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Comprehensive exercise training
improves ventilatory muscle function

and reduces dyspnea perception 
in patients with COPD

F. Cortopassi1, A.A.M. Castro1,2, E.F. Porto1,2, M. Colucci1, 
G. Fonseca1, L. Torre-Bouscoulet3, V. Iamonti1, J.R. Jardim1

Introduction

Patients with Chronic Obstructive Pulmonary
Disease (COPD) present dyspnea and deterioration
in exercise capacity in association with impaired
pulmonary function [1]. Weakness and decondi-
tioning of respiratory and peripheral muscles are
currently recognised in these patients as additional
factors implicated in the reduction of exercise ca-
pacity as well as in quality of life [2]. Maximal
voluntary inspiratory (PImax) and expiratory (PE-
max) pressures are probably the most frequently
reported non-invasive estimates of respiratory
muscle force since Black and Hyatt reported this
non-invasive technique in 1960s [3]. 

In COPD patients, inspiratory muscle dys-
function appears to be the result of geometric
changes of the thorax, systemic factors and poten-
tial structural changes of the inspiratory muscles
[4, 5]. It is probable that inspiratory muscle dys-
function does not limit ventilatory capacity at rest,
but it does appear to contribute to dyspnea, de-
creased exercise capacity and ventilatory failure
during exacerbations [6]. Expiratory muscle
weakness may lead to problems with speech, and
mucus retention due to impaired cough efficacy.
These muscles have been found to be recruited in
COPD patients both at rest and during loaded
breathing [7]. The significance of this activation
has not been well-defined.
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ABSTRACT: Comprehensive exercise training improves
ventilatory muscle function and reduces dyspnea perception
in patients with COPD. F. Cortopassi, A.A.M. Castro, 
E.F. Porto, M. Colucci, G. Fonseca, L. Torre-Bouscoulet,
V. Iamonti, J.R. Jardim.

Background. Comprehensive exercise training (CET)
is an efficient strategy to decrease dyspnea perception in
chronic obstructive pulmonary disease (COPD) and may
result in significant improvement in ventilatory muscles
function. Our aim was to evaluate the effects of general ex-
ercise training on dyspnea perception and on respiratory
muscles strength in COPD patients.

Methods. Consecutive COPD patients were enrolled
to complete a CET programme. The patients underwent a
routine that included a global warm up, upper and lower
limbs endurance exercise as well as stretching and relax-
ation. Before and after the CET programme, patients
completed maximal inspiratory (PImax) and expiratory
(PEmax) pressures measurements, maximal incremental
test, endurance test, and 6-min walk distance (6MWD).

Results. 71 patients (52 male). Mean age 67.6±8.6
years, FEV1 (%) 44.2±16.2 and Mahler dyspnea scale
6.4±1.8. The results before and after the exercise pro-
gramme were: PImax 64.7±22.9 vs. 75.5±23.7 cmH2O
(p=0.001), PEmax 110.8±28.1 vs. 120.4±28.1 cmH2O
(p=0.004), 6MWD 510.6±90.3 vs. 528.2±99.7 metres
(p=0.88), time of incremental test 672±135 vs. 856±226
sec (p<0.0001). Compared with the pre exercise pro-
gramme, we observed a significant reduction on Borg
dyspnea scale (6.1±2.8 to 3.6±2.3, p<0.0001) as well as a
longer test time (504±218 to 1.038±841, p<0.0001) at the
end of the endurance test after CET programme. Im-
provement of PImax correlated negatively with dyspnea
perception at iso-time during the endurance test (r= -0.33,
p=0.03).

Conclusions. Our results confirm that CET is associ-
ated with significant improvement in PImax, PEmax and
provide evidence demonstrating that CET reduces dysp-
nea perception in patients with COPD.
Monaldi Arch Chest Dis 2009; 71: 3, 106-112.
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Specific inspiratory or expiratory muscle train-
ing should not be advised as the sole intervention
in COPD, but should be an integrated part of a pul-
monary rehabilitation programme whenever dysp-
nea was caused by respiratory muscle weakness. It
has been demonstrated that an increase in strength
and endurance of the inspiratory muscles may be
observed whenever specific inspiratory muscle
training is performed and that this may decrease
the patients’ dyspnea and increase their perfor-
mance [8]. However, most of the pulmonary reha-
bilitation programmes for COPD patients do not
include a specific respiratory muscles programme
[9, 12].

