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Background: Chronic Obstructive Pulmonary Disease (COPD) carries a considerable eco-
nomic burden, both for individuals and societies. This study aimed to assess direct and 
indirect costs associated with COPD, and how costs vary across disease severity.
Methods: This was a nationwide, population-based cohort study utilizing Danish health 
registries. Patients; ≥40 years of age, with an in- and/or outpatient diagnosis of COPD (ICD- 
10 J44) in 2008–2016, were identified in the nationwide Danish COPD Registry. Included 
patients were matched 1:4 to a population-based non-COPD reference population of 196,623 
individuals by sex, year of birth, co-habitation status, and municipality. Patients were 
grouped by disease severity according to different characteristics including GOLD groups 
A-D, based on moderate (short-term oral corticosteroid use), presence of severe exacerba-
tions (emergency visit or hospitalization) and symptom score. Index was the date of the first 
outpatient visit with a symptom score registration. The costs were calculated during a 12 
months post-index follow-up.
Results: In all, 49,826 patients with COPD (mean age 69.2 years, 52% females) were included. 
Total annual costs, including direct costs, costs for elderly care, and costs for retirement home, 
were higher for patients with COPD (€28,969) compared with the reference population 
(€10,6913). In GOLD groups A-D, the total direct costs were A: €8,766, B: €13,060, C: 
€11,113, and D: €17,749, respectively. A major driver of direct costs was severe exacerbations. 
The mean costs per moderate and severe exacerbation were €888 and €7,091, respectively, 
during 28 days of follow-up. The costs for non-COPD-related Health Care Resource Utilization 
were higher than the COPD-related costs in GOLD groups A-C, but not in GOLD group D.
Conclusion: In this nationwide real-world study, total direct costs were three-fold higher 
among patients with COPD compared with the reference population. Severe exacerbations 
were a major driver of the direct costs. The costs increased with increasing disease severity.
Keywords: COPD, exacerbations, symptoms, cost, GOLD

Introduction
Chronic Obstructive Pulmonary Disease (COPD) carries a substantial economic 
burden – both on an individual and at a societal level. The direct costs of treatment 
and care for COPD are mainly composed of costs of exacerbations, hospitalizations, 
outpatient follow-up, visits at the general practitioner, pharmaceutical interventions, 
laboratory testing, rehabilitation, etc., whereas indirect costs are mainly related to 
the loss of productivity such as benefits for incapacity to work due to disability, 
unemployment benefits and social transfer payments. Longitudinal studies describ-
ing the economic impact of COPD are scarce. Furthermore, most studies involving 
cost related to COPD are based on direct costs, such as costs of treatment of COPD, 
as information about indirect costs is generally not available.
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In the European Union, the total direct costs of respira-
tory diseases are estimated to constitute 6% of the total 
healthcare expenses, with COPD accounting for more than 
half of these costs (56% - equaling 38.6 billion Euro).1,2 In 
the United States, the estimated direct costs of COPD are 
$32 billion and the indirect costs $20.4 billion.3

Due to the high prevalence of smoking in Denmark, the 
prevalence of COPD is high with 270,000 Danish resi-
dents with clinically important COPD (GOLD B-D) in 
a population of 5.7 million in total.4 Accordingly, COPD- 
related health contacts, use of medication and socioeco-
nomic costs in Denmark are substantial.5–7 This has also 
been shown in a Swedish cohort study,8 where hospitaliza-
tions with COPD and also COPD-related comorbidities 
were associated with considerable costs.

Generally, exacerbations seem to be the main cost 
driver in COPD and the economic burden of exacerbations 
in COPD has been documented in a number of studies.9–12 

Although, daily symptom burden is associated with 
increased risk of exacerbations and hospital admissions, 
the link between daily dyspnea symptoms and costs has 
not previously been explored in a longitudinal study. 
Furthermore, important cost information in an elderly 
population such as cost of elder care and retirement 
homes has rarely been described in studies as this informa-
tion is often not available.

In the present study, we hypothesized that in patients 
with COPD, both symptom burden and exacerbations are 
driving direct as well as indirect costs. Using the nation-
wide Danish COPD Registry (DrCOPD) we assessed the 
direct and indirect costs associated with COPD in 
Denmark and examined how these costs vary across dis-
ease severity (stratified on Global Initiative for Chronic 
Obstructive Lung Disease13 (GOLD) groups A-D).

