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BACKGROUND: Bronchial variability in COPD patients may be a phenotypic feature associated
with clinical characteristics and differential treatment response. We analyzed whether symptoms,
quality of life, and exercise capacity varied in COPD patients as a function of bronchodilator test
results, and compared responses to an exercise program. METHODS: A positive bronchodilator
test result was defined as FVC and/or FEV1 improvement of > 12% plus > 200 mL after 400 �g
of salbutamol. We studied 198 COPD subjects: 94 with positive reversibility, and 104 with negative
reversibility. Training sessions were carried out on 3 non-consecutive days each week, for 12 weeks,
and consisted of a combination of resistance and strength training. Subjects were evaluated on 2
consecutive days at baseline, and at the end of the 12-week training program. RESULTS: Those
with positive reversibility had shorter time to exhaustion in the endurance test (19.1 � 12.6 min vs
24.5 � 14.5 min, P � .03), shorter shuttle walk test distance (380.6 � 158.2 m vs 438.5 � 149.1 m,
P � .02), and lower Chronic Respiratory Disease Questionnaire scores (18.7 � 4.6 vs 19.8 � 4.3,
P � .01). There were no significant differences in peak exercise, peripheral muscle strength,
dyspnea, or improvement after exercise training. CONCLUSIONS: Compared to COPD subjects
with negative reversibility, those with positive reversibility walked for shorter distances, and had
shorter endurance times and worse quality of life, but the improvements after exercise training
were similar. Key words: COPD; bronchodilator; quality of life; exercise; rehabilitation. [Respir Care
2014;59(1):81–89. © 2014 Daedalus Enterprises]

Introduction

COPD is characterized by airway obstruction that is
not fully reversible. Forced spirometry with a bronchodi-
lator test is essential for the diagnosis and classification of

COPD.1 The diagnosis should be confirmed by post-
bronchodilator spirometry, which attenuates the effect of
reversibility, making it easier to distinguish between
asthma, which is completely reversible, and COPD, which
is not. This approach reduces the risk of misclassification.1

The airway obstruction in COPD, unlike that in asthma,
is usually considered permanent or, at most, partially re-
versible; that is, usually little change is seen in spirometry
after the administration of a bronchodilator. On the other
hand, one of the main reasons for excluding patients with
COPD from studies and clinical trials of drugs has been
that they do show a positive response to bronchodilators or
present certain clinical characteristics that, traditionally,
have been associated with asthma.2

There is a need to re-evaluate the concept of asthma and
COPD as separate conditions, and to consider situations
when they may coexist, or when one condition may evolve
into the other. The so-called overlap syndrome is recog-
nized as the coexistence of increased variability of air flow
in a patient with incompletely reversible airway obstruc-
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tion. Bronchial variability as a phenotypic feature may be
present in more than half of patients with COPD.3 This
subgroup showing reversibility with bronchodilators was
found to have elevated eosinophil levels in induced spu-
tum, and higher concentrations of exhaled nitric oxide.4

Some studies have found airway obstruction reversibility
to be an independent positive predictor of survival, and a
slower decrease in FEV1 among patients with COPD.5

Nevertheless, patients with bronchial hyper-responsiveness
have a higher risk of developing respiratory symptoms and
COPD, the annual decrease in FEV1 being higher among
active smokers with bronchial hyper-responsiveness.6 In-
deed, bronchial hyper-responsiveness has been found to be
significantly associated with mortality due to COPD, this
being directly related to the degree of histamine hyper-
responsiveness.7

Patients with COPD who have a positive broncho-
dilator response seem to respond most often and most
strongly to inhaled corticosteroids,8 the effect being longer
lasting when these are combined with a long-acting beta-
agonist.9,10 The effect of other types of treatment in this
subgroup of patients is unknown. Exercise training has
been shown to increase exercise capacity, reduce dyspnea,
and improve quality of life among patients with COPD.11

However, the response to such a program varies among
patients. It is largely unknown which factors determine
these results, but phenotypic differences could explain some
of these variations.12

In particular, it is not known whether or not, among
COPD patients, having a positive bronchodilator response
influences important clinical outcomes and, accordingly,
could be used to classify patients into different groups in
terms of prognosis and appropriate treatments. Our objec-
tive was to analyze whether or not there were differences
in symptoms, quality of life, and/or exercise capacity among
patients with COPD as a function of their bronchodilator
responsiveness, and whether this was related to their de-
gree of airway obstruction. In addition, we assessed re-
sponse to an exercise training program as a function of
whether or not patients responded to bronchodilators. Our
hypothesis was that quality of life and exercise capacity
would be worse among COPD patients who respond pos-
itively to bronchodilators, as would response to an exer-
cise program.

