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Characterization of Asthma by Age of Onset: A ®
Multi-Database Cohort Study
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Barcelona, Spain; Florence, Italy; Collegeville, Pa

What is already known? Differences in comorbidities by age of asthma onset have been reported, but most of these
studies had modest sample sizes, were restricted to a single patient population, and did not differentiate between adult-
onset asthma and late-onset asthma.

What does this study add? 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 guidelines? Because age at asthma onset helps to phenotype asthma, the age of asthma

onset should be considered when assessing asthma control and asthma management.

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 5 European electronic databases, we created a
cohort encompassing adult patients with doctor-diagnosed
asthma in 2008 to 2013. Patients were categorized based on their
age at asthma onset: childhood-onset (age at onset < 18 y),
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adult-onset (age at onset 18—40 y), and late-onset asthma (age at
onset > 40 y). Comorbidities were assessed at study entry. For
each characteristic and comorbidity, odds ratios and age- and
sex-adjusted odds ratios (OR,q;) comparing asthma-onset cate-
gories were estimated per database and combined in a meta-
analysis using a random effect model.
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Abbreviations used
ACO- Asthma and chronic obstructive pulmonary disease
overlap
ATC- Anatomical Chemical Classification
BMI- Body mass index
CPRD- Clinical Practice Research Datalink
DM- Diabetes mellitus
GERD- Gastroesophageal reflux disease
HSD- Health Search Database
ICS- Inhaled corticosteroids
IgE- Immunoglobulin E
IPCI- Integrated Primary Care Information Project
SIDIAP- Sistema d’Informacio per al Desenvolupament de la
Investigacio en Atencio Primaria

Subjects with adult-onset compared with childhood-asthma
had higher risks for overweight/obesity (OR,4; 1.4 95% CI
1.1—1.8) and lower risks for atopic disorders (OR,g4; 0.8; 95%
CI 0.7—0.95). Patients with late-onset compared with adult-
onset asthma had higher risks for nasal polyposis (OR,4; 1.8;
95% CI 1.2—2.6), overweight/obesity (OR.g; 1.3; 95% CI
1.2—1.4), gastroesophageal reflux disease (OR,4; 1.45 95% CI
1.2—1.7), and diabetes (OR,q; 2.35 95% CI 1.8—2.9). A sig-
nificant association between late-onset asthma and uncon-
trolled asthma was observed (OR.4; 2.8; 95% CI 1.7—4.5).
CONCLUSIONS: 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 frequent uncontrolled
asthma. © 2022 The Authors. Published by Elsevier Inc. on
behalf of the American Academy of Allergy, Asthma & Immu-
nology. This is an open access article under the CC BY license
(http://creativecommons.org/licenses/by/4.0/). (J Allergy Clin
Immunol Pract 2022;10:1825-34)

Key words: Asthma; Age at onset; Adults; General population;
Comorbidity; Epidemiology; Exacerbations

INTRODUCTION

Asthma is an inflammatory chronic respiratory disease and
affects approximately 5% of the adult population, with a lifetime
risk of 34%.'” Patients with asthma suffer from variable
reversible airflow obstruction resulting in dyspnea, limitation of
activity and/or productivity, and impaired quality of life.*

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 (ie, observable proper-
ties).””"® 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 phe-
notyping.”"? The definition of the age of asthma-onset cate-
gories varies between literature, but is usually viewed as
childhood-onset or adult-onset (with various cutoff points such
as 12, 16, or 18 y) and the more recently identified late-onset
phenotype (from the age of 40 onward).'' The clinical rele-
vance of the age of onset is reflected in asthma prognosis
(eg, lung function decline is steeper in persistent childhood onset
asthma)'® and differences in treatment response (eg, in a
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randomized controlled trial of reslizumab vs placebo, the
reduction of asthma exacerbations in patients treated with resli-
zumab was higher in patients with late- vs early-onset asthma)."”

Although other research groups already investigated differ-
ences in patient characteristics in relation to age at asthma onset,
most of these studies had modest sample sizes, were restricted to
a 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.""'*">""” This age
adjustment is important when exploring the interaction between
age at asthma onset and prevalence of comorbidities of interest.
Insight into the relationship between asthma onset and comor-
bidities is needed because comorbidities can affect asthma con-
trol, the severity of asthma, the optimal choice of asthma
treatment, and treatment response.’”

