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Purpose: A post-authorization safety study program examined the cardiovascular safety of the long-acting muscarinic antagonist
(LAMA) aclidinium bromide monotherapy and the LAMA/long-acting B,-agonist (LABA) aclidinium bromide/formoterol fumarate.
We assessed frequency and risk of any cardiac arrhythmias (CA), atrial fibrillation (AF), and serious ventricular arrhythmias (SVA) in
aclidinium and aclidinium/formoterol users.

Patients and Methods: This population-based cohort study included adults with chronic obstructive pulmonary disease (COPD)
initiating COPD medications in the UK Clinical Practice Research Datalink Aurum database (Jan 2015-Mar 2021). CA, AF, and SVA
incidence rate ratios (IRR) were estimated using Poisson regression models for continuous current users initiating aclidinium and
aclidinium/formoterol versus LABA, and during the first episode of current single use for aclidinium versus LAMA and aclidinium/
formoterol versus LAMA/LABA, adjusting for clinically relevant covariables.

Results: The study included a total of 248,148 initiators. For CA and AF, respectively, adjusted IRRs (95% confidence intervals [CIs])
ranged from 0.98 (0.69-1.41) for LAMA/LABA to 2.08 (1.36-3.18) for aclidinium/formoterol and from 0.83 (0.55-1.24) for LAMA/
LABA to 1.85 (1.15-3.00) for aclidinium/formoterol versus current LABA use. For current single use (first episode), adjusted IRRs
(95% CIs) for CA and AF were 1.46 (0.93-2.29) and 1.57 (0.94-2.62) for aclidinium versus other LAMAs, and 2.15 (1.33-3.49) and
1.79 (0.96-3.33) for aclidinium/formoterol versus LAMA/LABA, respectively. There were few SVA events.

Conclusion: CA and AF risks were increased for most study medications compared with LABA. Increased risks of CA and AF for
several medications relative to LABA, LAMA, or LAMA/LABA may be driven by differences in baseline characteristics (eg, COPD
severity).

Keywords: aclidinium, arrhythmia, LAMA, LABA, United Kingdom

Introduction

Inhaled bronchodilators, including long-acting muscarinic antagonists (LAMAs) and long-acting ,-agonists (LABA),
are recommended in international treatment guidelines for the management of chronic obstructive pulmonary disease
(COPD)." The LAMA, aclidinium bromide 322 pg twice daily, was approved by the European Medicines Agency in
July 2012, and aclidinium bromide combined with the LABA, formoterol fumarate 322/12 pg twice daily, was approved
in November 2014 for the treatment of COPD.* Both aclidinium bromide and aclidinium bromide/formoterol fumarate
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have been demonstrated to improve lung function and health status and have similar safety and tolerability profiles
compared with placebo and bronchodilator monotherapy in patients with COPD, with no observed differences in
arrhythmia risk.*”’

Treatments for COPD have been independently associated with mechanisms that can initiate cardiac arrhythmias
and atrial fibrillation, such as chronotropic effects due to B,-adrenergic agonists® and suppression of the parasympa-
thetic system due to anticholinergic effects.” In addition, COPD itself, frequent COPD exacerbations, low forced
expiratory volume in 1 second (FEV,), and forced vital capacity (FVC) increase the risk of atrial fibrillation.'®"?
Evidence from previous studies suggests that the LAMAs, tiotropium and ipratropium bromide, may be associated
with an increased risk of adverse cardiovascular outcomes.'*?° However, data from previous population-based studies
have reported inconsistent results.'*° In addition, few studies on the cardiovascular safety of LAMAs have evaluated
cardiac arrhythmias, although those that performed this evaluation did not find an increased risk of these events
compared with beta-agonists.”’ ** Consequently, a post-authorization safety study (PASS) program was initiated to
examine the cardiovascular safety of aclidinium bromide monotherapy and aclidinium bromide/formoterol fumarate
(EUPAS13616; HMA-EMA 1D 42316). Previously reported data from the PASS evaluated the risks of all-cause
mortality, heart failure, myocardial infarction, and stroke associated with these therapies.”*2® These studies found that
risks of all-cause mortality;** hospitalization for congestive heart failure;>> or acute myocardial infarction, stroke, and
major adverse cardiac events?® were not increased in new users of aclidinium, aclidinium/formoterol, tiotropium, other
LAMA, other LAMA/LABA combinations, or LABA/inhaled corticosteroid (ICS) compared with LABA
monotherapy.

The objective of this substudy of the PASS was to assess the incidences of any cardiac arrhythmias, atrial fibrillation,
and serious ventricular arrhythmias in new users of aclidinium compared with new users of LABA and other LAMA, and
in new users of aclidinium/formoterol compared with new users of LABA and LAMA/LABA.

Methods
Study Design and Setting

This was a population-based cohort study of patients with a recorded diagnosis of COPD initiating selected COPD
medications from January 2015 through March 2021 (Figure S1). The study was conducted using the UK Clinical
Practice Research Datalink (CPRD) Aurum primary care database and included all practices where linkage was available
to obtain information on date and cause of death from the Office for National Statistics (ONS) and information on
hospitalizations from the Hospital Episode Statistics (HES) database. CPRD Aurum contains anonymized routine clinical
practice data from approximately 15 million registered patients (23.4% of the UK population) as of November 2022. The
index date was defined as the date of the first prescription of a selected COPD medication. Follow-up started on the date
of COPD medication initiation and ended at the earliest of an occurrence of selected endpoint, death, disenrollment, or
end of the study period (latest date of the period covered by both HES and ONS data).

Study data were stored on a secure, access-controlled server. Due to CPRD small cell count policy, patient counts
with fewer than 5 observations have been reported as “1 < n < 5” with no person-years reported. In the event that the sum
of components were additive and back calculation could be performed using the total number of events, cells with
numbers above 5 have been masked.

The study protocol was approved by the Independent Scientific Advisory Committee of the Medicines and Healthcare
products Regulatory Agency (protocol 21 _000506) on 8 October 2021. The RTI Institutional Review Board reviewed the
study protocol (STUDY00021693) and determined on 9 September 2021 that, because this study did not involve private,
identifiable, human-patient data nor interaction with any human patients, institutional review board approval and
informed consent were not required. The research team did not have access to identifying patient information.