We hypothesise that respiratory muscle
strength might be improved with a comprehensive
exercise training programme without specific mus-
cle training. The aims of this study were: first, to
determine whether a general exercise training pro-
gramme with non-specific muscle training in pa-
tients with severe COPD could result in significant
improvement in ventilatory muscle function; and
second to evaluate the determinants of improve-
ment in inspiratory muscle function and its associ-
ation with dyspnea perception.

Methods

Consecutive patients with COPD were en-
rolled in an outpatient pulmonary rehabilitation
programme between 2001 and 2005. In order to be
included in this study patients presented the fol-
lowing selection criteria: (1) moderate-to-severe
obstruction (FEV1<50% predicted and
FEV1/FVC<0.70), according to the criteria of the
American Thoracic Society [13] and with a histo-
ry of cigarette smoking (over 10 pack/years); (2)
patients should be clinically stable, with no exac-
erbations or hospital admissions in the preceding 4
weeks prior to the beginning of the training; their
regular treatment was maintained with an optimi-
sation of the bronchodilator therapy; (3) cardiac,
musculoskeletal, or neuromuscular disease or any
other disease that might interfere with exercise
performance were considered as exclusion criteria
for this study. Subjects were well motivated to par-
ticipate in the programme and were currently non-
smokers. The study was approved by the Institu-
tional Ethics Committee and all patients gave their
written consent.

Each subject was enrolled in a supervised pro-
gramme for a total of 90 days distributed in 24 ses-
sions, three times a week. During two weeks be-
fore and two weeks after the programme, patients
were submitted to pulmonary function test, respi-
ratory muscle function (PImax and PEmax), and
exercise capacity (incremental and endurance ex-
ercise test on a treadmill and 6-min walk distance
[6MWD]).

Exercise programme: Each subject participat-
ed in a 24 sessions exercise programme involving
supervised exercise three times a week: a) 40 min-
utes on the treadmill with a load of 80% of the
maximal incremental test; b) 30 minutes of arms
exercise with two diagonal movements; c) 20 min-

utes of stretching or relaxation. Exercises with di-
agonal patterns are intended to recruit a large num-
ber of the shoulder girdle muscles. The diagonal
spiral pattern with a rotary component involves
movements in three dimensions with sequential
and simultaneous movements of several joints.
The first diagonal technique includes flexion-ad-
duction-external rotation of the shoulders motions,
while the second diagonal technique includes a
flexion-abduction-external rotation motion [14,
15]. Each diagonal exercise lasted two minutes
and exercises were carried out alternating the
arms. Training was accomplished with a load
equivalent to 50% of the maximal achieved in a
maximal incremental upper-limbs test.

Tests

Spirometry: Spirometric testing (Koko®, OHD
Occupational Health Dynamics Birmingham, AL,
USA) was done following ATS/ERS recommenda-
tions [16]. Forced vital capacity in litres (FVC),
forced expiratory volume in the first second in
litres (FEV1) and their ratio were measured. The
severity of disease was classified according with
GOLD stages [17]. Spirometry was repeated after
400 mcg inhaled salbutamol.

Chronic Breathlessness: Dyspnea was as-
sessed with Mahler baseline dyspnea index (BDI),
the transitional dyspnea index (TDI) [19] and the
modified Borg scale [20].

Maximal incremental test on a treadmill: A
maximal incremental symptom-limited test was
performed on a treadmill on two succeeding days.
The test was performed on a treadmill (Lifestride
model 7500, USA) following the Harbor protocol.
During the first three minutes patients walked
without no inclination on the treadmill at a fixed
speed that they felt was comfortable, followed by
a 1% increase in inclination each minute. Heart
rate was continuously monitored at the CM5, AVF
and V2 leads using electrocardiography (EP-3
Dixtal, Brazil) recordings being taken throughout
the exercise and during the recovery period. The
lower limbs incremental test was stopped when the
oxygen consumption reached the same value as the
maximal oxygen consumption reached in the max-
imal upper limbs incremental test.

