
O R I G I N A L  R E S E A R C H

The Impact of Exacerbation Frequency on Clinical 
and Economic Outcomes in Swedish COPD 
Patients: The ARCTIC Study

This article was published in the following Dove Press journal: 
International Journal of Chronic Obstructive Pulmonary Disease

Kjell Larsson1 

Christer Janson 2 

Karin Lisspers 3 

Björn Ställberg 3 

Gunnar Johansson 3 

Florian S Gutzwiller 4 

Karen Mezzi4 

Bine Kjoeller Bjerregaard5 

Leif Jorgensen5

1Integrative Toxicology, The National 
Institute of Environmental Medicine, 
Karolinska Institute, Stockholm, Sweden; 
2Department of Medical Sciences: 
Respiratory, Allergy and Sleep Research, 
Uppsala University, Uppsala, Sweden; 
3Department of Public Health and Caring 
Sciences, Family Medicine and Preventive 
Medicine, Uppsala University, Uppsala, 
Sweden; 4Novartis Pharma AG, Global 
Patient Access, Basel, Switzerland; 
5IQVIA Solutions, Real World Evidence 
Solutions, Copenhagen, Denmark 

Purpose: The aim of this study was to assess the association between exacerbation 
frequency and clinical and economic outcomes in patients with COPD.
Patients and Methods: Electronic medical record data linked to National Health Registries 
were collected from COPD patients at 52 Swedish primary care centers (2000–2014). The 
outcomes analyzed were exacerbation rate, mortality, COPD treatments, lung function and 
healthcare costs during the follow-up period. Based on the exacerbation rate two years before 
index date, the patients were initially classified into three groups, either 0, 1 or ≥2 exacer-
bations per year. After the index date, the classification into exacerbation groups was updated 
each year based on the exacerbation rate during the last year of follow-up. A sensitivity 
analysis was conducted excluding patients with asthma diagnosis from the analysis.
Results: In total 18,586 COPD patients were analyzed. A majority of the patients (60–70%) 
who either have had no exacerbation or frequent exacerbations (≥2/year) during the pre- 
index period remained in their group (ie, with 0 or ≥2 annual exacerbations) during up to 11 
years of follow-up. Compared with having no exacerbation, mortality was higher in patients 
having 1 (HR; 2.06 [1.93–2.20]) and ≥2 (4.58 [4.33–4.84]) exacerbations at any time during 
the follow-up. Lung function decline was more rapid in patients with frequent exacerbations 
and there was an almost linear relationship between exacerbations frequency and mortality. 
Total healthcare costs were higher in the frequent exacerbation group (≥2/year) than in 
patients with no or one exacerbation annually (p<0.0001 for both). The results did not differ 
from the main analysis after exclusion of patients with a concurrent asthma diagnosis.
Conclusion: In addition to faster lung function decline and increased mortality, frequent 
exacerbations in COPD patients imply a significant economic burden.
Keywords: chronic obstructive pulmonary disease, exacerbations, mortality, lung function, 
healthcare cost, Sweden

Introduction
Chronic obstructive pulmonary disease (COPD) is a progressive disorder character-
ized by persistent respiratory symptoms and airflow limitation. It is a major cause 
of chronic morbidity and the third leading cause of death worldwide.1

COPD exacerbations are defined as an acute worsening of respiratory symptoms 
that results in additional therapy.2 Prevention of exacerbations is one of the 
significant components in the management of COPD as they negatively impact 
health status, and can result in hospitalization and re-admission, disease progres-
sion, rapid lung function decline and mortality.2 Annual rate of exacerbations varies 
among patients. Exacerbations become more frequent and serious with increasing 
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disease severity3,4 but there is also clear evidence that 
certain patients have more frequent exacerbations irrespec-
tive of disease severity.4 Furthermore, economic studies 
have demonstrated that costs increase substantially with 
COPD severity, and a significant economic burden of 
COPD can be attributed to exacerbations.5–9

