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Purpose: Despite ample evidence underpinning the efficacy of β2-agonists in asthma and chronic obstructive pulmonary disease
(COPD), the occurrence of β1- and β2-adrenoceptors in the heart suggests that β2-agonists may have deleterious cardiac effects. We
investigated the association between new users of long-or short-acting β2-agonists (LABA or SABA) or ICS (inhaled corticosteroids)/
LABA and major adverse cardiovascular events (MACE).
Methods: A nested case–control analysis was conducted using the UK Clinical Practice Research Datalink of patients with asthma,
COPD or asthma–COPD overlap with initial treatment of LABA, SABA, ICS/LABA, ICS, long-or short-acting muscarinic antagonist
(LAMA or SAMA) between 01 January 1998 and 31 July 2018. The primary outcome was MACE, defined as the first occurrence of
stroke, heart failure, myocardial infarction, arrhythmia, or cardiovascular death. Each case was matched with up to 10 controls on age,
sex, date of cohort-entry, and duration of follow-up. The risk of MACE associated with β2-agonists was estimated using conditional
logistic regression after controlling for potential confounders.
Results: The cohort included 180,567 new users of β2-agonists, ICS, SAMA, or LAMA. Among asthmatics, β2-agonists were not
associated with the risk of MACE (SABA vs ICS: HR 1.29 [0.96–1.73]; ICS/LABA vs ICS, HR 0.75 [0.33–1.73]). In contrast, among
COPD patients, LABA (HR, 2.38 [1.04–5.47]), SABA (HR, 2.02 [1.13–3.59]) and ICS/LABA (HR, 2.08 [1.04–4.16]) users had an
increased risk of MACE compared with SAMA users. Among patients with asthma–COPD overlap, SABA (HR, 2.57 [1.26–5.24])
was associated with an increased risk of MACE compared with ICS.
Conclusion: In conclusion, initiation of LABA, SABA, or ICS/LABA in COPD or SABA in asthma–COPD overlap is associated
with increased risk of MACE. No associations were observed among patients with asthma.
Keywords: asthma, chronic obstructive pulmonary disease, nested case–control

Introduction
Asthma and chronic obstructive pulmonary diseases (COPD) are the two principal diagnoses of Obstructive Airways
Diseases (OADs).1,2 Beta (β)2-adrenergic agonists are the frontline treatment for these diseases.3 They exert their
pharmacologic effects via β2-adrenoceptors that are predominantly present on airway smooth muscles but also exist on
cardiac muscles, vascular endothelium, eosinophils, and lymphocytes.4 β2-adrenoceptors agonists, including long-acting
and short-acting β2-agonists (LABA and SABA), are typically designed to mimic the functions of epinephrine by
producing autonomic responses within the airway smooth muscle and to limit the stimulation to β2-adrenoceptors outside
the airway smooth muscles as much as possible to reduce adverse effects.3 However, a lack of selectivity for β2-
adrenoceptors may result in “off-target” effects such as tachycardia, tremors, headaches, and an increase in cardiac
ectopy.5–8 These effects are thought to be partially mediated by β2-adrenoceptors desensitization or exacerbation of
airway inflammation and may lead to further cardiovascular sequelae.9
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Epidemiological studies conducted on the effectiveness and safety of β2-agonists, including a large randomized
controlled trial (RCT), report inconclusive findings because of significant drop-out rates, low events rates, the
inclusion of patients with no record of OAD diagnosis or showed varied conclusions concerning their effective-
ness and safety.10–17 Before these studies, studies of adverse cardiovascular events, including sudden cardiac
death, fatal myocardial infarction, and arrhythmia resulting from β2-agonists use, have accumulated over the last
six decades among patients with asthma and COPD.18–21 Furtherance to this, a recent combined analysis of safety
trials of LABA by Busse et al. concluded that adding a LABA to an inhaled glucocorticoid (ICS) was safe.22

However, this study is limited on the premise that patients recruited were hesitant to participate in trials
investigating the risk of death and fraught with the exclusion of patients with previous life-threatening events
from their analysis.

It thus remains uncertain whether the new initiation of β2-agonists-based medications is associated with a differential
risk of cardiovascular events. To advance our understanding of the cardio-respiratory safety of β2-agonists, we
conducted a nested case–control study among new users of LABA, SABA, or ICS/LABA combination therapy on the
risk of a major adverse cardiovascular event (MACE) among patients with asthma, COPD and asthma–COPD overlap
using a large population-based cohort from a real-world setting.

Methods
Source Population
We conducted a nested case–control study using the United Kingdom (UK) Clinical Practice Research Datalink (CPRD). The
CPRD is a database representative of the UK’s population that contains de-identified, longitudinal data, with approximately
700 contributing general practitioner (GP) primary care practices and more than 14 million acceptable (good quality)
patients.23,24 The Patients’ data are available for demographic characteristics, symptoms, diagnoses, primary care prescrip-
tions, laboratory tests, lifestyle information, and referrals to specialists and hospitals. Medications prescribed by GPs are
automatically coded into computer records based on the British National Formulary.25 Approximately half of the source
population is linked to the hospital (Hospital Episode Stats, HES) and death certificate (Office of National Statistics [ONS])
records.26 This dataset has been widely used to investigate a broad range of health-related topics, including the safety and
effectiveness of respiratory medications.27–30 Our study was approved by the Health Research Ethics Board at Memorial
University and the CPRD Independent Scientific Advisory Committee (ISAC 18_005RA).

