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Abstract
Objective: To compare a once-daily long-acting β2 agonist (indacaterol 150 µg) with
a once-daily long-acting anticholinergic (tiotropium 5 µg) in terms of their effects on
exercise endurance (limit of tolerance, Tlim) in patients with moderate COPD. Secondary
endpoints were their effects on lung hyperinflation, exercise-related dyspnea, and
daily-life dyspnea. Methods: This was a randomized, single-blind, crossover pilot study
involving 20 patients (mean age, 60.9 ± 10.0 years; mean FEV1, 69 ± 7% of predicted).
Spirometric parameters, Transition Dyspnea Index scores, Tlim, and exertional dyspnea
were compared after three weeks of each treatment (with a one-week washout period
between treatments). Results: Nineteen patients completed the study (one having been
excluded because of COPD exacerbation). Improvement in Tlim from baseline tended
to be greater after treatment with tiotropium than after treatment with indacaterol (96 ±
163 s vs. 8 ± 82 s; p = 0.06). Tlim significantly improved from baseline after treatment
with tiotropium (having increased from 396 ± 319 s to 493 ± 347 s; p = 0.010) but not
after treatment with indacaterol (having increased from 393 ± 246 to 401 ± 254 s; p =
0.678). There were no differences between the two treatments regarding improvements
in Borg dyspnea scores and lung hyperinflation at “isotime” and peak exercise. There
were also no significant differences between treatments regarding Transition Dyspnea
Index scores (1.5 ± 2.1 vs. 0.9 ± 2.3; p = 0.39). Conclusions: In patients with moderate
COPD, tiotropium tends to improve Tlim in comparison with indacaterol. No significant
differences were observed between the two treatments regarding their effects on lung
hyperinflation, exercise-related dyspnea, and daily-life dyspnea. Future studies, including
a larger number of patients, are required in order to confirm our findings and explore
mechanistic explanations.
(ClinicalTrials.gov identifier: NCT01693003 [http://www.clinicaltrials.gov/])
Keywords: Pulmonary disease, chronic obstructive; Exercise; Bronchodilator agents.

INTRODUCTION
Bronchodilators have consistently been shown to
result in long-term improvements in clinical outcomes
(symptoms, exercise capacity, and airflow limitation) and
are currently considered the therapeutic mainstay for
patients with COPD.(1) According to current guidelines, all
symptomatic patients with COPD should be prescribed a
short-acting bronchodilator to be used on an as-needed
basis. A long-acting bronchodilator should be added and
used regularly if symptoms are inadequately controlled
with short-acting bronchodilator therapy or if patients are
at an increased risk for poor outcomes, such as frequent
exacerbations and disease that is more severe.(1,2)
Until recently, a long-acting anticholinergic (LAMA) was
preferred over a long-acting β2 agonist (LABA) because
most of the effects of once-daily LAMAs appeared to be
superior to those of twice-daily LABAs.(3-8) The advent
of once-daily LABAs (ultra-LABAs) changed that, studies
comparing once-daily LAMAs with once-daily LABAs
having demonstrated the clinical benefits of the latter.(9,10)

