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ABSTRACT: Pulmonary rehabilitation programmes aim at improving exercise
capacity, activities of daily living, quality of life and perhaps survival in patients with
chronic obstructive pulmonary disease (COPD). Recently, well-designed studies
investigated and confirmed the efficacy of comprehensive pulmonary rehabilitation
programmes, including exercise training, breathing exercises, optimal medical treat-
ment, psychosocial support and health education. In the present overview, the contri-
bution of exercise training in clinical practice to the demonstrated effects of
pulmonary rehabilitation is discussed by means of six basic questions. These include:
1) the significance of exercise training; 2) the optimal intensity for exercise training;
3) prescribing training modalities; 4) the effects of exercise training combined with
medication, nutrition or oxygen; 5) how training effects should be maintained; and 6)
where the rehabilitation programme should be performed: in-patient, out-patient or
homecare?

First, exercise training has been proven to be an essential component of pulmonary
rehabilitation. Training intensity is of key importance. High-intensity training (>70%
maximal workload) is feasible even in patients with more advanced COPD. In addi-
tion, the effects on peripheral muscle function and ventilatory adaptations are supe-
rior to low-intensity training. There is, however, no consensus on the optimal training
modalities. Both walking and cycling improved exercise performance. Since periph-
eral muscle function has been recognized as an important contributor to exercise per-
formance, specific peripheral muscle training recently gained interest. Improved
submaximal exercise performance and increased quality of life were found after mus-
cle training. The optimal training regimen (strength or endurance) and the muscle
groups to be trained, remain to be determined. Training of respiratory muscles is rec-
ommended in patients with ventilatory limitation during exercise. The additional ef-
fects of anabolic-androgenic drugs, oxygen and nutrition are not well-established in
COPD patients and need further research.

In order to maintain training effects, close attention of the rehabilitation team is
required. The continuous training frequency necessary to maintain training effects
remains to be defined.

At this point in time, out-patient-based programmes show the best results and
guarantee the best supervision and a multidisciplinairy approach. Future research
should focus on the role of homecare programmes to maintain improvements.
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Dyspnoea, impaired exercise tolerance and reduced
quality of life are common complaints in patients with
chronic obstructive pulmonary disease (COPD). Several
pieces of evidence point to the fact that these features
are not simple consequences of the loss of pulmonary
function. Reduced exercise capacity shows only a weak
relation to lung function impairment [1]. Moreover, medi-
cation may improve pulmonary function in COPD, but
does not necessarily have a clear effect on exercise cap-
acity [2]. Other factors, such as peripheral muscle weak-
ness, deconditioning and impaired gas exchange, are now
recognized as important contributors to reduced exercise
tolerance [3, 4].

The consequences of exercise intolerance appear im-
portant to COPD patients. Reduced exercise capacity and
muscle weakness render these patients disabled with a

high utilization of healthcare resources [5, 6]. They refrain
from their work due to their disease and become socially
isolated. Poor exercise capacity has also been shown to
contribute to mortality [7].

Pulmonary rehabilitation programmes aim at reversing
this deleterious situation in terms of improvements in
exercise capacity, activities of daily living, quality of life
and perhaps survival. Pulmonary rehabilitation program-
mes must be comprehensive and flexible to address each
patient's needs and include smoking cessation, optimal
medical treatment, exercise training, breathing exercises,
nutritional intervention, psychosocial support and health
education [8]. Recently, well-designed studies investigat-
ed and confirmed the efficacy of pulmonary rehabilitation
programmes [9]. As the impairment of exercise tolerance
is a common problem in COPD patients, exercise training
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is considered an important component of the treatment.
However, no consensus exists as to the best methods of
exercise training [8]. No answers can be given to the ques-
tion of which mechanisms contribute to improved exercise
capacity. Adaptations in oxygen utilization and changes
in fibre type distribution after training are still under re-
search and will not be extensively discussed here.