Cohort Selection
Patients in the study were new users of the following medicines: aclidinium bromide; aclidinium/formoterol; or other
COPD medications, including tiotropium, other LAMA, LABA, other LAMA/LABA, LABA/ICS, or LAMA/LABA/ICS
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combinations. Other LAMASs included glycopyrronium bromide and umeclidinium. LABAs included formoterol, salme-
terol, indacaterol, and olodaterol. LAMA/LABA combinations included glycopyrronium/indacaterol, umeclidinium/
vilanterol, and tiotropium/olodaterol. LABA/ICS combinations included formoterol/budesonide, formoterol/beclometa-
sone, formoterol/fluticasone, salmeterol/fluticasone propionate, and vilanterol/fluticasone. LAMA/LABA/ICS combina-
tions included glycopyrronium/formoterol/beclometasone, glycopyrronium/indacaterol/mometasone, and umeclidinium/
vilanterol/fluticasone.

Eligible patients were aged >40 years at the index date, had a recorded COPD diagnosis (/nternational Classification
of Disease, 10th edition [ICD-10] codes J40-J44) with or without asthma any time or within 30 days after the index date,
and had no prescription for the same COPD medication or medication group during the 6 months before the index date.
Patients were also required to have >1 year of CPRD enrollment before the index date and to be enrolled in a practice
eligible for HES and ONS linkage. Patients were excluded if they had a prior diagnosis of a cardiac arrhythmia at any
time before the index date, a prescription for digoxin or anticoagulant, a history of cancer, were receiving palliative care,
had serious non-cardiovascular life-threatening conditions or severe comorbidities, or had missing data on smoking or
body mass index (BMI).

Patients might have received prescriptions for the same COPD medication or medication group >6 months before the
index date or for other COPD medications at any time before the index date.

Variables and Outcomes

Study medication exposure was determined based on prescription records and days’ supply calculated from prescription
instructions. Missing information was imputed using the mode of days’ supply for each medication, strength, and
quantity prescribed, when available. Time at risk for the effects of study medication was based on days’ supply plus
a 7-day extension period. Current medication use was defined as the sum of all episodes of continuous use. Current single
medication use was defined as the sum of all episodes of continuous use of a single study medication group, not
concurrently with any other study medication group. Analysis using LAMA or LAMA/LABA as a reference was
restricted to the first episode of continuous current single use. Periods of continuous medication use were defined as
consecutive prescriptions where there was a gap less than 7 days between the end of one prescription and the start of the
next. Medication use was further stratified based on duration of continuous use: short if the sum of episodes was <6
months and long if the sum was >6 months.

Study outcomes included any cardiac arrhythmias, atrial fibrillation, and serious ventricular arrhythmias that resulted
in hospitalization (identified by a primary discharge diagnosis on HES data) or events resulting in death where the event
was the main cause of death, identified from ICD-10 codes in ONS data. Serious ventricular arrhythmias included torsade
de pointes, ventricular tachycardia, and ventricular fibrillation or flutter.

Potential confounding factors included age, assessed at the index date; as well as sex, race/ethnicity, BMI, smoking
history, alcohol use history, socioeconomic status, healthcare resource utilization, comorbidities, comedications, and
severity of Global Initiative for Chronic Obstructive Lung Disease (GOLD) 2016 stage, all assessed before the index
date.

Statistical Analyses

Cohort characteristics were summarized descriptively. Crude and adjusted incidence rates, as well as incidence rate ratios
(IRRs), with 95% confidence intervals (Cls), for any cardiac arrhythmia, atrial fibrillation, and serious ventricular
arrhythmia events were estimated using Poisson regression models; these models were adjusted for clinically relevant
risk factors, including age, sex, and COPD severity, which were forced to be included in the model. If the number of
events allowed it, then other potential confounding variables also were included. A forward approach was used to
determine the inclusion of additional potential confounding variables (eg, variables associated with both the endpoint and
being a new user of aclidinium/formoterol versus LABA) in the final Poisson regression models. Each of the remaining
confounding factors with a prevalence >5% was included in the Poisson regression models if it changed the magnitude of
the model coefficient estimates by >10%.
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For history of medical conditions and drug exposure, the absence of a code was interpreted as an absence of the
condition or exposure.

Statistical significance or its proxies was not used to interpret study results. All analyses were conducted using SAS
version 9.4 (SAS Institute Inc., Cary, North Carolina).

Results

Cohort Characteristics
Of the 1,345,954 patients identified as having used the selected COPD medications, 248,148 met the study eligibility
criteria and were included in study cohorts (Figure 1). In total, 11,766 patients were included in the LABA cohort, 11,126
in the aclidinium cohort, 7682 in the aclidinium/formoterol cohort, 54,694 in the tiotropium cohort, 29,564 in the other
LAMA cohort, 30,974 in the LAMA/LABA cohort, 71,104 in the LABA/ICS cohort, and 31,238 in the LAMA/LABA/
ICS cohort.

Patients who were included had a mean age of 67.3-69.5 years; 46.5-51.5% were male, 63.4—-67.6% were overweight
or obese, 10.7-12.3% were classified as heavy drinkers, and 44.2-49.6% were current smokers (Table 1). Some
heterogeneity was observed in the study cohorts’ clinical characteristics. The LAMA/LABA/ICS cohort had the largest

. BAclidinium/Q . . Other LAMA/ " LAMA/ "
LAMA® LABA® R HABAIES LABA/ICS®

27,578 15322 238,530 68,457 68,855 65,161 791,214 70,837 1,345,954
(2.0) (1.1) (17.7) (5.1) (5.1) (4.8) (58.8) (5.3) (100)

All users, n (%)’

With 1 year of
continuous enrollment
prior to the start date

26,229 14,654 223564 64,857 65361 61247 730,553 67,351 1,253,816
(95.1) (95.6) (93.7) (94.7) (94.9) (94.0) (92.3) (95.1) (93.2)

With no prescription of
the study medications 20,013 13,713 110,457 54,539 59,202 31,809 243,133 63,146 596,012

within 6 months prior (72.6) (89.5) (46.3) (79.7) (86.0) (48.8) (30.7) (89.1) (44.3)
to the start date

Aged 40 years or 25,822 14,551 204,408 62,374 64,004 32,802 277,885 68,460 750,306
older with COPD (93.6) (95.0) (85.7)  (91.1) (93.0) (50.3) (35.1) (96.6) (55.7)

ELIGIBILITY CRITERIA

Patients included
18,989 13,157 100,262 51,709 56,844 20,130 128,718 62,083 451,892

after applying
eligibility criteria! (68.9) (85.9) (42.0) (75.5) (82.6) (30.9) (16.3) (87.6) (33.6)

