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Highlight box

What is already known? (35 words max)

Differences in comorbidities by age of asthma onset have been reported but most of these studies had
modest sample sizes, were restricted to one single patient population, and did not differentiate between

adult-onset asthma and late-onset asthma

What does this study add? (35 words max)

Patient characteristics and comorbidities vary by age of asthma onset. Furthermore, the age of onset
and the level of asthma control are inversely related.

How will it affect current quidelines? (35 words max)

As age at asthma onset helps to phenotype asthma, the age of asthma onset should be considered
when assessing asthma control and asthma management.

Keywords
asthma — age at onset — adults — general population — comorbidity — epidemiology —exacerbations
Abbreviations

OR = odds ratio

IPCI =the Integrated Primary Care Information Project

HSD = the Health Search Database

CPRD = Clinical Practice Research Datalink

SIDIAP = Sistema d'Informaci6 per al Desenvolupament de la Investigacié en Atencié Primaria
ENCePP = European Network of Centres for Pharmacoepidemiology and Pharmacovigilance
ICS =inhaled corticosteroids

SABA = short-acting B2 agonists

LABA = long-acting 32 agonists

LTRA = leukotriene modifiers

SAMA = short-acting muscarinic antagonists

ATC = Anatomical Chemical Classification

ACO = asthma and COPD overlap

DM = diabetes mellitus

GERD = gastro-oesophageal reflux disease



GINA = Global Initiative for Asthma

COPD = chronic obstructive pulmonary disease



Abstract
Background: Asthma can occur at any age but the differences in patient characteristics between

childhood-, adult- and late-onset asthma are not well understood.

Objective: To investigate differences in patients characteristics by age at asthma onset.

Methods: From five European electronic databases we created a cohort encompassing adult patients
with doctor-diagnosed asthma in 2008-2013. Patients were categorized based on their age at asthma
onset: childhood-onset (age at onset < 18 years), adult-onset (age at onset 18-40 years) and late-onset
asthma (age at onset >=40 years). Comorbidities were assessed at study entry. For each characteristic
and comorbidity, odds ratios (OR) and age- and sex-adjusted OR(ORagj) comparing asthma onset

categories were estimated per database and combined in a meta-analysis using a random effect model.

Results: In total, 586,436 adult asthma patients were included, 81,691 had childhood-onset, 218,184
adult-onset and 286,561 late-onset asthma. Overall, 7.3% had severe asthma. Subjects with adult-
onset compared to childhood-asthma had higher risks for overweight/obesity (ORagj 1.4, 95%CI 1.1-
1.8) and lower risks for atopic disorders (ORadj 0.8, 95% CI 0.7-0.95). Patients with late-onset compared
to adult-onset asthma had higher risks for nasal polyposis (ORag 1.8, 95%CI 1.2-2.6),
overweight/obesity (ORagj 1.3, 95%CI 1.2-1.4), gastro-oesophageal reflux disease (ORadgj 1.4, 95%CI
1.2-1.7) and diabetes (ORadgj 2.3, 95%CI 1.8-2.9). A significant association between late-onset asthma

and uncontrolled asthma was observed (ORadj 2.8, 95%CI 1.7-4.5)).

Conclusion This international study demonstrates clear differences in comorbidities between
childhood-, adult-, and late-onset asthma phenotypes in adults. Furthermore patients with late-onset

asthma had more often uncontrolled asthma.

Funding: Unconditional research grant by GSK(PRJ2284).



Introduction
Asthma is an inflammatory chronic respiratory disease, and affects approximately 5% of the adult
population, with a lifetime risk of 34%. -3 Patients with asthma suffer from variable reversible airflow

obstruction resulting in dyspnea, limitation of activity and/or productivity and impaired quality of life 4,

In the diagnosis and treatment of asthma it is important to acknowledge its heterogeneous nature;
asthma is regarded as an umbrella term for multiple phenotypes (i.e. observable properties) @ 7.8, In
current literature the age of onset, namely the age of first manifestation of the disease, has been
regarded as an important and clearly distinguishable marker for asthma phenotyping ©-13. The definition
of the age of asthma onset categories varies between literature, but is usually viewed as “childhood-
onset” or “adult-onset” (with various cut-off points such as 12, 16 or 18 years) and the more recent
identified “late-onset” phenotype (from the age of 40 onwards) @3, The clinical relevance of the age of
onset is reflected in asthma prognosis (e.g. lung function decline is steeper in persistent childhood onset
asthma 10 and differences in treatment response (e.g. in a RCT of reslizumab vs. placebo, the reduction
of asthma exacerbations in patients treated with reslizumab was higher in patients with late versus

early-onset asthma (4,

Although other research groups already investigated differences in patient characteristics in relation to
age at asthma onset, most of these studies had modest sample sizes, were restricted to one single
patient population, and did not differentiate between adult-onset asthma and late-onset asthma. Few
studies corrected for differences in age at time of observation 1% 12. 1517 This age adjustment is
important when exploring the interaction between age at asthma onset and prevalence of comorbidities
of interest. Insight in the relation between asthma onset and comorbidities is needed as comorbidities
can affect asthma control, the severity of asthma, the optimal choice of asthma treatment and treatment

response (8),

We therefore investigated differences in patient characteristics in terms of demography and asthma
related comorbidities in three distinct asthma-onset categories - namely childhood-, adult- and late-
onset asthma - both in an overall adult asthma cohort and in a cohort of adult patients with severe

asthma.



Methods

Design and setting

For this observational study, we selected asthma cohorts from five different European databases: IPCI
(the Integrated Primary Care Information Project) from the Netherlands, HSD (the Health Search
Database) from Italy, CPRD (Clinical Practice Research Datalink) from the UK, SIDIAP (Sistema
d'Informacio per al Desenvolupament de la Investigacié en Atencié Primaria) from Spain and Aarhus
(Aarhus University Prescription Database) from Denmark. Details on these databases have been

described before and are available in the Online Repository 1924, These databases contain detailed

information on patient characteristics, drug prescriptions or dispensing, diagnoses, comorbidities and
measurements (such as laboratory results). All participating databases comply with EU guidelines on
the use of medical data for research and are registered in the European Network of Centres for
Pharmacoepidemiology and Pharmacovigilance (ENCePP) database . The institutional review

boards of the respective databases approved the study protocol prior to study initiation.

