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Background: The long-acting muscarinic antagonist (LAMA) aclidinium was approved in Europe in 2012 to relieve symptoms in 
adult patients with chronic obstructive pulmonary disease (COPD). A post-authorization safety study was initiated to assess potential 
cardiovascular risks associated with LAMAs versus long-acting beta2-agonists.
Purpose: To estimate incidence rates and adjusted incidence rate ratios (IRRs) for acute myocardial infarction (AMI), stroke, and 
major adverse cardiac events (MACE) in new users of aclidinium, aclidinium/formoterol, tiotropium, other LAMA, long-acting beta- 
agonists/inhaled corticosteroids (LABA/ICS), and LAMA/LABA compared with initiators of LABA.
Patients and Methods: This population-based cohort study included patients with COPD aged ≥40 years initiating COPD 
medications in the UK Clinical Practice Research Datalink (CPRD) Aurum database from 2012 to 2019. Poisson regression models 
were used to estimate the IRR for AMI, stroke, and MACE in users of COPD medications versus LABA, adjusting for clinically 
relevant covariables.
Results: The study included 11,121 new users of aclidinium, 4804 of aclidinium/formoterol, 56,198 of tiotropium, 23,856 of other 
LAMA, 17,450 of LAMA/LABA, 70,289 of LABA/ICS, and 13,716 of LABA. During periods of continuous medication use after 
initiation (current use), crude incidence rates per 1000 person-years for AMI ranged from 8.7 (aclidinium/formoterol) to 12.4 (LAMA/ 
LABA), for stroke ranged from 4.8 (aclidinium/formoterol) to 7.2 (LAMA/LABA), and for MACE ranged from 13.5 (aclidinium/ 
formoterol) to 19.3 (LAMA/LABA). Using LABA as reference, adjusted IRRs [95% confidence intervals] were close to 1 for all study 
drugs for AMI (lowest for aclidinium/formoterol, 0.95 [0.60–1.52], and highest for LAMA/LABA, 1.23 [0.91–1.67]), stroke (lowest 
for aclidinium/formoterol, 0.64 [0.39–1.06], and highest for tiotropium, 1.02 [0.81–1.27] for tiotropium) and for MACE (lowest for 
aclidinium, 0.93 [0.75–1.16], and highest for LAMA/LABA, 1.24 [0.97–1.59]).
Conclusion: Risks of AMI, stroke, and MACE in current users of aclidinium, aclidinium/formoterol, tiotropium, other LAMA, 
LAMA/LABA, or LABA/ICS were similar to the risks among current users of LABA.
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Introduction
Long-acting muscarinic antagonists (LAMAs) have been shown to be effective and safe in the treatment of chronic 
obstructive pulmonary disease (COPD) and are recommended in international clinical guidelines for symptom manage-
ment for patients with COPD.1 While some concerns about the cardiovascular safety of the LAMAs tiotropium and 
ipratropium bromide emerged from prior studies,2–7 and from a further meta-analysis by Singh et al,8 this evidence was 
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inconsistent and described as having potential biases. Disparate results of the UPLIFT trial, which included a large 
sample size and long follow-up and was described as methodologically strong,9 led the US Food and Drug 
Administration to conclude that the data did not support the conclusion that there is an increased risk of stroke, heart 
attack, or death associated with tiotropium bromide inhalation powder (HandiHaler).10 However, some authors have 
suggested that imbalance in rates of supraventricular tachyarrhythmias and strokes related to ischemia in the UPLIFT are 
suggestive of potential pro-ischemic and pro-arrhythmic effects.11

Aclidinium is a LAMA, and, as such, the evolution of its potential pro-ischemic and pro-arrhythmic effects leading 
to cardiovascular events is of interest and part of its risk management program.12,13 This post-authorization safety 
study (PASS) was conducted to assess the potential cardiovascular risks described in the European risk management 
plans of both aclidinium bromide as monotherapy (Eklira) and aclidinium bromide/formoterol fixed-dose combination 
(Duaklir; aclidinium bromide/formoterol fumarate dihydrate; marketing authorization holder: AstraZeneca AB, 
Södertälje, Sweden). A companion study program was conducted to evaluate utilization patterns for aclidinium.14 

The aclidinium cardiovascular PASS and its protocol were registered at the EU PAS Register on 27 May 2016 with the 
registry identification number EUPAS13616 (http://www.encepp.eu/encepp/viewResource.htm?id=18823). Earlier sub-
studies conducted as part of this PASS found no increased risk of all-cause mortality15 or hospitalization for congestive 
heart failure16 in new users of aclidinium, tiotropium, other LAMA, LAMA/LABA, or LABA/ICS compared with 
LABA.

Here, we report the results of the substudy in which we aimed to compare the risk of acute myocardial infarction 
(AMI), stroke, or major adverse cardiac events (MACE; a composite endpoint of first occurrence of AMI, stroke, or 
community coronary heart disease [CHD] or cerebrovascular disease [CeVD] death) in patients with COPD initiating 
treatment with aclidinium bromide and other selected COPD medications with the risk in patients with COPD initiating 
treatment with long-acting beta2-agonists (LABAs).

Materials and Methods
Study Design and Setting
This was a non-interventional, population-based cohort study of adult patients aged ≥40 years with a recorded diagnosis 
of COPD initiating treatment with aclidinium bromide monotherapy or other selected COPD medications identified in the 
Clinical Practice Research Datalink (CPRD) in the United Kingdom (UK). The Independent Scientific Advisory 
Committee (ISAC) of the Medicines and Healthcare products Regulatory Agency (MHRA) approved the protocol 
(protocol 19_200R) on 18 February 2020. The RTI International Institutional Review Board (IRB) reviewed the protocol 
and determined that the study did not constitute research involving human subjects. The IRB determined that because this 
study did not involve private, identifiable, human-subjects data nor interaction with any human subjects, informed 
consent was not needed. None of the members of the research team had access to identifying patient information when 
analyzing the data. The study design and eligibility criteria for the study cohorts are shown in Figure 1.

The study was conducted in the UK using data from the CPRD Aurum database and includes routinely collected de- 
identified data from primary care practices.17 The validity of CPRD as a reliable data source for drug safety studies in 
numerous therapeutic areas is well established.18–23 The study also included information from the Office for National 
Statistics (ONS) and the Hospital Episode Statistics (HES) database. As of March 2020 (the time of data extraction for 
this study), CPRD Aurum contained information on symptoms, diagnoses, prescribing information, demographics, 
referrals, immunizations, lifestyle factors, tests, and results for approximately 10.3 million currently registered patients, 
representing 15% of the UK population and 12% of UK general practices.17,24 For a majority of practices in CPRD 
Aurum, these data are linkable with other health care data sets (eg, hospitalization records and national mortality data) 
via the patient’s National Health Service number, sex, date of birth, and postal code. Detailed information on prescrip-
tions written by general practitioners, including prescribed dose and duration, is routinely recorded in the database and 
coded using the Dictionary of Medicines and Devices. Read 2, SNOMED CT (Systematized Nomenclature of Medicine 
Clinical Terms), and local codes from EMIS, a UK electronic health records system, were used for diagnoses. Identifying 
patients with both CPRD and HES data enabled access to hospital discharge diagnoses and procedural codes.
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Cohort Selection
Patients included in the study were new users of aclidinium bromide (monotherapy or in non–fixed-dose combination 
with formoterol or other medications), aclidinium/formoterol, or another of the COPD medications of interest: tiotro-
pium, other LAMA (glycopyrronium bromide, umeclidinium), LAMA/LABA (glycopyrronium/indacaterol, umeclidi-
nium/vilanterol, and tiotropium/olodaterol), LABA (formoterol, salmeterol, indacaterol, olodaterol), and LABA/inhaled 

