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ABSTRACT
Oral corticosteroids (OCS) are often prescribed to patients with asthma that remains uncontrolled 
with maintenance therapy. We performed a real-world analysis to describe the geographic 
distributions of patients with asthma and OCS dispensed in Nordic countries. This observational, 
retrospective study examined patient-level data from nationally prescribed drug registries from 
January to December 2018 for individuals aged ≥12 years in Denmark, Finland, and Sweden. 
Using an algorithm based on asthma treatment combinations defined by the Global Initiative for 
Asthma (GINA), we identified patients with asthma, those on GINA Step 4–5 treatments, and 
those being dispensed ≥2 courses of OCS and determined volumes of OCS dispensed to these 
patients over the 1-year analysis period. Data were plotted geographically within each country 
using colour-coded heat maps. The overall asthma prevalence rates were 7.4% in Denmark, 11.6% 
in Finland, and 8.1% in Sweden. In Denmark, Finland, and Sweden, respectively, the frequencies 
of patients on GINA Step 4–5 treatments were 19%, 15%, and 16%; among whom 10%, 23%, and 
5% received ≥2 courses of OCS. The rates of patients on GINA Step 4–5 treatments who were 
dispensed OCS in each country were 23%, 30%, and 46%, of which 22%, 17%, and 10% were 
dispensed doses averaging ≥5 mg/day over the year. Heat maps revealed considerable hetero-
geneity in geographic densities of patients with asthma and OCS claims within each country. 
Taken together, these results demonstrate regional variations in estimated asthma severity, 
control, and OCS dispensed within and between countries. Patterns of medication use suggest 
that a high proportion of patients in Denmark, Finland, and Sweden are on GINA Step 4–5 
treatments, many of whom are dispensed OCS; this poses a considerable corticosteroid burden to 
these patients. Geographic differences in medication use within and between Nordic countries 
may reflect variations in population characteristics and/or treatment approaches.
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Introduction

Asthma is a common, non-communicable disease that 
varies in severity and responsiveness to treatment and 
can be difficult to control. Of the estimated 339 million 
people with asthma worldwide, the global prevalence of 
severe disease ranges from 4% to 10% [1–4]. Increased 
asthma severity and poor disease control are associated 
with greater disease burden, health care resource utili-
zation, and asthma-related mortality [1,2,5–9], which 
highlights the need for more effective treatment 
strategies.

In Nordic countries, recent estimates suggest asthma 
prevalence ranges from 5.2% (Denmark) to 11.2% 
(Finland) [10,11], while greater variation exists in 
reported prevalence rates of severe and uncontrolled 

asthma. For example, in Sweden, approximately 4.2% 
of the patients with asthma have severe disease, more 
than half of whom (53.6%) have poorly controlled 
asthma [12]; by comparison, an estimated 8.6% of the 
Finnish patients with asthma have severe disease, 
nearly half of which (46.6%) are likely uncontrolled 
[13]. Of the estimated 8.1% of the patients with asthma 
in Denmark who have severe disease, 36.4% have been 
reported to have poor asthma control [14].

Asthma severity can be categorised according to 
the Global Initiative for Asthma (GINA) treatment 
steps, which are defined by the types of medication 
necessary to maintain asthma control (Supplemental 
Figure S1). Steps 1 and 2 are the least severe based 
on effective management with low-dose inhaled 
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corticosteroids (ICS), whereas more severe disease 
(steps 3 and 4) is indicated by requirements for 
increasing doses of ICS and add-on medications, 
such as long-acting beta agonist (LABA). Patients 
with asthma that remain severe and/or uncontrolled 
with high-dosage ICS and controller therapies are 
often prescribed add-on oral corticosteroids (OCS) 
included in GINA Step 5 [15].

Despite the effectiveness of OCS in achieving or main-
taining asthma control, the addition of OCS is associated 
with an increase in both treatment costs [16,17] and risk 
of serious adverse events [18–21]. A recent assessment 
determined that lifetime exposure to as little as 0.5–1 g 
OCS is associated with significantly increased risk for 
certain adverse outcomes [18,22]. As a result, in 2019 
GINA amended its guidelines to recommend that health 
care providers consider side-effects before prescribing 
OCS. Recent data from Nordic countries suggest that 
nearly 25% of the Swedish patients with asthma and 
47% of the Finnish patients with severe asthma use OCS 
[13,23]. Effective alternatives to OCS, to achieve and 
maintain asthma control, have emerged in the past 
20 years, including the development of biologic therapies 
like monoclonal antibodies against inflammatory media-
tors or interleukin receptors. Real-world data suggest 
these treatments are effective for achieving asthma con-
trol, have favourable safety and tolerability profiles, and 
are a preferred option for patients with asthma that is 
uncontrolled with high-dose ICS/LABA [24–28].

