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Abstract

Background: Investigation for the presence of asthma comorbidities is recommended by GINA as
their presence can complicate asthma management.

Objective: To understand the prevalence and pattern of comorbidities and multimorbidity in adults
with severe asthma and their association with asthma-related outcomes.

Methods: This was a cross-sectional study using data from the International Severe Asthma Registry
from 22 countries. Thirty comorbidities were identified and categorized a priori as either (1)
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potentially T2-related, (2) potentially oral corticosteroid (OCS)-related or (3) mimicking/aggravating
asthma. The association between comorbidities and asthma-related outcomes was investigated
using multivariable models adjusted for country, age at enrollment, and sex.

Results: Of 11,821 patients, 69%, 67%, and 55% had >1 potentially T2-related, potentially OCS-
related, or mimicking/aggravating comorbidities, respectively; 57% had =3 comorbidities, and 33%
had comorbidities in all three categories. Patients with allergic rhinitis (AR), nasal polyposis (NP), and
chronic rhinosinusitis (CRS) experienced 1.12- (p=0.003), 1.16- (p<0.001) and 1.29-times (p<0.001)
more exacerbations/year, respectively, than those without. Patients with NP and CRS were 40% and
46% more likely (p<0.001), respectively, to have received long-term (LT) OCS. All assessed potential
OCS-related comorbidities (except obesity) were associated with greater likelihood of LTOCS use
(ORs: 1.23-2.77) and, except for dyslipidemia, with greater likelihood of uncontrolled asthma (ORs:
1.29-1.68). All mimicking/aggravating comorbidities assessed were associated with more
exacerbations (1.24-1.68 times more), all (except bronchiectasis) with increased likelihood of
uncontrolled asthma (ORs: 1.57-1.81) and all (except COPD) with increased likelihood of LTOCS use
(ORs: 1.37-1.57). Greater number of comorbidities was associated with worse outcome.

Conclusion: In a global study, comorbidity or multimorbidity is reported in most adults with severe
asthma and is associated with poorer asthma-related outcomes.

Introduction

From 2014, the Global Initiative for Asthma (GINA) has focused on asthma control and personalized
management of patients’ modifiable risk factors, including comorbidities*? Investigation for the
presence of comorbidities is recommended at every part of the asthma management journey, and
multimorbidity is recognized as a common problem in patients with asthma.! Some of these
comorbidities can complicate asthma treatment, significantly increase the risk of poor asthma-related
outcomes,>™ and are associated with significant productivity losses.® Overall comorbidity-attributable

healthcare costs are five times higher than costs attributable to asthma alone.”

The list of asthma comorbidities is extensive and broadly divided into 3 categories: (i) type 2
inflammatory (T2) comorbidities, (ii) comorbidities potentially related to oral corticosteroid (OCS)
exposure and (iii) comorbidities that mimic/aggravate asthma symptoms, with some overlap between
categories.®® T2 inflammatory comorbidities (eg, allergic rhinitis (AR), chronic rhinosinusitis (CRS),
and nasal polyposis (NP)), are markers of T2 inflammation and associated with more severe asthma
(eg, particularly CRSWNP). OCS-related comorbidities include obesity, osteoporosis, diabetes, anxiety

and depression.#%1! Anxiety and depression are associated with worse asthma symptom control,
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reduced medication adherence, and reduced asthma-related quality of life (QolL), and are also
sometimes categorized as asthma mimicking/aggravating.'> Comorbidities that mimic/aggravate
asthma symptoms include gastroesophageal reflux disease (GERD) and chronic obstructive pulmonary
disease (COPD). GERD is a common cause of dry cough and may be aggravated by the use of asthma
medications such as B-agonists and theophylline.! COPD can present with asthma, a condition
sometimes referred to as asthma-COPD overlap.'®> Asthma COPD overlap is associated with a greater
symptom burden, more frequent exacerbations, worse QolL, a more rapid lung function decline, a
higher mortality rate, and a greater use of healthcare resources compared to patients with either
asthma or COPD alone.®® Few large-scale studies are published that assessed comorbidities in severe

asthma, and little has been reported on the burden and impact of multimorbidity.4-1¢

The International Severe Asthma Registry (ISAR), the largest adult severe asthma registry in the world,
including data on >12,000 patients, collects information on comorbidities, asthma clinical
characteristics and outcome domains.'”2° Its size and scope permits an in-depth look at comorbidity
prevalence globally and by country, facilitates comorbidity categorization, assessment of presentation
patterns, and investigation of the relationship between comorbidities and asthma. The aim of our
study was to understand the global prevalence, distribution and co-existence of comorbidities,
including multimorbidities, in adults with severe asthma and investigate the association of

comorbidities with clinical and asthma-related outcomes.
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Methods
Study design and data sources

This was a cross-sectional study using data from ISAR (https://isaregistries.org/), details of which have

been described elsewhere.?° We included data from 22 countries that shared data from (2010-2022)
with ISAR (Argentina, Australia, Bulgaria, Canada, Colombia, Denmark, Greece, India, Ireland, Italy,
Japan, Kuwait, Mexico, Poland, Portugal, Saudi Arabia, South Korea, Spain, Taiwan, United Arab
Emirates, UK, and USA). Data were either retrospective (collected pre-ISAR launch [ie, 1 May 2017])
or prospective (collected post-ISAR launch). For patients who did not subsequently initiate biologics,
the enrollment date was the visit closest to ISAR launch for retrospectively enrolled patients, and the
first visit date for prospectively enrolled patients. For patients who subsequently initiated biologics,
the enrollment date was the biologic initiation date for both retrospectively and prospectively
enrolled patients. The pre-biologic period was used to avoid confounding potentially caused by

biologics on asthma-related outcomes and biomarkers.

This study is exempt from IRB. All ISAR data collection sites have obtained regulatory agreement in
compliance with specific data  transfer laws, country-specific legislation, and relevant Ethic

Committees and organizations (eAppendix 1).

Patients

Patients were aged >18 years, had severe asthma (ie, receiving treatment at GINA 2018 Step 5 or with
uncontrolled asthma at GINA Step 4 (ie, treated with inhaled corticosteroid [ICS]/long-acting B»-
agonist),?! and had data on >1 comorbidity collected as part of this study. We included all eligible
patients to assess individual comorbidity prevalence, pre-defined comorbidity categories, and to
explore comorbidity co-occurrence (prevalent series). Only prospectively enrolled patients were

included in the association analysis (association series), as at the time of the analysis, clinical and
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functional endpoint data were scarce for the retrospectively enrolled patients. Patients with missing

sex data were excluded from the association analysis.

Comorbidity data collection

Core physician-assessed, clinically diagnosed comorbidities (ie, eczema, AR, CRS, NP, and obesity)
were collected by all countries. Additional potentially related OCS comorbidities (maximum 16; eg,
circulatory system diseases, ocular diseases) were collected by many countries. Some countries also

elected to collect extra comorbidity variables (eg, food allergy, dyslipidemia, GERD) (Table 1; eTable

1).20,22

Study variables

Thirty comorbidities were identified and categorized a priori as (1) potentially T2-related, (2)
potentially OCS-related, or (3) mimicking/aggravating asthma. These categories were identified by
extensive literature search and expert consensus. Because presence/absence information on
comorbidities was not always available at each visit, we used all visits available (before or after
enrollment) to compute a never/ever present variable for each individual comorbidity. Demographic,
clinical characteristics (eg, age of onset, biomarker levels) and pre-biologic asthma-related outcomes
were also collected (ie, long-term OCS (LTOCS) use, exacerbation rate, percent predicted forced
expiratory volume in one second (ppFEV1),” and asthma control). Definitions/categorizations of

variables and timing of collection are provided in Table 2 and eTable 2.
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Study Outcomes

The prevalence of individual comorbidities (by category and country), multimorbidity (1, 2, and 3+
comorbidities), and comorbidity co-occurrences across categories were calculated. The number of
countries collecting information on each type of comorbidity and how these data were collected (eg,
categorially, check box, binary field, free text, ICD code) was also assessed. We assessed the
association between the most common individual comorbidities (a priori threshold prevalence of
>10%) and the number of comorbidities (overall and by comorbidity category) and demographic
characteristics, clinical characteristics, and asthma-related outcomes. Demographic characteristics,

clinical characteristics, and asthma-related outcomes were assessed at the time of enrollment.

