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ABSTRACT

Background: A decreasing use of inhaled corticosteroids (ICS) in patients with a hospital-
registered diagnosis of chronic obstructive pulmonary disease (COPD) has recently been docu-
mented in Denmark. ICS treatment is not recommended in patients with high pneumonia risk,
and we aimed to assess the development of ICS treatment in relation to pneumonia occurrence.
Methods: Annual nationwide register-based cross-sectional studies from 1998 to 2018 including
all patients >40 years of age with a hospital-registered ICD-10 diagnosis of COPD on the 31°" of
December each year. We calculated the annual proportion of patients with at least one out-
patient pneumonia (redeemed prescription of relevant antibiotics) or pneumonia hospitalization
(hospitalization or ER visit), and stratified by ICS dose (No ICS, low dose, medium dose, or high
dose).

Results: The study population increased from 35,656 patients in 1998 to 99,057 patients in 2018.
The annual proportion of patients experiencing a pneumonia decreased from 69.4% to 55.2%.
The proportion of patients with at least one outpatient pneumonia, but no hospitalization,
decreased (59.2% to 46.2%). The overall proportion of patients with at least one pneumonia
hospitalization remained unchanged (10.2% to 9.0%), but this proportion increased in patients in
high dose ICS (9.9% to 14.6%). The overall proportion of patients in high dose treatment
decreased (12.7% to 5.7%), but not in patients with pneumonia hospitalization (16.5% to 15.1).

Conclusions: Our study demonstrates a nationwide decrease from 1998 to 2018 in the propor-
tion of patients who redeemed a prescription for antibiotics used mainly for respiratory tract
infections, which may reflect a decrease in the number of outpatient pneumonias. This decrease
was largely caused by an increase in the number of patients without pneumonia. No differences
over time were seen regarding hospitalization-requiring pneumonia. High dose ICS treatment
was unchanged in patients with hospitalization-requiring pneumonia.
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Patients with COPD may experience periods of
acute worsening of respiratory symptoms, which
are called exacerbations, and ICS treatment has
a beneficial preventive effect on these exacerbations.
Long-acting bronchodilator therapy has been shown
equally effective in the majority of patients, while
ICS containing therapy is superior in a proportion
of these [2,4-7]. Combined with increasing evidence
of negative side effects of ICS treatment [8,9], this
has led to increasingly narrow ICS treatment recom-
mendations [10]. An important negative side effect
of ICS treatment in COPD is the increased risk of

Background

Chronic obstructive pulmonary disease (COPD) is
a respiratory disease with obstructive airflow limitation
caused by inflammation and destruction of lung tissue
[1]. The disease is irreversible, and treatment is pri-
marily focused on relieving symptoms, reducing com-
plications, and delaying the disease progression [1].
Pharmacological treatment is mainly comprised of
inhaled medication, which may be divided into
bronchodilation therapy and inhaled corticosteroid
(ICS) treatment. Many patients with COPD use
a combination of both [2,3].

CONTACT Allan Klitgaard 8 alksorensen@health.sdu.dk @ Department of Internal Medicine Vejle, Lillebaelt Hospital, Medicinsk Afdeling, Vejle
Sygehgus, Beriderbakken 4, Vejle 7100, Denmark

Supplemental data for this article can be accessed online at https://doi.org/10.1080/20018525.2024.2359768
© 2024 The Author(s). Published by Informa UK Limited, trading as Taylor & Francis Group.
This is an Open Access article distributed under the terms of the Creative Commons Attribution-NonCommercial License (http://creativecommons.org/licenses/by-nc/4.0/), which
permits unrestricted non-commercial use, distribution, and reproduction in any medium, provided the original work is properly cited. The terms on which this article has been
published allow the posting of the Accepted Manuscript in a repository by the author(s) or with their consent.


http://orcid.org/0000-0002-6805-5695
https://doi.org/10.1080/20018525.2024.2359768
http://www.tandfonline.com
https://crossmark.crossref.org/dialog/?doi=10.1080/20018525.2024.2359768&domain=pdf&date_stamp=2024-05-28

2 (&) A KLITGAARD ET AL.

pneumonia. Patients with COPD has an increased
risk of pneumonia compared to patients without
COPD [11], and ICS treatment further increases
this risk [12,13]. This is important because hospita-
lization with pneumonia is more dangerous than
hospitalization with non-pneumonic exacerbation
[14-16].

Despite a well-documented increase in the overall
use of inhaled corticosteroids in Denmark [17],
a decrease in the use of ICS per patient in patients
with a hospital-registered COPD diagnosis from 1998
to 2018 has recently been documented [10]. The
increase in the overall pneumonia incidence in patients
with COPD is also well-documented [15], but little is
known about how the use of ICS relates to this. As
increasingly restricted recommendations for ICS treat-
ment have emerged, and ICS treatment is not recom-
mended in patients with repeated pneumonia events
[1], the aim of this current study was to evaluate ICS
treatment patterns from 1998 to 2018 in relation to
pheumonia occurence.

Methods
Data sources

This study was based on data from Danish nation-
wide registers. Diagnoses were retrieved from the
Danish National Patient Registry (DNPR) using
International Classification of Diseases 10™ revision
(ICD-10) codes [18]. Medication data were retrieved
from the Danish National Prescription Registry
(DNR) wusing anatomical therapeutical chemical
(ATC) codes [19,20]. Age, sex, and socio-economic
data were retrieved from various registers within
Statistics Denmark (DST) [21,22]. The unique perso-
nal identification number assigned to all inhabitants
in Denmark was used for linkage across registers on
the individual level [23].

Table 1. Codes used for defining pneumonia.

Study design and population

This was an annually repeated cross-sectional study
from 1998 to 2018, which included all patients in
Denmark with an ICD-10 diagnosis code of COPD
(J44) who were alive on the 31% of December each year.

