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Background: Risk factors for severe asthma are not well described. The aim was to identify clinical characteristics and risk factors at
study entry that are associated with severe asthma at follow-up in a long-term prospective population-based cohort study of adults with
asthma.

Methods: Between 1986 and 2001, 2055 adults with asthma were identified by clinical examinations of population-based samples in
northern Sweden. During 2012-2014, n = 1006 (71% of invited) were still alive, residing in the study area and participated in a follow-
up, of which 40 were identified as having severe asthma according to ERS/ATS, 131 according to GINA, while 875 had other asthma.
The mean follow-up time was 18.7 years.

Results: Obesity at study entry and adult-onset asthma were associated with severe asthma at follow-up. While severe asthma was
more common in those with adult-onset asthma in both men and women, the association with obesity was observed in women only.
Sensitization to mites and moulds, but not to other allergens, as well as NSAID-related respiratory symptoms was more common in
severe asthma than in other asthma. Participants with severe asthma at follow-up had lower FEV,, more pronounced FEV,
reversibility, and more wheeze, dyspnea and nighttime awakenings already at study entry than those with other asthma.
Conclusion: Adult-onset asthma is an important risk factor for development of severe asthma in adults, and obesity increased the risk
among women. The high burden of respiratory symptoms already at study entry also indicate long-term associations with development
of severe asthma.
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Introduction

The prevalence of severe asthma among adults with asthma has been estimated at 4-8% according to most studies,' ©

and
the European Respiratory Society (ERS) summarizes it to be 3—10%.” The prevalence estimates of severe asthma mainly
depend on the criteria used: the ERS/ATS definition gives a lower prevalence® than the GINA definition.” The prevalence
of difficult-to-treat severe asthma in adults with asthma is even lower.? According to several studies, severe asthma is
more common among women than men,'*%'°

Despite similarities in clinical presentation, severe asthma is not a single disease entity, and several different clinically
relevant phenotypes have been identified.'® ' Suggested risk factors for severe asthma include environmental pollutants,
occupational exposures, active and passive smoking, and obesity.”>'® Both hypothesis-driven and computational
approaches such as cluster analysis have previously revealed three major phenotypes of severe asthma;'* childhood-

17.18 adult-onset eosinophilic with persistent airflow limitation,'® and adult-onset with obesity which often

onset allergic,
is non-atopic and occurs predominantly in women.'’?%?! As a consequence of the heterogeneity, the risk factor patterns

differ, however a few factors act as risks for several phenotypes, for instance family history of asthma.'*'® However, risk
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factors for severe asthma are still not well identified and it is unknown why some adults with asthma develop severe
disease whereas others do not, a subject for which long-term prospective studies are particularly suitable.

Thus, we aimed to identify clinical characteristics and risk factors at study entry that are associated with severe
asthma at follow-up in a long-term prospective population-based cohort study of adults with asthma.

Materials and Methods

Study Population

Study Entry in 1986-2001

The Obstructive Lung Disease in Northern Sweden (OLIN) is an epidemiological research program ongoing since 1985.
The OLIN asthma cohort (n = 2055) includes adults with asthma identified at clinical examinations performed between
1986 and 2001, from four cohorts originally sampled from the population register and a fifth cohort of adults with
incident asthma, as previously described in detail.**

The examinations at study entry included structured interviews with validated questions about obstructive lung
diseases, respiratory symptoms and their triggers as well as potential risk factors for airway disease.”> Spirometry was
performed in all participants. Subsamples participated in skin prick testing, reversibility testing and methacholine
challenge. In the four original population cohorts, the criteria for reversibility testing was a FEV<85% in one cohort,
and either FEV,/VC<0.70 or FEV,<90% in the other three cohorts.>? In addition, subsamples from three of the

population cohorts and all subjects in the fifth cohort were invited to methacholine challenge.”***

Follow-Up in 2012-2014

All participants in the asthma cohort who were alive and still living in Norrbotten were invited to a clinical follow-up in
2012-2014. The examinations included a structured interview with detailed assessment of asthma treatment during the
last 12 months, pre- and post-bronchodilator spirometry in line with current guidelines,?® blood sampling and skin prick
testing.* Of the 1425 invited, 1006 (71%) participated.*

Definitions

Information Collected at Study Entry

Smoking habits: were categorized as current smokers, ex-smokers and never-smokers. Ex-smokers were defined as those
who had smoked for at least one year but not during the last 12 months.

