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ABSTRACT The cardiovascular risk of concurrently using long-acting β2-agonists (LABAs) and
anticholinergics (LAMAs) in COPD is uncertain. We assessed the comparative cardiovascular and
cerebrovascular safety of adding a second long-acting bronchodilator in patients with COPD.

We identified a cohort of COPD patients, new users of LABA or the LAMA tiotropium during 2002–2012,
from the UK Clinical Practice Research Datalink. Using high-dimensional propensity scores, each patient
adding a second bronchodilator was matched with a patient who remained on monotherapy. Patients were
followed for 1 year for the occurrence of acute myocardial infarction (AMI), stroke, heart failure and
arrhythmia.

The cohorts included up to 31174 patients adding a bronchodilator matched to 31174 patients remaining
on bronchodilator monotherapy. Adding a long-acting bronchodilator, compared to remaining on
monotherapy, was not associated with an increased risk of AMI (hazard ratio (HR) 1.12, 95% CI 0.92–1.36),
stroke (HR 0.87, 95% CI 0.69–1.10) or arrhythmia (HR 1.05, 95% CI 0.81–1.36), but the risk was elevated for
heart failure (HR 1.16, 95% CI 1.03–1.30).

Adding a second long-acting bronchodilator in the real-world-setting treatment of COPD does not
increase the risk of most cardiovascular events. The modest increase for heart failure warrants further
investigation.
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Introduction
Long-acting bronchodilators, including long-acting β2-agonists (LABAs) and anticholinergics (LAMAs)
such as tiotropium, continue to be recommended as first-line maintenance therapy in the management of
chronic obstructive pulmonary disease (COPD) [1–3]. These treatment guidelines also generally
recommend the addition of another long-acting bronchodilator as a subsequent step in treatment when
the disease is not controlled and, as a result, combined inhalers containing a LABA and a LAMA are now
available for this second step in treatment. However, long-acting bronchodilators can potentially cause
cardiac complications, including tachyarrhythmia and coronary insufficiency [4, 5].

Observational studies and randomised trials have reported some cardiovascular risks with these agents,
although they only considered their effects in monotherapy [6–11]. However, with the expected increasing
use of these agents in combination, the question of the potential cardiovascular risk arising from the
concurrent use of two long-acting bronchodilators becomes pertinent and has yet to be studied. The TOnado
trials, which compared a LABA–LAMA combination with its individual components, and the FLAME trial,
which compared a LABA–LAMA combination with a LABA–inhaled corticosteroid (ICS), although large in
terms of the numbers of subjects, were insufficiently sized to assess the risks of cardiovascular events (all less
than 2%) [12, 13]. However, the FLAME trial reported a numerical imbalance in non-fatal acute myocardial
infarction, with 11 events under LABA–LAMA versus five under LABA–ICS [13].

As these long-acting bronchodilators have been used for years to treat COPD, we assessed the comparative
safety of adding a second long-acting bronchodilator (either adding a LABA to tiotropium use or, vice versa,
adding tiotropium to LABA use) on the incidence of acute myocardial infarction (AMI), stroke, heart failure
and arrhythmia in patients with COPD, relative to monotherapy.

Methods
Data source
We used the Clinical Practice Research Datalink (CPRD), a primary care database from the UK that
contains primary care medical records for over 10 million people enrolled from over 600 practices.
Participating general practitioners were trained to record medical information, including demographic
data, lifestyle factors and medical diagnoses, using the Read classification. Prescriptions are automatically
transcribed using the UK Prescription Pricing Authority Dictionary. The CPRD can be linked for
approximately half of the practices to the Hospital Episodes Statistics (HES) database, which provides
hospitalisation information. The recorded information on drug exposures and diagnoses was validated and
proven to be of high quality [14–16].

Study design
We first formed a base cohort of all new users of long-acting bronchodilators, either a LABA or tiotropium,
from January 1, 2001 until August 31, 2012, with new use defined as a first prescription of either drug with
none during the previous 2 years. Thus, all patients in this base cohort were required to have at least 2 years
of up-to-standard medical history prior to the first cohort-defining prescription to allow the identification
of new use. Patients initiating treatment with both bronchodilators on the same date were excluded. To
increase the likelihood of a diagnosis of COPD, we only included patients who were 55 years of age or more
on the date of this initial prescription. This also increased the representativeness of the study by including
as many patients as possible, although we also performed an analysis using the 90% of patients who had a
COPD diagnosis prior to or at the time of the initial long-acting bronchodilator.

