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We compared the effect of three different exercise programs on patients with chronic obstructive pulmonary disease including
strength training at 50–80% of one-repetition maximum (1-RM) (ST; N = 11), low-intensity general training (LGT; N = 13), or
combined training groups (CT; N = 11). Body composition, muscle strength, treadmill endurance test (TEnd), 6-min walk test
(6MWT), Saint George’s Respiratory Questionnaire (SGRQ), and baseline dyspnea (BDI) were assessed prior to and after the
training programs (12 weeks). The training modalities showed similar improvements (P > 0.05) in SGRQ-total (ST = 13 ± 14%;
CT = 12 ± 14%; LGT = 11 ± 10%), BDI (ST = 1.8 ± 4; CT = 1.8 ± 3; LGT = 1 ± 2), 6MWT (ST = 43 ± 51 m; CT = 48 ± 50 m; LGT
= 31 ± 75 m), and TEnd (ST = 11 ± 20 min; CT = 11 ± 11 min; LGT = 7 ± 5 min). In the ST and CT groups, an additional improvement
in 1-RM values was shown (P < 0.05) compared to the LGT group (ST = 10 ± 6 to 57 ± 36 kg; CT = 6 ± 2 to 38 ± 16 kg; LGT =
1 ± 2 to 16 ± 12 kg). The addition of strength training to our current training program increased muscle strength; however, it
produced no additional improvement in walking endurance, dyspnea or quality of life. A simple combined training program
provides benefits without increasing the duration of the training sessions.
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Introduction

Skeletal muscle dysfunction is one of the most serious
extrapulmonary manifestations of chronic obstructive pul-
monary disease (COPD). This dysfunction limits exercise
tolerance and is associated with complaints of fatigue and
dyspnea even after minimal exertion (1). Deconditioning is
almost certainly a contributing factor, given that patients
with COPD have symptom-limited exercise tolerance, which
compromises their cardiac fitness and further limits their
exercise tolerance, leading to exacerbation of their symp-
toms after exertion (1).

Exercise programs aiming to restore muscle function
could result in outcomes that are more favorable than
those achieved with simple conditioning programs. The
efficacy of pulmonary rehabilitation in COPD patients has
been well established (2). Endurance training of the lower
extremities, resulting in greater exercise tolerance, is an
important component of these programs (3). However, the
effect of endurance training on muscle weakness and
wasting is less consistent (1). In addition, it is often difficult
for COPD patients to perform high-intensity exercises due
to dyspnea or hypoxemia (4). It has been reported that the
increase in muscle strength obtained after strength train-
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ing is higher than that obtained with endurance training (5),
but the importance of this increase, mainly regarding the
health-related quality of life in COPD patients, is unclear.

Pulmonary rehabilitation should be incorporated into
COPD treatment strategies as part of long-term disease
management (3). However, some barriers to treatment
adherence by COPD patients include the monotony of
exercise programs and the limited exercise tolerance. In
addition, there are a limited number of structured programs
available. Therefore, the efficacy of making training pro-
grams accessible to a greater number of COPD patients
warrants further investigation.

Some randomized controlled clinical trials have shown
that high-intensity interval training results in benefits re-
lated to dyspnea, health-related quality of life and exercise
capacity, similar to those obtained by continuous endur-
ance exercise (6,7). However, a recent systematic review
concluded that there is a lack of evidence that high-intensity
exercise is superior to low-intensity exercise (8). Therefore,
further studies are necessary to investigate this hypothesis.

Low-intensity exercise programs are easy to imple-
ment and have been used as the standard rehabilitation
program at the Botucatu Medical School for many years.
Their effects on exercise tolerance and the sensation of
dyspnea have been previously described (9,10). Low-
intensity training (aerobic and strength) is well tolerated by
COPD patients and is particularly suited to those with the
severe form of the disease (11). In this context, we hypoth-
esized that a combination of strength training (ST) and our
current program of low-intensity general training (LGT)
could result in additional benefits to COPD patients. Thus,
the aim of the present study was to compare three different
physical exercise programs in patients with COPD: moder-
ate- to high-intensity ST, LGT, and combined training (CT).