Setting

Denmark has a tax funded free universal healthcare
system, which is divided into a primary and
a secondary care sector. Patient access to the sec-
ondary sector i.e. hospital admission or hospital-
based specialist outpatient clinics, is obtained only
through referral from patients’ general practitioner
(GP), private practice specialist, or other hospital
departments. In Denmark, the GPs are responsible
for the primary care of COPD. ICD-10 diagnosis
codes are registered in the DNPR only upon hospital
contact.

Study variables

Pneumonia was defined as either an outpatient pneu-
monia (ATC codes from redeemed prescriptions for
antibiotics used for pneumonia in COPD) or pneumo-
nia hospitalization (all primary and secondary ICD-10
diagnosis codes of pneumonia from hospitalizations or
ER visits). The relevant ATC codes and ICD-10 codes
are displayed in Table 1.

The average daily ICS dose was calculated based
on the accumulated dose from redeemed prescrip-
tions during a year. Like previous research [10,24],
ICS types were converted to standard-particle beclo-
methasone dipropionate equivalents based on the
ICS dose chart from the National Institute for
Health and Care excellence [25], and subsequently
grouped according to dose: No ICS, low dose (<500
micrograms, medium dose (500-1200 micrograms),
and high dose (>1200 micrograms). Prescription is

Outpatient pneumonia
(ATC codes)

Pneumonia hospitalization
(ICD-10 codes)

e J0T1CA04: amoxicillin

e JOTCA02: ampicillin

® JO1CE02: phenoxymethylpenicillin

e JOTCRO1: ampicillin and beta-lactamase
inhibitor

e JOTCR02: amoxicillin and beta-lactamase inhibitor

e JO1FAO1: erythromycin
® JO1FA06: roxithromycin
e JOTFA09: clarithromycin
® JO1FA10: azithromycin

® J12: viral pneumonias

® J13-18: bacterial pneumonias
® A481: legionnaires’ disease

® A709: ornithosis

® B012: varicella pneumonia

Abbreviations: ATC = anatomical therapeutic chemical. ICD-10 = International Classification of Diseases

10th Revision.



mandatory to collect ICS and antibiotics in
Denmark.

Comorbidity was retrieved from the DNPR as ICD-
10 diagnosis codes 3years prior to index date and
calculated as the Charlson Comorbidity Index (CCI)

according to Quan et al. [26,27].

Statistical analysis

This was a descriptive study. For categorical vari-
ables, the proportion of patients within each group
was calculated. Age was the only continuous variable
in our study, and we calculated both mean and
standard deviation as well as proportions in each 10-
year age group (40-49years, 50-59 years, 60-69
years, 70-79years, and 80+ years). Short college,
medium college, and masters/PhD were summed
into one group (college) to account for too few
observations in the groups. CCI was grouped into
four categories (0, 1, 2, and>3). Because ICD-10
code registration in the DNPR is delayed, and we
only have access to data until 2018, the last valid
CCI is from 2015 [10].

We calculated the proportion of patients who had
at least one outpatient pneumonia or pneumonia
hospitalization within each year, and we investigated
the relationship between pneumonia groups and ICS
treatment dose groups. All analyses were performed
using SAS 9.4 TS Level 1M5 (SAS, Inc., Cary,
NC, USA).
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Results
Study population

Characteristics of the study populations for the years
1998, 2008, and 2018 are displayed in Table 2. The
number of patients with a hospital-registered COPD
diagnosis increased from 35,656 in 1998 to 99,057 in
2018. A slightly larger proportion were female, and this
was unchanged from 1998 to 2018. Mean age increased
from 69years in 1998 to 72years in 2018, with an
increase in the proportion of patients more than 80
years old (16.1% to 24.5%). More patients were living
alone in 2018 (52.5%) compared to 1998 (48.0%). The
proportion of patients without ICS treatment increased
from 50.6% to 57.6%, while the proportion of patients
in both medium and high dose ICS treatment
decreased from 21.1% to 18.1% and 17.0% to 9.4%,
respectively.

Pneumonia overall

Figure 1 shows the proportion of patients with at least
one outpatient pneumonia or pneumonia hospitaliza-
tion annually from 1998 to 2018. The underlying data
are presented in Appendix A, Table S1. Table 3 shows
data on pneumonia in the years 1998, 2008, and 2018,
and data for all years are presented in Appendix A,
Table S2. The proportion of patients without pneumo-
nia increased from 1998 to 2018 (30.6% to 44.8%), and
the proportion of patients with at least one outpatient
pneumonia decreased (59.2% to 46.2%). On the other

Table 2. Study population characteristics in the years 1998, 2008, and 2018.

1998 2008 2018

Population (N) 35.565 77314 99.057

n % n % N %
Sex
Male 16,716 47.0 35,348 45.7 45,396 45.8
Female 18,849 53.0 41,966 54.3 53,661 54.2
Age, mean (SD) 69 (10.5) 70 (10.9) 72 (10.4)
Age group
40-49 1,602 4.5 2,641 34 1,674 1.7
50-59 5,090 14.3 11,125 14.4 11,239 11.3
60-69 10,243 28.8 21,409 27.7 26,170 26.4
70-79 12,895 36.3 25,287 327 35,745 36.1
>80 5,735 16.1 16,852 218 24,229 24.5
Charlson Comorbidity Index
0 25,790 72.5 59,668 77.2 72,139* 73.8*%
1 5130 14.4 7,245 9.4 9,770* 10.0*
2 3,170 89 7,590 9.8 11,244* 11.5%
>3 1,475 4.1 2,811 3.6 4,628* 4.7*
ICS treatment
No ICS 17,986 50.6 35,734 46.2 57,072 57.6
Low dose 4,009 1.3 14,612 18.9 14,782 14.9
Medium dose 7,508 21.1 16,639 215 17,931 18.1
High dose 6,053 17.0 10,319 133 9,272 9.4

*Data on comorbidities are from 2015, see explanation in text. Abbreviations: SD, standard deviation. ICS, inhaled corticosteroid.
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Figure 1. Annual proportion of patients with at least one outpatient pneumonia or pneumonia hospitalization from 1998 to 2018.