We therefore investigated differences in patient characteristics
in terms of demography and asthma-related comorbidities in 3
distinct asthma-onset categories—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 5
different European databases: IPCI (Integrated Primary Care
Information Project) from the Netherlands, HSD (Health Search
Database) from Italy, CPRD (Clinical Practice Research Datalink)
from the United Kingdom, SIDIAP (Sistema d’Informacié 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 previously
and are available in the Online Repository at www.jaci-inpractice.
org."”** These databases contain detailed information on patient
characteristics, drug prescriptions or dispensing, diagnoses, comor-
bidities, and measurements (such as laboratory results) (Appendix
El; available in this article’s Online Repository at www.jaci-
inpractice.org). All participating databases comply with European
Union guidelines on the use of medical data for research and are
registered in the European Network of Centres for Pharmacoepi-
demiology 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 January 1, 2008, to December 31, 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 1 asthma-specific
disease code in combination with prescriptions/dispensing of asthma
drugs within 3 months before or after the entry of the asthma disease
code (Tables E1 and E2; available in this article’s Online Repository
at www.jaci-inpractice.org).”*”” Asthma drugs consisted of the
following: inhaled corticosteroids (ICS), short-acting beta-2 agonists,
long-acting beta-2 agonists, fixed combination of ICS + long-acting
beta-2 agonists, leukotriene modifiers, short-acting muscarinic an-
tagonists, fixed combination of short-acting beta-2 agonists 4 short-
acting muscarinic antagonists, xanthines, systemic corticosteroids for
the treatment of asthma, and anti—immunoglobulin E (IgE) treat-
ment (omalizumab). Within the data sources, drugs are coded ac-
cording to the Anatomical Chemical Classification (ATC) code of
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the World Health Organization (WHO) and were extracted by an
ATC-specific search on the drug exposure records.”® Patients diag-
nosed with asthma and chronic obstructive pulmonary disease
overlap (ACO) were excluded.”’

Within the asthma cohort, a subcohort 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).’**! To define high-dose ICS, we used cutoff values
as suggested by Global Initiative for Asthma (GINA) guidelines.”’
Only those patients who used these drugs for a consecutive period
of at least 120 days were included in the severe asthma subcohort.
To account for time bias, the start date of severe asthma was set as

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 and 40 years, and late-onset asthma as asthma
diagnosis from the age of 40 years onward.

Covariates

On the index date (first date of fulfilling all subcohort criteria),
various characteristics and comorbidities in the patients’ history were
assessed: atopic disorder (allergic rhinitis, allergic conjunctivitis,
atopic eczema/dermatitis) (Table E3; available in this article’s Online
Repository at www.jaci-inpractice.org),”> chronic rhinosinusitis
(Table E4; available in this article’s Online Repository at www.jaci-
inpractice.org), gastroesophageal reflux disease (GERD) (Table E5;
available in this article’s Online Repository at www.jaci-inpractice.
org), nasal polyposis (Table E6; available in this article’s Online
Repository  at overweight/obesity
(Table E7; available in this article’s Online Repository at www.jaci-
inpractice.org), diabetes mellitus (DM), smoking status, and history
of asthma exacerbations (Table E2). Information on these comor-
bidities was extracted via an automated search on the presence of
database-specific disease codes. A patient could have a history of

www.jaci-inpractice.org),

more than 1 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 body mass index (BMI)
values greater than 25 (Table E8; available in this article’s Online
Repository at www.jaci-inpractice.org).

Uncontrolled asthma was defined as 2 or more severe asthma
exacerbations (ie, need of a burst of systemic corticosteroids, emer-
gency department visit, and/or hospitalization for asthma) in the year
prior to the index date. Information on emergency room visits and/
or hospitalization for asthma exacerbations was assessed based on the
presence of disease codes or 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 the 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 be-
tween asthma-onset groups was tested, using binomial logistic
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regression models for dichotomous outcomes and multinomial lo-
gistic regression for the outcome smoking categories.

Because age is an important determinant of several characteristics
to be analyzed, adjustment for age was performed. This was indeed
needed because 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 onward
because 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 dis-
tributions of age at index date. Therefore, the collinearity between
age at index date and asthma-onset category was too strong to
directly compare these 2 onset groups while also adjusting for age.
Thus we opted for 2 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 vs adult-onset asthma and
adult-onset vs childhood-onset asthma) was the determinant. Models
were adjusted for age and sex.

Estimated ORs from the 5 databases were meta-analyzed using a
DerSimonian-Laird random-effects model.” 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 y depending on the database) than in patients with
adult-onset asthma (28—45 y; P <.0001). Similarly, the me-
dian age at study entry was higher in adult-onset asthma than
in childhood-onset asthma (median age 20—23 y; P < .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 < .001) (Table I). Because 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 E9; available in this article’s Online Repository at
www.jaci-inpractice.org). 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% to 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
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TABLE I. Demographics, severe asthma, (un)controlled asthma, and comorbidities in asthma-onset groups