Study Population

A cohort of patients with asthma was established in each database in the study period from 1st of
January 2008 - 31st December 2013. To enter the cohort, patients needed to be at least 18 years old,
with a minimum of 1-year database history and at least one asthma specific disease code (Table E4)
in combination with prescriptions/dispensing of asthma drugs within 3 months before or after the entry
of the asthma disease code. 2% 2)) Asthma drugs consisted of the following: inhaled corticosteroids
(ICS), short-acting B2 agonists (SABA), long-acting B2 agonists (LABA), fixed combination of ICS+LABA,
leukotriene modifiers (LTRA), short-acting muscarinic antagonists (SAMA), fixed combination of
SABA+SAMA, xanthines, systemic corticosteroids for the treatment of asthma and anti-IgE treatment
(omalizumab). Within the datasources, drugs are coded according to the Anatomical Chemical
Classification (ATC) code of the WHO and drugs were extracted by an ATC specific search on the drug
exposure records.@ Patients diagnosed with asthma and COPD overlap (ACO) were excluded.?9)
Within the asthma cohort, a sub-cohort of patients with severe asthma was nested. According to
international guidelines, severe asthma was defined as asthma requiring treatment with high dose ICS
plus a second asthma controller medication (and/or systemic corticosteroids).% 3D To define high dose
ICS, we used cut-off values as suggested by GINA guidelines. @1 Only those patients who used these

drugs for a consecutive period of at least 120 days were included in the severe asthma sub-cohort. To
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account for immortal time bias, the start date of severe asthma was set on day 120 of high dose ICS

use.

Onset of asthma

Based on the age of first asthma diagnosis as documented by the treating physician in the database,
patients were classified as having either childhood-onset asthma, adult-onset asthma or late-onset
asthma. Childhood-onset asthma was defined as asthma diagnosis before the age of 18 years, adult-
onset asthma as asthma diagnosis between 18-40 years, and late-onset asthma as asthma diagnosis

from the age of 40 years onwards.

Covariates

On the index date (first date of fulfilling all (sub)cohort criteria), various characteristics and comorbidities
in the patients’ history were assessed: atopic disorder (allergic rhinitis, allergic conjunctivitis, atopic
eczema/dermatitis),®® chronic rhinosinusitis, nasal polyposis, gastro-oesophageal reflux disease
(GERD), overweight/obesity, diabetes mellitus (DM), smoking status and history of asthma
exacerbations. Information on these comorbidities was extracted via an automated search on the
presence of database specific disease codes. (Tables E5-E11). A patient could have a history of more
than one condition in the past for instance a patient could be labelled as having a history of allergic
rhinitis as well as chronic rhinosinusitis. Overweight/Obesity was based on either the presence of a

disease code for overweight/obesity or BMI values of > 25.

Uncontrolled asthma was defined as = 2 severe asthma exacerbations (i.e. need of a burst of systemic
corticosteroids, emergency department visit and/or hospitalization for asthma) in the one year prior to
index date. Information on ER visits and/or hospitalization for asthma exacerbations was assessed
based on the presence of disease codes or based on information from referral and/or discharge letters
(HSD, IPCI and SIDIAP) for severe asthma exacerbations. If patients had less than 12 months prior to
asthma diagnosis or start of severe asthma, 1 exacerbation or more in the 6 months prior fulfilled the

criterion. We also investigated age and sex as covariates.

Analysis



For each patient characteristic, the difference in prevalence between asthma onset groups was tested,
using binomial logistic regression models for dichotomous outcomes and multinomial logistic regression

for the outcome smoking categories.

As age is an important determinant of several characteristics to be analysed, adjustment for age was
performed. This was indeed needed as the age at study entry could be different from the age of asthma
onset, because both incident and prevalent asthma patients were included. For instance a patient with
childhood onset asthma would only enter the study from the age of 18 onwards as our study population

only considered adult patients.

In our dataset, when comparing the groups with childhood- and with late-onset asthma, there was only
a small overlap of the distributions of age at index date. Therefore, the collinearity between age at index
date and asthma onset category was too strong to directly compare these two onset groups while also
adjusting for age. Thus we opted for two separate comparisons: childhood-onset versus adult-onset

asthma, and adult-onset versus late-onset asthma.

In all analyses, each of the patient characteristics was used as the outcome and onset group (late-onset
versus adult-onset asthma and adult-onset versus childhood-onset asthma) was the determinant.

Models were adjusted for age and sex.

Estimated ORs from the five databases were meta-analysed using a DerSimonian-Laird random-effects
model.(3 Statistical analyses were conducted using R software, version 1.1.442, using the R “metafor”

package for the meta-analyses.(%



Results

Cohort characteristics

In total, 586,436 asthma patients were included in the study. 81,691 (14%) of the subjects had
childhood-onset asthma, 218,184 (37%) had adult-onset asthma and 286,561 (49%) had late-onset
asthma. The median age at study entry was higher in subjects with late-onset asthma (57-61 years
depending on the database) than in patients with adult-onset asthma (28-45 years, p-value <0.0001).
Similarly, median age at study entry was higher in adult-onset asthma vs. childhood-onset asthma
(median age 20-23 years, p<0.0001) The proportion of females was highest in the late-onset asthmatics
(61-71%), lower in the adult-onset asthmatics (55-60%) and lowest in the childhood-onset asthmatics
(41-48%) (p<0.001). (table 1) As the childhood-onset asthma subcohort in the SIDIAP database was
very small (n=623, 1% of the SIDIAP cohort) this SIDIAP childhood-onset subcohort was excluded from

all analyses.

Severe Asthma and Uncontrolled Asthma
In total, 42,611 patients (7.2%) with severe asthma were included (Table E1). The proportion of severe
asthma was highest in the late-onset asthma subjects (10%, n=28,309), lower in the adult-onset

subjects (5%, n=11,884), and lowest in the childhood-onset asthma subjects (3%, n=2,418). (figure 1A)

The percentage of uncontrolled asthma was 0.4% in childhood-onset asthma, 6% in adult-onset asthma
and 8% in late-onset asthma. (figure 1B) In patients with severe asthma, depending on the age of onset,

the proportion of uncontrolled asthma was 4-7%.