In the present overview, we will discuss the contri-
bution of exercise training and muscle training to the dem-
onstrated effects of pulmonary rehabilitation programmes
in clinical practice by means of six basic questions:

1) Is exercise training important in rehabilitation of COPD
patients?

2) What is the optimal intensity for exercise training?

3) What training modalities should be prescribed?

4) Is it useful to combine exercise training with medica-
tion, nutrition or oxygen?

5) How should training effects be maintained?

6) Where should the rehabilitation programme be perfor-
med: in-patient, out-patient or homecare?

Is exercise training important in rehabilitation of
COPD patients?

Recent randomized controlled studies reported signifi-
cant improvements in maximal exercise capacity, walking
distance and endurance capacity after pulmonary rehab-
ilitation [10-14]. In addition, improved quality of life
and reduced symptoms were observed [10, 11, 13, 15].
Mortality rate tended to decrease after rehabilitation [11].
Although conclusive evidence is not yet available, two
additional observations support the potential importance
of rehabilitation to survival. The intermittent positive
pressure breathing (IPPB) trial demonstrated that exercise
capacity is an independent contributor to mortality, inde-
pendent of the degree of airflow obstruction [16]. In addi-
tion, a higher mortality rate was observed in patients with
severe muscle weakness due to steroid-induced myopa-
thy [17].

Although these programmes are comprehensive, most
of the authors considered exercise training as a manda-
tory part of the programme. However, since no placebo-
controlled studies were available, the effective part of the
programme was unknown. Tosuma et al. [18] and more
recently, RiEs et al. [11], showed that a rehabilitation
programme, including exercise training, resulted in signi-
ficantly larger improvements in exercise capacity, symp-
toms and quality of life than an educational programme
alone (fig. 1). This provides a better answer to the ques-
tion why rehabilitation is effective. If exercise training is
important in COPD patients, then the question becomes
what kind of exercise and exercise intensity should be
described [19].

What is the optimal intensity for exercise training?

Efficacy of exercise training is related to general prin-
ciples of exercise physiology, e.g. training intensity, train-
ing specificity and reversibility [20]. In healthy subjects,
training intensity is mostly targeted by means of the per-
centage of the maximal cardiac frequency (60-90% of the
predicted maximal cardiac frequency) or a percentage of
the maximal oxygen uptake (50-80% pred) achieved dur-
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Fig. 1. — Rehabilitation results in significantly more improvement of
exercise performance than an educational programme without exercise
training. Results are mean#sp. *: p<0.05, versus control group. —m—:
rehabilitation; - - -O - - : education. (From [11], with permission).

ing training. This intensity should be sustained for 20-45
min, and repeated 3-5 times a week [20]. Training at this
intensity is related to working conditions well above the
anaerobic threshold, inducing anaerobic muscle metabo-
lism. Exercise programmes based on these guidelines
have been shown to increase maximal exercise perfor-
mance, to produce adaptations in peripheral muscles and
to improve cardiac function in healthy subjects [21].

The question whether these principles also apply to pat-
ients with COPD has only recently been addressed ade-
quately. For many years, it was argued that work intensity
during exercise training was too low in COPD to accom-
plish these adaptations in peripheral muscles. Data from
Bevan and Kenorecan [22] were the main support for this
statement, because the study failed to demonstrate
changes in muscle enzymes after exercise training. How-
ever, it should be noted that their training programme had
probably a low training intensity. Training intensity was
defined as the highest tolerable training intensity that
could be maintained for 20 min. In the initial phase of the
study, training intensity was only 35% of the maximal
workload.