Cohort Definition
Our source cohort included all HES/ONS-linked individuals in the CPRD aged ≥18 with a diagnosis of asthma, COPD,
or asthma–COPD overlap and a new prescription for a LABA, SABA, ICS/LABA, ICS, or short- or long-acting
muscarinic antagonist (SAMA, LAMA) between 1 January 1998 and 31 July 2018. To assess only new users, patients
with a record of taking any inhaler drug within 365 days before their first medication prescription were excluded. The
date of cohort entry was defined as the date of first prescriptions for any of these inhaled drugs. For subjects who initiated
LAMA (tiotropium), cohort entry was defined as the date of the first prescription on or after 25 September 2003 (at least
one year after the drug was available in the UK) separately for LAMA case events and their matched controls. This new-
user design was adopted to assess time-varying hazards and intended effects related to treatment duration and reduce the
likelihood of immortal time bias.

Patients were followed from the date of study-cohort entry until an event of MACE, emigration from a CPRD practice
site, end of coverage in the database, end of the study period (31 July 2018), or whichever occurred first.

An incident readcode and gemscript codes in the CPRD database were used to define a patient with asthma and/or
COPD (see Appendix 1). Patient definitions using both diagnostic codes (readcode) and prescriptions (gemscript codes)
have shown that patients with asthma or COPD can be accurately identified from the CPRD database with reasonably
good positive predictive values of 83.3% and 87.5%, respectively.31,32 Patients with asthma–COPD overlap were defined
as having 1) asthma readcode and 2) COPD readcode, and 3) an ex/current smoker before the index date (the date of the
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first prescription). Detailed information on exclusion criteria is shown in Figure 1. Three separate sub-cohorts were
created based on OAD diagnosis; namely asthma, COPD, or asthma–COPD overlap.

Nested Case–Control
For each of the three OAD sub-cohorts, a nested case–control study was carried out to investigate our primary endpoint
of MACE. The nested case–control analytic approach was chosen because of the time-varying nature of exposure, the

All OADs (asthma, COPD or ACO) patients having at least a 
prescription for LABA, LABA/ICS, SABA, ICS, SAMA or LAMA 

between January 1, 1998 and July 31, 2018
(N = 1,075,418)

Inhaled medications users in study cohort
(N = 192,316)

Exclusion:
1. Patients with a prescription record for an inhaled 

medication within one year prior to the first prescription 
record (n = 242,642)

2. Patients <18 years on cohort entry (n = 49,662)
3. No patient identifier code (n = 1,636)
4. Non-inhaled medication users (n = 881)
5. No specific code for asthma, COPD or ACO (n = 13,816)
6. No therapeutic information (n=101)

CPRD patients with at least one day of registration during the 
follow-up period  (January 1, 1998 and July 31, 2018) 

(N = 6,003,250)

Patients with diagnosis of incident asthma/COPD/ACO on or
before cohort entry

(N = 501,054)

Base cohort of CPRD patients eligible for linkage to hospital 
admissions and death certificate records

(N = 7,997,901)

Patients included in study cohort (N=180,567) 

Patients with history of events of interest before cohort entry 
(N=11,850)

Asthma: 
Cases of 

incident MACE
(N=359)

Asthma:
Matched 
controls

(N=3557)

COPD:
Cases of incident 

MACE 
(N=239)

COPD:
Matched 
controls

(N=2364)

ACO:
Cases of incident 

MACE
(N=88)

ACO:
Matched 
controls
(N=853)

Figure 1 Flowchart of number of patients in the base and study cohort.
Abbreviations: CPRD, Clinical Practice Research Datalink; OADs, obstructive airway diseases; COPD, chronic obstructive pulmonary disease; ACO, asthma–COPD
overlap; ICS, inhaled corticosteroid; LABA, long-acting beta-agonist; LAMA, long-acting muscarinic antagonist; SABA, short-acting beta-agonist; SAMA, short-acting
muscarinic antagonist; Rx, prescription.
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size of the cohort, and the long duration of follow-up.33 MACE was defined as the first occurrence of non-fatal heart
failure, nonfatal myocardial infarction, non-fatal arrhythmia, non-fatal stroke, or any cardiovascular-related mortality
after the date of cohort entry. To assess only incidents cases, patients with MACE events occurring before the date of
cohort entry were excluded. Our event definitions were based on International Classification of Disease Version 10 codes
(linked HES/ONS data). Thus, the index date for cases was the date of the event (ie, MACE). Please refer to Figure 2 for
the schematic design of the nested case–control analysis adopted.