Unsupported arm exercise: The exercise con-
sisted of lifting a halter Polypac performing a di-
agonal movement based on the second diagonal of
the proprioceptive neuromuscular facilitation tech-
nique [21] over the complete flexion-extension
amplitude of the shoulder. This exercise started
with the arms crossed in the lap, with the elbows
straight and the palms facing down; then the pa-
tient lifted the arms up, out and apart until fully ex-
tended above the head, approximately 45° from
the vertical, rotating the hand to finish with the
palm facing posteriorly; a reverse movement was
then done to return to the starting position [21].
The exercise continued alternating the arms till ex-
haustion. Initial weight was 250g which was in-
creased by 250 g every two minutes. The frequen-
cy and rhythm of the movements were imposed by
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a digital metronome (Qwiktime QT-3) pro-
grammed to establish 20 repetitions per minute.
Patients were encouraged to continue exercising
until exhaustion, or occurrence of limiting symp-
toms (dyspnea and tiredness). The test was halted
by the technician when:

1) The patient was observed to be using com-
pensatory thoracic movements to accomplish the
exercise;

2) The complete movement amplitude of the
shoulder was not being reached; or

3) if the patient could no longer follow the
metronome frequency.

Six-minute Walk Distance (6 MWD): The max-
imum distance walked by each patient on a 28-m
corridor in 6 minutes was measured. Each subject
performed the test twice within a 30-minutes peri-
od and the maximum distance was recorded fol-
lowing the ATS recommendations [21].

Ventilatory Muscle Strength and Endurance:
The maximum inspiratory (PImax) and expiratory
mouth pressures (PEmax) were measured from
functional residual capacity with a standard rigid
mouthpiece (Analogical manovacuometer, with an
operational interval of –150 to +150 cmH2O; Crit-
icalMED, Rio de Janeiro, Brazil). Measurements
were obtained in the sitting position. To avoid
pressure generation by the muscle of the cheeks a
small leak was allowed. Five manoeuvers were
performed and reproducibility was accepted if the
variability between the two best measurements
was less than 10 per cent. The best of all efforts
was chosen for the analysis.

Statistical Analysis: Data is shown as mean
and standard deviation (SD). Comparisons before
and after exercise programme were performed us-
ing the paired t test. Associations between contin-
uous variables were explored calculating the Pear-
son’s correlation coefficient. The acceptable level
of statistical significance for each test was a
p<0.05. The analysis was performed using the
commercial statistics software (Stata, release 9.2,
StataCorp, College Station, TX, USA).

Results

93 patients were initially included. However,
22 of them did not complete the rehabilitation pro-
gramme: 17 for financial reasons and 5 for acute
exacerbation. Finally we analysed the data from 71
patients (52 male). The general characteristics of
the patients are shown in table 1. Mean age was
68±9 years; FEV1 was 44±16% of the predicted;
PaO2 was 62±7 mmHg, PaCO2 42±8 mmHg; BDI
was 6.4±2.3 and TDI 7.5±2.1. Fifty two patients
(73%) were classified as COPD GOLD stages 3 or
4 whereas 19 (27%) as stage 1 or 2.

Table 2 shows the effects of a comprehensive
rehabilitation programme on respiratory muscles
strength, six minutes walked distance and maximal
upper limbs incremental exercise parameters. PI-
max and PEmax enhanced significantly, 17% and
9%, respectively (p<0.01). In respect to the maxi-
mal upper limbs incremental test after the rehabili-
tation programme we found an increase in the max-

Table 1. Baseline characteristics of the 71 COPD patients

Parameter Value

Age (y) 68 (9)

Male: Female n (%) 52 (73) : 19 (27) 

Smoking (pack-years) 58 (32)

Mahler dyspnea scale (BDI) 6.4 (2.3)

Mahler dyspnea scale (TDI) 7.5 (2.1)

Body mass index (Kg·m-2) 26 (5)

Fat free mass (%) 68 (11)

FEV1 (L) 1.185 (0.510)

FEV1 (%) 44 (16)

FVC (L) 2.749 (0.760)

FVC (%) 80 (19)

FEV1/FVC (%) 52 (13)

pH 7.40 (0.04)

PaO2 (mmHg) 62 (7)

PaCO2 (mmHg) 42 (8)

SaO2 (%) 90 (3)

Values are expressed as mean and standard deviation (SD)
or absolute and percentage (%) values.

