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Abstract
Background and Objectives Aclidinium bromide was approved in the European Union for the treatment of chronic obstructive 
pulmonary disease (COPD) in adult patients in 2012 and in a fixed-dose combination with formoterol in 2014. We charac-
terised new users of aclidinium, aclidinium/formoterol and other COPD medications and evaluated off-label prescribing of 
these medications in three European populations.
Methods We described demographic characteristics, comorbidities, comedications, COPD severity and off-label prescribing 
of new users of aclidinium, aclidinium/formoterol and other COPD medications in patients with COPD aged ≥ 40 years in 
the Clinical Practice Research Datalink (CPRD, UK), Danish National Health Databases, and German Pharmacoepidemio-
logical Research Database (GePaRD) between 2015 and 2017.
Results We included 17,668 new users of aclidinium (CPRD, 4871; Denmark, 2836; GePaRD, 9961) and 14,808 new users 
of aclidinium/formoterol (CPRD, 2153; Denmark, 2586; GePaRD, 10,069). Study patients were of similar age, except in 
GePaRD, where users of long-acting beta2-agonists (LABA)/inhaled corticosteroids were younger. Patients had multiple 
comorbidities and used multiple comedications—most frequently hypertension (50–79%) and short-acting beta2-agonists 
(26–84%). Aclidinium users in CPRD and long-acting anticholinergics/LABA users in Denmark and GePaRD had the highest 
frequency of severe/very severe COPD. Off-label prescribing of aclidinium (5.0% [CPRD]–8.9% [Denmark]) and aclidinium/
formoterol (2.6% [GePaRD]–3.2% [CPRD]) was low, and the main reason was asthma without a COPD diagnosis.
Conclusions Aclidinium and aclidinium/formoterol were mostly prescribed according to label, with preference given to older 
patients with more severe COPD and to patients with a high prevalence of comorbidities and comedication use.

1 Introduction

In July 2012, aclidinium bromide 322 µg twice daily (under 
the brand name Eklira/Bretaris Genuair) was approved in 
the European Union (EU) for maintenance bronchodilator 
treatment to relieve symptoms in adult patients with chronic 
obstructive pulmonary disease (COPD) [1]. In September 
2014, aclidinium bromide in fixed-dose combination with 
formoterol, 340 µg/12 µg twice daily (under the brand name 
Duaklir Genuair), was approved in the EU for the same indi-
cation [2].

It is common that in real world clinical practice, medica-
tion is given to a more diverse group of patients than those 
included in clinical trials; for example, patients with asthma, 
severe kidney or liver impairment, children, and pregnant 
women were not included in randomised controlled tri-
als of aclidinium [3–5]. Furthermore, new drugs are often 
selectively prescribed to patients with severe types of the 
respective disease or to those not responding to available 
treatment [6].

A drug utilisation study (DUS) is an important compo-
nent of a medication risk management plan (RMP) for the 
evaluation of the effectiveness of routine risk minimisa-
tion measures, such as the summary of product character-
istics, a communication tool through which it is expected 
that physicians who prescribe a medication do so in line 
with the approved indication. Additionally, DUSs provide 
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information on how the medications are used in patients for 
which information is missing in clinical trials. As part of the 
marketing authorisation in Europe, the RMP for aclidinium 
bromide included the conduct of a European multidatabase 
DUS to characterise new users of aclidinium, aclidinium/
formoterol and other COPD medications, and to evaluate 
potential off-label prescribing of aclidinium, including use 
in children and patients with asthma.

A first DUS conducted in the United Kingdom (UK), 
Denmark, and Germany—DUS1 (September 2012–Decem-
ber 2015)—included new users of aclidinium bromide as 
monotherapy and in non-fixed-dose combination with 
formoterol (hereafter, aclidinium) [7, 8]. Here we report 
the results of the second drug utilisation study (DUS2) 
conducted in the UK, Denmark and Germany—(January 
2015–December 2017)—after marketing authorisation was 
received for a fixed-dose aclidinium/formoterol product in 
2014 in Europe.

2  Methods

2.1  Study Design

This non-interventional, multinational, European study 
describes new users of aclidinium, aclidinium/formoterol 
fixed-dose combination, and other selected COPD medica-
tions with the use of secondary data collection.

2.2  Setting

We conducted the study using data from the Clinical Practice 
Research Datalink, General Practitioner Online Database 
(CPRD GOLD) in the UK, the Danish National Health Data-
bases, and the German Pharmacoepidemiological Research 
Database (GePaRD) in Germany between 2015 and 2018 
(see data sources in Table  S1, Online Supplementary 

Material (OSM)). The recording of medical information 
was based on primary care electronic medical records in 
CPRD, inpatient and outpatient hospital discharge diagno-
ses in Denmark, and insurance claims from outpatient care 
visits and hospitalisations in GePaRD. Use of medications 
was based on general practitioner prescriptions in CPRD, 
dispensations in community pharmacies in Denmark, and 
outpatient dispensations in GePaRD.