Table 3. Outpatient pneumonias and pneumonia hospitalizations in 1998, 2008, and 2018.

1998 2008 2018
Population (N) 35,565 77,314 99,057
Number of patients in each pneumonia group n % n % n %
No pneumonia 10,887 30.6 29,133 377 44,304 44.8
At least one outpatient pneumonia, but no hospitalization 21,050 59.2 41,553 53.7 45,807 46.2
At least one pneumonia hospitalization 3,628 10.2 6,628 8.6 8,946 9.0

hand, the proportion of patients who experienced at
least one pneumonia hospitalization remained stable
(10.2% to 9.0%). An increase was seen from 1998 to
2018 in the total number of patients experiencing both
outpatient pneumonia (21,050 to 45,807) and pneumo-
nia hospitalization (3,628 to 8,946).

Pneumonia in relation to ICS

Figure 2 shows pneumonia groups in relation to
inhaled corticosteroid treatment groups from 1998 to
2018. The underlying data can be found in Appendix
A, Table S3 and Table S4.

The largest decrease in pneumonia occurrence was
seen in patients without ICS treatment, where 54.7% in
1998 experienced pneumonia compared to 40.5% in
2018 (Figure 2(a)). The proportion of patients in this
group who experienced at least one outpatient pneu-
monia decreased from 44.9% to 32.9%, and the propor-
tion with at least one pneumonia hospitalization

decreased from 9.8% to 7.5%. In patients in low dose
ICS treatment, similar results were seen: 34.7% did not
have pneumonia in 1998 compared to 48.7% in 2018,
54.0% compared to 42.5% had at least one outpatient
pneumonia, and 11.3% compared to 8.8% had at least
one hospitalization. In the group of patients in medium
ICS dose treatment, the proportion of patients without
pneumonia increased from 32.3% to 41.5%. The pro-
portion with at least one outpatient pneumonia (but no
hospitalization) decreased from 56.8% to 47.4%, and
the proportion with at least one pneumonia hospitali-
zation was stable at 10.9% to 11.1%. In patients in high
dose ICS treatment, the proportion without pneumonia
was relatively stable from 28.8% in 1998 to 31.7% in
2018. While the proportion of patients in high dose
ICS treatment with at least one outpatient pneumonia
decreased from 61.3% to 53,7%, the proportion of
patients with at least one pneumonia hospitalization
increased from 9.9% to 14.6%.
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Figure 2. Pneumonia in relation to inhaled corticosteroid treatment groups from 1998 to 2018. (a) Annual proportion of patients
with at least one outpatient pneumonia or pneumonia hospitalization, grouped by inhaled corticosteroid dose. (b) Annual
proportion of patients in inhaled corticosteroid treatment groups, by pneumonia group.
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Differences regarding ICS treatment were seen
between pneumonia groups (Figure 2(b)). There was
a steady decrease in overall ICS use in patients with-
out pneumonia, and especially the proportion of
patients in high-dose treatment decreased (12.7% vs
5.7%). In patients with at least one annual pneumonia
hospitalization, the proportion of patients without
ICS treatment remained unchanged from 48.5% in
1998 to 48.1% in 2018, with a decrease to 35.7% in
2009 and a subsequent increase. On this group, the
proportion of patients in high dose ICS treatment
remained unchanged through the entire study period
(16.5% in 1998, 17.6% in 2009, 15.1% in 2018), and
the changes from 2009 to 2018 lied predominantly in
the decreasing use of low and medium dose ICS
treatment. Overall, an increase in ICS use was seen
from 1998 to 2009 with a subsequent decrease, and
this pattern was most obvious in the group of patients
who  experienced at least one pneumonia
hospitalization.

Discussion

We have documented an increase in the annual pro-
portion of patients with a hospital-registered COPD
diagnosis who do not experience pneumonia, and
a corresponding decrease in the proportion of patients
with outpatient pneumonia, but not pneumonia
hospitalization.

Pneumonia in relation to study population

The increasing population size of patients with
a  hospital-registered COPD  diagnosis  with
a corresponding increase in patients without pneumo-
nia may be a combination of several things. It is pos-
sibly the result of an increased focus on diagnosing
diseases, including COPD, at an earlier stage of the
disease, and an earlier referral from GPs to hospital-
based outpatient clinics for specialized assessment. This
would lead to an increasing prevalence of hospital-
registered COPD diagnosis of patients with milder
severity of COPD. Furthermore, the overall prevalence
of COPD has been projected to increase substantially
until 2050 both worldwide and in Europe [28,29].
These above reasons have been stated as possible
causes — along with an aging population combined
with overall treatment improvements — of the general
increase in chronic diseases and multimorbidity in
studies from Sweden and the Netherlands [30-32],
which are comparable to Denmark regarding both
societal structure and healthcare system. In the case
of COPD in particular, an increased focus on the

prevention of pneumonia within COPD could be
a contributing factor. Pneumococcal vaccines has
a well-documented effect on preventing both pneumo-
nia and exacerbations in COPD [33], and it has been
recommended as part of the standard care for patients
with COPD in Denmark since 2014 [34]. Preventing
pneumonia in COPD has also been a focus with the
increasingly narrow ICS treatment recommendations
[1], and the observed decline in ICS treatment in our
study population may explain our results to some
degree. We find it, however, more likely that the
reduced ICS use and reduced pneumonia occurrence
are both results of an increasing population with less
severe disease. Data on this were out of reach for our
current study, but future research on the disease sever-
ity of first-time referrals from GPs to hospital-based
specialized pulmonary outpatient clinics may elucidate
this theory.