Patients included
after applying
exclusion criteria®

11,126 7,682 54,694 29564 30,974 11,766 71,104 31,238 248,148
(40.3) (50.1) (22.9) (43.2) (45.0) (18.1) (9.0) (44.1) (18.4)

Figure | Cohort Attrition. *Aclidinium bromide group includes aclidinium bromide with or without concomitant use of formoterol fumarate in a free-dose combination. It
does not include aclidinium/formoterol in a fixed-dose combination. °Fixed-dose combination of aclidinium bromide and formoterol fumarate. “Other LAMA includes
glycopyrronium and umeclidinium. 9ILAMA/LABA includes umeclidinium/vilanterol, glycopyrronium/indacaterol, tiotropium/olodaterol, and glycopyrrolate/formoterol. °LABA
includes formoterol, salmeterol, olodaterol, and indacaterol. LABA/ICS includes formoterol/budesonide, formoterol/beclomethasone, indacaterol/mometasone, formoterol/
fluticasone, salmeterol/fluticasone propionate, and vilanterol/fluticasone. SLAMA/LABA/ICS includes umeclidinium/vilanterol/fluticasone, glycopyrronium/indacaterol/mome-
tasone, glycopyrrolate/formoterol/budesonide, and glycopyrronium/formoterol/beclomethasone. "The numbers represent cohort users and, because a patient may enter
more than one cohort, totals might include the same patient more than once. ‘Percentages in the row are row percentages over the “Total.” The rest of the percentages in
the table are column percentages over the total number of “all users” in each column. /Eligibility criteria were assessed at each prescription recorded within the study period
for each user of the study medication. For those patients not included in the cohort, the eligibility criteria were assessed through their last prescription within the study
period. ¥Exclusion criteria: cancer or other serious, non-cardiovascular life-threatening conditions or indicators of severe comorbidity recorded in the database at any time
before the index date; missing data on smoking or body mass index; patients with a prior diagnosis of any cardiac arrhythmia, including atrial fibrillation ever before the index
date; and patients with a prescription of digoxin or anticoagulation treatment in the 12 months before the index date.

Abbreviations: COPD, chronic obstructive pulmonary disease; ICS, inhaled corticosteroid; LABA, long-acting [3,-agonist; LAMA, long-acting anticholinergic.
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Table | Patient Demographics and Baseline Characteristics

LABA® Aclidinium® | Aclidinium/Formoterol® | Tiotropium | Other LAMA® | LAMA/LABA® | LABA/ICS’ | LAMA/LABA/ICS®
(N=11,766) (N=11,126) (N=7682) (N=54,694) (N=29,564) (N=30,974) (N=71,104) (N=31,238)
Age at index, years, mean (SD) 68.6 (10.5) 68.9 (10.3) 69.0 (9.9) 68.0 (10.8) 68.5 (10.3) 69.0 (10.1) 67.3 (11.4) 69.5 (9.9)
Male, n (%) 5790 (49.2) 5577 (50.1) 3953 (51.5) 26,462 (48.4) 14,481 (49.0) 15,531 (50.1) 33,072 (46.5) 14,722 (47.1)
Smoking history, n (%)"
Never 574 (4.9) 407 (3.7) 201 (2.6) 2490 (4.6) 1009 (3.4) 725 (2.3) 5487 (7.7) 816 (2.6)
Current 5441 (46.2) 5296 (47.6) 3675 (47.8) 27,099 (49.5) 14,376 (48.6) 15,352 (49.6) 31,411 (44.2) 14,280 (45.7)
Former 5751 (48.9) 5423 (48.7) 3806 (49.5) 25,105 (45.9) 14,179 (48.0) 14,897 (48.1) 34,206 (48.1) 16,142 (51.7)
BMI, kg/m,% n (%)’
<20 904 (7.7) 887 (8.0) 614 (8.0) 4797 (8.8) 2527 (8.5) 2958 (9.5) 5385 (7.6) 3142 (10.1)
20 to < 25 3118 (26.5) 2974 (26.7) 2075 (27.0) 14,293 (26.1) 7897 (26.7) 8289 (26.8) 17,674 (24.9) 8290 (26.5)
25 to < 30 3973 (33.8) 3579 (32.2) 2513 (32.7) 17,556 (32.1) 9678 (32.7) 9909 (32.0) 22,816 (32.1) 9430 (30.2)
> 30 3771 (32.0) 3686 (33.1) 2480 (32.3) 18,048 (33.0) 9462 (32.0) 9818 (31.7) 25,229 (35.5) 10,376 (33.2)
Heavy drinker, n (%) 1273 (10.8) 1194 (10.7) 843 (11.0) 6210 (11.4) 3561 (12.0) 3681 (11.9) 7736 (10.9) 3854 (12.3)
GOLD severity, n (%)’
A, Low risk, fewer symptoms 5117 (43.5) 3302 (29.7) 2394 (31.2) 18,997 (34.7) 9787 (33.1) 9996 (32.3) 28,595 (40.2) 4840 (15.5)
B, Low risk, more symptoms 2247 (19.1) 1944 (17.5) 1705 (22.2) 8636 (15.8) 4893 (16.6) 6949 (22.4) 9474 (13.3) 5273 (16.9)
C, High risk, fewer symptoms 2571 (21.9) 2642 (23.7) 1753 (22.8) 14,836 (27.1) 7228 (24.4) 6977 (22.5) 19,057 (26.8) 7566 (24.2)
D, High risk, more symptoms 1831 (15.6) 3238 (29.1) 1830 (23.8) 12,225 (22.4) 7656 (25.9) 7052 (22.8) 13,978 (19.7) 13,559 (43.4)
Medical history, n (%)
Asthma diagnosis > 5 years before index date 961 (8.2) 1129 (10.1) 756 (9.8) 4734 (8.7) 3063 (10.4) 3164 (10.2) 5756 (8.1) 5006 (16.0)
Asthma diagnosis < 5 years before or on index date 3607 (30.7) 4157 (37.4) 1866 (24.3) 21,593 (39.5) 10,182 (34.4) 6899 (22.3) 36,019 (50.7) 12,553 (40.2)
Diabetes diagnosed without treatment 662 (5.6) 611 (5.5) 439 (5.7) 3167 (5.8) 1666 (5.6) 1924 (6.2) 4180 (5.9) 2239 (7.2)
Diabetes treated with or without diagnosis 1383 (11.8) 1383 (12.4) 965 (12.6) 7186 (13.1) 3728 (12.6) 3837 (12.4) 9835 (13.8) 4228 (13.5)
Hypertension 6137 (52.2) 5869 (52.8) 4047 (52.7) 28,746 (52.6) 15,642 (52.9) 16,428 (53.0) 36,928 (51.9) 17,147 (54.9)
Hyperlipidemia 4049 (34.4) 3898 (35.0) 2710 (35.3) 19,521 (35.7) 10,291 (34.8) 11,093 (35.8) 25,110 (35.3) 11,616 (37.2)
Ischemic heart disease 2248 (19.1) 2230 (20.0) 1478 (19.2) 10,763 (19.7) 5603 (19.0) 6092 (19.7) 13,924 (19.6) 6641 (21.3)
Acute myocardial infarction 789 (6.7) 752 (6.8) 522 (6.8) 3665 (6.7) 2086 (7.1) 2327 (7.5) 4623 (6.5) 2278 (7.3)
Unstable angina 398 (3.4) 335 (3.0) 219 (2.9) 1917 (3.5) 912 3.1) 1018 (3.3) 2536 (3.6) 1141 (3.7)
Chronic angina 1335 (11.3) 1361 (12.2) 837 (10.9) 6421 (11.7) 3332 (11.3) 3539 (11.4) 8503 (12.0) 3926 (12.6)
(Continued)
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Table 1 (Continued).