The study cohorts were formed by identifying all subjects from the base cohort who subsequently received
the other long-acting bronchodilator class as a second additional bronchodilator, defined as both
bronchodilator prescriptions given simultaneously on the same day. To avoid confounding issues related to
more severe patients being the first ones to be prescribed the newer bronchodilator on the market, in this
case tiotropium, we only considered subjects who added the other bronchodilator at least 1 year after
tiotropium was first used, namely September 25, 2002.

For each subject who was on a LABA and subsequently added tiotropium, we identified a propensity
score-matched reference subject who also was on a LABA but remained on a LABA only at the time the
subject added the tiotropium prescription, using a prevalent new-user design [17]. The potential reference
subjects were selected from the corresponding exposure sets, namely from the base cohort among all subjects
who were already on a LABA, who received a LABA prescription within a month of the date tiotropium was
added, and who were in the base cohort for the same duration (±3 months) as the combination-exposed
subjects. Thus, the time span between base cohort entry (monotherapy initiation) and study cohort entry
(addition of the second bronchodilator or matched continuation) was inherently a matching covariate. To
allow matching on the propensity to add tiotropium, we used the high-dimensional propensity score (HDPS)
technique by identifying all available data (e.g. diagnoses, procedures and medications) in the one-year
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period prior to the date of the matched set and applying conditional logistic regression to estimate a
combination treatment propensity score [18]. In addition to the 500 variables selected by HDPS, the
propensity score model forced age, sex, exacerbation in the previous 30 days and presence of the outcome in
the 2 years prior to the date of the matched set. Then, for each combination-exposed subject and starting
chronologically with the first, we identified one reference subject from the list of potential subjects at that
time point, matched on prior ICS use and on the closest propensity score.

An identical approach was used for the subjects who initiated treatment on tiotropium and added a
LABA, for whom matched subjects were taken from those who were only on tiotropium at that time. The
two cohorts were pooled to form the final study cohort. Subjects were followed up for outcome events
occurring during the 1-year span after cohort entry, namely the date of the matched set defined by either
the addition of a second bronchodilator or the continuation of a single bronchodilator, with follow-up
ending at the earliest of the date of cardiovascular outcome, 1 year after cohort entry, the date of death,
August 31, 2013, or the end of coverage in the practice, whichever occurred first.

Outcome events
For myocardial infarction, heart failure and stroke, we identified all subjects with a Read code recorded in
the general practitioner (GP)’s diagnostic field for these conditions occurring during the year after cohort
entry. The diagnostic codes and algorithms to identify these outcomes have been shown to be highly valid
for these outcomes and have been used in several studies using the CPRD [19–25]. In particular, for heart
failure, probable cases were defined as a diagnosis of heart failure with either death within 30 days or
treatment with at least two medications among the classes ACE/ARB (angiotensin-converting enzyme
inhibitors and angiotensin receptor blockers), diuretics and digitalis, whereas possible cases were defined
as diagnosis of heart failure and either treatment with one or more medications among the ACE/ARB,
diuretics and digitalis classes, or death between 30 and 90 days after diagnosis. For the outcome of
arrhythmia, which cannot be based strictly on GP diagnoses, we used the subcohort of the study cohort
members that can be linked to the HES database. Thus, arrhythmia was based on hospitalisation diagnoses
with ICD-10 codes I46.x-I49.x, R00.0 and R00.1. These definitions from hospitalised data have been used
in several studies involving COPD [26, 27].

Covariates
As the HDPS approach identifies the 500 most likely confounders, we list here the covariates of particular
interest that we report and compare with respect to the balance between the two groups. These include
age, sex, body mass index (BMI), smoking status and excessive alcohol consumption. Baseline
comorbidity, measured in the baseline year prior to study cohort entry, used diagnoses for arrhythmia,
cardiomegaly, atherosclerosis, anaemia, hypertension, congenital structural cardiovascular abnormalities,
diabetes, thyroid disease, hyperlipidaemia, renal failure and pneumonia, as well as presence of the study
outcomes. Additionally, all prescriptions for angiotensin-converting enzyme inhibitors, angiotensin
receptor blockers, β-blockers, thiazide diuretics, loop diuretics, antiarrhythmics, digoxin (digitalis), nitrates,
statins, clopidogrel, aspirin, insulin, oral hypoglycaemics, nonsteroidal anti-inflammatory drugs, opioid
analgesics and acetaminophen given during the 1 year baseline period prior to study cohort entry were
identified. In addition, prescriptions for drugs hypothesised to lengthen the QT interval, such as
macrolides, antidepressants, cisapride, antipsychotics and so on, were identified [28].