Prevalence of comorbidities

The most common comorbidities were atopic disorder (31%) and overweight/obesity (50%). The
prevalence of atopic disorder was highest in subjects with childhood-onset asthma (45%), and
decreased to 35% in adult-onset and 25% in late-onset asthma, whereas the prevalence of
overweight/obesity increased from childhood-onset asthma (30%) towards adult-onset asthma (43%)
and late-onset asthma (61%). Chronic rhinosinusitis, diabetes mellitus, GERD and nasal polyposis were

less common with prevalence ranging between 2-8%. (figure 2)

Database specific proportions of severe and uncontrolled asthma and comorbidities are described in

Table 1.
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Comparison of asthma onset groups

Comparing childhood-onset asthma and adult-onset asthma

Subjects with adult-onset asthma had significantly more uncontrolled asthma compared to subjects with
childhood-onset asthma (meta-analysis results: OR: 15.8 [95% CIl 9.5-26.3], ORadj: 43.1 [95% CI 20.6-
89.8]). Adult-onset asthmatics had significantly less often atopic disorders (ORadj 0.8 [95% CI 0.7-0.9]).
Patients with adult-onset asthma also more often had nasal polyposis, diabetes mellitus, GERD, and
overweight/obesity; however, upon age and sex adjustment the only comorbidity which remained
significantly different was overweight/obesity (ORadj 1.4 [95% CI 1.1-1.8]). In both the crude and the
adjusted analyses, adult-onset asthmatics were significantly more often current smokers (ORag 1.5
[95% CI 1.2-1.9]) or past smokers (ORagj 1.7 [95% CI 1.3-2.2]) than childhood-onset asthmatics. (Table

2, figure 3 and Figure E1)

Comparing childhood-onset asthma and adult-onset asthma in the subcohort with
severe asthma

In patients with severe asthma, those with adult-onset asthma had significantly more uncontrolled
asthma compared with childhood-onset asthma (OR: 2.1 [95% CI 1.2-3.5], ORagdj: 3.2 [95% CI 1.8-5.8]).
Severe asthma patients with adult-onset asthma also had significantly more often nasal polyposis,
diabetes mellitus, GERD and overweight/obesity than severe asthmatics with childhood-onset asthma.
However, after adjustment only overweight/obesity occurred significantly more often in adult-onset

asthma (Table E2 and Figure E2).

Comparing adult-onset asthma and late-onset asthma

When adjusting for age and sex, subjects with late-onset asthma had significantly more uncontrolled
asthma than those with adult-onset asthma (ORagj 2.8 [95% CI 1.7-4.5]). Subjects with late-onset
asthma had less often atopic disorders_and were more likely to have chronic rhinosinusitis, although
these differences did not remain significant after adjustment for age and sex. Compared to adult-onset
asthma patients, late-onset asthmatics were significantly more likely to have nasal polyposis, diabetes
mellitus, and GERD, and they were more often obese and past smokers. (Table 2, Figure 3 and Figure

E3)

Comparing adult-onset asthma and late-onset asthma within severe asthma
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In subjects with severe asthma, again the odds of having atopic disorders were lower in those with late-
onset asthma compared to adult-onset asthma, while the odds of nasal polyposis, overweight/obesity,
diabetes mellitus and GERD were higher for late-onset asthma. The associations remained similar after
adjustment for age and sex, except that the odds of having atopic disorders_in late-onset asthmatics
was less strong resulting in ORagj of 0.8 (95% CI 0.6-0.9) and also the association with GERD could no

longer be observed. (Table E2 and Figure E1).
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Discussion

In this large international cohort study encompassing more than 580,000 asthma patients from five
European countries, there are several key findings which have direct implications for clinical practice.
First, patient characteristics and comorbidities in subjects with asthma vary significantly by age of
asthma onset. Indeed in adults with late-onset asthma, nasal polyposis, overweight/obesity, GERD and
diabetes were more frequent than in adults with an earlier asthma onset, even when corrected for age.
Second, we confirm a distinct sex pattern according to age at onset of asthma, with male predominance
in patients with childhood-onset asthma and a female predominance in patients with adult-onset asthma
and especially in those with late-onset asthma. Third, not only comorbidity and sex but also asthma
control varied considerably by age of asthma onset, since lack of asthma control (defined by the
occurrence of 2 or more exacerbations in the previous year) was significantly more frequent in patients
with late-onset asthma and adult-onset asthma than in subjects with childhood-onset asthma. Lastly,
severe asthma (defined by the use of high-dose ICS in combination with use of a second controller)

was most prevalent in patients with late-onset asthma.

Studying age-specific asthma phenotypes is important as differences in prevalence of asthma has been
related to age-associated hormonal changes especially in women © 16.35)  |ndeed, boys more often
have asthma than girls and after puberty these incidences reverse 8. We observed that this female
predominance was even stronger in late-onset asthma which of course cannot be attributed to puberty.
Data on differences in asthma incidence during menopause are conflicting, since a decrease in asthma
prevalence after menopause has been reported in The Nurses' Health Study ¢7, whereas in the French
E3N cohort an increased asthma risk was demonstrated after surgical menopause 8. Recently, the
group of Shah et al performed a cohort study of more than 300,000 women, with a follow-up time of up
to 17 years, using data from the Optimum Patient Care Research Database (OPCRD); they reported
that use of hormone replacement therapy (HRT) reduced the risk of late onset asthma in menopausal
women with more than 15%.(39) This risk decreased by dose and duration of use. In the accompanying
editorial, the mechanisms behind this association were further elaborated, including a possible role for
endogenous and exogenous reproductive hormones in the sex-specific asthma expression across the
lifespan.®® Nwaru et al, using a subcohort of the study by Shah et al, further investigated the role of
HRT in women with asthma and observed that past use (but not current use) was associated with an

increased risk of severe asthma exacerbations.“? The role of sex hormones in the pathogenesis of
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asthma is thus complex and requires further research. We are not the first indicating that the prevalence
of atopic disorders decreases with increasing age of asthma onset. Indeed, Pakkasela et al. recently
reported that the non-allergic component (absence of allergic rhinitis) became much more dominant
from the age of 40 years. “42 Similarly Agondi et al. reported as well that atopy was inversely correlated
with age of asthma onset. 3 Whereas the prevalence of atopic disorders decreased, the prevalence
of overweight/obesity, GERD and diabetes were more frequent in late onset asthma than in adults with
an earlier asthma onset, even when corrected for age. Similar results were recently reported from the
Tasmanian Longitudinal Health Study where individuals with asthma were individuals 7-53 years were
invited in the last follow-up (at age of 53 years) and were questioned whether they had ever been
diagnosed with specific comorbidities of interest. The late-onset asthma trajectory was predominantly

associated with multiple disorders including diabetes, GERD and obesity.“4

In subjects with late-onset asthma, 8% suffered frequent exacerbations. This confirms recent findings
reporting that this late-onset asthma potentially poses a higher risk for asthma exacerbations and
hospitalizations compared to childhood-onset asthma (36 45.46), Exacerbations are detrimental for lung
function and quality of life, and acute treatment consists of oral corticosteroid courses which cause
multiple side-effects. Prevention of exacerbations is therefore key in asthma management, and the high
percentages of frequent exacerbators in late-onset asthma subjects as reported in this manuscript and

others underline the importance of targeting this specific population 1.