LABA? Aclidinium® | Aclidinium/Formoterol® | Tiotropium | Other LAMA® | LAMA/LABA® LABA/ICS® | LAMA/LABA/ICS®
(N=11,766) (N=11,126) (N=7682) (N=54,694) (N=29,564) (N=30,974) (N=71,104) (N=31,238)
Aortocoronary bypass graft 292 (2.5) 277 (2.5) 228 (3.0) 1396 (2.6) 702 (2.4) 773 (2.5) 1715 (2.4) 744 (2.4)
Coronary angioplasty 705 (6.0) 685 (6.2) 474 (6.2) 3251 (5.9) 1700 (5.8) 2005 (6.5) 4073 (5.7) 1898 (6.1)
Cerebrovascular diseases 1267 (10.8) 1154 (10.4) 786 (10.2) 6130 (11.2) 3336 (11.3) 3525 (11.4) 7662 (10.8) 3791 (12.1)
Stroke 666 (5.7) 612 (5.5) 397 (5.2) 3310 (6.1) 1742 (5.9) 1904 (6.1) 4102 (5.8) 2043 (6.5)
Transient ischemic attack 466 (4.0) 420 (3.8) 277 (3.6) 2176 (4.0) 1183 (4.0) 1247 (4.0) 2708 (3.8) 1352 (4.3)
Peripheral vascular disease 869 (7.4) 864 (7.8) 601 (7.8) 4318 (7.9) 2380 (8.1) 2805 (9.1) 5079 (7.1) 2800 (9.0)
Heart failure 581 (4.9) 596 (5.4) 393 (5.1) 3405 (6.2) 1647 (5.6) 1913 (6.2) 4318 (6.1) 2465 (7.9)
Outpatient diagnosis of heart failure 354 (3.0 374 (3.4) 250 (3.3) 2014 (3.7) 990 (3.3) 1187 (3.8) 2476 (3.5) 1459 (4.7)
Hospitalization for heart failure 386 (3.3) 401 (3.6) 263 (3.4) 2412 (4.4) 1143 (3.9) 1326 (4.3) 3142 (4.4) 1778 (5.7)
Pulmonary embolism 218 (1.9) 253 (2.3) 138 (1.8) 1249 (2.3) 606 (2.0) 687 (2.2) 1655 (2.3) 892 (2.9)
Pneumonia 1602 (13.6) 1808 (16.3) 1090 (14.2) 9424 (17.2) 5035 (17.0) 5130 (l6.6) 11,915 (16.8) 7331 (23.5)
Renal disease 1896 (16.1) 2036 (18.3) 1254 (16.3) 8927 (16.3) 4953 (16.8) 5323 (17.2) 11,761 (16.5) 5920 (19.0)
CCl score, n (%)*
0 6456 (54.9) 5974 (53.7) 4157 (54.1) 28,678 (52.4) 15,582 (52.7) 15,940 (51.5) 37,489 (52.7) 14,974 (47.9)
| 2662 (22.6) 2551 (22.9) 1791 (23.3) 12,549 (22.9) 6886 (23.3) 7263 (23.4) 16,087 (22.6) 7626 (24.4)
2 1045 (8.9) 1093 (9.8) 702 (9.1) 5305 (9.7) 2782 (9.4) 3088 (10.0) 6559 (9.2) 3401 (10.9)
>3 1603 (13.6) 1508 (13.6) 1032 (13.4) 8162 (14.9) 4314 (14.6) 4683 (15.1) 10,969 (15.4) 5237 (16.8)
Mean (SD) 0.9 (1.4) 1.0 (1.4) 0.9 (1.4) 1.0 (1.5) 1.0 (1.5) 1.0 (1.5) 1.0 (1.5) 1.1 (1.6)
Study medications in the 12 months before index date, n (%)
Aclidinium 394 (3.3) 616 (5.5) 1600 (20.8) 1598 (2.9) 1215 (4.1) 969 (3.1) 2107 (3.0) 2144 (6.9)
Aclidinium/formoterol 152 (1.3) 357 (3.2) 48 (0.6) 476 (0.9) 293 (1.0) 1035 (3.3) 1140 (1.6) 1232 (3.9)
Tiotropium 3730 (31.7) 3776 (33.9) 2667 (34.7) 9972 (18.2) 9121 (30.9) 11,752 (37.9) 21,252 (29.9) 14,039 (44.9)
Other LAMA 614 (5.2) 912 (8.2) 518 (6.7) 2392 (44) 779 (2.6) 5177 (16.7) 3554 (5.0) 6316 (20.2)
LAMA/LABA 401 (3.4) 213 (1.9) 856 (11.1) 1408 (2.6) 1571 (5.3) 318 (1.0) 3278 (4.6) 4918 (15.7)
LABA/ICS 2404 (20.4) 6107 (54.9) 2351 (30.6) 26,154 (47.8) 14,862 (50.3) 9016 (29.1) 20,682 (29.1) 24,155 (77.3)
LAMA/LABA/ICS 48 (0.4) 66 (0.6) 63 (0.8) 699 (1.3) 342 (1.2) 472 (1.5) 1084 (1.5) 118 (0.4)
LABA 1757 (14.9) 646 (5.8) 1065 (13.9) 2603 (4.8) 1242 (4.2) 3051 (9.9) 6180 (8.7) 800 (2.6)
Other medications in the 12 months pre-index date, n (%)
SAMA 567 (4.8) 707 (6.4) 270 (3.5) 3096 (5.7) 1353 (4.6) 959 (3.1) 2831 (4.0) 1077 (3.4)
SABA 9401 (79.9) 9241 (83.1) 6297 (82.0) 42,887 (78.4) 23,880 (80.8) 24,250 (78.3) 57,130 (80.3) 28,739 (92.0)
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ICS 2170 (18.4) 951 (8.5) 658 (8.6) 6126 (11.2) 2510 (8.5) 2340 (7.6) 17,065 (24.0) 1833 (5.9)
Oral glucocorticoids 4283 (36.4) 5327 (47.9) 3114 (40.5) 24,201 (44.2) 13,349 (45.2) 11,767 (38.0) 31,457 (44.2) 19,883 (63.7)
Xanthines 159 (1.4) 417 (3.7) 116 (1.5) 1435 (2.6) 869 (2.9) 381 (1.2) 1533 (2.2) 1527 (4.9)
LTRA and omalizumab 241 (2.0) 500 (4.5) 103 (1.3) 2881 (5.3) 1146 (3.9) 462 (1.5) 2890 (4.1) 1746 (5.6)
Mucolytics 878 (7.5) 1597 (14.4) 834 (10.9) 5878 (10.7) 3897 (13.2) 3175 (10.3) 6908 (9.7) 7596 (24.3)
Antihistamines for systemic use 1402 (11.9) 1446 (13.0) 823 (10.7) 7521 (13.8) 3662 (12.4) 3208 (10.4) 10,333 (14.5) 4220 (13.5)
Cough and cold preparations (excluding mucolytics) 914 (7.8) 964 (8.7) 567 (7.4) 4685 (8.6) 2641 (8.9) 2437 (7.9) 6241 (8.8) 2689 (8.6)
Antibiotics (antibacterial for systemic use) 7487 (63.6) 7749 (69.6) 4896 (63.7) 37,495 (68.6) 20,037 (67.8) 19,118 (61.7) 48,186 (67.8) 24,232 (77.6)
Cardiovascular medications 8004 (68.0) 7802 (70.1) 5320 (69.3) 37,272 (68.1) 20,445 (69.2) 21,482 (69.4) 47,361 (66.6) 22,486 (72.0)
Lipid-lowering drugs 5529 (47.0) 5474 (49.2) 3739 (48.7) 26,017 (47.6) 14,489 (49.0) 15,358 (49.6) 32,425 (45.6) 16,341 (52.3)
Agents acting on rennin-angiotensin system 4016 (34.1) 3968 (35.7) 2634 (34.3) 18,667 (34.1) 10,185 (34.5) 10,525 (34.0) 24,102 (33.9) 10,762 (34.5)
Beta-blockers 1728 (14.7) 1507 (13.5) 1159 (15.1) 7488 (13.7) 4063 (13.7) 4930 (15.9) 9155 (12.9) 4125 (13.2)
Calcium channel blockers 3082 (26.2) 2888 (26.0) 1978 (25.7) 14,058 (25.7) 7619 (25.8) 8168 (26.4) 17,696 (24.9) 8473 (27.1)
Diuretics 2400 (20.4) 2577 (23.2) 1505 (19.6) 11,340 (20.7) 6057 (20.5) 6168 (19.9) 14,784 (20.8) 6844 (21.9)
Other antihypertensive medications 550 (4.7) 571 (5.1) 338 (44) 2697 (4.9) 1366 (4.6) 1429 (4.6) 3503 (4.9) 1485 (4.8)
Antiarrhythmics 121 (1.0) 125 (1.1) 95 (1.2) 526 (1.0) 255 (0.9) 282 (0.9) 762 (1.1) 324 (1.0)
Nitrates 865 (7.4) 876 (7.9) 546 (7.1) 4091 (7.5) 2153 (7.3) 2310 (7.5) 5290 (7.4) 2495 (8.0)
Platelet aggregation inhibitors 2993 (25.4) 2994 (26.9) 1986 (25.9) 14,115 (25.8) 7675 (26.0) 8224 (26.6) 17,557 (24.7) 8454 (27.1)
Drugs used in diabetes 1383 (11.8) 1383 (12.4) 965 (12.6) 7186 (13.1) 3728 (12.6) 3837 (12.4) 9835 (13.8) 4228 (13.5)
Insulins 319 27) 319 (29) 206 (2.7) 1679 (3.1) 864 (2.9) 824 (2.7) 2463 (3.5) 898 (2.9)
Blood glucose-lowering drugs 1294 (11.0) 1301 (11.7) 911 (11.9) 6742 (12.3) 3507 (11.9) 3614 (11.7) 9177 (12.9) 4004 (12.8)
Vaccines (excluding COVID-19 vaccines) 8130 (69.1) 7996 (71.9) 5163 (67.2) 35,856 (65.6) 19,901 (67.3) 19,472 (62.9) 46,239 (65.0) 18,340 (58.7)
Healthcare resource utilization, median (QI, Q3)
Number of GP visits 10.0 (7, 15) 11.0 (7, 17) 11.0 (7, 16) 11.0 (7, 16) 10.0 (7, 15) 10.0 (7, 15) 10.0 (7, 16) 11.0 (7, 16)
Referrals to respiratory specialist 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) 0.0 (O, I)
Referrals to non-respiratory specialist 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) 1.0 (0, 2)
Number of hospitalizations 0.0, 1) 00, 1) 00, 1) 0.0, 1) 0.0 (O, 1) 0.0, 1) 0.0, 1) 00, 1)
Number of prescriptions for respiratory medications 80 (3, 17) 15.0 (5, 28) 14.0 (6, 24) 10.0 (3, 21) 13.0 (4, 26) 12.0 (4, 22) 10.0 (4, 19) 26.0 (16, 39)
Number of prescriptions for non-respiratory medications | 33.0 (13, 64) 37.0 (15, 71) 34.0 (14, 66) 35.0 (13, 70) 36.0 (14, 69) 35.0 (14, 68) 34.0 (12, 69) 43.0 (20, 81)

