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ABSTRACT
Background: Urban–rural differences in treatment within chronic obstructive pulmonary disease 
(COPD) have been documented in Denmark, and we aim to investigate such differences in the 
risk of pneumonia.
Methods: A Danish register-based cross-sectional study including patients with an International 
Classification of Diseases 10th revision (ICD-10) diagnosis code of COPD (J.44) alive on the 31st 
of December 2018 (99,057 patients). Patients were grouped by municipality type on an urban– 
rural gradient (capital, metropolitan, provincial, commuter, rural). We identified outpatient pneu
monias (redeemed prescriptions of antibiotics typically used for pneumonia) and pneumonia 
hospitalizations (ICD-10 codes) during 2018. Three groups were defined: 1) No pneumonia, 2) at 
least one outpatient pneumonia (but no pneumonia hospitalization), and 3) at least one pneu
monia hospitalization. A multivariable multinomial logistic regression model was performed with 
municipality type as main explanatory variable. The ‘No pneumonia’ group was used as reference 
outcome group.
Results: Patients outside capital municipalities had significantly increased risk of experiencing 
outpatient pneumonia (Metropolitan: Odds ratio (OR) = 1.32, 95% confidence interval (CI): 
1.25–1.39. Provincial: OR = 1.26, 95% CI: 1.21–1.31. Commuter: OR = 1.25, 95% CI: 1.20–1.31. 
Rural: OR = 1.28, 95% CI: 1.23–1.33). No significant differences were found for pneumonia 
hospitalization.
Conclusions: Compared to patients in capital municipalities, patients with a hospital-registered 
COPD diagnosis in non-capital municipalities had a higher risk of annually redeeming at least one 
prescription for antibiotics typically used for outpatient pneumonia. We were unable to detect 
differences in pneumonia hospitalization between municipality types. Our study was not 
designed to assess causality, and we stress the need for future research to provide actionable 
insights for health policy makers.
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Introduction

Chronic obstructive pulmonary disease (COPD) is an 
airway disease that is characterized by airway inflam
mation and respiratory symptoms such as dyspnea, 
cough, and increased sputum production. Patients 
with COPD have both an increased risk of pneumonia 
as well as more severe pneumonias compared to the 
background population [1,2], and pneumonia in 
patients with COPD is linked to increased mortality 
[3–5]. Pneumonia, in general, is the leading infectious 
cause of death in both Europe and the United 
States [6,7].

Both COPD and pneumonia risk have been asso
ciated with low socio-economic status (SES) [8,9], and 

low SES is increasingly linked to urban–rural differ
ences [10–12]. Such differences have mostly been stu
died within COPD in the United States (USA), where 
rural residence is associated with higher COPD preva
lence, mortality, and morbidity [13–15]. These results 
may not be generalized to a European context where 
wealth and income inequalities and spatial wage dispa
rities are generally lower [16–19]. Despite this, geogra
phical inequalities in health are well-recognized in 
Denmark, and they have been stated by the Danish 
Ministry of Health as a major health problem [20].

To the best of our knowledge, no studies have 
investigated urban–rural differences in pneumonia 
risk within COPD in a Danish or European context. 
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Our study aims to investigate this, with the hypothesis 
that patients living in non-capital municipalities have 
an increased risk of pneumonia.

Methods

Data sources and study design

This was a nationwide Danish register-based cross- 
sectional study with data from 2018. The study uti
lized the study population of a previous serial cross- 
sectional study with data up until the year 2018 [21], 
and we included all patients with an ICD-10 code of 
COPD (J.44) who were alive on the 31st of December 
of 2018. Demographic and socio-economic data were 
collected from Statistics Denmark (DST), 
International Classification of Diseases 10th Revision 
(ICD-10) diagnosis codes were collected from the 
Danish National Patient Register (DNPR), and 
Anatomical Therapeutical Chemical (ATC) codes 
from redeemed prescriptions were collected from 
the Danish National Prescription Register (NPR). 
Data were linked via a unique personal identification 
number, which is given to every inhabitant in 
Denmark.

Study variables

Pneumonia
We identified both outpatient pneumonias and pneu
monia hospitalizations during 2018 and divided 
patients into three categories: 1) Patients without pneu
monia during the year, 2) patients with at least one 
annual outpatient pneumonia, and 3) patients with at 
least one annual pneumonia hospitalization. An out
patient pneumonia was defined as a redeemed pre
scription of antibiotics typically used for pneumonia. 
A pneumonia hospitalization was defined by ICD-10 
codes of pneumonia from both hospitalizations and 
ER-visits. ATC codes and ICD-10 codes are displayed 
in Table 1.