Notable progress concerning the training intensity in
COPD patients was made by the work of Casasurt and co-
workers [12, 23]. They showed that anaerobic meta-
bolism was present during exercise in patients with COPD.
Indeed, an early onset of lactic acidosis during exercise
was demonstrated in these patients [12, 24, 25]. In addi-
tion, significantly larger improvements in maximal and
submaximal exercise responses were obtained after exer-
cise training at high exercise level (70% maximal work-
load) above the anaerobic threshold (AT), compared to
low exercise level (30% maximal workload) [12]. They
showed significant reductions in ventilation and lactate
levels at identical submaximal workloads, strongly indi-
cating improved aerobic metabolism. Reduced ventilation
may be responsible for reduced dyspnoea at identical
workloads after rehabilitation [13]. Recently, VALLEr ef al.
[26] concluded that training with a training intensity tar-
geted with the gas exchange threshold (GET) optimized
training effects compared to training intensity targeted
with cardiac frequency in COPD patients. Although these
studies seem to promote the use of AT or GET as a train-
ing target, several comments may be made related to this
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practice. PunzaL et al. [27] observed significant improve-
ments in exercise capacity after a symptom-limited, high-
intensity training programme. Surprisingly, their results
were independent of whether or not the AT was reached
during training.

The latter observation appears to contrast with the
above-mentioned studies. However, the noninvasive det-
ection of the AT used in the study by PunzaL et al. [27] is
still under debate and probably inaccurate, especially in
patients with more severe airflow obstruction [24, 28]. In
the study of PunzaL et al. [27] the AT was detected with the
noninvasive method. The patients who did not reach AT
had more severe airflow obstruction. It is probable that
anaerobic metabolism was present as observed in other
studies [24, 25] in which lactate measurements in arterial
blood were performed. Furthermore, Mattais and co-work-
ers [14, 29] showed that high-intensity training (~60-75%
maximal workload) resulted in substantial in-creases in
maximal exercise capacity and reductions in ventilation
and lactate levels at identical exercise work rate. These
findings strongly suggest improvements in  aerobic
metabolism and are in agreement with significant
increases in oxidative enzymes (16-40%) in the quadri-
ceps femoris muscle after a strenuous exercise programme
(70-80% maximal workload) as found by the same group
[14] (fig. 2). No such changes were found after low-inten-
sity training [22].

Reductions in ventilation can also be attributed to
mechanisms other than improved aerobic metabolism.
Casauri et al. [30] observed a significant reduction in dead-
space ventilation due to a decrease in respiratory fre-
quency and increase in tidal volume after exercise train-
ing in patients with severe COPD. This resulted in a lower
minute ventilation despite an unchanged lactate level.
These changes raise the question of additional breathing
exercises during exercise training. Cascart et al. [31] ob-
served significantly more improvement in maximal oxy-
gen uptake after exercise training and breathing exercises
compared to exercise training without breathing exercises.
These findings suggest that breathing exercises during
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Fig. 2. — Changes in maximal exercise capacity (maximal oxygen con-
sumption (V'0O,max) and work rate (WR)), ventilation (V'E), carbon
dioxide output (V'c0,), cardiac frequency (fC) and lactate (L) at identical
work load and lactate threshold (LT) after high-intensity training in
patients with chronic obstructive pulmonary disease. Oxidative en-
zymes in the quadriceps muscle (citrate synthase (CS) and 3-hydroxya-
cyl CoA dehydrogenase (HADH)) increased significantly. *: p<0.05,
versus baseline. (From [14], with permission).

exercise training can be beneficial. Further controlled stu-
dies are necessary to substantiate this.

The above-mentioned data strongly suggest that train-
ing intensity is significant, but the meaning of the level of
lactate accumulation as training stimulus is still questiona-
ble [30]. This leaves us with the question of what is the
ultimate stimulus for adaptations in trained muscles.

From a practical point of view, it is important to know
how to evaluate training intensity during exercise training.
The answer to this question is not readily given. Most stu-
dies suggest using a given percentage of the maximal
work capacity. Cardiac frequency is also used as an easy
measure to target training intensity. However, as work rate
corresponding to a given cardiac frequency varies widely
among subjects [32] and certainly changes due to lung
disease [33] and drugs, cardiac frequency seems not to be
an appropriate measure to target training intensity. Never-
theless, cardiac frequency changes at identical work load
can be used to study cardiac adaptations in individuals
after exercise training in COPD patients [12, 29, 30]. Rec-
ently, Horowrrz et al. [34] observed that dyspnoea ratings
(Borg-score) obtained from a maximal graded exercise
test can be reliably used as a training target to produce
specific exercise intensities during training over a 5 week
period. This conclusion is supportive for symptom-guided
exercise training. A proposal for targeting exercise inten-
sity can be, for example, a Borg-score (either for dysp-
noea or leg fatigue), as was used in several studies [11, 13,
27]. For safety reasons, in most training programmes
transcutaneous oxygen desaturation <85% is avoided by
oxygen supplementation. This latter guideline, however,
needs further investigation.