Methods
Study Design and Data Sources
This was a population-based cohort study using various 
comprehensive national Danish health registries: (a) the 
National Hospital Registry covering all inpatient, non- 
psychiatric hospitalizations in Denmark since 1977 and 
all outpatient visits since 1995.14 Registration is manda-
tory and submitted by the treating physician; (b) the 
National COPD Registry including all COPD patients 
followed in outpatient specialist clinics in Denmark 
since 2008;15 (c) the National Prescription Registry 
including all prescriptions redeemed at pharmacies 

since 1995 using anatomical therapeutic chemical 
(ATC) codes;16 (d) the National Income Statistics 
Registry;17 and (e) the Civil Registration System for 
information on vital status, migration and 
cohabitation.18 The accurate individual linkage between 
the registries was possible by using the unique 10-digit 
personal identification number, assigned to all Danish 
residents at birth. Data linkage was performed by 
Statistics Denmark and the data was anonymized before 
made available for analyses.

Study Populations
In the COPD Registry, we identified all patients ≥40 years 
with a visit in a specialized hospital-based clinic for 
COPD in 2008–2016 (n=77,156). Patients with missing 
information on Medical Research Council (MRC) dyspnea 
or incomplete registrations of clinical outcome measures 
in the COPD registry were excluded as were patients 
without matching comparisons available (n= 27,330). 
This resulted in a cohort of 49,826 COPD patients 
included for analyses (Figure 1).

To measure healthcare use and cost in the general 
population, a population-based reference population of 
196,623 individuals without a COPD diagnosis was 
extracted from the national databases and matched to the 
COPD patients 1:4 by sex, birth year, co-habitation status, 
and municipality on the date of the first diagnosis of 
COPD in the study period.

Baseline COPD Exacerbations and 
Dyspnea Symptom Scores
To measure the severity of COPD, the number and severity of 
COPD exacerbations in the 12 months prior to index date 
were identified (Supplementary Figure 1). Moderate exacer-
bations were captured using the Prescription Registry and 
defined as short-term use of oral corticosteroids (OCS) (cor-
responding to redeeming a prescription on a maximum of 20 
defined daily doses (DDD) of 25mg prednisolone 
Anatomical Therapeutic Chemical Classification System 
(ATC) [code H02AB06] or prednisone [H02AB07]). If 
patients collected more than one package of OCS on the 
same day, it was only counted as one exacerbation (and not 
included as an additional exacerbation).

Severe exacerbations were identified in the Hospital 
Registry and defined as hospitalizations or emergency 
room (ER) visits with ICD-10 code J40–44 as primary 
diagnosis or J13–18 (pneumonia) or J96 (respiratory 
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insufficiency) as primary diagnosis in combination with 
a secondary diagnosis J40–44. Recurrent exacerbations 
within 28 days were combined and considered as one 
exacerbation. Patients with both a moderate and a severe 
exacerbation within 28 days were counted as having 
a severe exacerbation with the start date of the exacerba-
tion that occurred first.

Information on dyspnea was measured by the treating 
physician or nurse using the MRC dyspnea scale19 and 
recorded in the National COPD Registry with a score 
ranging from 1 (not troubled by breathlessness except on 
strenuous exercise) to 5 (too breathless to leave the house, 
or breathless when dressing and undressing). Combining 
baseline exacerbations and MRC scores, patients were 
classified into four GOLD groups A-D at baseline 
(Supplementary Table 1).

Health Care Resource Utilization 
(HCRU) and Costs
In this study, both direct and indirect costs as well as costs 
for elderly care were assessed. Direct costs included acqui-
sition costs for drugs, health care visits in the primary 
sector, outpatient hospital visits including ER visits and 
hospital admissions. The costs were captured through 
Diagnosis-Related Groups (DRG)/Danish Ambulant 
Grouping System (DAGS) codes and cost of medication 
collected at the pharmacy from the Prescription Registry.

The indirect costs constituted the difference in earnings 
between COPD patients and the reference population, 
based on information on earned income and various social 

security compensation (eg, pension, early retirement and 
sick leave payments). In addition, the elderly care costs 
including costs of elderly care and retirement home were 
described.

Mean exacerbation costs for both moderate and severe 
exacerbations were calculated based on HCRU during 28 
days after the start of the exacerbation event. COPD- 
related costs were defined as inpatient, outpatient, and 
ER costs related to events with the primary diagnosis 
with ICD10 codes J44, J96, and J13-J18. All other costs 
were defined as non-COPD-related costs. Consequently, 
patients in the reference population could have COPD- 
related costs if the primary diagnosis for the contact was 
J96 or J13-J18, but not J44.

