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Introduction: Long-acting β2-agonists (LABAs) and long-acting muscarinic antagonists
(LAMAs) are established maintenance bronchodilator treatments for chronic obstructive pulmonary disease (COPD) with the potential to increase heart rate (HR) and impact blood pressure (BP).
While previous studies indicate that HR and BP are not negatively inﬂuenced by tiotropium or
olodaterol monotherapy, the effect of tiotropium/olodaterol has not been evaluated. We report a post
hoc analysis of the effect of dual bronchodilation with tiotropium/olodaterol versus monocomponents on HR and BP in patients with moderate-to-very-severe COPD included in the large
TONADO® study.
Methods: The TONADO® trials (1237.5 [NCT01431274] and 1237.6 [NCT01431287]) were
two replicate, randomized, double-blind, parallel-group, 52-week, Phase III trials that compared
tiotropium/olodaterol (5/5 μg and 2.5/5 μg) with tiotropium (5 μg and 2.5 μg) and olodaterol (5 μg)
in patients with moderate-to-very-severe COPD. Patients with cardiovascular comorbidities were
included. Changes in HR and systolic/diastolic BP were measured before and after dosing with the
study medication at each visit (baseline, Week 12, Week 24 and Week 52).
Results: Overall, 3,100 patients were included in this analysis. Over 52 weeks, small
changes from baseline in mean HR (<2 beats per minute [bpm]) and small changes from
pre- to post-dose (<1 bpm) were evident at different time points. There was a non-signiﬁcant
increase from baseline in mean diastolic and systolic BP (<2 mmHg) observed over 52 weeks
of treatment. The short-term (1 hour pre- to 1 hour post-dose) mean changes in systolic and
diastolic BP over 52 weeks in the tiotropium/olodaterol 5/5 µg group were comparable with
those observed for the monocomponents at all time points.
Conclusion: There were no differences in HR or BP among patients on tiotropium/olodaterol when compared with monocomponents. This supports the already demonstrated cardiovascular safety proﬁle of tiotropium/olodaterol as long-acting maintenance bronchodilator
treatment for COPD, including patients with cardiovascular comorbidities.
Keywords: chronic obstructive pulmonary disease, tiotropium, olodaterol, heart rate, blood
pressure

Plain Language Summary
In people with chronic obstructive pulmonary disease (COPD), increased heart rate and changes
in blood pressure can occur. It is important to know whether drugs used to treat COPD affect the
risk of these conditions. Therefore, we looked at heart rate and blood pressure data from a large
clinical trial called TONADO® that included 3,100 patients with COPD.
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Patients were given one of two medications routinely used to
manage COPD—tiotropium or olodaterol—or both together (tiotropium/olodaterol). We measured blood pressure and heart rate
at the start of the trial and after 12, 24 and 52 weeks of treatment,
both shortly before and after patients received their treatment.
Reassuringly, we saw only small changes in heart rate and
blood pressure during the trial. Overall, we observed no relevant
differences in heart rate or blood pressure in patients who
received tiotropium/olodaterol compared with tiotropium or olodaterol alone. Our ﬁndings support other trials showing that
tiotropium/olodaterol is a well-tolerated and effective treatment
for patients with COPD, including those with existing heart or
circulatory conditions.