Urban–rural differences
The explanatory variable of primary interest of our 
study was place of residence on municipality level on 
an urban–rural gradient, and DST has designed 
a municipality type variable specifically to investigate 
this (capital municipality, metropolitan municipality, 
provincial municipality, commuter municipality, and 
rural municipality) [22]. This variable includes two 
important aspects of geographical differences: popula
tion density and geographical remoteness [22,23]. The 
Danish municipalities by municipality type are shown 
in Figure 1.

Confounding variables
We collected the demographic and socio-economic 
variables sex, age, co-habitation status (living alone or 
co-habiting), and educational level (primary, second
ary, vocational, college). Educational level refers to the 
highest completed education of the patient. Short col
lege, medium college, and Master/PhD were summed 
into ‘College’. We calculated the Charlson Comorbidity 
Index (CCI) according to Quan et al. from ICD-10 
codes 3 years prior to index date [24]. Inhaled corti
costeroid (ICS) doses were calculated from the accu
mulated dose of redeemed prescriptions during 
the year and grouped according to ICS dose (No ICS, 
low dose, medium dose, high dose) based on standard- 
particle beclomethasone dipropionate equivalents like 
in previous studies [25,26].

Statistical analysis

We calculated the distribution of patients for each 
categorical variable including age in 10-year intervals, 
for both the total population and by municipality type. 
We also calculated mean and standard deviation for 
age as a continuous variable. The proportion of 
patients who experienced at least one outpatient pneu
monia or pneumonia hospitalization was determined 
for each municipality and for each municipality type. 

Table 1. Codes used for identifying pneumonia.
Moderate pneumonia 
(ATC codes)

Severe pneumonia 
(ICD-10 codes)

● J01CA04: amoxicillin 
● J01CA02: ampicillin 
● J01CE02: phenoxymethylpenicillin 
● J01CR01: ampicillin and beta-lactamase 

inhibitor 
● J01CR02: amoxicillin and beta-lactamase inhibitor 
● J01FA01: erythromycin 
● J01FA06: roxithromycin 
● J01FA09: clarithromycin 
● J01FA10: azithromycin

● J12: viral pneumonias 
● J13–18: bacterial pneumonias and pneumonia from unspecified organisms 
● A481: legionnaires’ disease 
● A709: ornithosis 
● B012: varicella pneumonia

Abbreviations: ATC = anatomical therapeutic chemical. ICD-10 = International Classification of Diseases 10th Revision. 
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We excluded four small island municipalities from 
analysis due to few observations.

We estimated risk of pneumonia between munici
pality types for both outpatient pneumonia and pneu
monia hospitalization with a multinomial logistic 
regression model with the following groups as outcome 
variable: 1) No pneumonia during the year, 2) at least 
one outpatient pneumonia (but no pneumonia hospi
talization) during the year, and 3) at least one pneu
monia hospitalization during the year. The ‘No 
pneumonia’ group was used as reference, and the 
model was adjusted for age, sex, educational level, co- 
habitation status, and CCI. We used a significance level 
of 5%. SAS 9.4 TS Level 1M5 (SAS, Inc., Cary, NC, 
USA) was used for all analyses.

Results

Table 2 shows study population characteristics. 
A slightly larger proportion of patients in capital muni
cipalities were female (56.6%) compared to rural muni
cipalities (52.3%), and more patients in capital 
municipalities were living alone (58.5% vs 49.1%). 

The educational level of patients in capital municipa
lities was higher than in rural municipalities. There 
were no observable differences between municipality 
types in sex or comorbidities (CCI).

Figure 2 is a map of Danish municipalities showing 
the proportion of patients in each municipality that 
experienced at least one outpatient pneumonia or 
pneumonia hospitalization. While a pattern emerges 
of more patients experiencing outpatient pneumonias 
outside capital municipalities, no such pattern is seen 
regarding hospitalizations. The underlying data for 
Figure 2 are in Appendix A, Table S1. Table 3 and 
Figure 3 show the distribution by municipality type of 
patients that experienced at least one outpatient pneu
monia or pneumonia hospitalization. In capital muni
cipalities compared to other municipalities, a smaller 
proportion of patients experienced outpatient pneumo
nia, while a larger proportion of patients did not 
experience pneumonia at all.

