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ABSTRACT
Physical training is beneficial and should be included in 
the comprehensive management of all patients with COPD 
independently of disease severity. Different rehabilitative 
strategies and training modalities have been proposed to 
optimize exercise tolerance. Interval exercise training has 
been used as an effective alternative modality to continuous 
exercise in patients with moderate and severe COPD.

Although in healthy elderly individuals and patients 
with chronic heart failure there is evidence that this training 
modality is superior to continuous exercise in terms of 
physiological training effects, in patients with COPD, 
there is not such evidence. Nevertheless, in patients with 
COPD application of interval training has been shown to 
be equally effective to continuous exercise as it induces 
equivalent physiological training effects but with less 
symptoms of dyspnea and leg discomfort during training.

The main purpose of this review is to summarize 
previous studies of the effectiveness of interval training 
in COPD and also to provide arguments in support of the 
application of interval training to overcome the respiratory 
and peripheral muscle limiting factors of exercise capacity. 
To this end we make recommendations on how best to 
implement interval training in the COPD population in the 
rehabilitation setting so as to maximize training effects.

Key Words: interval exercise training, chronic obstructive 
pulmonary disease, exercise tolerance, pulmonary reha-
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INTRODUCTION
There is a considerable body of evidence that exercise 

training strategies in patients with chronic obstructive 
pulmonary disease (COPD) induce significant improvement 
in exercise tolerance and quality of life.1-4 Indeed a recent 
meta-analysis5 demonstrated that stable patients with 
COPD gain considerable benefits from comprehensive 

rehabilitation programs when exercise training is included 
(Evidence A).6

Intensity and duration of exercise are important 
determinants of the physiologic adaptations that occur 
in response to training.7 In COPD patients there are 
indications that greater physiological benefits can be 
obtained through high-intensity compared to moderate-
intensity training.8,9 However, high-intensity exercise 
training may not be applicable to those COPD patients 
who are unable to sustain such intensities for long periods 
of time due to symptom limitation.10 In fact patients with 
severe COPD are so limited by dyspnea and/or locomotor 
muscle weakness that their ability to exercise is restricted to 
very low-intensity levels.10

In this context there have been different strategies 
employed to improve exercise capacity in patients with 
severe COPD, ie, heliox and oxygen supplementation,11-16 
bronchodilator therapy,17,18 one-legged training,19 
noninvasive mechanical ventilation (NIMV)12,20,21 as well 
as different training modalities of dis-continuous nature 
inducing lower ventilatory demands such as interval or 
intermittent exercise.22-25 Furthermore, in the rehabilitation 
setting strategies such heliox supplementation or NIMV 
would be expensive to implement in large cohort of patients 
whereas interval training could be cost effective and easily 
applicable.

Implementation of interval training has shown to allow 
lower limb exercise to be sustained at a high intensity 
which otherwise would not be tolerable. Interval training 
can be applied especially to those patients with advanced 
COPD, who are unable to sustain exercise intensities 
sufficiently long enough to obtain a physiological training 
effect because of ventilatory limitation.23,26 Importantly 
these patients can endure high-intensity interval training in 
a rehabilitation setting for long periods of time with lower 
symptoms of dyspnea and leg discomfort compared to the 
conventionally implemented continuous training.22,27,28

Although a recent systematic review of 8 randomized 
control trials (388 patients)4 failed to reveal the efficacy 
of interval training over that of continuous in terms of 
enhancing exercise tolerance and quality of life in patients 
with severe COPD, the authors presented some limitations 
(training protocols heterogeneity, small sample sizes), 
suggesting that further research is needed in order to 
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reveal the superiority of interval training in severe COPD. 
Issues that were not fully addressed in previous studies 
(such as performing comparisons among training groups 
exercising at different total work-loads during the course of 
rehabilitation) need to be clarified by future research.

In support of the above argument there are studies in 
patients with chronic heart failure (CHF)29,30 and healthy 
elderly age-matched individuals31,32 advocating the 
superiority of high-intensity interval training in terms of 
improvement in aerobic capacity, cardiac hypertrophy, left 
ventricular systolic performance, and antioxidative status.32 
Whether such disparity in the findings between different 
patient populations or healthy elderly individuals is due 
to the different factors (respiratory, cardiovascular, and or 
peripheral muscular) potentially limiting exercise tolerance 
remains to be investigated.