A decrease was seen particularly in the occurrence
of outpatient pneumonias, which were defined as
redeemed prescriptions on relevant antibiotics. The
use of antibiotics in Denmark is generally restrictive,
and Denmark had the 8™ lowest use of antibiotics
among 25 European countries in 2015 [35]. The report
from the Danish Ministry of Health from 2017 also
states that 75% of all prescriptions for antibiotics were
issued by GPs, and that the use of antibiotics in
Denmark increased from 2000 to 2011 and then
levelled out [35]. A report from 2021 documents
a decrease in general antibiotic use in Denmark from
2012 to 2021, and especially within the primary care
sector [36]. The use of both macrolides and penicillin
with beta-lactamase inhibitor both decreased in the
primary care sector during this period, and this well-
documented decrease in the use of antibiotics may be
a main reason of our measured decrease in outpatient
pneumonias.

No differences were seen from 1998 to 2018 in the
proportion of patients with at least one pneumonia
hospitalization despite an increasing population of
patients with COPD. This agrees with previous
Danish epidemiological research, which has shown an
increased incidence of pneumonia hospitalization in
Denmark within COPD [15] and in general [37].

Pneumonia in relation to inhaled corticosteroid
treatment

We saw an increase in ICS use from 1998 to 2009 with
a subsequent decrease, and these fluctuations were
larger in patients experiencing pneumonia hospitaliza-
tion. This may partly be explained by the increased
focus on pneumonia risk in the early 2000s: the first



randomized controlled trial to study the risk of pneu-
monia related to ICS treatment was in 1999, and eight
studies were conducted from 2003 to 2009 [9].

A decrease in especially high dose ICS treatment was
seen, and this was most evident in patients without
pneumonia. This may be caused by the increasingly
restricted ICS treatment recommendations with an
increasing focus on not prescribing ICS to patients
with mild or moderate disease severity. The decreased
use of high dose ICS treatment was not seen in patients
experiencing pneumonia hospitalization, and the gen-
eral decrease in the proportion of patients experiencing
pneumonia gradually vanished with increasing ICS
dose. In fact, an increase in the proportion of patients
with at least one pneumonia hospitalization was seen in
patients in high dose ICS treatment. In summary,
patients in high dose ICS treatment had the highest
probability of experiencing pneumonia hospitalization,
while patients experiencing pneumonia hospitalization
were more likely to be in ICS treatment, and these
proportions remained rather constant from 1998 to
2018. This finding may illustrate one of the difficulties
in ICS treatment in COPD: ICS treatment is not
recommended in patients with frequent pneumonia,
and ICS treatment is recommended in patients with
frequent exacerbations [1]. There is, however,
a considerable overlap between these patient groups,
as the risk of both pneumonia and exacerbation is
associated with female sex, increased disease severity
defined as dyspnea level and airflow limitation,
a history of prior exacerbations, and cardiovascular
comorbidity [38,39]. Our findings thus highlight the
difficult question of whether patients with both fre-
quent exacerbations and a history of pneumonia
should be treated with ICS. Although evidence exists
of reduced pneumonia risk after withdrawal from ICS
treatment [40], data on ICS withdrawal in patients with
severe and very severe COPD have been deemed insuf-
ficient to draw firm conclusions [41]. Pneumonia is
more dangerous than non-pneumonic exacerbations
[14], but exacerbations are more frequent, and the
benefit-risk profile may ultimately favor ICS treatment
[42]. The issue is even further complicated by difficul-
ties in distinguishing between exacerbation and pneu-
monia clinically [43].

The annual proportion of patients with at least one
pneumonia hospitalization was unchanged despite an
overall decrease in ICS treatment. This may suggest
other and possibly more important determining factors
of pneumonia risk in patients with COPD, and this has
recently been discussed by Lineros et al. [44]. Some
factors are general e.g. sex, age, and socio-economic
status, while other factors are specific to COPD e.g.
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pulmonary emphysema, severity of airflow obstruction,
and concomitant asthma [44]. As such, an increased
risk of pneumonia may be seen as a basic condition in
COPD, and patient-specific factors including degree of
disease severity may be more important than ICS use
regarding pneumonia risk. Our study design does not
allow for assessment of such causality, and the reasons
for our results may therefore only be speculated upon.
As we have mentioned earlier, the general decrease in
both ICS treatment and redeemed prescription of anti-
biotics are not necessarily causally connected. This may
also be the case regarding ICS use and pneumonia
hospitalizations, where the above-mentioned patient-
related risk factors for pneumonia may be influential.
For instance, the study population got older over time,
and pneumonia is related to older age. This could
partly explain why no changes in pneumonia hospita-
lization were seen despite a decrease in ICS treatment.

Despite an increased risk of pneumonia in ICS treat-
ment, there is no evidence of an associated increased
pneumonia-related mortality [45]. While ICS treatment
is associated with negative side effects, and potential
overuse has been documented especially in patients
with less severe COPD [2,46], ICS-containing treat-
ment in patients with severe COPD has a well-
documented effect on quality of life and exacerbation
rate, and it may even reduce mortality [47]. We believe
that our results reflect these real-world dilemmas,
where the clinical cost-benefit analysis of ICS treat-
ment is difficult. This may be particularly troublesome
in patients with both high exacerbation risk and pneu-
monia risk, and it is further complicated by the often-
difficult distinction between exacerbation and
pneumonia.

Strengths and limitations

This study is based on nationwide data of well-
documented high quality, which ensures complete fol-
low-up over decades and a general low risk of selection
bias [48].