Aarhus (Denmark) CPRD (United Kingdom) HSD (ltaly) IPCI (The Netherlands) SIDIAP (Spain)
n = 14,041 n = 393,660 n = 37,003 n = 73,5606 n = 68,226
Childhood-  Adult- Late- Adult- Late- Childhood-  Adult- Late- Childhood-  Adult- Late- Childhood-  Adult- Late-
Variables onset onset onset Childhood-onset onset onset onset onset onset onset onset onset onset onset onset
n (% of total cohort) 1,592 (11) 5,004 (36) 7,445 (53) 71,838 (18) 141,379 (36) 180,443 (46) 1,467 (4) 14,179 (38) 21,357 (58) 6,171 (8) 29,297 (40) 38,038 (52) 623 (1) 28,325 (42) 39,278 (58)
Age, median (minimum, 21 (18, 30) 35 (18, 52) 59 (40,102) 23 (18, 55) 36 (18, 63) 60 (40,109) 20 (18, 26) 33 (18, 48) 59 (40,107) 21 (18, 44) 34 (18, 58) 57 (40,105) 19 (18, 25) 31 (18, 46) 61 (40,104)
maximum)

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 11.4 33 3.6 6.2 4.7 7.0 10.8 1.0 0.4 33
Controlled

Yes, % 99.6 70.8 57.9 99.6 75.6 67.5 452 59.1 452 99.2 722 66.4 97.6 35.2 29.5

No, % 0.3 10.3 11.3 0.3 5.0 52 114 7.9 114 0.3 2.4 42 0.2 2.2 44

Undefined, % 0.1 18.9 30.9 0.1 19.4 27.3 434 33.0 434 0.5 254 29.4 22 62.6 66.1
Atopic disorder, % 20.3 222 9.2 20.3 39.5 28.7 12.9 21.5 12.9 429 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 1.5 1.8 2.1 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 5.1 0.6 6.4 13.2 14.3 75 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, % 22 9.3 10.5 22 54.7 72.2 24.3 15.0 24.3 9.6 17.2 36.1 17.8 31.4 64.3
Smoking

Current, % 0.0 0.8 1.0 0.0 27.5 14.8 12.9 16.5 12.9 11.2 16.8 13.9 21.8 27.1 13.2

Never, % 0.0 1.0 2.4 0.0 454 424 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 35 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 50.2 353 40.4 30.9 18.4
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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 [ie, systemic cortico-
steroid course, emergency department visit, and/or hospitalization
for asthmal in the year prior to the index date).

decreased to 35% in adult-onset and 25% in late-onset asthma,
whereas the prevalence of overweight/obesity increased from
childhood-onset asthma (30%) toward adult-onset asthma
(43%) and late-onset asthma (61%). Chronic rhinosinusitis,
DM, GERD, and nasal polyposis were less common with
prevalence ranging between 2% and 8% (Figure 2).

Database-specific proportions of severe and uncontrolled
asthma and comorbidities are described in Table I.

Comparison of asthma-onset groups

Comparing childhood-onset asthma and adult-onset
asthma. Subjects with adult-onset asthma had significantly
more uncontrolled asthma than subjects with childhood-onset
asthma (meta-analysis results: OR 15.8 [95% CI 9.5—26.3];
OR,q; 43.1 [95% CI 20.6—89.8]). Adult-onset asthmatics had
significantly less frequent atopic disorders (OR.q; 0.8 [95% CI
0.7—0.9]). Patients with adult-onset asthma also had more
frequent nasal polyposis, DM, GERD, and overweight/obesity;
however, upon age and sex adjustment, the only comorbidity
that remained significantly different was overweight/obesity
(OR,g; 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 (OR.q; 1.5 [95% CI 1.2—1.9]) or past
smokers (OR.g; 1.7 [95% CI 1.3—2.2]) than childhood-onset
asthmatics (Table II, Figure 3, and Figure El; available in this
article’s Online Repository at www.jaci-inpractice.org).
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Comparing childhood-onset asthma and adult-onset
asthma in the subcohort with severe asthma. In pa-
tients with severe asthma, those with adult-onset asthma had
significantly more uncontrolled asthma than childhood-onset
asthma (OR 2.1 [95% CI 1.2—3.5]; OR.g 3.2 [95% CI
1.8—5.8]). Severe asthma patients with adult-onset asthma also
had significantly more frequent nasal polyposis, DM, 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 E10 and Figure E2; available in this article’s Online
Repository at www.jaci-inpractice.org).

Comparing adult-onset asthma and late-onset asth-
ma. When adjusting for age and sex, subjects with late-onset
asthma had significantly more uncontrolled asthma than those
with adult-onset asthma (OR,y; 2.8 [95% CI 1.7—4.5]).
Subjects with late-onset asthma had less frequent atopic dis-
orders and were more likely to have chronic rhinosinusitis,
although these differences did not remain significant after
adjustment for age and sex. Compared with adult-onset asthma
patients, late-onset asthmatics were significantly more likely to
have nasal polyposis, DM, and GERD, and they were more
often obese and past smokers. (Table II, Figure 3, and
Figure E3; available in this article’s Online Repository at www.
jaci-inpractice.org)

Comparing adult-onset asthma and late-onset
asthma within severe asthma. In subjects with severe
asthma, again the odds of having atopic disorders were lower in
those with late-onset asthma than in those with adult-onset
asthma, and the odds of nasal polyposis, overweight/obesity,
DM, and GERD were higher for late-onset asthma. The asso-
ciations 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 OR,4; of 0.8 (95% CI 0.6—0.9) and
also the association with GERD could no longer be observed
(Table E10 and Figure E1).