2.3  Cohort Selection

The study groups included new users of aclidinium, acli-
dinium/formoterol, tiotropium, other long-acting muscarinic 
antagonists (other LAMA) (glycopyrronium bromide, ume-
clidinium), LAMA/long-acting beta-2 agonists (LAMA/
LABA) (glycopyrrolate/formoterol, glycopyrronium/inda-
caterol, umeclidinium/vilanterol and tiotropium/olodaterol), 
LABA/inhaled corticosteroids (LABA/ICS) (fixed-dose 
combinations: formoterol/budesonide, formoterol/beclo-
metasone, formoterol/mometasone, formoterol/fluticasone, 
salmeterol/fluticasone propionate, and vilanterol/flutica-
sone), and LABA (formoterol, salmeterol, indacaterol, and 
olodaterol). Drugs were selected based on anatomical thera-
peutic chemical (ATC) codes in GePaRD and Denmark and 
using Multilex/British National Formulary codes mapped 
to ATC codes in CPRD. New users were defined as patients 
with > 1 year of continuous enrolment in the study data 
sources who were prescribed a study medication of interest 
during the study inclusion period and who did not receive 
a prescription/dispensing for the same medication or medi-
cation group within a 6-month washout period before the 
date of first prescription/dispensing (the index date) for that 
medication (OSM Fig. S1) in CPRD, UK and Denmark or 
who did not have exposure of the same medication or medi-
cation group during the 6 months before the date of first 
prescription for that medication in GePaRD (Germany). A 
patient may have had one or more prescriptions/dispensings 
for a different study drug at any time prior to the index date 
or may have had one or more prescriptions/dispensings for 
the same study drug before the 6-month washout prior to 
the index date. A patient could qualify as a new user for 
more than one study group. In each data source, new users 
of the study medications of interest were selected on the 
date of the first prescription occurring within the patient 
inclusion period that they fulfilled all the inclusion criteria. 
Inclusion of new users stopped 1 year before the end of the 
study period to allow for 1 year of potential follow-up (OSM 
Table S2).

2.4  Variables

Comorbidities diagnosed at any time before the index date 
(except in GePaRD, where the 12 months before index date 

Key Points 

Aclidinium and aclidinium/formoterol users showed 
similar characteristics to those of other LAMA users.

Among the study medication groups, aclidinium and 
aclidinium/formoterol users, and LAMA users in 
general, were older and had a high frequency of severe 
COPD, chronic comorbidities and use of COPD comedi-
cations.

Off-label prescribing of aclidinium and aclidinium/for-
moterol is low.
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was used because of data availability) and prior use of medi-
cations in the 12 months before the index date were ascer-
tained by using diagnosis and medication codes specific to 
each data source (OSM Fig. S1). Smoking status was ascer-
tained based on the latest available information recorded 
before or at the index date in CPRD and using proxy infor-
mation (recorded diagnosis related to severe smoking or 
smoking cessation drugs) in Denmark and GePaRD. Alcohol 
abuse was ascertained based on the latest information avail-
able on alcohol consumption before or at the index date in 
CPRD and based on the presence of diagnoses for alcohol 
abuse or dispensings of medications indicated for treatment 
of alcohol abuse in Denmark and GePaRD. Chronic obstruc-
tive pulmonary disease was defined as a recorded diagnosis 
code for COPD, chronic bronchitis or emphysema for any 
time before the index date. Severity of COPD was evaluated 
according to a modified version of the algorithm developed 
by Verhamme et al. [9] and was classified as mild, moder-
ate, severe or very severe (OSM Table S3). Other individual 
markers of COPD severity were also measured at the index 
date [10].

Patterns of use of each study medication were ascertained 
during the first year of follow-up. Assessment included dura-
tion of use and persistence. The duration of each single pre-
scription/dispensation was defined based on the number of 
supply days in CPRD, the amount of defined daily doses in 
GePaRD, and the waiting-time approach in Denmark. Dura-
tion of the index episode was estimated through the length 
of consecutive prescriptions/dispensings concatenated (after 
stockpiling; i.e., for overlapping dispensings, the beginning 
of the consecutive dispensing was shifted to the day after the 
end of the previous dispensing to allow for stockpiling) by 
using an allowed gap that was no greater than the length of 
the previous prescription/dispensing in CPRD and GePaRD. 
In Denmark, the sequences of dispensings that belonged to 
the same treatment episodes were identified by the waiting-
time approach. The waiting-time approach is modelled on 
the actual, observed distance between dispensings of the 
same medication [11]. Persistence of use of each study 
medication was measured by the percentage of individuals 
remaining on therapy (persistent) from the index date until 
the end of follow-up (i.e., the earliest of 1 year after the 
index date, death, loss to follow-up/disenrollment/emigra-
tion in Denmark/end of insurance coverage in GePaRD). 
The time window for ascertainment of the study variables 
is presented in OSM Fig. S1.

Prescribing was considered off-label in the following 
user groups: patients aged < 18 years, adult patients with 
a diagnosis of asthma and no recorded diagnosis of COPD, 

and patients with an unknown indication (i.e., absence of 
a recorded diagnosis of COPD or asthma) (OSM off-label 
use criteria).

The age- and sex-specific annual prevalence of use of 
each study medication was calculated as the number of 
patients receiving at least one prescription for the medication 
of interest in a specific year divided by the overall population 
in each data source in that year. The age and sex distribution 
of the European standard population on 1 January 2017 was 
used to standardise the prevalences.

Information on diagnoses and medications codes used in 
the study is available in the study protocol.

2.5  Statistical Analyses

Data describing the characteristics of the study population 
(lifestyle, medical history, comedications, severity of COPD 
and off-label use of aclidinium and aclidinium/formoterol) 
are presented as counts and percentages and as mean values 
and interquartile ranges (age, duration of index episode of 
use) as appropriate. The age- and sex-standardised annual 
prevalence of use of each study medication was estimated 
with 95% confidence intervals. All research partners con-
ducted the analyses following a common protocol and analy-
sis plan.