Socioeconomic status: was grouped according to classifications by Statistics Sweden based on the most recent
occupation (Table 1), where manual workers are considered having the lowest status and professionals and executives
the highest.

BMI (weight/(height?)): body mass index was categorized as underweight (BMI < 20), normal weight (BMI 20.0—
24.9), overweight (BMI 25.0-29.9) and obesity (BMI > 30).

Adult onset asthma was defined as an onset >30 years of age.

Triggers for respiratory symptoms: The participants were asked if any of the following ten individual factors
triggered their respiratory symptoms: furred animals, pollen, moulds, tobacco smoke, dust, strong scents, traffic exhaust,
respiratory infections, cold air or physical activities. The number of triggers (0-10) was also summarized for each
participant.

Spirometry results: the OLIN reference values for spirometry®® were used to calculate percent (%) of predicted,
Z-scores and lower limits of normal (LLN, defined as the fifth percentile).

Reversibility: was assessed using two different cut-offs for increase in FEV after bronchodilation; >12% and 200mL,
and >20%, respectively.

Hyperreactivity: In two cohorts hyperreactivity was defined as a provocation concentration causing >20% decrease in
FEV, (PC20)<2mg/mL methacholine-chloride,”” and PC20<8mg/mL in the other cohorts,>> which are comparable as
different methods were used.
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Table 1 Demography at Study Entry Among Those with and without Severe Asthma at Follow-Up, According to Two Different

definitions of Severe Asthma

Other Asthma Severe Asthma
GINA ERS/ATS
n=875 n=131 p-value n=40 p-value
Mean age (SD) in years 40.0 (11.7) 43.7 (11.1) 0.001 44.1 (9.8) 0.031
Sex Female 54.4% 61.8% 0.111 62.5% 0.314
Mean BMI (SD) 25.5 (4.0) 26.4 (4.6) 0.021 26.0 (4.7) 0.484
BMI group Under weight 5.4% 4.8% 0.783 10.5% 0.179
Normal weight 47.2% 38.4% 0.064 34.2% 0.115
Over weight 34.2% 36.0% 0.698 34.2% 0.998
Obese 13.1% 20.8% 0.021 21.1% 0.162
Family history of asthma 40.9% 42.7% 0.691 35.0% 0.456
Family history of ARC 41.6% 43.5% 0.679 35.0% 0.407
Asthma onset 230y* 46.7% 63.6% <0.001 62.5% 0.051
Smoking Never 44.9% 40.5% 0.338 45.0% 0.991
Ex 27.0% 36.6% 0.022 35.0% 0.265
Current 28.1% 22.9% 0.212 20.0% 0.262
Socioeconomic status based on MWI 18.4% 13.0% 0.129 10.0% 0.177
occupation MWS 28.7% 30.5% 0.663 37.5% 0.230
ANME 15.2% 22.1% 0.044 20.0% 0.411
SNP 3.9% 3.8% 0.970 2.5% 0.655
INME, PAE 22.9% 22.9% 0.991 20.0% 0.673
SAH, OTHERS 11.0% 7.6% 0.246 10.0% 0.847

Notes: Presented as column % unless otherwise stated. Study entry = in 1986-2001. Follow-up = in 2012-2014. P-value = comparing severe asthma with the n=875 not having
severe asthma according to both of the respective criteria. P-values from Chi-square tests or t-test, as appropriate. Bold font indicates p<0.05. Family history of ARC = family history
of allergic rhinoconjunctivitis.