Table 2. - Effects of a comprehensive rehabilitation program on the respiratory muscles strength, six minutes
walked distance and upper limbs incremental exercise parameters

Pre-rehabilitation Post-rehabilitation p value

PImax (cmH2O) 64.7 (22.9) 75.5 (23.7) <0.01

PEmax (cmH2O) 110.8 (28.1) 120.4 (28.4) <0.01

6 MWD (meters) 510.6 (90.3) 528.2 (99.7) 0.82

Upper limbs incremental test
Borg peak dyspnea 2.4 (1.8) 1.9 (1.7) 0.16
Final load (Kg) 1.3 (0.5) 1.7 (0.7) <0.01
Time (sec) 378 (202) 519 (268) <0.01
Borg iso-load 2.4 (1.8) 1.5 (1.3) <0.01

Data are expressed in mean and standard deviation (SD).
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imal load and a decrease in Borg dyspnea (figure 1)
at the end of the test and at iso-load. Improvement
was seen in all variables in the lower limbs maxi-
mal incremental test after the programme, with an
increase in 190 meters in the walked distance
(22%) (p<0.005) (table 3). Consistently, a decrease
in Borg dyspnea score at iso-load and at iso-time
was seen in the lower limbs maximal incremental
and endurance tests (figure 2).

We found that some variables were associated
with the change in PImax (table 4), although sig-
nificant the strength was weak. We did not find
any association of the change in PEmax in relation
to pulmonary function, muscle capacity and fat
free mass.

Discussion

The most important findings in our study were:
(1) a comprehensive exercise training programme

without specific muscle training was found to be
associated with a significant improvement of res-
piratory muscles strength in patients with COPD;
(2) the respiratory muscle strength improvement
was found to be associated with a decrease in iso-
time Borg score in incremental and endurance
tests; and (3) patients with higher PImax enhance-
ment were those who had higher fat free mass and
FVC.

Improvement in respiratory muscle strength
after rehabilitation programme has been reported
in a previous study by O’Donnell et al [22]. They
included 20 moderate to severe COPD patients
(FEV1 41±3%) in a comprehensive exercise train-
ing at high intensity and found that an increase in
the ventilatory muscle strength (29±11% in PImax,
and 27±11% in PEmax), as well as in peripheral
muscle strength. However, the improvement was
not shown to contribute to the relief of exertional
dyspnea or improvement in exercise endurance.

Table 3. - Effects of a comprehensive training program on the lower limbs exercise parameters in COPD patients

Incremental Test Pre-rehabilitation Post-rehabilitation p value

Time (sec) 672 (135) 856 (226) <0.01

Distance (meters) 0.86 (0.30) 1.05 (0.38) <0.01

Borg peak dyspnea 6.9 (2.7) 6.6 (3.0) 1

Borg iso-load 6.9 (2.7) 5.0 (2.9) <0.01

Endurance Test 

Time (sec) 504 (218) 1038 (841) <0.01

Borg peak dyspnea 6.1 (2.8) 5.6 (3.0) 0.23

Borg isotime 6.1 (2.8) 3.6 (2.3) <0.01

Data are expressed in mean and standard deviation (SD).

Fig. 1. - Mean and standard deviation of iso-load Borg dyspnea score for the upper limbs incremental test pre and post a comprehensive exercise
programme. * Paired t test.
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Contrary to O’Donnell et al findings we found that
the Borg dyspnea perception at iso-time and iso-
load during a lower limbs maximal and endurance
tests decreased after a rehabilitation programme
and similar result was found in the incremental test
for upper limbs (p<0.01). It is currently acknowl-
edged that pulmonary rehabilitation is an impor-
tant therapy in the management of patients with
symptomatic COPD as it improves the perception

of dyspnea, exercise tolerance and health-related
quality of life. We observed an improvement
of BDI/TDI index (table 1), which may be consid-
ered a direct effect of exercise training in accor-
dance with other studies [11]. The current Pul-
monary Rehabilitation Evidence-Based Clinical
Practice Guidelines [23] states that the combined-
training of both lower and upper limbs may reduce
Borg score for perceived dyspnea. We are not as-

Table 4. - Variables associated with the increase in PImax

PImax

r p value

Fat free mass (%) 0.29 0.03

FVC (%) 0.34 0.01

FVC (L) 0.29 0.03

Endurance Borg iso-time (lower limbs) -0.33 0.03

Borg incremental test in lower limbs before rehabilitation -0.30 0.02

r = Pearson’s Correlation Coefficient.

