjects were also asked to rate shortness of
breath every 2 min using the 0-10 Borg category ratio
scale [14]. The peak V"0, of the ramp-incremental test
were compared with those of JonEes [15]. In addition,
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the slope of V'0/WR was calculated. The V-slope
technique was used to detect the 7’0, at which the
lactate threshold (LT) occurred [16]. Identification of
the LT was made blindly and independently by two
observers on both pre- and post-training exercise data
sets.

Quality of life. QoL was measured using the Chronic
Respiratory Disease Questionnaire (CRDQ) devel-
oped by GuYyATT et al [17]. The questionnaire was
administered within 1 week before and after the end of
the rehabilitation programme.

Rehabilitation programme

The rehabilitation programme was multidiscip-
linary and included two different modalities of
supervised exercise training (continuous or interval),
breathing control and relaxation techniques, methods
of clearance of pulmonary secretions (performed by
physical therapists), disease education and instruction
in the use of medication (performed by a pneumo-
logist), dietary advice (given by a dietician), and
psychological support on issues relating to chronic
disability (administered by a psychiatrist). Specific
written instructions in the form of a booklet were
given to patients in order to enable them to practice
upper body and breathing exercises at home.

Exercise prescription

The exercise prescription was designed to present
patients with the same overall training load. Patients
assigned to the CT group were instructed to exer-
cise on electromagnetically braked cycle ergometers
(Cateye Ergociser, EC1600; Cat Eye Co., Ltd, Osaka,
Japan) at an intensity which was initially equivalent
to 50% of baseline PWR for 40 min-day” and
2 days-week™! for 12 weeks. Patients assigned to the
IT group were instructed to exercise for the same
period of time, weekly frequency and total duration as
the CT group but at an intensity that was initially
equivalent to 100% of baseline PWR with 30 s work
interspersed with 30 s rest. Therefore, at the outset of
the study, the total exercise time and amount of work
done per session by each member of the IT group was
designed to equate to the work that these patients
would have done had they been assigned to the CT
group. One of the training principles [18] requires that
exercise intensity should be optimally maintained
relative to peak exercise capacity and should parallel
the improvement in physical status throughout the
exercise programme [19-21]. Therefore, it was decided
to increase the training intensity by an equal mag-
nitude in both groups on a monthly basis so that,
during the second and third months, it represented
60 and 70% and 120 and 140% of the baseline PWR
in the CT and IT groups, respectively. Supervision
during exercise sessions was conducted by physical
therapists and involved measurements of fC, Sp,0, and
dyspnoea, using the Borg scale. Supplemental oxygen
was used during training sessions for two patients in

the IT group and four in the CT group because of
exercise-induced oxygen desaturation (Sp,0,<90%).

Statistical analysis

Data are presented as meantseM. The percentage
difference in physiological variables before and after
training interventions were calculated. The within-
and between-group differences were analysed using
repeated measures analysis of variance. Between-
group comparisons of baseline characteristics were
carried out using an unpaired t-test, after checking for
normal distribution. The level of significance was set
at p<0.05.

Results
Patient recruitment

A total of 45 patients were initially enrolled. Of
these, 36 completed the rehabilitation programme,
18 in each group. Nine patients failed to complete
the programme because of intercurrent pulmonary
infection or noncompliance with the training schedule.
Five of these had been assigned to the IT group and
four to the CT group. Their characteristics were not
significantly different from those of the remaining
patients.

Patient characteristics

The general characteristics of the two groups before
training are presented in table 1. In summary, the
groups were characterised by moderately severe
airflow limitation (FEV1 ~45% pred), moderate hypo-
xaemia (Pa,0, 9.4 kPa) without CO, retention at
rest and a moderately reduced DL.CO (~55% pred).
Resting pulmonary function characteristics after
randomisation did not show significant differences
between the study groups (table 1). Furthermore, no
changes were observed in these characteristics after
training in any of the groups.

The baseline response to the incremental exercise
test is also presented in table 1. As expected, exercise
tolerance was substantially impaired. Peak 770,
averaged 54.81+3.4% pred in the IT group and 55.7+
3.5% pred in the CT group. Peak V'E amounted to
8017 and 82+7% of the predicted MVYV for the IT and
CT groups, respectively.