Figure 1 Overview of study design and eligibility criteria for the study cohorts. 
Notes: aOther COPD medications: aclidinium/formoterol, tiotropium, other LAMA (glycopyrronium bromide, umeclidinium), LAMA/LABA (glycopyrronium/indacaterol, 
umeclidinium/vilanterol, and tiotropium/olodaterol), LABA (formoterol, salmeterol, indacaterol, olodaterol), LABA/ICS (formoterol/budesonide, formoterol/beclometasone, 
formoterol/fluticasone, salmeterol/fluticasone propionate, vilanterol/fluticasone). bCriterion A (1) patients with any of the following non-cardiovascular life-threatening 
conditions recorded in the database at any time before or on the start date: HIV (human immunodeficiency virus) infection or use of antiretroviral agents for HIV, organ 
transplant, or congenital cardiovascular anomalies; (2) patients with any of the following non-cardiovascular life-threatening conditions recorded in the database within 10 
years before or on the start date: cancer (except nonmelanoma skin cancers), palliative care, respiratory failure or dependence on respiratory ventilation, end-stage renal 
disease, drug or alcohol abuse, or coma. cCriterion B patients with missing information on smoking history or body mass index. dAsthma, diabetes, hypertension, 
hyperlipidemia, CHD, AMI, unstable angina, chronic angina, aortocoronary bypass graft, cerebrovascular disease, stroke, transient ischemic attack, peripheral vascular 
disease, heart failure, outpatient diagnosis of heart failure, hospitalization for heart failure, arrhythmias, atrial fibrillation, severe ventricular arrhythmias, other arrhythmias, 
pulmonary embolisms, pneumonia, renal disease, liver disorders, and Charlson Comorbidity Index. eRespiratory medications (LAMA/LABA/ICS, SABA, oral glucocorticos-
teroids, mucolytics, antihistamines, ICS, SAMA, LTRA, omalizumab, cough and cold preparations) and non-respiratory medications (antibiotics, cardiovascular medications, 
lipid-lowering drugs, antihypertensive medications, antiarrhythmics, nitrates, digoxin, anticoagulants, platelet aggregation inhibitors, antidiabetics, and vaccines). fEarliest of 
endpoint of interest (AMI, stroke, MACE), death, disenrollment from the practice, or end of the study period. Source: Original design diagram template can be found at 
www.repeatinitiative.org/projects.html. 
Abbreviations: AMI, acute myocardial infarction; CHD, coronary heart disease; COPD, chronic obstructive pulmonary disease; HIV, human immunodeficiency virus; ICS, 
inhaled corticosteroid; IMD, Index of Multiple Deprivation; LABA, long-acting beta2-agonist; LAMA, long-acting anticholinergic; LTRA, leukotriene receptor antagonists; 
MACE, major adverse cardiovascular events; Rx, prescription; SABA, short-acting beta2-agonist; SAMA, short-acting muscarinic antagonist.
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corticosteroid (ICS) (formoterol/budesonide, formoterol/beclometasone, formoterol/fluticasone, salmeterol/fluticasone 
propionate, and vilanterol/fluticasone).

New users of the study medications were selected if they fulfilled the eligibility criteria and the date of the first 
prescription (start date) occurred from 01 September 2012 through 30 June 2019. Patients were included in the study if 
they met all the following criteria: had been prescribed a study medication of interest during the study period, with no 
prescription of the same medication or medication group during the 6 months before the start date (new user); had 
≥1 year of enrolment in CPRD prior to the start date; were aged 40 years or older at the start date; and had a recorded 
diagnosis of COPD, with or without asthma, at any time before the start date or up to 30 days after the start date (COPD 
diagnoses were identified through outpatient diagnoses recorded in the General Practitioner Online Database of CPRD 
[CPRD GOLD] or HES [International Classification of Diseases, Tenth Revision (ICD-10) codes J40-J44]). Patients were 
excluded if they met any of the following criteria: (criterion A) patients with any of the following non-cardiovascular, 
life-threatening conditions recorded in the database at any time before or on the start date—cancer, HIV (human 
immunodeficiency virus), respiratory failure, end-stage renal disease, organ transplant, drug or alcohol abuse, coma, or 
congenital cardiovascular anomalies; and (criterion B) patients with missing information on smoking status or body mass 
index (BMI).

New users were followed from the start date until the earliest of the following dates: occurrence of the endpoint, 
death, disenrollment from the practice, or end of the study period. The end of the study period was censored at the latest 
date of the period covered by both HES and ONS data, so that all person-time in CPRD Aurum was linkable to these 
databases. Practices in CPRD Aurum that were not linkable to HES or ONS were excluded.

Variables
Exposure
Exposure to the study medications was ascertained using the information recorded for prescribed medications in CPRD 
Aurum. Days’ supply was calculated from information on the prescription instructions, the daily dose, and the quantity 
prescribed. For patients with missing information, imputation was conducted using the mode of days’ supply for each 
product name.

The main exposure of interest was current use, defined as the sum of episodes of continuous use and further classified 
into single or multiple study medication use based on current use of one or more than one study medication group at 
index date. Continuous-use episodes were defined by consecutive prescriptions (ie, those with a gap of ≤7 days between 
the end of the days’ supply of one prescription and the start of the next prescription). An episode of continuous use ended 
at the earliest of the end of follow-up or 7 days after the end of the days’ supply of the earlier prescription when a gap of 
>7 days occurred.

Duration of current use of each study medication was calculated as the total time of continuous use of that 
medication. The effect of duration of use was estimated by categories of short duration of current use, if duration was 
<6 months, and long duration of current use, if duration was ≥6 months or longer. Supplementary Appendix A describes 
the duration of use categories in additional detail.

Recent and past uses were also considered. Recent use started at the end of the current use episode (which included 
the 7-day extension period) and ended at the earliest of (1) the beginning of a new episode of current use, (2) end of 
follow-up, or (3) 60 days after the end of the current use episode. Past use started after recent use ended (ie, 61 days after 
the end of the current use episode) and ended at the earliest of (1) the beginning of a new episode of current use or (2) the 
end of follow-up. Duration of recent/past use of each study medication was calculated as the total time of each category 
of use. Supplementary Appendix A describes the recent and past uses categories in additional detail.

Endpoints
With the use of previously validated algorithms, AMI was defined as hospitalization for AMI, either fatal or non-fatal 
(identified through specific ICD-10 codes recorded as primary discharge diagnoses in HES at any time after the start 
date), plus community CHD deaths (identified through ICD-10 codes recorded in ONS mortality data with CHD as an 
underlying cause of death).25–29 Because some patients suffering an AMI die suddenly before arriving at the hospital, 
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community CHD deaths, including sudden cardiac death, were also included in the definition of AMI.30 Community 
deaths from CHD were defined as sudden cardiac death or fatal CHD events in persons outside a hospital setting.

Using previously validated algorithms, stroke was defined as hospitalization for or referral to a specialist for acute 
stroke, either fatal or non-fatal, plus patients with community CeVD deaths.26,29,31–33 Potential hospitalizations for stroke 
were identified using specific ICD-10 codes recorded as primary discharge diagnoses in HES at any time after the start 
date. In addition, stroke was ascertained in CPRD Aurum and identified through outpatient codes (SNOMED CT or local 
EMIS codes) suggestive of stroke that had an outpatient record for referral to a specialist within 1 day before or after the 
date of the stroke code. Because patients having a stroke may die before arriving at a hospital facility, community deaths 
from CeVD were also ascertained as part of this endpoint. Potential community deaths due to CeVD were identified 
through ICD-10 codes recorded in the ONS with CeVD as the underlying cause of death.

Finally, MACE was a composite endpoint of AMI, stroke, or community CHD or CeVD death. The date of the 
MACE endpoint was the first occurring date of either AMI, stroke, community CHD death, or CeVD death.