Some limitations must be mentioned. First, we have
defined outpatient pneumonias as redeemed prescrip-
tions of antibiotics. This causes a risk of inflated pneu-
monia numbers by misclassifying exacerbations as
pneumonias, especially exacerbations due to suspected
bacterial lower respiratory tract infections, which are
difficult to distinguish from pneumonia clinically [43].
These events are primarily handled in primary care in
Denmark, and GPs have a high clinical predictive value
of exacerbation versus pneumonia [49]. Other diseases
that are treated with these antibiotics may also be
misclassified as pneumonia. This mainly concerns
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Ampicillin, which besides respiratory tract infections is
recommended for gastroenteritis and gonorrhea, and
we do not consider this as a cause of substantial bias.
Second, we have included patients with a registered
ICD-10 diagnosis code of COPD, and patients with
COPD who have never been assessed in a hospital
setting have not been included. These patients are
likely those with milder disease severity [50,51], and
the results of our study may not reflect the entire
population of patients with COPD in Denmark.
However, this is the closest as possible that we can
get to identifying the total population of patients with
COPD in this study period in Denmark. Third, as ICS
treatment doses have been estimated by average doses
through an entire year, it is impossible to tell if
a pneumonia preceded ICS treatment initiation or
vice versa. However, this study design was necessary
to estimate ICS doses. Furthermore, this study was not
meant to assess causality between ICS treatment and
pneumonia, as this relationship is already well estab-
lished in studies better designed for this [4,47]. Finally,
the lack of data on factors that could influence both
ICS treatment and pneumonia is a limitation e.g.
adherence to treatment or clinical data such as pul-
monary function, dyspnea level, smoking status, or
nutritional status. This risk of residual confounding is
always present, and in register-based research it is
more present, because data are predefined [52].

Implications and perspectives

We believe that our results reflect the clinical difficul-
ties in risk-benefit calculation of ICS treatment in
patients with severe COPD, who are more prone to
both frequent exacerbations and pneumonia. Our
study thus highlights the need for more research on
this topic: should patients with both frequent pneumo-
nia and frequent exacerbation be treated with ICS?
Additionally, our results likely reflect the clinical diffi-
culties in distinguishing between a pneumonia and an
exacerbation. If clinicians are meant to encourage ICS
treatment in patients with frequent exacerbations but
discourage ICS treatment in patients with frequent
pneumonia, some consensus on the distinction
between these events is needed. A consensus of such
a distinction in clinical trials has also been advocated
for, as only 12 of 36 trials included in a recent systema-
tic review required radiographic confirmation of pneu-
monia [53]. Finally, our data suggests a healthier study
population over time, which may indicate a lower
severity threshold for referral from GP to outpatient
specialized hospital-based assessment. This should be
investigated further, as knowledge on the division of

healthcare burden between primary sector and second-
ary sector may be of value to health policy makers.

Conclusions

We have documented a nationwide decrease in the
proportion of patients with a hospital-registered
COPD diagnosis who redeemed prescriptions of anti-
biotics used mainly for suspected respiratory tract
infections, which may reflect a decrease in the number
of outpatient pneumonias. This decrease was largely
caused by an increase in the proportion of patients
without pneumonia. The annual proportion of patients
with at least one hospitalization-requiring pneumonia
was unchanged despite an overall decrease in ICS treat-
ment. The proportion of patients with hospitalization-
requiring pneumonia in high dose ICS treatment was
unchanged from 1998 to 2018 despite an overall
decrease in high dose ICS treatment.

Disclosure statement

No potential conflict of interest was reported by the
author(s).

Funding

The work was supported by the Boehringer Ingelheim [AGR-
2018- 731- 5845]; Eva Merete Falck Crone Foundation
Region Syddanmark Syddansk Universitet.

Data availability statement

Data from Danish national registers are not publicly avail-
able. The data supporting the conclusions of this article are
available from registers upon approval of access by national
authorities.

Ethics statement

The study was conducted in accordance with the Declaration
of Helsinki. All data accessed complied with relevant data
protection legislation. Research ethics approval is not
required for register-based research according to Danish
Law and National Ethics Committee Guidelines.

ORCID

Allan Klitgaard @ http://orcid.org/0000-0002-6805-5695

References

[1] Global Initiative for Chronic Obstructive Lung Disease.
Global strategy for the diagnosis, management, and
prevention of chronic obstructive pulmonary disease



(7]

(10]

(11]

(12]

(13]

(2023 report). Global Initiative for Chronic Obstructive
Lung Disease; 2023.

Quint JK, Ariel A, Barnes PJ. Rational use of inhaled
corticosteroids for the treatment of COPD. NPJ Prim
Care Respir Med. 2023 Jul 24;33(1):27. doi: 10.1038/
$41533-023-00347-6

Alter P, Kahnert K, Trudzinski FC, et al. Clinical factors
linked to the type of respiratory medication in COPD:
results from the COSYCONET cohort. Ther Adv Respir
Dis. 2023 Jan-Dec;17:17534666231208584. doi: 10.1177/
17534666231208584

Fukuda N, Horita N, Kaneko A, et al. Long-acting
muscarinic antagonist (LAMA) plus long-acting
beta-agonist (LABA) versus LABA plus inhaled corti-
costeroid (ICS) for stable chronic obstructive pulmon-
ary disease. Cochrane Database Syst Rev. 2023 Jun 5;6
(6):Cd012066. doi: 10.1002/14651858.CD012066.pub3
Miravitlles M, Verhamme K, Calverley PMA, et al.
A pooled analysis of mortality in patients with COPD
receiving dual bronchodilation with and without addi-
tional inhaled corticosteroid. Int J Chron Obstruct
Pulmon Dis. 2022;17:545-558. doi: 10.2147/COPD.
S$350167

Oba Y, Keeney E, Ghatehorde N, et al. Dual combina-
tion therapy versus long-acting bronchodilators alone
for chronic obstructive pulmonary disease (COPD):
a systematic review and network meta-analysis.
Cochrane Database Syst Rev. 2018 Dec 3;12(12):
Cd012620. doi: 10.1002/14651858.CD012620.pub2
Vestbo J. Fixed triple therapy in chronic obstructive
pulmonary disease and survival. Living better, longer,
or both? Am ] Respir Crit Care Med. 2020 Jun 15;201
(12):1463-1464. doi: 10.1164/rccm.202003-0622ED

