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Abstract
Background: The progression from mild-to-moderate to severe asthma remains unclear. This study aimed to assess the risk of 
progression following the first asthma exacerbation in mild-to-moderate asthma and to identify risk factors and high-risk 
patient profiles.

Received: November 24, 2025. Accepted: April 19, 2026
© The Author(s) 2026. Published by Oxford University Press on behalf of the American Thoracic Society.
This is an Open Access article distributed under the terms of the Creative Commons Attribution License (https://creativecommons.org/licenses/by/4.0/), which permits unrestricted reuse, distribution, 
and reproduction in any medium, provided the original work is properly cited.

D
ow

nloaded from
 academ

ic.oup.com
/ajrccm

/article/212/9/1975/8678451 by U
m

eå U
niversity user on 29 Septem

ber 2026

https://doi.org/10.1093/ajrccm/aamag242
https://orcid.org/0000-0002-9550-6703
https://orcid.org/0000-0001-5258-0906
https://orcid.org/0000-0002-0553-8067
https://orcid.org/0000-0002-3075-3463
mailto:Susanne.Hansen.10@regionh.dk
https://creativecommons.org/licenses/by/4.0/


1976� American Journal of Respiratory and Critical Care Medicine, 2026, Vol. 212, Issue 9

Methods: This was an observational cohort study based on Danish data from the Nordic Dataset for Asthma Research collabo-
ration platform. Adult patients with mild-to-moderate asthma experiencing their first asthma exacerbation were identified 
between 2000 and 2018 and followed prospectively for 5 years for the development of severe asthma according to European 
Respiratory Society (ERS) / American Thoracic Society (ATS) guidelines. Baseline risk factors for progression to severe asthma 
were assessed using multivariable logistic regression models, and risk of progression was evaluated across specific patient 
profiles.
Results: Among 99 748 patients with mild-to-moderate asthma experiencing the first asthma exacerbation, 4.1% progressed 
to severe asthma within 5 years. Risk factors included baseline age 40-49 years (odds ratio [OR] = 1.62; 95% CI, 1.49-1.77), 
experiencing an exacerbation despite medium-dose inhaled corticosteroid (ICS) use (OR = 3.72; 95% CI, 3.39-4.09), high use of 
short-acting beta agonist (OR = 1.76; 95% CI, 1.64-1.90), ≥2 respiratory infections (OR = 1.61; 95% CI, 1.49-1.73), and blood 
eosinophil counts ≥ 0.6 × 109/L (OR = 1.97; 95% CI, 1.47-2.61). A patient aged 40-49 years with late-onset eosinophilic asthma, 
treated with medium-dose ICS and with recurrent respiratory infections, had a 30.4% 5-year risk of progressing to 
severe asthma.
Conclusion: In patients with mild-to-moderate asthma experiencing their first asthma exacerbation, few (4.1%) patients over-
all progressed to severe asthma within 5 years, but specific high-risk patient profiles faced risks of up to 30%. Whether early 
recognition can modify this risk warrants further investigation.

Introduction
Asthma is a common disease affecting up to 10% of people in 
high-income countries.1 While most cases are mild to moderate, 
approximately 4%-8% of patients have severe asthma.2-4 Despite 
representing a small proportion, severe asthma accounts for the 
largest burden of morbidity due to frequent exacerbations, high 
health care costs, and increased mortality.5 Management of severe 
asthma remains largely reactive, often initiated after irreversible 
disease manifestations such as significant lung function decline, 
recurrent exacerbations, or the development of comorbidities.6 
This underscores the need for early identification of patients at 
high risk of progression and the implementation of targeted pre-
ventive strategies. However, despite advances in asthma manage-
ment, important knowledge gaps persist, particularly regarding 
the long-term prognosis of different asthma phenotypes and the 

potential to prevent progression from mild-to-moderate asthma 
to severe disease.

In recent years, substantial progress has been made in the man-
agement of severe asthma, driven by the introduction of effective 
targeted biologic therapies. These treatments have redefined new 
therapeutic goals, enabling approximately 20% of severe asthma 
patients to achieve disease remission.7,8 However, not all patients 
can attain remission, often due to nonreversible airflow limitation 
or persistent dependence on oral corticosteroids. Thus, alongside 
striving for remission in patients with established severe asthma, 
preventing progression from mild-to-moderate disease remains 
an equally critical priority to improve long-term outcomes and 
alter the overall disease trajectory.

