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ABSTRACT
Objective: To describe health care resource utilization (HCRU) and associated costs in adult
patients referred for specialist asthma care in Southwest Finland, by disease severity and
blood eosinophil count (BEC).
Methods: This non-interventional, retrospective registry study (GSK ID: HO-17-17558) utilized
data from patients >18 years of age on the hospital register of the Hospital District of
Southwest Finland. Data extraction was from January 1, 2004 to December 31, 2015; the
index date was the first hospital visit within this period with an International Classification
of Diseases-10 diagnosis code for asthma or acute severe asthma. Patients were categorized
by asthma severity (based on medication use) and BEC (<300 or �300 cells/lL). Total and
asthma-related HCRU and estimated costs were recorded the year following index and for
calendar years 2004–2015.
Results: Overall, 14,398 patients were included; 388 had severe asthma at index. BEC was
available for 3781 patients; 1434 had a BEC �300 cells/lL and 2347 had a BEC <300 cells/
lL. A total of 1241 patients had severe asthma; 270 patients had severe eosinophilic asthma
(severe asthma and a BEC �300 cells/lL). Patients with severe versus non-severe asthma
had higher total- and asthma-related outpatient visits, inpatient days, emergency room visits
and costs per patient year; those with BEC �300 cells/lL versus <300 cells/lL had more
outpatient visits. All recorded HCRU and associated costs were highest in patients with
severe eosinophilic asthma.
Conclusion: This study demonstrated a substantial burden associated with severe and/or
eosinophilic asthma for adults in Finland.
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Introduction

Asthma is a heterogeneous disease characterized by
chronic airway inflammation and respiratory symp-
toms (1,2) and is thought to affect approximately 235
million people worldwide (3,4). The prevalence of
asthma has increased in many countries in recent dec-
ades, and in Finland the prevalence of asthma in
adults is estimated to be around 10% (5).

Some patients suffer from severe asthma, which is
defined in European Respiratory Society/American
Thoracic Society guidelines as asthma that requires treat-
ment with high-dose inhaled corticosteroids (ICS) plus a
second controller and/or systemic corticosteroids for
�50% of the year to maintain asthma control or asthma
that remains uncontrolled despite these treatments (1).

There is substantial heterogeneity in the presentation of
severe asthma and several distinct severe asthma pheno-
types have been identified (1,2). One of these is severe
eosinophilic asthma, characterized by poor asthma con-
trol, eosinophilic inflammation, frequent exacerbations
and reduced lung function (1,2,6–8).

The prevalence of severe asthma has been estimated
to be approximately 5–10% among patients with
asthma (1,9), although the use of different disease def-
initions means that there is a high degree of variation
among estimates (10–13). Despite the relatively low
prevalence of severe asthma, it places a high burden
on health care systems. In particular, severe asthma is
estimated to account for more than 50% of total
asthma-related health care costs (13,14). In Sweden, it
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is reported that patients with severe asthma on regular
oral corticosteroid (OCS) treatment have total health
care costs that are double those of patients using OCS
periodically, and three times higher than patients who
do not use OCS (15). Comorbidities are a substantial
cost driver in these patients (15). In addition, health
care costs have been shown to be higher in patients
with severe eosinophilic asthma compared with those
without an eosinophilic phenotype (13).

There remains a need for further real-world data
on the level of health care resource utilization
(HCRU) and related costs for patients with asthma,
according to disease severity and phenotype, as this
would help to identify those patients who are not
achieving adequate disease control and who may
benefit from additional therapy. The aims of the cur-
rent study were to describe the HCRU and associated
costs in patients with asthma in a specialty care hos-
pital setting in Finland, according to disease severity
and eosinophil level, and to determine the burden of
comorbidities and mortality in these patient groups.