Baseline COPD severity was measured by the number of prescriptions for short-acting β-agonists and
anticholinergics, methylxanthines, as well as inhaled corticosteroids (whether alone or combined with the
LABA) and oral corticosteroids used during the baseline year prior to study cohort entry. Baseline inhaled
corticosteroid use was defined prior to the day of study cohort entry and thus did not include the LABA
prescription used to define cohort entry, which may be combined with an inhaled corticosteroid. A new
prescription for prednisolone or a physician diagnosis in the 30 days prior to study cohort entry was used
to identify recent COPD exacerbations [29].

Data analysis
The crude 1 year cumulative incidence and rate of the outcomes was estimated for the two long-acting
bronchodilator groups. The comparative analyses used a time-dependent Cox proportional hazard
regression model to perform an as-treated analysis that assesses the effect of current use of the
combination or monotherapy exposure on the outcome occurrence. Thus, for the as-treated analysis,
patients who switched to the other group during follow-up were censored at that time. Current use was
defined as exposure to the initial combination or monotherapy within the 60 day period of the date
defined by the risk set of the Cox model. This model included patient characteristics such as age in
10 year categories and sex, as well as the decile of propensity score for each patient obtained from the
HDPS model for matching purposes and year of cohort entry. We also adjusted for the use of ipratropium
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in the year preceding study cohort entry, because an imbalance was observed after propensity score
matching and we adjusted for the time since initiation of treatment with the long-acting bronchodilator,
even if this was a matching factor because the matching was done within ±3 months.

Several sensitivity analyses were performed. First, to assess potential reverse causality bias from the
as-treated analyses, we also used an intention-to-treat (ITT) approach, which compares combination to
monotherapy with respect to the outcome occurrence in the subsequent year, irrespective of changes in
treatment during this time, using a time-fixed Cox proportional hazard regression model. Second, analyses
were stratified by the order that the drug was added, namely adding tiotropium to the initiated LABA and
vice versa, a recorded diagnosis of COPD, prior use of ICS and by the presence of a recent COPD
exacerbation in the 30 days prior to study cohort entry. Third, analyses were restricted to subjects with no
presence of the outcome at baseline and repeated using the probable heart failure definition only. Fourth,
the 60 day period used to define current use in the as-treated analyses was repeated with 30 and 90 day
periods. Also, to verify the potential protopathic bias [30] from the possibility that a very recent
prescription for a bronchodilator may have occurred in relation to dyspnoea related to early stages of
myocardial dysfunction rather than a worsening of COPD, we repeated the as-treated analysis after
eliminating events occurring in the first 30 and 90 days of follow-up. We also repeated the analyses
allowing exposure to the combination during follow-up to be defined as two prescriptions within ±3 days
of each other. Lastly, analyses were repeated with a maximum difference in propensity score distance of
0.05. All analyses were conducted using SAS version 9.4.

The study protocol was approved by the Independent Scientific Advisory Committee of the CPRD (Protocol
13_093RA) and the Ethics Committee of the Jewish General Hospital ( JGH Protocol #13-096), Montreal,
QC, Canada.

Results
We identified 463899 patients with a prescription for LABA or tiotropium between January 1, 2001 and
August 31, 2013, from which there remained 132245 eligible subjects forming the base cohort of initiators
of a long-acting bronchodilator, including 80948 who formed the base subcohort linked to the HES
database (figure 1). There were 32741 patients who received a LABA and tiotropium prescription on the
same day during follow-up, including 16,814 who were on a LABA and added tiotropium and 15927 who
were on tiotropium and added a LABA (figure 1). For the base subcohort linked to the HES, 19936
patients received a LABA and tiotropium on the same day during follow-up, including 10263 who were
on a LABA and added tiotropium and 9673 who were on tiotropium and added a LABA.

Some of the patients adding another long-acting bronchodilator could not be matched. For instance, for
the analysis of the AMI outcome, of the 32741 patients entering the base cohort on tiotropium and
adding a LABA, 1603 (5%) could not be matched. The main reasons for not finding a match for these
patients were the requirement for matching on prior ICS use and the diminishing pool of monotherapy
users eligible for the patients adding later in study period.