In previous studies, the quantitative relationship 
between exacerbation frequency and the impact on differ-
ent health outcomes and mortality have rarely been 
assessed. Thus, it is not clear whether the increased risk 
of different health outcomes such as, quality of life, lung 
function decline and mortality caused by exacerbations, is 
associated with the fact that the patient experience exacer-
bations, no matter how often, or whether there is 
a quantitative association between the risk and the number 
of exacerbations. In the present study, we hypothesize that 
negative clinical effect caused by exacerbations are related 
to the frequency of exacerbations and not only to the 
tendency to have or not have exacerbations. It is therefore 
important to generate real-world evidence to better under-
stand the effect of exacerbations on COPD. In Sweden, 
most patients with COPD are managed in primary care. 
The aim of this longitudinal study was to provide real- 
world evidence on the clinical and economic impact of 
exacerbation frequency among COPD patients in the 
Swedish primary care setting and to, more in detail, 
describe the relationship of exacerbations and clinical out-
comes and economic consequences in COPD using 
a dynamic approach to exacerbations that resembles the 
clinical practice.

Patients and Methods
Study Design
ARCTIC is a large, real-world, retrospective, Swedish 
cohort study conducted in 18,586 eligible, primary care, 
COPD patients. The study was conducted in accordance 
with the principles of the Declaration of Helsinki. Ethics 
approval was obtained from the local Ethical Regional 
Board in Uppsala, Sweden, on 11 December 2014 (num-
ber: 2014–397), for accessing the National Health Register 
and for recruiting primary care centers to the study. An 
amendment specifying additional analysis was approved 
by the Ethical Regional Board in Uppsala on 
6 October 2017. Data from all records were de-identified, 
and therefore, the Ethics committee did not require patient 
consent. Electronic medical record (EMR) data were col-
lected from patients with physician-diagnosed COPD in 52 

primary care centers across Sweden between the years 
2000–2014 using an established software system 
(Customized eXtraction Program, CXP 3.0). Collected 
data included age, gender, prescriptions (according to the 
World Health Organization Anatomic Therapeutic 
Chemical [ATC] codes), doctor’s diagnoses (according to 
the International Classification of Diseases, tenth revision 
[ICD-10] codes), spirometry measurements (FEV1 and 
FVC values), laboratory tests, healthcare professional vis-
its and referrals. The centers covered urban and rural sites 
of varying sizes across Sweden. EMR data were linked by 
the Swedish National Board of Health and Welfare using 
individual patient identification (ID) numbers to National 
Registry data sources (patient IDs were pseudonymized). 
These data sources included: (i) the Longitudinal 
Integration Database for Health Insurance and Labour 
Market Studies (LISA),10 which contains socio- 
demographic data, including educational level, marital sta-
tus and family situation, occupational status, retirement 
and economic compensation and social benefits; (ii) the 
National Patient Register,8 which contains data related to 
diagnosis from secondary care (ICD-10 code and asso-
ciated position), including gender, age, region, hospital 
visits, specialty visits, hospital admissions and discharges, 
medical procedures and surgeries performed in inpatient 
and outpatient specialist settings; (iii) the National 
Prescription Register8 (from 2005), which tracks full 
details of all medications dispensed from community phar-
macies’ (ATC codes), including brand name, prescription 
date, dose, strength, pack size, specialty of the prescriber 
and costs associated with the drug prescription; and (iv) 
the Cause of Death Register,8 which is used to collect 
information of the deceased such as sex, date of death 
and the underlying cause of death.

Study Patients
The study population consisted of patients aged ≥40 years 
who had received a physician’s diagnosis of COPD (ICD- 
10 code: J44), in a primary care setting (EMR database) or 
in a hospital setting (according to the National Patient 
Register). Patients’ diagnoses were defined by ICD 
codes, while lung function was used to assess the degree 
of airflow limitation based on data collected from EMRs. 
Comorbidities were defined by recorded ICD10 diagnosis 
from primary and secondary care (both inpatients and 
outpatients). The study index date constituted the time of 
the first recorded physician’s diagnosis of COPD during 
the enrolment timeframe.
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Outcomes
The outcomes analyzed were exacerbation rate, mortality, 
proportion of patients using various COPD treatments, change 
in lung function (FEV1) and healthcare costs. Based on the 
exacerbation rate two years before index date (exacerbations 
defined as during follow-up), the patients were initially classi-
fied into three groups, either 0, 1 or ≥2 exacerbations per year. 
Exacerbation rate was assessed during the follow-up period. 
After the index date, the classification into exacerbation groups 
was updated each full year based on the exacerbation rate 
during the last year of follow-up. Acute exacerbations is 
defined as COPD-related hospitalizations (J44 in primary posi-
tion or J44.0/J44.1 in secondary), emergency visits 
(J44.0/J44.1 in outpatient hospital care), or collection of oral 
steroids (ATC H02AB) or antibiotics targeted at respiratory 
diseases (ATC J01AA/J01CA) prescribed by either doctors in 
primary or secondary care. Exacerbations occurring within 14 
days were considered as one single event. No separate analyses 
of exacerbations of different severity was performed.

