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Characteristics of severe asthma patients with biologic treatment in the 
Swedish National Airway Register
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aDepartment of Medical Sciences, Respiratory, Allergy and Sleep Research, Uppsala University, Uppsala, Sweden; bFaculty of 
Medicine, University of Iceland, Reykjavik, Iceland; cPublic Health and Clinical Medicine, Umeå University, Umeå, Sweden

ABSTRACT
Background: The Swedish National Airway Register (SNAR) includes data on asthma 
control, lung function, biomarkers, treatments, and comorbidities from asthma patients 
in primary and secondary care. This study aimed to describe patients with severe asthma 
receiving biologic treatment in SNAR and to explore its potential as a national registry for 
severe asthma.
Methods: Patients with ongoing treatment with mepolizumab, benralizumab, reslizu
mab, dupilumab or tezepelumab and registered in SNAR between 2016 and 2024 were 
included. Demographic characteristics, asthma treatment, asthma control, lung function, 
type 2 biomarkers, and exacerbation history were described. Data were assessed at 
inclusion and at the most recent follow-up available.
Results: A total of 416 patients were identified; 49% were female, mean age was 54.1  
years, and mean BMI was 27.2. Inhaled corticosteroids were used by 94.4% of patients, 
while 39.2% received maintenance oral corticosteroids at inclusion. Asthma control was 
generally low and exacerbations were common. Patients differed across biologic classes 
with respect to age, comorbidities, lung function and biomarker profiles, reflecting 
heterogeneity. At follow-up (mean 193 days), improvements were observed in asthma 
control, lung function, type 2 biomarkers, and exacerbation frequency. Marked geo
graphic variation in registry inclusion was identified, with several regions reporting no 
patients.
Conclusion: SNAR enables nationwide characterization of patients with severe asthma 
treated with biologics in routine care. However, variation in inclusion and follow-up 
limits longitudinal interpretation. More standardized registration, particularly at treat
ment initiation, would strengthen SNAR’s role in national monitoring, quality improve
ment and future research.
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Introduction

The majority of all asthma patients present with mild to moderate disease, but approximately 5–10% of 
individuals with asthma in Sweden are affected by severe asthma [1,2]. Severe uncontrolled asthma is 
associated with an increased risk of exacerbations, higher mortality, and additional comorbidities such as 
depression, diabetes, obesity, and cardiovascular disease, which further contribute to the overall disease 
burden [3].

In severe asthma, maintenance therapy with high doses of inhaled corticosteroids (ICS), long-acting β2- 
agonists (LABA), and long-acting muscarinic antagonists (LAMA) as well as oral corticosteroids (OCS), is 
frequently insufficient to achieve adequate asthma control. Over the past decade, several precision medicine 
approaches have become available, and an increasing number of patients are now receiving biologic 
therapies with remission as a treatment goal [4]. Currently, four classes of biologics are approved for use 
in asthma: anti-IgE (omalizumab), anti-IL-5/5 R (mepolizumab, benralizumab, and reslizumab), anti-IL-4/ 
13 (dupilumab), and anti-TSLP (tezepelumab) [5]. Guidelines recommend biologic therapy for patients 
with severe asthma who, despite treatment with high-dose inhaled corticosteroids and additional controller 
medications, remain inadequately controlled [6]. This is typically defined as frequent exacerbations 
requiring oral corticosteroids or the need for maintenance oral corticosteroid therapy. In Sweden, biologic 
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treatments are prescribed and managed by specialists in respiratory medicine or allergology and are not 
initiated in primary care.

Results from randomized controlled trials (RCTs) have demonstrated that biologic therapies reduce the 
frequency of acute exacerbations and the need for systemic corticosteroid use [7–10]. However, a key 
limitation of RCTs is that they often enroll highly selected patient populations, which may not accurately 
represent the broader group of patients treated with these drugs in clinical practice [11]. Therefore, it is 
essential to monitor the real-world use and effectiveness of these novel therapies. This is particularly 
important given the substantial costs associated with biologic treatment [12].

Sweden has a long tradition of utilizing national quality registries. The Swedish National Airway Register 
(SNAR) was established in 2013 through the merger of two existing registries: the National COPD Register 
(RiksKOL) and the National Asthma Register (NAR) [13]. To date, more than 500,000 patients with asthma 
and COPD from both primary and secondary care across all Swedish counties have been reported to the 
registry. Unlike dedicated severe asthma registries, such as the Danish Severe Asthma Register (DSAR) [14] 
and the European Respiratory Society’s Severe Heterogeneous Asthma Research collaboration Patient- 
centered (SHARP) [15], SNAR is designed to include both patients with severe asthma and patients with 
mild or moderate disease, and most patients are included from primary care. Additionally, SNAR offers 
comprehensive data, including spirometry and blood test results, symptom scores, exacerbations and 
hospitalizations, comorbidities, and prescribed treatments [13].