Statistics

The statistical analysis plan was predefined. R version 4.1.0 (R Foundation for Statistical Computing,
Vienna, Austria) was used to conduct all statistical analyses.?* Descriptive statistics were used to
summarize comorbidity prevalence (individual and co-occurrences). For individual comorbidities, the
denominator was computed as the number of patients with presence/absence information available
on at least one visit (eAppendix 1). Comorbidity co-occurrence was assessed in patients with non-
missing data for at least 3 comorbidities and described as the prevalence of 1, 2, and 23 comorbidities,

overall and by categories.

The prevalence of comorbidities by demographic characteristics was compared through univariate
analysis. The association between clinical characteristics/asthma-related outcomes and comorbidities
were assessed through multivariable models. For the association of individual comorbidity with
outcome, comorbidity (ever/never present) was the explanatory variable and clinical
characteristics/asthma-related outcomes were the dependent variables. For the association between
the number of comorbidities and outcomes, we used ordinal variables (0, 1, 2, or 3+ comorbidities),

overall and within comorbidity categories. All models were adjusted for country, age at registry
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enrollment, and sex. For continuous dependent variables (age at asthma onset, biomarkers, and
ppFEV1), we used linear regression, and results were expressed as differences in means comparing
patients with to those without the considered comorbidity. For binary dependent variables (LTOCS
use [yes/no] and asthma control [uncontrolled/partly or well controlled]), we used logistic regressions,
and results were expressed as odds ratios (ORs). The comorbidity/exacerbation rate association was
investigated using negative binomial regressions. All comparisons were two-sided and significance
considered at an a level of 0.05. Additional details on all statistical analyses are provided in the

eAppendix 1.
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Results

Subject disposition and baseline characteristics

As of 24 January 2022, ISAR contained data from 22 countries including 12,099 adult patients with
severe asthma (eFigure 1). A total of 11,821 patients were included in the prevalence series, and 8499
in the association series. Patients in both assessment cohorts were predominantly female (62%), aged
50-69 years at enrolment (50%), had later onset asthma (ie, aged >12 yrs: ~80%) an eosinophilic
phenotype (~¥87%), and evidence of atopy (>60%) (eTables 3A & 3B). Baseline characteristics for both
series are provided in the eSupplement (eTable 3A & 3B).

omorbidity data collection

Information on comorbidities was not uniformly collected by countries, depending upon whether the
comorbidity was core, additional, or extra (Table 1). Most potentially T2-related and OCS-related
comorbidities were consistently collected. However, not all countries collected information on
urticaria (collected in 4 countries), food allergy (n=5), aspirin sensitivity (n=7), eosinophilic esophagitis
(n=3), hypertension (n=12), dyslipidemia (n=4), and adrenal insufficiency (n=3). Comorbidities
mimicking/aggravating asthma symptoms were all infrequently collected (eg, GERD, COPD, and

bronchiectasis were each collected by only 7 countries) (Table 1).

Comorbidity information was collected in different ways (eg, as categorical [eg, current/past/never]
or binary [yes/no] data, or using check boxes, free text, or ICD codes from electronic medical records),
and there was inter-category variability in method of collection (eFigure 2). Potentially T2-related
comorbidity information was gathered categorically, predominantly (eFigure 2A), whereas method of
collection for potentially OCS-related comorbidities varied by comorbidity — collected mostly as
categorical/binary data for sleep apnea, anxiety/depression, and osteoporosis, and as free text for
hypertension (eFigure 2B). Methods of collection for comorbidities mimicking/aggravating asthma

symptoms showed the greatest heterogeneity (eFigure 2C).Y’
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Prevalence of comorbidities

Individual comorbidities

Patients with severe asthma had a wide range of comorbidities. The most prevalent reported
individual comorbidities were AR (49%; n=5525/11,281), CRS (46%; n=5151/11,223), obesity (42%;
n=4893/11,583), and GERD (44%; n=3243/7400) (Table 1). Of 3,745 patients with reported AR and
available data on allergen tests (skin prick test or serum tests), 746 (19.9%) were not positive to any
tested allergen. Additionally, marked between-country variation was noted for each of these
comorbidities (eFigure 3). Reported AR prevalence ranged from 4.6% in the UK to 92.9% in Mexico,
obesity prevalence ranged from 9.3% in South Korea to 64.2% in Kuwait, and GERD prevalence

ranged from 3.4% in the UK to 56.8% in the USA.

Comorbidity categories

Overall, the prevalence of at least one comorbidity was 92%. The estimates for >1 potentially T2-
related comorbidity, 21 potentially - OCS-related comorbidity, and 21 comorbidity
mimicking/aggravating asthma were 69%, 67%, and 55%, respectively. These estimates were relatively
stable in sensitivity analysis restricting the study population to patients with various thresholds of

minimum numbers of comorbidities with available data (eTable 4).

Comorbidity counts and multimorbidity

Most patients (57.3%; n=6761/11,794) had at least 3 comorbidities of any type (Figure 1). Of note,
39.5% (n=4600/11,623) of patients had 22 potentially T2-related comorbidities, 39.9%
(n=4589/11,489) had >2 potentially OCS-related comorbidities, and 20.9% (n=1567/7496) had >2
comorbidities mimicking/aggravating asthma (Figure 1). These proportions were relatively stable
when explored by subgroups of patients with increasing numbers of comorbidities with available data
(eTable 5). In a subpopulation of 7,561 patients who had information available for 21 comorbidity in
each category, 2,477 (32.8%) had comorbidities in all three categories. We further explored the most

frequent comorbidities and comorbidity combinations by number (1, 2, or 23) of reported
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comorbidities (eTable 6). The most common dual comorbidity patterns in patients with two reported
comorbidities were AR and CRS (44.8%), obesity and sleep apnea (21.7%), and GERD and COPD
(32.6%), for potentially T2-related, potentially OCS-related, and comorbidities mimicking/aggravating

asthma symptom categories, respectively.

Comorbidity associations with demographic characteristics, biomarkers, and asthma outcomes

We focused on the 15 most common comorbidities (prevalence >10%) with restriction to
prospectively enrolled patients (n=8499; patient characteristics available in eTable 3B). The
association of comorbidities with sex, age, and smoking status is provided in the eSupplement
(eTables 7-9). The presence of comorbidities was significantly associated with asthma clinical
characteristics and outcomes, and the pattern of the association was comorbidity-dependent (Table

3; eTables 10-17; Figure 2).

Biomarkers and age at asthma onset

Patients with potentially T2-related comorbidities had higher biomarker concentrations than those
without (Table 3; eTables 11-13). Patients with CRS and NP had higher BEC and higher FeNO
concentrations, patients with AR had higher concentrations of all three biomarkers, and those with
eczema/AD had higher IgE concentrations. By contrast, potentially OCS-related comorbidities were
either not associated with this biomarker concentration elevation or were associated with lower
concentrations, with the exception of osteoporosis, which was associated with elevated BEC (Table 3;
eTable 11). Comorbidities mimicking/aggravating asthma symptoms were also not associated with
biomarker concentration elevation, with the exception of bronchiectasis, which was associated with

elevated BEC and IgE (Table 3; eTables 11 & 12).

A few comorbidities were associated with age at asthma onset (Table 3; eTable 10). Patients with AR,
eczema/AD, and diabetes were on average younger at asthma onset than patients without, whereas

patients with CRS and NP were on average older at asthma onset.
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Individual comorbidities and asthma outcomes

Having a comorbidity was generally associated with receiving LTOCS and with higher exacerbation
rates, with a variable impact noted on lung function and asthma control (Figure 2 A-D; eTables 14-
17). However, the extent of comorbidity association on asthma outcome was also comorbidity-

dependent.

Potentially T2-related comorbidities

CRS was associated with a poorer outcome for 2 variables: exacerbations and LTOCS use. Compared
to those without CRS, patients with comorbid CRS had 29% more exacerbations and were 46% more
likely to receive LTOCS (eTables 14 & 15). NP was also associated with a poorer outcome for these 2
variables. AR was associated with higher exacerbation rates only, and AD was not associated with a
significantly poorer asthma outcome for any variable assessed (Figure 2A-D). None of these potentially
T2-related comorbidities were associated with poorer lung function, compared to those without;
indeed, some of them were associated with better lung function (ie, AR, CRS, and NP) (eTable 16).
Additionally, none of these T2-related comorbidities were significantly associated with poorer asthma

control (eTable 17).