Methods

This study was approved by the clinical research ethics
committee of the Hospital Universitario Virgen del Rocío,
Seville, Spain, and written informed consent was obtained
from each subject prior to inclusion.

Study Subjects

This was an uncontrolled, prospective clinical trial with
a cohort of subjects with COPD, recruited when they at-
tended the hospital for routine appointments for the eval-
uation of a pulmonary rehabilitation program. Inclusion
criteria were: age � 18 years, COPD (diagnosed accord-
ing to the international guidelines1), at least 20 pack-years
of smoking, and clinically stable for at least the previous
3 months. Exclusion criteria were: unwillingness to par-
ticipate in the study, COPD exacerbation within the past
3 months that required systemic corticosteroids or anti-
biotics, and any contraindication or inability to perform
the study tests (eg, a history of uncontrolled heart disease
or the presence of acute respiratory conditions).1 A history
of asthma was defined by affirmative answers to 2 ques-
tions: Have you ever had asthma? and, Was this confirmed
by a doctor? The subjects’ regular medications remained
unchanged, and in line with guideline recommendations.1

Spirometry was performed at baseline and 15 min after
the administration of 400 �g salbutamol, in accordance
with the acceptability and reproducibility criteria of the
American Thoracic Society.13 Acute bronchodilator re-
sponsiveness (positive reversibility) was defined as FVC
and/or FEV1 improvement of � 12% and � 200 mL.1,14,15

We included in the analysis the data from all subjects who
had � 2 valid spirometry measurements, taken at least
3 months apart; bronchodilator responsiveness had to be
consistent between the measurements. We used the COPD
definition and severity stratification of the Global Initia-
tive for Chronic Obstructive Lung Disease (GOLD): post-
bronchodilator FEV1/FVC � 0.70.1

Training Program

Training sessions were carried out on 3 nonconsecutive
days each week, for 12 weeks. The duration of sessions

QUICK LOOK

Current knowledge

COPD is characterized by airway obstruction that is not
fully reversible. Pre- and post-bronchodilator spirome-
try is recommended for the diagnosis and classification
of COPD.

What this paper contributes to our knowledge

COPD patients with positive response to a bronchodi-
lator had lower exercise capacity, shorter 6-min walk
distance, and lower quality-of-life scores, but following
exercise training had results similar to patients with
negative bronchodilator response.
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was 40-min plus a 10-min warm-up and 10-min cool down.
The training program was structured as reported previ-
ously,12 and consisted of combined resistance and strength
training. The endurance training consisted of leg exercise
on a calibrated ergocycle (Ergometer ZX1, Kettler Sport,
Ense, Germany) at a fixed pedaling speed (60 rpm), with
which we measure the work rate (in watts) achieved by the
subject during each session. The physiotherapist was aware
of the training intensity prescribed for each subject, and
encouraged him/her to reach it. The work rate corresponding
to 70% of the peak work rate achieved during the baseline
incremental exercise test was selected as the target training
intensity.16,17 The strength training included the following
exercises, with weight-lifting equipment (Fitness-Center
Classic, Kettler Sport, Ense, Germany): chest pull (mainly
for strengthening of the latissimus dorsi); butterfly (mainly
for the pectoralis major muscle); neck press (mainly for
the triceps brachii and deltoid); leg flexion (mainly for the
biceps femoris and grastrocnemius); and leg extension
(mainly for the quadriceps femoris). The subjects performed
4 series of 6 to 8 repetitions for each of the exercises, at a
work load of 70–85% of the 1 repetition maximum. This
test was repeated every 2 weeks for new adjustments of
the work load.

Measurement Tools

Subjects were evaluated on 2 consecutive days at base-
line, and at the end of the 12-week training program. Pre-
and post-training tests were performed under similar
conditions. The shuttle walk test and the submaximal en-
durance cycle test were primary outcome measures for this
study. Secondary outcome measures were the pulmonary
function studies, maximal cycle exercise test, peripheral
muscle strength, quality of life, and dyspnea.