In the CPRD and GePaRD, all analyses were conducted 
using SAS software, version 9.4 (SAS Institute Inc.; Cary, 
NC, USA). In Denmark, all analyses were conducted using 
Stata/MP software, release 16.1 (StataCorp LP, College Sta-
tion, TX, USA).

2.6  Approvals and Regulatory Review

The study was reviewed by the RTI International insti-
tutional review board (IRB), the Independent Scientific 
Advisory Committee of CPRD, the Danish Data Protection 
Agency, and the statutory health insurance providers and the 
German Federal (Social) Insurance Office in Germany. The 
IRB determined that since this study did not involve private, 
identifiable, human subjects’ data nor interaction with any 
human subjects, informed consent was not needed. None of 
the members of the research team had access to identifying 
patient information when analysing the data.

The study protocol (version 2.1, 29 July 2014) was 
endorsed by the European Medicines Agency, approved 
by the European Commission on 19 November 2014, and 
updated on 2 June 2015 (v2.2). The study and its protocol 
were registered in the EU PAS Registry on 15 May 2014 
with the register number EUPAS6559.
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3  Results

3.1  Cohort Participants

The study included 17,668 new users of aclidinium (4871 in 
CPRD, 2836 in Denmark and 9961 in GePaRD) and 14,808 
new users of aclidinium/formoterol (2153 in CPRD, 2586 
in Denmark and 10,069 in GePaRD) (Fig. 1).

3.2  Baseline Characteristics

Prevalence of aclidinium use per 100,000 population was 
122 in the CPRD in 2017, 38 in Denmark in 2017 and 80 
in GePaRD in 2015 (Table 1). For aclidinium/formoterol, 
the prevalence of use per 100,000 population was 54 in the 
CPRD in 2017, 30 in Denmark in 2017 and 60 in GePaRD 
in 2015. The prevalence of use of aclidinium and aclidinium/
formoterol was lower than that for other treatment groups, 
except for other LAMA in GePaRD.

In the three data sources, new users of study medica-
tions with a diagnosis of COPD who were aged ≥ 40 years 
showed similar age, the median age ranged from 69 to 70 
years in CPRD, from 70 to 72 years in Denmark, and from 
63 to 70 years in GePaRD, where users of LABA/ICS were 
younger (median age 63 years). New users of LAMA medi-
cations had a higher percentage of men than new users of 
LABA/ICS or LABA. In Denmark, however, overall, there 
were more females than males in all study medications 
(Table 1). Current smoking was more frequent in the CPRD 
than smoking proxy estimators in Denmark and GePaRD for 
all study medications (OSM Table S4).

Frequent baseline comorbidities in new users with COPD 
who were aged ≥ 40 years are presented in Table 2. Hyper-
tension was the most frequent comorbidity across the study 
medications in CPRD (50–53%), Denmark (76–79%) and 
GePaRD (60–72%). The second most frequent comorbid-
ity was depressive disorders in CPRD (39–43%) and Den-
mark (50–54%) and ischaemic heart disease in GePaRD 
(19–32%). Other frequent comorbidities were diabetes, 
urinary tract infection, obesity, pneumonia and arrhyth-
mias. For all the study medications, the pattern of comor-
bidities was similar across the three databases except for 
GePaRD, where comorbidities among users of LABA/ICS 
were observed less frequently than for the other study drugs. 
Other less frequent comorbidities are presented in the OSM 
Table S5.

Short-acting beta2-agonists (SABA) were the most fre-
quent respiratory medications prescribed in the 12 months 
before the index date among COPD patients aged ≥ 40 years 
in CPRD (77–84%), in Denmark (48–60%) and in GePaRD 
(26–41%) (Table 3). In general, prior use of SABA and 
oral corticosteroids was more frequent in users of LAMA 

medications, while prior use of ICS was more frequent 
in users of LABA/ICS or LABA. Prior use of LABA/ICS 
was very frequent among new users of LAMA medica-
tions. Cardiovascular medications (63–76%) and antibiot-
ics (54–75%) were among the most frequently prescribed 
medications across all study groups in the three countries 
(OSM Table S6).

Severe and very severe COPD was more frequent in 
Denmark (47–66%) than in CPRD (28–41%). In GePaRD, 
severe COPD ranged from 12 to 28%, and very severe 
COPD could not be evaluated. Users of LAMA had a 
higher frequency of severe and very severe COPD than 
users of LABA/ICS or LABA in Denmark (Fig. 2). The 
most frequent individual criterion that qualified patients 
into the severe or very severe categories were use of oral 
corticosteroids in CPRD (15–27%), prior COPD hospi-
talisation in Denmark (35–53%), and prior COPD exac-
erbation without hospitalisation in GePaRD (8–20%). 
Other proxies of COPD severity are presented in OSM 
Table S7.

The percentage of new users considered to have received 
aclidinium according to the label (i.e., adult patients who had 
a recorded diagnosis of COPD with or without a recorded 
diagnosis of asthma) was 89% of users in the CPRD, 87% 
of users in GePaRD, and 56% of users in Denmark. For 
aclidinium/formoterol, the percentage was slightly higher 
in the three countries: 90% in the CPRD, 93% in GePaRD 
and 58% in Denmark (Table 4). In Denmark, 35% of new 
users of aclidinium and 39% of new users of aclidinium/
formoterol did not have a recorded diagnosis of COPD or 
asthma, and indication was considered unknown. Potential 
off-label prescribing of aclidinium occurred in 5.0% of new 
users in CPRD, 8.9% in Denmark and 5.4% in GePaRD and 
of aclidinium/formoterol occurred in 3.2% of new users in 
CPRD, 3.0% in Denmark and 2.6% in GePaRD. The most 
frequent reason for potential off-label prescribing was pres-
ence of a recorded diagnosis of asthma without any recorded 
code for COPD. The number of users of aclidinium and acli-
dinium/formoterol who were of paediatric age ranged from 
0 to only a few.