Most training programmes in COPD rehabilitation are
based on endurance training, which practically means per-
iods of sustained exercise for 20-30 min. However, in
severely obstructed patients with hypoxaemia and hyper-
capnia, endurance training is very strenuous and exercise
levels >60% of the maximal workload are hardly tolerated
for longer periods of time [14, 29]. Interval training, 2-3
min of high-intensity (60-80% maximal exercise capac-
ity) training alternated with equal periods of rest, seems
an attractive alternative to train these patients. In healthy
subjects, interval training has been shown to elicit similar
training effects as endurance training [35-37]. Only one
abstract has been published on the effects of interval train-
ing in severe COPD patients [38]. No differences were
observed in the training responses compared to endurance
training in patients with severe COPD, but with normal
blood gases. Further research is warranted in this area.

What training modalities should be prescribed?

Training specificity implies that benefit is specifically
gained in activities that were trained. This implies that the
work during training should resemble conditions that are
needed to be improved in COPD patients, i.e. activities of
daily living. However, in clinical practice it is almost im-
possible to meet such conditions during exercise training.
Lake et al. [39] observed significant improvements in 6
min walking distance (6MWD) after lower extremity tra-
ining, but not after upper extremity training. Similarly,
upper extremity training improved arm ergometer perfor-
mance, but not walking distance. Such specific training
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effects were also observed by others [11, 27]. Transfer ef-
fects to other activities have been shown, with cycle ergo-
meter training improving walking [15, 40] and vice versa
[10]. Transfer effects were also noticed as an increase in
the activities of daily living or quality of life [41]. Con-
cerning the specificity of training, studies considering the
effects of occupational therapy are still lacking.

Lower extremity training

Most training programmes involve training of lower
extremities with cycling or walking or both. The advan-
tage of cycling is the accurate tuning of training intensity.
However, only a few studies describe their training regi-
men in great detail [12, 14]. According to the guidelines
of the American College of Sports Medicine [20], train-
ing intensity should be >60% of the maximal workload.
As mentioned before, Casasuri ef al. [12] showed that train-
ing on the cycle ergometer at 70-80% of the maxi-mal
workload improved submaximal endurance time signifi-
cantly more than training at 30% of the maximal work-
load (70 versus 9%). Other studies applying cycle
ergometer training at a workload of S60% of maximal
workload showed similar improvements in maximal work-
load (~30%) and endurance time [14, 25, 26]. Similar
improvements were observed in training programmes ap-
plying treadmill walking programmes [10, 11, 27] or com-
bined walking and cycling programmes [13]. The 6MWD
improved by 10-25% [10, 13]. By way of contrast, Wik-
STRA et al. [15] trained their patients in a home- based pro-
gramme at 60-75% of the maximal workload and
improved maximal workload with only 10%, while
6MWD increased only marginally (2%). Their training
programme was home-based and therefore supervision of
the training sessions was likely to be less strict.

Upper extremity training

As patients with COPD report limitations for activi-
ties of daily living involving the upper extremities [42],
several upper extremity training programmes were perfor-
med. Ris er al. [43] observed only significant improve-
ments in specific upper extremity performance tests after
upper extremity training in comparison to a control group.
However, these improvements did not result in significant
changes in tests simulating activities of daily living. Spe-
cific training effects were also found by Lake ef al. [39].
Upper limb training improved arm ergometer tests, but not
walking tests.