Table 4 shows the results from the multinomial 
logistic regression model. The risk of having at least 
one outpatient pneumonia was significantly higher in 
all municipality types compared to capital 

Figure 1. Danish municipalities by municipality type.*
*First published by Klitgaard et al. [22]. 
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municipalities with odds ratios (ORs) ranging from 
1.25 (95% Confidence interval (CI): 1.20–1.31) to 1.32 
(95% CI: 1.25–1.36). No significant differences between 
municipality types were seen in the risk of having at 
least one pneumonia hospitalization.

Discussion

In summary, we have documented nationwide urban– 
rural differences in 2018 in the risk of pneumonia in 
patients with a hospital-registered COPD diagnosis in 
Denmark, where patients in non-capital municipalities 
had a higher risk of having at least on annual out
patient pneumonia, but no such differences were seen 
regarding pneumonia hospitalization.

Multiple explanations may exist for the identified 
urban–rural differences in outpatient pneumonia risk. 
The simplest one is that patients outside capital muni
cipalities have more severe disease, which has been 
documented in the USA within COPD and in general 
[12–15,27]. In our study, however, the burden of 
comorbidity measured by CCI was distributed equally 
between municipality types. In this regard, it is impor
tant to note the limitations of the CCI as a measure of 
disease burden. First, the CCI in our study measures 
only the diseases that have been registered in a hospital 
setting and thus does not capture the entirety of 

relevant comorbidities. Second, the CCI captures only 
the number of diseases, and not the severity of the 
individual diseases.

We were not able to detect urban–rural differ
ences in the risk of pneumonia hospitalization, and 
this may have several explanations. The distance to 
a hospital could be a contributing factor [28]. 
A longer distance to hospital has been associated 
with less referrals and admissions in both the USA 
and Sweden – a country very similar to Denmark 
[29,30]. Another reason could be the inverse care 
law, where patients in capital municipalities having 
generally higher SES and, therefore, more likely to 
be referred to hospital [31]. With these two expla
nations combined, it may be speculated that 
patients outside capital municipalities in Denmark 
are more likely to be treated with antibiotics for 
a respiratory tract infection that may have resulted 
in a hospital admission for patients in capital muni
cipalities. This would further explain our observed 
differences in outpatient pneumonias. The lack of 
association may also be explained by our study 
design as explained below. Finally, the well- 
established socio-economic differences in health in 
Denmark may not translate into urban–rural differ
ences [32]. On the other hand, a lower use of ICS 
treatment has been documented in capital 

Table 2. Study population characteristics in total and by municipality type.
Total 

population
Capital 

municipalities
Metropolitan 
municipalities

Provincial 
municipalities

Commuter 
municipalities

Rural 
municipalities

25,665 9,708 22,536 16,746 24,402
N n % n % n % n % n % n %

Sex
Male 45,396 45.8 11,141 43.4 4,312 44.4 10,347 45.9 7,956 47.5 11,640 47.7
Female 53,661 54.2 14,524 56.6 5,396 55.6 12,189 54.1 8,790 52.5 12,762 52.3
Mean age (SD) 71.8 (10.4) 71.5 (10.6) 72.6 (10.3) 71.9 (10.4) 72.0 (10.3) 71.8 (10.3)
Age group
40–49 1,674 1.7 467 1.8 126 1.3 421 1.9 254 1.5 406 1.7
50–59 11,239 11.3 3,191 12.4 989 10.2 2,482 11.0 1,893 11.3 2,684 11.0
60–69 26,170 26.4 6,895 26.9 2,497 25.7 5,846 25.9 4,282 25.6 6,650 27.3
70–79 35,745 36.1 9,118 35.5 3,471 35.8 8,287 36.8 6,200 37.0 8,669 35.5
80+ 24,229 24.5 5,994 23.4 2,625 27.0 5,500 24.4 4,117 24.6 5,993 24.6
Charlson Comorbidity Index
0 82,400 83.2 21,408 83.4 8,068 83.1 18,590 82.5 13,874 82.8 20,460 83.8
1 6,427 6.5 1,809 7.0 585 6.0 1,466 6.5 1,107 6.6 1,460 6.0
2 7,779 7.9 1,821 7.1 809 8.3 1,882 8.4 1,361 8.1 1,906 7.8
3+ 2,451 2.5 627 2.4 246 2.5 598 2.7 404 2.4 576 2.4
Inhaled corticosteroid dose
No ICS 57,072 57.6 15,999 62.3 5,435 56.0 12,591 55.9 9,453 56.4 13,594 55.7
Low dose 14,782 14.9 4,011 15.6 1,436 14.8 3,295 14.6 2,424 14.5 3,616 14.8
Medium dose 17,931 18.1 4,016 15.6 1,861 19.2 4,291 19.0 3,136 18.7 4,627 19.0
High dose 9,272 9.4 1,639 6.4 976 10.1 2,359 10.5 1,733 10.3 2,565 10.5
Co-habitation status
Living alone 52,032 52.5 15,008 58.5 5,489 56.5 11,595 51.5 7,949 47.5 11,991 49.1
Co-habiting 47,025 47.5 10,657 41.5 4,219 43.5 10,941 48.5 8,797 52.5 12,411 50.9
Education
Primary 45,484 45.9 9,957 38.8 4,366 45.0 10,773 47.8 7,823 46.7 12,565 51.5
Secondary 1,687 1.7 704 2.7 192 2.0 276 1.2 247 1.5 268 1.1
Vocational 35,681 36.0 9,685 37.7 3,413 35.2 8,201 36.4 6,057 36.2 8,325 34.1
College 13,429 13.6 4,482 17.5 1,435 14.8 2,709 12.0 2,192 13.1 2,611 10.7
Missing 57,072 57.6 837 3.3 302 3.1 577 2.6 427 2.5 633 2.6
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Figure 2. Proportion of patients in each municipality* who experienced at least one annual outpatient pneumonia or pneumonia 
hospitalization.
*The four municipalities with no data have been colored in grey. 
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municipalities in Denmark [26], and ICS treatment 
may be considered a proxy of disease severity [33– 
37]. Both disease severity and ICS treatment are 
independently associated with risk of pneumonia 