The relatively low prevalence of severe asthma poses chal-
lenges in identifying risk factors and predicting early disease  
progression. Consequently, there is a need for large-scale, 
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At a Glance Commentary
Scientific Knowledge on the Subject: Severe asthma affects 4–8% of all asthma patients but accounts for a disproportionate share 
of morbidity, healthcare costs, and mortality. Management has been transformed by biologic therapies targeting type 2 (T2) inflam-
mation, enabling remission in approximately 20% of patients. However, the trajectory from mild-to-moderate disease to severe asth-
ma remains poorly characterised, and population-level data on which patients are at highest risk of progression are scarce.

What This Study Adds to the Field: In a nationwide Danish cohort of nearly 100,000 adults with mild-to-moderate asthma, the 
overall 5-year risk of progression to severe asthma following a first exacerbation was 4.1%, but risk was highly heterogeneous across 
patients. Key independent risk factors included age ≥40 years, exacerbation despite medium-dose inhaled corticosteroid use, recur-
rent respiratory infections, high short-acting bronchodilator use, and elevated T2 biomarkers. By combining these factors within two 
recognised clinical phenotypes — early-onset allergic and late-onset eosinophilic asthma — the study identifies high-risk profiles car-
rying up to 30% 5-year progression risk, providing a foundation for early clinical risk stratification at the time of a first exacerbation.

Impact of this research
Our findings demonstrate that less than 5% of patients with mild-to-moderate asthma who experience their first asthma exacerbation 
progress to severe asthma within 5 years. However, patients with specific combinations of risk factors face a markedly higher risk of 
up to 30%. These results highlight the importance of early clinical risk stratification to identify patients most likely to progress to 
severe asthma, supporting targeted prevention and more efficient care pathways.
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representative population studies to disentangle the contribu-
tions of various exposures to the development of severe asthma. 
Two recent registry-based studies have identified distinct trajec-
tories leading to severe asthma,9,10 suggesting that both a gradual 
loss of asthma control and type 2 (T2) comorbidities may repre-
sent a particular high-risk subgroup. Moreover, accumulating evi-
dence indicates that T2 inflammation plays a central role in 
asthma progression, contributing to future asthma attacks and 
long-term decline in lung function.11-13

Asthma exacerbations are a key component when assessing 
both current disease control and future risk.14 Although most 
asthma patients have mild-to-moderate disease, exacerba-
tions remain a frequent and serious adverse event in this 
group.15,16 As an exacerbation increases the likelihood of 
future exacerbations,17,18 it represents a critical point for 
assessing the risk of disease progression. Therefore, by utiliz-
ing nationwide Danish data from the Nordic Dataset for Asthma 
Research (NORDSTAR),19 we aimed to estimate the 5-year risk 
of progression to severe asthma among patients with 
mild-to-moderate asthma experiencing their first asthma exac-
erbation. Furthermore, our objective was to identify individual 
risk factors and combined clinical risk profiles associated with 
disease progression in 2 well-described asthma phenotypes: 
early onset allergic asthma and late-onset eosinophilic asthma. 
The aim was to facilitate recognition of patients at highest risk 
of progressing to severe asthma, enabling timely identification 
of those most likely to benefit from early intervention.

Methods
Data source
We used Danish data from the NORDSTAR platform, a Nordic 
research collaboration that integrates comprehensive nationwide 
registry data on asthma patients across 4 Nordic countries, as pre-
viously described in detail.19 In brief, individuals are included in 
the NORDSTAR dataset if they meet at least 1 of the following cri-
teria: (1) 1 or more recorded asthma diagnoses (International 
Classification of Diseases Tenth Revision [ICD-10] codes J45/J46) in 
secondary care or (2) at least 2 dispensations of respiratory medi-
cations (Anatomical Therapeutic Chemical (ATC) code R03).

Study population and design
This observational cohort study included patients with 
mild-to-moderate asthma who experienced their first asthma 
exacerbation during the period July 1, 2000, to December 31, 2018 
(see Figure S1 for a study overview). Patients were eligible if they 
met at least 1 of the following criteria: (1) aged 18-55 years with at 
least 2 dispensations of respiratory medications—one of which 
had to be an inhaled corticosteroid (ICS)—within a 12-month 
period; or (2) aged 18 years or older with at least 1 recorded 
asthma diagnosis (ICD-10 codes J45/J46) as a primary or second-
ary diagnosis in inpatient or specialist outpatient care. Eligible 
patients were included at the time of their first asthma exacerba-
tion defined as either a filled prescription for prednisolone (ATC 
code H02AB06) or a hospital admission/emergency department 
visit due to asthma. This date of the first exacerbation served as 

the cohort entry date and start of follow-up. All patients were fol-
lowed for 5 years to assess the development of severe asthma. To 
ensure complete 5-years of follow-up for all included patients, the 
study concluded on December 31, 2023.