Potentially non-T2-related comorbidities

Having hypertension or osteoporosis was associated with a significantly worse outcome in each of the
four asthma outcomes assessed. Patients with osteoporosis were over twice as likely to have used
LTOCS (OR 2.77; 95% Cl: 2.35, 3.27; eTable 14) and experienced 61% more exacerbations (95% Cl:
45%, 79%) than those without osteoporosis (Figure 2A; eTable 15). Overall, 9 out of 11 non-T2-related
comorbidities were associated with higher odds of LTOCS use, and 8 out of 11 were associated with

higher exacerbation rates.

Most of the comorbidities that were potentially OCS-related or mimicking/aggravating asthma
symptoms were also associated with worse asthma control. This was particularly the case for sleep

apnea (OR 1.59; 95% Cl 1.32, 1.92), anxiety/depression (OR 1.68; 95% Cl 1.40, 2.02), GERD (OR 1.81;
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95% Cl 1.48, 2.23), and vocal cord dysfunction (VCD)/laryngeal spasm (OR 1.81; 95% CI 1.38, 2.37)
(Figure 2D; eTable 17). Some of them were also associated with worse lung function, particularly,

COPD (-15.9 ppFEV1) and bronchiectasis (-5.24 ppFEV1) (Figure 2C; eTable 16).

Number of comorbidities and asthma outcomes
Patients with a greater number of comorbidities, both overall and for each comorbidity category, had
worse asthma outcomes, with the exception of ppFEV1 and asthma control for potentially T2-related

comorbidities (Table 4).

Discussion

Our study is the first global analysis of comorbidity burden in patients with severe asthma, in terms of
both prevalence and association with asthma clinical characteristics and outcomes. It included an in-
depth exploration by category, multimorbidity, and co-occurrence patterns across categories, and
investigated the extent and method of comorbidity information collection; a reflection of the
complexity of comorbidity presentation and reporting in real-life. We found a differential association
between comorbidities and asthma biomarkers, a comorbidity-specific association across multiple
asthma outcomes and aclear relationship between number of comorbidities and extent of outcome
impairment. Having CRS and NP, in particular, was associated with more exacerbations and LTOCS use,
whereas poor asthma control was associated with all potentially OCS-related comorbidities (with the
exception of dyslipidemia). LTOCS use was associated with the largest number of comorbidities across

the spectrum.

Patients with severe asthma presented with a wide variety of comorbidities, with some more
prevalent than others (eg, AR, obesity, and GERD); more than 50% of patients with severe asthma had
3 or more comorbidities. Appropriate management of these multimorbid patients may be challenging
due to the need for a multidisciplinary approach that may not be available in all countries. There also

was marked inter-country variability in comorbidity prevalence estimates, possibly due to current gaps
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in comorbidity reporting, heterogeneity in reporting methodology, misclassification (e.g. NAR many
have been captured within the AR category), and/or inter-country demographic variability.?> Although
all countries collected the ISAR comorbidity core variables (ie AR, CRS, NP, AD, and obesity) and many
also collected the optional OCS-related comorbidities,?? collection gaps were noted for certain T2-
related comorbidities (eg, urticaria, food allergy, aspirin sensitivity, and eosinophilic esophagitis) and
some OCS-related comorbidities (eg, sleep apnea, hypertension, dyslipidemia, and adrenal
insufficiency). Additionally, the majority of countries did not collect (or did not report) information on
comorbidities mimicking/aggravating asthma symptomes, likely as these variables were not part of the
original Delphi-agreed ISAR variables.)” We also noted marked variation in how comorbidity
information was recorded. These findings emphasize the need to focus on comorbidity assessment in
clinical care, particularly those that are OCS-related considering the adverse event and socioeconomic

10,26,27

impact associated with their use , as well as the need for a “clinical protocol’ to guide assessment

and management of severe asthma, and standardized tools to collect and report comorbidity data.

The position of T2-related comorbidities as drivers of continued exacerbations and their association
with poor asthma control is well documented.>*2° For example, among patients with asthma in UK
primary care, those with 1 or 2 potentially T2-related comorbidities were significantly less likely to
achieve asthma control (ORs: 0.95 and 0.86, respectively) compared to those without ° In our study,
we noted higher exacerbation rates for those with comorbid AR, CRS, or NP and higher odds of LTOCS
use for those with comorbid CRS and NP than those without; these results have been confirmed by
others, albeit at the national level and not specifically in severe asthma.?*3! However, we additionally
found a marked cumulative negative effect of multiple T2-related comorbidities on exacerbation rate
and LTOCS use that has not previously been reported; this is particularly important when one
considers that approximately 40% of patients had >2 physician-assessed potentially T2-related
comorbidities. The positive association noted in our study between nasal T2-comorbidies and lung

function may be due to earlier diagnosis of asthma in these patients (as the association between these
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comorbidities and asthma is well documented),? earlier therapy intervention that may blunt lung

function decline, and/or improved responsiveness to ICS in T2-high asthma.3%34

Mindful of the serious long-term adverse effects of OCS, GINA 2023 urges physicians to consider
maintenance OCS as a “last resort” if other treatments have been optimized and no alternative is
available.! However, globally some 20 to 60% of patients with severe asthma are still treated with
LTOCS.* We found that 68% and 40% of patients had >1 and >2 potentially OCS-related comorbidities,
respectively. Others have reported higher prevalence rates of conditions linked to OCS use in patients
with severe asthma (93%), even in those with mild/moderate disease (78%).1* Reassuringly, we found
a strong association between potentially OCS-related comorbidities and LTOCS use at enrollment.
Although our cross-sectional design prevents an assumption of any directional relationship, it is
probable that LTOCS exposure caused the occurrence of comorbidities, a hypothesis strengthened by
the greater odds of LTOCS use with greater number of OCS-related comorbidities. Furthermore, the
presence of an OCS-related comorbidity was generally associated with higher exacerbation rates and
higher odds of uncontrolled asthma, with higher rates and odds noted with increasing number of
comorbidities. Others have reported an association between obesity, anxiety/depression, and
diabetes and increased risk of experiencing multiple exacerbations,® as well as sleep apnea and poor
asthma control, even in subjects who used their inhalers correctly.?” Taken together, these results
highlight the need for OCS stewardship to regulate OCS use.3® A recently published expert consensus
agreed that OCS use should be minimized, that OCS tapering should be attempted in every patient,
that biological therapies are useful OCS-sparing agents, and that patients should be systematically

assessed for suitability for biological therapy.*®

Comorbidities mimicking/aggravating asthma were also relatively common in our study, with a strong
association noted between these comorbidities and LTOCS use. The presence of COPD, GERD, and
VCD/laryngeal spasms was also associated with significantly greater odds of having poorly controlled

disease and higher exacerbation rates. Other studies have found that patients with comorbid GERD
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were 3 times more likely to have uncontrolled asthma than their counterparts without GERD,* that
these patients experienced 1.6 times more exacerbations/year,*! and that GERD was predictive of
future multiple exacerbations.®® These results highlight the importance of a thorough comorbidity
assessment in order to differentiate severe from poorly controlled disease caused by comorbidities,
to treat the cause and not the symptoms, and to prevent inappropriate treatment and inadequate

response.