Lu C, Mao X. Risk of adverse reactions associated with
inhaled corticosteroids for chronic obstructive pulmonary
disease: A meta-analysis. Medicine (Baltimore). 2024 Jan
19;103(3):36609. doi: 10.1097/MD.0000000000036609
Miravitlles M, Auladell-Rispau A, Monteagudo M, et al.
Systematic review on long-term adverse effects of
inhaled corticosteroids in the treatment of COPD. Eur
Respir Rev. 2021 Jun 30;30(160):210075. doi: 10.1183/
16000617.0075-2021

Klitgaard A, Ibsen R, Lykkegaard ], et al. National
development in the use of inhaled corticosteroid treat-
ment in chronic obstructive pulmonary disease:
repeated cross-sectional studies from 1998 to 2018.
Biomedicines. 2024;12(2):372. doi: 10.3390/
biomedicines12020372

Janson C, Johansson G, Stillberg B, et al. Identifying the
associated risks of pneumonia in COPD patients:
ARCTIC an observational study. Respir Res. 2018 Sep
10;19(1):172. doi: 10.1186/s12931-018-0868-y

Lee EG, Kim Y, Hwang Y], et al. Comparison of pneu-
monia incidence between long-acting muscarinic
antagonist and inhaled corticosteroid plus long-acting
beta agonist in patients with COPD. Sci Rep. 2023 May
20;13(1):8183. doi: 10.1038/s41598-023-35223-3

Chen H, Sun J, Huang Q, et al. Inhaled corticosteroids
and the pneumonia risk in patients with chronic
obstructive pulmonary disease: a meta-analysis of ran-
domized  controlled trials.  Front Pharmacol
2021;12:691621. doi: 10.3389/fphar.2021.691621

(14]

(15]

(16]

(17]

(18]

(19]

(20]

(21]

(22]

(23]

(24]

(25]

(26]

(27]

EUROPEAN CLINICAL RESPIRATORY JOURNAL e 9

Vestbo J, Waterer G, Leather D, et al. Mortality after
admission with pneumonia is higher than after admis-
sion with an exacerbation of COPD. Eur Respir J. 2022
May;59(5):2102899. doi: 10.1183/13993003.02899-2021
Segaard M, Madsen M, Lokke A, et al. Incidence and
outcomes of patients hospitalized with COPD exacerba-
tion with and without pneumonia. Int J] Chron Obstruct
Pulmon Dis. 2016;11:455-465. doi: 10.2147/COPD.
S96179

Steer J, Norman EM, Afolabi OA, et al. Dyspnoea
severity and pneumonia as predictors of in-hospital
mortality and early readmission in acute exacerbations
of COPD. Thorax. 2012 Feb;67(2):117-121. doi: 10.
1136/thoraxjnl-2011-200332

Reilev M, Pottegird A, Davidsen JR, et al. Seventeen-
year nationwide trends in use of long-acting broncho-
dilators and inhaled corticosteroids among adults -
a Danish drug utilization study. Basic Clin Pharmacol
Toxicol. 2018 Jul;123(1):58-64. doi: 10.1111/bcpt.12978
Schmidt M, Schmidt SA, Sandegaard JL, et al. The
Danish national patient registry: a review of content,
data quality, and research potential. Clin Epidemiol.
2015;7:449-490. doi: 10.2147/CLEP.S91125

Pottegard A, Schmidt SAJ, Wallach-Kildemoes H, et al.
Data resource profile: the danish national prescription
registry. Int J Epidemiol. 2017 Jun 1;46(3):798—£. doi: 10.
1093/ije/dyw213

Kildemoes HW, Sgrensen HT, Hallas J. The Danish national
prescription registry. Scand ] Public Health. 2011 Jul;39(7
Suppl):38-41. doi: 10.1177/1403494810394717

Jensen VM, Rasmussen AW. Danish education registers.
Scand ] Public Health. 2011 Jul;39(7 Suppl):91-94. doi:
10.1177/1403494810394715

Baadsgaard M, Quitzau J. Danish registers on personal income
and transfer payments. Scand ] Public Health. 2011 Jul;39(7
Suppl):103-105. doi: 10.1177/1403494811405098

Mainz J, Hess MH, Johnsen SP. The Danish unique
personal identifier and the Danish civil registration sys-
tem as a tool for research and quality improvement.
Int J Qual Health Care. 2019 Nov 30;31(9):717-720.
doi: 10.1093/intqhc/mzz008

Hékansson KEJ, Lokke A, Ibsen R, et al. Beyond direct
costs: individual and societal financial burden of asthma
in young adults in a Danish nationwide study. BM]
Open Respir Res. 2023 May;10(1):e001437. doi: 10.
1136/bmjresp-2022-001437

National Institute for Health and Care Excellence
(NICE). Inhaled corticosteroid doses for NICE’s asthma
guideline [Dosage Comparison Chart; from NICE’s
guideline “Asthma: diagnosis, Monitoring and Chronic
Management”]. National Institute for Health and Care
Excellence (NICE). 2018.