However, no studies have compared once-daily LABAs
with once-daily LAMAs regarding clinical outcomes during
exercise, including exercise tolerance, dyspnea, and
dynamic hyperinflation. Therefore, we conducted a pilot
study aimed at comparing a once-daily LABA (indacaterol)
with a once-daily LAMA (tiotropium) in terms of their effects
on exercise tolerance in patients with moderate COPD.
Indacaterol and tiotropium were also compared in terms
of their effects on lung hyperinflation, exercise-related
dyspnea, and daily-life dyspnea.
METHODS
This was a phase IV, randomized, single-blind (i.e.,
with single-blind masking of outcome assessors),
placebo-controlled, two-period, crossover pilot study
conducted at a single center specializing in respiratory
care (ClinicalTrials.gov identifier: NCT01693003).(11)
The study protocol was approved by the local research
ethics committee.
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Patients were randomly assigned to receive three
weeks of treatment with 150 µg of inhaled indacaterol
(Onbrize® Breezhaler®; Novartis, Basel, Switzerland)
delivered via a capsule-based dry powder inhaler (DPI),
followed by another three weeks of treatment with 5 µg
of inhaled tiotropium (Spiriva® Respimat®; Boehringer
Ingelheim, Ingelheim, Germany) delivered via a soft
mist inhaler (SMI), with a one-week washout period
between the two treatment periods; or three weeks
of treatment with 5 µg of inhaled tiotropium (Spiriva®
Respimat®; Boehringer Ingelheim) delivered via an
SMI, followed by another three weeks of treatment with
150 µg of inhaled indacaterol (Onbrize® Breezhaler®;
Novartis) delivered via a capsule-based DPI, with a
one-week washout period between the two treatment
periods (Figure 1). After a screening visit (on day 7), all
long-acting bronchodilators were discontinued. Patients
were allowed to use short-acting bronchodilators,
being instructed to use two puffs every 4 h as rescue
medication. They were also allowed to use inhaled
corticosteroids, provided that the dose, schedule, and
formulation remained unchanged.
At the baseline visit, patients underwent clinical
evaluation, pulmonary function testing, and incremental
symptom-limited cardiopulmonary exercise testing
(CPET). At visits 1 through 4, patients underwent
constant-rate CPET to the limit of tolerance (Tlim), at
~80% of the maximum load reached during incremental
CPET. Activity-related breathlessness was assessed at
baseline with the Baseline Dyspnea Index (BDI), and
changes in daily breathlessness were assessed with
the Transition Dyspnea Index (TDI),(12) being recorded
at the end of each treatment period (Figure 1).

Patients
Patients presenting with stable COPD (FEV1/FVC <
0.7 and 50% < post-bronchodilator FEV1 < 80% of
predicted) and a long smoking history (> 20 pack-years)
were enrolled. The exclusion criteria were as follows:
cardiovascular or neuromuscular disease potentially
affecting exercise tolerance; recent exacerbation (in
the last month); long-term oxygen therapy or resting
SaO2 < 90%; and treatment with oral corticosteroids.

Procedures
All spirometric tests were performed with a calibrated
pneumotachograph (Vmax29®; SensorMedics, Yorba
Linda, CA, USA). Spirometric variables were measured
at the baseline visit (before and 20 min after inhalation
of 400 µg of albuterol via a metered dose inhaler);
at visits 1 and 3 (after a one-week long-acting bronchodilator washout period and before CPET); and at
visits 2 and 4 (2 h after administration of the study
medications and before CPET). A constant-volume
body plethysmograph (Vmax Autobox®; SensorMedics)
was used in order to measure RV, functional residual
capacity, and TLC. Single-breath DLCO was measured
using a Vmax System (SensorMedics). All pulmonary
function tests were performed in accordance with
international standards.(13-15) The variables obtained
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were expressed as absolute and percent predicted
values.(16-18)
All exercise tests were performed on an electromagnetically braked cycle ergometer (Corival;
Lode, Groningen, the Netherlands), with the use of
a computer-based breath-by-breath CPET system
(Vmax29®; SensorMedics). HR was determined from the
R-R interval of a 12-lead electrocardiogram, and SaO2
was measured by pulse oximetry. All CPET variables
were presented as 20-s averages. Participants rated
their shortness of breath and leg effort using the
0-10 Borg scale(19) every 2 min. During incremental
CPET, the workload was increased every 1 min from
a baseline of 2 min of loadless pedaling at a rate of
5-10 W/min to Tlim. Incremental load increases were
highest in patients with FEV1 > 1 L. Constant-rate
CPET was performed with loadless pedaling for 2 min
at a pedaling frequency of 60 ± 5 rpm, immediately
followed by loaded pedaling at ~80% of the maximum
workload achieved during incremental CPET. Assuming
that resting TLC remains constant during exercise, we
considered that changes in inspiratory capacity (IC)
reflected changes in end-expiratory lung volume,
i.e., end-expiratory lung volume = TLC − IC.(20) IC
maneuvers were performed every 2 min. Exercise
responses were compared at peak exercise and at
“isotime”, i.e., the longest exercise duration common
to all constant-rate cardiopulmonary exercise tests
performed by a given individual.
The BDI and TDI were used in order to measure
daily-life dyspnea, and both have three domains: 1)
functional impairment, which determines the impact
of breathlessness on the ability to carry out activities;
2) magnitude of task, which determines the type of
task that causes breathlessness; and 3) magnitude of
effort, which establishes the level of effort that results
in breathlessness. The BDI domain scores range from
0 (very severe impairment) to 4 (no impairment) and
are summed to determine the total score, which can
range from 0 to 12. The TDI domain scores range from
−3 (major deterioration) to +3 (major improvement).
The sum of all domains yields the total score, which
can range from −9 to +9.(12) The minimal clinically
important difference for the TDI score is 1.(21)