Training programme

Both groups of patients adhered to their exercise
regimens reasonably well. The attendance rate at the
exercise sessions averaged 90+4% for the IT group and
88+4% for the CT group. Examination of the groups’
mean training intensities for each week of the pro-
gramme revealed that approximately the same total
amount of work was performed in the two types of
training (fig. 1). The mean programme intensity of the
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Fig. 1.-a) Group training intensities sustained during the training
sessions each week of the programme, b) dyspnoea scores (Borg
scale) and c) cardiac frequency (fC); over the last 5 min of each
40-min training session (@: interval training group; O: continuous
training group). Data are presented as meantSEM. PWR: peak
work-rate.

IT group (12443% PWR) was approximately double
that of the CT group (67£1% PWR). Furthermore, fC
response was similar between the two groups, whereas
perception of dyspnoea was significantly lower during
interval training (p<0.01).

Incremental exercise test

At the outset of the study, both groups were well
matched with respect to mean peak exercise responses

(table 1). After the end of the training programme,
PWR was significantly increased by 14 and 13 W
(25 and 23%) in the IT and CT groups, respectively,
whereas the slope of FV'0/WR was significantly
reduced by 12 and 9% in the IT and CT groups,
respectively (fig. 2). Furthermore, the V0, at which
the LT occurred (detected before and after training
in 14 out of 18 patients in both training groups)
significantly 1ncreased in the IT and CT groups by
0.11 and 0.12 L-min™ (14 and 15%), respectively.
These changes were accompanied by trends of
improvement in the peak values of V'0,, V'E, fR,
and fC (fig. 2). For each patient, peak physiological
measurements at the WR attained at the end of
tolerable exercise in the baseline ergometer test were
compared to measurements at an identical WR during
the outcome test Significant mean reductlons in V'E

(IT, 4.1 L-min™! g 1%); CT, 3.9 L-min’! (11%)) V'o,
(IT, 0.12 L-min (11%)f CT, 0.13 L-min™ (129 o))
V'co, (IT, 0.10 L-min (11%) CT, 0.12 L- ‘min’!

(13%)) /R (IT, 5 breaths-min™ (16%); CT, 5 breath-
smin” (15%)), dyspnoea score (IT, 19 (42%) CT,
1.7 (41%)) and fc (IT, 13 beats'min™' (10%); CT,
10 beats-min™' (8%)) were found (fig. 2). The magni-
tude of improvement in these parameters was not
significantly different between the two groups.
Furthermore, in the light of the shift in the V"0/WR
relationship, pre- and post-training measurements at
the same metabolic (V'0,) level were compared in
both groups. After training, at pretraining }”0,, there
were no significant changes in the recorded variables,
with the exception of WR, which was significantly
higher, by 9 and 12 W (16 and 20%), in the IT and CT
groups, respectively (fig. 3).

Quality of life

Differences between pre- and post-training CRDQ
questionnaire scores are presented in figure 4. There
were no significant differences between the two groups
at the outset of the study. Following completion
of the programme, there was a significant improve-
ment in the CRDQ overall score in both groups (IT,
11 (14%); CT, 15 (19%)). Patients in both groups
showed clinically significantly improved scores for the
domains of dyspnoea and fatigue (i.e. 2.5 and 2 points,
respectively) [17]. The magnitude of improvement was
not significantly different between the two groups

(fig. 4).

Discussion

The present study demonstrates that a training
programme consisting of maximal-intensity interval
exercise sessions as part of pulmonary rehabilita-
tion yields substantial improvements in measures of
exercise tolerance and QoL. The improvements were
accompanied by physiological and exertional changes
at a given level of exercise, including reductions in
both ventilatory requirement and sense of breath-
lessness. Furthermore, the comparison of the effects of
maximal-intensity IT versus moderately intense CT on
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Fig. 2.-Difference (A) in physiological responses at baseline peak work-rate (PWR; 0J) and at an identical work-rate (WR; Z) from
initial PWR exercise during the incremental cycle ergometer test produced by a) interval training and b) continuous training. V”0,: oxygen
uptake; V'co,: carbon dioxide output; V’E: minute ventilation; fR: respiratory frequency; fC: cardiac frequency; dysp.: end-exercise
dyspnoea score; LT: lactate threshold; V'0/WR: slope of V'0/WR. *: p<0.05 within group.

exercise tolerance, sense of breathlessness and QoL
revealed that both modalities induced improvements
of a very similar magnitude.