Consequently, for each event occurring during the follow-up, we used the risk-set sampling method to match the
event with a random sample from the risk set; primarily, the (set of) cohort members who were being followed and were
event-free at the index date of the case. These risk sets, which allow exposure to be measured at the time of the event
occurrence, are identical to those used in a Cox proportional-hazards model. For asthma, COPD or asthma–COPD-
overlap cohort, a case was randomly matched up to 10 (maximum 10) controls within each sub-cohort based on sex, age
(±1 year), date of cohort entry (±180 days) and duration of follow-up. The index date of the cases was also assigned as
index dates to their matched controls.

Exposure Assessment
All drug exposures were identified in the prescription files through the use of gemscript codes between cohort entry and
index date and were classified into four mutually exclusive exposure groups of interest as;

1. Current and new use of LABA was defined by a prescription duration plus a 30-day grace period overlapping the
index date;

2. Current and new use of SABA was defined by a prescription duration plus a 30-day grace period overlapping the
index date;

3. Current and new use of ICS/LABAwas defined by a prescription duration plus a 30-day grace period overlapping
the index date;

= Case

= Controls

Randomly selected controls

Risk Set

t = 0 Duration of follow-up

Figure 2 Schematic design of the nested case–control analysis. 1. The opportunity of exposure is the same for both cases and controls, 2. Matching on the duration of
follow-up guarantees the same opportunity time for cases and matched controls. Cohort entry: at t = 0, ie, 1st Rx for ICS, ICS/LABA, LABA, LAMA, SABA, or SAMA. Index
date: date of an event of interest (ie, Case = ). Cohort Exit: A case-patient, emigration, end of the study or whichever occurred first. Case = , Control = .
Abbreviations: ICS, inhaled corticosteroid; ICS/LABA, inhaled corticosteroid/long-acting beta-agonist; LABA, long-acting beta-agonist; LAMA, long-acting muscarinic
antagonist, SABA, short-acting beta-agonist; SAMA, SAMA, short-acting muscarinic antagonist.
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4. Current and new use of inhaled non-β2-agonists-based drugs (ie, ICS, SAMA or LAMA) – reference category; was
defined by a prescription duration plus a 30-day grace period overlapping the index date.

A 30-day grace period was added to the end of a prescription to allow for refill time. This 30-day grace period also
accounted for non-adherence.

Potential Confounders
In addition to all matching factors, the models were further adjusted for several potential confounders measured at study-
cohort entry, including body mass index, smoking status, alcohol abuse, blood pressure, material deprivation, the number of
physician visits (before cohort entry), comorbidities, Charlson comorbidity index, cardiovascular drugs, important determi-
nants of cardiovascular diseases (hyperlipidemia, hypertension, diabetes, atherosclerosis) and drugs prolonging QT interval.

We also adjusted in our final model the following: 1) the use of other respiratory or antibiotics drugs as a measure of COPD
(also asthma or asthma–COPD overlap) severity, including the use of methylxanthines, oral corticosteroids, and respiratory
antibiotics; 2) moderate or severe exacerbation which was defined by a new prescription for prednisolone or hospitalization for
asthma, COPD or asthma–COPD overlap; 3) other drugs used (binary; yes/no) in the year before cohort entry including
aspirin, acetaminophen, opioids and non-steroidal anti-inflammatory drugs in the year before cohort entry.

Statistical Analysis
Descriptive statistics to summarize the characteristics of the cohort, cases andmatched controls were provided. For categorical
variables with more than two categories, type 3 p-values (a p-value indicating all categorical variable levels) were also
calculated. Conditional logistic regression was used to estimate odds ratios and 95% confidence interval for the risk of MACE
associated with inhaled β2-agonists-based drugs (LABA, SABA or ICS/LABA) compared with ICS, LAMA or SAMA drugs
after controlling for potential confounders. In the nested case–control analysis, conditional logistic regression is used to
compute odds ratios that are unbiased estimators of hazard ratios (HRs), with little or no loss in precision.33,34

To investigate the possible modification effects of β-blocker use, an interaction term between a drug group variable
and a variable indicating β-blocker type (cardioselective or non-cardioselective) was introduced into multiple regression
models. Data analysis was conducted using SAS (version 9.4, SAS Institute Inc., Cary, NC).

Secondary Analysis
We also investigated the risk of each disease of the five major components of MACE, including HF, MI, stroke,
arrhythmia and cardiovascular death. Risk-set sampling was done independently for each outcome.

Sensitivity Analysis
We conducted a series of sensitivity analyses to explore the robustness of our study design, potential mediating effects
and results. It is common for GPs to prescribe as-needed (PRN) short-acting bronchodilators (i.e., SABAs) to be used
alongside an ICS or an ICS/LABA or a LAMA for treating COPD or asthma. To test this possibility of potential
contamination of our reference group with SABAs, the cohort population was restricted to add-ons or switchers therapy
approach. Also, since the length of the grace period is uncertain, sensitivity analyses were conducted by varying the grace
period to 0, 45 and 60 days.