Total survival was calculated based on the average exacer-
bations per year (ie, 0.1 and ≥2) during a follow-up of up to 15 
years (before death). For each year the collection of drugs was 
calculated and the cumulative dispensation of drugs for COPD 
during a follow-up period of 10 years (2006–2015) was 
assessed. For calculation of lung function (FEV1) decline 
over time, ≥3 lung function measurements after index date 
were required. Each lung function measurement has been 
assessed from a qualitative aspect to avoid incorrectly con-
ducted measurements. The assessment was done without 
knowledge about the exacerbation rate. Lung function (FEV1 

and FVC) was measured after bronchodilatation and expressed 
as percent of predicted normal value and lung function decline 
was analyzed as annual FEV1 loss. Data were reported for 
patients who had experienced, on average, 0, 1, or ≥2 exacer-
bations per year during follow-up. The direct healthcare costs 
were calculated for each year, from two years prior to index 
date and during follow-up for each of the groups. Differences 
in total costs were evaluated by fitting a log-linked gamma 
marginal model using generalized estimating equations (GEE) 
to the longitudinal data. Total costs excluding drug costs and 
separate data for drug costs was reported for patients with 0, 1 
and ≥2 exacerbations per year during follow-up.

Statistical Analysis
A sample size calculation conducted prior to the study indi-
cated that 13,800 patients were required to detect a 4% differ-
ence in exacerbation rate between groups, with a power of 80% 

and an alpha level of 5% in the two-tailed test. The power 
calculation was based on finding a difference in rate of exacer-
bations between treatment groups. This calculation is also valid 
for any rate difference in the study. The statistical analysis 
software used was “PC SAS for Windows” Version 9.4. 
Patient demographics were described for COPD patients and 
stratified by annual exacerbation rate two years prior to the 
index date (0, 1 and ≥2). The chi-square test was used to 
compare the two (or more if the analysis was stratified) groups 
of patients with the outcome (eg, percentage of patients with 
COPD and comorbidities) as the dependent variable and the 
group variable gender as the independent variable. As the 
classification of groups based on the exacerbation frequency 
were dynamic with yearly re-classifications, a Cox propor-
tional hazards model with time-dependent frequency of 
exacerbations as a covariate was fitted. The frequency was 
calculated as the number of exacerbations in the previous 365 
days. Frequency was updated continuously. To further investi-
gate the relationship between exacerbations and mortality, 
the percent of patients who died was calculated, using 
a stepwise increase in the exacerbation rate of 0.2 exacerba-
tions per year. The patients were censored at the last known 
time alive or at the end of the study. The analyses were 
presented as hazard ratios with 95% confidence interval (CI) 
for the group and covariate. An analysis of covariance was 
used to compare the difference between the groups with respect 
to hospital visits and primary care visits, number of prescrip-
tions, and time from COPD diagnosis to the index date with 
age as covariate. Comorbidities were calculated at different 
time points as frequencies of the total study population at that 
time point. The overall comorbidity burden was assessed using 
the Charlson comorbidity index. A sensitivity analysis was 
conducted excluding patients with an asthma diagnosis to 
examine the impact of concurrent asthma on exacerbation 
rate, mortality and lung function decline.

