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Abstract
Purpose Results from observational studies on inhaled long-
acting beta-2-agonists (LABA) and acute myocardial infarc-
tion (AMI) risk are conflicting, presumably due to variation in
methodology. We aimed to evaluate the impact of applying a
common study protocol on consistency of results in three
databases.
Methods In the primary analysis, we included patients from
two GP databases (Dutch—Mondriaan, UK—CPRD GOLD)
with a diagnosis of asthma and/or COPD and at least one
inhaled LABA or a Bnon-LABA inhaled bronchodilator
medication^ (short-acting beta-2-agonist or short-/long-acting
muscarinic antagonist) prescription between 2002 and 2009.
A claims database (USA—Clinformatics) was used for repli-

cation. LABA use was divided into current, recent (first
91 days following the end of a treatment episode), and past
use (after more than 91 days following the end of a treatment
episode). Adjusted hazard ratios (AMI-aHR) and 95 % confi-
dence intervals (95 % CI) were estimated using time-
dependent multivariable Cox regression models stratified by
recorded diagnoses (asthma, COPD, or both asthma and
COPD).
Results For asthma or COPD patients, no statistically signifi-
cant AMI-aHRs (age- and sex-adjusted) were found in the
primary analysis. For patients with both diagnoses, a de-
creased AMI-aHR was found for current vs. recent LABA
use in the CPRD GOLD (0.78; 95 % CI 0.68–0.90) and in
Mondriaan (0.55; 95 % CI 0.28–1.08), too. The replication
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study yielded similar results. Adjusting for concomitant med-
ication use and comorbidities, in addition to age and sex, had
little impact on the results.
Conclusions By using a common protocol, we observed sim-
ilar results in the primary analysis performed in two GP data-
bases and in the replication study in a claims database.
Regarding differences between databases, a common protocol
facilitates interpreting results due to minimized methodologi-
cal variations. However, results of multinational comparative
observational studies might be affected by bias not fully ad-
dressed by a common protocol.

Keywords Secondary data analysis . Methodological
comparison . Long-acting beta-2-agonists . Acute myocardial
infarction

Introduction

Asthma and chronic obstructive pulmonary disease (COPD)
are two of the most prevalent chronic airway diseases globally,
and inhaled short- and long-acting beta-2-adrenoceptor ago-
nists (B2A) (SABA and LABA) are recommended as bron-
chodilator drugs for both indications by existing guidelines [1,
2]. Due to beta-adrenergic stimulation, cardiac events (e.g.,
tachyarrhythmias) are well-known adverse reactions for this
drug group. In a meta-analysis of randomized, placebo-
controlled trials (RCTs) in patients with obstructive airway
disease, the risk for sinus tachycardia was significantly in-
creased in B2A users compared to placebo (RR 3.06; 95 %
CI 1.7–5.5), whereas for major cardiovascular adverse events
(including ventricular tachycardia, atrial fibrillation, syncope,
congestive heart failure, acute myocardial infarction (AMI),
cardiac arrest, and sudden death), the respective RR was 1.61
(95 % CI 0.76–3.42) not reaching statistical significance [3].
Since RCTs are usually not designed to detect differences in
AMI risks between treatment groups, observational studies
might be helpful to assess an association between B2A usage
and AMI.

In a case-control study conducted in The Netherlands, no
increased AMI risk was found for current B2A-agonist users
(short- and long-acting combined) compared to never use
(aOR 1.18, 95 % CI 0.93–1.49) [4]. Similar results were ob-
served in COPD patients with cardiac risk factors for fatal and
nonfatal AMI for current SABA use compared to no use in the
past year (adjusted rate ratio 1.17, 95 % CI 0.97–1.41) [5]. On
the other hand, an adjusted OR of 3.22 (95 % CI 1.63–6.35)
for AMI was found in patients from the USAwith a history of
cardiovascular diseases receiving SABA in the 3 months prior
to the AMI compared to nonusers which was more pro-
nounced in new users (aOR 7.32, 95 % CI 2.34–22.8) [6]. In
Dutch patients with obstructive pulmonary diseases, an in-
creased risk for sudden cardiac arrest was found for SABA