Covariables
Confounding factors were defined by diagnoses, procedures, and medication prescriptions recorded in either CPRD Aurum or 
HES data. Confounding factors (except concurrent use of study medications) were measured before the start date to account 
for confounding by indication and to avoid adjusting for variables that could be affected by the exposure of interest 
(intermediate variables). The following potential confounding factors were considered: age, sex, race/ethnicity, BMI, smoking 
history, history of alcohol use, socioeconomic status, health care utilization, comorbidities, comedications, and severity of 
COPD (determined by using the Global Initiative for Chronic Obstructive Lung Disease [GOLD] 2016 definition34).

Statistical Analyses
Cohort identification, attrition, and characteristics were summarized descriptively. Crude and adjusted incidence rates 
(IRs) and 95% confidence intervals (CIs) for AMI and stroke were estimated using the Poisson distribution. Crude and 
adjusted incidence rate ratios (IRRs) and 95% CIs for AMI and stroke for the effect of each study medication compared 
with LABA were estimated using Poisson regression models restricted to single current users, multiple current users, 
recent users, and past users, as well as by duration of use. Clinically relevant risk factors, including age, sex, COPD 
severity, prior history of CHD for the AMI outcome, and prior history of CeVD for the stroke outcome, were included in 
the final regression models. A forward stepwise regression approach was used to determine if additional potential 
confounding variables should be included in the final models. Each of the remaining potential confounding factors 
(variables associated with both the endpoint and being a new user of aclidinium bromide versus LABA) with 
a prevalence of ≥5% were included in the final regression model if it produced a change of ≥10% in the magnitude of 
the exposure coefficient estimated from the model comparing current use of aclidinium bromide versus current use of 
LABA.35 Variables already included in the definition of severity (eg, oral glucocorticosteroids, antibiotics) or correlated 
with variables already included (eg, history of CHD and AMI) were not subsequently considered for inclusion, allowing 
for inclusion of other variables that did not meet the 10% criterion but were known as potential risk factors (eg, use of 
lipid-lowering drugs).

As the direction and magnitude of the risk were similar across the individual components of MACE, the main analysis 
conducted for the AMI and stroke endpoints was performed with the combined endpoint. The individual AMI and stroke 
endpoints were evaluated, and their compatibility with the hypothesis that both endpoints show the same proportional 
elevation in risk was assessed, as measured by a P value for heterogeneity (Cochran’s Q Χ2 test).36

In subgroup analyses, crude and adjusted IRRs and 95% CIs for AMI and stroke for current use of each study 
medication versus LABA were stratified by the following patient characteristics of interest: COPD severity, age, history 
of asthma, and history of CHD for AMI and of CeVD for stroke. Sensitivity analyses were conducted to explore the 
following: (1) extending the duration of the gap between prescriptions to 30 days instead of 7 days (for identifying 
consecutive prescriptions for continuous-use episodes); (2) not considering as events the strokes identified from referrals 
to a specialist or emergency department visits; and (3) using stratification by propensity score,37 a measure to control for 
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bias from confounding factors, ie, adjusting the Poisson model by propensity score deciles, before and after trimming at 
first percentile of aclidinium and 99th percentile of LABA.

All analyses were conducted using SAS version 9.4 (SAS Institute Inc., Cary, North Carolina).
In accordance with the recommendations of the American Statistical Association and expert opinion, the research 

team avoided relying on statistical significance or its proxies to interpret study results.38–41

Results
Cohort Characteristics
The study included 11,121 new users of aclidinium, 4804 new users of aclidinium/formoterol, 56,198 new users of 
tiotropium, 23,856 new users of other LAMA, 17,450 new users of LAMA/LABA, 70,289 new users of LABA/ICS, and 
13,716 new users of LABA (Figure 2). The distributions of age, sex, race/ethnicity, current smoking, BMI, and alcohol 
use were similar across the study medications (Table 1). Mean age was approximately 69 to 70 years for all the study 
medications. Approximately half of the users were women, 42% to 47% were current smokers, and one-third were obese.

The GOLD D severity category was more frequent in users of aclidinium bromide (33.4%) and users of other LAMA 
(29.5%) than in users of other study medications (Table 1). Users of LABA had the highest frequency of less severe 
COPD (GOLD A) (40.6%), followed by users of LABA/ICS (35.5%). Users of LABA/ICS had the highest frequency of 
asthma recorded in the 5 years before the start date (48.7%), while users of LAMA/LABA had the lowest frequency 
(23.5%). The frequency of cardiovascular diseases and other diseases was similar, as was the distribution of Charlson 
Comorbidity Index score, across the study medications. LABA/ICS and tiotropium were the study medications most 
frequently prescribed before the start date. In general, users of aclidinium bromide and of other LAMA had the highest 
frequency of previous use of other (non-study) respiratory medications, except ICS, the use of which was highest among 
users of LABA and of LABA/ICS. Vaccines, antibiotics, and cardiovascular medications were the most frequent non- 
respiratory medications prescribed. Users of LAMA medications had higher health care utilization than users of LABA 
or LABA/ICS.

The median duration of use of the study medications ranged from 6 months for aclidinium/formoterol to 14.5 months 
for LABA/ICS (Supplementary Appendix B). Approximately 50% of the users of aclidinium/formoterol, LAMA/LABA, 
and LABA; 58% of the users of aclidinium bromide; 60% of the users of other LAMA; 65% of the users of tiotropium; 
and 71% of the users of LABA/ICS had a median duration of use longer than 6 months.

Crude Incidence Rates of AMI, Stroke, and MACE
Crude incidence rates per 1000 person-years for AMI, during current use, ranged from 8.7 for aclidinium/formoterol to 
12.4 for LAMA/LABA (Table 2). The crude IRs for stroke, during current use, ranged from 4.8 among users of 
aclidinium/formoterol to 7.2 among users of LAMA/LABA. Crude IRs per 1000 person-years for MACE, during current 
use, ranged from 13.5 for aclidinium/formoterol to 19.3 for LAMA/LABA.

Incidence Rate Ratios of AMI, Stroke, and MACE
Current Use
When the current overall use of each study medication was compared with LABA, the adjusted IRRs for AMI, stroke, 
and MACE were around 1 (Table 2; Figure 3A); therefore, no substantial differences were seen between medication 
groups. When current use of aclidinium bromide was compared with LABA, the adjusted IRRs (95% CI) were 1.00 
(0.76–1.31) for AMI, 0.86 (0.62–1.18) for stroke, and 0.93 (0.75–1.16) for MACE. For current use of aclidinium/ 
formoterol, the adjusted IRRs (95% CI) were 0.95 (0.60–1.52) for AMI, 0.64 (0.39–1.06) for stroke, and 0.94 (0.64–1.37) 
for MACE. Considering current single and current multiple uses of each study medication, the IRRs were similar to those 
observed for overall current use (that included single and multiple uses of the study medications) (Supplementary 
Appendix C).
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Recent and Past Use
When each study medication was compared with LABA, adjusted IRRs for AMI and MACE for recent and past use and 
the adjusted IRRs for stroke for past use were similar to those observed for current use (Figure 3A and B; Supplementary 
Appendix D). The adjusted IRRs for stroke for recent use were generally higher than those observed for current use for 
all study medication groups compared with LABA. Compared with recent use of LABA, the adjusted IRR for stroke was 
1.79 (95% CI, 1.06–3.00) for recent use of aclidinium bromide and 1.18 (95% CI, 0.50–2.74) for recent use of 
aclidinium/formoterol (Figure 3C).

Short versus Long Duration of Use
No meaningful increased risk of AMI, stroke, or MACE was observed for short or long duration of current use of any of 
the study medications compared with current short or long use of LABA, respectively, except for long duration of use of 
LAMA/LABA versus long duration of use of LABA, which showed an adjusted IRR for AMI of 1.68 (95% CI, 1.10– 
2.55) and an adjusted IRR for MACE of 1.68 (95% CI, 1.20–2.36) (Supplementary Appendix E).