Abbreviations: MWI, Manual workers industry; MWS, Manual workers service; ANME, Assistant Non-manual employees; SNP, Self-employed non-professionals; INME,
Intermediate Non-manual employees; PAE, Professionals and Executives; SAH, Students and housewives; OTHERS, Others and non-classifiable.

Allergic sensitization: was assessed by skin prick tests for a panel of ten airborne allergens: three pollens (birch,
timothy, mugwort), three furred animals (cat, dog, horse), two dust mites (D. Pteronysinus, D. Farinae) and two moulds

(Cladosporium, Altenara). A mean wheal diameter of >3mm was considered positive.

Information Collected at Follow-Up

Severe asthma according to the ERS/ATS-definition:® “High dose inhaled corticosteroids (ICS) plus a second controller
(and/or systemic corticosteroids)” is required “to prevent asthma from becoming uncontrolled or which remains
uncontrolled despite this therapy”. High dose ICS was defined in line with the ERS/ATS-definition.

Severe asthma according to the GINA-definition:* Asthma on GINA treatment step 4 or 5, ie medium to high dose
ICS with at least one second controller and/or OCS.

Uncontrolled severe asthma was defined as severe asthma with at least one of the following: (a) Asthma Control Test
(ACT) score < 20, (b) >3 bursts of OCS in the previous year, (c) >1 hospitalization or urgent care visit in the
previous year due to asthma, and (d) FEV,<80% of predicted and FEV,/FVC<LLN.’

NSAID-related respiratory symptoms: was defined as breathing difficulties within three hours after taking nonster-
oidal anti-inflammatory drugs (NSAID).

Allergic sensitization at follow-up: was measured in blood (IgE) using the ImmunoCap Phadiatop with 0.35 kU/L as
cut-off. Sensitization to specific allergens were tested among those with a positive Phadiatop, including the same
allergens as at study entry with the addition of Aspergillus fumigatus.
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Statistical Analyses

Statistical analyses were performed with the IBM Statistical Package for the Social Sciences Statistics 26. In bivariate
analyses, the Chi-square test was used to test for differences in proportions and Student’s #-test for differences in means
between two groups. A p-value < 0.05 was considered statistically significant. Poisson regression with robust errors was
utilized to calculate risk ratios (RR) with 95% confidence intervals (CI) for associations with severe asthma according to
GINA at follow-up. In attempt to avoid misclassification of severe asthma at follow-up, models with uncontrolled severe
asthma as outcome (ie excluding controlled severe asthma) were also constructed. In attempt to exclude severe asthma at
study entry and thereby focusing only on cases debuting with severe asthma during follow-up, the regression analyses
were also performed by excluding all participants that were using ICS at study entry. To account for different time points
of study entry, all regression models were adjusted for initial cohort (1-5), and the follow-up time was included as an
offset variable in the models. Due to low number of cases, severe asthma according to ERS/ATS at follow-up was not
assessed by multivariable analysis.

Results

Demography and Risk Factors

Among the 1006 participants, the mean follow-up time was 18.7 years (min-max 10-28 years), and 131 had GINA-
defined severe asthma and 40 ERS/ATS severe asthma during follow-up (and by definition, all with ERS/ATS severe
asthma also had severe asthma according to GINA). Data on asthma medication use at follow-up is presented in
Supplementary Table S1. In total, 92.5% in ERS/ATS severe asthma and 70.2% in GINA-defined severe asthma had
uncontrolled asthma. Ex-smoking was slightly more common in GINA severe asthma, while no significant differences

compared to other asthma were seen with regards to sex, heredity for asthma and allergy, current or never-smoking and
socioeconomic status based on occupation, with the exception of assistant non-manual employees (Table 1).