DISCUSSION

In this large international cohort study encompassing more
than 580,000 asthma patients from 5 European countries, several
key findings 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 DM 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 a
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, because 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.
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FIGURE 2. Prevalence of patient characteristics across all databases by age of onset. GERD, Gastroesophageal reflux disease.

TABLE Il. OR of having various characteristics, meta-analysis result of crude and adjusted models

Adult- vs childhood-onset

Crude model Adjusted model*
Variables OR 95% Cl P value OR 95% Cl P value
Uncontrolled asthma 15.80 9.48 26.31 <.0001 43.05 20.64 89.81 <.0001
Atopic disorder 0.82 0.74 0.91 .0001 0.81 0.69 0.95 0084
Chronic rhinosinusitis 1.08 0.68 1.74 1347 0.56 0.33 0.95 0299
Nasal polyposis 2.41 2.15 2.70 <.0001 1.04 0.79 1.37 7863
Overweight/obesity 2.37 1.96 2.86 <.0001 1.38 1.08 1.76 .0090
Diabetes mellitus 3.32 3.01 3.66 <.0001 0.90 0.80 1.02 .0944
GERD 2.73 2.24 3.33 <.0001 1.30 0.97 1.74 0771
Smoking: current 1.45 1.15 1.82 .0016 1.51 1.21 1.89 0003
Smoking: past 2.54 1.84 3.49 <.0001 1.73 1.34 2.23 <.0001

Late- vs adult-onset

Crude model

Adjusted model*

OR 95% Cl P value OR 95% Cl P value
Uncontrolled asthma 1.68 1.24 2.27 .0007 2.77 1.69 4.53 L0001
Atopic disorder 0.53 0.49 0.59 <.0001 0.92 0.72 1.17 4832
Chronic rhinosinusitis 1.37 1.22 1.53 <.0001 1.13 0.87 1.47 .3486
Nasal polyposis 2.13 1.72 2.64 <.0001 1.76 1.19 2.61 0047
Overweight/obesity 2.17 1.62 291 <.0001 1.29 1.20 1.38 <.0001
Diabetes mellitus 7.84 4.98 12.36 <.0001 2.28 1.82 2.87 <.0001
GERD 2.34 2.14 2.57 <.0001 1.42 1.20 1.69 .0001
Smoking: current 0.49 0.36 0.67 <.0001 1.51 1.16 1.97 0024
Smoking: past 1.55 1.13 2.11 .0061 1.59 1.12 2.26 0094

Bold indicates statistical significance.
*Adjusted model includes adjustment for age and sex.

Studying age-specific asthma phenotypes is important because
differences in the prevalence of asthma has been related to age-
. . . 9.16:35
associated hormonal changes, especially in women.
Indeed, boys more often have asthma than girls and, after

puberty, these incidences reverse.”® 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 because a
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FIGURE 3. Odds ratio of having various characteristics, meta-analysis result. Adjusted for age and sex. GERD, gastroesophageal reflux
disease. Uncontrolled asthma is defined as > 2 severe asthma exacerbations (ie, systemic corticosteroid course, emergency department

visit, or hospitalization for asthma) in the one year prior to index date

decrease in asthma prevalence after menopause has been reported
in The Nurses’ Health Study,g’7 whereas in the French E3N
cohort, an increased asthma risk was demonstrated after surgical
menopause.”® 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 reduced the risk of late-onset
asthma in menopausal women with more than 15%. 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 exoge-
nous reproductive hormones in the sex-specific asthma expres-
sion across the lifespam./'0 Nwaru et al,”! using a subcohort of the
study by Shah et al,>? further investigated the role of hormone
replacement therapy 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 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 nonallergic
component (absence of allergic rhinitis) became much more
dominant from the age of 40 years. Similarly Agondi et al*’
reported as well that atopy was inversely correlated with age of
asthma onset. Whereas the prevalence of atopic disorders
decreased, the prevalence of overweight/obesity, GERD, and
DM were more frequent in late-onset asthma than in an earlier
asthma onset, even when corrected for age. Similar results were
recently reported from the Tasmanian Longitudinal Health
Study in which individuals with asthma 7 to 53 years old 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 dia-
betes, GERD, and obv:-:sity.44

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 than  childhood-onset
asthma.”®*>"® Exacerbations are detrimental for lung function
and quality of life, and acute treatment consists of oral cortico-
steroid courses that 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.”’

In severe asthma cohorts, asthma and nasal pathologies are
strongly associated, that is, rhinosinusitis is associated with the
onset of asthma in adults.”” Although 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 than in childhood-onset asthmatics.*®
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.””"