Exclusion criteria included evidence of potentially severe 
asthma within the 5 years preceding the first asthma exacerba-
tion. Signs of severe asthma included redeemed prescriptions 
corresponding to a mean daily dose of > 800  µg budesonide or 
equivalent evaluated in 365-day windows or biologic treatments 
in any year during the exclusion period. Furthermore, patients 
were excluded if they had any recorded diagnosis of another 
chronic respiratory disease or a condition commonly treated with 
high-dose oral corticosteroids (see Figure 1 and Table S1).

In addition, we defined a subpopulation of patients from the 
main cohort with available T2 inflammatory biomarker data. 
Biomarker information was obtained from the Clinical Laboratory 
Information Register, which did not reach full coverage until 2015. 
This subpopulation comprised 8253 patients.

Study outcomes
The primary outcome of the study was the development of 
severe asthma within 5 years following the first asthma exacer-
bation, assessed in consecutive 365-day periods from the date 
of that event. Severe asthma was defined according to 
European Respiratory Society (ERS) / American Thoracic 
Society (ATS) guidelines20 to be present if a patient met at least 
1 of the following criteria during any of these periods: (1) 
high-dose ICS use, defined as filled prescriptions correspond-
ing to an average daily dose of ≥ 1600 µg budesonide or equiva-
lent per year, plus at least 1 dispensed prescription for a second 
controller medication (eg, long-acting beta-agonist [LABA], 
long-acting muscarinic antagonist [LAMA], xanthines, or a leu-
kotriene receptor antagonist [LTRA]); (2) semi-high dose ICS 
use, defined as a mean average daily dose of > 800 µg budeso-
nide or equivalent per year, combined with OCS use averaging 
at least 5 mg/day of prednisolone (a total of ≥ 1825 mg dis-
pensed within 365 days); or (3) biologic therapy, indicated by a 
recorded procedure code in specialist care for treatment with 
anti-IgE, anti-IL5, anti-IL5R, or anti-IL4R agents at any time 
during the follow-up.

In a sensitivity analysis, we defined severe asthma according to 
Global Initiative for Asthma (GINA) guidelines14 as an average daily 
dose of > 800 µg budesonide or equivalent per year, plus at least 1 
dispensed prescription for a second controller medication (eg, 
LABA, LAMA, xanthines, or a LTRA); or biologic therapy, indicated 
by a recorded procedure code in specialist care for treatment with 
anti-IgE, anti-IL5, anti-IL5R, or anti-IL4R agents at any time during 
the follow-up.

Baseline risk factors
Potential risk factors influencing the development of severe 
asthma were assessed at baseline including sex, age, disease 
duration, mean average daily ICS dose (0; low-dose ICS: 1-400 µg 
budesonide; medium-dose ICS > 400-800 µg budesonide), respira-
tory infections (redeemed prescriptions for antibiotics), and high 
use of short-acting beta2-agonist [≥600 doses]) assessed during 
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the year prior to the first asthma exacerbation. Type 2 comorbidi-
ties (including allergy, rhinitis, nasal polyps, atopic dermatitis) 
and non-T2 comorbidities (including anxiety and/or depression, 
T2 diabetes mellitus, obesity, obstructive sleep apnea [OSAS], and 
cardiovascular disease [CVD]) were also evaluated based on 
health care diagnoses and redeemed prescriptions 5 years prior to 
the first asthma exacerbation. Furthermore, in the subpopulation 
with available biomarkers, T2 inflammation was evaluated using 
blood eosinophil count (BEC) and total IgE levels measured dur-
ing the 5 years preceding the index exacerbation. Blood eosino-
phil count was categorized as < 0.15, 0.15-0.29, 0.3-0.59, 
and ≥ 0.6 × 109 cells/L, while total IgE levels were dichotomized 

as < 150 and ≥ 150 kUA/L. When multiple assessments were availa-
ble for the same patient within the baseline period, the value clos-
est to the index exacerbation was used. Detailed information 
about the covariates is described in Table S2.

Statistical analyses
Progression to severe asthma
Descriptive statistics were used to characterize the study popula-
tion. Continuous variables were presented as mean (SD) or median 
(IQR) as appropriate. Categorial variables were summarized as 

Figure 1  Flowchart of the study population.
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counts and percentages. Baseline characteristics were compared, 
according to subsequent development of severe asthma. For nor-
mally, distributed continuous variables, Student t-test was used; 
for non-normally distributed continuous variables, the Mann– 
Whitney U test was applied; and for categorical variables, 
chi-squared tests were used.