Safety
Safety assessments included adverse events and
serious adverse events at the end of each treatment
period. HR correction of the QT interval was performed
using Bazett’s correction.

Statistical analysis
Data are reported as mean ± SD or median (range),
except where otherwise indicated. Generalized
estimating equations were used in order to test for
significant differences between treatments at different
visits and time points. Paired t-tests were used in
order to compare TDI scores after each treatment
and calculate the sample size required to detect a
significant difference (p < 0.05) between treatments
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Figure 1. Flowchart of the study design. incCPET: incremental cardiopulmonary exercise testing; crCPET: constant-rate
cardiopulmonary exercise testing; BDI: Baseline Dyspnea Index; and TDI: Transition Dyspnea Index.

regarding improvement in exercise tolerance (with a
type II error of 20%). The chi-square test was used
in order to compare categorical data. Differences were
considered significant if p < 0.05.
RESULTS
Of the 69 patients who were screened, 20 were
randomized. Of those, 19 (95%) completed the
study. One patient (in the group of patients assigned
to receive indacaterol first) was excluded because of
COPD exacerbation (during treatment with indacaterol).
The baseline demographic, anthropometric, and
clinical characteristics of the patients studied are
described in Table 1. A Consolidated Standards of
Reporting Trials (CONSORT) flow diagram of the study
is shown in Figure 2.

Effects on spirometric variables and dailylife dyspnea
After three weeks of treatment, FEV1 was significantly
improved from baseline in both groups (Table 2).
However, in addition to having resulted in greater
improvement in FEV1, indacaterol significantly improved
FVC when compared with tiotropium. There were
no significant differences between indacaterol and
tiotropium regarding TDI scores (1.5 ± 2.1 vs. 0.9 ±
2.3; p = 0.39) or the proportion of patients in whom
TDI scores were ≥ 1 (58% vs. 37%; p = 0.19).

Effects on exercise responses
Improvement in Tlim from baseline (the primary
study outcome) tended to be greater after treatment
with tiotropium than after treatment with indacaterol
(96 ± 163 s vs. 8 ± 82 s; p = 0.06; Figure 3).
Additionally, Tlim significantly improved from baseline
after treatment with tiotropium (having increased from
396 ± 319 s to 493 ± 347 s; p = 0.010) but not after
treatment with indacaterol (having increased from 393
± 246 s to 401 ± 254 s; p = 0.678). A sample size

of 28 was estimated to be required in order to detect
a significant difference in exercise tolerance between
the two treatments.
There were no differences between the two treatments
regarding the magnitude of improvement in Borg
dyspnea scores (at isotime and peak exercise) or lung
hyperinflation, as estimated from serial measurements
of IC (at rest, isotime, and peak exercise). Lung
hyperinflation was found to have improved significantly
after treatment with bronchodilators (2.00 ± 0.33 L vs.
2.09 ± 0.31 L; p = 0.03) at all time points analyzed
(i.e., at rest, isotime, and peak exercise). The same
was true for exercise-related dyspnea (p = 0.067).