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 5 different European databases that
collect detailed information on important covariates such as
lifestyle 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 3 groups are studied, whereas previous studies only
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compared 2 age-at-onset groups, had a smaller sample size, and
did not adjust for age.'">'>"""”

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 the adult-onset group and similarly for comparison
between the adult-onset and the late-onset group. We believe
that age adjustment comparison between these groups, albeit in a
2-step approach, is a very relevant addition to the current
literature.

This study also has limitations. First, 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 entering of 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 favor those who have more se-
vere childhood disease. 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 and Denton’” on the differences in asthma in
children versus adults, approximately half of middle-aged
patients with asthma had childhood-onset rather than adult-
onset asthma; however, this proportion decreased in older
study populations. The proportion of childhood asthma as
reported in the cross-sectional study by To et al,”” who inves-
tigated 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 we reported, it is lower than the
50% reported by Trivedi and Denton,”” but the median age of
the population by To et al’” ranged between 42 and 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 misclassifica-
tion. For example, owing 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 atopy because 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
eczema/dermatitis and allergic rhinitis/conjunctivitis and labeled
this as atopic disorders similar to what other research groups have
done.”™

This study was investigated in a group of patients with asthma
only in which patients with ACO were excluded. This was a well-
considered choice in view of potential misclassification between
asthma and chronic obstructive pulmonary disease, which is
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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, that is, overweight/obesity
can be both a risk factor for asthma development as well as an
asthma-associated comorbidity./ﬂ’Ss This, however, does not
mitigate the relevance of associations between age at onset of
asthma and comorbidities we report because awareness is relevant
on both the policy-making and the patient care levels.

There is not a strict definition of age cutoffs to define
childhood-onset, adult-onset, and late-onset asthma. Indeed, age
cutoffs for early- onset asthma vary between 10 and 21 years of
age and for late-onset mostly between 40 and 45 years, with
some reports using 65 years,“’lr”17 which makes comparison
with other studies challenging. We opted for 18 years to discern
childhood-onset asthma from adult-onset asthma, and we
applied the commonly used age of 40 as the second cutoff to
discriminate adult-onset asthma from late-onset asthma. Further
research is needed to explore different age cutoffs and ideally
come to a unanimous definition. This should be combined with
research into the biological explanations behind the reported age
differences.

Odur results have clinical implications because, 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 that 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.

Because we conducted a cross-sectional analysis, we cannot
conclude whether asthma (exacerbations) could be prevented by
targeting comorbidities such as nasal polyposis, GERD, and
DM. However, it would be very relevant to investigate the
possible synergistic treatment effect of 1 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
noncommunicable chronic diseases. Overall, our findings of
common comorbidities in subjects with asthma call for man-
agement of these conditions, not only to reduce directly their
burden of disease but also to, we hope, improve asthma control.

In conclusion, this international multi-database cohort study
demonstrates consistent differences in asthma-related comor-
bidities, asthma control (ie, exacerbation rates), and severity of
asthma between childhood-onset, adult-onset, and late-onset
phenotypes of adult asthmatics. Further research on the patho-
physiological basis of these differences might give better insights
into the clinical utility of these phenotypes toward personalized
asthma management.
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Description of Databases

The Integrated Primary Care Information (IPCI) database is a
Dutch database containing the complete medical record of more
than 2.5 million patients provided by more than 640 general
practitioners (GPs; 374 practices) geographically spread over the
Netherlands."" The demographics of patients included in IPCI
are representative of the Dutch population. In the Netherlands,
all citizens are registered with a GP practice that acts as a gate-
keeper in a 2-way exchange of information with secondary care.
The medical records can, therefore, be assumed to contain all
relevant medical information including medical findings and
diagnosis from secondary care. The International Classification
of Primary Care (ICPC) is the coding system but diagnoses and
complaints can also be entered as free text. Prescription data
contain information on product name, quantity prescribed,
dosage regimens, strength, indication, and Anatomical Chemical
Classification (ATC) codes.

The Health Search Database (HSD) is a longitudinal obser-
vational database that is representative of the Italian general
population. The HSD contains data from computer-based pa-
tient records from a selected group of GPs (covering a total of 1.5
million patients) located throughout Italy. The database includes
information on age, gender, patient, and GP identification,
which is linked to prescription information, clinical events and
diagnoses, and date of death. All diagnoses are coded according
to the International Classification of Diseases, 9th Revision,
Clinical Modification (ICD-9-CM). Drug names are coded ac-
cording to the ATC classification.””"* Comparing the regional
distribution of the population HSD with the resident population
in Italy as of January 1, 2017, surveyed by ISTAT (Italian
National Institute of Statistics), a substantial overlap emerges
between the 2 populations. The distribution by gender and age
group of the HSD population results are superimposable on the
general population estimated by ISTAT (https://report.
healthsearch.it/Report_XII.pdf).