In severe asthma cohorts, asthma and nasal pathologies are strongly associated, e.g. rhinosinusitis is
associated with the onset of asthma in adults “?. Though the underlying mechanism has yet to be
further elucidated, our findings further strengthen these associations between nasal polyposis and late-
onset asthma on a population level. Similar to our data, Staniorski et al. showed increased prevalence
of nasal polyposis in those with adult- or late-onset asthma compared to childhood-onset asthmatics
“8), Lastly, in line with previous findings in smaller studies, our data show that with increasing age of

asthma onset, the prevalence of allergic conditions decreases “9 50,

As for all observational studies, our study has strengths and limitations. A major strength is the fact that
we included a large number of patients from five different European databases that collect detailed
information on important covariates such as life style factors, drug exposure and underlying
comorbidities. In addition, our results represent real life data hence increasing the external validity of
the findings. Our report is unique in the sense that three groups are studied, whereas previous studies
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only compared two age-at-onset groups, had a smaller sample size and did not adjust for age (1. 12 15-

17).

In our study, it is statistically correct to compare the groups, because the age distribution of the
childhood onset group in our dataset has enough overlap in age with the adult onset group. This makes
it possible to adjust for age between the childhood onset and adult onset group, and similarly for
comparison between the adult onset and late onset group. We believe that age adjustment comparison

between these groups, albeit in a two-step approach, is a very relevant addition to the current literature.
This study also has limitations.

Firstly; misclassification of the age of asthma onset, especially in subjects with childhood asthma, is
possible if patients do not recall the correct age of asthma onset or in case General Practice software
systems do not allow to enter historical dates. This concern was also raised in the review article by
Dharmage et al. stating that for adults, prospectively collected data on childhood asthma status will
minimize the risk of recall bias, otherwise retrospective recall typically misclassifies relapsed childhood
asthma as late-onset asthma and will preferentially favors those who have more severe childhood
disease. ®D This potential misclassification might explain why less than 14% of the adult asthmatics
have a record of an asthma diagnosis before the age of 18 years. Based on literature, we would assume
that the proportion of patients with childhood onset asthma would be larger. In a recent review article
by Trivedi et al. on the differences in asthma in children vs. adults, approximately half of middle aged
patients with asthma had childhood onset asthma rather than adult onset asthma; however, this
proportion decreased in older study populations. ©2 The proportion of childhood asthma as reported in
the cross-sectional study by To et al. who investigated differences in clinical characteristics among
patients with adult onset, childhood persistent or childhood relapsing asthma was 28%. Although this
proportion of childhood onset asthma was higher than the proportion that we reported, it is lower than
the 50% as reported by Trivedi et al 53)” but the median age of the population by To et al ranged between

42-62 years, again highlighting the effect of age at study entry.

Further, comorbidities were assessed through an automatic search on disease codes, which might give
rise to misclassification. For example, due to the granularity of disease coding we were not always able
to distinguish chronic rhinosinusitis from allergic rhinitis. However, it is unlikely that this misclassification

would differentiate between the onset groups. Also, we probably underestimated the prevalence of
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atopy as information on IgE levels and results of allergy skin prick tests was not available on all patients.
Ideally the diagnosis of atopy would be confirmed by allergen-specific IgE levels and/or allergy skin
prick tests, but this information was not available in all patients within the different databases; moreover,
if available, this information was often only available as free text and not as coded data. As a proxy for
atopy we searched for disease codes related to atopic eczemal/dermatitis and allergic
rhinitis/conjunctivitis and labeled this as “atopic disorders” similar to what other research groups have

done.(2 (54)

This study was investigated in a group of patients with asthma only where patients with ACO were
excluded. This was a well-considered choice in view of potential misclassification between asthma and

COPD which is presumably higher in older patients (and thus those patients with late onset asthma).

Lastly, in the cross-sectional design of the current study we could not infer direction of the effects; e.g.
overweight/obesity can be both a risk factor for asthma development, as well as an asthma associated
comorbidity “7-5%), This however does not mitigate the relevance of associations between age at onset
of asthma and comorbidities we report, as awareness is relevant both on policy making and patient

care level.

There is not a strict definition of age cut-offs to define childhood-onset, adult-onset and late-onset
asthma. Indeed, age cut-offs for ‘early’ onset asthma vary between 10 and 21 years of age and for ‘late’
onset mostly between 40-45 years, with some reports using 65 years (11517 which makes comparison
with other studies challenging. We opted for 18 years to discern childhood-onset asthma from adult-
onset asthma, and to apply the commonly used age of 40 as the second cut-off to discriminate adult-
onset asthma from late-onset asthma. Further research is needed to explore different age cut-offs and
ideally come to an unanimous definition. This should be combined with research into the biological

explanations behind the reported age differences.

Our results have clinical implications as from our data, asthma can be described in many phenotypes
of which age of asthma onset might be an important one with regard to underlying comorbidity, asthma
control and asthma severity which might be due to treatment response.®% Especially the increasing
proportion of frequent exacerbators with increasing age of onset must be an incentive to strive for

optimal asthma control in these patients.
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As we conducted a cross-sectional analysis, we cannot conclude whether asthma(exacerbations) could
be prevented by targeting on comorbidities such as nasal polyposis, GERD and diabetes mellitus.
However, it would be very relevant to investigate the possible synergistic treatment effect of one
comorbid condition on asthma control and vice versa. In general, smoking and weight management
(through physical activity, exercise and healthy diet) can be regarded as modifiable targets not only for
the prevention of asthma in adulthood but also for many other non-communicable chronic diseases.
Overall, our findings of common comorbidities in subjects with asthma call for management of these
conditions, not only to reduce directly their burden of disease but also to hopefully improve asthma

control.