COPD-related medication costs included the cost of 
respiratory medicine (ATC, R03).

All costs were reported in euro (€) based on the pegged 
exchange rate DKK7.45/€1.

Statistical Analyses
Baseline characteristics were described during the 
baseline year or at the date of the first MRC measurement 
(index date) (Supplementary Figure 1).

Follow-up for HCRU and costs started on the day after 
the index date between January 1, 2008, and December 31, 
2016. Follow-up ended on the date of death, emigration, 
12 months after index date or end of study Dec 31, 2017, 
whichever occurred first. If a patient had several MRC 
measurements during the study period only the first mea-
surement was used. Costs were compared between the four 
GOLD groups using a regression model for each cost with 

Figure 1 Diagram showing flow of study participants and final study cohort size.
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age, sex, cohabitation status and the four GOLD groups as 
covariates with GOLD group A as reference.

cost = a*age + b*female + c*spouse + d*GoldB + 
d*GoldC + d*GoldD

A two-step model was used to analyze costs, because 
health care expenditure was right skewed with a large 
share of zeros due to many patients having no or low 
health care expenditure.20 In the first step, a probit model 
estimated the probability that an individual received any 
health care services in a given year, ie, had positive health 
care expenditures. In the second step, a gamma-distributed 
generalized linear model (GLM) was estimated where only 
individuals who actually received health care services in 
a given year were included. The GLM model consisted of 
a gamma-distribution for the expenditures and a log-link 
function assuming that the logarithm of the expected value 
of the expenditures could be modelled by a linear combi-
nation of parameters on the right-hand side.

In the following, the dependent variable yit was thus 
equal to Pr(Expenditures>0) in the first part and Ln 
(Expenditures) in the second part. The right-hand covari-
ates were the same in both the probit specification and the 
GLM specification. The models were estimated using 
maximum likelihood estimation. To make interpretation 
easier and to enable comparison of cost between GOLD 
groups, we predicted the cost of a 69-year old man with 
a spouse in each of the four GOLD groups.

The analysis comparing costs between COPD patients 
and their individually matched population comparisons 
was calculated for each GOLD group and for all groups 
combined. The p-values were calculated using boot-
strapped t-test. For individuals that died during the 12 
months follow-up, the costs were weighed by the share 
of the year they were alive. If, for example, a patient with 
COPD died, costs were still included for the controls and 
vice versa as all individuals alive carry costs.

Total costs were estimated as the sum of total direct 
costs and elderly care costs. Indirect costs, here defined as 
foregone-earnings, were estimated as the mean income of 
the reference population minus the mean income of the 
COPD patients. Both direct, indirect, and elderly care 
costs were calculated for each GOLD group.

To estimate the mean cost of a moderate and severe 
exacerbation, all primary care, pharmaceutical, and hospi-
tal cost during the 28 days following the exacerbation 
onset were summarized, including costs on the start date 
of the exacerbation. In order to ensure that total cost 
covered 28 days post exacerbation, exacerbations with 

less than 28 days follow-up for cost due to end of follow- 
up (n=4004) or death of the patient (n=2956) were not 
included. The mean exacerbation cost per patient was 
calculated by multiplying the mean exacerbation cost (for 
moderate/severe exacerbations, respectively) with the 
mean number of exacerbations per GOLD group and 
divided by the number of patients in the GOLD group.

A sensitivity analysis was conducted to investigate the 
direct costs per GOLD group when redeemed antibiotics 
were included in the definition of exacerbations. The ATC 
codes included in the definition were amoxicillin and enzyme 
inhibitor (J01CR02), amoxicillin (J01CA04), pivampicillin 
(J01CA02), phenoxymethylpenicillin (J01CE02) and various 
macrolides (J01FA01, J01FA06, J01FA09, J01FA10).

Results
Patient Demographics
A total of 49,826 patients with COPD and 196,623 
matched comparisons in the reference population were 
included in the study. Baseline characteristics of COPD 
patients are presented in Table 1. The overall mean age 
was 69.2 years with the lowest mean age in GOLD group 
A (65.9 years) and the highest in GOLD D (71.6 years). In 
total, 52% of the COPD cohort were females with the 
largest proportion of females in GOLD group D (55.8%). 
The percentage of COPD patients that were cohabitating 
decreased with COPD severity (from GOLD A to 
GOLD D).