Results
Out of 202,397 patients identified from the electronic medical 
records (EMR), 18,586 (53.8% women) with COPD were 
identified as eligible for inclusion in the study. Baseline char-
acteristics such as age, gender, comorbidities, treatment and 
health care utilization differed significantly between the 
groups having 0, 1 or ≥2 exacerbations per year the two 
years prior to index date (Table 1). Lung function values 
were recorded either before, at or after index date. The closest 
value to index date is given in Table 2. Baseline characteristics 
and lung function measurements of COPD patients without 
a concurrent asthma diagnosis has been reported in 
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Table 1 Baseline Characteristics of 18,586 Patients with COPD Stratified by Exacerbation Rate

Variable Annual Exacerbation Rate 2 Years Prior to Index Date P-value

0 1 ≥2

N=8092 (43.5%) N=4093 (22.0%) N=6401 (34.5%)

Age (years) 68.2 69.0 69.5 <0.0001

Female 4125 (51.0) 2196 (53.6) 3672 (57.4) <0.0001

Comorbidity

Charlson Comorbidity Index value 1.6 1.7 1.9 <0.0001

Asthma, J45 944 (11.7) 564 (13.8) 1158 (18.1) <0.0001

Cardiovascular Disease, I00-I99 2877 (35.6) 1549 (37.8) 2666 (41.6) <0.0001

Hypertension, I10 1660 (20.5) 898 (21.9) 1523 (23.8) <0.0001

Heart failure, I50 582 (7.2) 335 (8.2) 615 (9.6) <0.0001

Ischemic heart diseases, I20-I25 760 (9.4) 425 (10.4) 730 (11.4) <0.0001

Cerebrovascular diseases, I60-I69 317 (3.9) 186 (4.5) 272 (4.2) 0.2865

Diabetes Type I, E10 119 (1.5) 92 (2.2) 139 (2.2) 0.0014

Diabetes Type II, E11 + E13 490 (6.1) 282 (6.9) 553 (8.6) <0.0001

Depression, F32 + F33 397 (4.9) 221 (5.4) 378 (5.9) 0.0079

Anxiety, F40 + F41 270 (3.3) 171 (4.2) 275 (4.3) 0.0023

Osteoporosis, M80 + M81 140 (1.7) 87 (2.1) 194 (3.0) <0.0001

Fractures, S2 457 (5.6) 259 (6.3) 461 (7.2) 0.0001

Lung Cancer, C34 61 (0.8) 34 (0.8) 91 (1.4) <0.0001

Treatment

ICS in any combination 1422 (17.6%) 953 (23.3%) 2208 (34.5%) <0.0001

LABA in any combination 1115 (13.8%) 752 (18.4%) 1817 (28.4%) <0.0001

LAMA in any combination 716 (8.8%) 518 (12.7%) 1143 (17.7%) <0.0001

SABA 1068 (13.2%) 714 (17.4%) 1681 (26.3%) <0.0001

SABA + SAMA 48 (0.6%) 27 (0.7%) 101 (1.6%) <0.0001

SAMA 228 (2.8%) 175 (4.3%) 440 (6.9%) <0.0001

Health care utilization

Number of times at hospital/year, any reason 0.42 0.50 0.67 <0.0001

Number of out hospital visits/year 1.30 1.65 2.31 <0.0001

Number of contacts to primary care/year# 9.28 9.81 11.02 <0.0001

Patients with overnight stays (%) 2287 (28.2) 1367 (33.4) 2627 (41.0) <0.0001

Patients with contacts to primary care (%) 6091 (75.2) 3035 (74.2) 4351 (68.0) <0.0001

Notes: #Contacts with primary care is any contact including physical visit, phone contact, laboratory visit, electronic contacts to any type of staff physician, nurse and lab technician. Age, 
gender, co-morbidity, health care utilization and drug treatment at baseline, ie, two years prior to index date. Group assignment is based on annual exacerbations rate two 2 years prior 
to index date (patients may move between the groups during follow-up). Treatment “in any combination” includes both drugs taken alone and in combination with other drugs, 
separately and in fixed combinations. Results are presented as n and percent within brackets. P-values indicate differences between the groups. 
Abbreviations: ICS, inhaled steroids; LABA, long-acting beta-agonists; LAMA, long-acting antimuscarinics; SABA, short-acting beta-agonists; SAMA, short-acting 
antimuscarinics.
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Supplemental Material Tables 1 and 2. No difference was 
observed with respect to baseline characteristics and lung 
function values between COPD patients with and without 
concurrent asthma.