In conclusion, this international multi-database cohort study demonstrates consistent differences in
asthma related comorbidities, asthma control (i.e. exacerbation rates) and severity of asthma between
childhood-onset, adult-onset, and late-onset phenotypes of adult asthmatics. Further research on the
pathophysiological basis of these differences might give better insights into the clinical utility of these

phenotypes towards personalized asthma management.
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Figure 1
A: percentage of severe asthma across all databases by age of onset

B: Level of control across all databases by age of onset in patients with =1 year of asthma
history (uncontrolled asthma: = 2 severe asthma exacerbations (i.e. systemic corticosteroid
course, emergency department visit and/or hospitalization for asthma) in the one year prior
to index date)

Figure 2
Prevalence of patient characteristics across all databases by age of onset

GERD: gastro-esophageal reflux disease

Figure 3
Odds ratio of having various characteristics, meta-analysis result

Adjusted: for age and sex

GERD: gastro-esophageal reflux disease,

Uncontrolled asthma: = 2 severe asthma exacerbations (i.e. systemic corticosteroid course,
emergency department visit or hospitalization for asthma) in the one year prior to index date

18



References

1. The Global Asthma Report 2014 - GLOBAL BURDEN OF DISEASE DUE TO ASTHMA. The Global
Asthma Report 2014. Auckland, New Zealand: Global Asthma Network, 2014.; 2014.

2. To T, Wang C, Guan J, McLimont S, Gershon AS. What is the lifetime risk of physician-
diagnosed asthma in Ontario, Canada? Am J Respir Crit Care Med. 2010;181(4):337-43.

3. Wenzel SE. Asthma phenotypes: the evolution from clinical to molecular approaches. Nature
medicine. 2012;18(5):716.

4. Besen E, Pranksy G. Assessing the relationship between chronic health conditions and
productivity loss trajectories. J Occup Environ Med. 2014;56(12):1249-57.

5. Papi A, Brightling C, Pedersen SE, Reddel HK. Asthma. Lancet. 2018;391(10122):783-800.

6. Vermeulen F, Garcia G, Ninane V, Laveneziana P. Activity limitation and exertional dyspnea
in adult asthmatic patients: What do we know? Respir Med. 2016;117:122-30.

7. Haldar P, Pavord ID, Shaw DE, Berry MA, Thomas M, Brightling CE, Wardlaw AJ, Green RH.
Cluster analysis and clinical asthma phenotypes. Am J Respir Crit Care Med. 2008;178(3):218-24.

8. lImarinen P, Tuomisto LE, Niemela O, Tommola M, Haanpaa J, Kankaanranta H. Cluster

Analysis on Longitudinal Data of Patients with Adult-Onset Asthma. J Allergy Clin Immunol Pract.
2017;5(4):967-78 3.

9. Khusial RJ, Sont JK, Loijmans RIJB, Snoeck-Stroband JB, Assendelft PJJ, Schermer TRJ,
Honkoop PJ, Group AS. Longitudinal outcomes of different asthma phenotypes in primary care, an
observational study. NPJ Prim Care Respir Med. 2017;27(1):55.

10. Tan DJ, Walters EH, Perret JL, Burgess JA, Johns DP, Lowe AJ, Lodge CJ, Hayati Rezvan P,
Simpson JA, Morrison S, Thompson BR, Thomas PS, Feather |, Giles GG, Hopper JL, Abramson MJ,
Matheson MC, Dharmage SC. Clinical and functional differences between early-onset and late-onset
adult asthma: a population-based Tasmanian Longitudinal Health Study. Thorax. 2016;71(11):981-7.
11. Tan DJ, Walters EH, Perret JL, Lodge CJ, Lowe AJ, Matheson MC, Dharmage SC. Age-of-
asthma onset as a determinant of different asthma phenotypes in adults: a systematic review and
meta-analysis of the literature. Expert Rev Respir Med. 2015;9(1):109-23.

12. Baptist AP, Ross JA, Clark NM. Older adults with asthma: does age of asthma onset make a
difference? J Asthma. 2013;50(8):836-41.

13. Miranda C, Busacker A, Balzar S, Trudeau J, Wenzel SE. Distinguishing severe asthma
phenotypes: role of age at onset and eosinophilic inflammation. J Allergy Clin Immunol.
2004;113(1):101-8.

14. Brusselle G, Germinaro M, Weiss S, Zangrilli J. Reslizumab in patients with inadequately
controlled late-onset asthma and elevated blood eosinophils. Pulm Pharmacol Ther. 2017;43:39-45.
15. Hekking PP, Loza MJ, Pavlidis S, de Meulder B, Lefaudeux D, Baribaud F, Auffray C, Wagener
AH, Brinkman PI, Lutter RI, Bansal AT, Sousa AR, Bates SA, Pandis Y, Fleming LJ, Shaw DE, Fowler SJ,
Guo Y, Meiser A, Sun K, Corfield J, Howarth PH, Bel EH, Adcock IM, Chung KF, Djukanovic R, Sterk PJ,
Group UBS. Pathway discovery using transcriptomic profiles in adult-onset severe asthma. J Allergy
Clin Immunol. 2018;141(4):1280-90.

16. Sood A, Qualls C, Schuyler M, Arynchyn A, Alvarado JH, Smith LJ, Jacobs DR, Jr. Adult-onset
asthma becomes the dominant phenotype among women by age 40 years. the longitudinal CARDIA
study. Ann Am Thorac Soc. 2013;10(3):188-97.

17. Lange P, Colak Y, Ingebrigtsen TS, Vestbo J, Marott JL. Long-term prognosis of asthma,
chronic obstructive pulmonary disease, and asthma-chronic obstructive pulmonary disease overlap
in the Copenhagen City Heart study: a prospective population-based analysis. Lancet Respir Med.
2016;4(6):454-62.

19



18. Yawn BP, Han MK. Practical Considerations for the Diagnosis and Management of Asthma in
Older Adults. Mayo Clin Proc. 2017;92(11):1697-705.

19. Cazzola M, Puxeddu E, Bettoncelli G, Novelli L, Segreti A, Cricelli C, Calzetta L. The prevalence
of asthma and COPD in Italy: a practice-based study. Respir Med. 2011;105(3):386-91.

20. Cricelli C, Mazzaglia G, Samani F, Marchi M, Sabatini A, Nardi R, Ventriglia G, Caputi AP.
Prevalence estimates for chronic diseases in Italy: exploring the differences between self-report and
primary care databases. Journal of public health medicine. 2003;25(3):254-7.

21. Ehrenstein V, Antonsen S, Pedersen L. Existing data sources for clinical epidemiology: Aarhus
University Prescription Database. Clin Epidemiol. 2010;2:273-9.