The MRC scores at baseline followed a normal distri-
bution between the five MRC groups 1 to 5 (Table 1). In 
GOLD group A and B, 10% and 15% of the patients, 
respectively, had experienced a moderate exacerbation at 
baseline. In GOLD group C and D, severe exacerbations 
were more frequent than moderate exacerbations during 
the baseline year prior to index.

The annual exacerbation rate was higher in the fol-
low-up year than in the baseline year for GOLD groups 
A and B (Table 2), whereas patients in GOLD groups 
C and D had more exacerbations at baseline than during 
follow-up. From baseline to follow-up, the exacerbation 
rate doubled for GOLD groups A and B – driven by an 
increase in severe exacerbations, whereas both the mod-
erate and the severe exacerbation rates were lower in 
GOLD group C and D in the same period. Both mod-
erate and severe exacerbations were more evenly dis-
tributed across GOLD groups during the follow-up year 
(Table 2).

submit your manuscript | www.dovepress.com                                                                                                                                                                                                                    

DovePress                                                                                            

International Journal of Chronic Obstructive Pulmonary Disease 2021:16 606

Løkke et al                                                                                                                                                            Dovepress

Powered by TCPDF (www.tcpdf.org)

http://www.dovepress.com
http://www.dovepress.com


Direct Cost, Elderly Care Cost, and 
Indirect Costs
Total costs, including direct costs of COPD and cost for 
elderly care and retirement home, were higher for the 
COPD patients (€28,969) compared with the reference popu-
lation (€10,693), see Table 3. The same pattern was seen for 
all GOLD groups and their individually matched compari-
sons. Direct costs for the COPD population were driven 
largely by higher costs associated with hospitalizations, as 
well as costs for outpatient visits and prescription drugs. The 
indirect costs, defined as foregone earnings, were €6,773 for 
the total COPD population.

The stratification by GOLD groups showed that the 
direct costs were lowest in GOLD A, highest in group 
GOLD D. Approximately in between GOLD A and GOLD 
D and fairly equal came GOLD B and GOLD C (Table 3). 
The retirement home costs were substantial, and higher in 
patients from GOLD B compared to patients from GOLD 
C. The foregone earnings were highest in GOLD B.

To investigate the effect of respiratory infections on 
total direct and elderly costs, antibiotics were included in 
the definition of baseline exacerbations. However, it did 
not change the mean annual direct costs to any notable 
extent (total direct and elderly costs incl. antibiotics: 

Table 1 Baseline Characteristics of the COPD Cohort by GOLD Group A-D and for the Total Cohort of 49,826 COPD Patients

Gold A Gold B Gold C Gold D All

Patients, n 13,266 16,415 5,790 14,355 49,826

Gender, %

Female 48.2 51.1 54.7 55.8 52.1

Cohabitation status, %
Cohabitation 59.4 50.5 51.3 45.7 51.6

Living alone 40.6 49.5 48.7 54.3 48.4

Age, mean (SD) 65.89 (10.20) 69.91 (10.12) 68.49 (10.32) 71.64 (9.73) 69.17 (10.29)

Age group (years), %
40–49 6.4 3.0 4.0 1.9 3.7

50–59 20.7 13.5 15.8 10.3 14.8

60–69 35.5 29.0 31.7 26.2 30.2
70–79 28.0 36.5 33.2 38.9 34.6

80+ 9.3 18.1 15.2 22.7 16.7

Moderate exacerbations, mean (SD) 0.10 (0.30) 0.15 (0.35) 0.35 (0.82) 0.46 (0.92) 0.25 (0.64)

Moderate exacerbations, %
0 90.0 85.4 80.7 74.1 82.8

1–2 10.0 14.6 15.9 21.3 15.4

3+ 0.0 0.0 3.5 4.6 1.7

Severe exacerbations, mean (SD) 0.00 (0.00) 0.00 (0.00) 1.06 (0.52) 1.21 (0.72) 0.47 (0.72)

Severe exacerbations, %

0 100.0 100.0 7.2 7.5 62.6

1–2 0.0 0.0 90.7 86.8 35.5
3+ 0.0 0.0 2.1 5.8 1.9

MRC score, %
1 28.1 0.0 22.8 0.0 10.1

2 71.9 0.0 77.2 0.0 28.1

3 0.0 54.6 0.0 43.2 30.4
4 0.0 30.7 0.0 33.8 19.8

5 0.0 14.7 0.0 23.0 11.5

Death during follow up (1 Year), % 3.2 11.1 6.1 17.4 10.2
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GOLD A €8,324; GOLD B €12,295; GOLD C €10,702; 
and GOLD D €16,930).

