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Summary

Background: For patients with asthma, COPD, or asthma-COPD overlap syndrome (ACOS),
inter-country comparisons of seasonal changes in drug prescriptions are scarce or missing.
Hence, we aimed to compare seasonal changes in prescription rates of long-acting beta-2-
agonist (LABA) in four European countries.

Methods: A common study protocol was applied to six health care databases (Germany, Spain,
the Netherlands (2), and the UK (2)) to calculate age- and sex-standardized point prevalence
rates (PPRs) of LABA-containing prescriptions by the 1st of March, June, September, and
December of each year during the study period 2002—2009. Seasonal variation of PPRs was quan-
tified using seasonal indexes (Sls; based on the ratio-to-moving-average-method) and Sls aver-
aged over the study period (aSl) stratified by sex, age, and indication (asthma, COPD, or ACOS).
Results: There was a moderate seasonal change in LABA-containing prescriptions which was
more pronounced in asthma or COPD patients compared to ACOS patients. For asthma and ACOS
patients, highest seasonal variation was found for patients living in Spain (aSl: 87.3—110.7, aSl:
93.2—103.1) whereas for COPD highest seasonal variation was revealed for the NPCRD database
(the Netherlands) (aSl: 92.2—105.6). Regarding age and sex, highest seasonal variation was found
in Spanish boys under 10 years of age having a diagnosis of asthma.

Conclusions: By applying a common analysis in six databases, we could observe moderate overall
seasonal changes in LABA-containing prescription rates in patients with asthma, COPD, or ACOS.

© 2015 Elsevier Ltd. Al rights reserved.

Introduction

Asthma and chronic obstructive pulmonary disease (COPD)
are common, high-burden diseases resulting in disability
and poor health-related quality of life [1]. In the last years
it has been recognized that in particular in elderly patients,
symptoms of asthma and COPD may overlap (i.e. asthma-
COPD overlap syndrome [ACOS] [2,3]). Compared to
asthma or COPD patients, worse clinical outcomes for ACOS
patients were reported [4—7] but there are also somewhat
conflicting data [8]. For asthma or COPD, there is good
evidence for seasonal variations of clinically relevant end-
points (e.g. exacerbations leading to hospital admissions)
[9—11] whereas comprehensive data are lacking for ACOS
patients. For asthma patients, the highest numbers of ex-
acerbations are reported in spring and/or in autumn, in
particular in young children, e.g., in Finland, the United
States, Greece, and lIsrael. Pollen exposure, viral in-
fections, climate factors, and stress (e.g., at school after
the summer holidays) were reported among others as major
risk factors for asthma exacerbations [10,12—17]. In COPD
patients, seasonal variations with highest exacerbation
rates during the winter season were found [9,11]. Viral in-
fections may contribute to this pattern, but the results
presented in the literature are conflicting [18,19].

Limited data is available regarding periodical changes in
prescription rates of respiratory drugs [20]. Nevertheless,

drug-related analyses might help to identify and quantify
several treatment related problems such as undertreat-
ment or the exacerbation-related increase in drug con-
sumption. In addition, data comparing seasonal changes in
drug prescriptions in different countries is lacking. How-
ever, additional data may help to understand seasonal
changes and country-specific characteristics of drug pre-
scribing to a greater extent. Thus, we aimed to analyse
seasonal variations of prescriptions of long-acting beta-2-
agonists (LABA), which is a widely used drug class and
recommended for the treatment of COPD, asthma, and
ACOS patients according to international guidelines [2,21].

To the best of our knowledge, we assessed and
compared seasonal patterns and changes of LABA-contain-
ing prescriptions for the first time with a standardized
method over an eight years period using six health care
databases from four different European countries. This
research was performed within the framework of PROTECT
(Pharmacoepidemiological Research on Outcomes of Ther-
apeutics by a European ConsorTium) [22].

Methods

Data sources

The study was performed using the following six European
health care databases: Mondriaan—Netherlands Primary
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Care Research Database (Mondriaan—NPCRD, The
Netherlands) [23], Mondriaan—Almere Health Care Group
(Mondriaan—AHC, The Netherlands) [24], The Clinical
Practice Research Datalink (CPRD, United Kingdom) [25],
The Health Improvement Network (THIN, United Kingdom)
[26], Computerized Database for Pharmacoepidemiological
Studies in Primary Care (BIFAP, Spain) [27], and The
Bavarian Association of Statutory Health Insurance Physi-
cians database (Bavaria, Germany) [28]. The different da-
tabases covered a regionally/nationally representative
population between 170,000 and 10.5 million individuals.
Details of all databases have been described elsewhere
[29]. The International Statistical Classification of Diseases
and Related Health Problems (ICD—10), the International
Classification in Primary Care (ICPC), or Read Codes were
used for coding diagnoses. The Anatomical Therapeutic
Chemical classification system (ATC) or Multilex Codes were
used for drug coding.

Study period and population

The defined study period was between January 1, 2002 and
December 31, 2009. In two databases, the study period
differed slightly (Bavaria: 2004—2008; Mondriaan—AHC:
2002—09/2009). The study population comprised all pa-
tients of each database that were stored with valid data,
active registration status, and a diagnosis of COPD and/
or asthma. The indication was defined retrospectively
starting at the date of the last LABA-containing prescription
within the study period and screening the entire study
period backwards searching for appropriate medical codes
used to classify patients into three mutually exclusive
categories of "asthma”, “COPD”, or "asthma and COPD”.
Patients having a diagnosis of asthma and COPD (“asthma
and COPD”’) were considered as ACOS patients (codes see e-
table 1—table 4).