The baseline characteristics of the matched cohorts are shown in table 1 for the AMI and arrhythmia
outcomes. Corresponding tables for the stroke and heart failure outcomes, shown in the supplementary
material, are practically identical to table 1 due to the trivial variations in HDPS matching for each
outcome. After propensity score matching, the patients adding the other bronchodilator have a similar
baseline profile to those remaining on monotherapy, with the exception of prior ipratropium bromide use,
for which statistical adjustment was added to the model.

The as-treated rates of outcome per 100 per year in the reference monotherapy groups were 1.0 for AMI,
0.8 for stroke, 2.9 for heart failure and 1.0 for arrhythmia (table 2). Table 2 presents the hazard ratio of
each outcome associated with adding a long-acting bronchodilator to the previous one (combination),
relative to remaining on a single long-acting bronchodilator (monotherapy), from the as-treated analysis.
For AMI, the hazard ratio was 1.12 (95% CI 0.92–1.37), while for stroke it was 0.87 (95% CI 0.69–1.10)
and for arrhythmia 1.05 (95% CI 0.81–1.36). The risk of heart failure (HR 1.16, 95% CI 1.03–1.30) was
increased when adding a bronchodilator.

The results of the ITT sensitivity analysis shown in table 3 are similar to the results for the as-treated
analysis. The other sensitivity analyses did not generally alter the results. These sensitivity analyses are
presented in table 4 for the heart failure outcome because of its overall statistical significance.

Discussion
In this observational study based on real-world data, we found that adding a second long-acting
bronchodilator, either the anticholinergic tiotropium to a LABA or vice versa, results in comparable 1 year
cardiovascular risks of AMI, stroke and arrhythmia, relative to remaining on long-acting bronchodilator
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monotherapy. However, the incidence of heart failure was marginally higher for those who added a second
long-acting bronchodilator.

This is the first study to evaluate the cardiovascular safety of the concurrent use of long-acting
bronchodilators in COPD, which is of particular relevance because these agents have been suspected to cause
cardiac complications [5]. The long-acting anticholinergics are believed to suppress parasympathetic
control and LABAs stimulate sympathetic tone, possibly leading to tachyarrhythmia and coronary
insufficiency [4, 26, 27]. A pooled safety analysis of the tiotropium trials reported a decreased risk of cardiac
failure (rate ratio (RR) 0.81, 95% CI 0.69–0.96) and of myocardial infarction (RR 0.85, 95% CI 0.67–1.09)
compared with placebo [31]. However, this pooled analysis did not provide a stratified analysis by concurrent
use of a LABA (over 37% of all patients) to permit an assessment of the effect of adding tiotropium to a
LABA on these outcome events. The recent relatively large trials of the effectiveness of LABA–LAMA
combinations, despite each studying close to 2000 patients treated on a LABA–LAMA combination, were
insufficiently sized to assess the risks of these relatively infrequent cardiovascular events [12, 13]. Indeed, the
pooled TOnado trials, which compared the combination of tiotropium+olodaterol with the individual
components, reported rate ratios of major adverse cardiac events of 1.07 (95% CI 0.66–1.73) and 1.11 (95%
CI 0.68–1.80) on comparing the combination with olodaterol and tiotropium monotherapies, respectively
[12]. The upper limit of these confidence intervals does not rule out important increases in risk. The
FLAME trial, which compared the indacaterol–glycopyrronium combination with salmeterol–fluticasone,
found (our calculation) a rate ratio of major adverse cardiac events of 1.14 (95% CI 0.64–2.05), which also
does not rule out important increases in risk [13]. Moreover, the FLAME trial reported a numerical
imbalance in non-fatal AMI, with 11 events under indacaterol–glycopyrronium versus five under salmeterol–
fluticasone [13]. With its much larger size, our study provides accurate cardiovascular and cerebrovascular
risk estimates over the first year after adding a second long-acting bronchodilator. In particular, we did not
find a higher incidence of AMI when adding a second long-acting bronchodilator.