hospitalization [38,39], and it appears likely that 
patients in capital municipalities would have 
a lower risk of pneumonia hospitalization compared 
to patients living outside capital municipalities.

Table 3. Proportion of patients by municipality type experiencing at least one outpatient pneumonia, one pneumonia hospitaliza
tion, or no pneumonia.*

Capital Metropolitan Provincial Commuter Rural

25,665 9,708 22,536 16,746 24,402

N n % n % n % n % n %
Outpatient pneumonia 10,711 41.7 4,706 48.5 10,752 47.7 7,995 47.7 11,643 47.7
Pneumonia hospitalization 2,419 9.4 843 8.7 2,063 9.2 1,532 9.1 2,089 8.6
No pneumonia 14,362 56.0 4,869 50.2 11,416 50.7 8,511 50.8 12,390 50.8

*Proportions do not add up to 100%, as one patient can experience both outpatient pneumonias and pneumonia hospitalizations. 

Figure 3. Proportion of patients by municipality type experiencing at least one outpatient pneumonia, one pneumonia hospitaliza
tion, or no pneumonia.* 
*Proportions do not add up to 100%, as one patient can experience both outpatient pneumonias and pneumonia hospitalizations.

Table 4. Multinomial logistic regression model for the three pneumonia groups, with ‘no 
pneumonia’ as reference group (adjusted for sex, age, educational status, partner status, 
and Charlson comorbidity index).

OR (95% CI) p-value

At least one outpatient pneumonia*
Capital Reference -
Metropolitan 1.32 1.25–1.39 <0.01
Provincial 1.26 1.21–1.31 <0.01
Commuter 1.25 1.20–1.31 <0.01
Rural 1.28 1.23–1.33 <0.01
At least one pneumonia hospitalization
Capital Reference -
Metropolitan 0.98 0.90–1.07 0.59
Provincial 1.03 0.96–1.10 0.43
Commuter 1.04 0.96–1.11 0.33
Rural 0.98 0.91–1.04 0.47

*But no pneumonia hospitalization. Abbreviations: OR = adjusted odds ratio. CI = confidence interval. 
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Strengths and limitations