Figure 2 Cohort attrition for new users of aclidinium bromide and other study medications. 
Notes: aPercentages are row percentages. The remaining percentages in the figure are based on the total number of all users in each column. bEligibility criteria were 
assessed at each prescription recorded within the study period for each user of the study medication. A patient became eligible on the date of the first prescription for the 
study medication that fulfilled the eligibility criteria. For those patients not included in the cohort, the eligibility criteria were assessed through their last prescription within 
the study period. The individual eligibility criteria were not mutually exclusive. cExclusion criterion A comprised cancer or other serious, non-cardiovascular life-threatening 
conditions or indicators of severe comorbidity recorded in the database at any time before the start date. Exclusion criterion B comprised missing data on smoking history 
or body mass index (1.3% of the patient-cohort users). 
Abbreviations: COPD, chronic obstructive pulmonary disease; ICS, inhaled corticosteroid; LABA, long-acting beta2-agonist; LAMA, long-acting anticholinergic.
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Table 1 Characteristics at the Start Date, by Study Medication

Variable Aclidinium  
(n = 11,121),  

n (%)

Aclidinium/ 
Formoterol  
(n = 4804),  

n (%)

Tiotropium  
(n = 56,198),  

n (%)

Other LAMA  
(n = 23,856),  

n (%)

LAMA/LABA  
(n = 17,450),  

n (%)

LABA/ICS  
(n = 70,289),  

n (%)

LABA  
(n = 13,716),  

n (%)

Age at start date, mean (SD), years 69.9 (10.2) 70.1 (9.9) 69.4 (10.9) 69.8 (10.3) 70.3 (10.1) 68.9 (11.5) 69.4 (10.7)

Sex

Male 5814 (52.3) 2561 (53.3) 28,018 (49.9) 12,067 (50.6) 8957 (51.3) 33,993 (48.4) 6873 (50.1)

Female 5307 (47.7) 2243 (46.7) 28,180 (50.1) 11,789 (49.4) 8493 (48.7) 36,296 (51.6) 6843 (49.9)

Smoking history

Current 4833 (43.5) 2189 (45.6) 26,197 (46.6) 10,852 (45.5) 8040 (46.1) 29,423 (41.9) 6069 (44.2)

Former 5766 (51.8) 2451 (51.0) 26,864 (47.8) 12,027 (50.4) 8903 (51.0) 34,698 (49.4) 6831 (49.8)

Never 522 (4.7) 164 (3.4) 3137 (5.6) 977 (4.1) 507 (2.9) 6168 (8.8) 816 (5.9)

BMI a

Underweight 902 (8.1) 363 (7.6) 4950 (8.8) 2020 (8.5) 1604 (9.2) 5607 (8.0) 983 (7.2)

Normal weight 2913 (26.2) 1348 (28.1) 14,756 (26.3) 6314 (26.5) 4621 (26.5) 17,896 (25.5) 3627 (26.4)

Overweight 3592 (32.3) 1539 (32.0) 18,051 (32.1) 7659 (32.1) 5618 (32.2) 22,550 (32.1) 4622 (33.7)

Obese 3714 (33.4) 1554 (32.3) 18,441 (32.8) 7863 (33.0) 5607 (32.1) 24,236 (34.5) 4484 (32.7)

Heavy drinker b 1049 (9.4) 527 (11.0) 5348 (9.5) 2754 (11.5) 1970 (11.3) 6618 (9.4) 1262 (9.2)

COPD severity prior to start datec

A, Low risk, fewer symptoms 2874 (25.8) 1409 (29.3) 17,693 (31.5) 7044 (29.5) 5074 (29.1) 24,918 (35.5) 5567 (40.6)

B, Low risk, more symptoms 1909 (17.2) 1101 (22.9) 9175 (16.3) 3985 (16.7) 3952 (22.6) 9782 (13.9) 2706 (19.7)

C, High risk, fewer symptoms 2622 (23.6) 1091 (22.7) 15,454 (27.5) 5801 (24.3) 3902 (22.4) 19,510 (27.8) 2985 (21.8)

D, High risk, more symptoms 3716 (33.4) 1,203 (25.0) 13,876 (24.7) 7026 (29.5) 4522 (25.9) 16,079 (22.9) 2458 (17.9)

Socioeconomic status: Index of Multiple 
Deprivation

Quintile 1 (least deprived) 1756 (15.8) 770 (16.0) 8701 (15.5) 3561 (14.9) 2543 (14.6) 11,316 (16.1) 2331 (17.0)

Quintile 2 2024 (18.2) 897 (18.7) 9661 (17.2) 4286 (18.0) 2922 (16.7) 12,572 (17.9) 2507 (18.3)
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Quintile 3 2374 (21.3) 991 (20.6) 10,682 (19.0) 4458 (18.7) 3354 (19.2) 13,496 (19.2) 2711 (19.8)

Quintile 4 2424 (21.8) 1052 (21.9) 12,326 (21.9) 5453 (22.9) 3882 (22.2) 15,244 (21.7) 2872 (20.9)

Quintile 5 (most deprived) 2543 (22.9) 1094 (22.8) 14,828 (26.4) 6098 (25.6) 4749 (27.2) 17,661 (25.1) 3295 (24.0)

Medical historyd

Asthma diagnosis  > 5 years before start date 1199 (10.8) 471 (9.8) 4850 (8.6) 2528 (10.6) 1835 (10.5) 5674 (8.1) 1079 (7.9)

Asthma diagnosis  ≤ 5 years before start date 4391 (39.5) 1205 (25.1) 22,431 (39.9) 8573 (35.9) 4098 (23.5) 34,200 (48.7) 4728 (34.5)

Diabetes diagnosed without treatment 661 (5.9) 292 (6.1) 3090 (5.5) 1420 (6.0) 1201 (6.9) 4088 (5.8) 779 (5.7)

Diabetes treated with or without diagnosis 1459 (13.1) 638 (13.3) 7729 (13.8) 3182 (13.3) 2272 (13.0) 10,048 (14.3) 1632 (11.9)

Hypertension 6294 (56.6) 2722 (56.7) 31,990 (56.9) 13,495 (56.6) 10,028 (57.5) 39,728 (56.5) 7570 (55.2)

Hyperlipidemia 4107 (36.9) 1876 (39.1) 21,015 (37.4) 8655 (36.3) 6639 (38.0) 25,912 (36.9) 4904 (35.8)

CHD 2702 (24.3) 1138 (23.7) 14,169 (25.2) 5753 (24.1) 4363 (25.0) 17,520 (24.9) 3257 (23.7)

AMI 941 (8.5) 393 (8.2) 5205 (9.3) 2200 (9.2) 1693 (9.7) 6268 (8.9) 1199 (8.7)

Unstable angina 483 (4.3) 196 (4.1) 2762 (4.9) 1034 (4.3) 772 (4.4) 3514 (5.0) 653 (4.8)

Chronic angina 1667 (15.0) 656 (13.7) 8589 (15.3) 3439 (14.4) 2565 (14.7) 10,779 (15.3) 1985 (14.5)

Aortocoronary bypass graft 426 (3.8) 241 (5.0) 2242 (4.0) 915 (3.8) 741 (4.2) 2812 (4.0) 551 (4.0)

Coronary angioplasty 758 (6.8) 357 (7.4) 3837 (6.8) 1683 (7.1) 1408 (8.1) 4668 (6.6) 892 (6.5)

CeVD 1329 (12.0) 554 (11.5) 7642 (13.6) 3151 (13.2) 2365 (13.6) 9387 (13.4) 1701 (12.4)

Stroke 736 (6.6) 294 (6.1) 4249 (7.6) 1733 (7.3) 1365 (7.8) 5240 (7.5) 936 (6.8)