(aOR 3.9, 95 % CI 1.7–8.8) [7]. Heavy long-term users of
SABA (at least 13 prescriptions in the year before) living in
the UK had an increased AMI risk compared to users receiv-
ing less than three prescriptions (relative rate 1.6), whereas for
LABA, the respective value was 1.1 [8]. In patients from
England receiving the LABA compound salmeterol, neither
an increased risk for nonfatal cardiac failure (adjusted relative
risk 1.10, 95 % CI 0.63–1.91) nor for ischemic heart disease
(adjusted relative risk 1.07, 95 % CI 0.69–1.66) was found
compared to patients receiving nedocromil [9]. To sum up, for
SABA, some evidence was found showing an increased AMI
risk in patients initiating treatment, in heavy users, and if car-
diovascular comorbidities were present, whereas for LABA,
only a few AMI risk estimates were reported.

Methodological reasons for differing AMI risk estimates
are numerous. For example, pharmacoepidemiological (PE)
studies may differ with regard to database characteristics
(e.g., claims vs. GP database), inclusion criteria (age restric-
tions, comorbidities, co-medications), exposure (consider-
ation of dosages), follow-up period, outcome (identification
and classification of AMI) definition, and the confounders
adjusted for in multivariate models (comorbidities, co-
medications, disease severity) [8, 10–13]. Whereas Zhang
et al. [8] defined AMI cases by using the General Practice
Research Database (GPRD) and the national registry of hos-
pital admissions in England, the analyses of Au et al. [11] were
based on patients included in a multicenter, randomized clin-
ical trial. By comparing the populations included in the re-
spective analyses, a selection bias might be more prominent
regarding the results of Au et al. [11]. Furthermore, intercoun-
try differences regarding prescribing habits and the health-care
system can influence PE study results [12, 13]. By comparing
seven health-care record databases in five European countries,
Rottenkolber et al. [13] found relevant intercountry differ-
ences regarding period prevalence rates of LABA-containing
prescriptions and regarding the extent of potential off-label
use of LABA. In addition, the choice of statistical methods
for the control of confounding may also have contributed to
differing results [10] and protopathic bias might be of partic-
ular relevance. For example, in some patients, dyspnea caused
by an unknown severe coronary heart disease (CHD) might
symptomatically be treated with B2A. In such patients, risk
estimates for B2A-related AMI might be overestimated due to
nonconsideration of CHD [14].

We aimed to evaluate the impact of applying a common,
uniform study protocol on consistency of risk estimates of
AMI associated with LABA comparing two European elec-
tronic GP databases. Furthermore, we assessed the impact of
methodological choices (e.g., adjustment for different con-
founding variables, different indications) on study results. To
assess generalizability of our findings, a replication study was
conducted in a United States (US) health insurance claims
database using the same protocol.
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Methods

Study setting and data sources

This cohort study was performed in the general practice data-
bases, GOLD of the Clinical Practice Research Datalink
(CPRD, formerly GPRD [15]) and the Mondriaan project (in-
cluding the Netherlands Primary Care Research Database
which is maintained by NIVEL, the Almere Health Care da-
tabase (AHC), and the Julius Primary Care Network) [16–18].
Details of these databases are shown in Table 1 and e-Table 1
and have been described elsewhere [10, 17, 19–21].

The CPRD GOLD contains data of more than five million
active UK patients; diagnoses and drugs are coded using Read
Codes [22] and Multilex Codes [23], respectively. For the
CPRD GOLD database, the study protocol was approved by
the Independent Scientific Advisory Committee (ISAC) of
CPRD. Patient information is only available anonymized
and deidentified in the database, and hence, no informed con-
sent is needed from patients.

In the Mondriaan databases, information is available of
about 1.4 million patients; diagnoses and drugs are coded
using the International Classification in Primary Care
(ICPC-1 [24]) and the Anatomical Therapeutic Chemical clas-
sification system (ATC [25]), respectively. For the Mondriaan
databases, approval was obtained from the institutional review
boards of each of the GP databases (Almere Health Care
group, Netherlands Institute for Health Services Research,
Julius General Practitioners Network). All data are
anonymized and no explicit informed consent is needed ac-
cording to Dutch law and regulations.