Introduction
In patients with chronic obstructive pulmonary disease
(COPD), the Global Initiative for Chronic Obstructive
Lung Disease (GOLD) strategy document recommends
long-acting bronchodilator maintenance therapy.1
Tiotropium is an established once-daily long-acting
muscarinic antagonist (LAMA) that improves lung function, patient-oriented outcomes, such as dyspnea and quality of life, and reduces exacerbations in patients with
COPD.2 Olodaterol is an approved once-daily long-acting
β2-agonist (LABA) that is highly selective, provides 24hour bronchodilation and has been shown to improve lung
function and symptomatic beneﬁt in patients with COPD.3
The additional beneﬁts of combining tiotropium with olodaterol as a ﬁxed-dose combination have been demonstrated in clinical studies, including the two 52-week,
Phase III TONADO® trials.4
Patients with COPD often have comorbidities that can
impact treatment and disease management. The most serious
and prevalent comorbidities are cardiovascular diseases,5–9
which are known to be leading causes of hospitalization and
death.6,10 Cardiovascular morbidity and mortality are related
to elevations in resting heart rate (HR) and blood pressure
(BP).11 Increased HR may also be a marker of ampliﬁed
neurohumoral activation.12 Neurohumoral activation can
contribute to the progression of heart failure,13 and this
may be a potential mechanism which links HR to increases
in mortality in COPD.12–16 A post hoc analysis of 16,485
patients in the SUMMIT trial characterized the relationship
between BP and HR and mortality and morbidity in COPD,
and concluded that increases in HR are associated with
elevated mortality and cardiovascular events.11 In addition,
they also demonstrated a “U-shaped” relationship between
BP and cardiovascular events in patients with COPD (ie,
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increased mortality and cardiovascular events were linked
to both high and low BP in individuals with COPD,11 as has
also been seen with patients without COPD17,18).
LABAs and LAMAs have been linked with cardiovascular adverse events in both observational studies and clinical
trials.19 In addition, LABAs have been suspected of causing
increased HR and impacting BP via β2-adrenoceptors in the
atria, ventricles and peripheral vasculature.19,20 However,
LAMA/LABA and LABA/inhaled corticosteroid (ICS) combination treatments both signiﬁcantly improved cardiac function and lung hyperinﬂation compared with placebo in
patients with COPD,21–23 demonstrating that sufﬁcient
bronchodilation has beneﬁcial effects beyond just improving
pulmonary function.21,22
Previous studies have not found any adverse effects on
HR or BP with olodaterol monotherapy.24 In addition,
analyses looking at Holter electrocardiogram (ECG) data
from clinical trials of tiotropium and olodaterol in patients
with COPD found that these LAMA and LABA monotherapies were not associated with arrhythmia or persistent
changes in HR compared with placebo.25,26 Moreover,
results from a large meta-analysis indicate that LAMA/
LABA therapies have a good cardiovascular safety
proﬁle.27 However, there are no published studies investigating the effects of tiotropium/olodaterol versus monocomponents on HR and BP.
This post hoc analysis, the ﬁrst to comprehensively
investigate HR and BP in a large Phase III study of dual
bronchodilation, will investigate the effect of tiotropium/
olodaterol versus monocomponents on HR and BP in
patients with moderate-to-very-severe COPD included in
the large TONADO® study population.

Methods
Study Designs
The TONADO® trials (1237.5 [NCT01431274] and 1237.6
[NCT01431287]) were two replicate, randomized, doubleblind, parallel-group, 52-week, Phase III trials that compared
tiotropium/olodaterol (5/5 μg and 2.5/5 μg) with the monocomponents tiotropium (5 μg and 2.5 μg) and olodaterol (5 μg)
(all via the Respimat® inhaler, two puffs once daily) in patients
with moderate-to-very-severe COPD. A detailed study design
and methodology has been published previously.4 In this analysis, we will focus only on the licensed doses; therefore, only
data for tiotropium/olodaterol 5/5 µg, tiotropium 5 µg and
olodaterol 5 µg are presented.
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The main inclusion criteria, as stated in the TONADO®
trials, were: outpatients aged ≥40 years with a history of
moderate-to-very-severe COPD (GOLD stage 2–4); postbronchodilator forced expiratory volume in 1 second
(FEV1) <80% predicted normal and post-bronchodilator
FEV1/forced vital capacity <70% (European Community
for Steel and Coal28); and current or ex-smokers with
a smoking history of >10 pack-years.
Patients were excluded from the TONADO® trials if
they had a signiﬁcant disease other than COPD, had clinically relevant abnormal baseline parameters or a history of
asthma. Patients were also excluded if they had a diagnosis
of paroxysmal tachycardia; myocardial infarction within
1 year of screening; had unstable/life-threatening cardiac
arrhythmia; or had been hospitalized due to cardiac failure
within the previous year.