Patients and Methods

Patients and design
Fifty-one consecutive patients admitted to the Reha-

bilitation Center of Paulista State University (UNESP),
School of Medicine at Botucatu, SP, Brazil, were invited to
participate in the study. Patients were included in the study
if they met the global initiative for chronic obstructive lung
disease criteria for a diagnosis of COPD (12). Patients
considered clinically unstable (i.e., who presented changes
in medication dose or frequency, disease exacerbation, or
hospital admissions in the preceding 8 weeks) were ex-
cluded. The occurrence of exacerbation was evaluated by
self-reporting during clinic visits and was confirmed by
reviewing the medical record. The following factors were
also considered grounds for exclusion: chronic diseases

such as malignant disorders, cardiovascular disease, in-
sulin-dependent diabetes mellitus, osteoarthritis, use of
oral corticosteroids, treatment non-compliance, and inabil-
ity to perform the lung function test.

In groups of 3, patients were randomly assigned to one
of the training modalities (ST, LGT, or CT). Each program
consisted of three 1-h sessions per week over a period of
12 weeks.

Four patients did not complete the baseline evaluation
and were excluded from the study. Therefore, the final
sample was composed of 47 patients. Upon the arrival of
each subject, the purpose and procedures involved in the
study were explained and written informed consent was
obtained. All procedures were approved by the Research
Ethics Committee of the UNESP School of Medicine at
Botucatu.

Pulmonary function and arterial blood gas analysis
Spirometry was performed before and after 15 min of

inhalation of 400 mg salbutamol     (Med-Graph 1070; Medi-
cal Graphics Corporation, USA). Forced expiratory volume
in the first second is reported as liters, as percent forced
vital capacity and as percent of reference values (13).
Blood was drawn from the brachial artery with the patients
at rest and breathing room air. Arterial oxygen tension and
carbon dioxide tension (PaO2 and PaCO2) were deter-
mined with a blood analyzer (Stat Profile 5 Plus; Nova
Biomedical, USA).

Nutritional assessment
Body weight and height were measured, and body

mass index (BMI = weight/height2) was calculated. Body
composition was evaluated using bioelectrical impedance
(BIA 101A; RJL systems, USA). Resistance was meas-
ured on the right side of the body in the supine position.
Fat-free mass (FFM, kg) was calculated using a group-
specific regression equation developed by Kyle et al. (14).
The FFM index (FFMI = FFM/height2) was also calculated.
Lean body mass depletion was defined as an FFMI <15 kg/
m2 for women and <16 kg/m2 for men (15).

Health-related quality of life and dyspnea
The Brazilian versions of the Saint George’s Respira-

tory Questionnaire (SGRQ) and of the Airways Question-
naire 20 (AQ20) were used to evaluate patient health-
related quality of life (16,17) and the results are reported as
percent (16,17). A similarly modified version of the base-
line dyspnea index (BDI) (18), developed by Mahler et al.
(19) was used to evaluate baseline dyspnea. Clinically
significant improvement was defined as a decrease of ≥4%
in the total SGRQ score (20).



265

Braz J Med Biol Res 42(3) 2009

Three exercise programs in patients with COPD

www.bjournal.com.br

Respiratory pressures, handgrip and peripheral muscle
strength

We measured maximal inspiratory pressure by the
method of Black and Hyatt (21). Forearm muscle strength
was measured on the basis of handgrip strength of the
dominant hand measured with a dynamometer (TEC-60;
Technical Products, USA).