Pulmonary Function Tests. Spirometry (Masterlab,
Erich Jaeger, Friedberg, Germany) was per the Sociedad
Española de Neumología y Cirugía Torácica18 and Amer-
ican Thoracic Society recommendations.13 Lung volumes
(functional residual capacity, residual volume, and total
lung capacity) were determined plethysmographically, with
the interruption technique.19 Carbon monoxide diffusion
constant was measured with the single-breath method
(Masterlab, Erich Jaeger, Friedberg. Germany). We mea-
sured arterial blood gases (pH, PaO2

, PaCO2
) at rest (ABL 500,

Radiometer, Copenhagen, Denmark), and maximum respi-
ratory pressures (Manometer 163, SibelMed, Barcelona,
Spain). Nutritional status was evaluated by calculating the
body mass index. A body mass index below 21 kg/m2 was
considered underweight.20

Maximal Cardiopulmonary Exercise Test. Maximal
cardiopulmonary exercise testing was performed on a cy-

cle ergometer (Ergomed, Siemens, Berlin, Germany) as
previously described21 and according to the international
standards.16 Maximal exercise tolerance was measured with
a symptom-limited graded exercise test performed while
the subject was breathing room air. Breathing was contin-
uously monitored, and inhaled and exhaled gases were
collected and analyzed for oxygen consumption and car-
bon dioxide production. The level of resistance was then
increased by 10–15 watts every minute, until the maximal
exercise level was reached.22 Electrocardiogram, heart rate,
and SpO2

were monitored during exercise. All measure-
ments were integrated into the cycle ergometer and eval-
uated simultaneously during the test. After the exercise we
assessed heart rate, blood pressure, leg fatigue, and dys-
pnea (with the modified Borg scale).23

Submaximal Cycle Test. The submaximal endurance test
was performed with the cycle ergometer set at 70% of the
maximum power reached by each subject in the previous
maximal test. The endurance time, saturation, and heart
rate were monitored.

Shuttle Walk Test. The shuttle walk test was conducted
as described by Singh et al.24 The subject walks up and
down a 10 m course marked by 2 cones inset 0.5 m from
either end, to avoid abrupt changes in direction. There
were a maximum of 12 progressive levels (or speeds),
lasting for 1 min each. The subject aims to be at the
opposite end to the start by the time the bleep sounds.
Maximum level reached, distance walked, blood pressure,
heart rate, and dyspnea (with the modified Borg scale)23

were measured at the end of the exercise.

Peripheral Muscle Strength. The 1-repetition maximum
test was used for measuring peripheral muscle strength.25

This test measures the maximum amount of weight the
subject can lift (Fitness-Center Classic, Kettler Sport, Ense,
Germany) in a single movement, in the chest pull, butter-
fly, shoulder press, leg extension, and leg curl exercises.

Dyspnea Score. Baseline dyspnea was evaluated with
the Mahler Baseline and Transitional Dyspnea Indexes,26

and the modified Medical Research Council (MRC) dys-
pnea scale.27 The Baseline and Transitional Dyspnea In-
dexes have 3 domains: functional impairment, which de-
termines the impact of breathlessness on the ability to
carry out activities; magnitude of task, which determines
the type of task that causes breathlessness; and magnitude
of effort, which establishes the level of effort that results
in breathlessness. A 1-unit change in Transitional Dyspnea
Index was taken as the minimum clinically important
change. The MRC dyspnea scale is a 5-point scale (from
0 to 4), based on degrees of various physical activities that
precipitate dyspnea.
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Quality of Life. Quality of life was evaluated with the
Chronic Respiratory Disease Questionnaire, which is a
disease-specific quality-of-life questionnaire that has been
translated to and validated in Spanish.28,29 The question-
naire is made up of 20 items in 4 domains: dyspnea or
breathing difficulty, fatigue, emotional function, and mas-
tery. A change of 0.5 units is taken as the minimum clin-
ically important change.

Statistical Analysis

Statistical analysis was performed with statistics soft-
ware (PASW 18.0, IBM, Armonk, New York). Qualitative
variables are presented as number and percent, and quan-
titative variables as mean � SD. Differences between
groups (positive reversibility vs negative reversibility in

the groups, and subgroups by degree of obstruction) were
assessed with the Student t test (for quantitative variables)
or the Mann-Whitney U test (for ordinal variables). The
pre- versus post-training differences were assessed with
the paired Student t test (for quantitative variables) or
Wilcoxon test (for ordinal variables). Differences were
considered statistically significant at P � .05.