Transient ischemic attack 495 (4.5) 199 (4.1) 2848 (5.1) 1173 (4.9) 861 (4.9) 3487 (5.0) 682 (5.0)

Peripheral vascular disease 1054 (9.5) 454 (9.5) 5451 (9.7) 2312 (9.7) 1904 (10.9) 6396 (9.1) 1229 (9.0)

Heart failure 1052 (9.5) 415 (8.6) 6243 (11.1) 2497 (10.5) 1886 (10.8) 7835 (11.1) 1201 (8.8)

Outpatient diagnosis of heart failure 674 (6.1) 261 (5.4) 3933 (7.0) 1579 (6.6) 1208 (6.9) 4893 (7.0) 788 (5.7)

Hospitalization for heart failure 766 (6.9) 300 (6.2) 4790 (8.5) 1887 (7.9) 1432 (8.2) 6024 (8.6) 874 (6.4)

Arrhythmias 1580 (14.2) 678 (14.1) 8501 (15.1) 3489 (14.6) 2588 (14.8) 10,613 (15.1) 1805 (13.2)

Atrial fibrillation 1334 (12.0) 563 (11.7) 7127 (12.7) 2932 (12.3) 2213 (12.7) 8933 (12.7) 1500 (10.9)

(Continued)
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Table 1 (Continued). 

Variable Aclidinium  
(n = 11,121),  

n (%)

Aclidinium/ 
Formoterol  
(n = 4804),  

n (%)

Tiotropium  
(n = 56,198),  

n (%)

Other LAMA  
(n = 23,856),  

n (%)

LAMA/LABA  
(n = 17,450),  

n (%)

LABA/ICS  
(n = 70,289),  

n (%)

LABA  
(n = 13,716),  

n (%)

SVA 82 (0.7) 30 (0.6) 448 (0.8) 183 (0.8) 124 (0.7) 526 (0.7) 94 (0.7)

Other arrhythmias 407 (3.7) 170 (3.5) 2358 (4.2) 928 (3.9) 674 (3.9) 2947 (4.2) 502 (3.7)

Pulmonary embolism 430 (3.9) 155 (3.2) 2526 (4.5) 1002 (4.2) 727 (4.2) 3040 (4.3) 490 (3.6)

Pneumonia 2104 (18.9) 761 (15.8) 10,942 (19.5) 4781 (20.0) 3430 (19.7) 13,489 (19.2) 2025 (14.8)

Renal disease 2367 (21.3) 891 (18.5) 11,377 (20.2) 4830 (20.2) 3684 (21.1) 14,299 (20.3) 2564 (18.7)

Liver disorders 434 (3.9) 221 (4.6) 2258 (4.0) 1082 (4.5) 842 (4.8) 3078 (4.4) 536 (3.9)

Charlson Comorbidity Index

0 5500 (49.5) 2462 (51.2) 27,225 (48.4) 11,528 (48.3) 8126 (46.6) 34,203 (48.7) 7061 (51.5)

1 2576 (23.2) 1076 (22.4) 12,782 (22.7) 5529 (23.2) 4107 (23.5) 15,734 (22.4) 3104 (22.6)

2 1131 (10.2) 493 (10.3) 5871 (10.4) 2490 (10.4) 1943 (11.1) 7089 (10.1) 1340 (9.8)

3 or more 1914 (17.2) 773 (16.1) 10,320 (18.4) 4309 (18.1) 3274 (18.8) 13,263 (18.9) 2211 (16.1)

Mean (SD) 1.1 (1.6) 1.1 (1.6) 1.2 (1.7) 1.2 (1.7) 1.2 (1.7) 1.2 (1.7) 1.1 (1.6)

Medications prescribed/dispensede

Study medications

Aclidinium 120 (1.1) 965 (20.1) 1107 (2.0) 888 (3.7) 598 (3.4) 1606 (2.3) 305 (2.2)

Aclidinium/formoterol 245 (2.2) 25 (0.5) 230 (0.4) 189 (0.8) 518 (3.0) 894 (1.3) 84 (0.6)

Tiotropium 4730 (42.5) 1747 (36.4) 9428 (16.8) 8531 (35.8) 7102 (40.7) 23,880 (34.0) 4650 (33.9)

Other LAMA 639 (5.7) 312 (6.5) 1437 (2.6) 219 (0.9) 2783 (15.9) 2738 (3.9) 474 (3.5)

LAMA/LABA 127 (1.1) 467 (9.7) 597 (1.1) 1077 (4.5) 88 (0.5) 2496 (3.6) 216 (1.6)

LABA/ICS 6635 (59.7) 1561 (32.5) 26,833 (47.7) 12,945 (54.3) 5758 (33.0) 18,727 (26.6) 2919 (21.3)

LABA 787 (7.1) 717 (14.9) 3523 (6.3) 1236 (5.2) 2128 (12.2) 7827 (11.1) 1864 (13.6)

Other respiratory medications
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LAMA/LABA/ICS 21 (0.2) 21 (0.4) 136 (0.2) 92 (0.4) 111 (0.6) 47 (0.1) 8 (0.1)

SAMA 748 (6.7) 166 (3.5) 4255 (7.6) 1173 (4.9) 540 (3.1) 3543 (5.0) 788 (5.7)

SABA 9382 (84.4) 3959 (82.4) 44,067 (78.4) 19,537 (81.9) 13,721 (78.6) 56,554 (80.5) 11,114 (81.0)

ICS 985 (8.9) 415 (8.6) 7257 (12.9) 2087 (8.7) 1325 (7.6) 17,274 (24.6) 3083 (22.5)

Oral glucocorticoids 5609 (50.4) 1963 (40.9) 24,331 (43.3) 11,177 (46.9) 6872 (39.4) 31,215 (44.4) 5122 (37.3)

Xanthines 577 (5.2) 76 (1.6) 1660 (3.0) 845 (3.5) 258 (1.5) 1844 (2.6) 257 (1.9)

LTRA and omalizumab 504 (4.5) 57 (1.2) 2348 (4.2) 884 (3.7) 245 (1.4) 2451 (3.5) 302 (2.2)

Mucolytics 1851 (16.6) 527 (11.0) 5812 (10.3) 3450 (14.5) 1992 (11.4) 7210 (10.3) 1089 (7.9)

Antihistamines for systemic use 1529 (13.7) 514 (10.7) 7681 (13.7) 3092 (13.0) 1935 (11.1) 10,005 (14.2) 1767 (12.9)

Cough and cold preparations (excl. mucolytics) 740 (6.7) 291 (6.1) 3492 (6.2) 1534 (6.4) 1115 (6.4) 4557 (6.5) 831 (6.1)

Antibiotics (antibacterial for systemic use) 8219 (73.9) 3082 (64.2) 40,039 (71.2) 16,842 (70.6) 11,245 (64.4) 49,752 (70.8) 9199 (67.1)

Cardiovascular medications 7795 (70.1) 3384 (70.4) 38,634 (68.7) 16,598 (69.6) 12,245 (70.2) 47,694 (67.9) 9266 (67.6)

Lipid-lowering drugs 5501 (49.5) 2414 (50.2) 27,067 (48.2) 11,833 (49.6) 8837 (50.6) 33,017 (47.0) 6430 (46.9)

Agents acting on renin-angiotensin system 4401 (39.6) 1851 (38.5) 21,717 (38.6) 9087 (38.1) 6589 (37.8) 26,821 (38.2) 5226 (38.1)

Beta-blockers 2022 (18.2) 1035 (21.5) 10,761 (19.1) 4566 (19.1) 3811 (21.8) 12,566 (17.9) 2602 (19.0)

Calcium channel blockers 3014 (27.1) 1327 (27.6) 15,183 (27.0) 6369 (26.7) 4705 (27.0) 18,611 (26.5) 3672 (26.8)