22. Gulliford MC, van Staa T, Dregan A, McDermott L, McCann G, Ashworth M, Charlton J, Little
P, Moore MV, Yardley L. Electronic Health Records for Intervention Research: A Cluster Randomized
Trial to Reduce Antibiotic Prescribing in Primary Care (eCRT Study). Ann Fam Med. 2014;12(4):344-
51.

23. Vlug AE, van der Lei J, Mosseveld BM, van Wijk MA, van der Linden PD, Sturkenboom MC,
van Bemmel JH. Postmarketing surveillance based on electronic patient records: the IPCl project.
Methods of information in medicine. 1999;38(4-5):339-44.

24, Sorensen HT, Larsen BO. A population-based Danish data resource with possible high validity
in pharmacoepidemiological research. J Med Syst. 1994;18(1):33-8.

25. Kurz X, Perez-Gutthann S, Group ENS. Strengthening standards, transparency, and
collaboration to support medicine evaluation: Ten years of the European Network of Centres for
Pharmacoepidemiology and Pharmacovigilance (ENCePP). Pharmacoepidemiol Drug Saf.
2018;27(3):245-52.

26. Kerkhof M, Tran TN, Soriano JB, Golam S, Gibson D, Hillyer EV, Price DB. Healthcare resource
use and costs of severe, uncontrolled eosinophilic asthma in the UK general population. Thorax.
2018;73(2):116-24.

27. Nissen F, Morales DR, Mullerova H, Smeeth L, Douglas IJ, Quint JK. Validation of asthma
recording in the Clinical Practice Research Datalink (CPRD). BMJ Open. 2017;7(8):e017474.

28. Hollingworth S, Kairuz T. Measuring Medicine Use: Applying ATC/DDD Methodology to Real-
World Data. Pharmacy (Basel). 2021;9(1).

29. van den Berge M, Aalbers R. The asthma-COPD overlap syndrome: how is it defined and
what are its clinical implications? J Asthma Allergy. 2016;9:27-35.

30. Chung KF, Wenzel SE, Brozek JL, Bush A, Castro M, Sterk PJ, Adcock IM, Bateman ED, Bel EH,
Bleecker ER, Boulet LP, Brightling C, Chanez P, Dahlen SE, Djukanovic R, Frey U, Gaga M, Gibson P,
Hamid Q, Jajour NN, Mauad T, Sorkness RL, Teague WG. International ERS/ATS guidelines on
definition, evaluation and treatment of severe asthma. Eur Respir J. 2014;43(2):343-73.

31. GINA. Global Strategy for Asthma Management and Prevention. 2020.

32. Pols DHJ, Bohnen AM, Nielen MMJ, Korevaar JC, Bindels PJE. Risks for comorbidity in
children with atopic disorders: an observational study in Dutch general practices. BMJ Open.
2017;7(11):e018091.

33. DerSimonian R, Laird N. Meta-analysis in clinical trials revisited. Contemp Clin Trials.
2015;45(Pt A):139-45.

34. Viechtbauer W. Conducting Meta-Analyses inRwith themetaforPackage. Journal of Statistical
Software. 2010;36(3).

35. Melgert BN, Ray A, Hylkema MN, Timens W, Postma DS. Are there reasons why adult asthma
is more common in females? Current allergy and asthma reports. 2007;7(2):143-50.

36. Vink NM, Postma DS, Schouten JP, Rosmalen JG, Boezen HM. Gender differences in asthma
development and remission during transition through puberty: the TRacking Adolescents' Individual
Lives Survey (TRAILS) study. J Allergy Clin Immunol. 2010;126(3):498-504 el-6.

37. Troisi RJ, Speizer FE, Willett WC, Trichopoulos D, Rosner B. Menopause, postmenopausal
estrogen preparations, and the risk of adult-onset asthma. A prospective cohort study. Am J Respir
Crit Care Med. 1995;152(4 Pt 1):1183-8.

20



38. Matulonga-Diakiese B, Courbon D, Fournier A, Sanchez M, Bedard A, Mesrine S, Taille C,
Severi G, Thabut G, Varraso R, Leynaert B. Risk of asthma onset after natural and surgical
menopause: Results from the French E3N cohort. Maturitas. 2018;118:44-50.

39. Shah SA, Tibble H, Pillinger R, McLean S, Ryan D, Critchley H, Price D, Hawrylowicz CM,
Simpson CR, Soyiri IN, Appiagyei F, Sheikh A, Nwaru Bl. Hormone replacement therapy and asthma
onset in menopausal women: National cohort study. J Allergy Clin Immunol. 2021;147(5):1662-70.
40. Wright RJ. Hormones and women's respiratory health across the lifespan: Windows of
opportunity for advancing research. J Allergy Clin Immunol. 2021;147(5):1643-5.

41. Nwaru Bl, Shah SA, Tibble H, Pillinger R, McLean S, Ryan D, Critchley H, Hawrylowicz CM,
Simpson CR, Soyiri IN, Appiagyei F, Price D, Sheikh A. Hormone Replacement Therapy and Risk of
Severe Asthma Exacerbation in Perimenopausal and Postmenopausal Women: 17-Year National
Cohort Study. J Allergy Clin Immunol Pract. 2021;9(7):2751-60 el.

42. Pakkasela J, limarinen P, Honkamaki J, Tuomisto LE, Andersen H, Piirila P, Hisinger-Molkanen
H, Sovijarvi A, Backman H, Lundback B, Ronmark E, Kankaanranta H, Lehtimaki L. Age-specific
incidence of allergic and non-allergic asthma. BMC Pulm Med. 2020;20(1):9.

43, Agondi RC, Andrade MC, Takejima P, Aun MV, Kalil J, Giavina-Bianchi P. Atopy Is Associated
with Age at Asthma Onset in Elderly Patients. J Allergy Clin Immunol Pract. 2018;6(3):865-71.

44, Bui DS, Lodge CJ, Perret JL, Lowe A, Hamilton GS, Thompson B, Giles G, Tan D, Erbas B, Pirkis
J, Cicuttini F, Cassim R, Bowatte G, Thomas P, Garcia-Aymerich J, Hopper J, Abramson MJ, Walters
EH, Dharmage SC. Trajectories of asthma and allergies from 7 years to 53 years and associations with
lung function and extrapulmonary comorbidity profiles: a prospective cohort study. Lancet Respir
Med. 2021;9(4):387-96.