The absolute risk of developing severe asthma was evaluated 
descriptively by calculating the cumulative proportion of patients 
who developed severe asthma during the 5-year follow-up 
period. The associations between baseline risk factors and pro-
gression to severe asthma were assessed using multivariable 
logistic regression, with results reported as odds ratios (ORs) and 
95% confidence intervals. Moreover, a multivariable analysis was 
conducted in the subcohort with available biomarker data addi-
tionally adjusting for BEC (evaluated in categories of < 0.15, 
0.15-0.29, 0.30-0.59, and ≥ 0.60 × 109 cells/L) and/or total IgE (eval-
uated in categories of ≤ 150 and > 150 kUA/L) in the baseline period.

Furthermore, as a sensitivity analysis, we calculated E-values21 
to quantify the strength of unmeasured confounding that would 
be necessary to fully explain away the observed associations, 
thereby assessing the robustness of our findings.

Clinical risk profiles
We calculated examples of clinical risk profiles by aggregating the 
relevant regression coefficients from the multivariable logistic 
regression model in the subpopulation with available biomarkers 
(n = 8253). For each profile, the linear predictor was computed as 
the sum of the intercept and the products of each covariate with 
its corresponding coefficient. This value was then transformed 
using the logistic function to estimate the conditional probability 
of severe asthma, given specific combinations of risk factors. The 
clinical risk profiles were based on variations of 2 well-described 
asthma phenotypes: early onset allergic asthma and late-onset 
eosinophilic asthma.22,23 Early onset allergic asthma was defined 
as age younger than 40 years (thereby including childhood onset 
as well as adulthood onset below 40 years), long disease duration 
(>3 years), and the presence of allergy (diagnosis code and/or 
redeemed anti-allergic medications and/or elevated specific 
IgE ≥ 0.35 kUA/L). Late-onset eosinophilic asthma was defined as 
age 40 years and older, short disease duration (≤3 years), and ele-
vated BEC (≥0.6 cells × 109/L). For variables with more than 2 cate-
gories (eg, age or BEC), the category showing the strongest 
association with progression to severe asthma in the multivariate 
analysis was included in the risk model.

Statistical analyses were performed using R (Version = 4.4.1 R 
Foundation for Statistical Computing, Vienna, Austria). All tests were 
2-sided, and P-values < 0.05 were considered statistically significant.

All study data were pseudonymized and contained no directly 
identifiable patient information. In Denmark, patient consent is 
not required for registry-based studies.

Results
Study population
Figure 1 illustrates the selection of the study population. The main 
cohort comprised 99 748 patients with mild-to-moderate asthma 

experiencing their first asthma exacerbation during the inclusion 
period. The first asthma exacerbation was identified by a filled 
prescription of prednisolone in 69% of cases, an asthma-related 
hospitalization in 19%, and emergency room department visits in 
12%. Baseline characteristics for the main cohort are presented in 
Table 1. Biomarker data were available in 8253 patients, and the 
baseline characteristics of this subpopulation are shown in Table 
S3. Patients with available biomarker data were more likely to be 
aged younger than 40 or older than 70 years, to have tertiary edu-
cation, and to have a non-T2 comorbidity compared to the overall 
study population. However, patients with and without available 
biomarkers were generally similar with respect to asthma medica-
tion use and asthma control measures.

Progression to severe asthma
The 5-year cumulative incidence of progression to severe asthma 
according to the definition of ERS/ATS guidelines following the 
first asthma exacerbation was 4.1% (Figure  2). Compared with 
nonprogressors, patients who progressed were older (47 [SD, 15] 
vs 41 [SD, 16]; P < .001), more frequently treated with medium-dose 
ICS (23% vs 8%, P < .001) and additional controllers (47% vs 28%, 
P < .001), had shorter disease duration (≤3 years) (73% vs 60%, 
P < .001), and more often experienced recurrent infections (37% vs 
26%, P < .001), while comorbidity prevalence was largely compa-
rable between groups, with only modest absolute differences 
observed (Table 2).

Applying the broader GINA criteria definition yielded a 5-year 
progression risk of 11.6% (Figure S2), with baseline characteris-
tics comparable to those observed using ERS/ATS criteria 
(Table S4).

Risk factors for progression to 
severe asthma
In the main study population (n = 99 748), the odds of progression 
to severe asthma according to ERS/ATS criteria increased with 
age, peaking at 60-69 years (OR = 2.24; 95% CI, 1.97-2.54) (Figure 3). 
Medium-dose ICS use (OR = 3.72; 95% CI, 3.39-4.09), high 
short-acting beta agonist (SABA) use (OR = 1.76; 95% CI, 1.64-1.90), 
and ≥ 2 respiratory infections (OR = 1.61; 95% CI, 1.49-1.73) were 
also associated with increased odds. Among T2 comorbidities, 
only atopic dermatitis was associated with increased odds (OR = 
1.63; 95% CI, 1.21-2.16), while anxiety/depression and T2 diabetes 
were associated with lower odds (OR = 0.83; 95% CI, 0.69-0.99; OR 
= 0.82; 95% CI, 0.70-0.97, respectively); no associations were 
observed with obesity, OSAS, or CVD.