This study should be interpreted as a descriptive analysis of real-world registry data, reflecting current 
clinical practice rather than a structured evaluation of treatment effectiveness. The primary aim was to 
describe the characteristics of patients with severe asthma receiving biologic therapy in Sweden using 
SNAR. A secondary aim was to explore the potential of SNAR as a platform for national monitoring of 
severe asthma care.

Material and methods

The current study was an observational cohort study using data from SNAR registered in secondary care. 
Patients with a physician diagnosis of asthma (ICD-10 J45) can be registered in SNAR either through direct 
transfer from electronic medical records or manually by healthcare professionals using a web-based plat
form [13]. We identified patients with severe asthma registered between 2016 and 2024 (n = 416), with 
ongoing treatment with one of the following biologic therapies: mepolizumab, benralizumab, reslizumab, 
dupilumab, or tezepelumab. Depending on ongoing treatment, the patients were divided into three groups: 
anti-IL5/5 R (mepolizumab, benralizumab or reslizumab, n = 282), anti-IL4/13 (dupilumab, n = 124), or 
anti-TSLP (tezepelumab, n = 10). Omalizumab-treated patients were not included, as treatment indication 
cannot be reliably determined in SNAR. This may influence the completeness of biologic treatment capture 
when interpreting SNAR as a severe asthma registry.

Collected variables from SNAR included demographic characteristics, prescribed pharmacological treat
ments, Body Mass Index (BMI), comorbidities, Asthma Control Test (ACT) scores, lung function para
meters, blood eosinophil count, fractional exhaled nitric oxide (FeNO), and history of exacerbations. 
Spirometry was performed according to ERS/ATS guidelines [16], and both pre- and post-bronchodilator 
values were recorded. Swedish reference values were used for forced expiratory volume in 1 second 
as percent of predicted value (FEV1 percent predicted) [17,18].

Data were assessed at the time of registration (inclusion) and at the most recent follow-up available in the 
registry. Only patients with available data at both inclusion and follow-up were included in the comparisons 
between the two time points.

Definitions

Uncontrolled asthma was defined as an ACT score below 20. Exacerbations were defined as physician- 
reported numeric response to the following questions in SNAR: ‘How many exacerbations has the patient 
had in the previous 12 months?’ and ‘How many asthma hospitalizations has the patient had in the previous 
12 months?’ Current smoking was defined as daily smoking or cessation within the past six months. 
Information on asthma medications, allergies, and comorbidities (depression, anxiety, diabetes mellitus, 
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ischemic heart disease or congestive heart failure, hypertension, osteoporosis and obstructive sleep apnea) 
was retrieved from medical records.

Statistical analyses

All the statistical analyses were conducted using STATA 16.1 (STATA Corp, Texas, USA). Cross-sectional 
data were analyzed using means (or geometric means with 95% CI for skewed variables) for continuous 
variables and counts with percentages for categorical variables. Changes from inclusion to follow-up were 
assessed using paired t-tests for continuous variables and McNemar’s test for paired dichotomous variables. 
Skewed variables (blood eosinophils, FeNO) were log-transformed to calculate geometric means and 95% 
CI. A p-value of <0.05 was considered significant.

Ethics

This study complies with the Declaration of Helsinki and was approved by the Swedish Ethical Review 
Authority (2019–04915; 2020–00508). Informed consent is not required in Sweden when anonymized 
public register data is used for research and was therefore not obtained.

Results

Demographics and comorbidity

The study included 416 patients receiving ongoing biologic treatment. Anti-IL5/5 R therapy was most 
common with 282 patients, while only 10 were receiving anti-TSLP therapy (Table 1). The sex distribution 
was even, with no differences between treatment groups. Mean age at inclusion was 54.1 years and the mean 
BMI was 27.2. There were no differences in smoking history between groups, and five patients reported 
current smoking. Patients on anti-IL5/5 R therapy had the highest mean age, while patients on anti-IL4/13 
therapy were younger and had the highest prevalence of comorbidity in anxiety or depression. The 
prevalence of osteoporosis was highest in the anti-IL5/5 R group, but the difference did not reach statistical 
significance.