The replication study was performed in Clinformatics Data
Mart (Clinformatics), a large US health insurance claims da-
tabase containing data of more than 32.8 million patients,
covering United HealthCare insurance plans including
Medicaid [26, 27]. The International Classification of
Diseases, Ninth Revision, Clinical Modification (ICD-9 CM
[28]) was used for coding diagnoses and the National Drug
Code Directory (NDC [29]) for coding drugs. For
Clinformatics, no ethical approval is required. Since patient
information is only available anonymized and deidentified in
the database, no informed consent is needed from patients.

In this study, we maintained a blinding procedure until the
final results were submitted to the coordinating center at
Utrecht University. The detailed study protocol is available
online [30].

Study population and cohorts

All patients receiving at least one prescription of a SABA and/
or LABA and/or inhaled short- and/or long-acting muscarinic
antagonist (SAMA, LAMA) during the study period from 1
January 2002 to 31 December 2009 (in the AHC database T
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from 1 January 2002 to 30 September 2008) were included in
the study. Cohort entry date (index date) was defined as the
date the first prescription of an inhaled SABA, LABA,
SAMA, or LAMA during the study period was documented
(following a 1-year period of valid data documentation). All
patients with a previous AMI or without a coded diagnosis of
asthma or COPD were excluded. For the baseline characteris-
tics, patients were assigned to the LABA group, the exposure
of interest (e-Table 2), if they had at least one LABA prescrip-
tion in the study period, irrespective of other prescriptions of
inhaled asthma or COPD medications. Patients were consid-
ered as non-LABA patients if at least one SABA, SAMA, or
LAMA but no LABAwas prescribed during the study period.
A 1-year period before the index date was considered for the
assessment of baseline characteristics regarding co-medica-
tions, whereas for comorbidities, all available observation
time before the index date was used.

Exposure definition, study outcome, and assessment
of indication

The duration of inhaled LABA use was determined by
using prescription data to estimate continuous treatment
periods. In the CPRD GOLD and in Clinformatics, the
expected duration of each prescription was estimated
using the prescribed quantity based on package sizes
and the prescribed daily dose. In case of missing data
(e.g., the daily dose or package size), the database-
specific median treatment duration was used. In the
Mondriaan database, a time period of 90 days (the typical
period for prescribing medicines for chronic diseases in
The Netherlands) was used as a surrogate since both pa-
rameters (daily dosage and package size) were often
unknown.

The exposure time of inhaled LABA was divided into
three different exposure time states (e-Fig. 1). For each
patient, treatment episodes were created allowing no gaps
between prescriptions within the same episode. End of a
treatment episode was the calculated end date of the last
prescription. The gap between treatment episodes was di-
vided into recent and past use. Recent use was defined as
the first 91 days following the end of a treatment episode.
A user was considered to be a past user after 91 days had
passed from the calculated end of a treatment episode and
until a new treatment episode was initiated. Non-LABA
use (SAMA and/or SABA and/or LAMA) was classified
into two different states: from the date of the first pre-
scription until the end of the treatment episode (current
use) and after the end of the treatment period (no-current
use, e-Fig. 2). The exposure state was handled as a time-
dependent variable in the Cox-proportional hazard
models.

The first fatal or nonfatal AMI within the study period was
the outcome of interest (e-Table 3). Patients were followed up
until the earliest occurrence of one of the following events
(end of follow-up): AMI, dropout, death, or end of study
period.

The indication for using LABA or SABA or SAMA or
LAMAwas defined using the date of the last respective pre-
scription within the study period searching the entire database
backwards for medical codes to classify the patients into the
following mutually exclusive categories: Basthma^ (diagnosis
of asthma but no documented diagnosis of COPD), BCOPD^
(diagnosis of COPD but no documented diagnosis of asthma),
and Basthma and COPD^ (documented diagnosis of asthma
and COPD) irrespective of any other (respiratory) diagnosis
(e-Table 4). All analyses were performed in these subgroups
defined by indication.