45, Bloom CI, Nissen F, Douglas IJ, Smeeth L, Cullinan P, Quint JK. Exacerbation risk and
characterisation of the UK's asthma population from infants to old age. Thorax. 2018;73(4):313-20.
46. Mirabelli MC, Beavers SF, Chatterjee AB, Moorman JE. Age at asthma onset and subsequent
asthma outcomes among adults with active asthma. Respir Med. 2013;107(12):1829-36.

47. Kankaanranta H, Kauppi P, Tuomisto LE, limarinen P. Emerging Comorbidities in Adult
Asthma: Risks, Clinical Associations, and Mechanisms. Mediators Inflamm. 2016;2016:3690628.

48. John Staniorski C, Price CPE, Weibman AR, Welch KC, Conley DB, Shintani-Smith S, Stevens
WW, Peters AT, Grammer L, Lidder AK, Schleimer RP, Kern RC, Tan BK. Asthma onset pattern and
patient outcomes in a chronic rhinosinusitis population. Int Forum Allergy Rhinol. 2018;8(4):495-503.
49, Chaudhuri R, McSharry C, Heaney LG, Niven R, Brightling CE, Menzies-Gow AN, Bucknall C,
Mansur AH, Lee W, Shepherd M, Spears M, Cowan DC, Husi H, Thomson NC, Network BTSSA. Effects
of older age and age of asthma onset on clinical and inflammatory variables in severe refractory
asthma. Respir Med. 2016;118:46-52.

50. Herscher ML, Wisnivesky JP, Busse PJ, Hanania NA, Sheng T, Wolf MS, Federman AD.
Characteristics and outcomes of older adults with long-standing versus late-onset asthma. J Asthma.
2017;54(3):223-9.

51. Dharmage SC, Perret JL, Custovic A. Epidemiology of Asthma in Children and Adults. Front
Pediatr. 2019;7:246.

52. Trivedi M, Denton E. Asthma in Children and Adults-What Are the Differences and What Can
They Tell us About Asthma? Front Pediatr. 2019;7:256.

53. To M, Tsuzuki R, Katsube O, Yamawaki S, Soeda S, Kono Y, Honda N, Kano |, Haruki K, To Y.
Persistent Asthma from Childhood to Adulthood Presents a Distinct Phenotype of Adult Asthma. J
Allergy Clin Immunol Pract. 2020;8(6):1921-7 e2.

54, Pols DH, Wartna JB, Moed H, van Alphen El, Bohnen AM, Bindels PJ. Atopic dermatitis,
asthma and allergic rhinitis in general practice and the open population: a systematic review. Scand J
Prim Health Care. 2016;34(2):143-50.

55. Holguin F. Obesity as a risk factor for increased asthma severity and allergic inflammation;
cause or effect? Clin Exp Allergy. 2012;42(5):612-3.

21



56. Kaplan A, Szefler SJ, Halpin DMG. Impact of comorbid conditions on asthmatic adults and
children. NPJ Prim Care Respir Med. 2020;30(1):36.

22



Table 1: Demographics, severe asthma, (un)controlled asthma and comorbidities in asthma onset groups. DK=Denmark, UK = United Kingdom, IT= Italy, NL= The

Netherlands, SP= Spain

AUH (DK) CPRD (UK) HSD (IT) IPCI (NL) SIDIAP (SP)
N = 14,041 N = 393,660 N = 37,003 N = 73,506 N = 68,226
Childhood- Adult- Late- Childhood- Adult- Late- Childhood- Adult- Late- Childhood Adult- Late- Childhood- Adult- Late-
onset onset _onset onset onset  onset onset onset  onset -onset onset onset onset onset onset
N 1,592 5,004 7,445 71,838 141,379 180,443 1,467 14,179 21,357 6,171 29,297 38,038 623 28,325 39,278
(% of total cohort) (11) (36) (53) (18) (36) (46) (4) (38) (58) (8) (40) (52) (1) (42) (58)
Age, median 21 35 59 23 36 60 20 33 59 21 34 57 19 31 61
(min, max) (18,30) (18, 52) (40,102) (18,55) (18,63) (40,109) (18,26) (18,48) (40,107) (18,44) (18,58) (40,105) (18,25) (18,46) (40,104)
Females, % 45 59 61 44 59 62 41 54 64 48 60 62 47 55 71
Severe asthma, % 8.1 8.2 14.7 2.7 6.2 114 3.3 3.6 6.2 4.7 7.0 10.8 1.0 0.4 3.3
Controlled Yes, % 99.6 70.8 57.9 99.6 75.6 67.5 45.2 59.1 45.2 99.2 72.2 66.4 97.6 35.2 29.5
No, % 0.3 10.3 11.3 0.3 5.0 5.2 11.4 7.9 11.4 0.3 24 4.2 0.2 2.2 4.4
Undefined, % 0.1 18.9 30.9 0.1 19.4 27.3 43.4 33.0 434 0.5 254 294 2.2 62.6 66.1
Atopic disorder, % 20.3 22.2 9.2 20.3 39.5 28.7 12.9 215 12.9 42.9 36.3 24.7 19.9 21.7 13.9
Chronic sinusitis, % 0.1 0.2 0.4 0.1 8.0 11.2 1.8 15 1.8 21 2.7 34 0.0 0.5 0.7
Diabetes, % 0.5 1.9 6.0 0.5 1.9 9.5 9.9 0.9 9.9 0.5 1.7 11.7 0.2 0.7 11.9
GERD, % 0.6 2.2 51 0.6 6.4 13.2 14.3 7.5 14.3 1.9 4.0 9.1 0.2 0.9 2.8
Nasal polyposis, % 0.3 1.0 2.1 0.3 1.7 4.6 1.3 0.8 1.3 0.2 0.3 0.6 0.3 0.8 1.8
Obesity, % 2.2 9.3 10.5 2.2 54.7 72.2 24.3 15.0 24.3 9.6 17.2 36.1 17.8 314 64.3
Smoking Current, % 0.0 0.8 1.0 0.0 275 14.8 12.9 16.5 12.9 11.2 16.8 13.9 21.8 271 13.2
Never, % 0.0 1.0 2.4 0.0 45.4 42.4 34.7 25.1 34.7 20.5 24.0 33.1 35.8 335 56.1
Past, % 0.0 0.3 1.7 0.0 26.5 42.5 12.6 4.4 12.6 3.5 9.1 17.7 1.9 8.5 12.3
Unknown, % 100.0 98.0 95.0 100.0 0.7 0.2 39.7 54.0 39.7 64.9 50.2 35.3 40.4 30.9 18.4
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Table 2: Odds ratio of having various characteristics, meta-analysis result of crude and adjusted models