3.3  Pattern of Use of Study Medications

The patterns of use of the study medications during 
the first 12 months of treatment are presented in OSM 
Table S8. For all the study medications, the duration of 
the index episode was longer in Denmark. The median 
duration of the index episode was 4.3 months for aclidin-
ium and 4.7 months for aclidinium/formoterol in CPRD, 
6.2 months for aclidinium and 8.7 months for aclidinium/
formoterol in Denmark, and 3.0 months for aclidinium 
and 3.9 months for aclidinium/formoterol in GePaRD. 
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Inclusion Period

Aclidinium
Aclidinium/formoterol
Tiotropium
Other LAMA
LAMA/LABA
LABA
LABA/ICS

6,987
2,287

61,722
15,253
7,795

16,635
199,598

6,687
2,196
58,726
14,623
7,488
15,752
187,866

4,871 
2,153 
21,966 
12,858 
7273
8,079 
82,787

CPRD, UK

Inclusion Period

Aclidinium
Aclidinium/formoterol
Tiotropium
Other LAMA
LAMA/LABA
LABA
LABA/ICS

3,975
2,591

84,420
9,295

44,801
58,841

210,432

2,836
2,586
45,258
7,658
40,526
42,421
139,899

2,847
2,591
45,376
7,671
40,593
42,564
141,132

Inclusion Period

Aclidinium
Aclidinium/formoterol
Tiotropium
Other LAMA
LAMA/LABA
LABA
LABA/ICS

13,738
10,230
49,845
7,600

23,085
74,265

436,067

13,454
10,069
48,756
7,435
22,679
72,170

416,928

9,961
10,069
35,505
5,916
20,430
46,164

272,098

National Health Databases, Denmark

GePaRD, Germany

1 Jan 2015 - 31 Dec 2017

4 Mar 2015 - 31 Dec 2017

1 Feb 2015 - 31 Dec 2015

Fig. 1  Number of users of aclidinium, aclidinium/formoterol and 
other COPD medications before and after fulfilling inclusion criteria 
in each data source. The different order of columns for the National 
Health Databases in Denmark reflects a different order in the appli-
cation of eligibility criteria driven by data access and protection 

rules in Denmark. COPD  chronic obstructive pulmonary disease, 
CPRD  Clinical Practice Research Datalink, GePaRD  German Phar-
macoepidemiological Research Database, ICS inhaled corticosteroids, 
LABA  inhaled long-acting beta2-agonist, LAMA  long-acting mus-
carinic antagonists, UK United Kingdom
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Persistence of use during the first 12 months of treatment 
was higher among new users of LAMA medications than 
among new users of LABA/ICS or LABA in GePaRD. 
Persistence of use at 12 months from initiation of treat-
ment was higher for aclidinium/formoterol than for acli-
dinium in the three countries.

4  Discussion

This study included patients with COPD initiating medica-
tions considered in the pharmacological treatment recom-
mended for initial and maintenance treatment of patients 
with COPD. According to the current Global Initiative for 

Table 1  Age and sex standardised prevalence (per 100,000 population) of use of aclidinium, aclidinium/formoterol and other COPD medications 
among all study population, and age and sex distribution of new users among patients with COPD aged 40 years or older

CI  confidence interval, COPD  chronic obstructive pulmonary disease, CPRD  Clinical Practice Research Datalink, GePaRD  German Phar-
macoepidemiological Research Database, ICS  inhaled corticosteroids, IQR  interquartile range, LABA  inhaled long-acting beta2-agonist, 
LAMA long-acting muscarinic antagonists, SD standard deviation, UK United Kingdom
a CPRD: data on new users of study medications identified from 1 January 2015 through 31 December 2017
b National Health Databases: data on new users of study medications identified from 4 March 2015 through 31 December 2017
c GePaRD data on new users of study medications identified from 1 February 2015 through 31 December 2015
d The age and sex-standardised prevalence of use per 100,000 population is calculated among all users in the most recent year: 2017 for CPRD 
and Denmark and in 2015 for GePaRD. Standardisation based on the European standard population for 2017
e Proportion of males are calculated among new users with COPD aged 40 years or older

Population CPRD,  UK a (N = 3,076,149) National Health Databases,  Denmark b 
(N = 5,748,769)

GePaRD,  Germany c (N = 16,366,351)

Users, n Prevalence (95% CI) d Users, n Prevalence (95% CI) d Users, n Prevalence (95% CI) d

Aclidinium 3574 122.3 (118.2–126.3) 2195 37.7 (36.1–39.3) 13,738 80.4 (79.1–81.8)
Aclidinium/formo-

terol
1579 53.8 (51.1–56.4) 1788 30.5 (29.1–32.0) 10,230 60.1 (58.9–61.3)

Tiotropium 28,988 995.1 (983.6–1006.6) 57,678 1005.3 (997.1–
1013.5)

49,845 295.6 (292.9–298.2)

Other LAMA 11,062 380.6 (373.5–387.7) 6232 107.2 (104.5–109.9) 7600 44.5 (43.5–45.5)
LAMA/LABA 6082 208.7 (203.5–214.0) 35,776 616.4 (610.0–622.8) 23,085 136.0 (134.3–137.8)
LABA 6106 207.1 (201.9–212.3) 35,780 622.4 (616.0–628.8) 74,265 436.7 (433.5–439.8)
LABA/ICS 113,521 3837.8 (3815.4–