Quan H, Sundararajan V, Halfon P, et al. Coding algo-
rithms for defining comorbidities in ICD-9-CM and
ICD-10 administrative data. Med care. 2005 Nov;43
(11):1130-1139. doi: 10.1097/01.mlr.0000182534.19832.83
Thygesen SK, Christiansen CF, Christensen S, et al. The
predictive value of ICD-10 diagnostic coding used to
assess Charlson comorbidity index conditions in the
population-based Danish national registry of patients.
BMC Med Res Methodol. 2011 May 28;11(1):83. doi: 10.
1186/1471-2288-11-83


https://doi.org/10.1038/s41533-023-00347-6
https://doi.org/10.1038/s41533-023-00347-6
https://doi.org/10.1177/17534666231208584
https://doi.org/10.1177/17534666231208584
https://doi.org/10.1002/14651858.CD012066.pub3
https://doi.org/10.2147/COPD.S350167
https://doi.org/10.2147/COPD.S350167
https://doi.org/10.1002/14651858.CD012620.pub2
https://doi.org/10.1164/rccm.202003-0622ED
https://doi.org/10.1097/MD.0000000000036609
https://doi.org/10.1183/16000617.0075-2021
https://doi.org/10.1183/16000617.0075-2021
https://doi.org/10.3390/biomedicines12020372
https://doi.org/10.3390/biomedicines12020372
https://doi.org/10.1186/s12931-018-0868-y
https://doi.org/10.1038/s41598-023-35223-3
https://doi.org/10.3389/fphar.2021.691621
https://doi.org/10.1183/13993003.02899-2021
https://doi.org/10.2147/COPD.S96179
https://doi.org/10.2147/COPD.S96179
https://doi.org/10.1136/thoraxjnl-2011-200332
https://doi.org/10.1136/thoraxjnl-2011-200332
https://doi.org/10.1111/bcpt.12978
https://doi.org/10.2147/CLEP.S91125
https://doi.org/10.1093/ije/dyw213
https://doi.org/10.1093/ije/dyw213
https://doi.org/10.1177/1403494810394717
https://doi.org/10.1177/1403494810394715
https://doi.org/10.1177/1403494810394715
https://doi.org/10.1177/1403494811405098
https://doi.org/10.1093/intqhc/mzz008
https://doi.org/10.1136/bmjresp-2022-001437
https://doi.org/10.1136/bmjresp-2022-001437
https://doi.org/10.1097/01.mlr.0000182534.19832.83
https://doi.org/10.1186/1471-2288-11-83
https://doi.org/10.1186/1471-2288-11-83

10 A. KLITGAARD ET AL.

(28]

(29]

(30]

(31]

(32]

(33]

(34]

(35]

(36]

(37]

(38]

(39]

(40]

(41]

Boers E, Barrett M, Su JG, et al. Global burden of
chronic obstructive pulmonary disease through 2050.
JAMA Netw Open. 2023 Dec 1;6(12):e2346598. doi:
10.1001/jamanetworkopen.2023.46598

Benjafield A, Tellez D, Barrett M, et al. An estimate of
the European prevalence of COPD in 2050. Eur Respir J.
2021;58(suppl 65):0A2866.

van Oostrom SH, Gijsen R, Stirbu I, et al. Time trends
in prevalence of chronic diseases and multimorbidity
not only due to aging: data from general practices and
health surveys. PLOS ONE. 2016;11(8):e0160264. doi:
10.1371/journal.pone.0160264

Uijen AA, van de Lisdonk EH. Multimorbidity in pri-
mary care: prevalence and trend over the last 20 years.
Eur ] Gen Pract. 2008;14 Suppl 1(sup1):28-32. doi: 10.
1080/13814780802436093

Meinow B, Parker MG, Kéreholt I, et al. Complex health
problems in the oldest old in Sweden 1992-2002. Eur
] Ageing. 2006 Jun;3(2):98-106. doi: 10.1007/s10433-
006-0027-z

Walters JA, Tang JN, Poole P, et al. Pneumococcal
vaccines for preventing pneumonia in chronic obstruc-
tive pulmonary disease. Cochrane Database Syst Rev.
2017 Jan 24;1(1):Cd001390. doi: 10.1002/14651858.
CD001390.pub4

Kantss  B.  Pneumokokvaccination uden  for
bernevaccinationsprogrammet i Danmark. Version 1.3.
Statens Serum Institut, 2014 2014.09.24. Report No.
Danish Ministry of Health. National action plan on
antibiotics in human healthcare. Danish Ministry of
Health; 2017.

Statens Serum Institut and The National Food Institute,
Technical University of Denmark. DANMAP 2021 -
Use of antimicrobial agents and occurrence of antimi-
crobial resistance in bacteria from food animals, food
and humans in Denmark. Statens Serum Institut and
The National Food Institute, Technical University of
Denmark; 2021. ISSN 1600-2032.

Segaard M, Nielsen RB, Schenheyder HC, et al
Nationwide trends in pneumonia hospitalization rates
and mortality, Denmark 1997-2011. Respir med. 2014
Aug;108(8):1214-1222. doi: 10.1016/j.rmed.2014.05.004
Hurst JR, Skolnik N, Hansen GJ, et al. Understanding
the impact of chronic obstructive pulmonary disease
exacerbations on patient health and quality of life. Eur
J Intern Med. 2020 Mar;73:1-6. doi: 10.1016/j.€jim.2019.
12.014

Miillerova H, Chigbo C, Hagan GW, et al. The natural
history of community-acquired pneumonia in COPD
patients: a population database analysis. Respir med. 2012
Aug;106(8):1124-1133. doi: 10.1016/j.rmed.2012.04.008
Suissa S, Coulombe J, Ernst P. Discontinuation of
inhaled corticosteroids in COPD and the risk reduction
of pneumonia. Chest. 2015 Nov;148(5):1177-1183. doi:
10.1378/chest.15-0627

Yawn BP, Suissa S, Rossi A. Appropriate use of inhaled
corticosteroids in COPD: the candidates for safe
withdrawal. NPJ Prim Care Respir Med. 2016 Sep
29;26(1):16068. doi: 10.1038/npjpcrm.2016.68

(42]

(43]

(44]

(45]

(46]

(47]

(48]

(49]

(50]

(51]

(52]

(53]