A major driver of direct costs was the cost of severe 
exacerbations. The mean costs per moderate and severe 
exacerbation were € 888 and € 7,091, respectively (Table 
4). The costs of an exacerbation (both moderate and 
severe) did not differ substantially between GOLD groups.

COPD and Non-COPD-Related Costs
The costs for non-COPD-related HCRU were higher than 
the COPD-related costs in all GOLD groups except GOLD 
D (see Figure 2). The distribution of COPD-related and 
non-COPD-related costs was approximately the same in 
GOLD group B and C. The greatest cost driver in all 
GOLD groups was hospitalizations, both COPD-related 
and all causes.

Discussion
This nationwide population-based cohort study has pro-
vided a precise insight into the economic consequences of 
COPD in Denmark, using a large sample of high-quality 
registry data.

We found that direct costs were considerably higher 
among COPD patients compared with the reference popu-
lation, with an approximate threefold difference in total 
direct and elderly care costs between the two populations. 
Direct costs for the COPD population were largely driven 
by higher costs associated with hospitalizations, whereas 
outpatient visits and prescription of drugs accounted for 
a smaller part. Interestingly, costs of an exacerbation (both 
moderate and severe) did not differ substantially between 
GOLD groups.

The current findings support previous studies that have 
reported higher direct costs with increasing severity of 
disease, as summarized in a recent review from 2020, 

including European studies21 and from 2019 from across 
the globe (Europe, USA and Asia),22 by ur Rehman et al. 
These reviews highlight various contributing factors to the 
rising cost of COPD management, including disease sever-
ity and the frequency of exacerbations. Also, hospitaliza-
tions as well as costs for outpatient visits and prescription 
drugs are often found to be main drivers of costs – espe-
cially in the western world.21–23

Most of the studies mentioned above have been con-
ducted in a hospital setting. However, in a large retro-
spective cohort study from General Practice in the UK it 
was also demonstrated that costs increased with number of 
exacerbations.24

Two smaller studies have revealed increasing symptom 
burden to be associated with increasing HCRU.25,26

Our data set included symptom measures, which 
enabled a cost analysis based on GOLD groups. This 
definition of COPD severity is unique and the findings 
are therefore not directly comparable with previous results. 
Our study shows that the direct costs are lowest and high-
est in GOLD group A and D, respectively, but that the 
costs in both GOLD group B and C are approximately in 
between group A and D and fairly equal. This indicates 
that symptom burden in addition to exacerbation fre-
quency is also important from a cost perspective, thus 
budgetary concerns should not focus on exacerbations 
only.

Direct comparison between studies from different geo-
graphical areas is difficult due to differences in health-care 
and reimbursement systems across continents and even 
between countries. Study designs with matched control 
populations have the advantage to level out some of the 
issues related to these differences, which theoretically 
makes comparisons of findings across regions and coun-
tries more reliable. However, only few studies have used 

Table 2 Mean Number of Moderate and Severe Exacerbations During the Baseline Year and During the Follow-Up Year, by GOLD 
Group

Baseline Follow-Up

Moderate Exacerbations Severe Exacerbations Moderate Exacerbations Severe Exacerbations

GOLD A 0.10 0.00 0.10 0.07

GOLD B 0.15 0.00 0.16 0.21

GOLD C 0.35 1.06 0.26 0.28

GOLD D 0.46 1.21 0.31 0.57

Total 0.25 0.47 0.20 0.29
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population-based, matched controls. Furthermore, data 
completeness as well as the available economic parameters 
differ.

A number of studies from around the world have 
reported that COPD is a significant societal economic 
burden, associated with increased HCRU and higher 
health care costs.23,27–29 Additionally, higher direct costs 
(including mean costs per patient per year and mean costs 
per exacerbation) seem to be associated with increasingly 
severe COPD and/or a history of more frequent or severe 
exacerbations. In our study, indirect costs also contributed 
significantly to the combined costs. This was also 
reported in study from Germany,30 that found COPD to 
be significantly associated with excess direct and indirect 
costs that both increased with disease severity. However, 
indirect costs are largely unavailable in most other 
studies.