Diuretics 3182 (28.6) 1153 (24.0) 16,117 (28.7) 6329 (26.5) 4491 (25.7) 19,915 (28.3) 3652 (26.6)

Other antihypertensive medications 600 (5.4) 221 (4.6) 3194 (5.7) 1230 (5.2) 879 (5.0) 3935 (5.6) 733 (5.3)

Antiarrhythmics 276 (2.5) 126 (2.6) 1232 (2.2) 485 (2.0) 374 (2.1) 1629 (2.3) 300 (2.2)

Nitrates 1065 (9.6) 406 (8.5) 5266 (9.4) 2133 (8.9) 1570 (9.0) 6578 (9.4) 1251 (9.1)

Digoxin 299 (2.7) 107 (2.2) 1697 (3.0) 610 (2.6) 383 (2.2) 2102 (3.0) 316 (2.3)

Anticoagulants 1082 (9.7) 492 (10.2) 5325 (9.5) 2397 (10.0) 1859 (10.7) 6708 (9.5) 1181 (8.6)

Platelet aggregation inhibitors 3194 (28.7) 1299 (27.0) 16,333 (29.1) 6609 (27.7) 4950 (28.4) 19,748 (28.1) 3859 (28.1)

Drugs used in diabetes 1459 (13.1) 638 (13.3) 7729 (13.8) 3182 (13.3) 2272 (13.0) 10,048 (14.3) 1632 (11.9)

Insulins 385 (3.5) 157 (3.3) 2027 (3.6) 775 (3.2) 552 (3.2) 2690 (3.8) 431 (3.1)

(Continued)
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Table 1 (Continued). 

Variable Aclidinium  
(n = 11,121),  

n (%)

Aclidinium/ 
Formoterol  
(n = 4804),  

n (%)

Tiotropium  
(n = 56,198),  

n (%)

Other LAMA  
(n = 23,856),  

n (%)

LAMA/LABA  
(n = 17,450),  

n (%)

LABA/ICS  
(n = 70,289),  

n (%)

LABA  
(n = 13,716),  

n (%)

Blood glucose–lowering drugs 1340 (12.0) 599 (12.5) 7141 (12.7) 2967 (12.4) 2108 (12.1) 9198 (13.1) 1478 (10.8)

Vaccines 8734 (78.5) 3618 (75.3) 41,586 (74.0) 17,715 (74.3) 12,765 (73.2) 51,596 (73.4) 10,458 (76.2)

Health care utilization

No. of GP visits, median (Q1, Q3) 11.0 (7, 17) 10.0 (6, 15) 11.0 (7, 17) 10.0 (7, 16) 10.0 (7, 16) 11.0 (7, 17) 11.0 (7, 16)

No. of referrals to respiratory specialist, median (Q1, 
Q3)

0.0 (0, 0) 0.0 (0, 0) 0.0 (0, 0) 0.0 (0, 0) 0.0 (0, 0) 0.0 (0, 0) 0.0 (0, 0)

No. of referrals to non-respiratory specialist, median 
(Q1, Q3)

1.0 (0, 2) 1.0 (0, 2) 1.0 (0, 2) 1.0 (0, 2) 1.0 (0, 2) 1.0 (0, 2) 1.0 (0, 2)

No. of hospitalizations, median (Q1, Q3) 0.0 (0, 1) 0.0 (0, 1) 0.0 (0, 1) 0.0 (0, 1) 0.0 (0, 1) 0.0 (0, 1) 0.0 (0, 1)

No. of prescriptions for respiratory medications, 
median (Q1, Q3)

16.0 (6, 30) 14.0 (6, 23) 10.0 (3, 20) 14.0 (4, 27) 13.0 (5, 23) 10.0 (4, 19) 9.0 (3, 18)

No. of prescriptions for non-respiratory medications, 
median (Q1, Q3)

43.0 (19, 79) 37.0 (16, 71) 40.0 (16, 77) 41.0 (17, 77) 40.0 (17, 76) 40.0 (16, 78) 38.0 (15, 71)

Notes: aCategories: underweight (BMI < 20 kg/m2), normal weight (BMI 20 to < 25 kg/m2), overweight (BMI 25 to < 30 kg/m2), obese (≥ 30 kg/m2). bDrinker of 7 or more alcoholic units/day or with alcohol-related disease. cBased on 
Global Initiative for Chronic Obstructive Lung Disease (GOLD) 2016 guidelines. dConditions were ascertained through diagnosis codes recorded in the primary care or hospital data, except for “Diabetes treated”, which was ascertained 
through prescriptions for antidiabetic medications 12 months before the start date. e≤ 12 months before start date. 
Abbreviations: AMI, acute myocardial infarction; BMI, body mass index; CeVD, cerebrovascular disease; CHD, coronary heart disease; COPD, chronic obstructive pulmonary disease; GP, general practitioner; ICS, inhaled 
corticosteroids; LABA, long-acting beta2-agonist; LAMA, long-acting anticholinergic; LTRA, leukotriene receptor antagonists; Q1, first quartile; Q3, third quartile; SABA, short-acting beta2-agonist; SAMA, short-acting anticholinergic; 
SD, standard deviation; SVA, supraventricular arrhythmia.
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Subgroup and Sensitivity Analyses
In subgroup analyses, IRRs for AMI and stroke for each study medication versus current use of LABA were 
estimated by categories of COPD severity, age, history of asthma, and history of CHD for AMI or history of 
CeVD for stroke (Figures 4 and 5). For all the study medications compared with use of LABA, the magnitude of the 
IRR estimates was generally higher among patients in GOLD 2016 COPD severity categories A and B than among 
patients in categories C and D, among younger than older patients, among patients without asthma than among 
patients with asthma, and among patients without prior history of CHD or CeVD than among patients with such 
a history. For several subgroups, the precision of the effect estimates was low, as it was based on a very low number 
of events.

Results were generally consistent across sensitivity analyses. When the carryover period for continuous-use episodes 
was extended from 7 days to 30 days, the IRRs for AMI and stroke were similar to those obtained in the main analysis 
for all study medications (Figures 3 and 4). When the definition of stroke was limited to hospital primary discharge 
diagnoses, the IRRs for stroke were similar to those obtained in the main analysis for all the study medications, although 

Table 2 Risk of AMI, Stroke, and MACE Associated with Current Use of the Study Medications versus Current Use of LABA

Endpoint and Study 
Medication

Number of 
Events

PY Crude IR per 1,000 PY 
(95% CI)

Crude IRR  
(95% CI)

Adjusted a IRR  
(95% CI)

AMI

LABA 144 13,681 10.53 (8.88–12.39) 1.0 (REF) 1.0 (REF)

Aclidinium 143 13,902 10.29 (8.67–12.12) 0.98 (0.78–1.23) 1.00 (0.76–1.31)
Aclidinium/formoterol 34 3929 8.65 (5.99–12.09) 0.82 (0.57–1.19) 0.95 (0.60–1.52)

Tiotropium 967 85,368 11.33 (10.62–12.06) 1.08 (0.90–1.28) 1.06 (0.88–1.26)

Other LAMA 318 26,808 11.86 (10.59–13.24) 1.13 (0.93–1.37) 1.03 (0.81–1.29)
LAMA/LABA 187 15,027 12.44 (10.72–14.36) 1.18 (0.95–1.47) 1.23 (0.91–1.67)

LABA/ICS 1292 118,145 10.94 (10.35–11.55) 1.04 (0.87–1.23) 1.03 (0.86–1.22)
Stroke

LABA 93 13,682 6.80 (5.49–8.33) 1.0 (REF) 1.0 (REF)

Aclidinium 83 13,902 5.97 (4.76–7.40) 0.88 (0.65–1.18) 0.86 (0.62–1.18)
Aclidinium/formoterol 19 3937 4.83 (2.91–7.54) 0.71 (0.43–1.16) 0.64 (0.39–1.06)