Obesity at study entry was more common among those having severe asthma at follow-up according to GINA
(20.8%, p =0.021) and ERS/ATS (21.1%, p = 0.162) compared to other asthma (13.1%), a finding driven by women and
not by men (Figure 1). Of the n = 138 with obesity at study entry, only 3 (2.2%) had BMI < 25 at follow-up (and all those
3 had other asthma). Asthma with onset >30 years of age was more common in severe asthma according to GINA
(Table 1, Figure 1), significantly so among both women (65.8% in severe asthma vs 51.6% in other asthma, p = 0.019)
and men (60.0% in severe asthma vs 40.9% in other asthma, p = 0.010). In a regression model including age, sex,
smoking and BMI categories, obesity at study entry was the dominating risk factor for severe asthma according to GINA
with an adjusted RR of 1.62 (95% CI 1.03-2.55) compared to other asthma. As asthma onset at age >30 years associated
with severe asthma in unadjusted analyses (Table 1), it was added to the model (instead of age) and yielded RR 1.52
(1.06-2.17) (Table 2). Also when excluding all participants using ICS at study entry, both obesity and asthma onset at age
>30 years remained significantly associated with severe asthma as well as with severe uncontrolled asthma at follow-up
(Table 2).
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Figure | Prevalence (%) of severe asthma according to GINA at follow-up, stratified by (A) sex and BMI group at study entry (p from test-for-trend), and (B) sex and age at
asthma onset (p from chi-square test). Participants with underweight are excluded due to low numbers.
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Table 2 Factors Assessed at Study Entry in Association with Severe Asthma According to GINA and Severe Uncontrolled Asthma at
Follow-Up, Among All Participants and Exclusively in Participants That Were ICS Naive at Study Entry. Analyzed by Poisson Regression,
with Results Presented as Risk Ratios (RR) with 95% Confidence Intervals (95% Cl), Including Other Asthma as Reference Category

Among All Participants In ICS Naive At Study Entry
Severe Asthma Severe Uncontrolled Severe Asthma Severe Uncontrolled
Asthma Asthma
RR (95% CI) RR (95% CI) RR (95% CI) RR (95% CI)
Smoking Current smoker | 0.84 | (0.55-1.28) 1.07 (0.65-1.77) 093 | (0.59-1.48) 1.33 (0.76-2.32)
Ex-smoker 1.27 | (0.89-1.83) 1.41 (0.89-2.25) 1.12 | (0.73-1.74) 1.12 (0.63.2.01)
BMI Overweight 1.25 | (0.84-1.87) 1.21 (0.73-1.99) .16 | (0.73-1.84) 1.13 (0.63-2.05)
Obese 1.74 | (1.12-2.70) 2.18 (1.30-3.65) 1.72 | (1.03-2.89) 2.33 (1.27-4.29)
Age at onset | 230 years 1.52 | (1.06-2.17) 1.64 (1.06-2.53) 1.70 | (1.09-2.64) 1.91 (1.19-3.28)

Notes: In line with the definitions stated in the methods section, all with severe uncontrolled asthma also have severe asthma according to GINA. None of those with
severe asthma according to GINA were underweight at study entry. Bold font indicates p<0.05. All factors are measured at study entry. The following covariates were
included in the models: age 230 years at asthma onset (onset before age 30 as reference), smoking habits (non-smoker as reference), BMI categories (normal weight as
reference), sex (not shown), original cohort (not shown), and the models additionally include follow-up time as offset variable.

Lung Function

Mean FEV, as well as FVC, both in terms of percent of predicted and Z-scores, were substantially lower at study entry among
those with severe asthma at follow-up. The proportion having FEV<80% of predicted was higher in severe asthma according to
GINA (45.7%, p < 0.001) and ERS/ATS (50.0%, p < 0.001) compared to other asthma (20.3%). The proportions with FEV,
reversibility, both defined as increase >12% and 200mL, and >20%, was higher in severe asthma according to both GINA (22.7%,
p=10.002, and 20.4%, p < 0.001, respectively) and ERS/ATS (23.3%, p=0.035, and 22.2%, p < 0.001, respectively) compared to
other asthma (14.7% and 3.3%, respectively). The proportions with hyperreactivity were 87.7% in GINA severe asthma. 94.7% in
ERS/ATS severe asthma, and 79.0% in other asthma (Table 3).