Some limitations must be discussed. First, ICD-10 
codes are only registered upon hospital contact in 
Denmark, which may cause selection bias. Patients 
with COPD without hospital contacts were not 
included in our study, and these patients are likely 
to have less severe disease [40,41]. Second, our 
results may not be generalizable to other countries 
where healthcare and societal structures are differ
ent. However, it occurs likely that these differences 
may be documented in larger countries with more 
pronounced socio-economic inequality than in 
Denmark. Third, our definition of outpatient pneu
monia may misclassify both other infections and 
exacerbations as pneumonias. Pneumonia is often 
clinically defined by an infiltration on a chest radio
graph, but these are often not obtained in an out
patient setting, where clinical presentation is used 
to diagnose pneumonia. We believe our approach to 
be viable for several reasons: the clinical distinction 
of exacerbation vs pneumonia is difficult and they 
may not even be seen as two distinct etiological 
entities [42], and chest radiography may have lim
ited predictive value in this distinction [43,44]. 
Furthermore, the use of antibiotics in Denmark is 
low [45], and it has even decreased from 2012 to 
2021 [46], which minimizes this risk of misclassifi
cation. Nevertheless, it is possible that our results 
reflect a higher risk of infections in general. Fourth, 
the study design is not well-suited to assess causal 
relationships. We consider our study to be cross- 
sectional in design with patients grouped according 
to the previous year’s pneumonia occurrence – 
similar to how patients with COPD are routinely 
stratified into GOLD groups by the assessment of 
exacerbations during the preceding year [47] – and 
a cohort study design would be better suited to 
assess causal relationships between rural–urban liv
ing and pneumonia risk. However, these were the 
data available to us, and our study is currently the 
best available evidence towards such disparities. 
Lastly, our study lacks data on potentially con
founding clinical factors such as smoking status 
and pulmonary function, and some residual bias 
may be expected [21].

Our study has several considerable strengths. The 
validity of our register data is high [28,48–53], and data 
are virtually complete with only a minor proportion of 
data missing on educational status. Despite the limita
tions, our study provides the best currently available 
evidence regarding urban–rural differences in COPD 
in Denmark.

Conclusions

Our study documents possible urban–rural differences 
in the risk of pneumonia in patients with a hospital- 
registered COPD diagnosis in Denmark. Patients in 
non-capital municipalities experienced higher risk of 
annually redeeming at least one prescription for anti
biotics typically used for outpatient pneumonia, but we 
were unable to detect such differences regarding pneu
monia hospitalization. Our study does not allow for the 
assessment of a causal relationship, and we urge 
researchers to investigate urban–rural disparities in 
COPD in studies specifically designed to uncover 
actionable insights, as such evidence may guide policy 
makers in improving patient care.

Disclosure statement

Rikke Ibsen is a co-owner of the private statistics consulting 
company i2minds. Rikke Ibsen has no financial gains from the 
publication of this manuscript.

Funding

This work was supported by the Region of Southern 
Denmark, the University of Southern Denmark, the Eva 
Merete Falck Crone Foundation, and an unrestricted grant 
from Boehringer Ingelheim (BI), grant number [AGR- 2018- 
731- 5845]. The funding sources had no role in the design, 
analysis, or interpretation of the results in this study. BI was 
given the opportunity to review the manuscript for medical 
and scientific accuracy as it relates to BI substances, as well as 
intellectual property considerations.

Abbreviations

COPD chronic obstructive pulmonary disease
CCI Charlson Comorbidity Index
CI confidence interval
DNPR Danish National Patient Register
DST Statistics Denmark
ICD-10 International Classification of Diseases 10th 

Revision
ICS inhaled corticosteroid
NPR Danish National Prescription Register
OR odds ratio
SES socio-economic status
USA United States of America

Author contribution

Allan Klitgaard: conceptualization, methodology, resources, 
writing – original draft, writing – review and editing, visua
lization, project administration, funding acquisition. Rikke 
Ibsen: methodology, formal analysis, investigation, resources, 
data curation, writing – review and editing, visualization. Ole 
Hilberg: Writing – review and editing, supervision, funding 

EUROPEAN CLINICAL RESPIRATORY JOURNAL 7



acquisition. Anders Løkke: conceptualization, methodology, 
writing – original draft, writing – review and editing, super
vision, project administration, funding acquisition.

Data availability statement

Data from registers are not publicly available. The data support
ing the conclusions of this article are available from registers 
upon request and 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] Ryan M, Suaya JA, Chapman JD, et al. Incidence and 
cost of pneumonia in older adults with COPD in the 
United States. PLOS ONE. 2013;8(10):e75887.

[2] Restrepo MI, Sibila O, Anzueto A. Pneumonia in 
patients with chronic obstructive pulmonary disease. 
Tuberc Respir Dis (Seoul). 2018;81(3):187–197. doi: 10. 
4046/trd.2018.0030

[3] Sharafkhaneh A, Spiegelman AM, Main K, et al. 
Mortality in patients admitted for concurrent COPD 
exacerbation and pneumonia. COPD J Chronic Obstr 
Pulm Dis. 2017;14(1):23–29.