Methods

Study design

This was a non-interventional, retrospective registry
study (GSK ID: HO-17–17558) utilizing data from the
hospital register of the Hospital District of Southwest
Finland (HDSWF). Adult asthma is typically managed
within primary care services in Finland; however,
patients with asthma are likely to be referred to spe-
cialist care centers due to poor asthma control, diag-
nostic problems, or comorbidities requiring specialist
management. To fully assess the burden of adult
asthma in Finland, this study therefore analyzed data
from patients referred to specialist care hospitals.
Patient-level data were linked via national identity
codes to Statistics Finland, a nationwide database, for
causes of death and to the drug reimbursement regis-
ter of the Social Insurance Institution (SII) of Finland
for reimbursed medication purchase data. The study
data extraction period ran from January 1, 2004 to
December 31, 2015. For each patient, data extraction
began from the first visit in specialty care with an
asthma diagnosis (index date) and continued until
December 31, 2015 or death; this was defined as the
follow-up period. Notably, the index date visit was the
first hospital visit during which an asthma diagnosis
was recorded, but asthma did not have to be the main
cause for the visit. This registry-based study was
approved by the Auria Biobank Scientific Steering
Committee (decision number AB17-7796), Finland.

Patients

Adult patients with asthma (>18 years of age) who
were receiving specialist care at either Turku
University Hospital, or Salo, Loimaa, or Vakka-Suomi
district hospitals between 2004 and 2015 and had an
International Classification of Diseases (ICD)-10 diag-
nosis code of J45 (asthma) or J46 (acute severe
asthma) were included. Patients with both asthma and
chronic obstructive pulmonary disease (J44) were
excluded. The majority of adults receive specialist care
at public hospitals, in contrast to children who typic-
ally receive care at private centers. Private care data
were not available, therefore only adult patients were
included in this study.

Patients were categorized according to asthma severity
and blood eosinophil count. At index date, patients were
classified as having either non-severe or severe asthma.
Patients with non-severe asthma either remained in the
non-severe category throughout the follow-up period or
presented with severe asthma during follow-up and were
therefore classified as having transitioning asthma. The
transition date was recorded where applicable.

The classification of non-severe or severe asthma
was based on medication purchases from the SII regis-
ter. Severe asthma was defined as use of high-dose
ICS (>1000lg/day fluticasone propionate or equiva-
lent [Supplementary Table S1]) plus a second control-
ler (e.g. a long-acting b2-agonist [LABA]) and/or OCS
(�5mg prednisolone daily or equivalent) (1). ICS and
OCS use were calculated based on a sliding window
of three consecutive purchases, with average usage cal-
culated as total purchased items (defined daily dose)
divided by the window length. Medication data from
�2 years prior to the index date were excluded.

At index date, patients were also divided into groups
based on blood eosinophil count throughout the whole
follow-up period. Patients with no blood eosinophil
count data available were categorized as blood eosino-
phil count unknown. Those with data available were
divided into two groups: <300 cells/lL throughout the
follow-up period and �300 cells/lL at any time during
the follow-up period. This cutoff was selected as it is
supported by current treatment guidelines used in clin-
ical practice in Finland and by a database study in sec-
ondary health care in Finland (16). Severe eosinophilic
asthma was defined as severe asthma with a blood
eosinophil count of �300 cells/lL.

Endpoints and assessments

Endpoints included total HCRU (hospital inpatient
days and visits, outpatient visits, emergency room
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[ER] visits, hospital laboratory tests, and procedures),
and asthma-related HCRU (hospital inpatient days
and visits, outpatient visits, ER visits) in the year fol-
lowing the index date and for calendar years between
2004 and 2015 (total events, events per patient, and
events per patient year). Costs associated with total
and asthma-related HCRU, estimated based on stand-
ard item direct costs, were also assessed.
Comorbidities were assessed at the end of follow-up
based on ICD-10 codes and reported if their preva-
lence was >10% of the total asthma population. In
addition, the Charlson comorbidity index was calcu-
lated from the ICD-10 codes (17,18); this index is
designed to predict mortality, taking into account the
number and seriousness of chronic comorbid diseases.
All-cause and asthma-related mortality figures were
obtained through Statistics Finland. Asthma-related
mortality was defined as mortality where asthma was
the direct, indirect or contributing cause of death.