Exacerbations
Between 30% and 40% patients in the group who experienced 
1 exacerbation per year and 60–70% of the patients in the 
groups who had 0 and ≥2 exacerbations per year two years 
prior to index date had the same rate of exacerbations during up 
to 11 years follow-up period (Figure 1). Hence, most of the 
patients (approximately two out of three) who did not have 
exacerbations during two years prior to index date, did not 
experience exacerbations during the follow-up. Thus 28% of 
all COPD patients did not experience exacerbations before 
index date and during follow-up. Also, between 60% and 
70% of the patients who experienced ≥2 annual exacerbations 
during two years prior to index date also had ≥2 annual 
exacerbations throughout the whole follow-up period of up to 
11 years. This means that 22.4% of all COPD patients had 2 or 
more annual exacerbations before index date and during fol-
low-up. Patients with one exacerbation during two years prior 
to index date moved more frequently between the groups 
(Figure 2).

Mortality
Of those who died, 24% had no exacerbation, 22% had one 
exacerbation and 54% had ≥2 exacerbations during their 

last year of life. Compared to those having no exacerbation, 
mortality was higher in patients having 1 (HR [95% CI] 2.19 
[2.05–2.35]) and ≥2 (4.93 [4.65–5.21]) annual exacerbations 
at any time during the follow-up. The mortality was also 
higher in patients with ≥2 exacerbations/year compared to 1 
exacerbation/year (2.24 [2.12–2.37]). All these estimates were 
adjusted for sex, age, cardiovascular diseases, and lung cancer.

Increased exacerbation frequency was almost linearly 
associated with increased mortality (Figure 3). The cause of 
death was more often cardiovascular diseases (40.1%) in those 
with no exacerbation than in patients who had a history of 
exacerbations (31.4%, p<0.0001; data not shown).

Change in Lung Function
During the follow-up a total of 941 patients underwent ≥3 
lung function measurements that fulfilled the quality cri-
teria for calculations of lung function decline over time. 
The higher the exacerbation rate the faster lung function 
declined (p=0.0078; Figure 4).

Pharmacological Treatment
In Figure 5, the percentage of patients treated with respira-
tory drugs in the three exacerbation groups ie patients with 
0, 1 or ≥2 exacerbations/year during the pre-index period 
is shown. The percentage of patients treated with fixed and 
free combinations of ICS, LABA and LAMA, and patients 
treated with SABA alone, increased over time in all three 
groups (Figure 5). For these groups, there was also 

Table 2 Lung Function After Bronchodilatation in COPD Patients Stratified by Exacerbation Rate

Variable Annual Exacerbation Rate 2 Years Prior to Index Date

0 1 ≥2

FEV1 Mean (95% CI) 1.9 (1.8, 1.9) 1.8 (1.7, 1.8) 1.7 (1.7, 1.8)

N (%) 2851 (35.2) 1376 (33.6) 1809 (28.3)

FVC Mean (95% CI) 2.9 (2.8, 2.9) 2.7 (2.7, 2.8) 2.7 (2.7, 2.7)

N (%) 2716 (33.6) 1314 (32.1) 1725 (27.0)

FEV1/FCV ratio Mean (95% CI) 0.60 (0.59, 0.61) 0.60 (0.59, 0.61) 0.59 (0.58, 0.60)

N (%) 2863 (35.4) 1391 (34.0) 1846 (28.8)

FEV1% predicted Mean (95% CI) 65.1 (64.4, 65.8) 63.1 (62.1, 64.1) 61.4 (60.5, 62.2)

N (%) 3307 (40.1) 1651 (40.3) 2193 (34.4)

FVC % predicted Mean (95% CI) 76.7 (76.0, 77.4) 74.4 (73.5, 75.4) 73.4 (72.5, 74.2)

N (%) 3079 (38.0) 1537 (37.6) 2014 (31.5)

Notes: Lung function values are the ones closest to (either before or after) index date. N (%) indicate the number of patients and (percent of patients in that group) in 
whom lung function measurement were available. 
Abbreviations: CI, confidence interval; FEV1, forced expiratory volume in one second; FVC, forced vital capacity.
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a higher usage for the given drug for patients with ≥2 
exacerbation/year compared to patients with one or no 
exacerbations. Underlying numbers (data not shown) also 
suggest higher collection of combination of ICS + LABA 
+ LAMA in patients with ≥2 or 1 exacerbation/year com-
pared to patients with no exacerbations.