Missing data were a limitation of our study - clinical variables were not available for all patients,
particularly spirometry data during the Covid-19 pandemic. However, sensitivity analyses excluding
patients with fewer collected comorbidities led to estimates of similar magnitudes, and sample sizes
for all outcome measures were still large. In line with ISAR’s current inclusion criteria, data were also
not captured for those aged <18 years, although in the future, we hope to include children and
adolescents in ISAR with the view of capturing the entire asthma life cycle. Although we included a
long list of comorbidities, this was not exhaustive. Non-allergic rhinitis (NAR) was not included, for
example, although NAR may have been included in the AR categorization by some countries,
evidenced by the fact that 19.9% of patients with reported AR were not positive to any tested allergen.
Additionally, information regarding comorbidity severity was not collected, results may have been
confounded by asthma severity and phenotype, and there may have been some selection bias on the
biomarkers collected. There was also marked inter-country variability in how comorbidity data were
collected (although no clear pattern by data source was observed) and wide inter-country variability
in the prevalence of certain comorbidities. The range of AR prevalence was particularly wide, lowest
in the UK and highest in Mexico (e-Figure 3). This may have been due to under-reporting in the former,
and almost excusive collection of data from allergist centers in the latter. Furthermore, although
inclusion of highly selective patients in some countries (eg, UK and Denmark), may have positively
selected for patients with multiple comorbidities, this is not true for all, and analyses were adjusted
for country. The data incompleteness inherent to real-world studies and the heterogeneity in data

collection inherent to international studies led us to harmonize information on comorbidity into



Journal Pre-proof

“ever/never present” variables using data available from all visits. Despite maximizing data on
comorbidities, this compromise might have diluted the results from our association analysis if the
comorbidity was resolved before the enrollment date or if the comorbidity occurred after the
enrollment date. However, considering that many of the comorbidities included are chronic conditions
for which diagnoses may be delayed, the potential bias might be minimal. Finally, the statistical power
for the association analysis was directly linked to comorbidity prevalence, hence power may have
been lacking in some comorbidities (eg, eczema/AD). Comorbidities with prevalence <10% overall

were not analyzed for this reason and will require further attention in larger studies.

Strengths of our study are its large size, incorporating a large, heterogeneous asthma cohort from 22
countries, and generalizability of our findings to the global severe asthma population. We investigated
the prevalence of 30 comorbidities, providing an in-depth analysis of prevalence patterns and
permitting a comprehensive analysis of the association of individual and multiple comorbidities with
multiple asthma outcomes. Future directions could include an assessment of comorbidity trajectory
(ie, can biologics slow down the development of OCS-related comorbidities), the impact of the most
prevalent comorbidity co-occurrences on asthma outcomes, a more detailed assessment of the clinical
importance of the relationship of comorbidities and T2-related biomarkers, and the influence of
comorbidities on biologic response. Addressing the relationship between comorbidities and patient

behaviors (eg, adherence) would also be of interest.

In conclusion, comorbidities and multimorbidity are frequent in adults with severe asthma in real-life,
and their presence is associated with poorer asthma-related outcomes. Our findings could (i)
encourage a more systematic evaluation for comorbidities during routine asthma review, in line with
GINA recommendations,? (ii) promote standardized comorbidity data collection, (iii) foster a multi-
disciplinary and holistic approach to asthma management, and consequently, (iv) improve outcomes

for those with severe asthma.
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Figure 1: Proportion of patients with 1, 2, and 23 comorbidities overall and by comorbidity category,
in patients with available data for at least three comorbidities.
Abbreviation: OCS: oral corticosteroid

Figure 2.
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Figure 2: Association between comorbidities and (A) long-term OCS use, (B) asthma exacerbations,
(C) lung function and (D) asthma control. Long-term OCS: ORs and 95% Cls of receiving long-term
OCS associated with presence of comorbidities; Exacerbations: ratios of means and 95% Cls of
number of exacerbations in the year preceding enrollment associated with presence of

comorbidities; Percent predicted FEV:: averaged differences and 95% Cls of FEV; percent predicted

at enrollment associated with presence of comorbidities; (D) Asthma control: ORs and 95% Cls of
having uncontrolled asthma at enrollment associated with presence of comorbidities. All
associations (ORs, ratios of means and differences) were adjusted for country, age at registry

enrollment and sex. Potentially T2-related comorbidities are shown in blue, potentially OCS-related



Journal Pre-proof

comorbidities are shown in yellow, and comorbidities mimicking/aggravating asthma are shown in

pink.

Abbreviations: Cl: confidence; COPD: chronic obstructive pulmonary disease; GERD:
gastroesophageal reflux disease; FEV;: forced expiratory volume in one second; OR: odds ratio. Full

data, including sample sizes and p-values are available in the online supplement (eTables 14-17)

Table 1: Prevalence of 30 comorbid conditions in patients with severe asthma

Comorbidities Number of contributing Sample size* N** Prevalence

countries

Potentially T2-related categories

Allergic rhinitis 22 11,281 5,525 49%
Chronic rhinosinusitis? 21 (all -AU) 11,223 5,151 46%
Nasal polyposis 22 11,613 2,413 21%
Eczema/atopic dermatitis 22 11,600 1,199 10%
Urticaria 4 (AU, ES, UK, USA) 6,349 243 3.5%
Food allergy 5 (AU, ES, PT, UK, USA) 6,977 230 3.3%
Aspirin sensitivity 7 (AU, CA, DK, ES, PT, UK, USA) 7,498 122 1.6%
Eosinophilic esophagitis 3 (AU, UK, USA) 6,149 32 0.52%

Potentially OCS-related comorbidities
Obesity 22 11,583 4,893 42%
Hypertension 12 (AU, ES, IT, JP, MX, PL, PT, SK, 9,252 2,104 23%
TW, UAE, UK, USA)
Sleep apnea 21 (all -IT) 10,094 2,256 22%
Dyslipidemia 4 (AU, ES, UK, USA) 6,849 1,083 16%

Anxiety/depression? 21 (all -DK) 11,019 1,565 14%
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Osteoporosis 21 (all -DK) 10,742 1,371 13%
Diabetes 22 11,422 1,336 12%
Coronary heart disease 22 11,039 984 8.9%
Pneumonia 20 (all -DK, -ES) 10,300 877 8.5%
Other significant infections 20 (all -IE, -PT) 6,918 560 8.1%
Peptic ulcer 20 (all -DK, -ES) 10,323 266 2.6%
sPulmonary embolism/VTE 20 (all -DK, -ES) 9,972 246 2.5%
Cataract 21 (all -DK) 10,923 258 2.4%
Chronic kidney disease 21 (all -DK) 11,032 164 1.5%
Adrenal insufficiency 3 (AU, UK, USA) 6,149 80 1.3%
Glaucoma 21 (all -DK) 10,888 139 1.3%
Cerebrovascular accident 20 (all -DK, -ES) 9,968 63 0.63%

Comorbidities mimicking/aggravating asthma

GERD? 7 (AU, CA, DK, ES, PT, UK, USA) 7,400 3,243 44%
COPD 7 (AU, CA, DK, ES, PT, UK, USA) 7,508 1,045 14%
Bronchiectasis 7 (AU, CA, DK, ES, PT, UK, USA) 7,509 799 11%
VCD/laryngeal spasms 5 (AU, DK, ES, UK, USA) 7,199 758 11%
Dysfunctional breathing 6 (AU, CA, DK, ES, UK, USA) 7,389 234 3.2%

1. With or without nasal polyposis
2. Can also mimic/aggravate asthma

3. Can also be OCS-related

*Variations in sample size are due to missing values for individual patients and/or at the country

level.

**Number of patients with comorbidity.



Journal Pre-proof

Table 2: Definition and timing of collection for demographic, clinical, and asthma outcome variables

Age groups (yrs)

18-29; 30-39; 40-49; 50-59; 60-69;

70-79; 80+

Smoking status

Current, former, never

Variable Definition/categorization Timing of collection
Demographic characteristics
Sex Male/female

At enrollment

Comorbidity

Potentially T2-related

AR, CRS, NP, eczema/AD, urticaria,

mimicking/aggravating

asthma symptoms

food allergy, aspirin sensitivity,
eosinophilic esophagitis

Potentially OCS- | Obesity, HT, SA, diabetes,

related dyslipidemia, - anxiety/depression,
OP, CHD, PN, other significant
infection, peptic ulcer, PE/VTE,
cataract, glaucoma, adrenal
insufficiency, CVA

Potentially GERD, COPD, bronchiectasis,

VCD/LS, dysfunctional breathing

Before or after the time of

enrollment

Clinical characteristics

Age of asthma onset | <12 and 212 At enrollment
(yrs)
BEC (cells/pL) Test result
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Serum IgE (1U/mL) Highest count prior to initiating

FeNO (ppb) bx or highest count ever recorded

for those not receiving bx.