[4] 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;59(5):2102899.

[5] Søgaard M, Madsen M, Løkke 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.

[6] Jain S, Self WH, Wunderink RG, et al. Community- 
acquired pneumonia requiring hospitalization among 
U.S adults. N Engl J Med. 2015;373(5):415–427.

[7] Welte T, Torres A, Nathwani D. Clinical and economic 
burden of community-acquired pneumonia among 
adults in Europe. Thorax. 2012;67(1):71–79. doi: 10. 
1136/thx.2009.129502

[8] Eber MR, Laxminarayan R, Perencevich EN, et al. 
Clinical and economic outcomes attributable to health 
care-associated sepsis and pneumonia. Arch Intern 
Med. 2010;170(4):347–353.

[9] Hvidberg MF, Frølich A, Lundstrøm SL. Catalogue of 
socioeconomic disparities and characteristics of 199+ 
chronic conditions-A nationwide register-based popula
tion study. PLOS ONE. 2022;17(12):e0278380.

[10] Zhang ML, Pryce G. The dynamics of poverty, employ
ment and access to amenities in polycentric cities: 

measuring the decentralisation of poverty and its 
impacts in England and Wales. Urban Stud. 2020;57 
(10):2015–2030. doi: 10.1177/0042098019860776

[11] Urban-rural divide: blame it all on my roots. In: 
E. Parliament, editor. European parliament. 2018. 
https://www.europarl.europa.eu/RegData/etudes/ 
ATAG/2018/614753/EPRS_ATA(2018)614753_EN. 
pdf.

[12] Weeks WB, Chang JE, Pagán JA, et al. Rural-urban 
disparities in health outcomes, clinical care, health 
behaviors, and social determinants of health and an 
action-oriented, dynamic tool for visualizing them. 
PLOS Glob Public Health. 2023;3(10):e0002420.

[13] Croft JB, Wheaton AG, Liu Y, et al. Urban-rural county 
and state differences in chronic obstructive pulmonary 
disease — United States, 2015, MMWR morb mort wkly 
Rep. Centers for Disease Control and Prevention; 2018. 
p. 205–211.

[14] Burkes RM, Gassett AJ, Ceppe AS, et al. Rural residence 
and chronic obstructive pulmonary disease exacerba
tions. Analysis of the SPIROMICS cohort. Ann Am 
Thorac Soc. 2018;15(7):808–816.

[15] Warner JS, Bryan JM, Paulin LM. The effect of rurality 
and poverty on COPD outcomes in New Hampshire: an 
analysis of statewide hospital discharge data. Chronic 
Obstr Pulm Dis. 2022;9(4):500–509.

[16] Blanchet T, Martínez-Toledano C. Wealth inequality 
dynamics in Europe and the United States: understand
ing the determinants. J Monetary Econ. 2023;133:25–43. 
doi: 10.1016/j.jmoneco.2022.11.010

[17] Blanchet T, Chancel L, Gethin A. How unequal is 
Europe? Evidence from distributional national accounts, 
1980–2017. World inequality lab working papers; 2019.

[18] Alvaredo F, Chancel L, Piketty T, et al. World inequality 
report 2018. 2018.

[19] Bauluz L, Bukowski P, Fransham M, et al. New evidence 
on spatial wage inequality across North America and 
Western Europe. 2023 [cited 2023 Nov 15]. Available 
from: https://cepr.org/voxeu/columns/new-evidence- 
spatial-wage-inequality-across-north-america-and- 
western-europe

[20] Sundhedsminister: Geografisk ulighed i sundhed er en 
af de største udfordringer. The Danish Ministry of 
Health; 2015. https://www.ism.dk/nyheder/2015/septem 
ber/sundhedsminister-geografisk-ulighed-i-sundhed-er- 
en-af-de-stoerste-udfordringer.

[21] Klitgaard A, Ibsen R, Lykkegaard J, et al. Inhaled corti
costeroid treatment and pneumonia in patients with 
chronic obstructive pulmonary disease - nationwide 
development from 1998 to 2018. Eur Clin Respir J. 
2024;11(1):2359768.

[22] Kommunegrupper. 2018 [cited 2023 May 25]. Available 
from: https://www.dst.dk/en/Statistik/dokumentation/ 
nomenklaturer/kommunegrupper

[23] Urban-rural Europe - introduction. Statistics explained. 
2022 [cited 2023 Oct 25]. Available from: https://ec. 
europa.eu/eurostat/statistics-explained/index.php?title= 
Urban-rural_Europe_-_introduction

[24] 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;43 
(11):1130–1139.