The necessity to investigate the efficacy of IT
derives from the fact that ventilatory response dyna-
mics constrain tolerance to high-intensity exercise in
patients with moderately severe and severe COPD [1].
Studies in healthy people have shown that repeated
maximal-intensity exercise bouts, allowing corre-
sponding short rest intervals between bouts, can be
tolerated for an extensive period [7] and yield similar
physiological benefits to extended high-intensity con-
tinuous exercise [22, 23]. Furthermore, as shown in
healthy individuals [24], the metabolic response to
interval exercise is very similar to that to continuous
exercise at half the WR, suggesting that the relief
intervals between bouts of hard work in IT bear

25 *
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Fig. 3. -Difference (A) in recorded responses before and after
training at pretraining oxygen uptake (V’0,) level during the
incremental cycle ergometer test produced by interval training
(#) and continuous training ((J). WR: work-rate; }’co,: carbon
dioxide output; V'E: minute ventilation; V'T: tidal volume; fR: res-
piratory frequency; dysp.: end-exercise dyspnoea score. *:p<0.05
within group.

special importance with regard to the successful
application of maximal-intensity training.

The magnitude of improvement in PWR in the IT
group (25%) is comparable to that described by
GosseLINK et al. [10] and CoppooLSE et al. [11]. In
addition, consistent with their and previous results
from 12 reported randomised controlled trials [3] is
the lack of significant improvement in recorded peak
cardiovascular and respiratory responses. However,
the present results differ importantly from those of
CoprPOOLSE et al. [11] in that patients assigned to the
interval group demonstrated a reduction in ventila-
tory requirement and dyspnoea scores in response to
identical levels of exercise in the incremental exercise
tests (fig. 2). It is likely that the reduction in venti-
latory requirement is multifactorial and relates to
improved oxidative capacity [4, 25], altered breathing
pattern [6] and/or improved work efficiency [26]. The
significant training-induced increase in LT is probably
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Questionnaire (CRDQ) total score and domain (dyspnoea, fatigue,
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training (#) and continuous training (). *: p<0.05 within group.
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indicative of improved efficiency of peripheral muscle
oxygen extraction [4, 27]. In addition, the possibility
of a more efficient breathing pattern and decreased
hyperinflation following IT cannot be excluded; mean
fR was significantly lower and VT marginally higher
at an identical WR during the incremental ramp test
(fig. 2). The reduction in fR by 16 and 15% in the IT
and CT groups, respectively, would be expected to
reduce thoracic gas entrapment and the rate of
expiratory muscle recruitment and result in decreased
work of breathing and exertional breathlessness [26].
It is also likely that the reduction in ventilatory
requirement following IT is associated with a reduced
metabolic requirement and recruitment of active
muscle mass [20] and hence an improvement in
mechanical efficiency, shown by the reduction in the
slope of V'0/WR (fig. 2) [26, 28] and confirmed by
the absence of significant changes in physiological
variables at a given metabolic (V'0,) level (fig. 3).
Nevertheless, after training, patients in both groups
were able, at a given metabolic (770,) rate, to perform
external work at a higher rate (fig. 3).

The discrepancy between the present study and that
of CoprrooLSE et al. [11] regarding the efficacy of IT
in inducing physiological changes is possibly due to
the prescription of interval exercise. In their study,
patients who were assigned to the interval group
received only nine blocks of 1-min high-intensity (90%
PWR) exercise which were alternated with nine blocks
of 2-min low-intensity (45% PWR) exercise. Further-
more, total work output during the training period
was kept constant without being regularly adjusted
to parallel the improvement in physical fitness and
thus to maintain relative training intensity constant
[19, 20]. In the present study, the training intensity
progressively increased in each patient. Notwithstand-
ing, fC did not increase significantly during the
training period (fig. 1), suggesting that, as fitness
level improved and WR increased, the relative exercise
intensity remained unchanged.