3860.2)
156,611 2747.6 (2734.2–

2761.1)
436,067 2586.8 (2579.0–

2594.6)
New users with 

COPD aged ≥ 40 
years, men (%) e

 Aclidinium 52.0 47.0 48.8
 Aclidinium/formo-

terol
55.0 48.7 52.1

 Tiotropium 50.3 46.6 46.2
 Other LAMA 48.8 46.2 46.9
 LAMA/LABA 51.4 48.3 50.9
 LABA 49.3 44.6 45.0
 LABA/ICS 48.4 45.7 38.7

New users with 
COPD aged 
≥ 40 years

 Mean (SD), median 
[IQR] age, years

  Aclidinium 69 (10.4), 69 [62–76] 69.7 (10.5), 70 [63–77] 67.5 (10.98), 68.0 [59–76]
  Aclidinium/for-

moterol
69 (10.1), 70 [62–76] 71.0 (9.7), 71 [64–78] 67.8 (10.31), 68 [60–75]

  Tiotropium 69 (11.2), 70 [62–78] 71.7 (10.9), 72 [64–80] 69.4 (11.54), 70 [61–78]
  Other LAMA 69 (10.5), 70 [62–77] 70.4 (10.2), 71 [64–78] 67.5 (11.03), 68 [59–76]
  LAMA/LABA 70 (10.3), 70 [63–77] 71.7 (10), 72 [65–79] 68.2 (10.71), 69 [61–76]
  LABA 69 (10.9), 70 [62–77] 71.3 (10.7), 72 [64–79] 67.0 (11.98), 67 [58–76]
  LABA/ICS 69 (11.5), 70 [61–78] 70.3 (11.7), 71 [62–79] 63.6 (12.89), 63 [53–74]
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Chronic Obstructive Lung Disease 2021 guidelines, initial 
pharmacological treatment of COPD depends on symptoms 
and history of exacerbations assessment. While patients 
in group A are recommended to receive any bronchodila-
tor, patients in group B receive LABA or LAMA, patients 
in group C receive LAMA, and those in group D receive 
LAMA or LAMA+LABA or LABA+ICS. Following imple-
mentation of initial therapy and based on reassessment of 
dyspnoea, exacerbations and eosinophil counts, physicians 
may consider for maintenance therapy the potential addition 
of LAMA if the patient is taking only LABA or vice versa, 
the addition of ICS if the patients is already taking both, or 
further adding roflumilast or azithromycin.

Patients with COPD aged ≥ 40 years included in the 
study as new users of COPD medications frequently had 
several comorbidities and used multiple respiratory and non-
respiratory medications. Hypertension, depressive disorders 
and ischaemic heart disease were the most frequent comor-
bidities, and SABA, LABA/ICS, cardiovascular medications, 
and antibiotics were the most frequent baseline comedica-
tions. LAMA medications, including aclidinium, aclidinium/
formoterol, tiotropium, other LAMA and LAMA/LABA, 
were preferentially prescribed to patients with more severe 
COPD.

In this study, off-label use of aclidinium was low and off-
label use of aclidinium/formoterol was lower than that for 

Table 2  Prevalence of the seven most frequent baseline comorbidities and Charlson Comorbidity Index ≥ 3 within 12 months before the index 
date among new users of aclidinium, aclidinium/formoterol and other COPD medications: patients with COPD aged 40 years old or older

CCI Charlson Comorbidity Index, COPD chronic obstructive pulmonary disease, CPRD Clinical Practice Research Datalink, GePaRD German 
Pharmacoepidemiological Research Database, ICS  inhaled corticosteroids, LABA  inhaled long-acting beta2-agonist, LAMA  long-acting mus-
carinic antagonists, UK United Kingdom
a Comorbidity assessed using diagnosis codes and medications indicated for the treatment of specific disease

Data source and comorbidity Aclidinium, % Aclidinium/
formoterol, 
%

Tiotropium, % Other LAMA, % LAMA/LABA, % LABA, % LABA/ICS, %

CPRD, UK N = 4307 N = 1942 N = 16,891 N = 11,437 N = 6504 N = 3549 N = 21,458
 Hypertension 51.4 53.1 53.0 50.0 51.2 51.0 51.9
 Depressive disorders 42.3 39.0 42.8 41.2 41.0 39.8 42.6
 Diabetes 15.9 18.0 17.6 16.3 16.0 15.3 18.1
 Obesity 33.0 32.4 32.5 31.9 32.1 32.7 34.2
 Urinary tract infection 25.5 25.1 27.9 25.8 24.4 27.4 29.2
 Ischaemic heart disease 22.6 21.2 23.2 21.2 21.5 20.6 23.2
 Renal failure 20.0 20.1 20.9 18.5 19.4 18.7 21.1
 CCI score ≥ 3 23.7 21.9 26.8 21.3 21.7 22.1 27.4

National Health Databases, 
Denmark

N = 1575 N = 1490 N = 24,229 N = 3567 N = 22,369 N = 11,443 N = 31,130

  Hypertension a 76.4 77.7 79.4 76.5 78.4 77.0 77.0
 Depressive  disorders a 51.2 50.5 53.7 50.5 51.6 51.7 52.7
 Urinary tract  infection a 51.1 48.8 54.0 51.1 51.6 53.6 54.3
 Pneumonia 39.4 39.3 44.4 36.9 41.3 35.6 40.8
 Ischaemic heart disease 29.1 28.1 29.7 27.2 28.7 28.9 28.4
 Arrhythmias 20.3 20.6 23.3 20.2 21.9 20.3 21.6
 Osteoporosis 20.2 19.9 21.8 21.6 21.7 20.0 19.2
 CCI score ≥ 3 37.8 41.4 44.5 38.4 42.8 40.3 41.6