Tiotropium 587 85,463 6.87 (6.32–7.45) 1.01 (0.81–1.26) 1.02 (0.81–1.27)

Other LAMA 171 26,793 6.38 (5.46–7.41) 0.94 (0.73–1.21) 0.89 (0.69–1.17)
LAMA/LABA 108 15,023 7.19 (5.90–8.68) 1.06 (0.80–1.40) 0.95 (0.71–1.26)

LABA/ICS 801 118,280 6.77 (6.31–7.26) 1.00 (0.80–1.23) 1.02 (0.82–1.26)

MACE
LABA 234 13,583 17.23 (15.09–19.58) 1.0 (REF) 1.0 (REF)

Aclidinium 221 13,810 16.00 (13.96–18.26) 0.93 (0.77–1.12) 0.93 (0.75–1.16)

Aclidinium/formoterol 53 3913 13.54 (10.15–17.72) 0.79 (0.58–1.06) 0.94 (0.64–1.37)
Tiotropium 1523 84,706 17.98 (17.09–18.91) 1.04 (0.91–1.20) 1.04 (0.90–1.20)

Other LAMA 484 26,628 18.18 (16.59–19.87) 1.06 (0.90–1.23) 1.03 (0.86–1.24)

LAMA/LABA 289 14,948 19.33 (17.17–21.70) 1.12 (0.94–1.33) 1.24 (0.97–1.59)
LABA/ICS 2055 117,149 17.54 (16.79–18.32) 1.02 (0.89–1.17) 1.02 (0.89–1.17)

Notes: The number of events and person-years for current use of LABA (reference category) differed across the study medications. Current users of both LABA and the 
specific study medication of interest were excluded from each corresponding analysis. aFor AMI, the models were adjusted by age; sex; COPD severity; calendar year at 
index date; smoking history; history of CHD; asthma; heart failure; number of prescriptions for respiratory medications in the 12 months prior to the start date; and use of 
LABA /ICS, LAMA/LABA, ICS, mucolytics, lipid-lowering drugs, beta-blockers, and vaccines in the 12 months prior to the start date. For stroke, the models were adjusted by 
age; sex; COPD severity; history of cerebrovascular disease; arrhythmias; asthma; heart failure; number of prescriptions for respiratory medications in the 12 months prior 
to the start date; and use of LABA, mucolytics, and oral glucocorticoids in the 12 months prior to the start date. For MACE, the models were adjusted by age; sex; COPD 
severity; calendar year at index date; smoking history; history of CHD; cerebrovascular disease; arrhythmias; heart failure; asthma; number of prescriptions for respiratory 
medications in the 12 months prior to the start date; and prior use of LABA, LABA/ICS, LAMA/LABA, ICS, mucolytics, oral glucocorticoids, beta-blockers, lipid-lowering 
drugs, and vaccines in the 12 months prior to the start date. 
Abbreviations: AMI, acute myocardial infarction; CHD, coronary heart disease; CI, confidence interval; COPD, chronic obstructive pulmonary disease; ICS, inhaled 
corticosteroid; IR, incidence rate; IRR, incidence rate ratio; LABA, long-acting beta2-agonist; LAMA, long-acting anticholinergic; MACE, major adverse cardiovascular events; 
NR, not reported; PY, person-years; REF, reference category.

International Journal of Chronic Obstructive Pulmonary Disease 2022:17                                                https://doi.org/10.2147/COPD.S363997                                                                                                                                                                                                                       

DovePress                                                                                                                       
1727

Dovepress                                                                                                                                                     Rebordosa et al

Powered by TCPDF (www.tcpdf.org)

https://www.dovepress.com
https://www.dovepress.com


the magnitude of the point estimates was higher, and the 95% CIs were wider (Figure 4). The IRRs adjusted by 
propensity score deciles (as categories) for AMI and stroke among current users of aclidinium bromide and aclidinium/ 
formoterol compared with current users of LABA were similar to those from the main analysis before and after trimming 
(Supplementary Appendix F).

Discussion
In this study conducted in patients with COPD aged 40 years or older selected from general practices in the UK, the 
crude IRs for AMI per 1000 persons-years among new users of study medications ranged from 8.7 for current use of 
aclidinium/formoterol to 12.4 for current use of LAMA/LABA, the IRs for stroke ranged from 4.8 for current use of 
aclidinium/formoterol to 7.2 for current use of LAMA/LABA, and the IRs for MACE ranged from 13.5 for current 
use of aclidinium/formoterol to 19.3 for current use of LAMA/LABA. The risks of AMI, stroke, and MACE 
observed for the current use of aclidinium bromide, aclidinium/formoterol, tiotropium, other LAMA, LAMA/LABA, 
or LABA/ICS were similar to the risks for the current use of LABA. This also applied to the risks observed for 
current single or current multiple use and for past use or for short duration of use of the study medications. 
A pattern of increased risk of stroke ranging from 12% to 79% was observed for recent use of all study medications 
compared with recent use of LABA. A trend toward a 20% increased risk of AMI and MACE was observed for the 

A

C

B

Figure 3 Adjusted incidence rate ratios for current, recent, and past use of each study medication versus LABA. (A) AMI. (B) Stroke. (C) MACE. 
Notes: The numbers in parentheses are the number of events during current, recent, and past use in each cohort. For AMI, the models were adjusted by age; sex; COPD 
severity; calendar year at index date; smoking history; history of CHD; asthma; heart failure; number of prescriptions for respiratory medications in the 12 months prior to 
the start date; and use of LABA/ICS, LAMA/LABA, ICS, mucolytics, lipid-lowering drugs, beta-blockers, and vaccines in the 12 months prior to the start date. For stroke, the 
models were adjusted by age; sex; COPD severity; history of cerebrovascular disease; arrhythmias; asthma; heart failure; number of prescriptions for respiratory 
medications in the 12 months prior to the start date; and use of LABA, mucolytics, and oral glucocorticoids in the 12 months prior to the start date. For MACE, the 
models were adjusted by age; sex; COPD severity; calendar year at index date; smoking history; history of CHD; cerebrovascular disease; arrhythmias; heart failure; asthma; 
number of prescriptions for respiratory medications in the 12 months prior to the start date; and prior use of LABA, LABA/ICS, LAMA/LABA, ICS, mucolytics, oral 
glucocorticoids, beta-blockers, lipid-lowering drugs, and vaccines in the 12 months prior to the start date. 
Abbreviations: AMI, acute myocardial infarction; COPD, chronic obstructive pulmonary disease; ICS, inhaled corticosteroid; LABA, long-acting beta2-agonist; LAMA, long- 
acting anticholinergic; MACE, major adverse cardiac events; n, number of events.
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current use of LAMA/LABA compared to the current use of LABA, although results are compatible with a 10% 
reduced risk to around a 60% increased risk. Results indicating an increased risk of AMI when comparing long 
duration of use of the study medications with long duration of use of LABA suggest that patients that remained on 
LABA monotherapy for longer duration (>6 months) without switching to LAMA or to a fixed-dose combination of 
LAMA/LABA or LABA/ICS may have had different characteristics from those with short duration of use of LABA 
or those remaining on the other medications for longer duration. Given that baseline characteristics were measured 
at baseline and not after 6 months, these differences could not be completely addressed through adjustment of 

Figure 4 Subgroup and sensitivity analysis of AMI: current use of each study medication versus current use of LABA. 
Notes: aAll the models were adjusted by age; sex; COPD severity; calendar year at index date; smoking history; history of CHD, asthma, and heart failure; number of 
prescriptions for respiratory medications in the 12 months prior to the start date; and use of LABA/ICS, LAMA/LABA, ICS, mucolytics, lipid-lowering drugs, beta-blockers, 
and vaccines in the 12 months prior to the start date. bAs measured through GOLD 2016 severity categories at the start date. cWith current asthma (ie, at least one asthma 
diagnosis recorded within 5 years before the start date). 
Abbreviations: AMI, acute myocardial infarction; CHD, coronary heart disease; CI, confidence interval; COPD, chronic obstructive pulmonary disease; GOLD, Global 
Initiative for Chronic Obstructive Lung Disease; ICS, inhaled corticosteroid; IRR, incidence rate ratio; LABA, long-acting beta2-agonist; LAMA, long-acting anticholinergic.