Clinical Practice Research Datalink (CPRD) is a large vali-
dated computerized database of anonymized longitudinal
medical records for primary care. The CPRD operates a general
practice opt-in and patient opt-out system. The GP practices
choose to contribute deidentified patient data to CPRD for all
patients, with the exception of those who have opted-out from
the sharing of their patient record with CPRD. The CPRD
collects deidentified patient data from a network of primary care
practices (PCPs) across the United Kingdom. Primary care data
are linked to a range of other health-related data to provide a
longitudinal, representative U.K. population health dataset.
The data encompass 50 million patients, including 16 million
currently registered patients. The database contains the entire
anonymized electronic medical record of each patient,
including medical codes associated with consultations and re-
ferrals; details of all medications prescribed; lifestyle factors, and
laboratory tests.”* Information on hospitalization is collected
through linkage Hospital Episode Statistics (HES) and infor-
mation on mortality is retrieved through linkage with the Office
of National Statistics Mortality data.

The Aarhus University Prescription Database comprises clin-
ical and prescription data from the Central Denmark Region and
the North Denmark Region. This population covers a total of
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1.2 million inhabitants and is representative of the population of
Denmark.” Data are available on demographics, lifestyle factors,
dispensing data, hospitalizations, and procedures. Dispensing
data comprise the filled prescriptions for all ambulatory patients
and contain information on the name of the drug, ATC code,
package identifier (strength and route of administration), and
date of refill. These data are linked to the national registry of
patients that comprises information on admissions to Danish
somatic hospitals, emergency rooms and outpatient clinics,
diagnosis codes and procedures.

The primary care structure in Catalonia comprises 358
primary care practices (PCPs) composed of health pro-
fessionals and support staff who are responsible for the health
care of the population in their assigned geographic area. The
Catalan Institute of Health manages 274 PCPs (76.5%); the
remaining centers are managed by other health care entities.
Each PCP has at least 3 (and an average of 12) basic care
units, defined as 1 GP and 1 nurse providing care for an
assigned set of patients. The SIDIAP Database comprises the
electronic medical records of a representative sample of pa-
tients attended by GPs in Catalonia (North-East Spain),
covering a population of more than 5.1 million patients
(about 80% of the total of 7.5 million population of Cata-
lonia) from 274 PCPs. The SIDIAP data comprise the clinical
and referral events (coded by ICD-10), demography infor-
mation, prescription and dispensing, specialist referrals, life-
style factors, laboratory test results, and hospital admissions
and their major outcomes.”® The SIDIAP covers more than
80% of the Catalan residents and, therefore, is unsurprisingly
representative of the source population. This has been shown
in many instances.”*"’

Description of Terms and Database Codes (ICD/
READ/ICPC)

Asthma. Concepts of disease have been mapped through the
Unified Medical Language System (UMLS) for asthma
(Table E1).

Asthma exacerbation
Definition of severe asthma exacerbation. Asthma
exacerbation was defined as the use of acute systemic cortico-
steroids, emergency department visit, or hospitalization for rea-
sons of asthma exacerbation. To identify patients with a severe
asthma exacerbation defined as emergency department visit or
hospitalization for reasons of asthma, an automated search was
done on codes specific for severe asthma exacerbation. In addi-
tion, the medical file was searched for asthma-specific disease
codes (thus, not only asthma codes) in
combination with codes for hospitalization. Hospitalization was
retrieved either via linkage with hospital admission/discharge
database (Aarhus, CPRD [— HES]), combination of disease
codes with information from hospital referral (HSD, SIDIAP
and IPCI) and discharge letters (SIDIAP and IPCI), or
combination of disease codes with source codes (hospital
discharge letters) (CPRD — for those patients where we did
not have HES).

Disease codes also did fit the criteria of asthma exacerbation

(Table E2)

exacerbation

Atopic disorders. Atopic disorder is defined as any of the
following: atopic dermatitis/eczema or allergic rhinitis.


https://report.healthsearch.it/Report_XII.pdf
https://report.healthsearch.it/Report_XII.pdf
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FIGURE E1. OR of having various characteristics in the cohort of patients with severe asthma, The adjusted OR of the meta-analysis is
provided. This adjusted OR means that the result was adjusted for age and sex. Uncontrolled asthma is defined as > 2 severe asthma
exacerbations (ie, systemic corticosteroid course, emergency department visit, or hospitalization for asthma) in the year prior to the index

date.

Concepts of disease have been mapped through the UMLS for
atopy (Table E3).

Chronic rhinosinusitis. Concepts of disease have been
mapped through the UMLS for chronic rhinosinusitis (Table E4).

Gastroesophageal reflux disease. Concepts of disease
have been mapped through the UMLS for gastroesophageal
disease (GERD) (Table E5).

Nasal polyposis. Concepts of disease have been mapped
through the UMLS for nasal polyps (Table E6).

Overweight and obesity. Concepts of disease have been
mapped through the UMLS for obesity (Table E7).

In addition, body mass index (BMI) was retrieved from the
measurement table in all databases.