Results
A total of 180,567 patients met the study inclusion criteria (see Figure 1), which included 2095, 111,829, 5614,
55,287, 2239 and 3502 new users of LABA, SABA, ICS/LABA, ICS, LAMA and SAMA respectively. During this
time, 686 patients experienced MACE, of which 359, 239, and 88 cases were observed among patients with
asthma, COPD, and asthma–COPD overlap, respectively. The mean age at cohort entry with MACE case-patients
were 63.8, 74.3 and 72.3 years for asthma, COPD and asthma–COPD overlap, respectively (see Table 1 for
detailed patient characteristics).
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Table 1 Baseline Characteristics of Primary Case Patients (Major Adverse Cardiovascular Events) and Matched Controls, Stratified by
Patients Diagnosed with Asthma, COPD and Asthma–COPD Overlap, Respectively

Primary Outcome Major Adverse Cardiovascular Events (MACE)

Types of OADs Asthma COPD Asthma–COPD Overlap

Characteristics Cases Controls Cases Controls Cases Controls
(N=359) (N=3557) (N=239) (N=2364) (N=88) (N=853)

Age (years) at inhaled medication

initiation

63.8 (±17.9) 63.2 (±17.7) 74.3 (±9.3) 74.0 (±8.9) 72.3 (±10.5) 72.1 (±9.9)

Sex

Men 173(48.2) 1712(48.1) 156(65.3) 1540(65.1) 60 (59.0) 585 (68.6)

Women 186 (51.8) 1845(51.9) 83(34.7) 824(34.9) 28 (41.0) 268 (31.4)
Body mass index (kg/m2)

Underweight 17(4.7) 133(3.7) 25(10.5) 231(9.8) 5(5.7) 57(6.7)
Normal 80(22.3) 963(27.1) 66(27.6) 698(29.5) 18(20.5) 245(28.7)

Overweight 100(27.9) 1131(31.8) 74(30.9) 709(30.0) 32(36.3) 282(33.1)

Obese 109(30.4) 837(23.5) 38(15.9) 458(19.4) 26(29.5) 171(20.0)
Unknown/missing 53(14.8) 493(13.9) 36(15.1) 268(11.3) 7(8.0) 98(11.5)

Smoking status

Current 58(16.2) 544(15.3) 106(44.4) 944(39.9) 24(27.3) 382(44.8)
Former 109(30.4) 1023(28.8) 103(43.1) 1069(45.2) 48(54.5) 174(20.4)

None 172(47.9) 1796(50.5) 17(7.1) 274(11.6) 16(18.2) 275(32.2)

Unknown/missing 20(5.6) 194(5.5) 13(5.4) 77(3.3) 0(0.0) 22(2.6)
Alcohol abuse

None 62(17.3) 558(15.7) 42(17.6) 88(3.7) 6(6.8) 23(2.7)

Former 6(1.7) 64(1.8) 8(3.3) 401(17.0) 14(15.9) 135(15.8)
Current 236(65.7) 2363(66.4) 152(63.6) 1594(67.4) 60(68.2) 583(68.4)

Unknown/missing 55(15.3) 272(7.6) 37(15.5) 281(11.9) 8(9.1) 112(13.1)

Average systolic blood pressure 137.1 (±19.6) 137.0(±19.4) 137.4 (±20.1) 139.8 (±17.8) 139.7 (±23.4) 139.9 (±19.6)
Measure of deprivation

Least deprived 71(19.8) 868(24.4) 36(15.1) 385(16.3) 13(14.8) 139(16.3)

Less deprived 88(24.5) 827(23.3) 46(19.3) 467(19.8) 8(9.1) 166(19.5)
Deprived 78(21.7) 770(21.6) 53(22.2) 511(21.6) 19(21.6) 199(23.3)

More deprived 69(19.2) 589(16.5) 48(20.1) 483(20.4) 28(31.8) 183(21.5)

Most deprived 53(14.8) 500(14.1) 56(23.4) 516(21.9) 20(22.7) 166(19.5)
Unknown/missing 0(0.0) 5(0.1) 0(0.0) 0(0.0) 0(0.0) 0(0.0)

Charlson Index

0 202(56.3) 2436(68.5) 107(44.8) 1196(50.6) 35(39.8) 468(54.9)
1 68(18.9) 473(13.3) 42(17.6) 426(18.0) 23(26.1) 151(17.7)

≥2 89(24.8) 648(18.2) 90(37.7) 742(31.4) 30(34.1) 234(27.4)

Medications in the year before
cohort entry

CV drugs

ACE inhibitors 134(37.3) 840(23.62) 106 (44.4) 893 (37.8) 35(39.8) 303(35.5)
Angiotensin receptor blockers 24(6.7) 216(6.1) 22 (9.2) 190 (8.0) 9(10.2) 56(6.6)

β-blocker
Cardioselective 50 (13.9) 313 (8.8) 59 (24.7) 377 (16.0) 10 (11.4) 83 (9.7)
Non-cardioselective 10 (2.8) 51 (1.4) 5 (2.1) 34 (1.4) 0 (0.0) 15 (1.8)

Loop diuretics 64(17.8) 334(9.4) 71 (29.7) 420 (17.8) 29(33.0) 127(14.9)

Thiazide diuretics 68(18.9) 608(17.1) 49 (20.5) 443 (18.7) 23(26.1) 177(20.8)
Digoxin 32(8.9) 98(2.8) 28 (11.7) 115 (4.9) 8(9.1) 48(5.6)