Statistical analysis

Incidence rates (AMI-IRs) were calculated as the number of
AMI events divided by person-time. Crude incidence rate ra-
tios (AMI-IRRs) and 95 % confidence intervals (95 % CIs)
were calculated by dividing the AMI-IR of current LABA use
by the AMI-IR of the three successive comparison groups
(recent LABA use; past LABA use; current non-LABA use)
[31]. Time-dependent Cox regression models were used to
estimate adjusted hazard ratios (AMI-aHRs). Model 1 was
adjusted for age (time-dependent) and sex only, whereas mod-
el 2 was adjusted for age (time-dependent), sex, comorbidi-
ties, and concomitant medications.

Relevant comorbidities and concomitant medication use
(e-Tables 5–7, e-Figs. 1 and 2) were handled as time-varying
covariates. These time-dependent confounders were assessed
every 6 months and in the case of exposure changes. Once
comorbidity was diagnosed during a 6-month assessment pe-
riod, it was considered as Bpresent disease^ for the whole
study period onwards. In contrast, for co-medications, a pa-
tient could switch between use and nonuse groups at each 6-
month assessment or in the case of exposure changes. Within
the sensitivity analyses (performed in CPRD only), the impact
of different lengths of treatment periods and of additional
stratifications of LABA and non-LABA use was examined.
Details of the sensitivity analyses are shown in e-Fig. 3.

All statistical calculations were performed using SAS sta-
tistical software package, version 9.3 (SAS Institute Inc.,
Cary, NC, USA).

Results

In the CPRD GOLD, almost two thirds of patients (656,414
out of 1,037,647 people; 63.3 %) with at least one LABA and/
or SABA and/or LAMA and/or SAMA prescription during

1108 Eur J Clin Pharmacol (2016) 72:1105–1116



the study period fulfilled the inclusion criteria (Fig. 1). Of
those, 540,382 (82.3 %) had an asthma diagnosis only, 47,
056 (7.2%) a COPD diagnosis only, and 68,976 (10.5%) both
diagnoses. In Mondriaan, 36,188 of 116,420 (31.1 %) patients
fulfilled the inclusion criteria. Most patients were excluded
due to missing COPD or asthma indication (78,723
[67.7 %]). In comparison to the CPRD GOLD, the proportion
of COPD patients included in Mondriaan was higher
(n=7720 [21.3 %]), lower for asthma patients (n=24,956
[69.0 %]), and similar for asthma and COPD patients
(n=3512 [9.7 %]). In Clinformatics, 319,873 (58.8 %) out
of 543,584 patients were included. Most of the patients had
an asthma diagnosis only (n = 232,323 [72.6 %]), 43,691
(13.7 %) a COPD diagnosis only, and 43,859 (13 %) had both
diagnoses (Fig. 1).

The proportion of patients with LABA prescriptions in
Mondriaan was higher in all three respiratory diagnosis groups
when compared to the CPRD GOLD and Clinformatics
(Fig. 1).

Baseline characteristics

In the LABA group, asthma patients were older and the
proportion of females was higher compared to patients in
the non-LABA group across all databases (Table 2, e-
Tables 8 and 10). COPD patient characteristics varied by
database; in Clinformatics and Mondriaan, COPD patients
were younger and more likely to be female than patients
in the CPRD GOLD. COPD patients had evidence of
more comorbidities than asthma patients and were pre-
scribed more co-medications (Table 2, e-Tables 8–10).
Patients with both asthma and COPD recorded ranked in

the middle between patients diagnosed with asthma or
COPD regarding distribution and frequency of baseline
characteristics (Table 2, e-Tables 8–10).

Crude incidence rates and crude incidence rate ratios
for AMI

Figure 2 shows the AMI-IRs stratified by indication, ex-
posure, and periods of exposure. The number of periods is
shown in e-Table 11. For asthma patients, similar AMI-
IRs were found in all databases with the highest IRs oc-
curring during current LABA use (CPRD GOLD 16.5;
Mondriaan 16.7; Clinformatics 17.4 per 10,000 person-
years (PY)). For COPD patients and patients diagnosed
with both, asthma and COPD, AMI-IRs were much higher
and less comparable between databases. In both strata and
for all databases, the highest AMI-IRs were found during
recent LABA use. AMI-IRRs are shown in e-Table 12.