Assessments
In the TONADO® studies, vital signs (including BP) and
ECGs (including HR) were repeated at Visits 2, 5 and 7
(baseline [Day 0], Week 12 [Day 85] and Week 24 [Day
169], respectively), and on completion of the randomized
treatment period of the trial at Visit 10 (Week 52 [Day
365]). For detection of acute changes at the time of inhalational dosing, HR was measured 30 minutes pre-dose and
40 minutes post-dose and systolic/diastolic BP were measured at 60 minutes pre-dose and 60 minutes post-dose at
all visit time points, each prior to pulmonary function and
other scheduled tests. Measurements were obtained with
the patient lying in supine position (ECGs/HR) or seated
(BP) having rested for a minimum of 5 minutes.
Centralized ECGs were completed using equipment provided by eResearch Technology (Mortara ELI250 12-Lead
Resting ECG Machine, Milwaukee, WI, USA). Data were
transmitted to, and read by, a cardiologist at eResearch
Technology. HRs were taken from the ECG summary
report of each examination, calculated as a mean value
from a 10-s rhythm strip (lead II).

Statistical Analysis
HR and BP were analyzed at the planned time points by
means of a mixed effect model for repeated measures, similar
to that used for the primary analysis of the TONADO®
trials.4 The model was adjusted by ﬁxed effects including
treatment, visit, treatment-by-visit interaction, baseline and
baseline-by-visit interaction. Patients were considered random, and an unstructured covariance structure was used.
Changes from pre-dose baseline, and from pre-dose to post-
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dose measurement, within the treatment arms were considered statistically signiﬁcant if the 95% conﬁdence interval
did not include zero, corresponding to P<0.05.

Results
Baseline Demographics
This post hoc analysis included 3,100 patients. Baseline
demographics are presented in Table 1. Most patients
were male (72.9%) and the overall mean age was 64.0
years. All patients were either ex-smokers (63.0%) or
current smokers (37.0%), and the mean postbronchodilator FEV1 at screening was 1.37 L (49.8% of
predicted normal). In the olodaterol 5 µg, tiotropium 5 µg
and tiotropium/olodaterol 5/5 µg groups, the proportions
of cardiac arrhythmias were 1.3%, 0.4% and 0.7%,
respectively. For coronary artery disease, proportions
were 6.3%, 5.1% and 4.7%, respectively. Cardiovascular
medication, such as β-blockers, was represented in all
treatment groups (olodaterol 5 µg 9.8%; tiotropium
5 µg 10.6%; tiotropium/olodaterol 5/5 µg 10.7%). There
were no signiﬁcant differences across the baseline characteristic groups.

Heart Rate
Long-Term Mean Change in HR from Baseline Over
52 Weeks
For the long-term mean change in HR, there was no signiﬁcant increase from baseline with tiotropium/olodaterol
or olodaterol; however, there was a very small increase with
tiotropium at 52 weeks (<2 beats per minute [bpm])
(Figure 1). The long-term mean changes in HR from baseline, across all time points and treatment groups, ranged
from –1.3 to +1.2 bpm. There was a slight increase in mean
HR from Week 12 to 52 in all treatment groups: the mean
change from baseline in HR was 0.3 bpm (P=0.32) with
tiotropium/olodaterol 5/5 µg, 0.2 bpm (P=0.56) with olodaterol 5 µg, and 1.2 bpm (P=0.0001) with tiotropium 5 µg at
Week 52. Tiotropium/olodaterol 5/5 µg did not increase HR
when compared with monocomponents.

Short-Term (30 Min Pre- to 40 Min Post-Dose) Mean
Change in HR from Pre- to Post-Dose Over 52 Weeks
Mean change in HR from 30 minutes pre-dose to 40 minutes
post-dose was <1 bpm with all treatments over 52 weeks
(Figure 2). At Week 52, there was a mean change in HR from
pre-dose to post-dose of 0.8 bpm (P=0.0006) with tiotropium/olodaterol 5/5 µg, a mean change of –0.1 bpm
(P=0.67) with olodaterol 5 µg, and a mean change of
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Table 1 Demographic and Baseline Patient Characteristics by
Treatment Group for the 52-Week, Parallel-Group Trials
(Treated Patient Population)
Olo 5 μg

Tio 5 μg

T/O 5/5 μg

Patients, n (%)

1038

1033

1029

Mean age (SD), years

64.2 (8.2)

63.9 (8.6)

63.8 (8.3)

Ex-smoker

660 (63.6)

663 (64.2)

629 (61.1)

Current smoker

378 (36.4)

370 (35.8)

400 (38.9)

Smoking status, n (%)

Post-bronchodilator
screening
Mean (SD) FEV1, L

1.377 (0.520)