Safety
The overall incidence of adverse events was exactly
the same in both treatment groups (i.e., 58%), the
majority of the events being mild in severity. No
serious adverse events (hospitalization or death)
were reported during the study period. There was
no difference between indacaterol and tiotropium
in terms of their effects on the resting corrected QT
interval (445 ± 48 ms vs. 439 ± 47 ms; p > 0.05),
post-bronchodilator values being no different from
baseline values (456 ± 34 ms).
DISCUSSION
This was a pilot study designed to collect preliminary
data regarding the comparative effects of indacaterol
150 µg (the lowest available dose in most countries)
and tiotropium 5 µg on exercise tolerance in patients
with moderate COPD. Previous studies(22,23) have
demonstrated that indacaterol 300 µg results in
significant improvement in exercise tolerance and
lung hyperinflation at rest and during exercise when
compared with placebo in patients with moderate to
severe COPD. Surprisingly, the present study showed
that a lower dose of indacaterol (150 µg) in a subset
of patients with less severe disease did not increase
J Bras Pneumol. 2016;42(5):367-373
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exercise tolerance from baseline. In contrast, tiotropium
5 µg significantly improved exercise tolerance from
baseline, a finding that is consistent with those of
previous studies in which a different drug dose and
delivery system were used (i.e., 18 µg of tiotropium
delivered via a DPI).(24-27)
In the present study, both drugs resulted in significant
improvement in lung hyperinflation and exercise-related
Table 1. Baseline characteristics of the patients studied
(N = 19).a

Variable
Demography and anthropometry
Age, years
Male/female, n/n
BMI, kg/m2
Smoking history, pack-yearsb
Pulmonary function
Pre-BD spirometry
FEV1, L
FEV1, % of predicted
FVC, L
FVC, % of predicted
FEV1/FVC
Post-BD spirometry
FEV1, L
FEV1, % of predicted
FVC, L
FVC, % of predicted
FEV1/FVC
Plethysmography
IC, L
IC, % of predicted
TLC, L
TLC, % of predicted
IC/TLC
RV, L
RV, % of predicted
DLCO, mmol/min/kPa
DLCO, % of predicted
Symptoms
mMRC score
BDI score
Peak incremental CPET
VO2, mL/min
VO2, % of predicted
VE, L
VE/MVV
SaO2, %
HR, % of predicted
VO2/HR, mL/min/bpm
Borg scale, dyspnea scoreb
Borg scale, leg effort scoreb

Result
60.9 ± 10.0
9/10
24.8 ± 3.5
45 (6-108)

1.86 ± 0.62
67.4 ± 8.6
3.26 ± 0.83
94.1 ± 10
57 ± 8
1.89 ± 0.58
68.7 ± 7.4
3.27 ± 0.8
94.6 ± 11.2
58 ± 8
2.15 ± 0.9
66.3 ± 20.5
5.67 ± 1.4
109.1 ± 12.7
0.37 ± 0.1
2.36 ± 0.73
122.5 ± 33.6
4.4 ± 1.4
67.4 ± 18.3
2.3 ± 1.1
8.4 ± 2.4
1,083 ± 349
74.7 ± 16.6
42.4 ± 14.9
0.69 ± 0.17
96 ± 2
79 ± 12
8.45 ± 2.12
4 (0.5-10)
7 (1-10)

Values expressed as mean ± SD, except where
otherwise indicated. bValues expressed as median
(range). BD: bronchodilator; IC: inspiratory capacity;
mMRC: modified Medical Research Council; BDI:
Baseline Dyspnea Index; CPET: cardiopulmonary
exercise testing; VO2: oxygen uptake; VE: minute
ventilation; and MVV: maximal voluntary ventilation.
a
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dyspnea, as previously described for tiotropium (18
µg delivered via a DPI)(12,19-21) and indacaterol (300
µg),(17,18) with no significant difference between the
two treatments. However, it is possible that our small
sample size did not allow us to detect individual drug
effects on the aforementioned variables or differences
between the two treatments.
Although both treatments improved FEV1 from
baseline, the magnitude of change was greater for
indacaterol. Similar findings have previously been
described.(10,28) With regard to clinical outcomes, a
clinically relevant improvement in total TDI and Saint
George’s Respiratory Questionnaire scores is more
likely to be achieved with indacaterol 150 µg than with
tiotropium 18 µg in patients with moderate to severe
COPD.(29) However, tiotropium has been reported to
afford greater protection against exacerbations.(30)
In the present study, indacaterol resulted in greater
improvement in FEV1 than did tiotropium (Table 2).
However, it did not result in improved exercise tolerance, probably because constraints on tidal volume
expansion as a result of lung hyperinflation constitute
the main mechanism related to dyspnea and exercise
capacity, independently of the magnitude of airflow
obstruction.(20,26,31) Nevertheless, because of its small
size, our sample was probably underpowered to detect
differences between the two treatments regarding this
physiological variable. Therefore, other mechanisms
to explain improved exercise tolerance after treatment
with tiotropium should be considered and further
investigated.(32) For instance, it is impossible to rule out
that our small sample size randomly included primarily
patients who were more likely to benefit from one specific
pharmacological class of bronchodilators. Polymorphisms
of β2-adrenergic receptors can result in differences in
pharmacological responses to bronchodilators.(33,34) This
underscores the need for further, larger studies. If our
findings are confirmed, adequately powered studies
will be required in order to investigate physiological
and molecular mechanistic aspects.
The present study has methodological limitations
that should be noted. First, because this was an
exploratory study including only a small number of
patients, the results should be interpreted with caution.
Our sample was possibly underpowered to detect
differences in important outcomes, such as dyspnea
and lung hyperinflation, and our main findings should
be confirmed in studies including a larger number of
patients. Second, because the present study included
only patients with moderate COPD, the results should
not be generalized to patients with mild or severe
COPD. Finally, we used a low dose of indacaterol and
a full dose of tiotropium delivered via an SMI. The
dose of indacaterol used in the present study (i.e.,
150 µg) did not improve exercise tolerance as did the
dose used in other studies (i.e., 300 µg).(22,23) In fact,
it has been shown that indacaterol is more beneficial to
resting pulmonary function at higher doses (> 200 µg)
than at lower doses (of 50 µg and 100 µg); however,
in comparison with placebo, even lower doses of the
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Figure 2.Consolidated Standards of Reporting Trials (CONSORT) flow diagram of the study.