Peripheral muscle strength was assessed by the deter-
mination of the one-repetition maximum (1-RM). The agreed
convention for 1-RM is the heaviest weight that can be
lifted throughout the complete range of motion related to
the exercise performed. The 1-RM was assessed for exer-
cises carried out on weight training equipment (22): leg
press (quadriceps, gluteus, hamstrings, and calf muscles),
leg extension (quadriceps), lat pull-down (latissimus dorsi,
trapezius, and biceps), bench press (pectorals major and
triceps), seated rowing (latissimus dorsi, trapezius and
triceps), triceps pulley (triceps), and biceps curl (biceps). A
warm-up of 3-5 min followed by 10 repetitions with a light
load was performed prior to the test in order to minimize the
effects of learning. The 1-RM test was initiated at a weight
near the suspected maximum to minimize repetition fa-

tigue. All participants attained the 1-RM within 3-5 at-
tempts. Two to 3 min of rest were allowed between repeti-
tions. The Valsalva maneuver was avoided, and the proper
exercise performance technique for each muscle group
was emphasized.

Exercise tolerance
A maximal exercise tolerance test was performed. The

test consisted of symptom-limited graded exercise on a
treadmill with patient breathing room air and its objective
was to determined possible cardiovascular contraindica-
tions of exercise programs using a modified Bruce protocol
(23). A constant workload treadmill test, used to assess
endurance capacity, was performed on a separate day,
subsequent to that on which the incremental exercise test
was performed. After 3 min of warm-up, the treadmill was
set at 80% of the maximum inclination and at the speed
achieved during the baseline maximal incremental exer-
cise test. Patients were instructed to walk at 80% of their
maximum power output (i.e., exercise intensity probably
above the lactate threshold) for as long as they could.

A 6-min walk test (6MWT) was also conducted after a

Table 1.Table 1.Table 1.Table 1.Table 1. Low-intensity general training.

Walking
Indoor walking : Walking for 30 min at a self-determined velocity.

Parallel bar
Thoracic and upper-limb strength training : Patient in upright position with both hands on the parallel bar. Bringing the chest to the

bar and returning to the initial position using the thoracic and upper-limb muscles (25 repetitions).
Squat : Patient in upright position with both hands on the parallel bar. Squatting to approximately 50° of hip and knee flexion and

returning to the initial position (15 repetitions).
Diagonal upper-limb strength training : Patient in upright position. Raising one arm diagonally without any added weight

(20 repetitions/arm).

Free weights
Diagonal upper-limb strength training : Patient in upright position. Raising one arm diagonally while holding dumbbells

(20 repetitions/arm).
Biceps curl : Patient lying comfortably on a mat, holding dumbbells with the palms of the hands turned upward. Flexing the forearms

to approximately 90° and returning to the initial position (25 repetitions).
Shoulder flexor strength training : Patient lying comfortably on a mat, holding dumbbells with the palms of the hands turned down.

Flexing the shoulders to approximately 45° with the ground with forearm extension and returning to the initial position (25
repetitions).

Pectoralis strength training : Patient lying comfortably on a mat with shoulders abducted, holding dumbbells with the palms of the
hands turned upward. Horizontal adduction of the arms to the medial line of the trunk and returning to the initial position
(25 repetitions).

Triceps curl : Patient lying comfortably on a mat, arms and shoulders flexing to 90° and forearm in total flexing and neutral position,
holding dumbbells. Extending the forearm completely and slowly returning to the position near the head (25 repetitions each arm).

Mat work
Hip abductor strength training : Patient in lateral decubitus with the leg closest to the ground in knee flexion to 90° and the other leg

in knee extension. Abducting the superior hip in knee extension and returning to the initial position (25 repetitions for each leg).
Hip and lumbar extensor strength training : Patient on all fours. Performing hyperextension of the hip in one of the lower limbs and

returning to the initial position (25 repetitions for each leg).
Abdominal exercises : Patient in supine position with the knees in 90° flexion and the hips in 45° flexion. Tightening of abdominal