Asthma control and exacerbations

Asthma control at inclusion was low across all treatment groups, with a mean ACT score of 18.6, 138 
patients (46.9%) reporting uncontrolled asthma and 144 (59.3%) reporting any exacerbation during the last 
12 months. Patients on anti-TSLP therapy reported the worst asthma control at inclusion, with a mean ACT 

Table 1. Demographics and comorbidity.
All Anti-IL5/IL5R Anti-IL4/13 Anti-TSLP p-value

416 282 124 10
Sex, n (%) 0.78

Male 211 (50.7) 143 (50.7) 64 (51.6) 4 (40.0)
Female 205 (49.3) 139 (49.3) 60 (48.4) 6 (60.0)

Age, years, mean (SD) 54.1 (20.3) 57.8 (17.3) 45.5 (23.3) 54.0 (28.0) <0.01
Smoking status, n (%) 0.13

Never smoker 193 (46.4) 132 (46.8) 59 (47.6) 2 (20.0)
Ex-smoker 91 (21.9) 68 (24.1) 20 (16.1) 3 (30.0)
Current smoker 5 (1.2) 2 (0.7) 3 (2.4) 0 (0.0)
Missing 127 (30.5) 80 (28.4) 42 (33.9) 5 (50)

Body mass index (BMI), mean (SD) 27.2 (9.7) 26.7 (4.7) 27.9 (15.8) 33.1 (8.9) 0.24
Missing 99 71 23 5

Comorbidities, n (%)
Depression or anxiety 34 (9.0) 15 (5.4) 17 (18.1) 2 (28.6) <0.01
Diabetes mellitus 39 (10.5) 28 (10.1) 11 (12.4) 0 (0.0) 0.55
Ischemic heart disease or congestive heart failure 30 (8.1) 23 (8.3) 7 (8.0) 0 (0.0) 0.73
Hypertension 107 (27.5) 74 (26.4) 30 (29.7) 3 (37.5) 0.67
Osteoporosis 35 (9.5) 32 (11.6) 3 (3.5) 0 (0.0) 0.06
Obstructive sleep apnea 29 (7.9) 23 (8.4) 5 (6.0) 1 (14.3) 0.63
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score of 12.5 and on average 5 exacerbations during the last 12 months (Table 2). No differences were 
observed in severe exacerbations requiring hospital admission.

Biomarker profile and lung function

Self-reported respiratory allergies were more common in patients receiving anti-IL4/13 therapy (Table 2). 
Patients on anti-IL5/5 R therapy had higher FeNO levels, lower mean FEV1, and the highest prevalence of 
fixed airflow limitation (FEV1/FVC < 0.70). There were no differences in blood eosinophil count between 
the groups.

Asthma treatment

Oral corticosteroid use at inclusion was most prevalent in the anti-IL5/5 R group (45.7%), compared with 
25.8% in the anti-IL4/13 group. Almost all patients (94.2%) were treated with inhaled corticosteroids, with 
at least 48.8% on high-dose regimens (Table 3). A majority of the patients (89.4%) used ICS in combination 
with LABA, and 40.4% were on triple inhalation therapy including LAMA. The use of leukotriene receptor 
antagonists was lowest among patients on anti-IL4/13 therapy.

Differences between inclusion and follow-up

At a mean follow-up interval of 193 days (SD ± 164, range 11–1075 days) registered ACT scores had 
improved significantly (18.1 vs. 20.2, p < 0.01) (Figure 1a). Mean FEV1 percent predicted increased (74 
vs. 77%, p < 0.01), blood eosinophil count decreased (0.24 vs. 0.13 N/109L, p < 0.01), and FeNO decreased 
(38 vs. 31 ppb, p < 0.01) (Figure 1b-d).

Table 2. Asthma control, biomarkers and lung function at inclusion.
All Anti-IL5/IL5R Anti-IL4/13 Anti-TSLP p-value

416 282 124 10
Asthma Control Test 18.6 (5.3) 18.6 (5.2) 19.0 (5.3) 12.5 (6.2) 0.16
Uncontrolled asthma (ACT < 20) 138 (46.9%) 96 (46.2%) 37 (46.3%) 5 (83.3%) 0.20

Missing 130 72 44 4
Number of exacerbations* 2.1 (2.4) 2.2 (2.5) 1.4 (1.6) 4.6 (5.1) <0.01
Any exacerbation* 144 (59.3%) 96 (46.2%) 37 (46.3%) 5 (83.3%) 0.20
Any exacerbation requiring hospital admission* 10 (2.4%) 5 (1.8%) 5 (4.0%) 0 (0.0%) 0.35