Exposure definition

Exposure was defined as at least one prescribed inhaled
LABA (salmeterol (ATC code RO03AC12) or formoterol
(RO3AC13)) including fixed combination drugs (codes see
e-table 5, e-table 6) irrespective of any other concomitant
medication.

Statistical analysis

All analyses were stratified by indication (“asthma”,
*“COPD”, or “asthma and COPD” (ACOS)). Taking into ac-
count seasonal variations, point prevalence rates were
calculated by the 1st of March, 1st of June, 1st of
September, and 1st of December of each year during the
study period as follows: the number of patients being pre-
scribed a LABA-containing drug that covered the specific
dates, divided by the number of patients available in the
database at those specific dates. We considered all LABA-
containing drugs prescribed on the selected dates (1st of
March, 1st of June, 1st of September, 1st of December) or
before, taking into account an episode of drug coverage
including those dates. The expected duration of each LABA-
containing prescription was estimated using the prescribed

quantity based on package sizes and the prescribed daily
dose or in case of missing data, the age-group median
duration of use of the specific database was used (CPRD and
BIFAP database). As these parameters were often unknown
in the remaining databases, a time period of 90 days was
used as surrogate for the duration of a prescription. In
order to adjust for potential inter-database differences in
the source populations’ age and sex distribution, stan-
dardized point prevalence rates were calculated by using
direct standardization based on the 2008 European refer-
ence population [30].

Seasonal variation was measured in terms of seasonal
indexes (Sls). For the calculation of Sls, standardized point
prevalence rates were analysed using the ratio-to-moving-
average-method [31]. For each quarter within the study
period (1st March, 1st June, 1st September, 1st December),
a separate S| was calculated. Each S| represented a per-
centage value, with an annual average equal to 100; hence,
each quarterly Sl indicated the particular point prevalence
rate of LABA-containing prescriptions in relation to the
annual average of 100. An SI <100 or >100 indicated that
the point prevalence rate for the quarter of interest was
below or above the average for the year. If the four Sls of
one year did not sum up to 400 due to rounding differences,
a correction factor was applied to each S| to force the sum
to 400 resulting in adjusted Sls.

For estimating seasonality for the whole study period
(and for smoothing yearly specifics), averaged SlIs (aSls)
were calculated for each of the three patient groups. For
the calculation of an aSl for the 1st, 2nd, 3rd, and 4th
quarter, the adjusted SIs were averaged overall years
within the study period for the respective database.
Finally, the seasonal index difference (delta-aSl) was
calculated as the difference of the maximum and the
minimum aSl value in order to quantify the magnitude of
seasonality.

All SI calculations were stratified by sex and age groups
*0-9”, *10-19”, [ ... ], “70—-79”, and “>80 years” for
“asthma” and "40—49”, “50-59”, [ ... ], “70—79”, and
“over 80 years” for “COPD” and "asthma and COPD”.

Results
Asthma

The point prevalence rates of LABA-containing pre-
scriptions increased in asthma patients in all databases
from 2002 onwards (Fig. 1). In March 2002, age- and sex-
standardized point prevalence rates of LABA-containing
prescriptions varied between 415 per 10,000 persons
(CPRD) and 701 per 10,000 persons (Mondriaan—AHC) and
increased continuously over time. At the end of the study
period, age- and sex-standardized point prevalence rates
ranged between 1026 per 10,000 (BIFAP) persons and 1684
per 10,000 persons (Mondriaan-NPCRD).

Seasonality of LABA-containing prescriptions

In all databases, the lowest aSl indicating the quarter with
the lowest number of LABA-containing prescriptions was
found on 1st September (range: 87.3% [BIFAP] — 98.5%
[CPRD, Mondriaan-AHC], Table 1). The highest aSl value
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Figure 1  Point prevalence rates for
(i.e. the highest number of LABA-containing prescriptions)
was observed on 1st December for the CPRD and Mon-
driaan—NPCRD databases (102.1% and 101.6%), 1st March
for the THIN database (101.0%), and 1st June for the
remaining databases (BIFAP: 110.7%; Bavaria: 106.7%; and
Mondriaan—AHC: 100.6%, Table 1).

Averaged seasonal indexes for THIN, CPRD, Mon-
driaan—NPCRD, and Mondriaan—AHC were very stable over
the years with an overall delta-aSI between 2.2 and 3.7,
indicating no relevant seasonal variations of LABA-
containing prescriptions (Table 1). Seasonal differences in
prescribing behaviour were more evident in the Bavarian
database (delta-aSI = 10.4; Table 1). In the BIFAP data-
base, the highest seasonal impact on LABA-containing
prescriptions was detected (delta-aSI = 23.4; Table 1).
The Sls for each separate quarter are presented in Fig. 2.

Seasonal index stratified by sex and age

When comparing the delta-aSI values between men and
women, there was no visible difference in the CPRD and
THIN databases (e-Fig. 1). Whereas in the BIFAP and
Bavarian database small differences were found between
the sexes in some age groups, the sex-related difference
was most pronounced in the Dutch databases (Mondriaan-
NPCRD: age groups 0—9 years and 70—79 years on 1st

Table 1 Averaged seasonal indexes (aSls) and seasonal
index difference (delta-aSl) for asthma patients; NPCRD:
Mondriaan-NPCRD; AHC: Mondriaan-AHC.

THIN CPRD NPCRD AHC Bavaria BIFAP

aS| March 101.0 100.3 99.7 100.2 97.0 103.5
aS| June 99.7 99.1 100.8 100.6 106.7 110.7
aSl September 98.4 98.5 97.9 98.5 96.3 87.3
aSl December 100.8 102.1 101.6 100.6 100.0 98.4
Delta_aSI 2.6 3.7 3.7 2.2 10.4 23.4
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BA-containing prescriptions in asthma patients per 10,000 persons.