Peripheral muscle training

Recent papers [3, 4, 25] address the importance of
weakness of peripheral muscle to the impairment of exer-
cise capacity. Quadriceps force contributes significantly
to 6MWD and maximal oxygen uptake [3, 4]. Another
observation that points to the significance of muscle weak-
ness in limiting exercise capacity is that, in spite of sig-
nificant differences in lung function measurements, no
significant differences were seen in post-transplant exer-
cise capacity between single or double lung transplanta-

tion [44]. This may partly be explained by the fact that
peripheral muscle weakness or dysfunction plays an im-
portant role in exercise limitation in these patients [45].
Finally, Mactass et al. [25] observed significant reductions
in oxidative capacity of the peripheral muscles in COPD
patients.

To the best of our knowledge, only three studies investi-
gated peripheral muscle training in COPD patients [41,
46, 47]. O'Hara et al. [47] studied the effectiveness of
weight-lifting in addition to a programme with back-
packing, in 14 patients, seven patients with dumb-bell
weight-lifting and seven patients performing daily peri-
pheral muscle training (~60% one repetition maximum
load). Although similar improvements in isometric muscle
strength were observed in both groups, 12 min walking
distance and exercise performance on a cycle ergometer
test improved significantly in the training group only.
Since between-groups statistical analysis was not in-
cluded, no conclusion can be drawn from this study
concerning additional effects of peripheral muscle train-
ing on exercise performance. Contrary to the former study,
Smveson et al. [41] found in a randomized controlled trial
that weight-lifting with loads ranging 50-85% of the one
repetition maximum load resulted in significantly more
increase in peripheral muscle performance than in the
control group. In addition, improvements in quality of life,
but not in exercise capacity, were found.

Along the same lines, CLark et al. [46] performed a ran-
domized controlled study to investigate the effects of a
low (no additional loads) intensity leg and arm muscle-
conditioning programme. As could be expected, signi-
ficant improvements in muscle endurance, but not in
muscle strength, were observed. The endurance walk test
and physiological adaptations at submaximal exercise (re-
duced ventilatory equivalents for oxygen and carbon
dioxide) improved significantly in comparison to the con-
trol group. As in the study of Swwsox et al. [41], no changes
in maximal exercise performance were present.

Preliminary data from our centre show that improvement
in peripheral muscle strength and exercise performance
are well correlated [48]. This finding further substantiates
the causal relationship between peripheral muscle func-
tion and exercise capacity. It remains, however, unclear if
either endurance muscle training, strength training or a
combination of both is to be preferred.

Respiratory muscle training

Respiratory muscle function, and especially inspiratory
muscle function, is compromised in COPD and this con-
tributes to dyspnoea [49], exercise limitation [4] and
hypercapnia [50]. Respiratory muscle training improves
inspiratory muscle function on the condition that training
intensity is fixed or monitored and exceeds 30% maximal
inspiratory pressure (PImax) [51-53]. This prerequisite
was not considered in several studies previously pub-
lished. Therefore, their results should be considered pre-
liminary and interpreted with great caution. Inspiratory
muscle training in addition to exercise training has been
shown to result in greater improvements in exercise cap-
acity in patients with a ventilatory limitation to exercise
[54, 55].
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No data are available on which method of respiratory
muscle training should be practised: resistive loading,
threshold loading, maximal inspiratory (Miiller) manoeu-
vres or a combination of these manoeuvres. Threshold
loading has the advantage of being independent of inspira-
tory flow rate [56]. However, it requires build up of nega-
tive pressure before flow occurs, and hence, is inertive in
nature. BELMAN et al. [57] showed that similar work loads
were obtained during resistive loading and threshold load-
ing. Whether resistive loading or this inertive loading pro-
duces different training effects, remains to be studied.

Is it useful to combine exercise training with medica-
tion, nutrition or oxygen?