Complete details of hospital medications for asthma
and comorbidities were not available in the hospital
register. Outpatient medications were only used to
categorize patients according to asthma severity.
Therefore, the direct costs associated with specialist
care, but not medication costs, were assessed in this
study. Standard HCRU costs used were e110 for each
outpatient visit, e195 for each ER visit, and e330 for
each hospital inpatient day (all 2017 price listings
from HDSWF). Procedures, operations, and laboratory
measures were priced using procedure codes and pri-
ces initially evaluated from the HDSWF 2017 price
list; any items not available from this list were priced
using other appropriate Finnish sources.

Sample size and statistical analysis

Descriptive statistics were produced for continuous
and categorical variables for the population stratified
by asthma severity and blood eosinophil count.
Asthma severity stratification was performed for each
analysis as follows: for comorbidity analyses of overall
diagnoses, patients were divided into non-severe or
severe categories based on the most severe category
they had reached during follow-up; for Kaplan–Meier
analyses of mortality patients were divided by baseline
severity (non-severe vs severe); in Cox-proportional
hazard models, severity was handled as a time-varying
covariate; for HCRU and cost analyses, patients were
stratified according to time spent in the non-severe
and severe categories during follow-up.

Between-group differences in mortality were eval-
uated using a log-rank test. The effect of premature

mortality was assessed using univariable and multi-
variable Cox-proportional hazards models, with
asthma severity as a time-varying covariate. Model 1
adjusted for severity only (non-severe, severe) and
Model 2 adjusted for severity, age, gender, body mass
index, Charlson comorbidity index (17), blood eosino-
phil count, forced expiratory volume in 1 s (FEV1),
and peak expiratory flow. Cause-specific mortality was
assessed using competing risk models as implemented
in the R-package “cmprsk.”

Results

Patient population

A total of 14,398 adult patients with asthma were
included in the analysis. At the index date, 388
patients had severe asthma and 14,010 patients had
non-severe asthma. Of the patients with non-severe
asthma, 853 presented with severe asthma during fol-
low-up and were therefore classified as having transi-
tioning asthma. In all, 1241 (8.6%) patients had severe
asthma at any time within the study period and of
these, 578 (46.6%) were regular users of OCS. The
mean follow-up time was 5.2 years in patients with
non-severe asthma (n¼ 13,157), 7.2 years in patients
with transitioning asthma (n¼ 853), and 4.7 years in
patients with severe asthma (n¼ 388).

Blood eosinophil counts were available for 3781
(26.3%) patients; 1434 (37.9%) had blood eosinophil
counts �300 cells/lL and 2347 (62.1%) had blood
eosinophil counts <300 cells/lL. Of the 3177 patients
with non-severe asthma and available eosinophil data,
1164 (36.6%) had a blood eosinophil count
�300 cells/lL. Of the 152 patients with severe asthma
at index and available eosinophil data, 71 (46.7%) had
a blood eosinophil count �300 cells/lL. Transitioning
asthma was identified in 452 patients with available
eosinophil data, 199 (44.0%) of whom had a blood
eosinophil count �300 cells/lL. A total of 270
patients had severe eosinophilic asthma, defined as
severe asthma and a blood eosinophil count
�300 cells/lL at any time within the study period.
Baseline characteristics by asthma severity and eosino-
phil status are shown in Table 1.