The PRECISION program is a global initiative to 
improve treatment for patients with severe asthma, 
in part, by implementing targeted activities to 
increase access, quality, and speed of care. Recent 
PRECISION studies include characterization of 
regional distributions of severe and/or uncontrolled 
asthma prevalence in different countries and regions 
to identify areas with the greatest need for improved 
access to care [29–32]. As part of this initiative, we 
examined pharmacy claims data from Denmark, 
Finland, and Sweden to identify patients with 
asthma, those on GINA Step 4–5 treatments, and 
the amount of OCS dispensed. These data were 
plotted geographically to characterize the regional 
variation in the intensity of inhaled asthma medica-
tion and the use of OCS.

Materials and methods

Study design and data source

This was an observational, retrospective study of 
longitudinal patient-level data from national pre-
scription registries to determine frequencies of 

patients on GINA Step 4–5 treatments, patients on 
GINA Step 4–5 treatments receiving ≥2 courses of 
OCS, and OCS dispensed to patients aged ≥12 years 
from January to December 2018 in Denmark, 
Finland, and Sweden. Longitudinal patient-level 
data originating from electronic dispensing systems 
at pharmacies were obtained as aggregated patient 
counts by region from the Danish National 
Prescription Registry (Statistics Denmark), the 
Finnish Prescription Register (KELA), and the 
Swedish National Prescribed Drug Register 
(Socialstyrelsen). Ethics approval was not required 
as only deidentified aggregated patient data were 
used.

Asthma prevalence estimates and OCS claims

A high-level algorithm was developed to identify 
patients with asthma and categorise the intensity of 
inhaled asthma medication and OCS use based on 
prescription claims data (Figure 1). Patients were clas-
sified as having asthma if they received Anatomical 
Therapeutic Chemical (ATC) classification system 
R03 medications, excluding long-acting muscarinic 
agonists except for tiotropium. To estimate treatment 
intensity, one group included patients on at least GINA 
Step 4 treatment (Supplemental Figure S1), as outlined 
in the 2018 Global Strategy for Asthma Management 
and Prevention report, and included patients on med-
ium to high dose ICS + LABA [33]. Daily ICS dose was 
calculated by dividing cumulative ICS dispensed over 
the study year by 365. Among patients on GINA Step 4 
or 5 medication, we also assessed treatment intensity 
for those with claims for OCS considered sufficient to 
cover at least two exacerbations (two courses of 40 mg 
daily prednisolone equivalent for 7 days) during the 
analysis period. Among patients on GINA Step 4–5 
treatments, total OCS dispensed was determined and 
quantified by any OCS use (≥1 prescription) or cumu-
lative OCS exposure of ≥912.5 mg or ≥1825 mg 
(equivalent to 2.5 mg/day or 5 mg/day, respectively, 
over the course of 1 year).

Regional analyses

Prescription claims data were analysed by administra-
tive regions within each country to determine geo-
graphic differences in estimated asthma severity and 
control and OCS dispensed. Color-coded heat maps 
were generated using four colours representing statis-
tical ranges corresponding to approximate normal dis-
tributions within each map.
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Results

Asthma prevalence and treatment intensity by 
country

In Denmark, a total of 374,167 residents were classified 
as having asthma (prevalence of 7.4%) (Table 1). 
Among these patients, 19% were on GINA Step 4–5 
treatments, of which 10% were classified as receiving 
≥2 OCS courses. At least 1 OCS prescription was 
dispensed to 23% of the Danish patients on GINA 
Step 4–5 treatments during the analysis period. 
Among all patients on GINA Step 4–5 who were pre-
scribed ≥1 course of OCS, 35% and 22% were 

dispensed cumulative doses of ≥912.5 mg and 
≥1825 mg, respectively.

In Finland, 560,534 residents were classified as hav-
ing asthma (prevalence of 11.6%) (Table 1). A total of 
15% of the patients with asthma were on GINA Step 4– 
5 treatments, among which 23% received ≥2 OCS 
courses. At least 1 OCS prescription was dispensed to 
30% of the patients on GINA Step 4–5 treatments 
during the analysis period. Of patients on GINA Step 
4–5 treatments who were prescribed ≥1 course of OCS, 
43% and 17% were dispensed cumulative doses of 
≥912.5 mg and ≥1825 mg, respectively.