Accordingly, the primary purpose of this review is to 
explore the factors that limit exercise tolerance in patients 
with COPD, and also to make recommendations on how 
best to implement interval training so as to maximize 
training effects in patients with advanced COPD.

PHYSIOLOGICAL BASIS OF INTERVAL EXERCISE
Historically, the rationale for interval exercise 

training has been the ability to impose very high power 
outputs from peripheral muscles without overloading the 
cardiorespiratory capacity.33 Classical studies33 have shown 
that the metabolic response during interval exercise is 
very similar to continuous moderate exercise and, thus, 
is associated with a stable pattern of cardiorespiratory 
responses and low lactate concentration in the muscle 
throughout the relatively long exercise and recovery 
periods.

In healthy young people, high-intensity interval training 
induces greater improvement in oxygen consumption,34,35 
work rate,35 ventilatory and lactate thresholds36 compared to 
continuous training.37 Studies on muscle fiber metabolism 
during interval exercise in healthy subjects have shown that 
glycogen depletion is similar between type I and II fibers, 
suggesting that both fiber types are recruited to a similar 
degree.33 Although, heavy intensity continuous exercise 
induces high blood lactate levels (due to the depletion of 
phosphocreatine and the use of myoglobin-bound oxygen 
reserves), interspersed periods of sub-lactate threshold work 
rates may facilitate lactate removal38 and partially restore 
the phosphocreatine levels.39 In addition, the capacity 
to reload myoglobin stores during the recovery phases, 
allowing a more oxidative degradation of glycogen and, 
hence, a partially reduced demand, has been proposed as 
the principal mechanism for the slowed glycolysis observed 
during interval training.33

Compared with the same total amount of work 
performed continuously, interval exercise imposes maximal 
loads on both peripheral muscles and oxygen-transporting 
organs without significant engagement of anaerobic 
processes and accumulation of lactic acid (less glycogen 
is used and the lactate concentration in the muscle is 
much lower).33 Apparently, in intermittent exercise with 
short exercise periods (< 30 sec) healthy young subjects 

can endure very high rates of exercise aerobically thereby 
yielding very little lactate production.33 This type of high-
intensity periodic activity is shown to be effective not only 
in athletic training but also in COPD,22,24 CHF,29,30,40,41 and 
other chronic disease entities characterized by peripheral 
muscle wasting.42,43

A study by Ahmaidi et al31 investigating the effects 
of interval training on ventilatory threshold and 
cardiorespiratory responses in elderly healthy individuals 
showed significant improvement of both maximal 
aerobic capacity and submaximal exercise tolerance, 
with a significant decrease in heart rate after a 3-month 
program. Moreover, training was easily accepted and 
tolerated by the elderly with high levels of adherence 
and attendance. A latter study32 comparing continuous 
with intermittent exercise training in healthy elderly men, 
showed significantly lower cardiorespiratory and metabolic 
responses in the intermittent compared to continuous group 
when exercising at the same work-loads.

Interval exercise training in CHF patients with a history 
of myocardial infarction30 has resulted in an increase in 
exercise capacity over that achieved with a continuous 
exercise training. Reports from studies in severe CHF 
patients have shown that short-term interval training (with 
a work-recovery ratio of 1:2, ie, 30 second work phases/60 
second recovery phases) can improve exercise capacity, 
prevent high lactate accumulation, and allow more intense 
exercise stimuli to the peripheral muscles with minimal 
cardiac strain.40,44 This finding has been confirmed by latter 
studies showing that interval training induced a significant 
improvement in exercise capacity in patients with CHF 
with lower heart rate at peak exercise, compared to those 
trained with continuous exercise, thereby suggesting 
improved stroke volume.45,46 Lastly, a study on the oxygen 
uptake kinetic responses has shown improvement of 
the time constant in CHF patients, suggesting significant 
peripheral oxidative adaptations (enhanced mitochondrial 
enzyme activity and vasodilatory capacity of the skeletal 
muscle vasculature) following interval training.47

Improvement of myocardial contractile function after 
interval exercise training has also been reported in a study 
by Whislof30 in patients with left ventricular dysfunction 
(ejection fraction 29%). Twelve weeks of a supervised 
interval training (twice a week/38 minutes) at intensities 
of 90% to 95% of peak heart rate had superior effects in 
peak oxygen uptake, anaerobic threshold, left ventricular 
systolic function, skeletal muscles proteins, and muscle 
antioxidative status when compared to continuous 
exercise sustained at an intensity of 70% to 75% of peak 
heart rate.