Results

We enrolled 198 subjects: all former smokers. Of these,
94 had air-flow obstruction with positive reversibility (92
by change in FEV1), and 104 had negative reversibility.
All the subjects had moderate to severe obstruction, with
no significant differences between the 2 groups (Table 1).

Table 1. Baseline Clinical and Functional Characteristics

All
Subjects
n � 198

Positive
Reversibility

n � 94

Negative
Reversibility

n � 104
P*

Age, y 65 � 7.6 66 � 6.1 64 � 7.2 .54
Body mass index, kg/m2 29.5 � 4.8 28.9 � 5.2 29.9 � 3.9 .93
FVC, % predicted 84.5 � 14.9 83.2 � 13.2 85.1 � 15.1 .39
FEV1, % predicted 42.7 � 13.5 41.5 � 15.6 44.1 � 14.2 .31
Residual volume, % predicted 162 � 32.7 155.2 � 28.2 169.1 � 40.1 .07
Total lung capacity, % predicted 114 � 13.8 113.8 � 12.9 114.7 � 15.1 .08
Carbon monoxide diffusion constant, % predicted 70.6 � 25.1 71.4 � 26.1 69.8 � 24.2 .99
PaO2

, mm Hg 71 � 9 70 � 10 71 � 10 .18
PaCO2

, mm Hg 41.9 � 5.4 42.2 � 5.3 40 � 4.9 .26

Values are mean � SD.
* For positive reversibility vs negative reversibility.

Table 2. Baseline Exercise Capacity and Strength

All
Subjects
n � 198

Positive
Reversibility

n � 94

Negative
Reversibility

n � 104
P*

Load, watts 63.5 � 23 65.1 � 21.9 61.9 � 22.2 .45
Load, % 45.8 � 15.4 47.2 � 16.2 44.8 � 15.6 .97
Peak V̇O2

, % predicted 56.5 � 14.8 54.8 � 15.4 57.9 � 16.5 .46
Peak V̇O2

, mL/min/kg 16.2 � 6.8 15.8 � 7.2 16.7 � 7.6 .11
Shuttle-walk distance, m 410 � 152 380.6 � 158.2 438.5 � 149.1 .02
Endurance, min 21.8 � 13.5 19.1 � 12.6 24.5 � 14.5 .03
Chest-pull, kg 44.5 � 9.8 45.1 � 9 43.7 � 10.2 .83
Butterfly, kg 20 � 7 19.4 � 8.1 21 � 9.2 .78
Neck-press, kg 23 � 6.2 23.4 � 7.2 22.4 � 5.2 .65
Leg extension, kg 38,5 � 11.4 36.8 � 10.4 40.2 � 11.6 .71
Leg flexion, kg 17.6 � 5.2 18.2 � 5.6 17.1 � 4.2 .76

Values are mean � SD.
* For positive reversibility vs negative reversibility.
V̇O2 � oxygen uptake
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Overall, 47 subjects had a history of asthma, and 33 of
these had positive reversibility (P � .001).

We found no significant differences in peak exercise
capacity or muscle strength between the subjects with and
without reversibility (Table 2). On the other hand, those
with positive reversibility had a significantly shorter time
to exhaustion in the endurance test (19.1 � 12.6 min vs
24.5 � 14.5 min, P � .03), and a shorter shuttle-walk dis-
tance test (380.6 � 158.2 m vs 438.5 � 149.1 m, P � .02)

(see Table 2). There were no significant differences in the
degree of dyspnea (MRC dyspnea score or Baseline Dys-
pnea Index) between the groups. Nevertheless, the positive
reversibility subjects had a lower total Chronic Respira-
tory Disease Questionnaire score (18.7 � 4.6 vs 19.8 � 4.3,
P � .01), mainly due to significantly lower fatigue and
emotional function scores (Table 3).

Considering the subjects by degree of obstruction, 71
were classified as GOLD stage II (33 with positive revers-

Table 3. Baseline Dyspnea and Health Status Scores

All
Subjects
n � 198

Positive
Reversibility

n � 94

Negative
Reversibility

n � 104
P*

Medical Research Council dyspnea score 2.2 � 0.9 2.2 � 0.8 2.1 � 1 .53
Chronic Respiratory Disease Questionnaire scores

Dyspnea 3.9 � 0.8 3.8 � 0.8 4.1 � 0.7 .14
Fatigue 5.4 � 0.9 5.2 � 1 5.6 � 0.8 .04
Emotional function 4.8 � 0.9 4.7 � 0.9 5 � 0.8 .03
Mastery 5.1 � 1 5 � 1 5.1 � 0.9 .47
Total 19.2 � 4 18.7 � 4.6 19.8 � 4.3 .01