Multivariate Cox model—adjusted hazard ratios

Figure 3 and e-Table 13 provide the AMI-aHRs for all
strata and databases. For asthma patients, the AMI-aHRs
using models 1 and 2 varied slightly around the threshold
of 1. Results for COPD patients were similar, with a non-
significant decreased risk of AMI during current LABA
use when compared to recent LABA use (CPRD GOLD
0.90, 95 % CI 0.72–1.14; Mondriaan 0.68, 95 % CI 0.40–1.15)
and significantly lower than 1.00 in Clinformatics (aHR 0.62,
95 % CI 0.49–0.78, e-Table 13, model 1). For patients diag-
nosed with both, asthma and COPD, a decreased risk of AMI
was found for the comparison of current vs. recent LABA use,

Fig. 1 Flow chart (blue: primary analysis, green: replication study). Drug
of interest: at least one prescription of SABA (short-acting beta-2-
agonists) and/or SAMA (short-acting muscarinic antagonist) and/or
LABA (long-acting beta-2-agonists) and/or LAMA (long-acting

muscarinic antagonist). Non-LABA SABA and/or SAMA and/or
LAMA but no LABA, AMI acute myocardial infarction. For codes
defining SABA, SAMA, LABA, LAMA, asthma, COPD, and AMI,
please see e-Table 2–e-Table 4)

Eur J Clin Pharmacol (2016) 72:1105–1116 1109
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significant in the CPRD GOLD (0.78, 95 % CI 0.68–0.90) and
in Clinformatics (0.71, 95 % CI 0.58–0.86), where as the com-
parison of current LABA use vs. current non-LABA use
yielded significant results in Clinformatics only (0.76, 95 %
CI 0.68–0.85, model 1). Additional adjustment for comorbidi-
ties and co-medications (model 2) did not change the results
significantly (Fig. 3, e-Table 13).

Sensitivity analyses

Due to the low number of AMI events in the Mondriaan da-
tabase, sensitivity analyses were only performed in the CPRD
GOLD. In the replication study, no sensitivity analysis was
planned. Changing the definition of recent and past LABA
use and no-current non-LABA use from 91 to 30 days (e-
Fig. 3) did not alter the study findings markedly. When strat-
ifying LABA exposure according to concomitant usage of
inhaled corticosteroids (e-Fig. 3), no significant changes were
found in comparison to the primary analysis. In contrast, by
stratifying non-LABA exposure according to SABA, SAMA,
and LAMA (e-Fig. 3), in COPD patients, a statistically signif-
icant AMI-aHR was found for current LABA use vs. current
SABA use (model 1—1.23 (95 % CI 1.03–1.47), model 2—
1.25 (95 % CI 1.04–1.50)). For patients with asthma or with
asthma and COPD, no significant changes compared to the
main analysis were found (data not shown).

Discussion

By applying a common study protocol, we found similar risk
estimates for AMI in patients receiving LABA across two
European GP databases (primary analysis) and a US claims
database (replication study). For most comparisons, the ad-
justed HRs were around 1 in all three databases. For some
comparisons, significant results were found (e.g., current
LABA use vs. recent LABA in patients diagnosed with both,
asthma and COPD, in the CPRD GOLD and in the
Clinformatics database). In Mondriaan, similar but nonsignif-
icant results were observed. Since this study was primarily
conducted as methodological exercise to compare results be-
tween different (types) of databases, a detailed medical dis-
cussion might be expendable.

Impact of methodological choices

In this study, additional adjustment for concomitant medica-
tion use and comorbidities (model 2) had only a minor impact
on the results in all three databases. This might be related to a
similar prevalence of risk factors (comorbidities, co-
medications) in LABA and non-LABA users (COPD patients
and patients diagnosed with both, asthma and COPD). The
observed prevalence differences of comorbidities and co-
medications between LABA and non-LABA patients with
asthma may primarily reflect differences in age.

Fig. 2 Crude incidence rates of acute myocardial infarction (AMI-IRs) per 10,000 person-years stratified by indication, database, and exposure period
(current current LABA user, recent recent LABA user, past past LABA user, non current non-LABA user)
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When the reference group was changed from past LABA
use to recent LABA use, a decreased HR of current LABA use
associated with AMI was observed in Clinformatics for
COPD patients. This might be due to the fact that recent users
have actually stopped the medication potentially for reasons
that are related to the outcome of interest and therefore not
necessarily a cause of the medication.