Based on the above, one would expect that interval 
training would be superior to continuous training in 
COPD as well, as these patients demonstrate severely 
compromised exercise capacity and are limited by 
ventilatory constraints, which are particularly apparent 
during high-intensity prolonged exercise. Brief bouts of 
high-intensity interval exercise in COPD do not exacerbate 
the ventilatory requirement as lactic acid concentration 
and its effect on arterial blood pH are significantly lower 
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compared to moderate intensity constant-load exercise.23,26 
However, most studies in COPD patients have failed to 
show the superiority of interval training in exercise capacity 
compared to the conventionally implemented continuous 
training in the rehabilitation setting.22,24,27,28,48-50

PHYSIOLOGICAL RATIONALE FOR INTERVAL EXERCISE 
INPLEMENTATION IN COPD

People with COPD may respond to training in a 
different way than healthy subjects, or their age-matched 
counterparts, as the determinants of exercise limitation 
appear to be multifactorial. Such factors refer to expiratory 
flow limitation, dynamic lung hyperinflation, gas exchange 
abnormalities, insufficient energy supply to the peripheral 
and the respiratory muscles, morphological alterations 
in lower leg muscle fibers, and functional metabolic 
capacity.51-53

Dealing with ventilatory limitations
Patients with severe COPD may demonstrate flow 

limitation even at rest or experience expiratory flow 
limitations during low and moderate exercise54 limiting 
their capacity to exercise continuously at high work rates 
due to intense dyspnea sensations.26,51 As lactic acidosis 
puts particular stress on the ventilatory system, the small 
increase in arterial lactate concentration observed during 
interval exercise as compared to continuous exercise,23,26 
appears to be beneficial for COPD patients by reducing 
some of the acid stimulus to breathe,8 thereby allowing 
ventilation and dyspnea sensations to be tolerated for a 
prolonged period of time (Figure 1).

Vogiatzis et al26 have shown that patients with severe 
COPD (FEV1: 40% predicted) can almost triple the total 
exercise duration with significantly lower and more 
stable metabolic and ventilatory responses compared to 
continuous exercise. Although patients exercised for longer 
times (32-35 vs 9-12 minutes) at a higher intensity (100% 
vs 80% WRmax) with the interval mode, they had lower 
metabolic demands and less ventilatory restrictions at the 
end of a symptom-limited exercise (Table 1).

Conversely, exercising continuously without any rest 
periods, severe COPD patients can tolerate high work rates 
(50-80% of their maximum exercise capacity) for only 5 
to 12 minutes, at the end of which they are completely 
exhausted (Figure 2).8,26,51,55-59 At intensities of 85% to 95% 
of WRpeak, severe COPD patients (FEV1< 50% predicted) 
can sustain only 4 to 5 minutes of work,8,51,55,59 and only up 
to 13 minutes for lower intensities (60-80% WRmax)8,26,51,59 
(Figure 2). As such, implementing continuous exercise 
training for patients with advanced COPD will be ineffective 
as they will have to rest for several minutes before they 
start exercising again. In contrast, interval training can 
enable patients to complete short periods of high-intensity 
exercise that would not be possible with a continuous-
exercise mode. When patients exercise for short periods 
(eg, 30 seconds), alternated with short rest intervals lasting 
for 30 seconds, they complete the total work with moderate 
exertion and relatively stable metabolic and ventilatory 
response23,26 (Table 2, Figure 3).