Notes: ®Includes formoterol, salmeterol, olodaterol, and indacaterol. ®Includes aclidinium bromide with or without concomitant use of formoterol fumarate in free-dose combination but not aclidinium/formoterol in fixed-dose
combination. “Includes aclidinium bromide and formoterol fumarate in fixed-dose combination. “Includes glycopyrronium and umeclidinium. “Includes umeclidinium/vilanterol, glycopyrronium/indacaterol, tiotropium/olodaterol,
glycopyrrolate/formoterol. ‘Includes formoterol/budesonide, formoterol/beclomethasone, indacaterol/mometasone, formoterol/fluticasone, salmeterol/fluticasone propionate, and vilanterol/fluticasone. Elncludes umeclidinium/vilan-
terol/fluticasone, glycopyrronium/indacaterol/mometasone, glycopyrrolate/formoterol/budesonide, and glycopyrronium/formoterol/beclomethasone. "During the 10 years before or on the index date. ‘During the 5 years before or on the
index date. ‘Based on Global Initiative for Chronic Obstructive Lung Disease 2016 guidelines. According to 2025 GOLD guidelines, former groups C and D now constitute GOLD group E.' “Charlson Comorbidity Index (CCl) is
a measure of multiple comorbid conditions, each assigned a weight according to its potential for influencing I-year mortality. The index is the sum of the weighted comorbidities and accounts for the number and seriousness of the
conditions.