muscles, with eyes fixed on the navel, holding for 2 s. Return to starting position (50 repetitions).
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few minutes of practice, with the patients being instructed
to walk on an oval 33.12-m course, attempting to cover the
greatest distance possible in 6 min. A research assistant
timed the walk, and standardized verbal encouragement
was given to each patient. Peripheral oxygen saturation
(SpO2) was monitored throughout the test using a pulse
oximeter (Ohmeda Biox 3700; Ohmeda, USA). Patients
who presented hypoxia at baseline, as well as those whose
SpO2 decreased to <85% during the test, were given
oxygen by a physical therapist, who wheeled an oxygen
tank in a handcart alongside the patient. Before and after
the test, the following data were obtained: SpO2, heart rate,
respiratory rate, dyspnea (Borg), and blood pressure. The
distance covered was measured in meters. The minimal
clinically significant improvement was also recorded (≥54
m) (24).

Exercise training programs
The ST consisted of seven exercises performed on

weight training machines. Patients were submitted to three
sets of 12 repetitions with a 2-min rest between sets and
with a workload at 50–80% of that achieved on the 1-RM
test. The 1-RM test was repeated every 3 weeks to re-
establish the workload.

As can be seen in Table 1, the LGT consisted of 30 min
of walking at a self-determined intensity and an additional
30-min of low-intensity resistance training with free weights,
on exercise mats and on parallel bars. The LGT performed
in our study corresponds to three metabolic equivalents of
energy expenditure and can be classified as a low-inten-
sity exercise program according to the American College
of Sports Medicine recommendations for older adults
(25,26). The number of repetitions used in the LTG was
based on physiologic endurance principles, including a
high number of repetitions with a low load (26). The CT
consisted of 30 min of ST with only two series of 8 repeti-
tions with a workload at 50–80% of 1-RM. The remaining 30
min were devoted to LGT at half the volume (i.e., 15 min of
walking at a self-determined intensity and an additional 15
min at half the number of repetitions of low-intensity resis-
tance training with free weights, on exercise mats and on
parallel bars). All exercise regimens were conducted in 60-
min sessions, which included pacing for breathing.

Statistical analysis
Data were analyzed statistically using the SigmaStat

(version 2.03) statistical software (SPSS, Inc., USA). The
sample size, calculated taking into consideration minimal
clinically important differences in health-related quality of
life (SGRQ total score ≥4%), was N = 10 for each training
group. The following tests were carried out: Kolmogorov-

Smirnov to assess the normality of variable distribution;
descriptive analysis of data with values reported as means
± SD; repeated two-way ANOVA for comparisons between
pre- and post-training values, taking into consideration the
comparison among groups and the effect of training; one-
way ANOVA for comparison of groups at baseline, and chi-
square and Goodman tests to compare proportions. A
covariance model of repeated measures analysis on inde-
pendent groups was performed for the adjustment by sex
of variables with gender influence (exercise tolerance and
muscle strength). Percent changes (Δ) of all variables
were calculated and the Pearson or Spearman coefficient
of correlation was used to assess correlation between Δ
values. Values of P < 0.05 were considered significant.

Results

Of the 47 patients initially evaluated, 13 (4 in the ST
group, 6 in the LGT group, and 3 in the CT group) failed to
complete the 12 weeks of the conditioning program due to
one of the following reasons: disease exacerbation (N = 4),
socioeconomic difficulty (N = 1), lack of motivation (N = 6),
job conflict (N = 1), and nonspecific skeletal muscle com-
plaints (N = 1). However, comparisons of these patients
with those completing the programs did not show signifi-
cant differences at baseline. Thirty-five patients concluded
the training protocols with adequate adherence (ST = 11;
CT = 11; LGT = 13), having completed more than 85% of
the scheduled sessions.

General characteristics of the study population
Baseline characteristics of the remaining 35 patients

are presented in Table 2. No differences were found be-
tween groups in terms of age, gender, body composition,
airflow obstruction, or arterial blood gases. On average,
the patients presented a moderate airflow obstruction. No
patient presented evidence of arterial hypoxemia, defined
as PaO2 <55 mmHg/SpO2 <89%. Three patients (1 in the
CT group and 2 in the LGT group) presented a BMI <21 kg/
m2. Another three (one in the ST group and two in the LGT
group) presented an FFMI <15 kg/m2 (women) or <16 kg/
m2 (men). One LGT patient presented a low BMI and a low
FFMI. At the end of the training period, none of the groups
presented significant changes in lung function or body
composition.