Figure 1. Time course of a) dyspnea, b) leg fatigue assessed 
with the 0-10 Borg Scale and c) blood lactate concentration 
during interval (open circles) and constant-load (closed cir-
cles) exercise. *asterisks denotes significant differences (p < 
.05) between exercise modes.  Modified from the European 
Respiratory Society.26

Table 1. Responses to Maximal Tolerable Interval Exercise 
(IE) and Constant-load Exercise (CLE) in Patients with 
Severe COPD

End of IE End of CLE

Total Exercise time (min) 32.7±3.0 10.3± 1.6*

VO2 (L/min) 0.81±0.05 0.94± 0.07*

VCO2 (L/min) 0.75±0.04 0.95± 0.07*

VE (L/min) 33.1±1.5 38.4± 2.2*

VE/MVV % 76±4 85±3*

VT (L) 1.01±0.05 1.14±0.06*

VT/IC % 66.4±2.0 75.2±1.7*

IRV (L) 0.58±0.06 0.38±0.03*

IRV % pred. TLC 8.9±0.8 5.9±0.5*

PaCO2 (mmHg) 44.0±1.3 45.4±1.2*

pH 7.38±0.06 7.34±0.07*

VD (L) 0.48±0.02 0.53±0.02*

Arterial Lactate conc. (mMol/L) 3.89±0.36 5.81±0.41*

Modified from the European Respiratory Society.26 Data are presented as mean±SEM.  VO2: 
oxygen uptake; VCO2: carbon dioxide output; VE: minute ventilation; MVV: maximum voluntary 
ventilation; VT: tidal volume; IC: inspiratory capacity; IRV: inspiratory reserve volume; PaCO2: 
arterial carbon dioxide tension; VD: physiological dead space; conc.: concentration. *Significant 
differences (p<.05) between IE and CLE
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terms of increasing the expression of genes regulating 
muscle fiber hypertrophy (IGF-I, MGF) and regeneration 
(ie, MyoD).62 These findings demonstrate that it is possible 
to induce shifts in the distribution of the subgroups of the 
muscle fibers with interval training28 in a similar fashion to 
continuous training.63,64

As mentioned above, the rationale for the potential 
superiority of interval exercise is that it is associated with 
a small increase in arterial lactate concentration (less than 
4 mmol/L), reduced ventilatory demand (lower ventilation 
and degrees of dynamic hyperinflation),23,25,26,27 and lower 
symptoms of dyspnea23,28 and leg discomfort22,27,28 during 
the training sessions compared to continuous training. 
Furthermore, comparing the metabolic and respiratory 
responses between the two training modalities at isotime, 
interval training seems superior to continuous, suggesting 
that it would be of benefit to COPD patients whose exercise 
tolerance is limited either by respiratory or peripheral 
muscle factors.23,25,26

Potential benefits of interval training
Based on the above physiological advantages, most 

randomized trials have shown that interval training in the 
rehabilitation setting is equally effective to continuous 
training in terms of improving exercise capacity and 
health-related quality of life in COPD patients with varying 
disease severity.22,24,25,27,48,49 Both training modes elicit 

Table 2. Stability of Metabolic and Ventilatory Responses 
to Interval Exercise at Temporally Matched Time Points in 
Severe COPD Patients

30% total time 60% total time 90% total time

VO2 (L/min) 0.74±0.04 0.77±0.05 0.78±0.04*

VE (L/min) 31.1±1.6 32.0±1.8 32.7±2.2*

IC (L) 1.55±0.08 1.61±0.08 1.59±0.08*

Data are presented as mean±SEM. VO2: oxygen uptake; VE: minute ventilation; IC: inspiratory 
capacity. *No significant differences were found between the different time points during 
interval exercise. Modified from the European Respiratory Society.26

Figure 2. Total exercise time (min) and total work rate (% 
WRmax) with continuous exercise training in studies with 
COPD patients of different disease severity. Each symbol 
represents a different exercise training intensity in patients 
with FEV1 > 40% predicted (refs:8,23,51,56,59) and FEV1 < 
40% predicted (refs: 26,55,57,58).