GePaRD, Germany N = 8567 N = 9243 N = 29,468 N = 5135 N = 18,601 N = 27,981 N = 91,164
  Hypertension a 68.4 68.2 71.8 69.8 69.9 66.8 59.6
 Ischaemic heart disease 28.1 27.2 32.0 27.6 29.2 24.9 18.9
  Diabetes a 25.0 25.2 29.2 25.6 26.6 25.4 21.3
 Depressive disorders 25.4 24.3 27.5 26.5 25.6 26.0 26.0
 Arrhythmias 21.3 19.7 26.4 20.8 22.2 20.5 16.7
 Obesity 21.7 19.9 22.2 22.9 20.5 21.5 20.7
 Heart failure 18.2 17.6 26.2 18.5 22.0 18.0 12.5
 CCI score ≥ 3 44.4 45.4 53.4 45.4 48.8 44.2 34.4
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Table 3  Prevalence of use of respiratory medications within 12 months before the index date among new users of aclidinium, aclidinium/formo-
terol and other COPD medications: patients with COPD aged 40 years or older

COPD  chronic obstructive pulmonary disease, CPRD  Clinical Practice Research Datalink, GePaRD  German Pharmacoepidemiologi-
cal Research Database, ICS  inhaled corticosteroids, LABA  inhaled long-acting beta2-agonist, LAMA  long-acting muscarinic antagonists, 
SABA short-acting beta-2-agonist, SAMA short-acting muscarinic antagonists, UK United Kingdom

Data source and comedication Aclidinium, % Aclidinium/
formoterol, %

Tiotropium, % Other LAMA, % LAMA/LABA, % LABA, % LABA/ICS, %

CPRD, UK N = 4307 N = 1942 N = 16,891 N = 11,437 N = 6504 N = 21,458 N = 3549
 Aclidinium 5.7 16.9 3.1 5.5 5.4 3.7 3.9
 Aclidinium/formoterol 2.2 0.3 0.5 0.9 3.0 1.2 0.9
 Tiotropium 40.3 43.7 27.1 45.5 44.8 36.5 37.3
 Other LAMA 6.4 7.6 3.4 1.8 16.7 4.7 6.7
 LAMA/LABA 1.7 7.6 1.5 5.1 0.2 3.3 2.0
 LABA 5.2 13.9 5.1 4.8 13.5 8.9 18.7
 LABA/ICS 60.6 38.4 50.3 59.3 35.8 34.4 21.5
 SABA 83.3 84.4 77.4 84.1 81.3 79.8 81.2
 Oral corticosteroids 49.8 40.9 44.1 48.2 41.8 45.0 36.8
 Mucolytics 15.3 13.3 11.4 14.6 13.4 10.5 7.5
 Antihistamines 15.0 13.0 14.4 13.2 11.9 14.6 11.5
 ICS 7.8 7.8 9.7 7.4 7.4 18.9 16.6
 SAMA 7.2 2.9 6.1 4.3 4.3 4.8 5.3
 Cough and cold preparations 7.8 7.4 8.2 7.0 7.1 8.1 7.2
 Xanthines 4.3 2.7 3.6 4.5 2.6 2.8 1.7

National Health Databases, 
Denmark

N = 1575 N = 1490 N = 24,229 N = 3567 N = 22,369 N = 31,130 N = 11,443

 Aclidinium 17.4 14.0 1.6 2.8 1.6 1.5 1.3
 Aclidinium/formoterol 1.8 0 0.5 0.9 1.0 0.5 0.5
 Tiotropium 27.3 36.4 33.7 27.8 48.1 35.5 36.4
 Other LAMA 4.6 3.6 2.0 8.6 4.7 1.8 2.3
 LAMA/LABA 8.3 23.3 8.3 15.3 4.2 8.4 8.5
 LABA 12.6 19.5 12.1 17.6 22.0 13.2 24.9
 LABA/ICS 62.5 42.1 51.1 56.0 42.8 39.7 30.1
 SABA 60.4 57.4 53.1 57.7 55.6 51.4 47.9
 Oral corticosteroids 37.6 36.0 33.0 38.7 35.4 30.6 27.5
 Mucolytics 5.2 4.6 4.4 3.9 4.2 3.9 3.5
 Antihistamines 15.9 12.6 11.9 12.6 10.6 13.3 12.1
 ICS 11.9 14.6 10.8 12.8 11.4 15.2 16.4
 SAMA 0.8 0.5 0.5 0.4 0.5 0.4 0.5
 Cough and cold preparations 11.1 12.8 10.4 10.4 10.3 11.1 11.0
 Xanthines 1.5 0.9 1.2 1.3 1.0 1.1 0.9