HCRU and costs

For the analysis of HCRU and costs, 14,010 patients
were grouped as having non-severe asthma and 1241
patients were grouped as having severe asthma.
Patients with severe asthma had a greater number of
all-cause and asthma-related outpatient visits,
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inpatient days, and ER visits per patient year com-
pared with patients with non-severe asthma. The
mean annual rate of all-cause ER visits for patients
with severe asthma was 0.76 visits per patient year
and for non-severe asthma 0.51 visits per patient
year. Compared with all patients who had severe
asthma, those with severe eosinophilic asthma
showed a 1.4 to 1.7-fold increase in all-cause and
asthma-related outpatient visits and inpatient days
(Figure 1A). Greater numbers of total outpatient vis-
its were also observed in patients with blood eosino-
phil counts �300 cells/lL versus <300 cells/lL
(Figure 1B). The number of asthma-related ER visits
and inpatient days was low for all patients. Total and
asthma-related HCRU was highest during the first
year after index date regardless of asthma severity
and decreased over time in patients with non-severe
and severe asthma (Figure 2). After the first year,
HCRU was higher among patients with severe
asthma than those with non-severe asthma. This dif-
ference was greater for asthma-related HCRU than
for total HRCU (Figure 2).

Total- and asthma-related HCRU costs (per patient
and per patient year) were higher in patients with
severe asthma compared with those with non-severe
asthma, and in patients with a blood eosinophil count
�300 cells/lL versus <300 cells/lL (Table 2). For
example, total HCRU had a cost of e1878 per patient
year in patients with non-severe asthma, compared
with e3147 per patient year in those with severe
asthma. Severe eosinophilic asthma was associated
with a cost of e5143 per patient year; patients with

severe eosinophilic asthma had higher total and
asthma-related HCRU costs (per patient and per
patient year) than those who either had severe asthma
or a blood eosinophil count �300 cells/lL (Table 2).
Total costs were greater than asthma-related costs
regardless of asthma severity or blood eosino-
phil count.

Comorbidities

Comorbidities were assessed by the most severe
asthma category reached during follow-up, so that all
patients with transitioning asthma were included in
the severe asthma category. Comorbidities reported by
patients with severe asthma (n¼ 1241) or non-severe
asthma (n¼ 13,157) were compared; those that
occurred in >10% of patients and were more com-
mon in patients with severe than non-severe asthma
included essential hypertension, pneumonia, sleep dis-
orders, type 2 diabetes, atrial fibrillation and flutter,
and age-related cataract (all p< 0.05) (Supplementary
Table S2).

Mortality

Of the deaths reported, most were not asthma-related.
Asthma-related deaths occurred in <5% of patients
across all asthma severity groups during the follow-up
period. Overall survival was reduced in patients with
severe asthma compared with non-severe asthma
(p¼ 0.009) (Figure 3A). However, patients with a
blood eosinophil count �300 cells/lL had improved

Table 1. Baseline characteristics by asthma severity and eosinophil status.
Asthma severitya Blood eosinophil countb

Non-severe
asthma

Transitioning
asthma

Severe
asthma �300 cells/lL <300 cells/lL Unknown

N¼ 13,157 N¼ 853 N¼ 388 N¼ 1434 N¼ 2347 N¼ 10,617

Age, years, mean (SD) 49 (23) 55 (18) 60 (18) 55 (19) 55 (20) 48 (23)
Male, n (%) 4937 (38) 248 (29) 119 (31) 523 (36) 655 (28) 4126 (39)
BMI, kg/m2

n (%) 4627 (38) 413 (48) 159 (41) 586 (41) 925 (39) 3688 (35)
Mean (SD) 27.8 (5.9) 27.6 (5.7) 28.3 (5.9) 27.4 (5.6) 28.1 (5.9) 27.8 (5.9)
Lung function, mean (SD)
Pre-bronchodilator FEV1 (relation to reference)
n (%) 4622 (35) 413 (48) 159 (41) 586 (41) 923 (39) 3685 (35)
Mean (SD) 0.8 (0.2) 0.8 (0.2) 0.8 (0.2) 0.8 (0.2) 0.8 (0.2) 0.8 (0.2)
Post-bronchodilator FEV1 (relation to reference)
n (%) 2726 (21) 216 (25) 92 (24) 319 (22) 526 (22) 2189 (21)
Mean (SD) 0.9 (0.2) 0.8 (0.2) 0.8 (0.2) 0.8 (0.2) 0.8 (0.2) 0.9 (0.2)
Charlson comorbidity index, mean (SD) 1.5 (1.0) 1.3 (0.8) 1.7 (1.3) 1.6 (1.2) 1.6 (1.2) 1.4 (1.0)
Follow-up years, mean (SD) 5.2 (3.5) 7.2 (3.3) 4.7 (3.4) 6.8 (3.4) 6.2 (3.4) 4.9 (3.5)
aBaseline characteristics are presented for three groups: non-severe (patients who had non-severe asthma at index and throughout follow-up); transition-
ing (patients who had non-severe asthma at index but presented with severe asthma during follow-up); severe (patients who had severe asthma at
index and throughout follow-up). Baseline characteristics were recorded at index date for all patients.