Abbreviations: BMI, body mass index; CCI, Charlson Comorbidity Index; GP, general practitioner; ICS, inhaled corticosteroid; LABA, long-acting f2-agonist; LAMA, long-acting anticholinergic; LTRA, leukotriene receptor antagonist;
QI, Ist quartile; Q3, 3rd quartile; SABA, short-acting beta2-agonist; SAMA, short-acting anticholinergic; SD, standard deviation.
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proportion of patients with GOLD C or D COPD (67.6%), followed by the aclidinium group (52.8%), and the LABA
group had the largest proportion with GOLD A COPD (43.5%), followed by LABA/ICS (40.2%). A similar proportion of
patients across cohorts had a history of ischemic heart (19.0-21.3%) and cerebrovascular diseases (10.2-12.1%); the
mean Charlson Comorbidity Index (CCI) score was 0.9—1.0. LABA/ICS and tiotropium were the study medications most
frequently prescribed within 12 months before the index date. Use of cardiovascular medications ranged from 66.6% in
the LABA/ICS cohort to 72.0% in the LAMA/LABA/ICS cohort (Table 1).

Aclidinium, Aclidinium/Formoterol, and Other COPD Medications versus LABA

The first set of analyses compared aclidinium, aclidinium/formoterol, tiotropium, other LAMA, other LAMA/LABA,
LABAVJICS, or LAMA/LABA/ICS combinations relative to LABA medications, encompassing formoterol, salmeterol,
olodaterol, and indacaterol. The crude incidence rates of any cardiac arrhythmias per 1000 person-years ranged from 4.11
for LAMA/LABA to 7.49 for aclidinium/formoterol during current use and from 3.53 for LABA to 7.01 for aclidinium/
formoterol during current single use. The crude incidence rates of atrial fibrillations per 1000 person-years ranged from
2.85 for LAMA/LABA to 5.38 for aclidinium/formoterol during current use and from 2.76 for LAMA/LABA to 5.02 for
aclidinium/formoterol during current single use. For serious ventricular arrhythmias, the number of events was very low,
resulting in crude incidence rates below 1 per 1000 person-years (Table S1).

Compared with current use of LABA, adjusted IRRs (95% CI) for any cardiac arrhythmias and atrial fibrillation
ranged, respectively, from 0.98 (0.69-1.41) for LAMA/LABA to 2.08 (1.36-3.18) for aclidinium/formoterol and from
0.83 (0.55-1.24) for LAMA/LABA to 1.85 (1.15-3.00) for aclidinium/formoterol (Figure 2A and B). Due to the very
low number of serious ventricular arrhythmia events, the precision of effect estimates was low (Figure 2C and Table S1).
For any cardiac arrhythmia, a slight increase in risk was noted with short-duration use across all medications except
aclidinium/formoterol, whereas for atrial fibrillation, IRRs were generally close to or below 1 for most comparisons.
When analyses were restricted to current single use, the risk of both any cardiac arrhythmias and atrial fibrillation was
higher for all study medications compared with current single use of LABA, except for the LAMA/LABA/ICS
combination (Figure 3A and B).

Aclidinium versus LAMA

The second set of analyses compared aclidinium relative to LAMA medications, encompassing glycopyrronium and
umeclidinium. For overall current single use of aclidinium and other LAMA, the crude incidence rates per 1000 person-
years for any cardiac arrhythmias were 6.17 and 4.15, respectively, and 4.80 and 3.03 for atrial fibrillation, respectively.
The adjusted IRR (95% CI) for current single use of aclidinium versus other LAMAs was 1.46 (0.93-2.29) for any
cardiac arrhythmias and 1.57 (0.94-2.62) for atrial fibrillation (Figure 4A and B, Table S2). When stratifying by use of
ICS, the adjusted IRRs (95% CI) among the 2% of concomitant ICS users were 2.53 (0.42-15.28) for any cardiac
arrhythmias and 3.83 (0.53-27.66) for atrial fibrillation, respectively (Table S2). There were small numbers of events or
no events for serious ventricular arrhythmias, precluding the estimation of IRRs.

Aclidinium/Formoterol versus LAMA/LABA

The third set of analyses compared aclidinium/formoterol relative to LAMA/LABA regimens, encompassing umeclidi-
nium/vilanterol, glycopyrronium/indacaterol, tiotropium/olodaterol, and glycopyrrolate/formoterol. For overall current
single use of aclidinium/formoterol and LAMA/LABA, the crude incidence rates per 1000 person-years for any cardiac
arrhythmias were 9.14 and 4.15, respectively, and 5.07 and 3.02 for atrial fibrillation, respectively; similar trends were
seen for patients without concomitant ICS (Table S3).