Cutoff BMI values for obesity or overweight are shown in
Table E8.
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Adult- vs childhood-onset asthma
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FIGURE E2. OR of having various characteristics for adult- vs childhood-onset asthma. Adjusted ORs are provided by database as well as
the meta-analysis (Meta) results. This adjusted OR means that there was adjustment for age and sex. Uncontrolled asthma is defined as >
2 severe asthma exacerbations (ie, systemic corticosteroid course, emergency department visit or hospitalization for asthma) in the year
prior to the index date.
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Late- vs adult-onset asthma
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FIGURE E3. OR of having various characteristics for late- vs adult-onset asthma. Adjusted ORs are provided by database as well as the
meta-analysis (Meta) results. This adjusted OR means that there was adjustment for age and sex. Uncontrolled asthma is defined as > 2
severe asthma exacerbations (ie, systemic corticosteroid course, emergency department visit or hospitalization for asthma) in the year
prior to the index date.
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TABLE E1. Asthma disease codes
Terms ICD-10 ICD-9-CM Read Codes ICPC
Asthma J45% 493%* H33* R96
Asthma confirmed 102.00
Extrinsic asthma with asthma attack 663d.00
663m.00
Asthma severity 663V*
Number of asthma exacerbations in past year 663y.00
Emergency admission. asthma 8H2P.00
Status asthmaticus J46
Induced asthma 173A.00
Asthma trigger 173c.00
173d.00
178*.00
Asthma accident and emergency attendance since last visit 663m.00
Emergency asthma admission since last appointment 663d.00
Asthma and exercise 663e.00
663e000
663e100
663f£.00
663w.00
663x.00
Asthma currently dormant 663h.00
Asthma currently active 663j.00
Asthma treatment compliance satisfactory 663n.00
Asthma treatment compliance unsatisfactory 663p.00
Asthma disturbing sleep 663N.00
Asthma causing night waking 663N000
Asthma disturbs sleep weekly 663N100
Asthma disturbs sleep frequently 6630.00
Asthma not disturbing sleep 6630000
Asthma never disturbs sleep 66YP.00
Asthma night-time symptoms 66Yq.00
Asthma causes night-time symptoms 66Yr.00
Asthma causes symptoms most nights 66Ys.00
Asthma never causes night symptoms
Asthma limits activities 663P*
Asthma daytime symptoms 663q.00
Asthma not limiting activities 663Q.00
Asthma causes night symptoms 1 to 2 times per mo 663r.00
Asthma never causes daytime
symptoms 6635.00
Asthma causes daytime symptoms 1 to 2 times per mo 663t.00
Asthma causes daytime symptoms 1 to 2 times per wk 663u.00
Asthma causes daytime symptoms 663v.00
Asthma prophylactic medication used 663W.00
Asthma medication review 8B3;.00
Absent from work or school owing to asthma 66YC.00
Number days absent from school owing to asthma in past 6 mo 66Yu.00
Health education—asthma 679J.00*
Asthma control 8793.00
8794.00
8795.00
8796.00
8797.00
8798.00
Asthma quality indicators 9hA*.00

*All codes falling under this category.
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TABLE E2. Asthma exacerbation disease codes
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TABLE E5. Disease codes for GERD

Terms ICD-10 ICD-9-CM Read Codes ICPC Terms ICD-10 ICD-9-CM Read Codes ICPC
Emergency 8H2P.00 Gastroesophageal K21* 530.81
admission: asthma reflux disease
Status asthmaticus J46 493.01 H332z000 (GERD)
J45.22 493.11 Reflux esophagitis J101100
J45.32 493.21 Acid reflux J101111
J45.42 493.91 Gastroesophageal K21.0 530.81 J101112
145.52 reflux with
145.902 esophagitis
Severe asthma attack H332011 Gastroesophageal K21.9 530.81 J101112
. reflux without
Asthma accident and 663m.00 ..
esophagitis
emergency
] Esophageal reflux 530.11 J101113 D84.03
attendance since . -
Tots Thef with esophagitis
Emergency asthma 663d.00 Esoph}’;lgeal reﬂu.x J10y400 D84.02
admission since last SO (m;{)tmn)
. of esophagitis
appointment
Esophageal reflux K21.9 J10y411
Gastroesophageal K21.9 J10y412
reflux
TABLE E3. Disease codes for atopy Acid reflux K21.9 530.81 J10y413
Terms ICD-10 ICD-9-CM Read Codes ICPC Peptic esophagitis J101114
Atopic dermatitis/ L20* 691+ MI111.00 S87 Regurgitant J101115
eczema esophagitis
M112.00 Gastric reflux 1957.00
M113.00
*All codes falling under this category.
M114.00
M11z.00
Allergic rhinitis J30* (excluding J30.0)  477* H17* R97 TABLE E6. Disease codes for nasal polyps
. HI20.11 Terms ICD-10 ICD-9-CM Read Codes ICPC
Asthma with J45.909 Nasal ool T33% 1 I R99.02
allergic rhinitis asal polyps = =
(nasal Nasal polyp present 2D33.00
congestion) Nasal polypectomy 7406000
Other allergic Hyu2100 7402900
rhinitis 7402911
Hyu2000 7406700
Allergic eczema M114.00 7416F00

*All codes falling under this category.