ADULT VS CHILDHOOD ONSET

Crude model Adjusted model
OR 95% | CI P-value OR 95% | CI P-value
Uncontrolled asthma 15.80 9.48 26.31 < 0.0001 43.05 20.64 89.81 < 0.0001
Atopic disorder 0.82 0.74 0.91 0.0001 0.81 0.69 0.95 0.0084
Chronic rhinosinusitis 1.08 0.68 1.74 0.7347 0.56 0.33 0.95 0.0299
Nasal polyposis 2.41 2.15 2.70 < 0.0001 1.04 0.79 1.37 0.7863
Overweight/Obesity 2.37 1.96 2.86 < 0.0001 1.38 1.08 1.76 0.0090
Diabetes Mellitus 3.32 3.01 3.66 < 0.0001 0.90 0.80 1.02 0.0944
GERD 2.73 2.24 3.33 < 0.0001 1.30 0.97 1.74 0.0771
Smoking: current 1.45 1.15 1.82 0.0016 1.51 1.21 1.89 0.0003
Smoking: past 2.54 1.84 3.49 < 0.0001 1.73 1.34 2.23 < 0.0001
LATE VS ADULT ONSET
Crude model Adjusted model
OR 95% | CI P-value OR 95% | CI P-value
Uncontrolled asthma 1.68 1.24 2.27 0,0007 2.77 1.69 4.53 0.0001
Atopic disorder 0.53 0.49 0.59 < 0.0001 0.92 0.72 1.17 0.4832
Chronic rhinosinusitis 1.37 1.22 1.53 < 0.0001 1.13 0.87 1.47 0.3486
Nasal polyposis 2.13 1.72 2.64 < 0.0001 1.76 1.19 2.61 0.0047
Overweight/Obesity 2.17 1.62 291 < 0.0001 1.29 1.20 1.38 < 0.0001
Diabetes Mellitus 7.84 4.98 12.36 < 0.0001 2.28 1.82 2.87 < 0.0001
GERD 2.34 2.14 2.57 < 0.0001 1.42 1.20 1.69 0.0001
Smoking: current 0.49 0.36 0.67 < 0.0001 151 1.16 1.97 0.0024
Smoking: past 1.55 1.13 211 0.0061 1.59 1.12 2.26 0.0094

GERD-= Gastro-esophageal reflux disease

Adjusted model includes adjustment for age and sex
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Table E1: Demographics of asthma onset groups - severe asthma cohort

childhood-onset asthma adult-onset asthma late-onset asthma

N=2418 N=11884 N=28309
0
Aarhus n (% of onset 129 (8.1) 409 (8.2) 1,005 (14.7)
group)
Age, median
(range) 21 (18,30) 40 (19, 52) 61 (40, 95)
Females, % 40 67 62
0
CPRD n (% of onset 1,947 (2.7) 8.781 (6.2) 20,486 (11.4)
group)
Age, median
(range) 24 (18, 55) 40 (18, 64) 65 (40, 101)
Females, % 50 62 64
0
HSD n (% of onset 49 (3.3) 515 (3.6) 1331 (6.2)
group)
Age, median 22 (18, 27) 36 (20, 51) 63 (40, 102)
(range)
Females, % 45 50 63
IPCI n (% of onset
group) ) 283 (4.7) 2,060 (7.0) 4,097 (10.8)
Age, median
(range) 21 (18, 45) 37 (19,57) 58 (40, 97)
Females, % 53 61 64
SIDIAP n (% of onset
group) | 4(06) 119 (0.4) 1,300 (3.3)
Age, median
(range) 22 (19, 24) 37 (20, 45) 71 (40, 97)

Females, % 50 56 71




Table E2: Odds ratio of having various characteristics, meta-analysis result adjusted for age and sex (severe asthma)

ADULT VS CHILDHOOD ONSET (severe asthma)

Crude model Adjusted model
OR 95% Cl P-value OR 95% Cl P-value
Uncontrolled asthma 2.06 1.20 3.53 0.0085 3.24 1.80 5.82 0.0001
Atopic disorder 0.79 0.54 1.15 0.2138 0.75 0.49 1.14 0.1730
Chronic rhinosinusitis 0.99 0.62 1.57 0.9644 0.32 0.27 0.39 < 0.0001
Nasal polyposis 1.87 1.35 2.57 0.0001 0.76 0.51 1.12 0.1653
Overweight/Obesity 2.33 2.12 2.56 <0.0001 1.19 1.05 1.34 0.0051
Diabetes Mellitus 3.90 1.21 12.57 0.0229 1.30 0.46 3.69 0.6254
GERD 2.59 1.73 3.87 <0.0001 1.05 0.83 1.34 0.6809
Smoking: current 1.59 1.26 2.01 0.0001 2.09 1.76 2.49 < 0.0001
Smoking: past 1.87 1.65 2.11 <0.0001 1.70 1.45 1.99 < 0.0001
LATE VS ADULT ONSET (severe asthma)
Crude model Adjusted model
OR 95% Cl P-value OR 95% Cl P-value
Uncontrolled asthma 1.19 0.81 1.73 0.3696 1.69 1.40 2.05 < 0.0001
Atopic disorder 0.48 0.42 0.55 <0.0001 0.77 0.62 0.95 0.0154
Chronic rhinosinusitis 1.10 1.03 1.18 0.0060 0.81 0.63 1.04 0.0923
Nasal polyposis 1.59 1.18 2.14 0.0026 1.36 1.17 1.58 0.0001
Overweight/Obesity 1.79 1.36 2.35 <0.0001 1.37 1.25 1.51 < 0.0001
Diabetes Mellitus 4.37 2.37 8.05 < 0.0001 1.91 1.20 3.05 0.0066
GERD 151 1.41 1.61 <0.0001 1.02 0.81 1.28 0.8825
Smoking: current 0.44 0.31 0.63 <0.0001 1.63 1.40 1.91 < 0.0001
Smoking: past 1.35 1.06 1.72 0.0154 1.37 1.13 1.66 0.0011

GERD: gastro-esophageal reflux disease; Uncontrolled asthma: = 2 severe asthma exacerbations (i.e. systemic corticosteroid course, emergency department

visit or hospitalization for asthma) in the one year prior to index date
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Adult- vs childhood-onset asthma
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Late- vs adult-onset asthma
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