Costs
The total costs (drug costs excluded) showed a peak at year 0, 
ie, the year after index date when the diagnosis for COPD was 
first established. The annual cost during the first year of 
follow-up was €7108 per patient in the 0 exacerbation group, 
€11,981 per patient in the one exacerbation group, and 
€20,571 per patient in the ≥2 exacerbation group, respectively. 
The higher cost in the groups with frequent exacerbations were 
mainly driven by hospitalization costs. Total costs were higher 
in the frequent exacerbation group (≥2 exacerbations/year) 
than in the 0 exacerbation/year group (p<0.0001) and the 1 
exacerbation/year group (p<0.0001), respectively. If drug 
costs were excluded, the time trend was stable with no marked 
total cost changes in the group who experienced ≥2 exacerba-
tions/year whereas there was a slight decrease in the groups 
with 0 and 1 annual exacerbation (Figure 6A).

The drug costs increased with time after index date in 
all three groups. Drug costs during the first year of follow- 
up were €446 per patient per year in the 0 exacerbation 
group, €627 per patient per year in the 1 exacerbation 
group and €1049 per patient per year in the ≥2 exacerba-
tion group. The costs of collected drugs were higher in the 
frequent exacerbation group (≥2 exacerbations/year) com-
pared to the other groups and in the 1 exacerbation group 
compared with 0 exacerbation (p<0.0001 for all; 
Figure 6B).

Sensitivity Analysis
In order to explore the impact of concomitant asthma on 
the results, a sensitivity analysis was performed by exclud-
ing patients with an asthma diagnosis. After exclusion of 
asthma exacerbation rate, mortality related to exacerbation 
rate, and lung function decline over time remained 
unchanged. (Figures 1, 3 and 4).

Discussion
In this study, it was demonstrated that outcomes such as lung 
function decline and mortality in COPD are not only related to 
the presence of exacerbations per se but also that there is 

Figure 1 Exacerbation rate at baseline and during each year of follow-up in COPD patients with (n=18,586) and without (n=15,920) a concurrent asthma diagnosis. 
Notes: The percent of patients that remains in the same group as in the previous period of one year is calculated. The most dynamic group is the group with 1 exacerbation 
per year, where only around one out of three patients remain in the same group as in the previous one-year period. Around two out of three patients who experienced 0 
and ≥2 exacerbations remained in the same group, ie, having 0 or ≥2 annual exacerbations also during follow-up. The pattern is similar in all COPD patients and when COPD 
without an asthma diagnosis have been deleted.
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a clear quantitative relationship between those outcomes and 
exacerbation rate, the higher number of exacerbations, starting 
below one exacerbation per year, the more rapid lung function 
decline and the higher death rate. Furthermore, it was shown 
that the tendency to experience exacerbations over time is 
rather a constant phenomenon in a patient with COPD. 
Approximately two of three patients who had no history of 
exacerbations did not experience any exacerbation during the 
follow-up and about the same amount of patients (60–70%) 
who had experienced ≥2 exacerbations per year during the pre- 
index period continued to have ≥2 exacerbations during the 
follow-up period. However, we observed a greater variability 
in exacerbation rate during the follow-up among patients with 
a history of one exacerbation per year.

In the GOLD document, group A and B are regarded as 
the low-risk groups as they have only one exacerbation in 
the last year. In the present study, it was clearly demon-
strated that all outcomes were related to exacerbation rate 
and that patients with one exacerbation per year were 
worse off than patients who did not experience any exacer-
bations. This may have implication for treatment recom-
mendations as there seems to be a clear indication for 
including patients with one annual exacerbation in the 
high-risk groups, ie, group C and D. Our data suggest 
that an exacerbation rate of one per year constitutes 
a risk factor for negative outcomes.

Our results are in agreement with earlier studies that 
have shown that a history of frequent exacerbations is 

Figure 2 Exacerbation rate during the first three years of follow-up after index date in 18,586 patients with COPD. 
Note: The green, yellow and red color bars represent the groups of patients with 0.1 or ≥2 exacerbations during the first, second and third year of follow-up, respectively.
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a predictor of future exacerbations.4 In the present study, it 
was shown that over 40% of the patients with a physician 
diagnosed COPD did not have exacerbations, neither dur-
ing pre-index nor during follow-up. This finding empha-
sizes the importance of the exacerbation history when 
decisions about pharmacological and non- 
pharmacological treatment is taken, in particular when 
treatment is commenced in previously untreated COPD 
patients. Our findings confirm previous observations that 
frequent exacerbations among COPD patients are asso-
ciated with increased mortality.2,4,11 We observed almost 
a linear relationship between exacerbation frequency and 
mortality. This, again, implies that a careful exacerbation 
history is imperative when optimizing the treatment for 
patients who have a history of exacerbations in order to 
likely bring down mortality in this group of COPD 
patients.