TABLE E4. Disease codes for chronic rhinosinusitis

Terms ICD-10 ICD-9-CM Read Codes ICPC
Chronic rhinitis H120*

Chronic allergic sinusitis H13.11 R75.02
Allergic sinusitis H17.00

Other chronic sinusitis Hyu2200

Chronic sinusitis, unspecified J32.9 473.9

Chronic sinusitis H13*

Allergic rhinosinusitis H17.12

*All codes falling under this category.

*All codes falling under this category.

TABLE E7. Disease codes for overweight/obesity

Terms ICD-10 ICD-9-CM Read Codes ICPC
Overweight/obesity BMI > 30 E66* 278.0%* C38* T83
Adipositas T82
BMI > 40.0—44.9 768.4*%  278.01 22K7.00
BMI 45.0—49.9 768.42
BMI > 30 V85.3* 22K5.00
BMI 85th < 95th percentile Z68.53 V85.53
BMI > 95th percentile 768.54 V85.54
Other obesity Cyu7#

*All codes falling under this category.



J ALLERGY CLIN IMMUNOL PRACT
VOLUME 10, NUMBER 7

TABLE E8. Cutoff BMI values for obesity or overweight

Variable Adults (>19)
Obese BMI > 30
Overweight BMI between 25 and 29.9

TABLE E9. Demographics of asthma-onset groups—severe asthma cohort

BAAN ETAL 1834.e7

Variable Database Childhood-onset asthma n = 2,418 Adult-onset asthma n = 11,884 Late-onset asthma n = 28,309

Aarhus n (% of onset group) 129 (8.1) 409 (8.2) 1,095 (14.7)
Age (y), median (range) 21 (18—=30) 40 (19-52) 61 (40—95)
Females, % 40 67 62

CPRD n (% of onset group) 1,947 (2.7) 8,781 (6.2) 20,486 (11.4)
Age (y), median (range) 24 (18—55) 40 (18—64) 65 (40—101)
Females, % 50 62 64

HSD n (% of onset group) 49 (3.3) 515 (3.6) 1,331 (6.2)
Ag (y), median (range) 22 (18—27) 36 (20—51) 63 (40—102)
Females, % 45 50 63

IPCI n (% of onset group) 289 (4.7) 2,060 (7.0) 4,097 (10.8)
Age (y), median (range) 21 (18—45) 37 (19-57) 58 (40—97)
Females, % 53 61 64

SIDIAP n (% of onset group) 4 (0.6) 119 (0.4) 1,300 (3.3)
Age (y), median (range) 22 (19-24) 37 (20—45) 71 (40—97)
Females, % 50 56 71
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TABLE E10. 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
Variable OR 95% Cl P value OR 95% Cl P value
Uncontrolled asthma 2.06 1.20 3.53 .0085 3.24 1.80 5.82 .0001
Atopic disorder 0.79 0.54 1.15 2138 0.75 0.49 1.14 1730
Chronic rhinosinusitis 0.99 0.62 1.57 9644 0.32 0.27 0.39 <.0001
Nasal polyposis 1.87 1.35 2.57 .0001 0.76 0.51 1.12 1653
Overweight/obesity 2.33 2.12 2.56 <00001 1.19 1.05 1.34 .0051
Diabetes mellitus 3.90 1.21 12.57 .0229 1.30 0.46 3.69 6254
GERD 2.59 1.73 3.87 <.0001 1.05 0.83 1.34 .6809
Smoking: current 1.59 1.26 2.01 .0001 2.09 1.76 2.49 <.0001
Smoking: past 1.87 1.65 2.11 <.0001 1.70 1.45 1.99 <.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 .3696 1.69 1.40 2.05 <.0001
Atopic disorder 0.48 0.42 0.55 <.0001 0.77 0.62 0.95 .0154
Chronic rhinosinusitis 1.10 1.03 1.18 .0060 0.81 0.63 1.04 .0923
Nasal polyposis 1.59 1.18 2.14 .0026 1.36 1.17 1.58 .0001
Overweight/obesity 1.79 1.36 2.35 <.0001 1.37 1.25 1.51 <.0001
Diabetes mellitus 4.37 2.37 8.05 <.0001 1.91 1.20 3.05 .0066
GERD 1.51 1.41 1.61 <.0001 1.02 0.81 1.28 .8825
Smoking: current 0.44 0.31 0.63 <.0001 1.63 1.40 1.91 <.0001
Smoking: past 1.35 1.06 1.72 .0154 1.37 1.13 1.66 .0011

*Uncontrolled asthma is defined as > 2 severe asthma exacerbations (ie, systemic corticosteroid course, emergency department visit, or hospitalization for asthma) in the year
prior to the index date.
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