Asthma outcomes

LTOCS use Yes/no and defined as daily use of | At enrollment
OCS as a background therapy for

more than 3 months

Exacerbation rate Number of exacerbations requiring | In the 12-month period preceding
rescue steroids enrollment
ppFEV: <80%; 280%
Measured as close as possible to
Asthma control Well-, partly- or un-controlled
enrollment

defined by GINA 2023,1 ACQ or ACT.
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Table 3: Association between comorbidities and asthma clinical characteristics in patients with

severe asthma

+7.96)

Age at asthma BEC (cells/pL) IgE (IU/mL) FeNO (ppb)
onset (years) Difference® (95% Cl) | Difference® (95% Cl) | Difference® (95%
Difference’ (95% Cl)
Cl)
Potentially T2-related comorbidities
AR -2.95(-3.98; - +29.5 (+1.2; +57.9)* +100.3 (+50.3; +5.4 (+2.1; +8.7)*
1.92)* +150.2)*
CRS +1.70 (+0.75; +158.9 (+131.8; -5.6 (-53.3; +42.1) +12.6 (+9.5;
+2.64)* +186.1)* +15.7)*
NP +1.10 (+0.12; +200.9 (+166.7; -20.7 (-79.7; +38.3) +17.7 (+14.0;
+2.08)* +235.2)* +21.5)*
Eczema/AD -3.54 (-4.97; - +37.3 (-9.1; +83.6) +271.2 (+191.9; 1.5 (-6.7; +3.7)
2.11)* +350.4)*
Potentially OCS-related comorbidities
Obesity -0.66 (-1.66; -63.4 (-91.2; -35.5)* -47.9 (-96.8; +1.0)* -9.3(-12.4; -6.2)*
+0.34)
Hypertension +0.17 (-1.56; -41.7 (-76.7;-6.7)* | -14.7(-82.2;52.8) | -7.6(-11.7;-3.5)*
+1.90)
Sleep apnea -0.17 (-2.10; -38.9 (-73.3; -4.5)* -67.0 (-130.8; -3.2)* | -7.2(-11.2;-3.2)*
+1.76)
Dyslipidemia -0.12 (-8.20; -6.0 (-47.4;+35.3) | -73.0(-154.7; +8.6) | -7.8(-13.3;-2.3)*
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Anxiety/ -0.87 (-2.39; -43.7 (-80.4; -7.0) -51.4 (-118.7; +15.8) | -5.8 (-10.0; -1.5)*

depression +0.65)

Osteoporosis -0.49 (-2.09; +43.2 (+1.8; +84.6)* | +36.7 (-38.0; +111.3) -3.9 (-8.8; +0.9)
+1.11)

Diabetes -1.94 (-3.63; - +3.23 (-36.9; +43.3) | -43.8(-116.8; +29.3) | -6.8 (-11.8; -1.9)*
0.24)*

Potentially mimicking/aggravating asthma symptoms

GERD -2.61 (-5.40; -46.4 (-80.4; -12.4)* | -58.1(-120.9;+4.7) | -7.4(-11.6;-3.3)*
+0.17)

COPD -2.15(-7.33; -93.0(-134.9; - +4.8 (-74.9; +84.5) -11.7 (-17.3; -
+3.03) 51.1)* 6.2)*

Bronchiectasis -2.07 (-5.54; +112.3 (+65.1; +114.4 (+30.8; -5.5(-11.2; +0.2)
+1.40) +159.5)* +198.0)*

VCD/laryngeal -0.52 (-6.34; -50.8 (-98.7; -3.0)* | -65.0(-154.7; +24.7) -1.8 (-7.5; +3.9)

spasms +5.31)

See eTables 10-13 for full data, sample sizes and p-values

*statistically significant

Estimates were derived from linear regressions using absence the considered individual comorbidity

as the reference and adjusting for country, age at registry enrollment and sex.
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Table 4: Association between comorbidity counts and asthma-related outcomes in patients with

severe asthma with information available on 23 comorbidities

Comorbidity | Long-term OCS use | Exacerbations/year Percent predicted Uncontrolled

count FEV1 asthma
Odds p Ratios of p Differences p Odds p
ratios means (95% Cl) ratios

(95% Cl) (95% Cl) (95% CI)
Overall (any category of comorbidities)

0 Reference Reference Reference Reference

1 1.07 (0.85; 0.587 | 0.98(0.87; 0.811 +0.84 (- 0.469 | 1.08 (0.84; 0.551
1.34) 1.12) 1.43;+3.11) 1.39)

2 1.20 (0.96; 0.116 | 1.09 (0.97; 0.157 +0.72 (- 0.524 | 1.27 (0.99; 0.056
1.50) 1.24) 1.49;+2.93) 1.63)

3+ 1.87(1.51; | <0.001 | 1.51(1.34; | <0.001 +0.16 (- 0.880 | 1.70(1.35; | <0.001
2.31) 1.70) 1.93;+2.25) 2.15)

Potentially T2-related comorbidities

0 Reference Reference Reference Reference

1 1.16 (0.99; 0.058 | 1.14(1.04; 0.003 +3.73 <0.001 | 0.89(0.76; 0.179
1.34) 1.24) (+2.40;+5.07) 1.05)

2 1.31(1.12; | <0.001 | 1.26(1.15; | <0.001 +4.39 <0.001 | 0.91(0.77; 0.284
1.52) 1.37) (+2.96;+5.82) 1.08)

3+ 1.44(1.20; | <0.001 | 1.39(1.25; | <0.001 +4.88 <0.001 | 1.05 (0.86; 0.635
1.72) 1.55) (+3.11;+6.64) 1.29)

Potentially OCS-related comorbidities

0 Reference Reference Reference Reference

1 1.37(1.18; | <0.001 | 1.18(1.09; | <0.001 -0.77 (- 0.281 | 1.31(1.11; 0.001
1.59) 1.29) 2.17;+0.63) 1.92)
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2 1.69 (1.41; | <0.001 | 1.28(1.15; | <0.001 | -2.60 (-4.26;- | 0.002 | 1.57 (1.28; | <0.001
2.03) 1.42) 0.94) 1.92)

3+ 2.50 (2.08; | <0.001 | 1.62 (1.45; | <0.001 | -2.75 (-4.37;- | <0.001 | 2.36 (1.92; | <0.001
3.00) 1.80) 1.14) 2.90)

Comorbidities mimicking/aggravating asthma

0 Reference Reference Reference Reference

1 1.38(1.14; | <0.001 | 1.56(1.39; | <0.001 | -1.97 (-3.55;- | 0.014 | 2.06 (1.64; | <0.001
1.66) 1.76) 0.40) 2.60)

2 1.73 (1.36; | <0.001 | 1.82(1.57; | <0.001 | -7.00(-8.92;- | <0.001 | 2.40 (1.82; | <0.001
2.20) 2.11) 5.09) 3.18)

3+ 2.66 (1.85; | <0.001 | 2.66(2.12; | <0.001 -10.48 (- <0.001 | 3.21(2.04; | <0.001
3.82) 3.34) 13.71;-7.25) 5.04)

See Table 1 for co-morbidities included in each category.

Estimates obtained through: *logistic regressions, T negative binomial regressions, ¥ linear

regressions. All models adjusted for country, age at registry enrollment and sex.

eSupplement

eAppendix 1.

Methods

Ethics, registration and compliance information for ISAR

The ISAR database has ethical approval from the Anonymous Data Ethics Protocols and Transparency
(ADEPT) committee (ADEPT0218) and is registered with the European Union Electronic Register of
Post-Authorization studies (ENCEPP/DSPP/23720). The study was designed, implemented, and
reported in compliance with the European Network Centres for Pharmacoepidemiology and

Pharmacovigilance (ENCEPP) Code of Conduct (EMA 2014; EUPAS44024) and with all applicable local
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and international laws and regulation, and registered with ENCEPP
(https://www.encepp.eu/encepp/viewResource.htm?id=48848). Governance was provided by ADEPT

(registration number: ADEPT1121).