Whether or not to use supplemental oxygen therapy
during exercise is still an unresolved question. Muscle
function in COPD patients with long-term hypoxaemia
has been shown to deteriorate [25, 58]. Significant im-
provements in exercise performance [59] and muscular
oxidative metabolism [58] are reported as acute effects of
oxygen therapy in hypoxaemic COPD patients. Train-
ing with supplemental oxygen for 10 weeks had no addi-
tional effects over training without supplemental oxygen
in COPD patients with exercise hypoxaemia [60]. By
contrast, in healthy subjects, training under hypobaric con-
ditions resulted in significantly larger increases in oxida-
tive enzymes and endurance time compared to normobaric
conditions [61]. This suggests that intermittent hypoxae-
mia could be an additional training stimulus. This con-
trasts to the traditional thoughts that supplemental oxygen
is necessary to allow exercise at higher workloads in pa-
tients with severe airflow obstruction.

Nutritional interventions have been successful in gain-
ing respiratory and peripheral muscle strength as well as
improving exercise performance [62, 63] in malnourished
COPD patients [63]. The additional effects of nutrition on
exercise training have not been studied yet.

The administration of anabolic-androgenic steroids in
combination with exercise training has only recently been
shown to be effective in increasing muscle size and mus-
cle strength in normal male subjects [64]. Although the
concept seems attractive to comprehensive patient care, no
studies are available at present in patients with COPD at
present.

How should training effects be maintained?

The reversibility of training effects is well known [20].
These detraining effects were only mild in endurance-
trained healthy subjects after stopping exercise training
[65, 66]. Recently, two studies were published discussing
long-term effects of respiratory rehabilitation in COPD
patients [11, 15]. In the study of Wikstra ef al. [15], a 12
week exercise training programme was continued at two
training frequencies on a low level basis (either once a
week or once a month) after the initial training period.
Apparently, there was a tendency for a decline in walking
distance after 18 months, but surprisingly no significant
differences were found between the two training frequen-
cies. Patients included in the study of Ris et al. [11] also
continued exercise training at home after a rehabilitation

programme of 2 month duration. They visited the prog-
ramme once a month, but the improvements in treadmill
endurance capacity diminished after 12 and 18 months.

Where should the rehabilitation programme be per-
formed: in-patient, out-patient or homecare?

Most rehabilitation programmes used in recent research
are out-patient and hospital-based [11, 13, 14, 29, 30, 46].
Gowpsten et al. [10] performed their programme on an in-
patient basis for 2 months and thereafter another 4 months
on an out-patient basis. Similar improvements were
observed in this study compared to the out-patient pro-
grammes.

Homecare or community-based programmes were also
studied [15, 40, 67]. In the study of Camsacu et al. [40],
similar improvements were observed, on average, in walk-
ing distance and quality of life in community-based as
in out-patient hospital-based programmes. However, only
one third of the group were COPD patients and two thirds
were asthmatics. Subgroup analysis revealed that COPD
patients had only marginal improvements in walking dis-
tance after rehabilitation. Strusos e al. [67] reported simi-
lar improvements in exercise performance and dyspnoea
after hospital-based and home-based rehabilitation com-
pared to controls. Long-term effects on exercise capacity
and dyspnoea were better maintained in the homecare
group. However, such long-term benefit was not observed
after a similar homecare programme studied by the same
group [15]. Again in this study no significant improve-
ment was observed in walking distance. In the study of
Cuark et al. [46], patients followed a daily home-based
programme that was supervised once a week in the hospi-
tal. Patients kept a record of their performance in a train-
ing log. This programme was associated with significant
improvements in walking performance and ventilatory
equivalents for oxygen and carbon dioxide. These find-
ings suggest that an out-patient training programme and a
home exercise programme can be successfully combined
and must be considered in future research.

Conclusions

Is exercise training important in rehabilitation of COPD
patients?

Exercise training has been proven to be an important
part of respiratory rehabilitation programmes in COPD
patients. Increased maximal exercise capacity and func-
tional exercise performance were consistently observed
after rehabilitation including exercise training.

What is the optimal intensity for exercise training?