Fig. 2. - Mean and standard deviation of iso-load Borg dyspnea scale for the lower limbs incremental test (Panel A) and iso-time Borg dyspnea
scale for the lower limbs endurance test (Panel B) pre and post a comprehensive exercise programme. * Paired t test.
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suming that respiratory muscle strength was re-
sponsible for the dyspnea reduction since our pa-
tients were also submitted to arms and legs exer-
cises. However, it might be that the respiratory
muscles played a secondary role in the reduction in
breathlessness of our patients. Gosselink et al have
showed that ventilatory muscles impairment may
be a limiting factor in exercise in COPD patients
[24]; in addition O’Donnell et al have seen that an
increase in the ventilatory muscles strength and
endurance may increase the effort capacity in
COPD patients [22]. The study by Holland et al
[25] compared arm training combined with lower
limb training vs lower limb training alone in 38
COPD patients. They found in the combined-train-
ing group a significant improvement in arm en-
durance (p=0.02) and a trend toward reduced Borg
scale for dyspnea (p=0.07).

To the best of our knowledge, this is the first
study demonstrating that the combined-training
(unsupported training for upper limbs and en-
durance training by treadmill for lower limbs) de-
creases dyspnea. Geddes et al [26] found that aer-
obic exercise training alone does not improve ven-
tilatory muscle strength and endurance but we at-
tributed these negative results to the lower intensi-
ty of the training load. In our group, however, the
exercise training was performed with a high inten-
sity workload (80%) which may explain the sig-
nificant improvement in the ventilatory muscle of
our patients.

It is well known that COPD patients present
changes in muscle fibre type, reduced capillarity,
decreased oxidative enzyme, nutrition depletion,
and steroids use [27, 28]. Together, they can po-
tentially explain the reduction in muscle en-
durance. Weight loss and muscle wasting have
long been considered events that highlight pro-
gression of COPD. Although investigators have
been trying to show the effects of caloric and ana-
bolic interventions during pulmonary rehabilita-
tion [29-31] exercise could be the first option in
stable patients to increase muscle mass and better
exercise endurance [32]. In the present study, PI-
max improvement was found to be associated with
the a higher baseline fat free mass. This improve-
ment was seen even when the baseline pre rehabil-
itation PImax was normal what suggests that pa-
tients with no respiratory muscle weakness and
submitted to an exercise programme may gain an
extra respiratory muscle strength.

Although we have not seen an improvement in
the 6MWD in our patients after the rehabilitation
programme, exercise tolerance during the 6-min
walk distance in patients with COPD has been
demonstrated. Benstrup et al demonstrated in 32
COPD outpatient-based submitted to pulmonary
rehabilitation an increase of 113 meters during the
6MWD [33]. Wedzicha et al found a similar in-
crease in their group of patients (191 to 279 me-
ters) after pulmonary rehabilitation [34]. Although
the reason our finding is unclear, we believe that
the high pre rehabilitation distance in the 6 min-
walking test (510±90 meters) could have abolished
an overall effect of the programme in this particu-

lar parameter as there was a significant increase in
the endurance and in the incremental leg exercise
test. The long distance walked by our patients,
even before the programme completion, has been
previously recognized by our group [35] and it
might be secondary to the kind of daily life activi-
ties COPD patients of developing countries usual-
ly have; for instance as most of them do not have
their own transportation they have to walk long
distance in a daily basis.

Our study has a limitation; although our study
was not a randomized control trial, the results were
consistent with previous randomised controlled
groups [34, 36]. It has been convincingly demon-
strated that pulmonary rehabilitation is beneficial
to COPD patients and currently it is considered
that there is sufficient evidence to prove that it may
be considered unethical by some not to ensure pa-
tient exercise during a control period.

In conclusion, our results provide evidence
supporting that comprehensive exercise training is
a useful strategy to decrease dyspnea perception in
patients with COPD and also to improve respirato-
ry muscle strength without any specific training.
The reduction in iso-load dyspnea was associated
to baseline fat free mass.
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