Statistical analyses
Comorbidity prevalence

The total sample size was 11,821 patients. The sample size varied depending on the considered
comorbidity or group of comorbidities. For each individual comorbidity, the denominator was
computed as the number of patients with presence/absence information available on at least one
visit. Prevalence estimates were calculated by dividing the number of patients with reported
comorbidity by the corresponding denominator and expressed in percent. To compute the prevalence
of having any comorbidity, overall and by categories, the denominator was the number of patients
with non-missing data for at least one comorbidity (overall and by categories). As a sensitivity analysis,
we calculated the prevalence in subgroups of patients with non-missing data for at least two, three,
etc. up to the total number of considered comorbidities. To investigate the influence of contributing
countries to the overall prevalence estimates, we conducted meta-analyses of country-specific
prevalence estimates using generalized linear mixed models, in which we estimated the overall
prevalence from random intercept logistic regression models (random effects model estimates) [Ref
1]. The overall prevalence calculated with no consideration of countries as calculated above were

equivalent to meta-analysis pooled estimates from the fixed effects models.

Comorbidity counts and co-occurrences

In patients with non-missing data for at least three comorbidities, overall and by categories, we

counted the number of reported comorbidities and calculated the prevalence of one, two, and three
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or more comorbidities (overall and by categories). As a sensitivity analysis, we repeated this analysis
in subgroups of patients with non-missing data for at least four, five, etc. up to the total number of
considered comorbidities. In patients with non-missing data for at least one comorbidity in each
category, we calculated the proportions of patients having no comorbidity, potentially T2-comorbidity
only, potentially OCS comorbidity only, comorbidity mimicking/aggravating asthma only, any

combination of comorbidity in two categories, and comorbidity in all three categories.

Association analysis

The total sample size was 8499 patients. All patients were prospectively enrolled, ie, from 1 May 2017
onward. The sample size varied depending on the considered comorbidity or group of comorbidities,
and data availability of demographic and clinical characteristics. The prevalence of comorbidities by
demographic characteristics (age, sex, and tobacco smoking at enrollment) were compared through
univariate analysis. The difference in age distributions in patients with and without comorbidities was
tested with Kruskal-Wallis rank sum tests. The differences in sex and tobacco smoking status

distributions were tested with Pearson’s Chi-squared tests.

The association between clinical characteristics/asthma-related outcomes and comorbidities were
assessed through multivariable models both for individual comorbidities and the number of
comorbidities. For the association of outcome and individual comorbidity, comorbidity (ever/never
present) was the explanatory variable and clinical characteristics/asthma-related outcomes was the
dependent variables, adjusting for country, age at enrollment and sex. For the association of outcome
and the number of comorbidities, we used ordinal variables (0, 1, 2, or 3+ comorbidities), overall and
within the comorbidity categories. For continuous dependent variables (age at asthma onset,
biomarkers, and percent predicted FEV:), we used linear regressions and results were expressed as
differences comparing patients with to patients without the considered comorbidity. For binary

dependent variables (LTOCS use [yes/no] and asthma control [uncontrolled/partly or well controlled]),
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we used logistic regressions and results were expressed as odds ratios (ORs). The
comorbidity/exacerbation rate association was investigated using negative binomial regressions. P-

values were obtained from Wald'’s tests.
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eTable 1. Operational definitions of comorbidity variables.
Label Type Values Data source/variable computation

Potentially T2-related comorbidities

Allergic rhinitis Binary Ever, Never, Core ISAR data
Missing OC countries?, AU?, IE?, IT?, PT%: categorical
field (Current/Past/Never)
DK?2: binary field (Yes/No)
ES?: checkbox*
UK?2: free-text field*
USA3: ICD codes plus free-text field*

Chronic Binary Ever, Never, Core ISAR data
rhinosinusitis* Missing OC countries?, IE%, IT?, PT% categorical field
(Current/Past/Never)

DK?: binary field (Yes/No)

ES%: checkbox*

UK?: free-text field*

USA®:ICD codes plus free-text field*

AU?: not collected unless presence of nasal

polyps
Nasal polyposis Binary Ever, Never, Core ISAR data
Missing OC countries!, AU?, IE?, IT?, PT?, UK?: categorical

field (Current/Past/Never)

DK?: binary field (Yes/No)

ES2: checkbox*

USA3: ICD codes plus free-text field*
Eczema/atopic Binary  Ever, Never, Core ISAR data
dermatitis Missing OC countries!, AU?, IE?, IT?, PT?, UK categorical

field (Current/Past/Never)

DK?: binary field (Yes/No)

ES?: checkbox*

USA3: ICD codes plus free-text field*

Urticaria Binary Ever, Never, Extra-ISAR data’
Missing AU?, ES?, UK?: free-text field*
USAZ2: ICD codes plus free-text field*
Food allergy Binary Ever, Never, Extra-ISAR data®
Missing AU?, PT?, ES?, UK?: free-text field*
USAZ2: ICD codes plus free-text field*
Aspirin sensitivity Binary  Ever, Never, Extra-ISAR data®
Missing CA®: categorical field (Current/Past/Never)

AU?, ES%: checkbox*

DK?, PT2: binary field (Yes/No)

UKZ: free-text field*

USAZ: ICD codes plus free-text field*
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Label Type Values Data source/variable computation
Eosinophilic Binary Ever, Never, Extra-ISAR data®
esophagitis Missing AU?, UK?: free-text field*
USAZ: ICD codes plus free-text field*
Any potentially T2-  Binary  Ever, Never, The 8 variables defined above for individual
related Missing comorbid conditions. Ever was defined by any
comorbidity comorbidity coded Ever. Missing was assigned
to patients with all 8 comorbid conditions
missing. The rest was coded Never.
Number of Count O0to8 Each of the 8 comorbid conditions listed above
reported counts for 1 if coded Ever. Missing was
potentially T2- assigned to patients with all 8 comorbid
related conditions missing. The rest was coded Never.

comorbidities

Potentially OCS-related comorbidities

Obesity Binary Ever, Never, Core ISAR data
Missing Defined as BMI > 30kg.m™, calculated from
patient’s reported height and weight
Hypertension Binary  Ever, Never, Extra-ISAR data®
Missing OC countries®: free-text field* (“other
cardiovascular disease”)
AU?, IT?, PT?, UK?: free-text field*
ES%: checkbox*
USA3: ICD codes plus free-text field*
Sleep apnea Binary  Ever, Never, Additional ISAR data®
Missing OC countries?, DK?, IE2, PT% binary field
(Yes/No)
AU?, ES% checkbox*
UK?: free-text field*
USA3: ICD codes plus free-text field*
Dyslipidemia Binary Ever, Never, Extra-ISAR data®
Missing AU?, UK?: free-text field*
USA3: ICD codes plus free-text field*
Anxiety/depression Binary Ever, Never, Additional ISAR data®

Missing

OC countries!, DK?, IE?, IT?, PT?% binary fields
(Yes/No)

AU?, ES?: checkboxes*

UK?: free-text field*

USA3: ICD codes plus free-text field*

Note: in countries with binary fields or
checkboxes, anxiety and depression data were
collected separately and pooled to create a
single variable.
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Label Type Values Data source/variable computation
Osteoporosis Binary Ever, Never, Additional ISAR data®
Missing OC countries?, IE?, IT?, PT% binary field (Yes/No)

AU?, ES% checkbox*
UK?: free-text field*
USA3: ICD codes plus free-text field*

Diabetes Binary  Ever, Never, Additional ISAR data®
Missing OC countries?, DK?, IE?, IT2, PT%: binary field
(Yes/No)

AUZ% checkbox*
ES?, UK?: free-text field*
USA3: ICD codes plus free-text field*
Coronary heart Binary Ever, Never, Additional ISAR data®
disease Missing OC countries?, IE?, IT?, PT% two binary fields
(Yes/No) for “heart failure” and “myocardial
infarction”, plus free-text field (“other CVD”)
AUZ: checkbox* for “myocardial infarction” plus
free-text field*
DK?: checkbox* for “non-specified CVD”
ES?: checkbox* for “ischemic heart disease”
UK?: free-text field*
LUSA3: ICD codes plus free-text field*
Pneumonia Binary Ever, Never, Additional ISAR data®
Missing OC countries!, IE%, IT?, PT% binary field (Yes/No)
AU?, UK?: free-text field*
USA3: ICD codes plus free-text field*

Other significant Binary  Ever, Never, Additional ISAR data®
infections Missing OC countries?, DK?, IE?, IT?, ES%: binary field
(Yes/No)