As in training in healthy subjects, intensity of the exer-
cise training programme is of key importance. Low-inten-
sity exercise or muscle training in COPD patients resulted
in modest improvements in submaximal exercise tests, but
no increases in maximal exercise performance were ob-
served. In contrast, high-intensity training improved both



EXERCISE TRAINING IN COPD PATIENTS 2889

maximal and submaximal exercise tests and induced both
cardiorespiratory and peripheral muscle adaptations, simi-
lar to those observed in healthy subjects. These studies
have demonstrated that high-intensity exercise training is
possible and safe in COPD patients, a conclusion that was
held for unrealistic by previous reports.

Which training modalities should be prescribed?

As in healthy subjects, training effects are related to the
training modality. Since training programmes in the litera-
ture were quite variable, detailed comparisons were not
possible. Specific training effects were found after upper
and lower extremity exercise training. However, most
studies demonstrated transfer effects such as an increase
in walking distance after training on a cycle ergometer.
Training modalities should be chosen as near as possible
to activities that are aimed to improve. In this perspec-
tive, introducing occupational therapy seems an important
training modality. In addition, data are still lacking on the
effectiveness of interval training in COPD.

Recently, peripheral muscle training has attracted inter-
est. First, peripheral muscle weakness contributes to exer-
cise limitation as shown in recent studies. Second, muscle
training is a feasible training modality, particularly in pa-
tients with severe airflow obstruction. This type of train-
ing is possible without excess ventilation and therefore
less dyspnoea. It is, however, unclear which muscle train-
ing regimen should be followed. As muscle strength was
found to be related to physical performance, strength
training seems appropriate. This was confirmed in rec-
ently obtained results, showing a correlation between im-
provement in muscle strength and exercise performance.
However, low-intensity endurance muscle training seems
also to be successful in improving exercise performance.
Further research is warranted not only to discover which
training regimen (strength or endurance) should be fol-
lowed, but also which muscle groups should be trained.
So far, most attention has been given to lower extremity
muscle training, because lower extremity muscle weak-
ness was observed. Data on upper extremity, neck and
trunk muscle strength and training are also needed.

Respiratory muscle training has been shown to increase
inspiratory muscle strength and exercise capacity in pat-
ients with inspiratory muscle weakness and a ventilatory
limitation to exercise.

Is it useful to combine exercise training with medication,
nutrition or oxygen?

Enhancing training effects with anabolic-androgenic
drugs is an area of controversy. However, recent data from
studies in male athletes, demonstrated significant imp-
rovements in muscle strength when weekly supraphysio-
logical injections with testosterone were added to training.
Similar experiments are needed in COPD patients. Nutri-
tion has been shown to have an effect on muscle strength
and exercise capacity, but no study has demonstrated addi-
tional effects of nutrition on exercise training. Supple-
mental oxygen during exercise training seems attractive
because it allows higher training loads, without the risk
of oxygen desaturation during training. The additional

effects of oxygen have not been substantiated. It has even
been argued that local acute hypoxia might be a stimulus
for adaptations in the muscle. Further randomized con-
trolled studies are needed to substantiate the use of oxy-
gen therapy during exercise training.

How should training effects be maintained?

Given the reversibility of the training effects after ces-
sation of the rehabilitation programme, follow-up prog-
rammes after the formal rehabilitation period must be
provided. Optimal follow-up frequency of the sessions
needs to be determined. Given that COPD patients fre-
quently have exacerbations, short periods of rehabilitation
over time may be necessary to prolong the effects of reha-
bilitation in the longterm.

Where should the rehabilitation programme be performed.:
in-patient, out-patient or homecare?

Out-patient-based programmes have shown significant
improvements in exercise performance and quality of life.
Expensive in-patient programmes therefore seem unnec-
essary. Walking distance did not improve in two home-
based programmes. This could be attributed to a lower
training intensity during the programme as a result of in-
adequate supervision. At this point in time, out-patient-
based programmes show the best results and guarantee both
the best supervision and a multidisciplinairy approach.
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