The adjusted IRR (95% CI) for current single use of aclidinium/formoterol versus LAMA/LABA was 2.15 (1.33-3.49) for
any cardiac arrhythmias and 1.79 (0.96-3.33) for atrial fibrillation (Figure 4A and B, Table S3). IRRs for serious ventricular
arrhythmias were not estimated as there were <5 and no events for aclidinium/formoterol and LAMA/LABA users,
respectively. When stratified by ICS use, the adjusted IRR for any cardiac arrhythmias and atrial fibrillation could not be
estimated among the 4.3% of aclidinium/formoterol users and the 2.9% of LAMA/LABA users who were concomitant ICS
users due to the absence of events in the aclidinium/formoterol cohort. When comparing short durations of current single use,
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the adjusted IRR (95% CI) was 1.36 (0.68-2.73) for any cardiac arrhythmias and 0.97 (0.37-2.54) for atrial fibrillation among
aclidinium/formoterol users versus LAMA/LABA users. For long durations of current single use, the adjusted IRR was 4.05
(2.05-7.98) for any cardiac arrhythmias and 3.64 (1.60-8.26) for atrial fibrillation (Figure 4A and B).

Discussion

In this population-based cohort study, compared with LABA use, current use of aclidinium/formoterol and LAMA/
LABA/ICS was associated with an increased risk of any cardiac arrhythmias and atrial fibrillation, whereas a slightly
elevated risk was also observed among users of aclidinium, tiotropium, and LABA/ICS. The magnitude of the increased
risk was higher when the analysis was restricted to the first episode of continuous current single use. During the first 6
months of use (short duration of use), the magnitude of the risk of any cardiac arrhythmias also tended to be higher,
whereas the magnitude of the risk of atrial fibrillation was lower or null. The analysis results of the current use of study
medications beyond 6 months (long duration of use) showed that the risk of any cardiac arrhythmias was lower in
magnitude compared with the risk observed with overall current use. Indirect comparison of these initial results
suggested that aclidinium and aclidinium/formoterol may have a higher risk of arrhythmias than other LAMA or
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Figure 2 Adjusted Incidence Rate Ratio for Any Cardiac Arrhythmias, Atrial Fibrillation, and Serious Ventricular Arrhythmias During Current Use, Current Use of Long Duration,
and Current Use of Short Duration of Each Study Medication Versus Current Use of LABA. (A) Any Cardiac Arrhythmias: Current Use, Current Use of Short Duration, and
Current Use of Long Duration™ ® (B) Atrial Fibrillation: Current Use, Current Use of Short Duration, and Current Use of Long Duration™ ® (C) Serious Ventricular Arrhythmias:
Current Use of Short Duration, and Current Use of Long Duration® © *The numbers in parentheses are the number of outcome events in each cohort. Vertical bars represent 95%
confidence intervals of the incidence rate ratio estimates. °Incidence rate ratios were estimated using a Poisson regression model adjusted for age, sex, COPD severity, calendar
period, number of prescriptions for respiratory medications, use of aclidinium in 12 months before the index date, number of referrals to non-respiratory specialist, prior use of
diuretics, use of LABA/ICS in 12 months before the index date, ischemic heart disease, smoking history, body mass index, hypertension, heart failure, heavy drinking status, and
diabetes. “Incidence rate ratios were estimated using a Poisson regression model adjusted by age, sex, and COPD severity.

Note: Per CPRD small cell count policy, cell counts with an n between | and 4 have been reported as ““| < n < 5” with no person-years reported. The sum of components is not
additive; therefore, no back calculation can be performed using the total number of events. LABA includes formoterol, salmeterol, olodaterol, and indacaterol. Aclidinium includes
aclidinium bromide with or without concomitant use of formoterol fumarate in a free-dose combination. It does not include aclidinium/formoterol in a fixed-dose combination.
Aclidinium/formoterol includes a fixed-dose combination of aclidinium bromide and formoterol fumarate. Other LAMA includes glycopyrronium and umeclidinium. LAMA/LABA
includes umeclidinium/vilanterol, glycopyrronium/indacaterol, tiotropium/olodaterol, and glycopyrrolate/formoterol. LABA/ICS includes formoterol/budesonide, formoterol/
beclomethasone, indacaterol/mometasone, formoterol/fluticasone, salmeterol/fluticasone propionate, and vilanterol/fluticasone. LAMA/LABA/ICS includes umeclidinium/vilan-
terol/fluticasone, glycopyrronium/indacaterol/mometasone, glycopyrrolate/formoterol/budesonide, and glycopyrronium/formoterol/beclomethasone.

Abbreviations: COPD, chronic obstructive pulmonary disease; CPRD, ClinicalPractice Research Datalink; ICS, inhaled corticosteroid; LABA, long-acting B,-agonist;
LAMA, long-acting anticholinergic.

LAMA/LABA combinations. For this reason, additional analyses were performed directly comparing with LAMA and
with LAMA/LABA medications as a reference. Compared with LAMA use, current single use of aclidinium was
associated with a 50% increased risk of any cardiac arrhythmias and atrial fibrillation. Additionally, during the first
episode of continuous use, aclidinium/formoterol was associated with approximately a two-fold increased risk of any
cardiac arrhythmias and atrial fibrillation compared with LAMA/LABA. As observed in comparisons with LABA, no
increased risk of atrial fibrillation was observed during the first 6 months of use (short duration of use).

Risk differences that were observed across varying durations of use of the study medications may be driven by
a number of factors. Risk assessment during episodes of current use allowed the inclusion of more periods of medication
exposure because it included person-time of exposure to a study medication that was restarted after a period of non-
exposure. However, this may have led to time-varying confounding and residual confounding that may explain the lower
magnitude of risk observed over a long duration of use relative to overall use. Such confounding cannot be ruled out in
patients who remained on study medication for longer durations, as their characteristics may have changed after 6 months
of initiation and may differ from those of patients with a shorter duration of use. In addition, the definition of current use
may have introduced the potential for selection bias by including people who restarted the medication because they
survived, tolerated the medications, or restarted after an acute decompensation or exacerbation. Additional analyses
restricted the duration of exposure to the first episode of use, irrespective of concomitant medications (ie, among current
single users). In analyses evaluating the first episode of continuous current use over a short duration, the observed greater
risk of any cardiac arrhythmias alongside a lower risk of atrial fibrillation suggests that arrhythmias other than atrial
fibrillation (ie, paroxysmal tachycardia and unspecified cardiac arrhythmias) are driving the overall arrhythmia risk
during the first 6 months of use. This is in line with several studies suggesting an increased risk of adverse cardiovascular
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Figure 3 Adjusted Incidence Rate Ratio for Any Cardiac Arrhythmias and Atrial Fibrillation for Current Single Use of Each Study Medication Versus Single Use of LABA.
(A) Any Cardiac Arrhythmias.*® (B) Atrial Fibrillation.* *The numbers in parentheses are the number of any cardiac arrhythmia events or atrial fibrillation during current
single use in each cohort. Vertical bars represent 95% confidence intervals of the incidence rate ratio estimates. ®Incidence rate ratios were estimated using a Poisson
regression model adjusted by age, sex, COPD severity, and calendar year.