AU?, UK?: free-text field*
USA3: ICD codes plus free-text field*
Peptic ulcer Binary Ever, Never, Additional ISAR data®
Missing OC countries?, IE?, IT?, PT% binary field (Yes/No)
AU?, UK?: free-text field*
USA3: ICD codes plus free-text field*

Pulmonary Binary Ever, Never, Additional ISAR data®
embolism/venous Missing OC countriesy, IE%, IT?, PT% binary field (Yes/No)
thromboembolism AU?, UK?: free-text field*
USA3: ICD codes plus free-text field*
Cataract Binary  Ever, Never, Additional ISAR data®
Missing OC countriesy, IE%, IT?, PT% binary field (Yes/No)

AU?, UK?: free-text field*
USA3: ICD codes plus free-text field*
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Label Type Values Data source/variable computation
Chronic kidney Binary Ever, Never, Additional ISAR data®
disease Missing OC countries!, IE?, IT?, PT% binary field (Yes/No)
for “renal failure”
AU?, UK?: free-text field*
USA3: ICD codes plus free-text field*
Adrenal Binary Ever, Never, Extra-ISAR data®
insufficiency Missing AU?, UK?: free-text field*
USA3: ICD codes plus free-text field*
Glaucoma Binary  Ever, Never, Additional ISAR data®
Missing OC countries?, IE2, IT?, PT% binary field (Yes/No)
AU?, UK?: free-text field*
USA3: ICD codes plus free-text field*
Cerebrovascular Binary Ever, Never, Additional ISAR data®
accident Missing OC countries!, IE%, IT?, PT% binary field (Yes/No)
for “stroke”
AUZ: checkbox*
UK?: free-text field*
USA3: ICD codes plus free-text field*
Any potentially Binary Ever, Never, The 17 variables defined above for individual
OCS-related Missing comorbid conditions. Ever was defined by any
comorbidity comorbidity coded Ever. Missing was assigned
to patients with all 17 comorbid conditions
missing. The rest was coded Never.
Number of Count O0to1l7 Each of the 17 comorbid conditions listed
reported above counts for 1 if coded Ever. Missing was
potentially OCS- assigned to patients with all 17 comorbid
related conditions missing. The rest was coded Never.

comorbidities

Comorbidities mimicking/aggravating asthma

GERD Binary Ever, Never,

Missing

Extra-ISAR data®

CA®: categorical field (Current/Past/Never)
AU?, ES% checkbox*

DK?2, PT2: binary field (Yes/No)

UKZ: free-text field*

USA3: ICD codes plus free-text field*

COPD Binary  Ever, Never,

Missing

Extra-ISAR data®

CA®: categorical field (Current/Past/Never)
AU?, ES?: checkbox?

DK?, PT2: binary field (Yes/No)

UKZ: free-text field*

USA3: ICD codes plus free-text field*
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Label Type Values Data source/variable computation
Bronchiectasis Binary Ever, Never, Extra-ISAR data®
Missing CA®: categorical field (Current/Past/Never)

AU?, ES% checkbox*

DK?, PT2: binary field (Yes/No)

UK?: free-text field*

USA3: ICD codes plus free-text field*
VCD/laryngeal Binary  Ever, Never, Extra-ISAR data®
spasms Missing AU?, ES%: checkbox*

DK?2, PT2: binary field (Yes/No)

UK?: free-text field*

USA3: ICD codes plus free-text field*
Dysfunctional Binary  Ever, Never, Extra-ISAR data®
breathing Missing CA®: categorical field (Current/Past/Never)

AU?, ES?: checkbox*

DK?, PT?: binary field (Yes/No)

UKZ: free-text field*

USA3:1CD codes plus free-text field*

Any comorbidity Binary  Ever, Never, The 5 variables defined above for individual
mimicking/ Missing comorbid conditions. Ever was defined by any
aggravating asthma comorbidity coded Ever. Missing was assigned

to patients with all 5 comorbid conditions
missing. The rest was coded Never.

Number of Count Oto5 Each of the 5 comorbid conditions listed above
comorbidities counts for 1 if coded Ever. Missing was
mimicking/ assigned to patients with all 5 comorbid
aggravating asthma conditions missing. The rest was coded Never.

All comorbidities

Any comorbidity Binary  Ever, Never, The 30 variables defined above for individual
Missing comorbid conditions. Ever was defined by any
comorbidity coded Ever. Missing was assigned
to patients with all 30 comorbid conditions
missing. The rest was coded Never.

Number of Count 0to30 Each of the 30 comorbid conditions listed
reported above counts for 1 if coded Ever. Missing was
comorbidities of assigned to patients with all 30 comorbid

any type conditions missing. The rest was coded Never.
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Label Type Values Data source/variable computation

Abbreviations: AU: Australia; BMI: body mass index; CA: Canada; COPD: chronic obstructive
pulmonary disease; CRS: chronic rhinosinusitis; CVD: cardiovascular disease; DK: Denmark; ES:
Spain; GERD: gastroesophageal reflux disease; IE: Ireland; ISAR: International Severe Asthma
Registry; IT: Italy; OC countries: countries using the OpenClinica platform to record data (see
footnote 1); PT: Portugal; UK: United Kingdom; USA; United States of America; VCD: vocal cord

dysfunction

1. 14 countries use the OpenClinica platform to record data in a standardized electronic case
report form (eCRF): Argentina, Bulgaria, Canada, Colombia, Greece, India, Japan, Kuwait,
Mexico, Poland, Saudi Arabia, South Korea, Taiwan, UAE.

2. 7 countries use own eCRF platform: Australia, Denmark, Ireland, Italy, Portugal, Spain, UK.

3. The USA provides data extracted from the electronic medical records (EMR).

4. For comorbidities which presence was assessed through a box field to be checked if present or
through free-text field, absence of the comorbidity was assumed if the box was left unchecked
or if no sign of the comorbid condition was present in the free-text field. No patients were
coded with missing information.

5. Additional data provided by some participating countries, outside of the ISAR framework.

6. Data for most potentially OCS-related comorbidities were collected through the ISAR
effectiveness/comorbidity bolt-on fields. Data for “other significant infections” was collected
through the ISAR safety bolt-on fields.

* Whenever nasal polyposis was reported while chronic rhinosinusitis was not reported, chronic

rhinosinusitis was forced to “Ever”, except for Australia where chronic rhinosinusitis without nasal

polyposis was not collected. Patients coded “Ever” for chronic rhinosinusitis then correspond to
patient with this condition, with or without (or no information on) nasal polyposis. Patients coded

“Never” for nasal polyposis and without information on chronic rhinosinusitis in general were left

missing for chronic rhinosinusitis.

Three categories of ISAR variables are shown: core ISAR data, bolt-on ISAR data and extra ISAR data.
Core ISAR data are variables that were identified using an ISAR-led Delphi study [Ref 2]. All countries
participating in ISAR collect core ISAR variables, except Australia which collects data on nasal
polyposis specifically but not on chronic rhinosinusitis in general. ‘Effectiveness’ bolt-on variables
were OCS-related comorbidities. ‘Safety’ bolt-on variables assessed the safety of biologics: serious
infection, anaphylaxis, and cancer. Not all countries in ISAR collect the bolt-on variables. Extra ISAR
data are variables that do not fall within core or bolt-on ISAR variables, but that countries may

collect as per their research interests.
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eTable 2. Demographic and clinical variables used to assess for assocation with comorbidities

Label Type Values Data source/variable
computation
Demographic variables
Country Nominal AR, AU, BG, CA, CO, DK, ES, -
GR, IN, IE, IT, JP, KW, MX, PT,
SA, SK, TW, UAE, UK, USA
Age at Numerical 218 years old Completed years of age at the
enrollment time of enrollment in the
registry. The date of enrollment
was defined as follows:
- For patients who initiated
biologics on or after 1 May
2017: date of biologic
initiation;
- For patients who did not
initiate biologics: first visit
occurring from 1 May 2017
onward.
Sex Binary Women, Men, Missing As assessed by physician.
Smoking status  Ordinal Current smoker, Ex-smoker, As assessed by physician.