1.370 (0.521)

1.344 (0.505)

Mean (SD) FEV1% predicted

50.3 (15.6)

49.7 (15.7)

49.3 (15.3)

I (≥80%)

0 (0.0)

1 (0.1)

0 (0.0)

II (50–<80%)

532 (51.3)

517 (50.0)

502 (48.8)

III (30–<50%)

378 (36.4)

387 (37.5)

408 (39.7)

IV (<30%)

128 (12.3)

128 (12.4)

119 (11.6)

Inhaled steroids

505 (48.7)

466 (45.1)

506 (49.2)

LAMA (Tio)

365 (35.2)

346 (33.5)

378 (36.7)

SAMA

134 (12.9)

131 (12.7)

125 (12.1)

LABA

491 (47.3)

450 (43.6)

486 (47.2)

Xanthines

96 (9.2)

109 (10.6)

108 (10.5)

Cardiac arrhythmias

14 (1.3)

4 (0.4)

7 (0.7)

Coronary artery disease

65 (6.3)

53 (5.1)

48 (4.7)

Hypertension

458 (44.1)

472 (45.7)

456 (44.3)

Diabetes mellitus

77 (7.4)

71 (6.9)

69 (6.7)

620 (59.7)

596 (57.7)

581 (56.5)

β-Blocker

102 (9.8)

109 (10.6)

110 (10.7)

Agents acting on the renin

352 (33.9)

344 (33.3)

327 (31.8)

Calcium channel blockers

201 (19.4)

178 (17.2)

180 (17.5)

Diuretics

163 (15.7)

147 (14.2)

133 (12.9)

Antithrombotic agents

316 (30.4)

258 (25.0)

260 (25.3)

Lipid modifying agents

262 (25.2)

227 (22.0)

215 (20.9)

Drugs used in diabetes

115 (11.1)

111 (10.7)

105 (10.2)

Peripheral vasodilators

27 (2.6)

24 (2.3)

15 (1.5)

Antihypertensives (others)

38 (3.7)

45 (4.4)

44 (4.3)

Spirometric GOLD
grade, n (%)

Pulmonary medication
at baseline, %

Documented
cardiovascular
comorbidities, %

Any cardiovascular
medication, %

angiotensin system

Abbreviations: FEV1, forced expiratory volume in 1 second; GOLD, Global Initiative
for Chronic Obstructive Lung Disease; LABA, long-acting β2-agonist; LAMA, longacting muscarinic antagonist; Olo, olodaterol; SAMA, short-acting muscarinic antagonist; SD, standard deviation; T/O, tiotropium/olodaterol; Tio, tiotropium.

–0.3 bpm (P=0.25) with tiotropium 5 µg. Tiotropium/olodaterol 5/5 µg was associated with a small HR increase
(<1 bpm) at all visits; this increase was not present for
tiotropium 5 µg or olodaterol 5 µg.
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Blood Pressure
Long-Term Mean Change in Systolic and Diastolic BP
from Baseline Over 52 Weeks
There was no increase in mean diastolic or systolic BP from
baseline with any treatment observed over 52 weeks
(Figure 3). Systolic BP changes in the tiotropium/olodaterol
5/5 µg group were similar to the monocomponents. At Week
52, tiotropium/olodaterol 5/5 µg showed an adjusted mean
change from baseline of –1.34 mmHg (P=0.0023), olodaterol
5 µg showed a change of –1.22 mmHg (P=0.0071) and
tiotropium 5 µg showed a change of –0.76 mmHg
(P=0.0916). With diastolic BP, there was no increase in BP
with the combination of tiotropium/olodaterol 5/5 µg versus
the monocomponents. The long-term mean changes in diastolic BP from baseline, across all time points and treatment
groups, ranged from –1.25 to –0.01 mmHg. At Week 52,
tiotropium/olodaterol 5/5 µg showed an adjusted mean change
from baseline of –1.00 mmHg (P=0.0003), whereas olodaterol
5 µg changed by –1.02 mmHg (P=0.0003) and tiotropium
5 µg by –0.40 mmHg (P=0.16).