Effects of exercise training on health-related quality of
life and dyspnea

No differences were observed in pre- or post-interven-
tion scores for health-related quality of life and dyspnea in
any training modalities studied (Table 3). Patients in the ST
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group presented a significant post-training improvement in
the SGRQ symptoms domain, activities domain and total
scores, as well as in the AQ20 total score. Those in the CT
group presented a significant post-training improvement in
the SGRQ activities domain, impact domain, total scores,
and in the AQ20 total score. Those in the LGT group
presented a significant post-training improvement in the
SGRQ symptoms domain and total scores. In addition,
minimal clinically significant improvement in the total SGRQ
score was found for 7 patients in the ST group (63.6%), 9
patients in the CT group (72.7%), and 9 patients in the LGT
group (69.2%; P > 0.05). Although significant improvement
in BDI was found only in the ST group, there was
a minor, though consistent, trend towards im-
provement in BDI score in the CT and LGT groups.

Effects of exercise training on functional
exercise tolerance

Results related to functional exercise toler-
ance are shown in Table 4. It can be observed that
there was a significant increase in the 6-min walked
distance and in the endurance time in the CT and
ST groups. A minimal clinically significant im-
provement in the 6MWT was observed in 6 pa-
tients in the ST group (54.5%) and in 4 patients in
the CT group (36.4%). In addition, we observed a
tendency to a significant increase in 6MWT values
and in the treadmill endurance time in the LGT
group. Four LGT patients (30.8%) presented mini-
mal clinically significant improvements in the 6MWT
results.

Effects of training on respiratory and peripheral
muscle strength

Pre- and post-training values of respiratory

Table 3.Table 3.Table 3.Table 3.Table 3. Pre- and post-training mean values of quality of life and dyspnea for patients in the strength training (ST), combined training
(CT), and low-intensity general training groups (LGT).

SGRQ symptoms (%) SGRQ activities (%) SGRQ impact (%) SGRQ total (%) AQ20 total (%) BDI

Pre-training
ST 59 ± 28 63 ± 20 42 ± 21 48 ± 19 55 ± 23 1.8 ± 1.4
CT 42 ± 24 61 ± 22 36 ± 20 45 ± 20 45 ± 23 1.9 ± 1.2
LGT 55 ± 22 61 ± 16 42 ± 16 50 ± 13 48 ± 21 1.6 ± 0.8

Post-training
ST 36 ± 24* 44 ± 27* 32 ± 22 35 ± 20* 39 ± 19* 2.4 ± 1.2*
CT 32 ± 22 48 ± 23* 24 ± 19* 33 ± 17* 32 ± 16* 2.5 ± 1.3
LGT 30 ± 14* 51 ± 19 34 ± 21 39 ± 17* 44 ± 25 2.0 ± 1.3

Data are reported as mean ± SD. SGRQ = Saint George’s Respiratory Questionnaire; AQ20 = Airways Questionnaire 20; BDI =
baseline dyspnea index. *P < 0.05, post-training compared to pre-training (two-way repeated measures ANOVA).

Table 2.Table 2.Table 2.Table 2.Table 2. Baseline characteristics of the study population randomly as-
signed to strength training (ST), combined training (CT), and low-intensity
general training (LGT).