Nitrates 52(14.5) 261(7.3) 45 (18.8) 297 (12.6) 13(14.8) 93(10.9)

(Continued)
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Table 2 presents the results of the primary analyses for the association between the new use of inhaled β2-agonists-
based drugs and the incidence of MACE. Among patients with asthma alone or asthma–COPD overlap, new use of ICS/
LABA was not significantly associated with risk of MACE in comparison to a new use of ICS. Also, the new use of
SABAwas not significantly associated with an increased risk of MACE compared to a new use of ICS. However, among
COPD patients, in comparison to the new use of SAMA, an increased risk of major adverse cardiovascular events was
observed among new use of the SABA (adjusted HR, 2.02 [1.13–3.59]), ICS/LABA (adjusted HR, 2.08 [1.04–4.16]), and
LABA (adjusted HR, 2.38 [1.04–5.47]). Similarly, among patients with asthma–COPD overlap, new use of SABA was
associated with an increased risk of MACE (adjusted HR, 2.57 [1.26–5.24]) compared with new use of ICS. However,
there was no association between new use of β2-agonists-based drugs compared with new users of LAMA or ICS among

Table 1 (Continued).

Primary Outcome Major Adverse Cardiovascular Events (MACE)

Types of OADs Asthma COPD Asthma–COPD Overlap

Characteristics Cases Controls Cases Controls Cases Controls
(N=359) (N=3557) (N=239) (N=2364) (N=88) (N=853)

Drugs prolonging QT interval

Macrolides 45(12.5) 395(11.1) 28 (11.7) 323 (13.7) 10(11.4) 101(11.8)
Antiarrhythmic 15(4.2) 43(1.2) 10 (4.2) 61 (2.6) 5(5.7) 19(2.2)

Other drugs

Aspirin 105(29.3) 615(17.3) 86 (36.0) 746 (31.6) 37(42.1) 253(29.7)
Acetaminophen 55(15.3) 417(11.7) 57 (23.9) 411 (17.4) 21(23.9) 139(16.3)

NSAIDs 54(15.0) 663(18.6) 36 (15.1) 354 (15.0) 14(15.9) 124(14.5)

Opioids 36(10.0) 242(6.8) 28 (11.7) 195 (8.3) 14(15.9) 67(7.9)
Insulin 142(39.6) 1264(35.5) 111 (46.4) 1012 (42.8) 38(43.2) 363(42.6)

Comorbidities in the year before

cohort entry
Hyperlipidemia 42(11.7) 371(10.4) 29 (12.1) 322 (13.6) 11(12.5) 99(11.6)

Hypertension 165(46.0) 1342(37.7) 125 (52.3) 1142 (48.3) 48(54.6) 387(45.4)

Congenital CVA 9(2.5) 81(2.3) 23 (9.6) 119 (5.0) 6(6.8) 27(3.2)
Thyroid disease 29(8.1) 289(8.1) 19 (8.0) 177 (7.5) 9(10.2) 68(8.0)

Liver disease 5(1.4) 51(1.4) 6 (2.5) 34 (1.4) 5(5.7) 11(1.3)

CHF 13(3.6) 74(2.1) 14 (5.9) 90 (3.8) 7(8.0) 34(4.0)
Diabetes 55(15.3) 356(10.0) 38 (15.9) 284 (12.0) 11(12.5) 89(10.4)

Dementia 10(2.8) 56(1.6) 11 (4.6) 54 (2.3) 5(5.7) 23(2.7)

Renal disease 35(9.8) 224(6.3) 33 (13.8) 306 (12.9) 10(11.4) 71(8.3)
Atherosclerosis and PVD 29(8.1) 209(5.9) 35 (14.6) 261 (11.0) 14(15.9) 87(10.2)

Respiratory events and medications

in the year before cohort entry
Physician visits per year

1–17 103(28.7) 1337(37.6) 37(15.5) 468(19.8) 17(19.3) 197(23.1)
18–35 78(21.7) 1007(28.3) 55(23.0) 684(28.9) 18(20.5) 247(29.0)

>36 178(49.6) 1213(34.1) 147(61.5) 1212(61.3) 53(60.3) 409(48)

Moderate or severe
exacerbation

77(21.5) 473(13.3) 51 (21.3) 394 (16.7) 20(22.7) 181(21.2)

Oral corticosteroid 75(20.9) 473(13.3) 50 (20.9) 392 (16.6) 19(21.6) 181(21.2)

Methylxanthines 5(1.4) 33(0.9) 0(0.0) 33 (1.4) 0(0.0) 34(4.0)
Respiratory antibiotics 153(42.6) 1423(40.0) 119 (49.8) 1181 (50.0) 41(46.6) 404(47.4)

Abbreviations: ICS, inhaled corticosteroid; SABA, short-acting beta2-agonist; LABA, long-acting beta2-agonist; SAMA, short-acting muscarinic antagonist; LAMA, long-
acting muscarinic antagonist; LAMA, long-acting muscarinic antagonist; COPD, chronic obstructive pulmonary disease; ACO, asthma–COPD overlap; NSAIDs, nonsteroidal
anti-inflammatory drugs; CV, cardiovascular; ACE, angiotensin-converting enzyme; CVA, cerebrovascular accident; CHF, congestive heart failure; PVD, peripheral vascular
disease.
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COPD patients. Thus, significant associations between inhaled β2-agonists and MACE were observed for all inhaled
β2-agonists (vs SAMA) in COPD patients and SABA (vs ICS) in Asthma–COPD Overlap patients. Subsequently, no
interaction term between a β-blockers use variable and a drug group variable was statistically significant in the multiple
regression models of MACE. Notably, not all exposure or treatment groups were displayed in our analyses of associa-
tions. Thus, cells with fewer than five events are not shown per the confidentiality policies of the CPRD.