GePaRD, Germany N = 8567 N = 9243 N = 29,468 N = 5135 N = 18,601 N = 91,164 N = 27,981
 Aclidinium 9.9 22.6 3.8 4.2 5.4 1.7 3.5
 Aclidinium/formoterol 1.2 0.0 0.9 1.0 1.9 0.4 0.7
 Tiotropium 13.8 24.6 12.6 12.6 34.2 8.7 17.7
 Other LAMA 2.6 4.3 2.3 9.0 7.1 1.2 2.3
 LAMA/LABA 3.7 9.8 4.8 6.9 3.4 2.0 4.1
 LABA 17.7 34.4 15.1 16.4 26.0 7.3 16.8
 LABA/ICS 36.4 30.5 38.3 37.3 33.5 20.7 20.5
 SABA 33.7 40.9 34.5 35.2 37.9 25.7 30.8
 Oral corticosteroids 27.8 31.1 30.6 28.8 31.5 21.5 23.9
 Mucolytics 4.8 5.4 4.8 4.4 5.4 3.1 3.7
 Antihistamines 2.9 2.2 3.1 2.6 2.5 3.9 2.9
 ICS 13.1 17.3 11.7 11.8 14.0 11.7 18.2
 SAMA 3.3 4.0 4.0 3.5 4.4 1.6 2.5
 Cough and cold preparations 11.1 10.2 10.3 11.3 10.6 13.5 10.4
 Xanthines 4.5 5.6 5.2 4.9 5.6 2.3 3.2
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aclidinium. The main category of off-label use was having a 
diagnosis of asthma in the absence of a diagnosis of COPD, 
and paediatric use was negligible.

Approximately one-third of users of aclidinium and acli-
dinium/formoterol continued treatment at 1 year of follow-
up in the CPRD. This proportion was higher in users of 

Fig. 2  Distribution of COPD severity among new users of study 
medications aged 40  years or older with COPD, by study medica-
tion and data source. COPD  chronic obstructive pulmonary disease, 
CPRD  Clinical Practice Research Datalink, GePaRD  German Phar-

macoepidemiological Research Database, ICS inhaled corticosteroids, 
LABA  inhaled long-acting beta2-agonist, LAMA  long-acting mus-
carinic antagonists, UK United Kingdom
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aclidinium/formoterol in Denmark, possibly due to a higher 
proportion of patients with severe or very severe COPD and 
differences in the calculation of duration of treatment epi-
sodes. It was lower in users of aclidinium in GePaRD.

In general, the clinical characteristics of users of the study 
medications were consistent with those reported in the litera-
ture for patients with COPD [12], although the prevalence 
of specific comorbidities was higher in our study. In stud-
ies conducted in the UK, the most frequent comorbidities 
in patients with COPD were cardiovascular disease (46%), 
hypertension (34%), diabetes (14–19%), depressive disor-
ders (3–15%), osteoporosis (⁓ 11%) and myocardial infarc-
tion (8%) [13, 14]. These prevalences were even lower in a 
study conducted in a large cohort of patients with COPD in 
Denmark [15]. In our study, the maximum prevalences for 
these disorders in CPRD were 53% for hypertension, 43% 
for depressive disorders, 18% for diabetes, 20% for osteo-
porosis and 9% for myocardial infarction. The differences 
across studies may be explained by the different inclusion 

criteria used. Patients with COPD included in the UK studies 
were probably less severely affected because they included 
patients with a diagnosis of COPD regardless of treatment, 
while the COPD population in our study was restricted to 
patients initiating a medication for COPD.

Overall, the characteristics of new users and the pattern 
of use of aclidinium in the present study were similar to 
those observed in the previous study (DUS1, 2012–2015) 
conducted in the same data sources [7, 8]. Off-label pre-
scribing of aclidinium and aclidinium/formoterol was low 
in the three countries. Prescription for asthma appears to 
be the main category of off-label prescribing. However, 
it cannot be ruled out that a patient may have had child-
hood asthma that later resolved or evolved to asthma-COPD 
syndrome in adulthood. The impact of off-label prescrib-
ing for asthma is very low. In Denmark, the indication was 
unknown in approximately one-third of users of aclidinium 
and aclidinium/formoterol. Chronic conditions such as 
asthma, COPD and other respiratory conditions are usually 

Table 4  Potential off-label use of aclidinium and aclidinium/formoterol

COPD  chronic obstructive pulmonary disease, CPRD  Clinical Practice Research Datalink, GePaRD  German Pharmacoepidemiological 
Research Database, NR not reported, UK United Kingdom
a CPRD data on new users of study medications identified from 1 January 2015 through 31 December 2017
b National Health Databases data on new users of study medications identified from 4 March 2015 through 31 December 2017
c GePaRD data on new users of study medications identified from 1 February 2015 through 31 December 2015
d Aclidinium comprises aclidinium monotherapy and the non-fixed-dose combination of aclidinium bromide plus formoterol
e Fixed-dose combination of aclidinium bromide and formoterol
f Patients could be classified in more than one category
g All non-zero small cell counts are reported as < 5, and corresponding percentages are not reported due to privacy policies

Evaluation of indication CPRD, UK, n (%) a National Health Databases, Den-
mark, n (%) b

GePaRD, Germany, n (%) c

Aclidinium 
(N = 4871) d

Aclidinium/ 
formoterol 
(N = 2153) e

Aclidinium 
(N = 2836) d

Aclidinium/
formoterol 
(N = 2586) e

Aclidinium 
(N = 9961) d

Aclidinium/
formoterol 
(N = 10,069) e

On-label use 4333 (89.0) 1949 (90.5) 1589 (56.0) 1493 (57.7) 8706 (87.4) 9346 (92.8)
 COPD only 2526 (51.9) 1364 (63.4) 1090 (38.4) 1204 (46.6) 5790 (58.1) 6655 (66.1)
 COPD and asthma and age < 40 years 16 (0.3) 3 (0.1) 11 (0.4) < 5 (NR) g 81 (0.8) 56 (0.6)
 COPD and asthma and age ≥ 40 years 1791 (36.8) 582 (27.0) 488 (17.2) 288 (11.1) 2835 (28.5) 2635 (26.2)