ST (N = 11) CT (N = 11) LGT (N = 13)

Age (years) 61.3 ± 8.8 62.1 ± 10 65.4 ± 9.2
Sex (male/female) 9/2 7/4 10/3
Height (cm) 164.5 ± 8 161 ± 8 164.8 ± 8
Weight (kg) 72 ± 14.5 68.9 ± 13.6 64.8 ± 13
BMI (kg/m2) 26.8 ± 4.4 27.1 ± 5.8 23.6 ± 5.4
FFMI (kg/m2) 18.5 ± 2 17.8 ± 1.2 17 ± 2.4
FVC (L) 2.9 ± 0.7 3.1 ± 1 2.8 ± 0.6
FVC (%predicted) 93.7 ± 24.4 98.6 ± 20 93.1 ± 21
FEV1 (L) 1.3 ± 0.4 1.3 ± 0.5 1.2 ± 0.5
FEV1 (%predicted) 59.3 ± 24.4 59.4 ± 27 57.9 ± 23.7
FEV1/FVC (%) 44.5 ± 6.3 44.3 ± 16.9 43.4 ± 12.7
PaO2 (mmHg) 68.8 ± 11.1 69.8 ± 10.6 75.9 ± 8.6
PaCO2 (mmHg) 42 ± 8 36.5 ± 4.7 39.5 ± 6.3
SpO2 (%) 92.6 ± 3.3 94 ± 2.5 94.8 ± 1.4

BMI = body mass index; FFMI = lean body mass index; FVC = forced vital
capacity; FEV1 = forced expiratory volume in 1 s; PaO2 = arterial oxygen
tension; PaCO2 = arterial carbon dioxide tension; SpO2 = peripheral (pulse
oxymetry) oxygen saturation. There were no statistical differences among
the groups (one-way ANOVA).

and peripheral muscle strength are presented in Table 4.
Baseline peripheral muscle strength did not differ signifi-
cantly among groups. Patients in the ST and CT groups
presented a significant post-training improvement in all 1-
RM values, whereas no significant changes in 1-RM val-
ues were observed in the LGT group. With the exception of
the leg press exercise, 1-RM values were comparable for
the ST and CT groups at baseline and at the end of
training. With the exception of bench press in the CT
group, all 1-RM values were significantly higher at the end
of the program in the ST and CT groups than in the LGT
group. In the ST group, the change in the 6-min walk



268

Braz J Med Biol Res 42(3) 2009

V.Z. Dourado et al.

www.bjournal.com.br

distance presented significant positive correlations with
changes in 1-RM in the lat pull down (r = 0.64; P = 0.0452),
1-RM in the bench press (r = 0.62; P = 0.0395), and 1-RM
in the leg extension (r = 0.60; P = 0.0467).

Discussion

The aim of the present study was to compare the
results of three different exercise programs regarding body
composition, quality of life, dyspnea, peripheral muscle
strength, and exercise tolerance of COPD patients. We
found that the strength-training component produced addi-
tional improvements in peripheral muscle strength. How-
ever, this type of training did not promote any additional
benefit in exercise tolerance, dyspnea or health-related
quality of life.

In the present study, ST, alone or combined with LGT,
was effective in increasing the strength of the muscle
groups trained. Supporting this finding, there is strong
evidence that ST alone or combined with endurance train-
ing can lead to a significant improvement in muscle strength
in COPD patients (5,8,27,28). In contrast with previous
studies that showed increased muscle strength and higher
endurance in COPD after low-intensity resistance training,
we did not find a significant increase in muscle strength in
the LGT group (9,10). Studies using cycling and arm
cranking as a training modality have shown significant
increases in lower and upper limb muscle strength (5,23,24).
On the other hand, Mador et al. (29) did not observe any
change in peripheral muscle strength after endurance
training. These discrepancies may be attributable to the
differences in the modalities and the intensity of training
employed.

No significant changes in BMI, FFM or FFMI were
found in our study in any group evaluated. This finding is in
agreement with previous reports of increases in total FFM
only when the rehabilitation process included nutritional
support or supplementation with specific agents, such as
testosterone or creatine (30–32). Moreover, body impe-
dance is not accurate enough to detect small changes in
body mass composition (14).