Table 3 Lung Function at Study Entry Among Those with and without Severe Asthma at Follow-Up

Other Asthma Severe Asthma
GINA ERS/ATS

n=875 n=131 p-value n=40 p-value
Mean FEV, pre-bd % of predicted 89.3 8l1.7 <0.001 79.0 <0.001
Mean FVC pre-bd % of predicted 87.6 83.3 <0.001 80.7 <0.001
Mean FEV, pre-bd Z-score -1.0 -1.6 <0.001 -1.9 <0.001
Mean FVC pre-bd Z-score -1 -1.4 <0.001 —-1.6 0.001
Mean FEV/FVC pre-bd Z-score 0.3 -0.3 <0.001 —0.4 0.002
FEV, pre-bd <80% 20.3% 45.7% <0.001 50.0% <0.001
FEV, pre-bd<LLN 24.1% 49.6% <0.001 60.0% <0.001
FEV,/FVC pre-bd < LLN 7.0% 17.1% <0.001 22.5% <0.001
FEV,/FVC post-bd < 0.7 6.0% 14.7% <0.001 17.5% 0.004
FEV, reversibility post-bd* >12% and 200mL 14.7% 32.7% 0.002 33.3% 0.035
FEV, reversibility post-bd* >20% 3.3% 20.4% <0.001 22.2% <0.001
Hyperreactivity** 79.0% 87.7% 0.126 94.7% 0.096

Notes: Pre-bd: value before bronchodilation; post-bd: value after bronchodilation; LLN: lower limit of normal; p-value=comparing severe
asthma with the n=875 not having severe asthma (ie other asthma) according to both of the respective criteria, from Chi-square tests or t-tests
as appropriate. Bold font indicates p<0.05. OLIN ref values are used to calculate percent of predicted and Z-scores. *Regarding reversibility
testing: In total, n=322 out of n=1006 participated in reversibility testing at study entry, calculations in the table are based on those participating.
whereof n=49 out of n=131 with GINA severe asthma and n=18 out of n=40 with ERS/ATS severe asthma. In original cohort |, subjects with
FEV, < 85% were invited for reversibility testing; in original cohorts 2 and 3, subjects with either of FEV| < 90% or FEV/ vital capacity (VC) < 0.7
were invited for reversibility testing; in original cohort 4, one subsample was invited to methacholine challenge and these were not invited to
reversibility testing. The majority of those participating in reversibility testing had either of FEV, < 90% or FEV// vital capacity (VC) < 0.7. in
cohort 5, the few not participating in methacholine challenge were invited to reversibility testing. **Regarding methacholine challenge: In total,
n=390 out of n=1006 participated in methacholine challenge at study entry, calculations in the table are based on those participating, whereof
n=57 out of n=131 with GINA severe asthma and n=19 out of n=40 with ERS/ATS severe asthma.
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When lung function measures were added one at the time to a regression model including age, sex, smoking and BMI
categories, the following RR (95% CI) for severe asthma were estimated: 3.85 (1.95-7.62) for >20% FEV, reversibility,
2.62 (1.86-3.69) for FEV;<80% of predicted, 2.28 (1.63-3.20) for FEV,<LLN, and 1.82 (1.05-3.17) for >12% and
200mL FEV, reversibility (Figure 2).

Respiratory Symptoms, Treatment and Comorbid Conditions

Asthmatic wheeze, persistent wheeze, dyspnea, attacks of shortness of breath and nighttime awakenings at study entry
were more common among those with severe asthma at follow-up, while longstanding cough and productive cough were
not (Table 2). Regarding comorbidities at study entry, no statistically significant differences were seen with regards to
eczema, nasal polyps or ischemic heart disease, while rhinitis was more common in GINA severe asthma than in other
asthma. The opposite was found for hay fever, which was less common in ERS/ATS severe asthma and tended to be less
common in GINA severe asthma than in other asthma (Table 4).