In Sweden, a total of 711,012 residents were identi-
fied as having asthma (prevalence of 8.1%) (Table 1). 
A total of 16% of the patients with asthma were on 
GINA Step 4–5 treatments, 5% of whom received ≥2 
OCS courses. OCS were dispensed to 46% of the 
patients on GINA Step 4–5 treatments. Of patients on 
GINA Step 4–5 treatments who were prescribed ≥1 
course of OCS, 21% and 10% had cumulative doses of 
≥912.5 mg and ≥1825 mg, respectively.

Regional variations in disease severity and OCS 
claims

Heat maps revealed regional distributions of treatment 
intensity of asthma in all three countries. In Denmark, 
the prevalence of patients on GINA Step 4–5 treatments 
was generally consistent between regions, ranging from 
17% to 20%, and was highest in the Region of Southern 
Denmark (Figure 2(a)). By contrast, the highest rates of 

Figure 1. High-level algorithmic approach to identifying patients with asthma, by treatment intensity.
ATC, Anatomical Therapeutic Chemical Classification System; GINA, Global Initiative for Asthma; ICS, inhaled corticosteroids; LABA, long-acting beta 
2-agonists; LAMA, long-acting muscarinic antagonists; OCS, oral corticosteroids. aUsers of tiotropium were not excluded. bAverage daily ICS dose 
calculated by cumulative ICS claims ÷ 365 days. 

Table 1. Estimated asthma prevalence and treatment intensity 
by country.

Denmark 
(N = 5,050,251)

Finland 
(N = 4,817,818)

Sweden 
(N = 8,762,767)

All asthma, n (%) 374,167 (7.4) 560,534 (11.6) 711,012 (8.1)
Patients on GINA 

Step 4–5 
treatments, n (% 
all asthma)

69,811 (18.7) 86,206 (15.4) 115,374 (16.2)

OCS use, n (% of 
patients on GINA 
Step 4–5 
treatments)

≥1 course 15,747 (22.6) 25,903 (30.0) 53,296 (46.2)
≥2 courses ≥40 mg/ 

day × 7 days
7063 (10.1) 19,819 (23.0) 5754 (5.0)

≥912.5 mg (2.5 mg/ 
day × 1 year)

5525 (7.9) 11,110 (12.9) 11,042 (9.6)

≥1825 mg (5.0 mg/ 
day × 1 year)

3460 (5.0) 4407 (5.1) 5428 (4.7)

OCS, oral corticosteroids 
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patients on GINA Step 4–5 treatments receiving ≥2 OCS 
courses, which ranged from 8% to 13% within regions, 
were observed in the North and Central Denmark 
Regions (Figure 2(b)). Geographic distributions of high 
cumulative OCS dispensed among patients in GINA Step 
4–5 treatments are shown in Figure (c) and (d). Patients 
with the highest OCS claims were mainly located in the 
North Denmark Region.

OCS, oral corticosteriods.
In Finland, the prevalence of patients on GINA Step 

4–5 treatments between regions ranged from 13% to 
22%; the highest rates were observed in the northern 
and eastern parts of the country (Figure 3(a)), while the 
highest rates of these patients receiving ≥2 OCS courses 

were observed in the east-central region comprising 
areas around Kuopio and Joensuu (Figure 3(b)). 
Patients on GINA Step 4–5 treatments with the highest 
amounts of OCS dispensed were most prevalent in the 
southern half of the country (Figure 3(c) and (d)).

OCS, oral corticosteriods.
In Sweden, the regional distribution of patients on 

GINA Step 4–5 treatments ranged from 14% to 19% 
(Figure 4(a)), and the regions with the highest percen-
tages of these patients (18% to 19%) were generally 
located in the southern half of the country. Rates of 
patients on GINA Step 4–5 treatments receiving ≥2 
OCS courses were the most prevalent in east-central 
Sweden (specifically Västernorrland) (Figure 4(b)), and 