Secondary Analysis
Individual analyses of the five major components of MACE revealed no association between the new use of
SABA compared to the new use of ICS for all the major components for patients who are asthmatics, as shown in
Table 3. We obtained similar results concerning the new use of SABA among patients with COPD. Similarly,
SABA use was not associated with an increased risk of heart failure or arrhythmia compared with the new use
of ICS.

Sensitivity Analysis
The results of our sensitivity analyses (see Appendix 2) for MACE were overall consistent with those of our
primary analyses among asthma patients when the analyses were repeated by varying the grace period by 0 days
(adjusted HR 1.28 [0.96–1.71]), 45 days (adjusted HR, 1.33 [1.02–1.74]), 60 days (adjusted HR, 1.47 [1.14–1.89])
and with add-on or switchers (adjusted HR, 1.17 [0.92–1.49]). The HR generated in our primary analyses

Table 2 Association Between Use of Inhaled β2-Agonists-Based Drugs and the Incidence of Major Adverse Cardiovascular Events

OADs/Treatment Major Adverse Cardiovascular Events Adjusted Hazard Ratio
(95% CI)

p-value (Type 3)

Case Patients, No. (%) Controls, No. (%)

Asthma
1. ICS (reference) 86 (24.0) 956 (26.9) 1.00 0.08
SABA 262 (73.0) 2407 (67.7) 1.29 (0.96–1.73)

ICS/LABA 7 (2.0) 93 (2.6) 0.75 (0.33–1.73)

COPD
1. ICS (reference) 33 (13.8) 344 (14.6) 1.00 0.175

SABA 153 (64.0) 1430 (60.5) 1.07 (0.67–1.70)

ICS/LABA 26 (10.9) 220 (9.3) 1.10 (0.60–2.02)
LABA 12 (5.0) 96 (4.1) 1.26 (0.60–2.68)

2. SAMA (reference) 15 (6.3) 274 (11.6) 1.00 0.175

SABA 153 (64.0) 1430 (60.5) 2.02 (1.13–3.59)*
ICS/LABA 26 (10.9) 220 (9.3) 2.08 (1.04–4.16)*

LABA 12 (5.0) 96 (4.1) 2.38 (1.04–5.47)*

3. LAMA (reference) 12 (7.7) 211 (10.84) 1.00 0.578
SABA 125 (63.8) 1183 (60.8) 1.47 (0.83–2.62)

ICS/LABA 23 (11.73) 180 (9.3) 1.76 (0.86–3.61)

LABA 7 (3.6) 55 (2.8) 1.76 (0.66–4.70)
Asthma–COPD Overlap
1. ICS (reference) 13 (14.8) 213 (25.0) 1.00 0.085

SABA 57 (64.8) 456 (53.5) 2.57 (1.26–5.24)*
ICS/LABA 7 (8.0) 72 (8.4) 1.78 (0.62–5.11)

2. SAMA (reference) 8 (9.1) 69 (8.1) 1.00 0.085

SABA 57 (64.8) 456 (53.5) 1.09 (0.48–2.50)
ICS/LABA 7 (8.0) 72 (8.4) 0.76 (0.24–2.36)

Note: *p < 0.05.
Abbreviations: ICS, inhaled corticosteroid; SABA, short-acting beta2-agonist; LABA, long-acting beta2-agonist; SAMA, short-acting muscarinic antagonist; LAMA, long-
acting muscarinic antagonist; LAMA, long-acting muscarinic antagonist; COPD, chronic obstructive pulmonary disease; CI, confidence interval; ACO, asthma–COPD overlap.
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(adjusted HR, 1.29 [0.96–1.73]) for asthma was similar to the one generated in our fixed-effect analysis (adjusted
HR, 1.24 [1.11–1.37]). Similarly, the HR generated in our primary analyses (adjusted HR, 1.07 [0.67–1.70]) for
COPD was similar to the one generated in our fixed-effect analysis (adjusted HR, 1.09 [0.91–1.31]).