It has been shown that addition of ICS to bronchodila-
tors provides better efficacy in the subset of COPD 
patients with frequent exacerbations and with higher 
blood eosinophil count (≥300 cells/μL) and/or a history 
of asthma than therapy with bronchodilators.12–14 Our 
study results showed that treatment with bronchodilators 
and inhaled steroids is more common in patients with 
frequent exacerbations than in patients with no exacerba-
tions which would be according to the guidelines at the 

Figure 3 Mortality related to the average number of annual exacerbations during the complete follow-up period before death in COPD patients with (n=18,586) and 
without (n=15,920) a concurrent asthma diagnosis.

Figure 4 Post bronchodilator lung function decline related to exacerbation rate 
during follow-up in COPD patients with (n=18,586) and without (n=15,920) 
a concurrent asthma diagnosis. 
Notes: Data are given for patients who had experienced, on average, 0, 1, or ≥2 
exacerbations per year during follow-up. Lung function (FEV1) decline is based on 
three or more measurements and given as post-bronchodilator FEV1 decline in mL/ 
year. Mean values and 95% confidence interval. 
Abbreviation: FEV1, forced expiratory volume in one second.
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time of the study and to current guidelines. From these 
data, it could be concluded that a substantial number of 
patients who do not experience exacerbations are treated 
with ICS which, however, is not in agreement with 
Swedish or international guidelines.2,15,16 According to 
Swedish (and international) guidelines long-acting bronch-
odilators constitute first line for symptom relief in COPD. 
The obvious difference in prescription of bronchodilators 

between patients with no exacerbations compared with 
frequent exacerbations may indicates that patients who 
do not experience exacerbations are under-treated with 
bronchodilators. Apart from a possible over-prescription 
of ICS in patients who do not experience exacerbations, 
our findings emphasize the importance of a careful assess-
ment of the clinical picture in order to prescribe broncho-
dilators to COPD patients who need symptom relief.

Figure 5 Cumulative dispensation, representing prescription during the preceding year, of respiratory drugs during a follow-up period of 8 years in 18,586 patients with 
COPD. 
Abbreviations: ICS, inhaled steroids; LABA, long-acting beta-agonists; LAMA, long-acting antimuscarinics; SABA, short-acting beta-agonists; SAMA, short-acting 
antimuscarinics.
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We observed that exacerbations drive lung function 
impairment over time and these findings are in line with 
previous results. In the classical study by Fletcher and col-
leagues, it was reported that in healthy non-smoking adults 
had an FEV1 decline of, on average, 30 mL per year.17 In the 
present study, the annual decline in FEV1 was approximately 
30 mL in COPD patients who did not experience exacerba-
tions prior to the index date or during follow-up. This is in 
line with the findings by Kesten et al who did not show 
a substantial increase in lung function decline in the COPD 

with the lowest exacerbation rate.18 In a small prospective 
study, a somewhat faster lung function decline was observed 
in patients with frequent (>2.92 exacerbations/year) than in 
patients with less frequent (<2.92 per year) exacerbations.19 

In the present study, it was confirmed that lung function 
decline is related to exacerbations and that this relationship 
seems to be quantitative, the more frequent exacerbations the 
faster lung function decline.

We also observed that the direct healthcare costs incurred 
by COPD patients with frequent exacerbations were higher 

Figure 6 Total direct costs excluding drug costs (A) and costs for drugs in COPD patients (B) with 0, 1 and ≥2 exacerbations per year during 11 years of follow-up.
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than COPD patients with no history of exacerbations, which 
supported findings from other studies.20,21 Furthermore, the 
drug costs increased with time whereas the other direct health-
care costs did not change much over time. During the follow- 
up of the present study (2000–2014), the awareness of COPD 
and how to manage the disease improved substantially in 
Sweden,22,23 which could explain that the drug costs increased 
whereas other costs were kept down due to improved manage-
ment. During the first year of follow-up, the total costs, but not 
the drug costs, were high, a finding that was most clear in the 
group with ≥2 annual exacerbations. These costs were asso-
ciated with measures related to COPD diagnosis and to 
hospitalizations.