Figure 2. Estimated regional prevalence of patients on GINA Step 4–5 treatments, those on Step 4–5 treatments receiving ≥2 OCS 
courses, and OCS claims in Denmark. (a) Regional prevalence of patients on GINA Step 4–5 treatments among all patients with 
asthma; (b) frequency of patients receiving ≥2 OCS courses among patients on GINA Step 4–5 treatments, and frequencies of 
patients on GINA Step 4–5 treatments dispensed (c) ≥912.5 mg and (d) ≥1825 mg OCS during the 1-year observation period.
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Figure 3. Estimated regional prevalence of patients on GINA Step 4–5 treatments, those on Step 4–5 treatments receiving ≥2 OCS 
courses, and OCS claims in Finland. (a) Regional prevalence of patients on GINA Step 4–5 treatments among all patients with 
asthma; (b) frequency of patients receiving ≥2 OCS courses among patients on GINA Step 4–5 treatments; and frequencies of 
patients on GINA Step 4–5 treatments dispensed (c) ≥912.5 mg and (d) ≥1825 mg OCS during the 1-year observation period.
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patients on GINA Step 4–5 treatments dispensed cumu-
lative OCS of ≥912.5 mg were most densely concentrated 
in the south (Figure 4(c)), while hot spots of higher claims 
(≥1825 mg) were also found in the north (Figure 4(d)).

OCS, oral corticosteriods

Discussion

In this study, we used a prescription-based algorithm 
and national prescription registries to estimate the 
prevalence of asthma, patients on GINA Step 4–5 treat-
ments, and those receiving ≥2 OCS courses on top of 
GINA Step 4–5 treatments in three Nordic countries. 
We found asthma prevalence rates ranging from 8.5% 
to 11.6% across countries, while also showing variation 
in the prevalence of patients on GINA Step 4–5 treat-
ments and OCS claims, both overall and geographically 
within each country.

To better understand the treatment needs of 
patients, research on the epidemiology of severe and 
uncontrolled asthma continues to evolve; however, 
consistent findings have been difficult to achieve. 
Reasons for this may include variations in sampling 
(i.e. general population vs hospitalized patients), data 
source and quality (i.e., self-report vs medical records 
or registry data), and lack of standard definitions of 
severe and/or uncontrolled asthma. For example, com-
pared with our observation that 16% of the patients 
with asthma in Sweden were on GINA Step 4–5 treat-
ments, which includes patients with severe disease (5% 
of which received ≥2 OCS courses that could likely 
indicate uncontrolled asthma), a previous study 
reported that 4.2% of the patients with asthma had 
severe disease [12]. Those patients who receive fre-
quent courses of OCS can be labelled as having an 
uncontrolled disease. Among patients on GINA Steps 
4–5 treatments in our study, 5% received ≥2 OCS 
courses. In the previous study, 53.6% were labelled as 
having an uncontrolled disease based on reliever use 
and exacerbation [12]. Our other finding that 19% of 
the patients with asthma in Denmark were on GINA 
Step 4–5 treatments, 10% of which received ≥2 OCS 
courses, also diverges considerably from previously 
reported rates of severe and uncontrolled asthma as 
8.1% and 36.4%, respectively, based on a national pre-
scription database, albeit with different definitions of 
asthma severity and control [14]. Standardization of 
study methods and definitions of disease characteristics 
would surely improve consistency and provide better 
consensus between studies, but this is different because 
of limitations in different data sources.

GINA updated its recommendations in 2019 regard-
ing OCS use to suggest OCS should be avoided when 

possible, in favour of more preferrable add-on thera-
pies [15]; however, use of these medications are also 
likely influenced greatly by physician preference, treat-
ment success, and national guidelines. Although we 
observed similar rates of patients on GINA Step 4–5 
treatments between countries (15–19%), rates of these 
patients receiving ≥2 OCS courses varied widely from 
5% (Sweden) to 23% (Finland). OCS use is not 
a comprehensive measure in comparison to assessing 
symptoms and lung function and could contribute to 
the low proportion of potential uncontrolled asthma 
(estimated by the prevalence of patients receiving ≥2 
OCS courses) reported here. Interestingly, Sweden also 
had the highest rate of OCS dispensed to patients on 
GINA Step 4–5 treatments (46%). If the high rate of 
asthma control in Sweden is related to the high rate of 
OCS use, it would occur at the cost of an increased risk 
of adverse health consequences [18,22]. Notably, 
a recent study that characterized high OCS prescription 
rates to patients with asthma in Sweden revealed 
a trend for increased adverse health outcomes among 
patients prescribed ≥5 mg/day/year OCS vs those pre-
scribed lower dosages, although OCS dosage increased 
with age, which also could have influenced adverse 
health outcomes [23]. Moreover, Finland, which also 
had a high rate of OCS claims among patients on 
GINA Step 4–5 treatments in our study (30%), had 
the highest rate of patients receiving ≥2 OCS courses 
(23%). Nonetheless, evidence from these and other 
studies reveal high rates of OCS prescriptions, high-
lighting the need for safe and effective alternatives to 
achieve and maintain asthma control. Notably, a policy 
change that occurred in Finland in May 2020 shifted 
administration and reimbursement of biologics from 
being limited to the hospital setting to being reim-
bursed by KELA (the Social Insurance Institution of 
Finland), thus allowing patients to self-administer bio-
logics at home. Over time, this will likely result in an 
overall shift toward more biologic use and less 
OCS use.