Dransfield MT, Crim C, Criner GJ, et al. Risk of exacer-
bation and pneumonia with single-inhaler triple versus
dual therapy in IMPACT. Ann Am Thorac Soc. 2021
May;18(5):788-798. doi: 10.1513/AnnalsATS.202002-
0960C

Williams NP, Ostridge K, Devaster J-M, et al. Impact of
radiologically stratified exacerbations: insights into
pneumonia aetiology in COPD. Respir Res. 2018 July
28;19(1):143. doi: 10.1186/s12931-018-0842-8

Lineros R, Fernandez-Delgado L, Vega-Rioja A, et al.
Associated factors of pneumonia in individuals with
Chronic Obstructive Pulmonary Disease (COPD) apart
from the use of inhaled corticosteroids. Biomedicines.
2023 Apr 22;11(5):1243. doi: 10.3390/biomedicines
11051243

Festic E, Bansal V, Gupta E, et al. Association of Inhaled
corticosteroids with incident pneumonia and mortality
in COPD patients; systematic review and meta-analysis.
COPD: ] Chronic Obstructive Pulmonary Dis. 2016
Jun;13(3):312-326. doi: 10.3109/15412555.2015.1081162
Contoli M, Corsico AG, Santus P, et al. Use of ICS in
COPD: From blockbuster medicine to precision
medicine. COPD: ] Chronic Obstructive Pulmonary
Dis. 2017 Dec;14(6):641-647. doi: 10.1080/15412555.
2017.1385056

van Geffen WH, Tan DJ, Walters JA, et al. Inhaled
corticosteroids with combination inhaled long-acting
beta2-agonists and long-acting muscarinic antagonists
for chronic obstructive pulmonary disease. Cochrane
Database Syst Rev. 2023 Dec 6;12(12):Cd011600. doi:
10.1002/14651858.CD011600.pub3

Schmidt M, Schmidt SAJ, Adelborg K, et al. The Danish
health care system and epidemiological research: from

health care contacts to database records. Clin
Epidemiol. 2019;11:563-591. doi:  10.2147/CLEP.
S179083

van Vugt SF, Verheij T], de Jong PA, et al. Diagnosing
pneumonia in patients with acute cough: clinical judg-
ment compared to chest radiography. Eur Respir J. 2013
Oct;42(4):1076-1082. doi: 10.1183/09031936.00111012
Lykkegaard ], Nielsen JB, Storsveen MM, et al
Healthcare costs of patients with chronic obstructive
pulmonary disease in Denmark - specialist care versus
GP care only. BMC Health Serv Res. 2022 Mar 28;22
(1):408. doi: 10.1186/s12913-022-07778-w

Savran O, Godtfredsen N, Segrensen T, et al
Characteristics of COPD patients prescribed ICS mana-
ged in general practice vs. Secondary care. COPD:
J Chronic Obstructive Pulmonary Dis. 2021 Nov 03;18
(5):493-500. doi: 10.1080/15412555.2021.1970737
Norgaard M, Johnsen SP. How can the research poten-
tial of the clinical quality databases be maximized? The
Danish experience. ] Intern Med. 2016 Feb;279
(2):132-140. doi: 10.1111/joim.12437

Wise RA, Bafadhel M, Crim C, et al. Discordant diag-
nostic criteria for pneumonia in COPD trials: a review.
Eur Respir Rev. 2021 Dec 31;30(162):210124. doi: 10.
1183/16000617.0124-2021


https://doi.org/10.1001/jamanetworkopen.2023.46598
https://doi.org/10.1001/jamanetworkopen.2023.46598
https://doi.org/10.1371/journal.pone.0160264
https://doi.org/10.1371/journal.pone.0160264
https://doi.org/10.1080/13814780802436093
https://doi.org/10.1080/13814780802436093
https://doi.org/10.1007/s10433-006-0027-z
https://doi.org/10.1007/s10433-006-0027-z
https://doi.org/10.1002/14651858.CD001390.pub4
https://doi.org/10.1002/14651858.CD001390.pub4
https://doi.org/10.1016/j.rmed.2014.05.004
https://doi.org/10.1016/j.ejim.2019.12.014
https://doi.org/10.1016/j.ejim.2019.12.014
https://doi.org/10.1016/j.rmed.2012.04.008
https://doi.org/10.1378/chest.15-0627
https://doi.org/10.1378/chest.15-0627
https://doi.org/10.1038/npjpcrm.2016.68
https://doi.org/10.1513/AnnalsATS.202002-096OC
https://doi.org/10.1513/AnnalsATS.202002-096OC
https://doi.org/10.1186/s12931-018-0842-8
https://doi.org/10.3390/biomedicines11051243
https://doi.org/10.3390/biomedicines11051243
https://doi.org/10.3109/15412555.2015.1081162
https://doi.org/10.1080/15412555.2017.1385056
https://doi.org/10.1080/15412555.2017.1385056
https://doi.org/10.1002/14651858.CD011600.pub3
https://doi.org/10.1002/14651858.CD011600.pub3
https://doi.org/10.2147/CLEP.S179083
https://doi.org/10.2147/CLEP.S179083
https://doi.org/10.1183/09031936.00111012
https://doi.org/10.1186/s12913-022-07778-w
https://doi.org/10.1080/15412555.2021.1970737
https://doi.org/10.1111/joim.12437
https://doi.org/10.1183/16000617.0124-2021
https://doi.org/10.1183/16000617.0124-2021

	Abstract
	Background
	Methods
	Data sources
	Study design and population
	Setting
	Study variables
	Statistical analysis

	Results
	Study population
	Pneumonia overall
	Pneumonia in relation to ICS

	Discussion
	Pneumonia in relation to study population
	Pneumonia in relation to inhaled corticosteroid treatment
	Strengths and limitations
	Implications and perspectives

	Conclusions
	Disclosure statement
	Funding
	Data availability statement
	Ethics statement
	References