8 A. KLITGAARD ET AL.

https://doi.org/10.4046/trd.2018.0030
https://doi.org/10.4046/trd.2018.0030
https://doi.org/10.1136/thx.2009.129502
https://doi.org/10.1136/thx.2009.129502
https://doi.org/10.1177/0042098019860776
https://www.europarl.europa.eu/RegData/etudes/ATAG/2018/614753/EPRS_ATA(2018)614753_EN.pdf
https://www.europarl.europa.eu/RegData/etudes/ATAG/2018/614753/EPRS_ATA(2018)614753_EN.pdf
https://www.europarl.europa.eu/RegData/etudes/ATAG/2018/614753/EPRS_ATA(2018)614753_EN.pdf
https://doi.org/10.1016/j.jmoneco.2022.11.010
https://cepr.org/voxeu/columns/new-evidence-spatial-wage-inequality-across-north-america-and-western-europe
https://cepr.org/voxeu/columns/new-evidence-spatial-wage-inequality-across-north-america-and-western-europe
https://cepr.org/voxeu/columns/new-evidence-spatial-wage-inequality-across-north-america-and-western-europe
https://www.ism.dk/nyheder/2015/september/sundhedsminister-geografisk-ulighed-i-sundhed-er-en-af-de-stoerste-udfordringer
https://www.ism.dk/nyheder/2015/september/sundhedsminister-geografisk-ulighed-i-sundhed-er-en-af-de-stoerste-udfordringer
https://www.ism.dk/nyheder/2015/september/sundhedsminister-geografisk-ulighed-i-sundhed-er-en-af-de-stoerste-udfordringer
https://www.dst.dk/en/Statistik/dokumentation/nomenklaturer/kommunegrupper
https://www.dst.dk/en/Statistik/dokumentation/nomenklaturer/kommunegrupper
https://ec.europa.eu/eurostat/statistics-explained/index.php?title=Urban-rural_Europe_-_introduction
https://ec.europa.eu/eurostat/statistics-explained/index.php?title=Urban-rural_Europe_-_introduction
https://ec.europa.eu/eurostat/statistics-explained/index.php?title=Urban-rural_Europe_-_introduction


[25] Klitgaard A, Ibsen R, Lykkegaard J, 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

[26] Klitgaard A, Ibsen R, Hilberg O, et al. Urban-rural and 
socio-economic differences in inhaled corticosteroid 
treatment for chronic obstructive pulmonary disease: 
a nationwide register-based cross-sectional study, 
respiratory medicine. Respir Med. 2024;229:107678.

[27] Cosby AG, McDoom-Echebiri MM, James W, et al. 
Growth and persistence of place-based mortality in the 
United States: the rural mortality penalty. Am J Public 
Health. 2019;109(1):155–162.

[28] 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.

[29] Turbow SD, Uppal T, Chang HH, et al. Association of 
distance between hospitals and volume of shared 
admissions. BMC Health Services Res. 2022;22(1):1528.

[30] Zielinski A, Borgquist L, Halling A. Distance to hospital 
and socioeconomic status influence secondary health 
care use. Scand J Prim Health Care. 2013;31(2):83–88. 
doi: 10.3109/02813432.2012.759712

[31] Tudor Hart J. The inverse care law. The Lancet. 1971;297 
(7696):405–412. doi: 10.1016/S0140-6736(71)92410-X

[32] Brønnum-Hansen H. Socially disparate trends in life
span variation: a trend study on income and mortality 
based on nationwide Danish register data. BMJ Open. 
2017;7(5):e014489. doi: 10.1136/bmjopen-2016-014489

[33] Vestbo J, Vogelmeier CF, Small M, et al. Inhaled corti
costeroid use by exacerbations and eosinophils: a 
real-world COPD population. Int J Chron Obstruct 
Pulmon Dis. 2019;14:853–861.

[34] Miravitlles M, Roman-Rodríguez M, Ribera X, et al. 
Inhaled corticosteroid use among COPD patients in 
primary care in Spain. Int J Chron Obstruct Pulmon 
Dis. 2022;17:245–258.

[35] Graf J, Jörres RA, Lucke T, et al. Medical treatment of 
COPD. Dtsch Arztebl Int. 2018;155(37):599–605.