Our geographic analysis also shows considerable 
heterogeneity in treatment intensity within countries. 
Geographic differences in estimated severity and con-
trol could be related to variables such as climate, popu-
lation density and age distribution, industrialization, 
and/or treatment access. A detailed analysis of all fac-
tors contributing to asthma severity and control in the 
Nordics would be an interesting topic for future 
research; however, such a detailed analysis was beyond 
the scope of this investigation.

Our study had several strengths, including the use of 
representative samples based on registries covering 
100% of outpatient prescriptions dispensed within 
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Figure 4. Estimated regional prevalence of patients on GINA Step 4–5 treatment, those on Step 4–5 treatments receiving ≥2 OCS 
courses, and OCS claims in Sweden. (a) Regional prevalence of patients on GINA Step 4–5 treatments among all patients with 
asthma; (b) frequency of patients receiving ≥2 OCS courses among patients on GINA Step 4–5 treatments; and frequencies of 
patients on GINA Step 4–5 treatments dispensed (c) ≥912.5 mg and (d) ≥1825 mg OCS during the 1-year observation period.
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each country. However, there were also several limita-
tions. As pharmacy claims data do not provide diag-
nostic information, we used an algorithm to identify 
patients with asthma; consequently, patients who 
received R03 medications (including OCS) for other 
conditions may have been included, or patients with 
asthma who were not receiving such medications dur-
ing the analysis period may have been excluded. If OCS 
were used for other reasons besides asthma, this dis-
crepancy would be the same across all countries and 
regions in the analysis; therefore, the findings still add 
valuable insights to similarities and differences in OCS 
use between Nordic countries. Another limitation of 
prescription claims data is that they do not indicate 
whether the medications were actually used; this is of 
particular concern for patient populations such as 
those with asthma, for which treatment nonadherence 
is common [34,35]. Determination of OCS use for the 
full asthma patient population was limited by the algo-
rithm, which only determined OCS use among patients 
on GINA Step 4–5 treatments, excluding patients with 
mild or moderate disease who are also prescribed OCS 
for exacerbations [36]. Second, limited OCS package 
size options may not correspond with individual 
patient needs. For example, the smallest available pack-
age of prednisolone 40 mg in Finland is 30 tablets 
(1200 mg total), which would result in a considerable 
overestimate of OCS used by a patient who requires 
only a 7-day course (280 mg). Variations in package 
sizes between countries could create false differences in 
estimates of OCS used between countries. Our study 
was also limited by the size of geographic regions 
selected, as city-/town-level data would provide addi-
tional details and better inform local initiatives to 
improve access and quality of care; this is particularly 
relevant in the case of Denmark, where only five 
regions were analysed. Finally, our study could have 
been improved by including data from Norway, which 
were not readily available for the analysis period. 
Nonetheless, the real-world analysis we present here 
is an important step toward generating detailed local 
information on asthma disease characteristics, treat-
ment patterns, and areas of focus when considering 
future initiatives to improve asthma management 
practices.

Conclusion

In summary, our analysis of national prescription 
claims data reveals that the prevalence of patients 
with asthma on GINA Step 4–5 treatments is similar 
in Denmark, Finland, and Sweden, while the rates of 
these patients receiving ≥2 OCS courses vary more 

widely between countries. In all countries, relatively 
substantial proportions of patients continue to be pre-
scribed OCS despite the associations with significant 
health risks. Our study is an important step toward 
improving our understanding of regional differences 
in asthma management. These insights will help 
improve asthma care in Nordic countries and will 
support future initiatives to improve long-term out-
comes for patients with asthma.
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