Baseline Dyspnea Index scores
Magnitude of task 2.3 � 0.8 2.2 � 0.9 2.3 � 1 .63
Functional impairment 2.1 � 0.9 2.1 � 1 2 � 0.8 .31
Magnitude of effort 2.2 � 0.9 2.1 � 0.7 2.3 � 1 .53
Focal score 6.5 � 2.5 6.4 � 2.7 6.6 � 2.8 .51

Values are mean � SD.
* For positive reversibility vs negative reversibility.

Table 4. Exercise Capacity, Strength, Dyspnea, and Health Status Versus GOLD Stage and Bronchodilator Reversibility

GOLD Stage II (n � 71) GOLD Stage III (n � 65) GOLD Stage IV (n � 62)

Positive
Reversibility

n � 33

Negative
Reversibility

n � 38
P

Positive
Reversibility

n � 31

Negative
Reversibility

n � 34
P

Positive
Reversibility

n � 30

Negative
Reversibility

n � 32
P

Load, watts 86.4 � 17.2 84 � 18.1 .50 62.5 � 15 58.7 � 16.2 .13 46.5 � 11.7 42.9 � 13.2 .91
Peak V̇O2

, mL/min/kg 21.1 � 6.1 22.9 � 5.4 .97 15.1 � 5.2 16.2 � 4.8 .37 10.7 � 4.6 11 � 3.8 .34
Shuttle-walk distance, m 474.2 � 120 557.6 � 126 � .001 398.3 � 94 459.8 � 105 .02 270 � 86 298 � 92 .34
Endurance, min 24.5 � 9.9 33.3 � 8.6 � .001 18.3 � 7.2 23.7 � 6.5 .005 14.4 � 7.6 16.5 � 9.4 .65
Chest-pull, kg 52.9 � 6.5 53.4 � 7.2 .87 46.4 � 6.6 44.5 � 8.1 .31 35.7 � 5.9 33.8 � 7.1 .32
Butterfly, kg 27.3 � 4.2 26.5 � 4.8 .36 18.5 � 4.6 21.9 � 5.1 .91 12.4 � 4.3 14.4 � 4.2 .81
Neck-press, kg 30.4 � 4.5 28.15 � 6.2 .16 21.9 � 4.8 22.1 � 4.1 .10 17.6 � 3.5 16.5 � 3.8 .32
Leg extension, kg 48.2 � 5.4 51.5 � 4.9 .74 35.1 � 5.1 38.6 � 4.2 .18 27.3 � 5.1 29.9 � 3.2 .17
Leg flexion, kg 24.9 � 3.1 22.6 � 3.9 .97 17.2 � 4.2 16.�3.9 .14 12.4 � 3.8 12.8 � 4.1 .65
Chronic Respiratory

Disease Questionnaire
total score

22.2 � 3.8 24.1 � 2.1 � .001 18.5 � 3.2 19.7 � 3.2 � .001 15.1 � 3.1 15.4 � 3.2 .35

Baseline Dyspnea Index
focal score

9.2 � 1.8 9.3 � 1.7 .14 6.1 � 2.1 6.2 � 1.9 .23 3.9 � 0.8 4.1 � 1.1 .69

Values are mean � SD.
GOLD � Global Initiative for Chronic Obstructive Lung Disease
V̇O2 � oxygen uptake
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ibility), 65 were classified as GOLD stage III (31 with
positive reversibility), and 62 were classified as GOLD
stage IV (30 with positive reversibility). Among the GOLD
stage II and III subjects there were significant differences
between the positive and negative reversibility subgroups
in time to exhaustion in the endurance test, shuttle-walk
distance, and Chronic Respiratory Disease Questionnaire
total score (Table 4), but no significant differences in those
variables between the positive and negative reversibility
subjects classified as GOLD stage IV, and none at any of
the GOLD stages in peak exercise capacity, peripheral

muscle strength, MRC dyspnea score, or Baseline Dys-
pnea Index.

Of all the subjects, 169 completed the exercise training
program, and 81 had positive reversibility. After exercise
training all the subjects had improved in dyspnea, exer-
cise, and strength parameters (Table 5). The mean post-
training changes are summarized in Table 6. All the post-
training improvements were similar in the positive and
negative reversibility subgroups, there being no significant
differences in the improvements achieved in any of the
variables.