Table 3 Secondary Outcomes of Individual Components of Major Adverse Cardiovascular Events

OADs/Treatment Heart Failure Adjusted Hazard Ratio (95% CI) p-value (Type 3)

Case Patients, No. (%) Controls, No. (%)

Asthma
1. ICS (reference) 18 (22.0) 211 (26.4) 1.00 0.53
SABA 61 (74.4) 539 (67.5) 1.66 (0.88–3.12)

COPD
1. ICS (reference) 14 (18.7) 150 (20.2) 1.00 0.150
SABA 45 (60.0) 413 (55.7) 1.28 (0.64–2.56)

ICS/LABA 10 (13.3) 64 (8.6) 1.90 (0.73–4.94)

OADs/Treatment Arrhythmia Adjusted Hazard Ratio (95% CI) p-value (Type 3)

Case Patients, No. (%) Controls, No. (%)

Asthma
1. ICS (reference) 48 (22.1) 506 (23.5) 1.00 0.91

SABA 164 (75.6) 1544 (71.8) 1.10 (0.74–1.64)

COPD
1. ICS (reference) 18 (13.7) 185 (14.2) 1.00 0.432

SABA 87 (66.4) 802 (66.4) 1.07 (0.59–1.94)

LABA 7 (5.3) 53 (4.1) 1.45 (0.56–3.74)
2. SAMA (reference) 9 (6.9) 137 (10.5) 1.00 0.432
SABA 87 (66.4) 802 (66.4) 1.76 (0.84–3.66)
ICS/LABA 10 (7.6) 123 (9.5) 1.22 (0.46–3.21)

LABA 7 (5.3) 802 (66.4) 2.37 (0.82–6.90)

OADs/Treatment Myocardial Infarction Adjusted Hazard Ratio (95% CI) p-value (Type 3)

Case Patients, No. (%) Controls, No. (%)

Asthma
1. ICS (reference) 15 (27.3) 155 (28.3) 1.00 0.68
SABA 36 (65.5) 350 (64.0) 1.07 (0.55–2.09)

OADs/Treatment Stroke Adjusted Hazard Ratio (95% CI) p-value (Type 3)

Case Patients, No. (%) Controls, No. (%)

Asthma
1. ICS (reference) 14 (24.6) 177 (31.7) 1.00 0.90
SABA 41 (71.9) 361 (64.6) 1.43 (0.69–2.96)

OADs/Treatment Cardiovascular Death Adjusted Hazard Ratio (95% CI) p-value (Type 3)

Case Patients, No. (%) Controls, No. (%)

Asthma
1. ICS (reference) 12 (33.3) 113 (38.2) 1.00 0.99
SABA 21 (58.3) 16 (54.1) 1.11 (0.49–2.53)

Abbreviations: ICS, inhaled corticosteroid; SABA, short-acting beta2-agonist; LABA, long-acting beta2-agonist; SAMA, short-acting muscarinic antagonist; LAMA, long-
acting muscarinic antagonist; LAMA, long-acting muscarinic antagonist; COPD, chronic obstructive pulmonary disease; CI, confidence interval; ACO, asthma–COPD overlap;
N/A, not applicable.
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Discussion
Our findings suggest that using SABA or ICS/LABA combination therapy was not associated with an increased risk of
MACE compared with ICS among patients with asthma. On the other hand, our findings suggest that new use of SABA,
LABA, or ICS/LABA is associated with more than twofold increased risk of MACE compared with SAMA among
patients diagnosed with COPD. Similarly, patients with asthma–COPD overlap who are new users of SABA are
approximately 2.6 times more likely to suffer MACE than patients using ICS. In contrast, our findings suggest that
using SABA or ICS/LABA combination therapy was not associated with an increased risk of MACE compared with ICS
among patients with asthma. Furthermore, we did not observe any significant association between the use of β2-agonists-
based drugs and incidences of the individual components of MACE.

Regarding differentiating the risk of MACE concerning either SABA or LABA, our study reported that among
patients with COPD, in comparison to new users of SAMA, new users of SABA, ICS/LABA and LABA were
significantly associated with more than two times the risk of MACE. However, the differences in risk of MACE
associated with SABA, ICS/LABA, and LABA were not statistically significant. It is also true that among patients
with asthma–COPD overlap, in comparisons to new users of ICS, the differences in the risk of MACE associated with
either SABA or ICS/LABA were not statistically significant.

Our findings are consistent with results from a recent meta-analysis of RCTs showing an increased risk of cardiac
failure among patients with stable COPD and receiving LABA therapy than patients receiving placebo (odds ratio, OR
1.70, 95% CI, 1.00–2.90).35 Additional network meta-analysis results indicated that LABAs combined with LAMAs
resulted in an increased risk of cardiac failure in patients with COPD compared with placebo (OR 2.32, 95% CI, 1.10–
5.09).35 Also, in another meta-analysis of 43 randomized trials, the authors reported that inhaled LABA increased the risk
of cardiac failure (relative risk [RR] 1.71, 95% CI 1.04–2.84, I2 27.5%).36 Furthermore, a recent nested-case control
study indicated that new use of LABAs or LAMAs in patients with COPD is associated with an approximately 1.5-fold
increase in severe cardiovascular risk, irrespective of prior CVD status and history of exacerbation.37 With the increased
risks associated with LABA use, GPs need to be very mindful and monitor for cardiovascular symptoms within 30 days
of new initiations of LABA treatment for COPD.