In the biomarker subcohort (n = 8253), associations were largely 
consistent, with increased risk linked to age 40 years and older, 
with the highest odds in patients aged 40-49 years (OR = 2.46; 95% 
CI, 1.89-3.19), ≥2 respiratory infections (OR = 1.46; 95% CI, 
1.16-1.84), high SABA use (OR = 1.60; 95% CI, 1.22-2.06), use of 
medium-dose ICS (OR = 4.02; 95% CI, 2.98-5.41), and disease dura-
tion ≤ 3 years (OR = 1.25; 95% CI, 1.01-1.56) (Figure  4). Elevated 
BEC ≥ 0.6 × 109 L (OR = 1.97; 95% CI, 1.47-2.61) and total-IgE ≥ 150 
kUA/L (OR = 2.10; 95% CI, 1.55-2.80) were also independently 
associated with progression.
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Applying the GINA definition yielded a similar risk pattern on 
both cohorts, except that atopic dermatitis was no longer associ-
ated with progression (Table S5 and 6).

In sensitivity analyses using E-values, medium-to-high ICS 
doses (400-800 µg) had an E-value of 6.88 (lower CI, 6.22), lower 
ICS doses (1-400 µg) of 2.56 (lower CI, 2.32), a single respiratory 
infection of 1.67 (lower CI, 1.43), and recurrent infections of 2.60 
(lower CI, 2.34) (data not shown).

Clinical risk profiles of progression to 
severe asthma within 5 years
Figure 5 presents examples of clinical risk profiles for 5-year pro-
gression to severe asthma across 2 specific asthma phenotypes: 
early onset allergic asthma and late-onset eosinophilic asthma. 
For instance, patients with early onset allergic asthma, high 
SABA use, and on medium-dose ICS (example 3) had a 6.0% risk 

Table 1  Baseline characteristics of the main study population in the year preceding the first asthma exacerbation.

n = 99 748

Demographics
Mean age, (SD) y 41 (16)
Age, No. (%), y
  <40 5860 (6)
  40-49 47 863 (48)
  59-59 24 143 (24)
  60-69 16 777 (17)
  ≥70 5105 (5)
Sex, No. (%)
  Female 61 330 (61)
  Male 38 418 (39)
Highest attained education, No. (%)
  <Upper secondary school 34 506 (36)
  Upper secondary school 39 863 (41)
  Tertiary education (bachelor, master, PhD) 22 765 (23)
Asthma medication
Average daily dose ICS, No. (%)
  No ICS use 49 390 (50)
  Low-dose ICS (1-400 µg budesonide) 41 924 (42)
  Medium-dose use (>400-800 µg) 8434 (9)
Mono ICS 21 474 (22)
ICS + ≥1 controller 32 869 (33)
SABA 51 672 (52)
LABA 29 743 (30)
LTRA 4576 (5)
LAMA 3309 (3)
Xanthines 971 (1)
Asthma control measures, No. (%)
Disease duration (≤3 years) 60 659 (61)
High SABA use (≥600 doses annually) 14 713 (15)
Respiratory infections, No. (%)
  0 48 355 (49)
  1 25 180 (25)
  ≥2 26 213 (26)
T2 comorbidities, No. (%)a

  Allergy 33 754 (34)
  Rhinitis 23 192 (23)
  Nasal polyposis 981 (1)
  Atopic dermatitis 923 (1)
Non-T2 comorbidities, No. (%)
  Anxiety/depression 4241 (4)
  T2DM 4251 (4)
  Obesity 1995 (2)
  OSAS 1293 (1)
  CVD 15 090 (15)

Abbreviations: ATC, Anatomical Therapeutic Chemical; CVD, cardiovascular disease; ICS, inhaled corticosteroids; LABA, long-acting beta agonist; LAMA, long-acting 
muscarinic antagonist; LTRA, leukotriene receptor antagonist; OSAS, obstructive sleep apnea; SABA, short-acting beta agonist; T2DM, type 2 diabetes mellitus.
aComorbidities defined by International Classification of Diseases Tenth Revision diagnoses and/or ATC codes. See Table S2 for a detailed description.
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(95% CI, 4.0%-8.9%). Patients with late-onset eosinophilic 
asthma, short disease duration, and medium-dose ICS had a 
21.5% risk (95% CI, 15.2%-29.2%) (example 10). The highest risk 
of 30.4% (95% CI, 22.8%-39.2%) was observed in patients with 
late-onset eosinophilic asthma, medium-dose ICS, and recurrent 

respiratory infections (example 12). In contrast, a comparator 
patient aged younger than 40 years with low BEC (<0.15 × 109/L); 
low total IgE (<150 KUA/L); no ICS use; low SABA use; no respira-
tory infections; and without allergy, atopic dermatitis, or nasal 
polyps had an estimated 1% 5-year risk of progression.