CPRD patients with at least one prescription for LABA or
tiotropium between January 1, 2001 and August 31, 2013

(n=463 899)

Eligible patients
(n=229 326)

Base cohort of eligible patients with at least one
prescription for LABA or tiotropium

(n=132 245)

Patients on LABA adding tiotropium (n=16 814)
Patients on tiotropium adding LABA (n=15 927)
(for analysis of AMI, heart failure and stroke)

Patients on LABA adding tiotropium (n=10 263)
Patients on tiotropium adding LABA (n=9673)

(for analysis of arrhythmia)

Not linkable to Hospital Episodes Statistics (n=12 805)

Exclusion:
1) Missing data on sex (n=14)
2) No data after
  55 years of age (n=204 457)
  2 years of registration in an up-to-standard practice
    (n=28 939)
  January 1, 2002 (n=1163)

Exclusion of prevalent users (n=91 361)
Exclusion for both bronchodilators as initial treatment   
  (n=5720)

FIGURE 1 Flow chart of study cohort formation. LABA: long-acting β2-agonists; CPRD: Clinical Practice
Research Datalink; AMI: acute myocardial infarction.
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TABLE 1 Baseline characteristics of the cohort of 31138 patients who added tiotropium to a long-acting β2-agonist (LABA) or
vice versa (combination) and their propensity score and prior inhaled corticosteroid-matched 31138 users of a LABA or
tiotropium who did not add (monotherapy), used for analysis of acute myocardial infarction (AMI) outcome, and for the subset
of 18861 combination users and their matched 18861 monotherapy users selected from the subcohort of Hospital Episodes
Statistics (HES) database-linked data, for arrhythmia outcome

Using full base
cohort for AMI outcome

Using HES base subcohort
for arrhythmia outcome

Combination Monotherapy Combination Monotherapy

Patients n 31138 31138 18861 18861
Age at cohort entry years 71.9±8.5 72.2±8.6 72.2±8.6 72.6±8.7
Female sex 14353 (46.1) 14741 (47.3) 8465 (44.9) 8641 (45.8)
Year of cohort entry

Before 2007 7283 (23.4) 7240 (23.3) 4331 (23.0) 4301 (22.8)
2007–2009 11067 (35.5) 11074 (35.6) 6826 (36.2) 6823 (36.2)
2010–2013 12788 (41.1) 12824 (41.2) 7704 (40.8) 7737 (41.0)

Time since monotherapy initiation years 2.2±2.0 2.2±2.1 2.3±2.1 2.2±2.1
Smoker 28879 (92.7) 27840 (89.4) 17458 (92.6) 16848 (89.3)
Obesity status

Obese 8041 (25.8) 8407 (27.0) 4848 (25.7) 5031 (26.7)
Non-obese 21975 (70.6) 21694 (69.7) 13285 (70.4) 13191 (69.9)
Missing data 1122 (3.6) 1037 (3.3) 728 (3.9) 639 (3.4)

Alcohol abuse 394 (1.3) 412 (1.3) 204(1.1) 212 (1.1)
COPD exacerbation in 30 days prior to cohort entry 3076 (9.9) 3086 (9.9) 1934 (10.3) 1853 (9.8)
Comorbidity in year prior to cohort entry

Myocardial infarction 396 (1.3) 411 (1.3) 228 (1.2) 220 (1.2)
Arrhythmia 978 (3.1) 1024 (3.3) 621 (3.3) 628 (3.3)
Atherosclerosis/PVD 415 (1.3) 431 (1.4) 242 (1.3) 264 (1.4)
Stroke 213 (0.7) 218 (0.7) 125 (0.7) 137 (0.7)
Heart failure 970 (3.1) 926 (3.0) 617 (3.3) 618 (3.3)
Hypertension 2817 (9.0) 2903 (9.3) 1723 (9.1) 1767 (9.4)
Hyperlipidaemia 494 (1.6) 511 (1.6) 301 (1.6) 306 (1.6)
Congenital cardiovascular abnormalities S 8 (0) S S
Diabetes 3861 (12.4) 4031 (12.9) 2365 (12.5) 2556 (13.6)
Pneumonia 826 (2.7) 712 (2.3) 529 (2.8) 430 (2.3)
Renal disease 2025 (6.5) 2069 (6.6) 1195 (6.3) 1231 (6.5)
Thyroid disease 2849 (9.1) 2975 (9.6) 1732 (9.2) 1751 (9.3)