[36] Casas A, Montes de Oca M, Menezes AM, et al. 
Respiratory medication used in COPD patients from 
seven Latin American countries: the LASSYC study. 
Int J Chron Obstruct Pulmon Dis. 2018;13:1545–1556.

[37] Koblizek V, Milenkovic B, Barczyk A, et al. Phenotypes 
of COPD patients with a smoking history in central 
and Eastern Europe: the POPE study. Eur Respir J. 
2017;49(5).

[38] 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;30(160):210075.

[39] Lineros R, Fernández-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;11(5):1243.

[40] Lykkegaard J, 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;22(1):408.

[41] Savran O, Godtfredsen N, Sørensen T, et al. 
Characteristics of COPD patients prescribed ICS mana
ged in General practice vs secondary care. COPD 
J Chronic Obstr Pulm Dis. 2021;18(5):493–500.

[42] Williams NP, Ostridge K, Devaster J-M, et al. Impact of 
radiologically stratified exacerbations: insights into 
pneumonia aetiology in COPD. Respir Res. 2018;19 
(1):143.

[43] Saleh A, López-Campos JL, Hartl S, et al. The effect of 
incidental consolidation on management and outcomes 
in COPD exacerbations: data from the European COPD 
audit. PLOS ONE. 2015;10(7):e0134004.

[44] Self WH, Courtney DM, McNaughton CD, et al. High 
discordance of chest x-ray and computed tomography 
for detection of pulmonary opacities in ED patients: 
implications for diagnosing pneumonia. Am J Emerg 
Med. 2013;31(2):401–405.

[45] National action plan on antibiotics in human health
care. Danish Ministry of Health; 2017. https://www.ism. 
dk/Media/6/2/National-handlingsplan-for-antibiotika- 
til-mennesker-UK%20version.pdf.

[46] DANMAP 2021 - Use of antimicrobial agents and occur
rence of antimicrobial resistance in bacteria from food 
animals, food and humans in Denmark. In: B.B. Høg, U. 
W. Sönksen, editors. Technical University of Denmark: 
Statens Serum Institut and The National Food Institute; 
2021. https://www.danmap.org/reports/2021

[47] Global strategy for the diagnosis, management, and 
prevention of chronic obstructive pulmonary disease 
(2023 report). Global Initiative for Chronic 
Obstructive Lung Disease; 2023.

[48] 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.

[49] Schmidt M, Pedersen L, Sørensen HT. The Danish civil 
registration system as a tool in epidemiology. Eur 
J Epidemiol. 2014;29(8):541–549. doi: 10.1007/s10654- 
014-9930-3

[50] Pottegård A, Schmidt SAJ, Wallach-Kildemoes H, et al. 
Data resource profile: the Danish national prescription 
registry. Int J Epidemiol. 2017;46(3):798–798f.

[51] Jensen VM, Rasmussen AW. Danish education registers. 
Scand J Public Health. 2011;39(7 Suppl):91–94.

[52] Baadsgaard M, Quitzau J. Danish registers on personal 
income and transfer payments. Scand J Public Health. 
2011;39(7 Suppl):103–105.

[53] Thomsen RW, Lange P, Hellquist B, et al. Validity and 
underrecording of diagnosis of COPD in the Danish 
national patient registry. Respir Med. 2011;105 
(7):1063–1068.

EUROPEAN CLINICAL RESPIRATORY JOURNAL 9

https://doi.org/10.3390/biomedicines12020372
https://doi.org/10.3390/biomedicines12020372
https://doi.org/10.3109/02813432.2012.759712
https://doi.org/10.1016/S0140-6736(71)92410-X
https://doi.org/10.1136/bmjopen-2016-014489
https://www.ism.dk/Media/6/2/National-handlingsplan-for-antibiotika-til-mennesker-UK%2520version.pdf
https://www.ism.dk/Media/6/2/National-handlingsplan-for-antibiotika-til-mennesker-UK%2520version.pdf
https://www.ism.dk/Media/6/2/National-handlingsplan-for-antibiotika-til-mennesker-UK%2520version.pdf
https://www.danmap.org/reports/2021
https://doi.org/10.1007/s10654-014-9930-3
https://doi.org/10.1007/s10654-014-9930-3

	Abstract
	Introduction
	Methods
	Data sources and study design
	Study variables
	Pneumonia
	Urban–rural differences
	Confounding variables

	Statistical analysis

	Results
	Discussion
	Strengths and limitations

	Conclusions
	Disclosure statement
	Funding
	Abbreviations
	Author contribution
	Data availability statement
	Ethics statement
	References