In general, the patients with a dual diagnosis of asthma and 
COPD are younger with a higher clinical burden than those 
diagnosed with COPD alone.24,25 This is in agreement with 
the finding of the present study in which the prevalence of 
comorbidities was generally somewhat higher in the whole 
group compared to the group with pure COPD, ie, when 
asthma was excluded. No difference was observed with 
respect to age among patients with both asthma and COPD 
and patients with COPD alone suggesting that the COPD 
diagnosed may have been established at later stage in patients 
already having an asthma diagnosis. This interpretation is in 
line with a previous ARCTIC study in which asthma was more 
common in COPD patients receiving their COPD diagnosis at 
a late stage indicating that the asthma diagnosis may delay the 
diagnosis of COPD.26 Although patients with both asthma and 
COPD seem to be slightly worse off with regard to disease 
burden, exacerbation rate, lung function decline and mortality 
rate did not differ between the groups indicating that 
a concurrent asthma diagnosis did not have an impact on 
these outcomes which may be attributed to the fact that 
study patients had a moderate or mild COPD.

The present study has several important strengths. The 
real-world study design, long follow-up period and the large 
sample size of high-quality national registry data from pri-
mary care settings adequately reflect the general population 
and clinical practice in Sweden. Additionally, the study car-
ried out a comprehensive assessment (2000–2014) of history 
of exacerbation and its association with the exacerbation rate, 
mortality, COPD treatments, lung function and healthcare 
costs during the long follow-up time. Data quantification in 
this study can allow decision makers to understand the 
impact of exacerbations frequency in COPD patients, 
which may serve as the basis for the development of treat-
ment strategies to achieve better outcomes in millions of 
patients with COPD worldwide.

Nevertheless, this study also has certain limitations. 
The retrospective study design introduces the potential 
for bias and confounding due to variables that may not 
have been accounted for in our analysis. Although all 
patients had physician-diagnosed COPD, the accuracy of 
COPD diagnoses and the severity of disease could not be 
verified in all patients, as spirometry data were missing in 
a number of patients. Only direct costs were included in 
the study and no data was available on smoking history of 
the included patients. Furthermore, the study was con-
ducted only in Swedish patients; it is therefore uncertain 
whether these findings can be extrapolated to a more 
diverse group of patients and to other healthcare systems.

Conclusion
In conclusion, our findings demonstrated that COPD 
patients with frequent exacerbations have a higher risk of 
future exacerbations, mortality, rapid lung function decline 
and incur greater healthcare costs compared with infre-
quent exacerbators and non-exacerbators, demonstrating 
a significant economic burden. Our results clearly indicate 
that a concomitant asthma diagnosis does not have an 
impact on the outcomes in patients with COPD in 
a Swedish primary care setting. Management of COPD 
directed to reduce incidence of exacerbations improves 
clinical and economic outcomes in COPD patients.

Key Messages
What is the key question?

● Is exacerbation frequency associated with clinical and 
economic impact in Swedish COPD patients?

What is the bottom-line?

● COPD patients with exacerbations have a higher risk 
of future exacerbations, mortality, rapid lung function 
decline and incur greater healthcare costs compared 
with infrequent exacerbators and, even more, non- 
exacerbators, demonstrating a significant economic 
burden.

Why read on?

● The relationship between exacerbation rate and mor-
tality increased from levels below one annual exacer-
bation and was almost linear. This implies that having 
one exacerbation per year increased the risk of future 
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exacerbations and death, a finding that may question 
the classification of the GOLD A and B groups as 
low-risk groups.

Data Sharing Statement
The data for this study were obtained from electronic 
medical records in primary care and the Swedish 
National Health Register. Restrictions apply to the avail-
ability of these data, which were used under license for the 
current study, and so are not publicly available. Data are 
however available from IQVIA Solutions, Solna, Sweden, 
upon reasonable request and with permission of the 
Swedish National Health Register.
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