From a medical as well as from a methodological point of
view, an indication-specific analysis discriminating patients
diagnosed with asthma, COPD, or asthma and COPD seems
reasonable. For example, in COPD patients, the highest prev-
alence rates of coronary heart disease—a main risk factor of
AMI—were found. Hence, calculating indication-specific risk
estimates is of outstanding importance, whereas overall anal-
yses mixing different indications could mask drug effects. In
addition, confounding may operate differently in subgroups
with different indications.

Potential sources of variation

While Mondriaan and the CPRD GOLD are regional and
national GP databases, respectively, Clinformatics is a claims

database with a shorter average time of follow-up compared to
both GP databases and only captures information on those
encounters which generate a claim. Furthermore, coding sys-
tems of diseases and drugs differ between the three data-
bases. For example, ICPC coding is a more general coding
system, nonspecific or detailed compared to READ or ICD.
Therefore, a comprehensive and careful mapping of codes
was conducted to minimize those differences. However,
some mismatches due to, e.g., a differing level of specificity
cannot be excluded.

In addition, current use periods were defined in different
ways. Whereas in Clinformatics, the exact treatment duration
was calculated in all patients, default values for unknown pack
size and for DDDs were used in 10 and 55 % of prescriptions
documented in the CPRD GOLD. In the Mondriaan database,
an estimate of 90 days was used for all patients taking into
account that in The Netherlands, drug prescriptions for chron-
ic conditions usually cover a 3-month period. In addition, the
mean treatment duration per prescription calculated in CPRD
was 82 days (data not shown).

Published prevalence rates for asthma and COPD differ
between The Netherlands, the UK, and the USA [32–34].

Fig. 3 Adjusted hazard ratio of acute myocardial infarction (AMI-aHR)
stratified by indication, database, and comparison group. Model 1
adjusted for sex and age (time-dependent); model 2 adjusted for sex,
age (time-dependent), comorbidities (e-Table 5), and co-medications (e-

Table 6, e-Table 7). current-non current LABA user vs. current non-
LABA user, current-recent current LABA user vs. recent LABA user,
current-past current LABA user vs. past LABA user
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Differing proportions of patients diagnosed with asthma or
COPD found in our study might reflect regional differences
in prevalence, diagnostic practices, and health-care systems
[32, 35]. Nevertheless, the proportion of patients documented
with COPD and asthma in terms of overlapping diseases [36]
was similar between the three databases. Taking into account
all these potential sources of variation, using a common pro-
tocol helped to conduct comparable database studies as shown
by similar results found in the two initial cohort studies
(CPRD GOLD, Mondriaan) and the replication study
(Clinformatics).

Study strengths and limitations

Our study has several strengths. First, all analyses were
initially conducted using a common protocol applied to
two European GP databases allowing to minimize meth-
odological differences [10]. In addition, findings were
replicated using the same protocol in a US health insur-
ance claims database. All statistical analyses in the
European databases and the US database were conduct-
ed independently and blinded.

There are several study limitations worth mentioning.
First, we could not include the severity of COPD/asthma
and lifestyle factors as confounders due to the lack of
relevant clinical and lifestyle information across all three
databases. However, no relevant impact of considering
such confounders on LABA-associated AMI risk esti-
mates was found in other studies suggesting confounding
by, e.g., lifestyle factors as already captured to a large
extent by routinely collected confounders [37]. Similarly,
for another drug-AE pair (benzodiazepines and hip/femur
fractures) examined within the PROTECT project, consid-
eration of additional lifestyle factors (e.g., alcohol,
smoking) as part of a sensitivity analysis had no relevant
impact on risk estimates in CPRD GOLD database [38].
However, we did include exposure information on several
drugs prescribed for exacerbations (e.g., oral corticoste-
roids) as confounders in the sensitivity analysis, acting
as a proxy for disease severity. In these analyses, adjust-
ment of comorbidities and co-medications had little im-
pact on the results suggesting that confounding may not
have been a major issue in this study. Second, since no
accurate information regarding the actual patient medica-
tion taking behavior or doses received was available
across all databases, we could not consider dose-related
aspects in our analysis. Hence, there is some uncertainty
in terms of exposure, in particular for reliever medications
used on an Bas needed^ basis such as SABA. Third, mis-
classification of asthma and COPD [39] might be present
in all databases. Since validation of diagnoses was not the
focus of this study, we did rely on documented diagnoses
only. However, even for claims databases frequently