The ST and CT modalities produced significant and
similar changes in health-related quality of life in the pres-
ent study. The magnitude of the improvements shown in
the present study (SGRQ total change = 11 ± 10 to 13 ±
14%) has been reported by others in Brazilian patients
(33). The dyspnea in the ST group improved significantly,
whereas it did not change significantly in the CT or LGT
groups. The between-group difference for the change in
dyspnea, however, was not significant. In fact, a recent
systematic review of randomized controlled trials compar-
ing different exercise programs for COPD showed that ST
produced greater improvements in the dyspnea domain
and in the total score of the Chronic Respiratory Disease
Questionnaire when compared to endurance training (8).

The 6-min walking distance and the endurance time
were higher in the ST and CT groups, in agreement with
other reports (5,28). In the present study, the mean in-
crease in the 6-min distance walked was less than 54 m.
However, for some of the patients, the absolute value was
greater than 54 m (54.4% in the ST, 36.4% in the CT, and
30.8% in the LGT). Mador et al. (29) reported similar
results in patients submitted to a combined exercise pro-
gram (strength and aerobic exercises). Moreover, Spruit et
al. (28) and Ortega et al. (5) also showed an improvement
in endurance time in COPD patients after an exercise

Table 4.Table 4.Table 4.Table 4.Table 4. Pre- and post-training mean values of functional exercise tolerance, as well as respiratory and peripheral muscle strength for
patients in the strength training (ST), combined training (CT), and low-intensity general training groups (LGT).

6MWT (m) TEnd (min) Mean values of one repetition maximum (kg)

Leg Leg Bench Lat pull HGS PImax
press extension press down (kgF) (cmH2O)

Pre-training
ST 601 ± 85 18 ± 8 98 ± 26 36 ± 12 35 ± 11 44 ± 12 38 ± 7 -80 ± 26
CT 511 ± 62+ 17 ± 10 78 ± 23 33 ± 8 34 ± 7 39 ± 8 33 ± 8 -63 ± 25
LGT 560 ± 109 12 ± 5 68 ± 15 34 ± 8 34 ± 8 41 ± 10 36 ± 5 -64 ± 20

Post-training
ST 645 ± 73* 29 ± 19* 155 ± 60*+‡ 52 ± 11*‡ 46 ± 11*‡ 56 ± 13*‡ 38 ± 7 -81 ± 26
CT 559 ± 52*+ 28 ± 15* 116 ± 32*# 46 ± 13*# 40 ± 8* 50 ± 11*# 35 ± 8 -74 ± 22
LGT 592 ± 76 19 ± 4 85 ± 20 37 ± 9 36 ± 10 42 ± 12 39 ± 7 -66 ± 27

Data are reported as mean ± SD. 6MWT = 6-min walk test; TEnd = constant workload treadmill endurance test; HGS = handgrip
strength; PImax = maximal inspiratory pressure. *P < 0.05, post-training compared to pre-training (ANCOVA); +P < 0.05, CT
compared to ST; ‡P < 0.05, ST compared to LGT; #P < 0.05, CT compared to LGT (two-way repeated measures ANOVA).
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program. The continuous (oval) tracks and number of
practice tests related to 6MWT in the present study might
have influenced our results (34). Recently, the distance
walked on a continuous circular track exceeded the dis-
tance walked on a straight track by 13 ± 17 m in patients
with COPD (34). The coefficient of repeatability for 3-day
sessions was 51 and 65 m for the straight and circular
tracks, respectively. Thus, for an individual patient, per-
forming the test in different layouts results in less variability
in 6-min walk distance then performing the test on a
different day. Regarding the execution of a practice walk
test, the distance walked is only slightly greater in a second
test according to ATS recommendations (35).

We found a tendency towards increased exercise tol-
erance in the LGT group. Clark et al. (9), comparing the
results obtained for a group of patients following a low-
intensity exercise program with those found for a control
group, also observed a significant increase in endurance
time in the trained group. Similar results were reported by
Normandin et al. (10). The low intensity of the LGT pro-
gram and the reduced number of patients performing this
training modality in our study might explain the lack of a
statistical effect. Nevertheless, all exercise training pro-
grams studied were able to produce significant and similar
changes in health-related quality of life, in agreement with
previous reports (5,10,27,29).