At follow-up, allergic sensitization tended to be less common in severe asthma, with the exceptions of mites and
moulds, especially aspergillus and alternaria, which were more common in severe asthma. Multisensitization was also
more common in severe than other asthma (Supplementary Tables S2 and S3). Further, 12.5% (p = 0.005) in ERS/ATS
severe asthma and 9.2% (p = 0.003) in GINA severe asthma had NSAID-related respiratory symptoms at follow-up,

compared to 3.6% in other asthma. Both blood eosinophils and neutrophils were higher in GINA severe asthma than in
other asthma (Supplementary Table S3).

Trigger Factors
Those with severe asthma reported that their respiratory symptoms were triggered by a greater number of different
factors at study entry compared to other asthma (Supplementary Figure S1). As individual factors, furred animals,

moulds, tobacco smoke, dust, strong scents, traffic exhaust, respiratory infections and physical activities were reported
more frequently in GINA severe asthma than in other asthma (Table 5). The individual triggers for respiratory symptoms
were added one-by-one to a regression model including age, sex, smoking and BMI categories, in which respiratory
infections, strong scents, traffic exhaust, physical activity, furred animals, moulds, and tobacco smoke yielded RRs in the
1.6-1.9 range with p < 0.05 (Figure 2).

Discussion

The main findings were that obesity at study entry and adult onset asthma were associated with an increased risk of
severe asthma after 18 years of follow-up. Severe asthma was more common in individuals with adult-onset asthma in
both men and women, while obesity was associated with severe asthma only in women. Participants with severe asthma
at follow-up also had lower FEV; and more pronounced FEV; reversibility, as well as more wheeze, nighttime

A B

FEV, reversibility >20% e s Respiratory infections

L 4

Strong scents

FEV, <80% of predicted B S Traffic exhaust
Physical activity =~ | s
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FEV, reversibility >12% - L Tobacco smoke | e Y SO,
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Hyperreactivity R | Coldair e Y SESRNRRN
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Figure 2 Association between (A) lung function measures, and (B) triggers for respiratory symptoms at study entry and severe asthma according to GINA at follow-up.
Results expressed as risk ratios with 95% Cl adjusted for age, sex, smoking and BMI categories.
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Table 4 Clinical Characteristics (%) at Study Entry Among Those with and without Severe Asthma at Follow-Up, According to Two

Different Definitions of Severe Asthma

Other Asthma Severe Asthma
GINA ERS/ATS
n=875 n=131 p-value n=40 p-value
Recognized by health care as asthma 57.9% 77.1% <0.001 80.0% 0.006
Recognized by health care as any OAD 63.7% 81.7% <0.001 90.0% 0.001
Any asthma medication use 34.1% 53.4% <0.001 55.0% 0.007
ICS use
No 90.2% 75.6% <0.001 85.0% 0.288
Periodically 3.7% 2.3% 0.426 0.0% 0.218
Most days 6.2% 22.1% <0.001 15.0% 0.027
Rhinitis 52.2% 61.8% 0.040 65.0% 0.14
Ever hayfever 44.1% 38.2% 0.200 25.0% 0.017
Ever eczema 36.2% 30.5% 0.204 27.5% 0.260
Ischemic heart disease 3.7% 3.1% 0.729 5.0% 0.661
Nasal polyps 10.9% 15.3% 0.139 12.5% 0.745
Longstanding cough 44.0% 51.9% 0.090 40.0% 0618
Sputum production 65.3% 69.5% 0.344 72.5% 0.346
Chronic productive cough 24.8% 26.0% 0.776 22.5% 0.742
Attacks of SOB 70.7% 81.7% 0.009 82.5% 0.108
Asthmatic wheeze (wheeze with breathlessness without having a cold) 74.9% 86.3% 0.004 92.5% 0.011
Persistent wheeze (wheeze most days/week) 21.1% 42.0% <0.001 52.5% <0.001
mMRCz1 49.1% 64.1% 0.001 65.0% 0.050
mMRC22 22.4% 39.7% <0.001 42.5% 0.003
Nighttime sleep disturbance due to breathing problems last 12m 38.1% 54.2% <0.001 65.0% 0.001