Short-Term (1 Hour Pre- to 1 Hour Post-Dose)
Mean Change in Systolic and Diastolic BP Over 52
Weeks
The short-term (1 hour pre- to 1 hour post-dose) mean
changes in systolic and diastolic BP over 52 weeks in the
tiotropium/olodaterol 5/5 µg group were generally similar to
those observed for the monocomponents at all time points
(Figure 4). The short-term mean change from pre- to postdose in systolic BP from baseline, across all time points and
treatment groups, ranged from –1.88 mmHg to –0.59 mmHg.
At Week 52, tiotropium/olodaterol 5/5 µg showed a change
from pre- to post-dose of –0.97 mmHg (P=0.0028), olodaterol 5 µg showed a change of –0.59 mmHg (P=0.0785), and
tiotropium 5 µg showed a change of –1.88 mmHg
(P<0.0001). The short-term mean change in diastolic BP
from pre- to post-dose, across all time points and treatment
groups, ranged from –1.21 mmHg to –0.75 mmHg. At Week
52, tiotropium/olodaterol 5/5 µg showed an adjusted mean
change from pre- to post-dose of –0.81 mmHg (P=0.0003),
olodaterol 5 µg showed a change of –1.21 mmHg
(P<0.0001), and tiotropium 5 µg showed a change of
–1.00 mmHg (P<0.0001).

Notable and Marked Changes
An analysis of notable/marked changes in HR and BP was
performed to show the more extreme values and more
extreme variation. Less than 1.5% of all patients recorded
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Figure 1 Long-term mean change in HR from baseline over 52 weeks. *P<0.05. Error bars representing 95% conﬁdence interval.
Abbreviations: bpm, beats per minute; HR, heart rate; Olo, olodaterol; T/O, tiotropium/olodaterol; Tio, tiotropium.

Figure 2 Short-term (30 minutes pre- to 40 minutes post-dose) mean change in HR during dosing over 52 weeks. **P<0.01. Error bars representing 95% conﬁdence
interval.
Abbreviations: bpm, beats per minute; HR, heart rate; Olo, olodaterol; T/O, tiotropium/olodaterol; Tio, tiotropium.

notable/marked HR increases pre-dose (n=26/2,537) or postdose (n=26/2,537), deﬁned as ≥25% increase from baseline
and on-treatment HR >100 bpm, whereas <0.5% (n=7/2,537
pre-dose; n=9/2,537 post-dose) recorded notable/marked HR
decreases, deﬁned as ≥25% decrease from baseline and ontreatment HR <50 bpm. Less than 3% of all patients recorded
notable/marked BP decreases, either in terms of systolic BP
(<100 mmHg and a decrease >10 mmHg below baseline;
n=47/3,077) or diastolic BP (<60 mmHg and a decrease of
>10 mmHg below baseline; n=45/3,077). Notable/marked
BP increases were reported in <5% of patients, both for
systolic BP (>150 mmHg and an increase ≥25 mmHg
above baseline; n=83/3,077) and diastolic BP (>90 mmHg
and an increase >10 mmHg above baseline; n=117/3,077).
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The results showed that there was no indication of an additive
effect of tiotropium/olodaterol 5/5 µg versus monotherapies.

Discussion
To our knowledge, this is the ﬁrst study to comprehensively investigate HR and BP in a large Phase III study of
dual bronchodilation. The changes in HR and BP are all
quantitatively small; there was only a small increase from
baseline with tiotropium at 52 weeks (<2 bpm) for longterm HR, and a very small increase in HR pre- to postdose for tiotropium/olodaterol 5/5 µg (<1 bpm). These
results, whilst statistically signiﬁcant, represent very
small changes in absolute values, which may indicate
disease progression and can be affected by many factors
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Figure 3 Long-term mean change in (A) systolic and (B) diastolic BP from baseline over 52 weeks. *P<0.05; **P<0.01. Error bars representing 95% conﬁdence interval.
Abbreviations: BP, blood pressure; Olo, olodaterol; T/O, tiotropium/olodaterol; Tio, tiotropium.