In the literature, two different modalities of CT, shorter
and longer sessions of endurance training combined with
ST, have been compared to endurance training alone
(5,27,29). The longer CT session protocols resulted in
increased muscle strength but provided no greater im-
provement in exercise tolerance or health-related quality
of life than did endurance training alone (27,29). Interest-
ingly, the shorter CT session protocols provided the best
benefits for the patients and have been suggested to
represent an optional strategy for patients with COPD (5).
This is in agreement with our findings showing that a
combination of training modalities is effective without in-
creasing the duration of the sessions.

An interesting finding of the present study was the
correlation between changes in muscle strength and in 6-
min walk distance. We were able to find only one study (36)
that showed a significant correlation between percent
changes in leg muscle function and constant workload
treadmill endurance test performance after strength train-
ing alone. However, the cited study did not assess trunk
muscle strength (latissimus dorsi, trapezius, pectoralis
major) as assessed in the present study. Some of these
trunk muscles may take on an accessory respiratory func-
tion when the primary respiratory muscles are dysfunc-
tional or cannot meet the ventilatory demand (37). There-

fore, improvement of trunk muscle strength may benefit
respiratory mechanics, resulting in better exercise capac-
ity (38).

The present study has some methodological limita-
tions. Although we used reliable tools to evaluate patient
ability to carry out daily life activities, such as the 6MWT
(39), we were unable to directly assess maximal oxygen
uptake due to equipment limitations. Moreover, the re-
duced number of patients in the LGT group may have
influenced the amount of benefits of this type of training. As
previously mentioned, the sample size was calculated
considering minimal clinically important differences in
health-related quality of life (SGRQ total score improve-
ment ≥4%), that indicated N = 10 in each training group. It
is possible that the number of patients studied (ST = 11; CT
= 11; LGT = 13) was not sufficient to observe differences
related to other variables in the LGT group, probably due to
a type II error. However, it is unlikely that including more
patients in the study would have changed the conclusion
that, except for the peripheral muscle strength, the im-
provements were similar for the three study groups. In a
systematic review, O’Shea et al. (40) showed that strength
training was found to have strong evidence for improving
peripheral muscle strength; however, no strong evidence
for strength training was found for outcome measures such
as exercise capacity, dyspnea or health-related quality of
life. Further investigations are required to evaluate the
impact of strength training programs on activities of daily
living, balance, upper-limb function, and self-care in pa-
tients with COPD.

The low-intensity training regarding LGT may also
have influenced our results. However, the literature shows
that this training type can result in significant benefits for
patients with COPD (6,9,10). Rehabilitation programs are
scarce and just a small number of patients have access to
this treatment, mainly in Brazil, where resources are lim-
ited. The available structure allows training with mats, free
weights, parallel bars, and free walking and this has been
our rehabilitation strategy for many years. Therefore, the
present study was designed to determine whether the
addition of strength training performed on gym equipment
can maximize the benefits of our current program. In
addition, although the various CT programs have yielded
significant benefits, our design did not allow us to assess
patient motivation or preference for any of the training
modalities. Four of the 6 patients who dropped out of the
LGT stated a lack of motivation. Since the statistical anal-
ysis did not show significant differences among the groups,
no conclusions can be drawn regarding the effects of
different exercise modalities and session durations on
COPD patient adherence to the training programs. Finally,
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an unblinded assessment was necessary, similar to some
previous studies (5,28,36).

The results of the present study support the view that
the addition of a strength-training component to an endur-
ance training program of COPD patients increases muscle
strength. However, it cannot promote additional increases
in exercise endurance, dyspnea, or health-related quality
of life. Moreover, a relatively simple training program com-

bining LGT and ST can produce significant improvements
in muscle strength, in exercise tolerance and in health-
related quality of life, even when the sessions are of
standard duration. Finally, the benefits of physical condi-
tioning for healthy status in patients with COPD seem to be
independent of the modality or intensity of the exercise
training undertaken.
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