Figure 3.  Oxygen uptake (VO2) and minute ventilation 
(VE) in COPD patients during interval (open circles) and 
constant-load (closed circles) exercise protocol. Interval 
exercise was sustained for 30 sec at 100% of peak base-
line capacity alternated by 30 sec rest, whereas continuous 
exercise was sustained at 75% of peak baseline capacity.  
Modified from the European Respiratory Society.26

Dealing with peripheral muscle dysfunction
Experimental evidence from peripheral skeletal muscle 

biopsies of patients with severe COPD indicate that the 
baseline energy status can be shifted towards an increased 
glycolytic capacity and a concomitant decrease in aerobic 
enzyme capacity.53,60 This is due to the decrease in the 
proportion of type I fibers (slow oxidative) and the increase 
in the proportion of type IIa (fast oxidative and glycolytic) 
and IIb (fast glycolytic) muscle fibres of peripheral 
musculature.53,61 Such alterations in structure and function 
of peripheral muscle fibers may affect aerobic exercise 
tolerance in patients with moderately severe and severe 
COPD.53 Since there is a fiber shift toward a more glycolytic 
profile, it is obvious that exercise training in COPD patients 
should be adapted at those morphologic alterations.

Implementation of interval exercise training in patients 
with advanced COPD has been shown to be effective in 
terms of improvements in vastus lateralis capillarization28 
and muscle fiber oxidative capacity39 thus enhancing the 
utilization of oxygen by the exercising muscles. In a study 
by Vogiatzis et al,28 it was reported that interval training 
at an intensity of 100% to 140% of Wpeak for 10 weeks 
(30 sessions for 45 min each) increased muscle oxidative 
capacity, the cross sectional area (CSA) of both type I and 
IIa fibers and reduced the proportion of type IIb fibers. 
Furthermore, a latter study revealed that there were no 
differences between interval and continuous training in 
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similar training responses in the lower leg musculature,28,48 
while interval training induced less symptoms of dyspnea 
and leg discomfort during exercise sessions.22,23,26-28 A few 
studies have shown contradictory results reporting no 
differences in symptoms between training modalities.48,49 
Differences between studies might be attributed to the 
interval durations.

Given that the total training work load is an important 
determinant of the training response, it is important to 
highlight that in all previous studies the total amount of 
work sustained during exercise training was not significantly 
different between the two modalities (ie, continuous and 
interval) most likely precluding a significant difference in all 
primary outcomes.22,24,25,27,28,48-50

Accordingly, it is highly likely that in order to induce 
substantial improvements in exercise capacity and 
demonstrate the superiority of interval training over 
continuous conditioning, the total work-load should be 
much higher (up to the limit of patients’ perception of 
leg discomfort) and the exercise duration must be longer. 
To the authors’ knowledge, no studies in the literature 
have implemented interval exercise training based on the 
intensity of the leg discomfort (eg, using the Borg scale up 
to the limits of heavy perception or 5 on the scale of 10).

Hence, when: (1) the total amount of training work is 
targeted to be significantly greater than that of continuous 
exercise, (2) the duration of the exercise training bouts is 
as short as 30 seconds22,26,28 to 60 seconds23,24 and (3) the 
exercise intensity induces leg discomfort levels comparable 
to those reported during continuous exercise (between 4 to 
5 on the 1-10 Borg scale), then interval training might be a 
more effective modality in patients with advanced and severe 
COPD. More specifically, if exercise duration is kept similar 
(eg, 30-40 minutes) and exercise intensity is increased to 
levels to induce comparable intensity of leg discomfort while 
maintaining lower dyspnea sensations (by alternating the 
exercise and the rest periods), then the magnitude of central 
and peripheral muscle adaptations to interval training might 
be superior to those achieved with continuous training. 

Eventually, it is recommended to increase the training 
duration to more than an hour and to progress the training 
intensity to 150% of the baseline peak capacity so as to 
expose the body to a training overload that is appropriate 
to achieve even greater physiological responses than when 
exposed to continuous training.