Medications in year prior to cohort entry
Cardiovascular drugs

ACE inhibitors 9232 (29.6) 9220 (29.6) 5618 (29.8) 5575 (29.6)
Angiotensin receptor blockers 3705 (11.9) 3897 (12.5) 2308 (12.2) 2429 (12.9)
β-blockers 3994 (12.8) 4073 (13.1) 2288 (12.1) 2390 (12.7)
Thiazide diuretics 5708 (18.3) 5784 (18.6) 3445 (18.3) 3501 (18.6)
Loop diuretics 8099 (26.0) 7885 (25.3) 4904 (26.0) 4777 (25.3)
Antiarrhythmics 1791 (5.8) 1832 (5.9) 1164 (6.2) 1157 (6.1)
Digoxin (digitalis) 1685 (5.4) 1623 (5.2) 1068 (5.7) 993 (5.3)
Nitrates 3086 (9.9) 3061(9.8) 1699 (9.0) 1757 (9.3)
Non-aspirin antiplatelets 2435 (7.8) 2388 (7.7) 1424 (7.5) 1405 (7.4)
Statins 13387 (43.0) 13461 (43.2) 7925 (42.0) 8067 (42.8)

Respiratory drugs
Short-acting β-agonists 28664 (92.1) 28100 (90.2) 17368 (92.1) 16926 (89.7)
Ipratropium bromide 9871 (31.7) 12853 (41.3) 6452 (34.2) 8218 (43.6)
Inhaled corticosteroids 26847 (86.2) 26847 (86.2) 16353 (86.7) 16353 (86.7)
Oral corticosteroids 15178 (48.7) 14598 (46.9) 9458 (50.1) 8934 (47.4)
Methylxanthines 1728 (5.5) 1437 (4.6) 1065 (5.6) 894 (4.7)

Drugs prolonging QT interval
Macrolides 8556 (27.5) 8380 (26.9) 5005 (26.5) 4856 (25.7)
Antidepressants 6935 (22.3) 6983 (22.4) 4072 (21.6) 4024 (21.3)
Antipsychotics 416 (1.3) 430 (1.4) 228 (1.2) 257 (1.4)
Others [28] 29803 (95.7) 29455 (94.6) 18046 (95.7) 17760 (94.2)

Other medications
Insulin 787 (2.5) 878 (2.8) 494 (2.6) 526 (2.8)
Aspirin 10627 (34.1) 10730 (34.5) 6239 (33.1) 6348 (33.7)
NSAIDs 5445 (17.5) 5571 (17.9) 3126 (16.6) 3253 (17.2)
Acetaminophen 15487 (49.7) 15592 (50.1) 8977 (47.6) 8978 (47.6)
Opioids 13621 (43.7) 13684 (43.9) 7849 (41.6) 7891 (41.8)

Data are presented as mean±SD or n (%). COPD: chronic obstructive pulmonary disease; PVD: peripheral vascular disease; ACE:
angiotensin-converting enzyme; NSAID: nonsteroidal anti-inflammatory drug; S: small cells (count ⩽5) were suppressed due to privacy restriction.
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The statistically significant 16% increase in the risk of heart failure with the addition of a second
long-acting bronchodilator is robust when subjected to multiple sensitivity analyses. These analyses suggest
that these excess events of heart failure are not occurring early after adding the second bronchodilator; a
potential source of protopathic bias from a recent prescription for a bronchodilator given for dyspnoea
related to early stages of myocardial dysfunction rather than a worsening of COPD [30]. Indeed, ITT
analysis of the overall cohort also produced a similar hazard ratio of heart failure of 1.14 (95% CI 1.03–
1.26) with the addition of the second bronchodilator, while the analysis based on removing the heart
failure events that occurred early in the first 30 or 90 days after adding the second bronchodilator resulted
in hazard ratios of 1.22 (95% CI 1.07–1.39) and 1.28 (95% CI 1.09–1.51), respectively. The potential for
bias due to a prior heart failure diagnosis with continuing COPD treatment can be ruled out by the
hazard ratio of 1.21 (95% CI 1.05–1.39) among patients with no prior heart failure. If this risk is real and
not due to residual confounding, the 16% increase translates to 4.6 additional cases of heart failure per
year for every 1000 patients adding a second bronchodilator.