Figure 5 Subgroup and sensitivity analysis of stroke: current use of each study medication versus current use of LABA. 
Notes: aAll the models were adjusted by age; sex; COPD severity; history of cerebrovascular disease, arrhythmias, asthma, and heart failure; number of prescriptions for 
respiratory medications in the 12 months prior to the start date; and use of LABA, mucolytics, and oral glucocorticoids in the 12 months prior to the start date. bAs 
measured through GOLD 2016 severity categories at the start date. cWith current asthma (ie, at least one asthma diagnosis recorded within 5 years before the start date). 
Abbreviations: CeVD, cerebrovascular disease; CI, confidence interval; COPD, chronic obstructive pulmonary disease; ED, emergency department; GOLD, Global 
Initiative for Chronic Obstructive Lung Disease; ICS, inhaled corticosteroid; IRR, incidence rate ratio; LABA, long-acting beta2-agonist; LAMA, long-acting anticholinergic.
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potential confounders and thus may explain the study results. In general, the results across categories of COPD 
severity, age, history of asthma, and history of CHD or CeVD were similar to those observed in the main analysis, 
but with less precision. Alternative definitions of duration of exposure and stroke did not affect the study results. 
The sensitivity analysis using propensity score stratification provided results similar to those observed in the main 
analysis for current use of aclidinium bromide and aclidinium/formoterol compared with current use of LABA.

Results from this study do not support a meaningful increase in risk of AMI, stroke, or MACE among patients with 
COPD treated with aclidinium bromide, aclidinium/formoterol, tiotropium, other LAMA, LAMA/LABA, or LABA/ICS 
when compared with patients with COPD treated with LABA, although long-term use of LAMA/LABA may deserve further 
evaluation of potential sources of bias and confounding. Overall, the study results were consistent across subgroups and 
sensitivity analyses. The analyses before and after trimming the patients in the extreme percentages of the distribution of the 
propensity scores showed that, before trimming, the adjusted IRRs did not differ from those in the main analysis, suggesting 
that the relevant variables were included in the Poisson regression models for current use. Differences in the risks observed in 
some of the analyses for specific medications and in the analyses stratified by subgroups of patients may be explained by 
random variability from the low number of events and potential unmeasured confounding.

Results of this non-interventional study are consistent with previous studies performed among users of tiotropium and 
aclidinium bromide. Although a few initial studies raised concerns about the cardiovascular safety of tiotropium, other 
studies did not confirm an existing increased risk.2–7,42–44 Discrepancies between results from clinical trials and those 
from observational studies have been attributed to the exclusion of patients with cardiovascular comorbidities and renal 
impairment in COPD clinical trials of LAMA therapy.45,46 However, the ASCENT COPD trial (a randomized placebo- 
controlled trial with up to 3 years of duration), which included patients with moderate to very severe COPD and 
cardiovascular risk factors, found no increased risk of MACE (hazard ratio [HR], 0.89; 1-sided 97.5% CI, 0–1.23), 
cardiovascular death (HR, 1.34; 1-sided 97.5% CI, 0–2.42), non-fatal AMI (HR, 0.72; 1-sided 97.5% CI, 0–1.18), non- 
fatal stroke (HR, 0.74; 1-sided 97.5% CI, 0–1.36), or MACE or other serious cardiovascular events of interest (eg, acute 
heart failure or life-threatening arrhythmias) (HR, 1.03; 1-sided 97.5% CI, 0–1.28) with aclidinium bromide versus 
placebo; the upper bound of the 95% CI excluded 1.8 for all endpoints.47

Several limitations should be considered when interpreting the results of this study. Although the precision of the study 
was sufficient to assess the risk of AMI and stroke associated with current use of the study medications, the precision of the 
IRRs for several of the subgroup analyses was low due to the low number of events; therefore, these IRRs should be 
interpreted with caution. Increased risk of stroke was higher for recent use of all study medication groups compared with 
recent use of LABA. This suggests that there may be additional reasons for stopping other medications, such as potential 
worsening of health status of the patients and related confounding that could not be controlled completely through adjustment 
for potential confounders measured at baseline. An increased risk of AMI was observed for long-term use of all study 
medications compared with LABA, and the risk was the highest for long-term use of LAMA/LABA compared with long- 
term use of LABA. This also suggests that patients that remained on LABA monotherapy for longer duration (>6 months) 
without switching to LAMA or to a fixed-dose combination of LAMA/LABA or LABA/ICS may have had different 
characteristics from those with short duration of use of LABA or those remaining on the other medications for longer 
duration. Given that baseline characteristics were measured only at the start date and not after 6 months, these differences 
could not be completely addressed by adjusting the models for potential confounders. Further, there are limitations to the 
analyses of past use, as users could have discontinued all medications or switched to an alternative medication. Our analyses 
did not evaluate time-varying confounders (eg, postindex healthcare resource utilization or postindex prescribing patterns).

There is the potential for selective prescribing of newly marketed drugs to patients with more severe or inadequately 
controlled COPD or comorbidities. To overcome the potential effect of selective prescribing and differences in the 
baseline characteristics of these patients, the analyses were adjusted at baseline using all captured variables in CPRD 
related to baseline COPD severity, comorbidities, and comedications, although some degree of channeling bias and 
residual confounding cannot be discarded. This study was conducted using health information recorded in automated, 
population-based databases. An advantage of these data sources is that the data are collected from routine health care 
without interfering with regular clinical practice. However, there are some limitations, including the potential for 
misclassification of exposure and outcome, gaps in duration of use, and limited granularity preventing full adjustment 
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for potential confounders. Finally, confounding by indication could play a role in the observed differences between 
patients with and without a history of CHD.

Conclusion
The risks of AMI, stroke, and MACE in current users of aclidinium and aclidinium/formoterol were similar to the risks 
among current users of LABA. A lack of meaningful association was also observed during treatment with tiotropium, 
other LAMA, LAMA/LABA, and LABA/ICS versus LABA.

Abbreviations
AMI, acute myocardial infarction; BMI, body mass index; CeVD, cerebrovascular disease; CHD, coronary heart disease; 
CI, confidence interval; COPD, chronic obstructive pulmonary disease; CPRD, Clinical Practice Research Datalink; EU, 
European Union; GOLD, Global Initiative for Chronic Obstructive Lung Disease; GP, general practitioner; HES, 
Hospital Episode Statistics; HIV, human immunodeficiency virus; HR, hazard ratio; ICD-10, International Statistical 
Classification of Diseases, Tenth Revision; ICS, inhaled corticosteroid; IMD, Index of Multiple Deprivation; IR, 
incidence rate; IRR, incidence rate ratio; ISAC, Independent Scientific Advisory Committee; LABA, long-acting beta 
agonist; LAMA, long-acting muscarinic antagonist; LTRA, leukotriene receptor antagonists; MACE, major adverse 
cardiovascular events; MHRA, Medicines and Healthcare Products Regulatory Agency; NR, not reported; ONS, Office 
for National Statistics; PASS, postauthorization safety study; PY, person-years; Q1, first quartile; Q3, third quartile; REF, 
reference category; Rx, prescription; SABA, short-acting beta2-agonist; SAMA, short-acting anticholinergic; SD, stan-
dard deviation; SNOMED CT, Systematized Nomenclature of Medicine Clinical Terms; SVA, supraventricular arrhyth-
mia; UK, United Kingdom; US, United States.
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