March; Mondriaan-AHC: age groups 70—79 years on 1st
March and >80 years on 1st June).

Delta-aSls differed tremendously with age in all data-
bases. The seasonal variation was very distinct in the
youngest age group (0—9 years) in the CPRD, THIN, Mon-
driaan—NPCRD, and BIFAP databases. The delta-aS| varied
from 12.2 (THIN) to 79.3 (BIFAP) in boys and from 12.6
(Bavaria) to 74.4 (BIFAP) in girls (e-Fig. 1). For the Bavarian
database and for men in the Mondriaan-AHC database, the
highest delta-aSI was found in individuals aged 20—29
years. The impact of seasonality on LABA-containing pre-
scriptions was less prominent with increasing age and the
delta-aSls for each date became quite similar.

COPD

The age- and sex-standardized point prevalence rates of
LABA-containing prescriptions for patients with a docu-
mented COPD diagnosis varied between 124.1 per 10,000
persons and 1063.3 per 10,000 persons in the year 2002.
LABA-containing prescriptions increased over time and the
point prevalence rates at the end of the study period
ranged between 945.5 per 10,000 persons and 2341.6 per
10,000 persons. For the whole study period, point preva-
lence rates of LABA-containing prescriptions were the
highest in the Dutch databases (Fig. 3).

Seasonality of LABA-containing prescriptions

For all databases, lowest aSls were found on 1st September
(range: 91.8% [BIFAP] — 98.9% [CPRD]) and highest on 1st
December (Mondriaan—NPCRD: 105.6%; Bavaria: 104.5%;
and CPRD: 101.8%), 1st March (BIFAP: 104.8%) or 1st June
(Mondriaan—AHC: 101.8%, THIN: 101.8%; Table 2). The
weakest seasonality effect was found in the CPRD and THIN
databases (delta-aSl: 2.8 and 4.5), whereas delta-aSls var-
ied between 6.1 and 13.4 for the remaining databases
(Table 2). SIs for each quarter and database are visualized
in Fig. 4.
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Seasonal index stratified by sex and age

Regarding mean values for all databases, slightly higher
delta-aSls were found for females compared to men
(except for patients aged between 70 and 79 years). In
THIN, delta-aSls were higher in men compared to women
for all age groups (10.6—13.1%), whereas in Mondriaan-
AHC, women aged >80 years had higher delta-aSI| values
than men in this age group (e-Fig. 2). For most databases
highest delta-aSIs were found in age groups 40—49 and >80
(e-Fig. 2).

Asthma-COPD overlap syndrome (ACOS, “asthma
and COPD”)

An increase of the age- and sex-standardized point preva-
lence rates of LABA-containing prescriptions for ACOS pa-
tients was found for all databases within the study period.
For the whole study period, point prevalence rates of LABA-
containing prescriptions were the highest in the THIN
database (2002: 1484.9 per 10,000 persons; 2009: 4004.1
per 10,000 persons) and the lowest in the BIFAP database
(2002: 1112.5 per 10,000 persons; 2009: 2050.0 per 10,000
persons) (Fig. 5).

Seasonality of LABA-containing prescriptions

For most databases, lowest aSls were found on 1st
September (range: 93.2% [BIFAP] — 99.1% [THIN]) and
highest on 1st December (THIN: 100.6%; CPRD: 102.2%;

SEPOS ||
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JUNOS
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Seasonal index for LABA-containing prescriptions in asthma patients.

Mondriaan-NPCRD: 104.7; Bavaria: 103.6), or 1st March
(BIFAP: 103.1%; Mondriaan-AHC: 101.3%, Table 3). For the
two UK databases and the Mondriaan-AHC database the
delta-aSl were within the range of 1.4-3.5. For the
remaining databases seasonal differences in LABA-
prescribing behaviour were more evident (delta-aSI varied
between 6.1 and 9.9; Table 3). SIs for each quarter and
database are shown in Fig. 6.

Seasonal index stratified by sex and age

The averaged delta-aSls for all databases were higher for
females for all age classes except for patients between 70
and 79 years. The highest aSls were found in the age groups
40—49 and >80 (e-Fig. 3).

Discussion

By using a common methodology and analysing prescribing
data of six European databases from four countries, we
found an increase in PPRs for LABA-containing prescribing
during the study period for patients diagnosed with asthma,
COPD, or ACOS. Regarding the main focus of our study, i.e.
seasonal variations of LABA-containing prescriptions, we
found only moderate seasonal changes in prescriptions of
LABA-containing drugs for the three patient groups. This is
in line with the respective guidelines recommending these
medicine as maintenance treatment [2,21]. For all three
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Figure 3 Point prevalence rates for LABA-containing pre-
scriptions in COPD patients per 10,000 persons.

indications, we found lowest aSls in most databases for the
1st September covering prescriptions of the summer
period. Regarding risk factors for developing asthma and
COPD [9—19], seasonal variations showing lowest exposure
for some risk factors during the summer period might be
causal. In addition, the vacation period itself might be of
relevance in terms of shifting prescriptions before or after
the summer holidays. Taking into account these issues,
undertreatment has been proposed as a possible explana-
tion for asthma exacerbations after summer holidays [16].

Asthma

In one of the few studies focussing on seasonal changes in
drug dispensing, temporal changes were found for respira-
tory drugs by analysing nation-wide claims data of children
living in the United States [20]. In this study, periodical
changes were more pronounced compared to our analysis,
but several methodological differences have to be consid-
ered (e.g. inclusion of typically seasonally used antihista-
minic agents, non-consideration of indication, shorter
period for prevalence calculation), limiting the compara-
bility of results. Nevertheless, similar to our overall study
results, lower dispensing rates were found for respiratory
drugs during the summer period [20].