A major strength of the study is its large size, comprising over 30000 patients who added a second long-
acting bronchodilator, thus allowing more precise estimates than the recent trials [12, 13]. In addition, our

TABLE 2 Crude and adjusted hazard ratios of cardiovascular outcomes associated with adding a second long-acting
bronchodilator (combination) compared with remaining on a single long-acting bronchodilator (monotherapy) in patients with
chronic obstructive pulmonary disease, with 1 year follow-up, from the as-treated analysis

Patients n Events n Person-years Rate per 1000 per year Crude# HR Adjusted¶ HR (95% CI)

Acute myocardial infarction
Monotherapy 31138 180 17842 10.1 1.00 1.00 (reference)
Combination 31138 235 20795 11.3 1.13 1.12 (0.92–1.37)

Stroke
Monotherapy 31123 148 17854 8.3 1.00 1.00 (reference)
Combination 31123 145 20813 7.0 0.85 0.87 (0.69–1.10)

Heart failure
Monotherapy 31174 524 17870 29.3 1.00 1.00 (reference)
Combination 31174 698 20612 33.9 1.17 1.16 (1.03–1.30)

Arrhythmia
Monotherapy 18861 109 10936 10.0 1.00 1.00 (reference)
Combination 18861 135 12610 10.7 1.09 1.05 (0.81–1.36)

#: crude, after matching on high-dimensional propensity scores and inhaled corticosteroid (ICS) use in the year prior to cohort entry; ¶: after
matching on high-dimensional propensity scores and ICS use in the year prior to cohort entry, adjusted further for patient characteristics
(10 year age groups, sex, calendar year of cohort entry), the decile of propensity score, ipratropium use prior to cohort entry and time since
entry into base cohort.

TABLE 3 Crude and adjusted hazard ratios of cardiovascular outcomes associated with adding a second long-acting
bronchodilator (tiotropium or long-acting β2-agonist) compared with remaining on a single long-acting bronchodilator in
patients with chronic obstructive pulmonary disease, with 1 year follow-up, from the intent-to-treat analysis

Patients n Events n Person-years Rate per 1000 per year Crude# HR Adjusted¶ HR (95% CI)

Acute myocardial infarction
Monotherapy 31138 251 23253 10.8 1.00 1.00 (reference)
Combination 31138 318 27956 11.4 1.07 1.06 (0.89–1.25)

Stroke
Monotherapy 31123 194 23267 8.3 1.00 1.00 (reference)
Combination 31123 213 27980 7.6 0.92 0.94 (0.77–1.15)

Heart failure
Monotherapy 31174 697 23192 30.0 1.00 1.00 (reference)
Combination 31174 928 27660 33.5 1.15 1.14 (1.03–1.26)

Arrhythmia
Monotherapy 18861 149 14076 10.6 1.00 1.00 (reference)
Combination 18861 184 16919 10.9 1.04 1.01 (0.81–1.26)

#: crude, after matching on high-dimensional propensity scores and inhaled corticosteroid (ICS) use in the year prior to cohort entry; ¶: after
matching on high-dimensional propensity scores and ICS use in the year prior to cohort entry, adjusted further for patient characteristics
(10 year age groups, sex, calendar year of cohort entry) as well as the decile of propensity score, ipratropium use prior to cohort entry and time
since entry into base cohort.
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study included patients from the time of their addition of the second long-acting bronchodilator, which
avoids bias from depletion of susceptible, which can be problematic for safety studies [32]. Indeed, adverse
effects such as AMI and arrhythmia can occur with initiation of these therapies, but trials to date, such as
FLAME, included patients who at baseline were already using LAMAs (61%) or LABAs (67%), some of

TABLE 4 As-treated sensitivity analyses for the heart failure outcome associated with adding a second long-acting
bronchodilator (combination) compared with remaining on a single long-acting bronchodilator (monotherapy) in patients with
chronic obstructive pulmonary disease (COPD), with 1 year follow-up

Patients n Events n Person-years Rate per 1000
per year

Crude# HR Adjusted¶

HR (95% CI)

Initiating with a LABA
LABA monotherapy 16814 337 10781 31.3 1.00 1.00 (reference)
Adding tiotropium 16814 380 11002 34.5 1.10 1.11 (0.95–1.28)

Initiating on tiotropium
Tiotropium monotherapy 14360 187 7089 26.4 1.00 1.00 (reference)
Adding a LABA 14360 318 9610 33.1 1.30 1.28 (1.07–1.54)

No recorded COPD diagnosis
Monotherapy 4105 90 2564 35.1 1.00 1.00 (reference)
Combination 2628 73 1528 47.8 1.34 1.18 (0.86–1.62)