Table 5. Response to Exercise Training

Before
Exercise
Training

After
Exercise
Training

P

FVC, % predicted 84.5 � 14.9 84.1 � 15.2 .14
FEV1, % predicted 42.7 � 13.5 42.9 � 14.1 .37
Load, watts 63.5 � 23 79.2 � 19.5 .04
Peak V̇O2

, mL/min/kg 16.2 � 6.8 18.9 � 5.1 .04
Shuttle walk test distance, m 410 � 152 501.4 � 108 � .001
Endurance, min 21.8 � 13.5 43.3 � 15.4 � .001
Chest-pull, kg 44.5 � 9.8 55.2 � 7.8 .005
Butterfly, kg 20 � 7 26.7 � 5.5 .03
Neck-press, kg 23 � 6.2 30.3 � 5.1 .02
Leg extension, kg 38.5 � 11.4 51.9 � 9.5 .005
Leg flexion, kg 17.6 � 5.2 26.9 � 5.6 .005
Chronic Respiratory Disease Questionnaire total score 19.2 � 4 22.9 � 3.2 .04

Values are mean � SD.
V̇O2 � oxygen uptake

Table 6. Changes After Exercise Training, According to Bronchodilator Reversibility

Change After Exercise Training
mean � SD

PAll
Subjects
n � 169

Positive
Reversibility

n � 81

Negative
Reversibility

n � 88

Load, watts 15.7 � 16.1 15.4 � 16.6 15.9 � 15.7 .87
Load, % predicted 10.6 � 11.6 9.8 � 10.4 11.3 � 12.5 .97
Peak V̇O2

, % predicted 8.5 � 10.6 9.2 � 10.1 7.9 � 8.3 .16
Peak V̇O2

, mL/min/kg 2.7 � 3.4 2.9 � 3.1 2.5 � 3.5 .74
Shuttle walk distance, m 91.4 � 64.7 87.4 � 68.3 95.5 � 66.6 .13
Endurance, min 21.5 � 17.4 21.2 � 18.7 21.8 � 16.5 .91
Chest-pull, kg 10.7 � 5.9 11.5 � 5.6 9.9 � 6.4 .14
Butterfly, kg 6.75 � 4.1 6.9 � 4.1 6.6 � 4.3 .69
Neck-press, kg 7.3 � 4.1 7.1 � 4.6 7.4 � 3.9 .35
Leg extension, kg 13.4 � 7.6 13.6 � 8.6 13.2 � 7.1 .85
Leg flexion, kg 9.3 � 6.1 9.5 � 5.9 9.1 � 6.3 .23
Medical Research Council dyspnea score �0.8 � 0.7 �0.9 � 0.6 �0.7 � 0.8 .91
Transitional Dyspnea Index 4.7 � 1.9 4.6 � 1.8 4.8 � 1.7 .34
Chronic Respiratory Disease

Questionnaire total score
3.7 � 2.5 3.8 � 2.4 3.5 � 2.5 .13
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Discussion

Our findings indicate that COPD patients with positive
reversibility have a shorter time to exhaustion in endur-
ance exercise testing, and a shorter shuttle-walk distance.
These differences were statistically significant between the
GOLD stage II versus III subjects. The degree of dyspnea
was not significantly different, but the Chronic Respira-
tory Disease Questionnaire score was significantly lower
among the positive reversibility subjects. The post-training
improvements in exercise capacity, muscle strength, Base-
line and Transitional Dyspnea Indexes, MRC dyspnea
score, and Chronic Respiratory Disease Questionnaire
were similar in the 2 groups.

Given the heterogeneity of COPD, the evaluation of
patients with COPD is changing, moving toward the
idea of classifying COPD patients into subgroups. It is
possible that the current concept of COPD embraces pa-
tients with common clinical and/or biological charac-
teristics but who have different prognoses or require dif-
ferent types of treatment. The definition of clinical
phenotype should include any characteristic(s) of the
illness in which there may be differences between pa-
tients with COPD and which may be associated with dif-
ferent clinical outcomes.30 These characteristics must not
be present in all patients, so the characteristics can be
used as a basis for distinguishing subgroups. For some
time it has been known that some COPD patients have
some bronchodilator reversibility, and that such patients
usually have elevated eosinophils in induced sputum, a
higher concentration of exhaled nitric oxide,4 and re-
spond better to corticosteroids,8,9 which are all char-
acteristics of asthma. On the other hand, some patients
diagnosed with severe asthma, many being smokers, re-
spond less well to corticosteroids than other patients with
asthma, and share other characteristics with COPD pa-
tients, such as a high neutrophil count and increased oxi-
dative stress.31