Regarding the age-related aspects of seasonality,
younger patients have been reported to be more likely to

Table 2 Averaged seasonal indexes (aSls) and seasonal
index difference (delta-aSl) for COPD patients; NPCRD:
Mondriaan-NPCRD; AHC: Mondriaan-AHC.

THIN CPRD NPCRD AHC Bavaria BIFAP

99.7 99.4 104.9 101.2 103.8 104.8
101.8 99.9 97.3 101.8 99.7 103.5
aSl September 97.3 98.9 92.2 95.7 91.9 91.8
aS| December 101.1 101.8 105.6 101.2 104.5 99.9
Delta-aSI 45 2.8 13.4 6.1 12.5 13.0

aSl| March
aS| June

experience seasonal changes in asthma exacerbations and
emergency department visits [16,17]. This is in line with
our results, showing most pronounced seasonal changes in
LABA-containing prescriptions in the youngest age group
(0—9 years) in all databases (except the Bavarian database
(male and female patients) and the Mondriaan-AHC data-
base (male patients), where we observed the highest var-
iations in patients aged 20—29 years). For younger ages
somewhat higher seasonal changes in asthma exacerbation
rates were reported [12,17], while in our study age-related
differences in LABA-containing prescriptions might have
been masked to some extent by the use of 10-year age
categories.

By assessing inter-country differences in prescribing
patterns, we found a wide variation of seasonal index dif-
ferences with lowest and highest values in the CPRD and
the Spanish database. Despite limited generalizability of
seasonal data from other geographical regions, somewhat
similar geographical latitude-related differences were
found in a Finish study. Compared to Northern Finland
higher asthma exacerbation rates were found in Southern
Finland which were mainly attributed to an increased pol-
len burden [12]. Other climate factors, increasing or
decreasing the risk for asthma exacerbations (e.g. ozone,
temperature, sunshine duration [17]), might have also
contributed to the inter-country variations observed in our
study. For differences in maximum LABA-prescription
prevalence rates, regional variations of climate factors as
well as other risk factors for asthma exacerbations (e.g.
viral infections) might be causative [32—36].

COPD

For COPD patients, only limited data regarding seasonal
changes in drug prescriptions is available. In a post-hoc
analysis of a large, randomized trial, seasonal differences
in rates of exacerbations and treatment were found with
highest rates in the winter season. An increased utilization
of antibiotics and oral corticosteroids was suggestive of
more severe exacerbations during the winter [9,11]. This is
in line with our study, showing highest prevalence of LABA-
containing prescriptions during the autumn and winter
period (1st December and 1st March point prevalence) in
most databases. As observed in patients diagnosed with
asthma, the lowest rate of LABA-containing prescriptions
was found for the third quarter (point prevalence 1st
September), which is also in line with results from other
studies [9,11].

For COPD patients, we found no clear age-related sea-
sonal changes in LABA-containing prescriptions, which is in
concordance with results from other studies, stating no
influence of age on COPD exacerbation rates [11]. Inter-
estingly, seasonal changes in prescriptions of LABA-
containing drugs were more prominent in our analysis in
women than in men diagnosed with COPD. There are only a
few sex-related analyses on this topic mentioned in the
literature, indicating no significant influence of sex on
clinical endpoints [11,37].

Regarding inter-country differences, we found a less
pronounced variation of LABA-containing prescriptions be-
tween the countries for COPD patients compared to our
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Figure 4 Seasonal index for LABA-containing prescriptions in COPD patients.

analyses in asthma patients. Nevertheless, similar to the
results for asthma patients, inter-country differences in
viral infections might have contributed to the differences in
maximum prevalence rates.
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1000

ACOS (asthma-COPD overlap syndrome)

In our study, we found highest PPR rates for LABA-
containing prescriptions for ACOS patients in all databases
within the study period. This is supported by clinical data
showing an increased risk for exacerbations and hospitali-
zations in ACOS patients compared to patients suffering
from asthma or COPD [4—6]. Regarding seasonality, we
found lowest averaged seasonal indexes (aSls) on the 1st
September which is in line with our data for asthma pa-
tients or COPD patients showing the same pattern. Whereas
in three databases (CPRD, Mondriaan-NPCRD, Mondriaan-
AHC) delta-aSIs of ACOS patients laid between of those
calculated for asthma or COPD patients, delta aSI were
lowest in ACOS patients in the three remaining databases.

Table 3 Averaged seasonal indexes (aSls) and seasonal
index difference (delta-aSl) for patients with asthma-COPD
overlap syndrome (ACOS patients); NPCRD: Mondriaan-
NPCRD; AHC: Mondriaan-AHC.

THIN CPRD NPCRD AHC Bavaria BIFAP

Figure 5 Point prevalence rates for LABA-containing pre-
scriptions in patients with asthma-COPD overlap syndrome
(ACOS patients) per 10,000 persons.

aS| March 100.0 99.8 101.0 101.3 98.2 103.1
aS| June 100.3 99.1 98.0 97.8 100.8 102.1
aSl September 99.1 98.9 96.3 99.8 97.4 93.2
aSl December 100.6 102.2 104.7 101.1 103.6 101.6
Delta-aSI 1.4 3.3 8.4 3.5 6.1 9.9




Seasonal changes in prescribing of LABA-containing drugs

835

THIN

130
120
110

100
I 100 (N1 | 1 N0 (N0 (N0 IMORIND (NUNON INIRD D [N (DN
80 —

CPRD

130
120
110

100
0 - [T
80 -

NPCRD

130
120
110
100 —
90
80 —

7

I

AHC

1L [ .