Further studies are required to investigate the 
appropriate time and/or interval training work load in 
COPD patients with different disease severity. Like in 
patients with CHF,29,40 or in elderly people,32 the shortest 
rest intervals (up to or less than 1 minute) used in some 
COPD studies22,23,24,26 may be better tolerated than longer 
rest intervals or low-intensity exercise intervals25,27,48,49 in 
patients with ventilatory limitations. Short rest intervals 
result in lower VO2 as well as VCO2, minute ventilation, 
and heart rate values.23 During the 30-second breaks, 
when patients focus on breathing techniques without 
being interfered by cycling exercise, physiotherapists 
can teach them to adopt pursed-lip breathing to promote 
improvements in tidal volume, arterial saturation,65 and 

decrease end-expiratory lung volume, thus reducing 
breathlessness during exercise.66

A final reason that makes interval training modality 
a promising approach in rehabilitation programs is that 
the most severely impaired patients with greater dyspnea 
sensations, dynamic hyperinflation, arterial hypoxemia, 
and lower baseline exercise capacity can better tolerate 
an interval exercise protocol than a continuous exercise 
one and they may demonstrate more adherence to the 
rehabilitation program.24,67

PRACTICAL ISSUES AND RECOMMENDATIONS
According to the above physiological concepts, training 

in COPD patients aims to increase aerobic capacity with 
a relatively low peak demand on the respiratory and the 
circulatory system. Improvement in aerobic exercise 
capacity following rehabilitation is dependent on the total 
exercise duration and the total work load applied. Hence, 
to enable COPD patients to tolerate high-intensity exercise 
for sufficiently long periods of time with less symptoms 
of dyspnea and leg discomfort, interval training may be 
superior to other training modalities.

Practically speaking, physiotherapists who develop 
an exercise plan should consider that the heavier the 
work rate, the shorter should be the exercise periods 
(~30 seconds) and also, the longer the rest intervals (~60 
seconds) ought to be. Short intensity intervals may be 
better tolerated by people with severe COPD.  Based on 
the above, exercise training on a cycle ergometer might be 
as follows: considering frequency, interval mode, intensity, 
and duration of exercise:
•	 Frequency: 3-4 times weekly.
•	 Interval mode: 30 seconds exercise period with 30 sec-

onds rest or even 20 seconds exercise – 40 seconds rest.
•	 Intensity and duration: initially familiarize the patients 

on the cycle ergometer at an intensity equivalent to 
80% of the maximal work load for 15 to 20 minutes 
for the first 3 to 4 sessions. The Borg Scale of perceived 
exertion can be used to more easily monitor exercise 
intensity. Increase training work load by 5% to10% of 
peak capacity when patients rate their perceived dys-
pnea as moderate. If the 10-point Borg scale is used 
to describe exercise intensity, most exercise should be 
performed between 5 to 6 intensity for the legs and 3 
to 4 for dyspnea.

•	 Increase total exercise time from 30 to 90 minutes per 
session (including rest periods), at intensities that pro-
gressively reach 150% of the baseline maximum work 
load.

•	 Suggest pursed-lip breathing during rest periods to in-
crease tidal volume and reduce breathing frequency.

•	 Teach patients to perform all daily activities (eg, stair 
climbing, uphill walking) at an interval mode consist-
ing of short bouts of activity lasting 10 to 15 sec and 
rest periods of 15 sec.

•	 Give written instructions to the patients for home 
practice.
Such a training program might last longer per session 

than one using continuous exercise and sometimes is not 
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easily applicable in the clinical setting. However, interval 
training may be followed at home as it is easily tolerated 
by patients.

CONCLUSION
There is evidence that dyspnea and leg discomfort 

limit the ability of COPD patients to exercise, and as the 
patients’ response to exercise is highly variable,67,68 it is 
challenging to follow training regimes that are effective, 
more tolerable (with fewer breaks in each training sessions 
and better adherence to exercise),24 less frustrating for the 
patients, and encouraging in terms of increasing the long-
term adherence to pulmonary rehabilitation programs.

Interval training in severely disabled COPD patients is 
associated with stable metabolic demands,23 low minute 
ventilation and rates of dynamic hyperinflation, and 
increased total exercise duration than that of constant-load 
exercise.23,26 Hence, the application of this method in the 
rehabilitation setting has the potential to convey important 
clinical benefits, as it allows the application of intense loads 
on peripheral muscles for sufficiently long periods of time. 
Interval exercise may, therefore, provide a good alternative 
to constant-load exercise training in order to improve 
compliance with exercise and, thus, the effectiveness of this 
treatment. Studies are required to determine the efficacy 
of interval exercise training in long-term follow up and on 
adherence in pulmonary rehabilitation programs.
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