Table 2  Baseline characteristics of patients with and without progression to severe asthma within 5 years after an exacerbation.

No severe asthma 
(n = 95 680) (96%)

Severe asthma 
(n = 4068) (4%)

P-value

Demographics
Mean age (SD), y 41 (16) 47 (15) <.001
Age, No. (%), y <.001
  <40 5508 (6) 352 (9)
  40-49 46 598 (49) 1265 (31)
  59-59 23 054 (24) 1089 (27)
  60-69 15 786 (17) 991 (24)
  ≥70 4734 (5) 371 (9)
Sex, No. (%) .05
  Female 58 890 (61) 2440 (60)
  Male 36 790 (39) 1628 (40)
Highest attained education, No. (%) <.001
  <Upper secondary school 32 983 (35) 1524 (38)
  Upper secondary school 38 289 (41) 1574 (40)
  Tertiary education (bachelor, master, PhD) 21 899 (24) 866 (22)
Asthma medication, No. (%)
Average daily dose ICS, No. (%) <.001
  No ICS use 48 131 (50) 1259 (31)
  Low-dose ICS (1-400 µg budesonide) 40 051 (42) 1873 (46)
  Medium-dose use (>400-800 µg budesonide) 7498 (8) 936 (23)
Mono ICS 20 581 (22) 893 (22) .51
ICS + ≥1 controller 57 703 (28) 2219 (47) <.001
SABA 48 884 (51) 2788 (69) <.001
LABA 27 831 (29) 1912 (47) <.001
LTRA 4184 (4) 392 (10) <.001
LAMA 2988 (3) 231 (8) <.001
Xanthines 835 (1) 136 (3) <.001
Asthma control measures, No. (%)
Disease duration (≤3 years) 57 707 (60) 2952 (73) <.001
High SABA use (≥600 doses annually) 13 606 (14) 1107 (27) <.001
Respiratory infections, No. (%) <.001
  0 46 817 (49) 1538 (38)
  1 24 171 (25) 1009 (25)
  ≥2 24 692 (26) 1521 (37)
T2 comorbidities, No. (%)a

  Allergy 32 402 (34) 1352 (33) .42
  Rhinitis 22 174 (23) 1018 (25) .01
  Nasal polyposis 923 (1) 58 (1) .01
  Atopic dermatitis 871 (1) 52 (1) .01
Non-T2 comorbidities, No. (%)a

  Anxiety/depression 4110 (4) 131 (3) .001
  T2DM 4078 (4) 173 (4) >.99
  Obesity 1920 (2) 75 (2) .50
  OSAS 1246 (1) 47 (1) .46
  CVD 14 380 (15) 710 (18) <.001

Abbreviations: CVD, cardiovascular disease; ICS, inhaled corticosteroids; LABA, long-acting beta agonist; LAMA, long-acting muscarinic antagonist; LTRA, leukot-
riene receptor antagonist; OSAS, obstructive sleep apnea; SABA, short-acting beta agonist; T2DM, type 2 diabetes mellitus.
aComorbidities defined by International Classification of Diseases Tenth Revision diagnoses and/or ATC codes. See Table S2 for a detailed description.
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Discussion
In this nationwide cohort study of patients with mild-to-moderate 
asthma included at their first observed exacerbation, 4.1% pro-
gressed to severe asthma within 5 years. Progression was associ-
ated with moderate-dose ICS use at exacerbation, aged older than 
40 years, short disease duration, recurrent respiratory infections, 
high SABA use, and elevated T2 biomarkers. Integrating clinical 
and biomarker data identified marked risk heterogeneity: for 
example, patients aged 40-49 years, with eosinophilic asthma, 
short disease duration ≤ 3 years, recurrent infections, and 
moderate-dose ICS had an estimated 30% risk of progression 
compared with approximately 1% among younger patients with 
low T2 inflammation and minimal treatment.

Few studies have explored long-term progression to severe 
asthma in adults. A Swedish clinical cohort reported a 4% pro-
gression rate over 18 years,24 while a Canadian cohort of very mild 
asthma patients reported a 10-year risk of 1.7%.25 The higher risk 
observed in our study likely reflects broader inclusion criteria, 
including patients on moderate-dose ICS and the requirement of 
an exacerbation at baseline. In our study, severe asthma was 
defined using the stringent ERS/ATS criteria,20 requiring sustained 
high-dose ICS or long-term oral corticosteroids, which likely con-
tributed to the relatively low 5-year progression risk of 4%. In con-
trast, applying the broader GINA definition14 yielded a higher 
5-year progression risk of 11.6%.