including the age and ﬁtness of the patients. There were
only small changes in mean BP <2 mmHg observed over
52 weeks of treatment. There was no sign of increased
effects on HR and BP with tiotropium/olodaterol versus
the monocomponents.
It has been suggested that treatment with LAMA/
LABA can have negative cardiovascular effects19 and
recent heart failure guidelines suggest that “Long-term
safety of cardioactive inhaled pulmonary drugs is uncertain and the need for their use should be reconsidered in
patients with heart failure with reduced ejection
fraction.”29
Data from a healthcare database study have also suggested
there may be adverse cardiovascular effects associated with
the initiation of either LABA or LAMA therapy.30 However,
a pooled analysis of four studies showed that tiotropium was
not associated with changes in HR versus placebo; similarly,
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olodaterol has been shown to have no adverse effects on HR
or BP.24,25 In the present study, combination tiotropium/olodaterol therapy had little or no clinically meaningful effect on
HR or BP when compared with monocomponents over
52 weeks in patients with GOLD 2–4 COPD. This is in line
with previous studies investigating other LAMA/LABA
combinations, which also concluded that the rate of cardiovascular adverse events was comparable with both placebo
and monotherapies.31,32 Furthermore, studies assessing combined LABA/ICS treatment have shown it to be well tolerated, with no adverse effects on mortality or cardiovascular
outcomes.33,34 Some studies, such as the CLAIM study21 and
a further study by Stone et al,22 have also suggested that
bronchodilation can have a positive effect on heart function
by reducing hyperinﬂation. In these studies, cardiac function
was signiﬁcantly improved in patients treated with indacaterol/glycopyrronium (P<0.0001) or ﬂuticasone furoate/
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Figure 4 Short-term (1 hour pre- to 1 hour post-dose) mean change in (A) systolic and (B) diastolic BP during dosing over 52 weeks. *P<0.05. Error bars representing 95%
conﬁdence interval.
Abbreviations: BP, blood pressure; Olo, olodaterol; T/O, tiotropium/olodaterol; Tio, tiotropium.

vilanterol (P<0.001) compared with patients treated with
placebo.21,22
Previous analyses comparing tiotropium/olodaterol 5/5 µg
with tiotropium and olodaterol monotherapies in patients participating in the TONADO® studies showed that there were no
dose- or time-related trends in QT interval change across
treatment groups; therefore, there was no concern with QT
prolongation.35 Additionally, Holter ECG data have shown
that patients treated with tiotropium or olodaterol have no
increased risk of cardiac arrhythmia versus placebo;25,26
Holter ECG analysis of dual bronchodilation with tiotropium/olodaterol has also found no increased incidence of
cardiac arrhythmia compared with the monocomponents.36
No statistically signiﬁcant or clinically relevant shift from
baseline (ie, proportion of patients whose premature supraventricular or ventricular beats increased or decreased from baseline) was observed with tiotropium/olodaterol combination or
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its monocomponents.25,26,36 In our analysis, all treatment arms
had a slight increase in HR over the 52-week study period,
which could be due to the progression of COPD severity over
time. It is also known that increases in HR are associated with
an aging population. This slight increase in HR is comparable
with previous published studies.24
The strengths of the present analysis include the large size
of the TONADO® trials, and the inclusion of patients with
cardiovascular comorbidities and those receiving cardiovascular medication; 58% of all patients were receiving cardiovascular medication, including 10% on β-blockers. We also
used highly standardized methodologies for collection of HR
and BP data across all centers, and the trials were blinded and
active-comparator-controlled. A limitation of the analysis
was that patients with very severe or unstable conditions
were excluded, therefore data may not be representative of
patients with extreme individual conditions encountered in
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clinical practice. Furthermore, resting HR and BP are not
necessarily reﬂective of variability during the daily activity
of the patients, and there was no placebo group analyzed,
thus limiting interpretation.

Conclusions
There were no differences in HR or BP among patients on
tiotropium/olodaterol when compared with monocomponents. This supports the already demonstrated cardiovascular
safety proﬁle of tiotropium/olodaterol as maintenance treatment for COPD, including patients with cardiovascular
comorbidities.

Abbreviations
BP, blood pressure; bpm, beats per minute; COPD,
chronic obstructive pulmonary disease; ECG, electrocardiogram; FEV1, forced expiratory volume in 1 second;
GOLD, Global Initiative for Chronic Obstructive Lung
Disease; HR, heart rate; ICS, inhaled corticosteroid;
LAMA, long-acting muscarinic antagonist; LABA, longacting β2-agonist.

Data Sharing Statement
Data are available from the corresponding author upon
reasonable request.
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