It is well known that 70–90% of patients with asthma
have exercise-induced bronchospasm. These “attacks” are
more severe with continuous, prolonged exercise, and have
been blamed on increased inflammation with heat and wa-
ter loss on the surface of the respiratory tract.14,32 On the
other hand, in some COPD patients it is possible to in-
crease exercise capacity with bronchodilator.33 The shuttle
walk test seems to be more sensitive to changes in post-
bronchodilator exercise tolerance than is cycling perfor-
mance34 or the 6-min walk test.35

Our COPD subjects with positive reversibility had lower
exercise capacity than the negative reversibility subjects,
and this was manifested in both time to exhaustion and
shuttle-walk distance, above all among those in moderate
to severe stages of the disease. The difference in the shut-

tle walk test exceeded the threshold for clinical importance
established for the test.36 In relation to this we could spec-
ulate that there was more severe airway inflammation in
this subgroup. Exercise capacity is an important parame-
ter, given its independent association with mortality,37 the
association being stronger than with peak oxygen uptake
measured at maximal exercise.38

The bronchodilator test is not considered to have prog-
nostic value in patients with COPD, because the results
are not sufficiently stable over time. Calverley et al,39

analyzing data from the Inhaled Steroids in Obstructive
Lung Disease in Europe (ISOLDE) study, concluded that
classifying subjects by positive or negative bronchodilator
test was not reliable, because in moderate to severe COPD
bronchodilator responsiveness is a continuous variable.
However, in that study the subjects with more than 10%
reversibility in the first bronchodilator test were excluded,
meaning that the most reversible were omitted, so those
results cannot be extrapolated to all COPD patients. More-
over, most subjects had reversibility close to the threshold
(12%), and so were more vulnerable to the influence of
biological variation. Also, the 3 bronchodilator tests were
carried out with different protocols, so it not surprising
that the results differed. On the other hand, the fact that a
characteristic or phenotype changes over time does not
mean that it is not interesting. Hurst et al,40 analyzing the
“exacerbation” phenotype in COPD subjects, confirmed
that 30–40% initially classified as having the “exacerba-
tion” phenotype did not have the necessary characteristics
during the second year of follow-up.

Subjects with the most severe bronchial hyper-reactivity
are predisposed to more respiratory symptoms.6 Our pos-
itive reversibility subjects did not have more dyspnea
than those with negative reversibility, but did have worse
quality-of-life scores, indicating worse control of their
COPD, probably influenced by their lower exercise capac-
ity. Their quality-of-life scores differed by � 0.5 units,
which is the minimum clinically important difference.41

The finding that this difference disappeared among GOLD
stage IV subjects may indicate that reversibility has less
effect with increasing obstruction and age.42 Further, in
GOLD stage IV patients corticosteroids are more com-
monly used, which may mean that the disease is better
controlled. In relation to this, COPD subjects with positive
reversibility seem to respond better to inhaled corticoste-
roids.8 The influence of other types of treatments is un-
known. Exercise training improves COPD symptoms and
exercise capacity, though the effect differs between pa-
tients.11,12 According to our results, inhaled corticosteroids
can improve a range of clinical and functional parameters
in patients with COPD, regardless of their bronchodilator
responsiveness.
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Limitations

Probably the patient profile with bronchial hyper-
responsiveness may be completed with other tests such as
methacholine or exhaled nitric oxide. We relate worse
exercise capacity to increased inflammation in the air-
ways; to intentionally study this relation in terms of in-
flammatory markers would be a useful objective in further
studies. Furthermore, although our training program is
widely used in patients with COPD, we cannot ensure that
other programs can find differences in response in patients
with and without reversibility. Further studies could clar-
ify these points.

Conclusions

COPD patients with positive bronchodilator reversibil-
ity could be a subgroup with different characteristics. They
have lower exercise capacity, shorter shuttle-walk distance,
and worse quality-of-life scores. Nevertheless, with exer-
cise training they achieve a similar degree of improvement
in several parameters to those with negative bronchodila-
tor reversibility. This does not, however, rule out differ-
ences in their response to other types of treatment.
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