bBlood eosinophil count categories: <300 cells/lL (throughout the follow-up period); �300 cells/lL (at any time during the follow-up period); unknown
(no blood eosinophil count available).

BMI: body mass index; FEV1: forced expiratory volume in 1 s; SD: standard deviation.
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overall survival compared with those with a blood
eosinophil count <300 cells/lL (p< 0.0001) (Figure 3B).
Changes in asthma-related mortality (as measured by
competing risk models) were not statistically significant
in patients grouped by asthma severity or blood eosino-
phil count (Figure 3C,D). In an adjusted Cox regres-
sion model, the hazard ratio for all-cause mortality was

found to be increased in patients with severe asthma
compared with non-severe asthma, and increased with
age and Charlson comorbidity index (Figure 4). The
hazard ratio for all-cause mortality was lower in
patients with a blood eosinophil count of �300 cells/lL
versus <300 cells/lL and in patients with higher
FEV1 (Figure 4).

Figure 1. HCRU per patient year by (A) asthma severity� and (B) blood eosinophil count†. �Patients were divided into two groups
according to time spent in the non-severe and severe categories. †Blood eosinophil count categories: <300 cells/lL (throughout
the follow-up period); �300 cells/lL (at any time during the follow-up period); unknown (no blood eosinophil count available).
Severe eosinophilic asthma was defined as severe asthma with a blood eosinophil count of �300 cells/lL. ‡Outpatient visits
include scheduled and ER outpatient visits and scheduled telephone calls from which data were recorded in the patient files. BEC:
blood eosinophil count; HCRU: health care resource utilization; ER: emergency room.
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Discussion

The results of this retrospective, non-interventional
registry study in Finland showed high HCRU and
costs in adult patients with asthma. Patients with
severe asthma had higher total- and asthma-related
HCRU compared with those with non-severe asthma.
In addition, we found that total costs were 1.7 times
higher and asthma-related costs were three times
higher in patients with severe asthma compared with
those with non-severe asthma. Total costs in patients
with severe eosinophilic asthma were also 1.6 times

higher than in the overall severe asthma group. These
findings demonstrate the high burden associated with
asthma in Finland.

In the current study, 47% of patients with severe
asthma and 37% of patients with non-severe asthma
had eosinophilic asthma (based on a blood eosino-
phil count of �300 cells/lL). Eosinophil measure-
ments were only available in 26% of patients with
asthma, representing 49% and 24% of patients with
severe and non-severe asthma, respectively. If the
proportion of patients with a blood eosinophil count
�300 cells/lL is the same among all patients with

Figure 2. Annual HCRU from index date to Year 5 of follow-up in patients according to asthma severity. �Patients were divided
into two groups according to time spent in the non-severe and severe categories. HCRU: health care resource utilization.

Table 2. HCRU-Associated total and asthma-related costs by asthma severity and blood eosinophil count.