Another meta-analysis of RCTs also reported an increased risk of a cardiovascular event associated with β2-agonists-
based drugs (RR 2.54, 95% CI, 1.59–4.05) compared to placebo.38 In this study, initiation of β2-agonists treatment
increases heart rate and reduces potassium concentrations compared to placebo. β2-agonists such as SABAs are
recommended as the initial treatment to relieve symptoms and exercise limitations in COPD.2 Nonetheless, the efficacy
of SABAs in COPD is lower than in asthma due to limited or no reversibility observed in COPD patients. For patients
with asthma–COPD overlap, we observed that patients on rescue medication of SABA are 2.6 times more likely to
experience MACE than ICS. Given the lack of randomized intervention studies of asthma–COPD overlap, it is difficult to
provide firm treatment guidance for these patients. It is indicated that treatment with inhaled glucocorticoids should be
continued in patients with long-standing asthma, even if a component of irreversible airway obstruction develops.39

Previous studies of the risk of cardiovascular diseases associated with β2-agonists mainly included prevalent
users,40 limited to elderly patients only14,16 or lacked statistical power.41–43 Our study is novel in that we examined
a single prescription drug use after the new initiation of β2-agonists therapy and the risk of MACE since the advent of
β2-agonists on the market. A thorough discussion on the potential mechanism of cardiovascular effects associated with
β2-agonist use is beyond the scope of our study; the use of SABAs or LABAs, acting as autonomous nervous system
agents, is suspected of causing sympathetic overstimulation by activating both β2-adrenoceptors and cardiac
muscle.44,45 Also, the presence of a moderate amount of β2-adrenoreceptors with percentages ranging from 14% to
40% in ventricular myocardium and from 20% to 55% in atrial tissue explain why β2-agonists can induce many
adverse effects on cardiac function.46 Although the biological mechanisms underlying increased risk of MACE
associated with LABAs are still not fully understood; however, it is believed that LABA can significantly increase
interleukin-8 (IL-8) production,47 and IL-8 is a solid predictor to predict cardiovascular events among patients with
coronary artery disease,48 to predict of cardiovascular and overall mortality among patients with end-stage renal
disease,49 and to predict the development of heart failure in patients with acute myocardial infarction.50 Another
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potential mechanism is since LABAs are autonomous nervous system agents. LABAs are believed to cause over-
activation of the sympathetic nervous system, associated with increased risk of many MACE, including ischemic heart
disease, chronic heart failure, and hypertension.51,52 Conversely, β1- adrenergic receptors are the dominant receptor in
the heart, whereas the β2- adrenergic receptor (including agonists such as LABAs and SABAs) is responsible for the
relaxation of vascular, uterine, and airway smooth muscle.53 However, many of these agonists showed poor pharma-
cokinetics (PK) profiles and cardiovascular adverse effects due to a lack or partial selectivity for the β2- adrenergic
receptor.5–8,53

The present study has several strengths. First, we assessed/used a large population-based cohort of patients initiating
β2-agonist-based drugs, ICS, SAMA, or LAMA therapies. Even though our study is observational in nature and thus
susceptible to potential confounding, we used rigorous matching and statistical adjustment to minimize residual
confounding and control for many potential confounders. Second, using a new-user design eliminated biases related to
the inclusion of prevalent users. Third, consistent results with varied time-window in our sensitivity analyses further
confirmed the robustness of our results. Another strength is the generalizability of the results from our cohort, which is
representative of the overall United Kingdom population of patients diagnosed with asthma, COPD, and asthma–COPD
overlap.

Among limitations, the first is the possibility that patients using SAMA would be healthier and have the less severe
disease than those receiving ICS/LABA or LABA. However, we addressed this issue by including multiple disease
severity-related covariates in our final models. A second limitation is the inability to examine individual agents of β2-
agonist agents to preclude which agents may be responsible for CVevents. However, in a study that compared the cardiac
effects of formoterol, salbutamol and fenoterol, Bremmer et al. found that all β2-agonist agents increased heart rate and
Corrected-QT interval, decreased Q-S2 interval and plasma potassium levels compared with placebo.54 Residual
confounding may be introduced into the analysis due to incomplete adjustment for unmeasured baseline covariates.
However, in particular, the CPRD GOLD database measures numerous confounders that are not available in a typical
electronic health records database.

Conclusion
New initiation of β2-agonist therapy, including SABA, LABA or ICS/LABA combination therapy, was associated with an
increased risk of major adverse cardiovascular events among patients diagnosed with COPD. Similarly, patients with
asthma–COPD overlap who are new users of SABAwere more likely to suffer major adverse cardiovascular events. Our
study confirms available evidence in the literature. The decision to prescribe β2-agonist-based drugs should be premised
on consideration of patient benefit and increased risk of major adverse cardiovascular events.

Abbreviation
COPD, chronic obstructive pulmonary disease; CPRD, Clinical Practice Research Datalink; ICS, inhaled corticosteroid;
SAMA, short-acting muscarinic antagonist; LABA, long-acting β2-agonists; LAMA, long-acting muscarinic antagonist;
MACE, major adverse cardiovascular events; SABA, short-acting β2-agonists; HR, hazard ratio.
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