Missing 168 93 70 5
Blood eosinophil count (N/109L) 0.25 (0.22–0.28) 0.23 (0.21–0.27) 0.34 (0.25–0.46) 0.23 (0.08–0.64) 0.10

Missing 211 112 94 5
FeNO (ppb) 32 (29–36) 38 (34–42) 19 (15–24) 21 (7–66) <0.01

Missing 181 104 71 6
FEV1 (% predicted) 76 (22) 73 (19) 84 (26) 79 (23) <0.01
FEV1/FVC < 0.70 154 (53.3%) 126 (60.3%) 28 (36.8%) 0 (0.0%) <0.01

Missing 160 107 47 6
Any respiratory allergy 98 (46.2%) 57 (37.7%) 37 (68.5%) 4 (57.1%) <0.01

Missing 204 131 70 3

Data are presented as mean (SD) for normally distributed continuous variables and geometric mean (95% CI) for skewed variables. 
*During the last 12 months.

Table 3. Asthma treatment at inclusion.
All Anti-IL5/IL5R Anti-IL4/13 Anti-TSLP

416 282 124 10
Maintenance oral steroids, n (%) 163 (39.2) 129 (45.7) 32 (25.8) 2 (20.0)
Any ICS, n (%) 392 (94.2) 273 (96.8) 111 (89.5) 8 (80.0)
Maintenance inhaled steroid dose, n (%)
Low 5 (1.2) 4 (1.4) 1 (0.8) 0 (0.0)
Medium 39 (9.4) 28 (9.9) 10 (8.1) 1 (10.0)
High 203 (48.8) 166 (58.9) 32 (25.8) 5 (50.0)
Missing 145 (34.9) 75 (26.6) 68 (54.8) 2 (20.0)
ICS+LABA, n (%) 372 (89.4) 263 (93.3) 101 (81.5) 8 (80.0)
ICS+LABA+LAMA, n (%) 168 (40.4) 117 (41.5) 45 (36.3) 6 (60.0)
Leukotriene receptor antagonist, n (%) 239 (57.5) 173 (61.3) 59 (47.6) 7 (70.0)
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Figure 1. Changes in ACT, blood eosinophil count, FeNO, and FEV1 (% predicted) between inclusion (blue) and follow-up 
(yellow). Data is presented as mean (SD) for FEV1 and ACT, and as geometric mean (95% CI) for blood eosinophil count and 
FeNO.
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Between inclusion and follow-up, 37 patients changed from uncontrolled to controlled asthma, while 
only 7 deteriorated to uncontrolled asthma (p < 0.01). This corresponded to an odds ratio for improvement 
of 5.3 (95% CI 2.3–14.1). The proportion of patients reporting exacerbations during the last 12 months was 
reduced (59% vs. 42%, p < 0.01). Between inclusion and follow-up, 24 patients no longer experienced 
exacerbations, while 8 deteriorated (p < 0.01), corresponding to an odds ratio for improvement of 3.00 
(95% CI 1.3–7.7).

Geographic variations

The inclusion rate varied considerably between Swedish regions. Most patients by absolute numbers were 
included in Stockholm (n = 178), while the number of included patients per 100,000 inhabitants was highest 
in Kalmar (12.2) and Uppsala (10.3). Several regions had not included any patients (Figure 2).

Discussion

This study provides a detailed description of patients with severe asthma receiving biologic therapy in 
Sweden, using data from SNAR. The findings highlight substantial heterogeneity in patient characteristics 
and treatment patterns, and illustrates both the strengths and current limitations of SNAR as a platform for 
monitoring severe asthma in clinical practice.

Figure 2. Inclusion rate (number of patients included per 100,000 inhabitants) across Swedish regions.
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The present real-world population differed from the well-defined populations in randomized controlled 
trials (RCTs) on biologic therapies [7–10]. This corresponds well to previous real-world and registry-based 
studies of severe asthma and biologic treatment: It is estimated that over 80% of patients in real-world 
studies of severe asthma would have been excluded from RCTs, mainly due to smoking history and 
stipulations for airflow obstruction and bronchodilator reversibility [19,20]. Hence, it is expected that the 
present study population was older and demonstrated a better lung function than the RCT populations. 
Consequently, the study population showed characteristics consistent with severe asthma registries, with 
typically higher BMI, moderate airflow limitation, and a predominantly middle-aged population [14,15,21– 
23]. The sex distribution was even, whereas some severe asthma registries tend to have a female over
representation [15,21,23]. The proportion of patients using ICS was 94.2%, while other severe asthma 
registries have reported universal (100%) use [15,21]. This is somewhat unexpected, given that biologics are 
indicated only as add-on treatments. One possible explanation is incomplete reporting of ICS use in the 
registry. However, poor adherence to inhaled corticosteroids is common, and it is therefore plausible that 
some patients do not use ICS even when prescribed [24]. Adherence cannot be assessed within SNAR, as the 
registry lacks data on medication use patterns and pharmacy dispensing data.