We identified key baseline risk factors for progression to severe 
asthma within 5 years following the first asthma exacerbation, 
including ages 40 years and older, moderate-dose ICS use, fre-
quent respiratory infections, high SABA use, short disease dura-
tion, and elevated T2 biomarkers. These associations were 
consistent across adjusted models and align with prior research 
linking severe asthma with asthma onset in adulthood, older age, 
and poor symptom control.4,24-26 The strong association between 

medium-dose ICS use and progression to severe asthma likely 
reflects a treatment-resistant phenotype rather than nonadher-
ence, as ICS exposure was based on redeemed prescriptions. This 
suggests that patients experiencing exacerbations despite ongo-
ing controller therapy may represent a subgroup with persistent 
disease who are at higher risk of progression and may benefit 
from closer monitoring or earlier treatment escalation. According 
to GINA guidelines, patients are advised to temporarily increase 
ICS dosing after an exacerbation;14 however, our definition of 
severe asthma required ≥ 1600 µg budesonide or equivalent daily 
for a full year, making it unlikely that our severe asthma classifica-
tion simply reflects short-term dose escalation. High SABA use 
and recurrent infections further support poor asthma control as a 
marker for progression, which has also previously been 
reported.26-29

Our findings also reinforce the role of elevated T2 biomarkers; 
both BEC (particularly ≥ 0.6 × 109/L) and IgE (≥150 kUA/L) were sig-
nificantly associated with disease progression. Blood eosinophil 
count and elevated fractional exhaled nitric oxide (FeNO) have 
previously been associated with increased risk of future exacerba-
tions13 and lung function decline.30 Unfortunately, FeNO measure-
ments were not available in our dataset. While the role of IgE in 
adult asthma remains uncertain,31 its combination with high 
eosinophils may help identify high-risk phenotypes.32,33 Further 
prospective studies are needed to clarify its predictive value.

Because few patients progress to severe asthma, identifying 
those at risk is challenging. Individual risk factors, such as age, ICS 
use, and respiratory infections, were each associated with pro-
gression, but none alone conferred a high absolute risk. When 
combined, however, these factors identified clinically recogniza-
ble phenotypes—early onset allergic asthma and late-onset 
eosinophilic asthma—with up to 30% 5-year progression risk. This 
highlights the value of evaluating combinations of risk factors for 
effective risk stratification. Nevertheless, it remains uncertain 

Figure 2  Cumulative incidence of progression to severe asthma according to ERS/ATS definition within 5 years from the first exacerbation in patients 
with mild-to-moderate asthma.
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whether early identification can effectively alter the disease tra-
jectory, and the timing and nature of effective interventions, such 
as specialist referral, therapy optimization, closer monitoring, or 
biologic treatment, require further study.6

Strengths of our study include the use of a large, nationwide, 
unselected real-world population of nearly 100 000 patients at 
risk and the prospective 5-year follow-up enabling robust 
assessment of progression to severe asthma. This large sample 
size allowed reliable estimation of progression risk despite the 
relative rarity of the outcome. Importantly, individuals with 
preexisting severe asthma or overlapping conditions were 
excluded, ensuring a well-defined baseline cohort at risk  
of disease progression. However, our study is not without limi-
tations. We deliberately focused on patients with mild-to-mod-
erate asthma at the time of their first observed exacerbation, 
rather than very mild asthma, where progression to severe dis-
ease is rare.24,26 Exacerbations are clinically meaningful events 
that often indicate loss of control and trigger treatment escala-
tion, making them a relevant timepoint for risk stratification. 
However, this design limits generalizability, and our findings 

may not apply to patients with mild-to-moderate asthma who 
remain stable without exacerbations but may still experience 
lung function decline. Accordingly, our results should be inter-
preted within an exacerbation-selected population. In addi-
tion, the first exacerbation reflects the first event observed 
during the registry period, which is not necessarily the patient’s 
true lifetime first exacerbation. Although this represents a 
pragmatic choice given data availability, exacerbations occur-
ring before 1995 could not be captured, particularly among 
patients included early in the study period.