Asthma severitya Blood eosinophil countb Asthma severity and
eosinophil status

Non-severe asthma
N¼ 14,010

Severe asthma
N¼ 1241

�300 cells/lL
N¼ 1434

<300 cells/lL
N¼ 2347

Unknown
N¼ 10,617

Severe eosinophilic
asthmac N¼ 270

Costs per patient, e
Total 9515 13,761 24,147 18,228 6841 27,142
Asthma-related 387 998 1026 823 306 1870

Costs per patient year, e
Total 1878 3147 3527 2952 1392 5143
Asthma-related 76 228 150 133 62 354

Total cost, e
Total 133,300,673 17,077,985 34,626,470 42,782,262 72,635,326 7,328,323
Asthma-related 5,422,075 1,237,920 1,471,365 1,930,660 3,251,360 504,890

aPatients were divided into two groups according to time spent in the non-severe and severe categories.
bBlood eosinophil count categories: <300 cells/lL (throughout the follow-up period); �300 cells/lL (at any time during the follow-up period); unknown
(no blood eosinophil count available).

cSevere eosinophilic asthma was defined as severe asthma with a blood eosinophil count of �300 cells/lL.
Total costs were based on visits, outpatient/ER visits, inpatient days, procedures, laboratory measures and surgeries; asthma-related costs were based on
visits, outpatient/ER visits and inpatient days.

ER: emergency room; HCRU: health care resource utilization.
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severe asthma, our results suggest that the propor-
tion of patients with severe eosinophilic asthma in
the total cohort may be approximately 4%. This is
like estimates from other recent studies. For
example, a hospital-based study in Finland found
that severe uncontrolled eosinophilic asthma
occurred in approximately 2% of patients (9). In
addition, results from a population-based study in
the UK found that 10% of patients had severe
asthma, but only 2% and 1% had uncontrolled severe
asthma and uncontrolled severe eosinophilic asthma,
respectively (19).

Several of our findings indicate that the health care
burden was highest in those with severe eosinophilic
asthma compared with the severe and non-severe
groups. This likely reflects the high comorbidity bur-
den in patients with severe eosinophilic asthma. These
findings are in line with a growing body of literature
highlighting the high disease burden and poor prog-
nosis of patients with persistent eosinophilic disease
(1,2,16,19–21). For example, blood eosinophil counts
�300 cells/lL have previously been associated with
higher rates of hospital admissions and outpatient vis-
its, compared with blood eosinophil counts <300

Figure 3. Overall survival by (A) asthma severity� and (B) blood eosinophil count† and competing risk models for non-asthma and
asthma-related mortality by (C) asthma severity� and (D) blood eosinophil count†. �Patients were divided into two groups by base-
line disease severity status: non-severe and severe. †Blood eosinophil count categories: <300 cells/lL (throughout the follow-up
period); �300 cells/lL (at any time during the follow-up period); unknown (no blood eosinophil count available). BEC: blood
eosinophil count.
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cells/lL (16). We chose the threshold for eosinophil
count of �300 cells/lL, in line with previous publica-
tions (16,22–25) and current treatment guidelines
used in clinical practice in Finland. As reported previ-
ously and substantiated in this study, this threshold
clearly differentiates patients with higher dis-
ease burden.

We observed reduced overall survival in patients
with severe asthma versus non-severe asthma.
However, a blood eosinophil count �300 cells/lL was
associated with better overall survival than a blood
eosinophil count <300 cells/lL. The Charlson comor-
bidity index scores were similar regardless of blood
eosinophil group. Therefore, it is plausible that the
differing asthma-related mortality risk between these
two groups may be linked to increased HCRU or an
improved response to treatment in patients with a
blood eosinophil count �300 cells/lL.

Annual levels of HCRU and associated costs have
been reported in other Finnish studies and in other
countries around the world. For example, a US retro-
spective analysis of data from 1762 patients with
severe asthma in an administrative claims database
reported that the mean annual ER visit count was
1.52–2.02 per patient year (26). A multicenter, cross-

sectional study of 500 patients with asthma in Italy
also found that the mean annual rate of ER visits was
1.41 per patient year in individuals with severe, per-
sistent asthma (n¼ 39) (27). In our study, the mean
annual rate for patients with severe asthma was higher
than the rate for patients with non-severe asthma
(0.76 vs 0.51 ER visits per patient year, respectively),
but was lower than that reported in other studies.
This may reflect the standard of asthma care and
guided self-management that is routine clinical prac-
tice in Finland. For example, the implementation of
Finnish national asthma and allergy programs has
been associated with a marked reduction in hospital-
izations, plus a reduction in lost productivity (and
associated costs) (28).