130
120
110

100

90 Iill
80 —

[T Hal NN

EEROAOONe. ©

Bavaria

130
120 —
110
100
90
80

01 1IN T TR TN

BIFAP

130
120 —
110
100

90

=
=
=

5

80

Junos [
MAROS ]

JUNOS [
seros [

MARO2
JUNO2
SEPO2
DECO2
MARO3
JUNO3
SEPO3
DECO3
MARO4
SEPO4
DECO4

Figure 6

Taken together, less prominent seasonal changes in LABA-
prescribing were found in some databases underlining the
need of continuous LABA-prescribing in ACOS patients due
to the severity of clinical symptoms [4—6].

Strengths and limitations

This study has a number of strengths and some limitations.
As a major strength, we consider the inclusion of different
databases from several countries, the coverage of different
populations, and the use of a common protocol in our study.
There are also some limitations to our study. Firstly, by
using four data points for the calculation of the point
prevalence rates per year to represent the number of LABA-
containing prescriptions we might have underestimated the
magnitude of seasonal changes in LABA-prescriptions
compared to other studies using e.g. 12 data points per
year [20]. Secondly, there are some difficulties in diag-
nosing asthma, COPD, or ACOS under real-life conditions
[7,38,39]. As in most multi-national database studies, we
abstained from validating diagnoses by using e.g. lung
function parameter for feasibility reasons and lacking data
in some databases. Hence, we cannot exclude as misclas-
sification of patients considered as asthma, COPD, or ACOS
patients in our study. Third, the interpretation of seasonal
changes in LABA-containing prescriptions as a proxy for
clinical endpoints (e.g. exacerbations) is limited for several
reasons: In patients with more severe asthma or COPD,
receiving LABA for a prolonged period of time, no seasonal
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JUNOB
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0
[
<
=
-COPD overlap syndrome (ACOS patients).

changes in treatment may be noticed assuming that the
patients are persistent with therapy. On the other hand,
patients with mild asthma, receiving short-acting beta-2-
agonists will not be included in our study if they have
received inhaled corticosteroids only (without LABA) during
their asthma exacerbation. The same issue is present in
COPD patients if they have received tiotropium (a long-
acting muscarinic agonistic (LAMA)) instead of LABA for
treating exacerbations. Furthermore, we did not discrimi-
nate between drugs consisting of LABA only and drugs
containing both, LABA and inhaled corticosteroids. Despite
these limitations, we found a similar periodical pattern of
LABA-containing prescriptions compared to clinically rele-
vant endpoints in asthma and COPD as stated above. In
future studies - by analysing the association between risk
factors for exacerbations (e.g. climate factors), drug usage
and clinically endpoints on an individual patient base -
high-risk situations and high-risk patients could be identi-
fied and prevention strategies for reducing exacerbations
could be developed.

Conclusion

By applying a common study protocol to data from six Eu-
ropean databases, we could show moderate overall sea-
sonal changes in LABA-containing prescriptions which was
more pronounced in asthma or COPD compared to ACOS



836

M. Rottenkolber et al.

patients. After stratification by age and sex, we found
considerable seasonal changes in LABA-containing drug
prescriptions. The most pronounced variation of LABA-
containing prescription rates was found for asthma and
ACOS in patients living in Spain and for COPD patients
documented in the national Dutch database (Mondriaan-
NPCRD). Regarding age and sex, highest seasonal variation
was found in boys aged younger 10 years living in Spain and
having a diagnosis of asthma. Further studies are needed to
analyse whether these inter-country differences in seasonal
prescription rates lead to differences in clinical relevant
endpoints.
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E-supplement

e-table 1: ICD-10 codes for indication

I ndication ICD-10 Code ICD-10 Term
Asthma J5 Asthma

J46 Status asthmaticus
COPD J4 Other chronic obstructive

pulmonary disease

e-table 2: ICPC codes for indication

Indication ICPC Code ICPC Term
Asthma R96 Asthma
COPD R95 Emphysema/COPD

e-table 3: BIFAP specific ICPC coding for indication

Indication Codes/ Term
Asthma R96 (Asthma)
COPD

BIFAP Thesaurus ICPC code “R79 Chronic Bronchitis”)
OR BIFAP Thesaurus ICPC code “R91 Chronic Bronchitis/
Bronchiectasis” AND String text algorithms search
(Spanish) identifying only Chronic Bronchitis (and NOT
including Bronchiectasis)) OR BIFAP Thesaurus ICPC code
“R95 Emphysema/ COPD”)

e-table 4: Read codes for indication

Indication Read Code

Read Term

Asthma U60F600

66Y C.00
H333.00
TJF7z00
TJF7.00
TJIF7300
H330.11
H33zz12
1780.00
H33..00
Gbh81.11
663j.00
663h.00
663m.00

66Y J.00
H33z100
H33z111

[XJANTIASTHMATS CAUS ADVERSE EFFECTSIN
THERAPEUT USE, NEC

ABSENT FROM WORK OR SCHOOL DUE TO ASTHMA
ACUTE EXACERBATION OF ASTHMA

ADVERSE REACTION TO ANTIASTHMATIC NOS
ADVERSE REACTION TO ANTIASTHMATICS
ADVERSE REACTION TO THEOPHYLLINE (ASTHMA)
ALLERGIC ASTHMA