Table 2. Lung function parameters at baseline and after three weeks of treatment with indacaterol or tiotropium.a

Variable
FEV1, L
FEV1, % of predicted
FVC, L
FVC, % of predicted
FEV1/FVC, %

Indacaterol
Baseline
Post-treatment
1.62 ± 0.12
1.82 ± 0.12*
56 ± 2
63 ± 2*
2.94 ± 0.2
3.15 ± 0.17*
80 ± 2
87 ± 2*
55.5 ± 2.0
57.6 ± 1.6*

Diff
0.20
7†
0.21†
7†
2.1

Tiotropium
Baseline
Post-treatment
1.69 ± 0.13
1.79 ± 0.14*
58 ± 2
61 ± 2
3.06 ± 0.19
3.12 ± 0.2
84 ± 2
86 ± 2
55.0 ± 1.9
56.9 ± 1.9*

Diff
0.10
3
0.06
2
1.9

Data presented as mean ± SE. BD: bronchodilator; and Diff: difference between mean post-treatment values and
mean baseline values. *p < 0.05 baseline vs. post-treatment. †p < 0.05 comparison between treatment changes.
a

2,500

p = 0.06†
∆ 7.8 ± 18.9

2,000

∆ 96.4 ± 37.5

Tlim, s

1,500

1,000

500

p = 0.01

p = 0.67

0
Baseline

Indacaterol

Baseline

Tiotropium

Figure 3.Individual values (dashed lines) and mean values (solid lines) of changes from baseline in the limit of tolerance
(Tlim) during constant-rate cardiopulmonary exercise testing after three weeks of treatment with indacaterol (squares)
or tiotropium (triangles). *p < 0.05 from baseline. †p = 0.06 for between-treatment difference.
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drug result in significant improvement.(28) In contrast,
it has been shown that 5 µg of tiotropium delivered
via an SMI and 18 µg of the same drug delivered via
a DPI are comparable in terms of their effects on lung
function(35,36) and clinical outcomes (rescue medication
use, death, and exacerbation rate).(30) Given that the
doses of indacaterol approved for use in different
countries vary from 75 µg to 300 µg and that the only
dose of SMI-delivered tiotropium approved for use in
COPD patients is 5 µg, we sought to compare doses
that are more commonly used in clinical practice.

In conclusion, although treatment with tiotropium
at a daily dose of 5 µg resulted in a significant
improvement in exercise tolerance in patients with
moderate COPD, treatment with indacaterol at a daily
dose of 150 µg did not. No significant differences
were observed between the two treatments regarding
their effects on lung hyperinflation, exercise-related
dyspnea, and daily-life dyspnea. Further studies,
including a larger number of patients, are required in
order to confirm our findings and explore mechanistic
explanations.
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