Our findings indicate that less than 10% of health
care costs were directly related to asthma in the
patient populations studied (7% in patients with
severe and 4% in patients with non-severe asthma),
although it is likely that asthma will influence costs
related to comorbidities such as pneumonia. In a
Swedish study, mean total- and asthma-related costs
per year for patients with severe uncontrolled asthma
(on the basis of regular OCS use) were e5615 and
e834, respectively (15), compared with e5143 and

Figure 4. Cox regression models of all-cause mortality by disease severity� and patient characteristics. �To account for patients
with transitioning asthma (non-severe asthma at index but presented with severe asthma during follow-up), severity was modeled
as a time-varying covariate. CI: confidence interval; BEC: blood eosinophil count; FEV1: forced expiratory volume in 1 s; PEF: peak
expiratory flow.

8 A. VIINANEN ET AL.



e354, respectively, in patients with severe eosinophilic
asthma and e3147 and e228 in patients with severe
asthma in our study. However, it should be noted that
comparison of HCRU and associated costs between
countries is difficult due to considerable variations in
healthcare systems. Moreover, there are variations in
calculation of HCRU use and associated costs across
studies, with each considering distinct health care cat-
egories and taking different cost sources and standard
costs into consideration. Nonetheless, the common
finding across these studies is a higher use of HCRU
and associated costs with severe versus non-severe
asthma and/or eosinophilic versus non-eosinophilic
asthma (16,19,26,29), highlighting a need for more
effective treatments to improve asthma control in this
patient subset.

Several limitations should be considered when
interpreting the results of the present study. First,
there are several limitations typically associated with
retrospective database analyses, as well as those associ-
ated with cohort selection. These include the risk that
some information may not have been consistently
recorded for all patients, potentially impacting on the
population size and other outcomes. However, as long
as patients purchased their medications in Finland,
this should have been recorded systematically. In add-
ition, we used a medication-based definition for severe
asthma, but our analysis did not evaluate whether
poor asthma control and the use of high-dose medica-
tion was caused by factors other than severe asthma
(e.g. comorbidities with asthma-like symptoms or
poor inhalation technique). We also did not evaluate
the effect of noncompliance on HCRU. Because
asthma severity assessment was based on purchased
medicines, non-compliant patients would have been
classified as non-severe; this would likely have reduced
the difference in HCRU between patients with severe
and with non-severe asthma.

Eosinophil data were not available for a large pro-
portion of patients, which may have led to an over-
or underestimation of the prevalence of severe eosino-
philic asthma. Furthermore, patients with eosinophilic
disease may have been treated with corticosteroids
prior to the index date, lowering their eosinophil level
and potentially leading to their inclusion in the <300
cells/lL rather than the �300 cells/lL group. In add-
ition, health care associated costs are likely to have
been underestimated as imaging and other specialist
examinations were not included, nor were those for
medication or primary and/or private care. Hospital
medications for asthma and for comorbidities would
likely have been a significant cost driver, but these

were not available for analysis. Finally, indirect costs,
such as loss of productivity, were not included.
Patients who experience poor asthma control despite
the use of optimized controller therapies may receive
biologic therapies that increase medication costs but
also may also decrease indirect costs by improving
asthma control. However, during the data extraction
period only one biologic therapy (omalizumab) was
available and was given only to a minority of patients
with severe asthma at the hospitals included in this
study. Despite these limitations, the present study
clearly demonstrates differences in health care burden
among patients with varying disease severity and
eosinophil status, and our results provide a basis for
further research in this area.

Conclusions

This real-world study demonstrates that adult asthma
represents a significant disease burden in Finland,
with an increased burden in patients with severe and/
or eosinophilic disease.
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