Consistent with the results of the studies of
GosseLINK et al. [10] and CoppooLSE et al [11] in
patients with COPD and others on healthy popula-
tions [21, 22] is the lack of significant differences
between the two training groups. Both training
modalities resulted in similar percentages of improve-
ment in PWR, which fall within the range of
improvement normally reported (15-30%) for CT [3]
and IT programmes [10, 11, 21, 22]. A significant
increase in LT occurred as a result of training in both
groups, suggesting that muscle oxidative capacity was
enhanced regardless of the type of training that was
applied. The results at identical WRs during the
incremental WR tests corroborate the PWR tests in
that CT and IT produce nearly identical responses. As
can be seen in figure 2, V'E, fR, fC and dyspnoea
scores decreased by a significant amount and to a
comparable degree. The magnitude of reduction in the
above variables confirms the results of the studies of
MaLtals et al. [S] and CasaBURI et al. [6] who applied
either moderate (50-60%) [5] or high-intensity (80%)
[6] continuous exercise training.

It might be wondered how the 100% IT would
compare to training at 80% of maximum rather than

50% of maximum. Early studies in healthy subjects
have shown that the physiological responses to CT at
either 70% [22] or 80% [21] of peak exercise capacity
were not significantly different to those of IT at 100%
of peak work capacity, when the total workload was
equated per training session. Furthermore, in patients
with moderate airflow obstruction (FEV1 46% pred),
NEDER et al. [1] showed that the highest level of
continuous exercise that could be sustained for a
relatively long period of time (20 min) was equivalent
to 82% of PWR. Therefore, providing that patients
assigned to the CT group in the present study were
able to sustain high-intensity (80% of baseline PWR)
exercise for 40 min from the beginning of the pro-
gramme, it would be expected that no significant
differences in the magnitude of improvements between
the IT and CT modalities would be found.

The improvements in measures of exercise tolerance
were extrapolated to improved QoL, since the CRDQ
questionnaire overall score increased in both groups
after rehabilitation (fig 4). Most notably, patients
demonstrated objective improvements in domestic
function, being able to perform daily activities with
less dyspnoea, as evidenced by the significant change
in score for this domain. The finding that the
improvement in overall CRDQ score was comparable
in both groups is important, especially when it is
considered that both groups experienced very similar
physiological training effects accompanied by a
similar degree of reduction in breathlessness.

The most interesting feature of the present investi-
gation was the almost exact replication of results
following two different training methods in patients
with moderately severe COPD. The investigators
attribute this to the following variables controlled
during the trial: 1) the initial level of exercise capacity
and disease severity were equated; 2) the exercise
training load of each group was gradually increased
but remained fairly comparable for both groups; and
3) the training load (ie. intensity and duration of
training sessions), as well as the total duration of the
programme, was within the range advocated by a
number of researchers in order to secure adequacy
[3-6, 28]. However, based on the results of a previous
study [29] and in view of the cost, resource effort and
patient compliance issues involved when conducting
a rehabilitation programme, it was decided to limit
training frequency to twice weekly in an attempt to
ensure high rates of attendance. It is highly likely that
a higher weekly training frequency would have been
more effective in terms of inducing measurable
improvements in physiological responses not only in
response to identical levels of exercise as shown above
but also at a given metabolic (7'0,) level.

Potential implications for training prescription in
chronic obstructive pulmonary disease patients

Interval exercise allows work of maximal intensity
to be performed with a relatively low perception of
dyspnoea (fig. 1) by the introduction of properly
spaced short exercise and rest periods. This concept
has at least two important implications with regard
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to how pulmonary rehabilitation might be given to
the COPD patient. First, it may explain why patients
with severe airflow obstruction, in spite of a reduced
capacity for work, can remain in jobs involving heavy
manual labour or successfully participate in exercise
rehabilitation programmes. As long as they are free to
choose the optimal length of exercise and rest periods,
the acute load on respiration may not exceed the limits
of their reduced capacity. Secondly, it is possible to
select the proper load and exercise and rest periods in
such a manner that the main demand is centred on
both muscle strength and oxygen-transporting organs
without significantly mobilising anaerobic processes
(typically exercise bouts of <30 s) [30].

In conclusion, the present investigation provides
not only an additional perspective of the conventional
physiologically based principles of exercise prescrip-
tion for patients with chronic obstructive pulmonary
disease but also endorses the benefit of commonly
used training strategies. As understanding of what
constitutes a training load adequate to induce phy-
siological training effects is still evolving, further
research is required to evaluate the efficacy and
the applicability of different interval-based exercise
protocols.
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