ALLERGIC ASTHMA NEC

ASPIRIN INDUCED ASTHMA

ASTHMA

ASTHMA - CARDIAC

ASTHMA - CURRENTLY ACTIVE

ASTHMA - CURRENTLY DORMANT

ASTHMA ACCIDENT AND EMERGENCY ATTENDANCE
SINCE LAST VISIT

ASTHMA ANNUAL REVIEW

ASTHMA ATTACK

ASTHMA ATTACK NOS




Indication Read Code Read Term

663t.00 ASTHMA CAUSESDAYTIME SYMPTOMS1TO 2 TIMES
PER MONTH

663u.00 ASTHMA CAUSESDAYTIME SYMPTOMS 1 TO 2 TIMES
PER WEEK

663v.00 ASTHMA CAUSES DAYTIME SYMPTOMS MOST DAY S

663r.00 ASTHMA CAUSESNIGHT SYMPTOMS1TO 2 TIMES PER
MONTH

663N000 ASTHMA CAUSING NIGHT WAKING

90J..11 ASTHMA CLINIC ADMINISTRATION

8CRO0.00 ASTHMA CLINICAL MANAGEMENT PLAN

102..00 ASTHMA CONFIRMED

8793.00 ASTHMA CONTROL STEPO

8794.00 ASTHMA CONTROL STEP 1

8795.00 ASTHMA CONTROL STEP 2

8796.00 ASTHMA CONTROL STEP 3

8797.00 ASTHMA CONTROL STEP 4

8798.00 ASTHMA CONTROL STEP5

6637.00 ASTHMA DAYTIME SYMPTOMS

663N.00 ASTHMA DISTURBING SLEEP

663N200 ASTHMA DISTURBS SLEEP FREQUENTLY

663N 100 ASTHMA DISTURBS SLEEP WEEKLY

66YK.00 ASTHMA FOLLOW-UP

8CE2.00 ASTHMA LEAFLET GIVEN

663P.00 ASTHMA LIMITING ACTIVITIES

663x.00 ASTHMA LIMITSWALKING ON THE FLAT

663w.00 ASTHMA LIMITS WALKING UPHILLSOR STAIRS

663U.00 ASTHMA MANAGEMENT PLAN GIVEN

8B3).00 ASTHMA MEDICATION REVIEW

90J4.00 ASTHMA MONITOR 1ST LETTER

90J5.00 ASTHMA MONITOR 2ND LETTER

90J6.00 ASTHMA MONITOR 3RD LETTER

90J3.00 ASTHMA MONITOR OFFER DEFAULT

90J8.00 ASTHMA MONITOR PHONE INVITE

90J7.00 ASTHMA MONITOR VERBAL INVITE

90JA.11 ASTHMA MONITORED

663..11 ASTHMA MONITORING

90J..00 ASTHMA MONITORING ADMIN

90JZ.00 ASTHMA MONITORING ADMIN.NOS

66Y R.00 ASTHMA MONITORING BY DOCTOR

66Y Q.00 ASTHMA MONITORING BY NURSE

90JA.00 ASTHMA MONITORING CHECK DONE

90J9.00 ASTHMA MONITORING DELETED

66Y E.00 ASTHMA MONITORING DUE

663s.00 ASTHMA NEVER CAUSESDAYTIME SYMPTOMS

6630000 ASTHMA NEVER DISTURBS SLEEP

663f.00 ASTHMA NEVER RESTRICTS EXERCISE

66Y P.00 ASTHMA NIGHT-TIME SYMPTOMS

H33zz00 ASTHMA NOS

6630.00 ASTHMA NOT DISTURBING SLEEP




Indication

Read Code Read Term

663Q.00
9NI18.00
663W.00
2126200
212G.00
663€.00
68C3.00
663100
663V.00
663000
663n.00
663p.00

178..00
H33z.00
90J1.00
H334.00
H33..11
66Y5.00
H330.12
H312000
H47y000
9N4Q.00
66YZ.00
8H2P.00
663d.00

9nhA2.00
9hA1.00
9hA..00

173A.00
H33zz11
H330.00
H330z00
H330111
H330100
H330000
8791.00
14B4.00
H330.13
H330011
679J.00
H331.00
H331z00
H331111
H331100

ASTHMA NOT LIMITING ACTIVITIES

ASTHMA OUTREACH CLINIC

ASTHMA PROPHYLACTIC MEDICATION USED
ASTHMA RESOLVED

ASTHMA RESOLVED

ASTHMA RESTRICTS EXERCISE

ASTHMA SCREENING

ASTHMA SEVERELY RESTRICTS EXERCISE
ASTHMA SEVERITY

ASTHMA SOMETIMES RESTRICTS EXERCISE
ASTHMA TREATMENT COMPLIANCE SATISFACTORY
ASTHMA TREATMENT COMPLIANCE
UNSATISFACTORY

ASTHMA TRIGGER

ASTHMA UNSPECIFIED

ATTENDS ASTHMA MONITORING

BRITTLE ASTHMA

BRONCHIAL ASTHMA

CHANGE IN ASTHMA MANAGEMENT PLAN
CHILDHOOD ASTHMA

CHRONIC ASTHMATIC BRONCHITIS

DETERGENT ASTHMA

DNA - DID NOT ATTEND ASTHMA CLINIC

DOES NOT HAVE ASTHMA MANAGEMENT PLAN
EMERGENCY ADMISSION, ASTHMA

EMERGENCY ASTHMA ADMISSION SINCE LAST
APPOINTMENT

EXCEPTED FROM ASTHMA QUALITY INDICATORS:
INFORMED DISSENT

EXCEPTED FROM ASTHMA QUALITY INDICATORS:
PATIENT UNSUITABLE

EXCEPTION REPORTING: ASTHMA QUALITY
INDICATORS

EXERCISE INDUCED ASTHMA

EXERCISE INDUCED ASTHMA

EXTRINSIC (ATOPIC) ASTHMA

EXTRINSIC ASTHMA NOS

EXTRINSIC ASTHMA WITH ASTHMA ATTACK
EXTRINSIC ASTHMA WITH STATUSASTHMATICUS
EXTRINSIC ASTHMA WITHOUT STATUS ASTHMATICUS
FURTHER ASTHMA - DRUG PREVENT.