Recorded COPD diagnosis
Monotherapy 27069 434 15306 28.4 1.00 1.00 (reference)
Combination 28546 625 19084 32.8 1.18 1.18 (1.04–1.33)

No recent COPD exacerbation
Monotherapy 28126 466 16286 28.6 1.00 1.00 (reference)
Combination 28094 627 18623 33.7 1.19 1.18 (1.05–1.33)

Recent COPD exacerbation
Monotherapy 3048 58 1584 36.6 1.00 1.00 (reference)
Combination 3080 71 1988 35.7 1.04 1.02 (0.72–1.45)

No baseline ICS use
Monotherapy 4291 89 2784 32.0 1.00 1.00 (reference)
Combination 4291 97 2685 36.1 1.11 1.13 (0.84–1.50)

Baseline ICS use
Monotherapy 26883 435 15086 28.8 1.00 1.00 (reference)
Combination 26883 601 17926 33.5 1.19 1.17 (1.03–1.32)

Current use defined within a 30-day period
Monotherapy 31174 406 13640 29.8 1.00 1.00 (reference)
Combination 31174 481 14504 33.2 1.12 1.11 (0.97–1.27)

Current use defined within a 90-day period
Monotherapy 31174 564 19212 29.4 1.00 1.00 (reference)
Combination 31174 793 23036 34.4 1.19 1.18 (1.05–1.31)

Using probable heart failure outcome definition
Monotherapy 31174 404 17870 22.6 1.00 1.00 (reference)
Combination 31174 551 20612 26.7 1.21 1.21 (1.06–1.38)

Tighter match (PS⩽0.05 of each other)
Monotherapy 28233 484 16740 28.9 1.00 1.00 (reference)
Combination 28233 632 18621 33.9 1.19 1.18 (1.05–1.33)

Combination defined within ±3 days
Monotherapy 31174 524 17865 29.3 1.00 1.00 (reference)
Combination 31174 700 20618 34.0 1.18 1.16 (1.04–1.30)

Eliminating outcome events in first 30 days of
follow-up
Monotherapy 29392 399 15466 25.8 1.00 1.00 (reference)
Combination 30589 567 18073 31.4 1.23 1.22 (1.07–1.39)

Eliminating outcome events in first 90 days of
follow-up
Monotherapy 25879 255 11786 21.6 1.00 1.00 (reference)
Combination 29325 380 13826 27.5 1.28 1.28 (1.09–1.51)

No heart failure diagnosis before cohort entry
Monotherapy 29763 340 17198 19.8 1.00 1.00 (reference)
Combination 29737 474 19821 23.9 1.23 1.21 (1.05–1.39)

LABA: long-acting β2-agonists; ICS: inhaled corticosteroid; PS: propensity score. #: crude, after matching on high-dimensional propensity
scores and ICS use in the year prior to cohort entry; ¶: after matching on high-dimensional propensity scores and ICS use in the year prior to
cohort entry, adjusted further for patient characteristics (10 year age groups, sex, calendar year of cohort entry), as well as the decile of
propensity score, ipratropium use prior to cohort entry and time since entry into base cohort.
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whom were probably using both, so patients who had experienced early effects of these drugs were probably
not included in the trial [13].

Our study has some limitations. Exposure to long-acting bronchodilators was measured from prescriptions,
introducing potential exposure misclassification from uncertainty about the drugs actually being taken.
However, the outcome events used validated definitions and are thus less subject to misclassification. Our
definition of COPD was based exclusively on age and medication to increase the representativeness of the
study by including as many patients as possible in assessing these safety questions. Nevertheless, the results
remained identical in the analysis using the 90% of patients who had a recorded COPD diagnosis. In
addition, the study probably captured patients who also have asthma, which should have been balanced in
the two comparison groups by the use of the propensity scores. Nevertheless, despite the use of
high-dimensional propensity scores, some residual confounding may be present. Moreover, in our analysis
we did not consider the changes in the confounding factors such as use of cardiovascular drugs during
follow-up, although the 1 year follow-up period is probably too short to drastically change the risk profile
of the patients from the baseline period and to change it differentially between the two groups.

Overall, in this real-world setting study of the treatment of COPD, the addition of a second long-acting
bronchodilator as recommended by COPD treatment guidelines when the disease worsens, appears safe
with respect to cardiovascular and cerebrovascular risks, except perhaps for a small increase in the risk of
heart failure, which warrants continued monitoring.
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