Off-label  use f 244 (5.0) 68 (3.2) 253 (8.9) 78 (3.0) 540 (5.4) 259 (2.6)
 Children, age < 18 years 0 (0.0) 0 (0.0) 5 (0.2) 0 (0.0) 7 (0.1) < 5 (NR)g

 Asthma only 244 (5.0) 68 (3.2) 250 (8.8) 78 (3.0) 535 (5.4) 257 (2.6)
Unknown indication 294 (6.0) 136 (6.3) 994 (35.0) 1015 (39.2) 715 (7.2) 464 (4.6)
 Lung cancer f 20 (0.4) 7 (0.3) 19 (0.7) 24 (0.9) 16 (0.2) 19 (0.2)
 Other respiratory  conditions f 275 (5.6) 123 (5.7) 78 (2.8) 87 (3.4) 16 (0.2) 8 (0.1)
  Bronchiectasis 12 (0.2) 13 (0.6) 10 (0.4) 8 (0.3) < 5 (NR)g < 5 (NR)g

  Lung diseases caused by external 
agents

6 (0.1) < 5 (NR)g 9 (0.3) 7 (0.3) 7 (0.1) 5 (< 0.1)

  Other respiratory disease 274 (5.6) 121 (5.6) 66 (2.3) 78 (3.0) 5 (0.1) 0 (0.0)
 No lung cancer or other respiratory 

conditions
19 (0.4) 11 (0.5) 916 (32.3) 922 (35.7) 683 (6.9) 437 (4.3)
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managed in primary care unless patients require specialist 
care at an outpatient hospital clinic, or they have aggravation 
of symptoms or complications that require inpatient care. 
Diagnostic information from primary care was not available 
in Denmark, and although medication use is captured, the 
potential indication of COPD may not have been captured. 
This may explain the higher percentage of users with no 
diagnosis of COPD or asthma.

Differences in the characteristics of the study data sources 
may explain the variability of results across them, in particu-
lar on the evaluation of comorbidities, the potential indica-
tion for use of study medications, and the severity of the 
indication based on recorded diagnoses. Some information 
desired for research in COPD was only available in CPRD 
(e.g., life habits such as smoking and alcohol consumption, 
spirometry values). Diagnostic information recorded in the 
CPRD is based on primary-care electronic medical records, 
and for half of the population, complemented with hospital 
discharge diagnoses from HES; in Denmark, it is based on 
hospital discharge inpatient and outpatient clinic diagnoses; 
and in GePaRD, Germany, it is based on insurance claims 
from outpatient care visits and hospitalisations. To mini-
mise under-ascertainment of comorbidities in Denmark, we 
identified diabetes, hypertension, urinary tract infections and 
depression from prescriptions for specific medications in 
addition to diagnosis codes. A similar approach to identify 
diabetes and hypertension was used in GePaRD. Ascertain-
ment of the use of medications was based on prescribed 
(CPRD) or dispensed (Denmark, GePaRD) medications 
but not on the actual use of medications by patients, and 
this could introduce misclassification of exposure. Adher-
ence and persistence of medication use among patients with 
COPD are frequently low [16–18].

The algorithm for severity of COPD categorised most 
patients as having moderate or severe COPD. Severity of 
COPD was defined according to a clinical algorithm that has 
been validated in a primary-care database in the Netherlands. 
The algorithm was adjusted to the available data in the study 
data sources, which could result in some misclassification 
of COPD severity in Denmark and GePaRD, where some 
variables were not available or proxies were included. The 
lack of information in GePaRD on patients receiving oxygen 
therapy and those on a waiting list or scheduled for lung 
transplant prevented the assessment of very severe COPD. 
Also, the higher degree of COPD severity in Denmark than 
in CPRD or GePaRD is consistent with the nature of the data 
source, which is based on inpatient and outpatient hospital 
discharge diagnoses, and only those patients with COPD 
that were hospitalised or required a hospital specialist visit 
could be identified.

Another limitation of this study is that information 
on the listed indication of a prescription was not avail-
able in the study databases. The lack of information about 

indication could have introduced some degree of misclas-
sification on the severity of COPD. Further, in Denmark, 
underascertainment of the potential indication of aclidinium 
(e.g., COPD, asthma) affected the evaluation of off-label 
prescription of aclidinium, as over 40% of users did not have 
a recorded diagnosis of COPD or asthma. This percentage 
was approximately 4–5% for aclidinium and approximately 
3% for aclidinium/formoterol in CPRD and GePaRD, where 
both primary-care and hospital diagnoses are available. 
Also, substantial underrecording of COPD in the Danish 
National Patient Registry among hospitalised patients has 
been reported [19].

5  Conclusions

Overall, this study indicates that users of aclidinium and 
aclidinium/formoterol have a high prevalence of chronic 
comorbidity, high use of comedications and more severe 
COPD. Hypertension, depressive disorders and urinary tract 
infections were the most frequent comorbidities in users of 
the study medications with COPD. Severe COPD was fre-
quent in users of LAMA medications.

This study shows that aclidinium and aclidinium/for-
moterol are mainly prescribed according to the labelling. 
Off-label use of aclidinium bromide and aclidinium/formo-
terol was low in the three countries, although in Denmark 
information on diagnoses was limited to the inpatient and 
outpatient hospital setting.
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