H/O: ASTHMA

HAY FEVER WITH ASTHMA

HAY FEVER WITH ASTHMA

HEALTH EDUCATION - ASTHMA

INTRINSIC ASTHMA

INTRINSIC ASTHMA NOS

INTRINSIC ASTHMA WITH ASTHMA ATTACK
INTRINSIC ASTHMA WITH STATUS ASTHMATICUS




Indication Read Code Read Term

H331000  INTRINSIC ASTHMA WITHOUT STATUS ASTHMATICUS

H331.11  LATE ONSET ASTHMA

H33z2200  LATE-ONSET ASTHMA

663V100  MILD ASTHMA

H332.00  MIXED ASTHMA

663V200 MODERATE ASTHMA

663y.00 NUMBER OF ASTHMA EXACERBATIONS IN PAST YEAR

663V000  OCCASIONAL ASTHMA

173¢.00 OCCUPATIONAL ASTHMA

9Q21.00  PATIENT IN ASTHMA STUDY

H330.14  POLLEN ASTHMA

8HTT.00  REFERRAL TO ASTHMA CLINIC

90J2.00 REFUSES ASTHMA MONITORING

ON1d.00  SEEN IN ASTHMA CLINIC

H35y600  SEQUOIOSIS (RED-CEDAR ASTHMA)