Notes: P-value from Chi-square test=comparing severe asthma with the n=875 not having severe asthma (ie other asthma) according to both of the respective criteria. Bold

font indicates p<0.05.

Abbreviations: OAD, Obstructive airway disease (asthma, chronic bronchitis or emphyzema); SOB, Shortness of breath; mMRC, modified Medical Research Council

dyspnea scale (range 0—4).

Table 5 Factors That Triggered Respiratory Symptoms at Study Entry Among Those with and without Severe

Asthma at Follow-Up

Factors Triggering Respiratory Symptoms | Other Asthma Severe Asthma
GINA ERS/ATS

n=875 n=131 p-value n=40 p-value
Allergy related triggers
Furred animals 38.2% 47.3% 0.045 42.5% 0.582
Pollen 33.3% 33.6% 0.940 20.0% 0.080
Moulds 22.4% 30.5% 0.040 27.5% 0.451
Non-allergy related triggers
Tobacco smoke 44.9% 62.6% <0.001 75.0% <0.001
Dust 53.3% 64.9% 0.013 65.0% 0.145
Strong scents 53.0% 70.2% <0.001 67.5% 0.073
Traffic exhaust 31.9% 52.7% <0.001 50.0% 0.017
Respiratory infections 68.6% 81.7% 0.002 82.5% 0.062
Cold air 66.5% 74.0% 0.086 70.0% 0.647
Physical activity 67.8% 81.7% 0.001 87.5% 0.009

Notes: P-value=P-value from Chi-square test comparing severe asthma with other asthma (ie, the n=875 not having severe asthma). Bold font

indicates p<0.05.
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awakenings and dyspnea than adults with other asthma at study entry, ic already 10-28 years earlier. Further, those with
severe asthma were more frequently multi-sensitized to airborne allergens, presented with mite or mould sensitization,
and reported a greater number of different factors which triggered their symptoms compared to those with other asthma.

Obesity is known to associate with a more severe asthma in adults,*®°

and the adult female obese phenotype of severe
asthma has also previously been characterized,'’**' but our observed associations between obesity and the development
of severe asthma after 18 years of follow-up are novel. It is certainly noteworthy that this association with obesity only was
observed among women and not among men. The pathways between obesity and asthma may be linked to the metabolic
syndrome,®' with molecular consequences of insulin affecting both the structure and function of the lungs.*> We could
speculate that women, whose airways are smaller and whose lung function more affected by tobacco smoke,** probably are
vulnerable also to other exposures, and that also hormonal aspects may contribute.**

In our study, adult-onset asthma was a risk factor for severe asthma among both women and men. Compared to
asthma with onset in childhood, adult onset asthma is often associated with comorbid conditions and less responsive to
ICS treatment,®” and there are also indications of particularly poor prognosis with limited remission.>*> As it is known
that obesity is associated with adult onset asthma,>* we also explored age at onset in relation to BMI, and found that adult
onset was less related to high BMI at study entry in severe asthma than in other asthma (Supplementary Table S4). The

results from the adjusted regression analyses also suggested independent associations between each of obesity and adult
onset for development of severe asthma. Thus, taken all together, our results indicate that obesity and age at onset act as
independent risk factors with regards to long-term associations with severe asthma among adults.