Patients on anti-IL5/5 R therapy were older, had lower lung function, higher FeNO levels and higher 
OCS use than the other treatment groups. This pattern is consistent with an eosinophilic asthma phenotype 
[25]. It may also represent a population with long-standing disease and consequently a lower likelihood of 
achieving remission [4,26,27]. As anti-IL5 therapy became available earlier than anti-IL4/13 and anti-TSLP 
therapies, patients with very severe disease may have been selected for this treatment during the initial years 
of the study period. Patients receiving anti-IL4/13 therapy were younger, more frequently allergic, and 
characterized by better lung function and lower OCS use. This likely reflects that anti-IL4/13 therapy is 
more commonly prescribed in asthma patients with allergic features [28,29]. The small anti-TSLP group 
had the highest exacerbation burden and poorest asthma control. As anti-TSLP is the most recently 
introduced biologic, this group may represent severe asthma patients receiving anti-TSLP as a second or 
third line biologic treatment, or patients with a biomarker profile not suitable for any other biologic 
treatment.

Blood eosinophil counts did not differ between groups, likely reflecting the prevalent cohort design 
where patients could already be receiving biologics at inclusion. The high OCS use in the anti-IL5/5 R group 
may similarly have obscured the eosinophil asthma phenotype by reducing blood eosinophilia. In other 
registry-based studies, most patients on biologic asthma treatment are responders, with over half have 
achieving complete response [14,30]. As individuals with high type 2-biomarker levels benefit most from 
biologic therapy [26], participants in this study likely had historically elevated eosinophil counts and/or 
FeNO levels.

This study was not designed to evaluate treatment effectiveness, and causal inferences regarding treat
ment response cannot be made. Baseline measurements did not correspond to treatment initiation, follow- 
up intervals varied considerably, and missing data were substantial. Robust evidence for the effectiveness of 
biologic therapies has already been established in RCTs [7–10] and other structured registry studies [14,30– 
32]. However, in line with previous results, the overall pattern of improvement in ACT scores, lung 
function, biomarkers, and exacerbation rates were also observed at follow-up in our study.

The study benefits from a large, nationwide cohort and comprehensive clinical data captured within an 
established registry [24,33,34]. However, the absence of standardized national recommendations for the 
timing of registration in relation to biologic therapy represents a major limitation. SNAR includes both 
incident and prevalent patients with asthma, and many patients were included after treatment initiation, 
meaning that baseline data reflect treated rather than untreated disease. In addition, the wide variation in 
follow-up duration limits longitudinal comparisons. Exacerbation data, collected over a 12-month period, 
often include time prior to registry inclusion. Biomarker and treatment data may therefore not accurately 
represent true baseline disease severity. Another limitation is that patients treated with omalizumab were 
not included, as SNAR does not allow reliable identification of treatment indication. This affects the 
completeness of the study population.

The observed geographic variation in SNAR is unlikely to reflect true regional differences in the 
availability of biologic treatments, as these therapies are recommended nationally and are accessible 
through specialist care across Sweden. Rather, the variation more plausibly reflects differences in 
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registry coverage. Given that most patients in SNAR are registered from primary care and that the 
registry is still undergoing implementation, coverage in specialist care has not yet been estimated. 
This highlights the need for more systematic registration at specialist centers, to allow more 
accurate assessments of regional variation and equity of care. With optimized implementation, 
SNAR has the potential to function as a national platform for monitoring severe asthma, compar
able to dedicated severe asthma registries [14,15]. At the same time, its broad coverage across 
primary and secondary care provides unique opportunities to study the full spectrum of asthma 
severity and to identify gaps in care, including patients who may be eligible for advanced therapies 
but are not yet referred. This underscores the need for future research to improve identification, 
referrals, and management of patients with severe asthma across care levels. Further, SNAR 
includes patients with COPD and children with asthma, enabling future studies on biologic 
treatment in other patient groups.

In conclusion, SNAR provides a valuable framework for describing patients with severe asthma receiving 
biologic therapy in routine clinical practice. While the current registry structure limits evaluation of 
treatment effectiveness, standardized inclusion at treatment initiation would enable more robust long
itudinal analyses. Strengthening registry implementation could enhance SNAR’s role in clinical practice, 
quality improvement, and future research on severe asthma.
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