Additionally, the study relied solely on registry data and 
lacked access to detailed clinical information, which may have 
resulted in misclassification of exposures and outcomes. In 
particular, the absence of longitudinal symptom assessments 
and repeated lung function measurements precluded differen-
tiation between severe asthma driven primarily by symptom 
burden and that characterized by persistent airflow limitation. 
Consequently, we were unable to assess whether risk factors 
differ across these phenotypic presentations. While large, 
well-characterized clinical cohorts would be required to 

Figure 3  Baseline risk factors for progression to severe asthma according to ERS/ATS definition within 5 years among patients with mild-to-moderate 
asthma after their first asthma exacerbation. Odds ratios from multivariable logistic regression model in our main study population (n = 99 748).
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address this question, such studies are resource intensive and 
may be inefficient given that only a minority of patients with 
mild-to-moderate asthma progress to severe disease. In this 
context, registry-based studies provide a pragmatic approach 
to identifying population-level risk factors and generating 
hypotheses for future targeted investigations.

Although we adjusted for a broad range of measured covariates, 
residual confounding from unmeasured or incompletely captured 
factors—such as smoking status, lung function, body mass index, 
or symptom burden—cannot be excluded. To assess the robust-
ness of our findings, we conducted sensitivity analyses using 
E-values. The relatively large E-values observed for recurrent res-
piratory infections and higher ICS doses suggest that only strong 
unmeasured confounding would be sufficient to fully explain 
these associations. While the results should not be interpreted as 
causal, they support the relevance of these factors as markers of 
increased risk for progression to severe asthma.

Comorbidities were captured from secondary care only, likely 
leading to under-ascertainment, particularly for conditions 

predominantly managed in primary care, such as rhinitis and 
nasal polyps. This under-ascertainment likely resulted in nondif-
ferential misclassification, attenuating associations toward the 
null and reducing our ability to detect true relationships between 
upper airway disease and asthma progression. Consequently, the 
lack of significant associations for some comorbidities should be 
interpreted with caution, and improved integration of primary 
care data in future studies may yield more accurate estimates. 
Furthermore, the observed association between atopic dermatitis 
and progression was not consistent across definitions of severe 
asthma, suggesting that such relationships may be sensitive to 
case definition and reflect phenotype-specific effects rather than 
uniform associations across the disease spectrum. Similarly, 
inverse associations for anxiety/depression and T2 diabetes are 
unlikely to reflect true protective effects and may instead be 
explained by health care utilization patterns, competing clinical 
priorities, or residual confounding.

Another important limitation is the restricted availability of 
inflammatory biomarkers. Blood eosinophils and total IgE were 

Figure 4  Baseline risk factors for progression to severe asthma according to ERS/ATS definition within 5 years among patients with mild-to-moderate 
asthma after their first asthma exacerbation. Odds ratios from multivariable logistic regression model in our subpopulation with available T2 biomark-
ers (n = 8253).

D
ow

nloaded from
 academ

ic.oup.com
/ajrccm

/article/212/9/1975/8678451 by U
m

eå U
niversity user on 29 Septem

ber 2026



American Journal of Respiratory and Critical Care Medicine, 2026, Vol. 212, Issue 9� 1985

available for only approximately 8% of the cohort, and this miss-
ingness is unlikely to be random, as biomarker testing is more 
common in older patients and those managed in specialist care. 
Thus, the biomarker subcohort likely represents a clinically 
selected population rather than a random sample of patients with 
mild-to-moderate asthma. Although patients with and without 
available biomarkers were broadly similar in terms of asthma 
medication use and baseline disease control, differences in age 
and health care utilization may limit generalizability. Notably, the 
age distribution of risk differed between cohorts, with the highest 
odds of progression occurring in the 60-69 years age group in the 
main cohort but in the 40-49 years age group in the biomarker 
subcohort. Accordingly, biomarker-based risk estimates, includ-
ing those presented in Figure 5, should be interpreted as applica-
ble primarily to patients with available biomarker measurements. 
Finally, we did not account for changes in asthma severity over 
time, and patients classified as severe remained so throughout 
follow-up. While our analyses are primarily inferential and focused 
on identifying associations rather than prediction, the findings 
provide a foundation for future work aimed at developing predic-
tive models to identify patients at high risk of progression to 
severe asthma in clinical practice.

Conclusion
In a nationwide cohort of patients with mild-to-moderate 
asthma experiencing their first asthma exacerbation, 4.1% of 
patients progressed to severe asthma within 5 years, indicating 

that disease progression is relatively uncommon in the 
mild-to-moderate asthma population. However, distinct 
high-risk patient profiles characterized by short disease dura-
tion, experiencing an exacerbation despite treatment with 
moderate dose ICS, recurrent respiratory infections, and ele-
vated T2 biomarkers, had markedly higher risks of up to 30%. 
These findings highlight substantial heterogeneity in disease 
trajectories and underscore the importance of early identifica-
tion of high-risk subgroups. Whether timely recognition and 
intervention in these patients can effectively modify their 
long-term risk of progression to severe asthma remains a criti-
cal question for future research.
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