Note: LABA includes formoterol, salmeterol, olodaterol, and indacaterol. Aclidinium includes aclidinium bromide with or without concomitant use of formoterol fumarate
in a free-dose combination. It does not include aclidinium/formoterol in a fixed-dose combination. Aclidinium/formoterol includes a fixed-dose combination of aclidinium
bromide and formoterol fumarate. Other LAMA includes glycopyrronium and umeclidinium. LAMA/LABA includes umeclidinium/vilanterol, glycopyrronium/indacaterol,
tiotropium/olodaterol, and glycopyrrolate/formoterol. LABA/ICS includes formoterol/budesonide, formoterol/beclomethasone, indacaterol/mometasone, formoterol/fluti-
casone, salmeterol/fluticasone propionate, and vilanterol/fluticasone. LAMA/LABA/ICS includes umeclidinium/vilanterol/fluticasone, glycopyrronium/indacaterol/mometa-
sone, glycopyrrolate/formoterol/budesonide, and glycopyrronium/formoterol/beclomethasone.

Abbreviations: COPD, chronic obstructive pulmonary disease; ICS, inhaled corticosteroid; LABA, long-acting beta2-agonist; LAMA, long-acting anticholinergic.

outcomes with the initiation of LAMA/LABA therapy.”’*® On the other hand, results for the first episode of continuous
current use over a long duration showed an increased risk, both of any cardiac arrhythmias and of atrial fibrillation,
suggesting that the increased risk of any cardiac arrhythmias during long-term use is driven by atrial fibrillation.
Differences in pharmacokinetic and pharmacodynamic parameters or clinical effectiveness among LAMAs do not
appear to account for the observed variation in arrhythmia risk, including the short-term occurrence of tachycardias and the
long-term development of atrial fibrillation. Independent of medication use, COPD itself, and COPD exacerbations have
been associated with an increased risk for atrial fibrillation but not for other arrhythmias.?**° Differences in effectiveness
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Figure 4 Adjusted Incidence Rate Ratios for Any Cardiac Arrhythmias and Atrial Fibrillation by Current Single Use of Aclidinium Versus Current Single Use of Other LAMA,
and Current Single Use of Aclidinium/Formoterol Versus Current Single Use of Other LAMA/LABA During the First Episode of Continuous Use, Overall and by Duration of
Use. (A) Any Cardiac Arrhythmias®® (B) Atrial Fibrillation*® *The numbers in parentheses are the number of any cardiac arrhythmia events or atrial fibrillation events during
the first episode of current single use in each cohort. Vertical bars represent 95% confidence intervals of the incidence rate ratio estimates. °Incidence rate ratios were
estimated using a Poisson regression model adjusted by age, sex, and COPD severity.

Note: Other LAMA includes glycopyrronium and umeclidinium. Aclidinium includes aclidinium bromide with or without concomitant use of formoterol fumarate in a free-
dose combination. It does not include aclidinium/formoterol in a fixed-dose combination. LAMA/LABA includes umeclidinium/vilanterol, glycopyrronium/indacaterol,
tiotropium/olodaterol, and glycopyrrolate/formoterol. Aclidinium/formoterol includes a fixed-dose combination of aclidinium bromide and formoterol fumarate.
Abbreviations: COPD, chronic obstructive pulmonary disease; ICS, inhaled corticosteroid; LABA, long-acting B,-agonist; LAMA, long-acting anticholinergic; n, number of
events; REF, reference.

preventing COPD exacerbations have not been described and were not evaluated in this study. An alternative explanation is
that the different baseline characteristics of aclidinium users may have inherently increased their risk of COPD exacerba-
tions or arrhythmias. Consequently, the observed associations could be influenced by unmeasured confounding at baseline
and by time-varying confounding related to exacerbations occurring during follow-up.
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The risk of any cardiac arrhythmias and atrial fibrillation among non-users of ICS did not differ from the main
analysis, likely because the majority of subjects were not using ICS. Among ICS users, the risk estimates had low
precision or could not be estimated due to the limited number of events. Use of ICS has not been associated with an
increase in the risk of arrhythmias; thus, it is possible that the increased risks observed when comparing aclidinium with
other LAMAS are, at least in part, due to baseline patient characteristics associated with an increased risk of the endpoints
of interest (eg, higher COPD severity and more COPD exacerbations).

In addition to residual and time-varying confounding, this study has other potential limitations that should be
considered when interpreting results. The study was conducted using health information recorded in automated popula-
tion-based databases, which can be subject to misclassification of exposure, particularly if prescription adherence is poor.
Potential outcome misclassification was minimized by using validated definitions with a positive predictive value of
approximately 80%.>" The precision of the IRRs for serious ventricular arrhythmias was low due to the small number of
these events in patients included in this study. Finally, because each LAMA or LABA/LAMA combination regimen
evaluated in this study may have distinct risk profiles, comparisons at the class level may obscure some specific drug-
substance differences in relative risk.

Conclusions

The risk of any cardiac arrhythmias and atrial fibrillation was increased for most study medications when compared with
LABA. However, these analyses included patients who were also using other concomitant medications, were at different
stages of COPD treatment, and may have discontinued and restarted therapy. Analysis compared with LABA indirectly
suggested that the risk of arrhythmias might be higher among users of aclidinium and aclidinium/formoterol than among
users of other LAMA and LAMA/LABA therapies. A direct evaluation of the risk of arrhythmias during the first episode
of current single use for users of aclidinium compared with LAMA users, and users of aclidinium/formoterol compared
with LAMA/LABA users, suggested an increased short-term risk of tachycardia after exposure and an increased long-
term risk of atrial fibrillation. These results are not supported by literature reporting any pharmacokinetic, pharmacody-
namic, or effectiveness differences between LAMAs. They do suggest that the observed associations may be driven by
differences in baseline patient characteristics—such as COPD severity—that inherently increase the risk of exacerbations
or arrhythmias. Because individual LAMA or LABA/LAMA combination regimens may have distinct risk profiles, the
class-level comparisons conducted in this study potentially obscure differences in relative risk associated with specific
drugs.
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