Our results on long-term associations are also well in line with other previously identified phenotypes of severe asthma such
as the adult-onset eosinophilic with persistent airflow limitation.'” In cross-sectional studies, severe asthma is often associated
with impaired lung function and/or more symptoms despite high dose ICS treatment,™ and our cohort study showed that already
at study entry these treatable traits were more common in those having severe asthma at follow-up. Results from eg, the severe
asthma research program (SARP) has particularly highlighted the importance of assessing FEV before and after bronchodilation
as these clinical characteristics, along with age at onset, with 80% accuracy could determine phenotype and severity of asthma in
the SARP sample, and thereby likely also treatment response.'’ Occupation-related,'® and smoking-associated and
neutrophilic®” severe asthma are other previously suggested phenotypes with high symptom burden and impaired lung function,
but as our cohort includes adults presenting with asthma already at study entry, it is selected in such a way that causality with
regards to occupational aspects cannot be assessed. However, when taken together, some of these findings highlight a possibility
of primary or secondary prevention eg, along the lines of improved diet, physical activity, smoking cessation and preventive
measures regarding smoking initiation, where also socioeconomy may play a role.”**

Mite and mould sensitization, as well as multi-sensitization, was most common in severe asthma in our study, in line with

previously identified phenotypes of severe asthma.'®'#!%2%40 particularly sensitization to Aspergillus and Alternaria*>°

was
more common in severe asthma than in other asthma in our study, as well as higher prevalence of NSAID-intolerance.*' We
further explored sensitization patterns in relation to age at asthma onset and found that, in line with previous findings,*
sensitization was more common among those with asthma onset earlier in life, both in severe and other asthma. Further, our
findings also align with recent results showing that early onset of sensitization is associated with both higher IgE levels and
multi-sensitization.** The relatively great proportion with high levels of blood eosinophils indeed open the doors for new
effective treatment, while we still lack effective treatment for those with neutrophil related asthma.’

Studies investigating triggering factors among individuals with severe asthma are important to enable preventive
measures, precision medicine and personalized care. Individuals with severe asthma reported a greater number of
different factors triggering their symptoms at study entry. Avoidance of these factors most likely have a beneficial effect
on the disease course for the affected individuals. And further, we would like to highlight the importance of accurately
identifying®* and managing®® severe asthma, in order to enable equal and appropriate care.

The strengths of our study include the population-based design, enabling estimations of long-term real-world
associations, and use of the same validated methods both at recruitment and follow-up. Furthermore, patients reporting
high dose ICS or OCS as maintenance treatment at follow-up underwent additional detailed clinical examinations
including evaluation of treatment and treatment adherence, inhalation technique, and assessment of comorbidities.
Regarding weaknesses, the recognition of asthma has improved and treatment regimens have changed during the study
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period, factors that may have affected the results as early initiation of treatment has major effects on lung function and
the development of disease. The follow-up time differed substantially between participants, which we addressed by
adjusting for both original cohort and follow-up duration in the regression models. The study was performed before the
introduction of biological treatments for severe asthma, and thus these have not been evaluated and have not impacted the
results. Further, as the data regarding asthma medication use was not detailed enough at study entry, we could not
distinguish severe asthma already at study entry according to modern guidelines. In attempt to account for this, we
performed the risk factor analysis both among all participants and exclusively among those being ICS naive at study
entry, and the results thereof confirmed our main findings. Further, the main findings on associations with obesity and
adult onset were also confirmed when only focusing on severe asthma that was uncontrolled.

Conclusions

Obesity and asthma onset in adulthood increased the risk for developing severe asthma after 18 years of follow-up.
While severe asthma was more common in those with adult-onset asthma in both men and women, obesity was a risk
factor for development of severe asthma only among women. Higher levels of blood eosinophils and neutrophils were
observed, and both sensitization to mites and moulds and multi-sensitization was more common in severe asthma than
in other asthma, and so was NSAID exacerbated asthma. Further, the high burden of respiratory symptoms and lower
lung function already at study entry also indicate long-term associations with development of severe asthma.
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