In the study from Sweden by Lisspers et al8 the price 
of a moderate and severe exacerbation seemed in line with 
the finding from our study, although they found severe 
exacerbations to be more expensive for patients in 
GOLD group D. This latter finding is most likely due to 
small numbers and to the fact that average exacerbation 
costs for moderate and severe exacerbations were calcu-
lated based on HCRU during 14 days after the occurrence 
of an exacerbation event – we used 28 days. The shorter 
the observation period, the length of the hospital stay 
comes to weights in relation to the total expenses.

As the prevalence of comorbidities in patients with 
COPD is high, it is important to understand the impact 
of costs for comorbidities in this population. We showed 
that for GOLD group A-C the non-COPD-related direct 
costs were higher than the COPD-related cost. Prevention 
of severe comorbidities and managing them more 

Table 4 Number of Moderate and Severe Exacerbations and Mean Cost (in Euro [€]) of Exacerbation (Counting 28-Days from Start) 
per Patient by GOLD Group

GOLD 
Group

Patients 
(n)

Moderate Exacerbation Severe Exacerbation

Number of 
Exacerbations

% of Patients 
Experiencing 
Exacerbation

Mean Cost per 
Exacerbation per 

Patient (€)

Number of 
Exacerbations

% of 
Patients

Mean Cost per 
Exacerbation per 

Patient (€)

GOLD A 13,266 1273 9.6 744 971 7.32 6616

GOLD B 16,415 2624 16.0 962 3408 20.76 7083

GOLD C 5790 1510 26.1 791 1645 28.41 6928

GOLD D 14,355 4513 31.4 917 8212 57.21 7182

Total 49,826 9920 19.91 888 14,236 28.57 7091

Figure 2 Direct costs in euro (€) in COPD patients, presented as COPD-related and non-COPD-related costs and stratified by GOLD group.
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effectively would not only be of benefit for the patients but 
could potentially also relieve much of the financial burden 
of disease. This has been demonstrated in a recent study, 
evaluating the cost analysis of COPD exacerbations and 
cardiovascular events in the SUMMIT trial.31

The main strengths in our study are the large sample 
size, covering patients across the entire COPD severity 
spectrum, and the use of matched population comparisons 
to reflect healthcare use and cost in individuals from the 
general population of same age, sex and cohabitation 
status. The availability of dyspnea symptom scores in 
combination with the comprehensive range of costs mea-
sured, and the extended assessment period generated 
robust economic data for patients with COPD and 
a matched reference population across time, age, and dis-
ease stage. Finally, this study has recognized the impor-
tance of indirect costs in the economic burden of COPD on 
the Danish society. However, when interpreting the results, 
one should be aware that patients included in this study 
were identified in a hospital setting. Thus, the present 
study reflects a more severe COPD population than if 
identified in the general population. This would intuitively 
result in higher cost estimates. In contrast, patients in the 
control group may have been treated for COPD in primary 
care, which to some extend likely lowered our estimate of 
the cost difference. Furthermore, information on smoking 
was not available in the nationwide population registers, 
that were used for matching COPD patients with compar-
isons from the general population. Most of our analyses 
focus on analysis within the COPD cohort only and are 
therefore not expected to be influenced. But the analysis 
comparing mean annual costs between COPD patients and 
the reference population has been affected as it measured 
both the cost of COPD and the cost of smoking-related 
illness in the COPD cohort which has much higher smok-
ing rates than the general population.

We found the yearly exacerbation rate doubled for 
GOLD groups A and B during follow-up – driven by an 
increase in severe exacerbations whereas both the moder-
ate and the severe exacerbation rates were lower in GOLD 
group C and D in the same period.

The latter finding most likely reflects the regression 
towards the mean and a direct consequence of the high mor-
tality rates in both GOLD group C and D during follow-up.

The increase in severe exacerbations in GOLD groups 
A and B during follow-up points towards the importance 
of earlier diagnosis and management of COPD, as this 
would not only benefit patients, but hopefully also reduce 

the economic burden of disease by interrupting the pro-
gression of mild and moderate patients with COPD to 
more severe stages of disease.

Conclusion
In this large real-world study, we showed that total direct 
and indirect costs were approximately threefold higher 
among patients with COPD compared to a matched refer-
ence population. Direct costs for the COPD population 
were largely driven by higher costs associated with hospi-
talizations as well as costs for outpatient visits and pre-
scription drugs. The costs increased with increasing 
disease severity, as assessed by GOLD A-D grouping, 
reflecting previous exacerbation history and daily symp-
tom burden. Notably, costs of a moderate exacerbation did 
not differ substantially across GOLD groups and the same 
was seen for severe exacerbations.
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