663V300  SEVERE ASTHMA

H33z011  SEVERE ASTHMA ATTACK

H33z000  STATUSASTHMATICUSNOS

66YA.00  STEPDOWN CHANGE IN ASTHMA MANAGEMENT
PLAN

66Y9.00  STEPUPCHANGE IN ASTHMA MANAGEMENT PLAN

H35y700  WOOD ASTHMA

173d.00 WORK AGGRAVATED ASTHMA

COPD 66YB.00  CHRONIC OBSTRUCTIVE PULMONARY DISEASE

MONITORING

66YD.00  CHRONIC OBSTRUCTIVE PULMONARY DISEASE
MONITORING DUE

66Yd.00  COPD ACCIDENT AND EMERGENCY ATTENDANCE
SINCE LAST VISIT

66Ye00  EMERGENCY COPD ADMISSION SINCE LAST
APPOINTMENT

66Y£.00 NUMBER OF COPD EXACERBATIONS IN PAST YEAR

66Yg00  CHRONIC OBSTRUCTIVE PULMONARY DISEASE
DISTURBS SLEEP

66Yh.00  CHRONIC OBSTRUCTIVE PULMONARY DISEASE DOES
NOT DISTURB SLEEP

66Y1.00 COPD SELF-MANAGEMENT PLAN GIVEN

66Yi.00 MULTIPLE COPD EMERGENCY HOSPITAL ADMISSIONS

66YL.O0  CHRONIC OBSTRUCTIVE PULMONARY DISEASE
FOLLOW-UP

66YL.11  COPD FOLLOW-UP

66YM.00  CHRONIC OBSTRUCTIVE PULMONARY DISEASE
ANNUAL REVIEW

66YS00  CHRONIC OBSTRUCTIVE PULMONARY DISEASE
MONITORING BY NURSE

66YT.00  CHRONIC OBSTRUCTIVE PULMONARY DISEASE
MONITORING BY DOCTOR

8CR100  CHRONIC OBSTRUCTIVE PULMONARY DISEASE CLINI
MANAGEMENT PLAN




Indication

Read Code Read Term

8H2R.00
9h5..00
9n51.00

9n52.00
9kf0.00

90i..00

90i0.00
90i1.00
90i2.00
90i3.00
90i4.00

H3...00
H3..11
H31..00
H310.00
H310000
H310z00
H311.00
H311000
H311100
H311z00
H312.00
H312000
H312011
H312100
H312200

H312300
H312z00
H313.00

H31y.00
H31y100
H31yz00
H31z.00

H32..00

H320.00
H320000
H320100
H320200

ADMIT COPD EMERGENCY

EXCEPTION REPORTING: COPD QUALITY INDICATORS
EXCEPTED FROM COPD QUALITY INDICATORS:
PATIENT UNSUITABLE

EXCEPTED FROM COPD QUALITY INDICATORS:
INFORMED DISSENT

COPD PATIENT UNSUITABLE FOR PULMONARY REHAB
- ENH SERV ADMIN

CHRONIC OBSTRUCTIVE PULMONARY DISEASE
MONITORING ADMIN

CHRONIC OBSTRUCTIVE PULMONARY DISEASE
MONITORING 1ST LETTER

CHRONIC OBSTRUCTIVE PULMONARY DISEASE
MONITORING 2ND LETTER

CHRONIC OBSTRUCTIVE PULMONARY DISEASE
MONITORING 3RD LETTER

CHRONIC OBSTRUCTIVE PULMONARY DISEASE
MONITORING VERB INVITE

CHRONIC OBSTRUCTIVE PULMONARY DISEASE
MONITOR PHONE INVITE

CHRONIC OBSTRUCTIVE PULMONARY DISEASE
CHRONIC OBSTRUCTIVE AIRWAY S DISEASE
CHRONIC BRONCHITIS

SIMPLE CHRONIC BRONCHITIS

CHRONIC CATARRHAL BRONCHITIS

SIMPLE CHRONIC BRONCHITISNOS
MUCOPURULENT CHRONIC BRONCHITIS
PURULENT CHRONIC BRONCHITIS

FETID CHRONIC BRONCHITIS

MUCOPURULENT CHRONIC BRONCHITIS NOS
OBSTRUCTIVE CHRONIC BRONCHITIS
CHRONIC ASTHMATIC BRONCHITIS

CHRONIC WHEEZY BRONCHITIS

EMPHY SEMATOUS BRONCHITIS

ACUTE EXACERBATION OF CHRONIC OBSTRUCTIVE
AIRWAY S DISEASE

BRONCHIOLITIS OBLITERANS

OBSTRUCTIVE CHRONIC BRONCHITIS NOS
MIXED SIMPLE AND MUCOPURULENT CHRONIC
BRONCHITIS

OTHER CHRONIC BRONCHITIS

CHRONIC TRACHEOBRONCHITIS

OTHER CHRONIC BRONCHITISNOS

CHRONIC BRONCHITIS NOS

EMPHY SEMA

CHRONIC BULLOUS EMPHY SEMA

SEGMENTAL BULLOUS EMPHY SEMA

ZONAL BULLOUS EMPHY SEMA

GIANT BULLOUS EMPHY SEMA




Indication Read Code Read Term

H320300
H320z00
H321.00
H322.00
H32y.00

H32y000
H32y100
H32y111
H32y200
H32yz00
H32yz11
H32z.00

H36..00

H37..00

H38..00
H39..00
H3y..00
H3y..11
H3y0.00
H3y1.00
H3z..00
H3z..11
H464000
H581.00
H582.00
Hyu3.00
Hyu3000
Hyu3100

SK07.00
SP2y000

BULLOUS EMPHY SEMA WITH COLLAPSE

CHRONIC BULLOUS EMPHY SEMA NOS
PANLOBULAR EMPHY SEMA

CENTRILOBULAR EMPHY SEMA

OTHER EMPHY SEMA

ACUTE VESICULAR EMPHY SEMA

ATROPHIC (SENILE) EMPHY SEMA

ACUTE INTERSTITIAL EMPHY SEMA
MACLEOD'SUNILATERAL EMPHY SEMA

OTHER EMPHY SEMA NOS

SAWYER - JONES SYNDROME

EMPHY SEMA NOS

MILD CHRONIC OBSTRUCTIVE PULMONARY DISEASE
MODERATE CHRONIC OBSTRUCTIVE PULMONARY
DISEASE

SEVERE CHRONIC OBSTRUCTIVE PULMONARY
DISEASE

VERY SEVERE CHRONIC OBSTRUCTIVE PULMONARY
DISEASE

OTHER SPECIFIED CHRONIC OBSTRUCTIVE AIRWAY S
DISEASE

OTHER SPECIFIED CHRONIC OBSTRUCTIVE
PULMONARY DISEASE

CHRONIC OBSTRUCT PULMONARY DISWITH ACUTE
LOWER RESP INFECTN

CHRON OBSTRUCT PULMONARY DISWTH ACUTE
EXACERBATION, UNSPEC

CHRONIC OBSTRUCTIVE AIRWAY S DISEASE NOS
CHRONIC OBSTRUCTIVE PULMONARY DISEASE NOS
CHRONIC EMPHY SEMA DUE TO CHEMICAL FUMES
INTERSTITIAL EMPHY SEMA

COMPENSATORY EMPHY SEMA

[X]CHRONIC LOWER RESPIRATORY DISEASES
[X]OTHER EMPHY SEMA

[X]OTHER SPECIFIED CHRONIC OBSTRUCTIVE
PULMONARY DISEASE

SUBCUTANEOUS EMPHY SEMA

SURGICAL EMPHY SEMA

e-table 5: ATC codes for Exposure of interest

Drug class ATC code Compound name
Inhaled LABA RO3AC12  Sameterol
RO3AC13 Formoterol
Inhaled LABA RO3AK06  Salmeterol and other drugs for obstructive airway
combinations diseases

RO3AKOQO7  Formoterol and other drugs for obstructive airway

diseases




RO3AK27 Formoterol and Beclometasone
RO3AK?28 Formoterol and Budesonide

e-table 6: Multilex codes for Exposure of interest

Drug class Multilex code Compound name

Inhaled LABA m6817001; m6817002; m6817003; Sameterol
m6818001; m6818002; m6818003;
m13678001; m13679001; m15084001;
m15087001; m15088001; m15091001
m9056001; m9057001; m11509001, Formoterol
m11509002; m11511001; m11512001;
m13469001; m13470001; m15010001

Inhaled LABA m5374001; m6016001; m6016002; Salmeterol and other
combinations m6016003; m7800001; m8452001,; drugs for obstructive
m8651001; m11474001; m11474002; airway diseases

m11474003; m11475001; m11475002;
m11475003; m11477001; m12019001;
m12019002; m12019003; m12020001;

m15760001; m15761001 Formoterol and
Beclometasone
m7588001; m8506001; m9605001; Formoterol and

m9605002; m11694001; m11694002; Budesonide
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e-Figure 1: Seasonal index difference (delta-aSl) for LABA-containing prescriptions in asthma patients
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e-Figure 2: Seasonal index difference (delta-aSl) for LABA-containing prescriptions in COPD patients
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e-Figure 3: Seasonal index difference (delta-aSl) for LABA-containing prescriptions in patients with
asthma-COPD overlap syndrome (ACOS patients)
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