lacking documented lung function parameters, a sufficient
validity of respiratory diagnoses was reported [40–42].
Regarding a lower prevalence of cardiovascular diseases
in non-COPD patients [43, 44], misclassifying these sub-
jects as COPD patients will inflate the number of COPD
patients having a decreased AMI risk. Taking into account
a limited number of cardiovascular confounders consid-
ered in our analysis, AMI risk estimates will be influ-
enced by misclassification of patients. Fourth, we did
not distinguish incident from nonincident LABA users.
Hence, an increased AMI risk—which has been reported
in particular after initiating SABA and LABA treatment
[4, 8]—might have been masked in our study. In addition,
a distortion of the results due to the healthy adherer or the
selection bias cannot be ruled out, given that prevalent
users were included in our study. Furthermore, protopath-
ic bias leading to a falsely increased LABA risk estimate
due to LABA initiation in patients with dyspnea due to
unknown/not documented cardiac disorders cannot be ex-
cluded. Fifth, a predefined common study protocol includ-
ing a fixed set of selected confounders in multivariate
models was used, regardless of their impact in each data-
base which is not common practice for a bespoke
pharmacoepidemiology comparative safety evaluation
study. Nevertheless, this was cautiously addressed in our
study and has been discussed in an earlier publication
[10]. Sixth, the indication was defined retrospectively lim-
iting application of our findings to a new population.
Nevertheless, the retrospective approach was chosen for
several reasons: Regarding the linkage between prescrip-
tion and diagnosis, there were relevant differences be-
tween the databases. Taking into account the chronic char-
acter of both diseases and a delayed diagnosing of asthma
or COPD commonly seen in clinical practice [45, 46], a
retrospective approach might be meaningful. In addition,
there is a particular uncertainty in diagnosing asthma
COPD overlap syndrome (ACOS) [47]. To avoid bias in
ACOS patients diagnosed first with asthma and after-
wards with COPD (or vice versa), a retrospective assess-
ment might be useful to identify ACOS patients having
more severe clinical courses and comorbidities potentially
influencing our study results [47, 48]. Finally, we could
not exclude differences in defining study outcome (AMI)
between the countries (UK, The Netherlands, USA). As
shown by Kontos et al. [49], a renewed AMI definition
including troponin as a diagnostic marker led to a sub-
stantial increase in AMI cases. Nevertheless, since this
definition was a consensus statement of the European
Society of Cardiology and the American College of
Cardiology published in 2000 [50], some standardization
between the countries might have been reached for the
study period and the databases included in our analyses.
Despite the fact that no direct validation of AMI codes
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was conducted in our study, positive predictive values of
85 and 93 % were reported in prior validation studies for
the CPRD [51, 52]. Nevertheless, AMI-related analyses
(at least in administrative databases) might have some
shortcomings [53]. Furthermore, we abstained from
linking death registries or autopsy data due to the primary
methodological character of our study potentially limiting
the external validity of our results.

To sum up, our study was conducted in two European GP
databases and replicated in a US claims database, whereas
former studies estimating AMI risks in LABA (or SABA)
users were conducted in only one specific database [4–9].
We have shown in our study that applying a common study
protocol to different databases is feasible, even if analyses are
conducted in GP databases and in claims databases. Between
the databases, risk estimates did only slightly differ
underlining the robustness of our analysis. However, differ-
ences in coding of risk factors may limit the comparability of
results. Furthermore, it should be taken into account that this
study was primarily methodological in nature limiting clinical
implications.

Conclusion

In conclusion, by using a common protocol in two European
databases and replication in a US claims database, we found
similar risk estimates for AMI in patients receiving LABA.
From a methodological point of view, we confirmed usage of
a common protocol as a feasible tool for conducting inter-
country comparisons while minimizing methodological vari-
ation of studies. Databases reflect different health-care deliv-
ery and recording systems, but the interpretation of results can
be improved since methods were harmonized via the common
protocol.
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