at enrollment

Never smoker, Missing

Clinical variables

General characteristics

Age atasthma  Numerical 20, Missing As reported by patient. 0 means

onset that asthma started before 1
year of age

Received Binary Yes, No At enrollment.

biologics

Asthma biomarkers

Highest BEC Numerical 20 to 5000 - In patients receiving biologics:

(cells/uL) highest count recorded prior to
initiating biologics
- In patients not receiving
biologics: highest count ever
recorded

FeNO test Numerical 1to 300 - In patients receiving biologics:

result (parts highest count recorded prior to

per billion initiating biologics

[ppb]l) - In patients not receiving

biologics: highest count ever
recorded
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Count of blood Numerical 0to 15,600 - In patients receiving biologics:
IgE (IU/mL) highest count recorded prior to
initiating biologics
- In patients not receiving
biologics: highest count ever

recorded
Eosinophilic Ordinal GradeOto 3 Grade 0: Unlikely/non
phenotype eosinophilic
ISAR Grade 1: Least likely
algorithm? Grade 2: Likely

Grade 3: Most likely
Asthma-related outcomes

Exacerbation Count Oto24 Number of exacerbations

rate at requiring rescue steroids in the

enrollment 12 months preceding

(count per enrollment.

year)

post-BD FEV1 % Numerical 14 to 185% Measurement closest to

predicted at enrollment.

enrollment

FEV, /FVC Numerical 0.20to 1.00 Measurement closest to
enrollment.

Asthma control Ordinal Well controlled, Party As assessed closest to

assessment controlled, Uncontrolled enrollment.

Categories defined by GINA 2020
update. For countries providing
ACQor ACT instead of GINA
categories, conversions were
performed as follows:

- ACQ:

Mean ACQ <0.75 = Well
controlled

0.75< Mean ACQ <1.5 - Partly
controlled

Mean ACQ >1.5 = Uncontrolled
- ACT:

Total ACT >19 - Well controlled
15< Total ACT <19 - Partly
controlled

Total ACT <15 - Uncontrolled

Long-term OCS Binary Yes, No, Missing -
use at

enrollment

Long-term OCS Numerical 0.5to 100 mg -
daily dose at

enrollment
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Abbreviations: ACQ: Asthma control questionnaire; ACT: Asthma control test; AR: Argentina; AU:
Australia; BEC: blood eosinophil count; BG: Bulgaria; CA: Canada; CO: Colombia; ES: Spain; FeNO:
fractional exhaled nitric oxide; FEV;: forced expiratory volume in one second; FVC: forced vital
capacity; GINA: Global Initiative for Asthma; IN: India; ISAR: International Severe Asthma Registry; IT:
Italy; IU: International unit; JP: Japan; KW: Kuwait; MX: Mexico; OCS: Oral corticosteroids; PB: post-
bronchodilator; PT: Portugal; SA: Saudi Arabia; SK: South Korea; TW: Taiwan; UAE: United Arab
Emirates; UK: United Kingdom; USA: United States of America
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Results

Subject disposition

eFigure 1: Subject disposition

Participated in ISAR as of

24/01/2022
N=12,099

Excluded (n=278)
* Missing age: n=158
*  Aged<18yrs: n=111
*  Missing enrolment date: n=5
*  Missing data on all co-morbidities: n=4

Eligible fof assessment of
co-mofbidity*prevalence
N=11,821

Excluded (n=3,322)
* Retrospectively enrolled: n=3314
* < 18yrs at Biologic initiation: n=4
*  Missing gender info: n=4

A

Eligible for assessment of
association of co-morbidity

with demo/clinical
characteristics
N=8,499

ISAR: International Severe Asthma Registry
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Baseline characteristics

Patients in both assessment cohorts, were predominantly female (62%), aged 50-69 years at
enrollment (50%), had later onset asthma (ie, aged 212 yrs; ~80%) and an eosinophilic phenotype

(~87%). 23% of patients were receiving LTOCS at enrollment (eTable -).

Patients included in the cohort used to assess the association between comorbidity and
demographic/clinical characteristics tended to have poor lung function (% predicted FEV; <80%:
59.6%, n=3751/6292) and uncontrolled asthma (54.7%; n=2752/5031). Overall, 28.5% (2113/7422)
of these patients experienced >2 exacerbations in the year preceding enroliment, 48.6%
(n=3014/6199) had evidence of irreversible air flow obstruction and 38.2% (n=3246/8499) were on

biologic therapy IeTabIe -
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eTable 3A: Baseline characteristics for patients included in the comorbidity prevalence assessment

Characteristics All eligible patients Patients with non-missing p-values?
(N=11,821) data for 21 comorbidity in all
three categories (N=7,561)
N % N %
Sex
Denominator 11,811 7560
Women 7352 62.2 4596 60.8 0.012?
Men 4459 37.8 2964 39.2
Age at registry enrollment (years)
Denominator 11,821 7561
18-29 942 7.97 622 8.23
30-39 1162 9.83 705 9.32
40-49 1893 16.0 1141 15.1
50-59 2997 25.4 1826 24.2
60-69 2867 24.3 1914 25.3
70-79 1617 13.7 1115 14.7
80+ 343 2.90 238 3.15
Median [Q1; Q3] 56 [45; 66] 57 [45; 67] 0.1113
Range 18 to 95 1810 55
Age at asthma onset (years)
Denominator 5778 1889
<12 1194 20.7 573 30.3 <0.0012
>12 4584 79.3 1316 69.7
Median [Q1; Q3] 30 [15; 45] 25 [8; 41]
Range 1to 84 1to078
Receiving long-term oral corticosteroids at enroliment
Denominator 11,745 7552
Yes 2792 23.7 1877 24.9 0.019?
No 8953 76.2 5675 75.2
Initiated biologics at enrollment
Denominator 11,821 7561
Yes 5428 45.9 3096 40.9 <0.0012
No 6393 54.1 4465 59.1

Positive test for allergens
(SPT or serum test)

Denominator 7393 4357
Yes 5057 68.4 3173 72.8 <0.0012
No 2336 31.6 1184 27.2
Eosinophilic gradient [Ref 3]

Denominator 7261 4504

Grade O: 32 0.441 13 0.29

Unlikely/noneosinophilic

Grade 1: Least likely 319 4.39 116 2.56

Grade 2: Likely 591 8.14 279 6.19

Grade 3: Most likely 6319 87.0 4096 90.9 <0.001*
Calendar year at enroliment

Denominator 11,821 7561

2010 3 0.03 3 0.04

2011 0 0 0 0

2012 4 0.03 0 0

2013 5 0.04 2 0.03

2014 8 0.07 2 0.03

2015 523 4.42 515 6.81
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2016 615 5.20 608 8.04
2017 4189 354 3862 51.1
2018 2021 17.1 1410 18.6
2019 1947 16.5 685 9.06
2020 1602 13.6 333 4.40
2021 892 7.55 140 1.85
2022 12 0.102 1 0.01 <0.001°
Denominator 11,821 7561
Median [Q1; Q3] 0.71 [0; 2.11] 1.08 [0; 3.00] <0.0013
Range 0to4.52 0to4.27

Country
Denominator 11,821 7561
Argentina 103 0.871 0 0 <0.001°
Australia 405 3.43 405 5.36 <0.001°
Bulgaria 343 2.90 0 0 <0.001°
Canada 274 2.32 263 3.48 <0.001°
Colombia 301 2.55 0 0 <0.001°
Denmark 350 2.96 328 4.34 <0.001°
Greece 142 1.20 0 0) <0.001°
India 178 1.51 0 0 <0.001°
Ireland 20 0.17 0 0 <0.001°
Italy 1538 13.0 0 0 <0.001°
Japan 197 1.67 0 0 <0.001°
Kuwait 297 2.51 0 0 <0.001°
Mexico 144 1.22 0 0 <0.001°
Poland 72 0.61 0 0 <0.001°
Portugal 128 1.08 121 1.60 <0.001°
Saudi Arabia 208 1.76 0 0 <0.001°
South Korea 163 1.38 0 0 <0.001°
Spain 700 5.92 700 9.26 <0.001°
Taiwan 285 2.41 0 0 <0.001°
UAE 229 1.94 0 0 <0.001°
UK 712 6.02 712 9.42 <0.001°
USA 5032 45.6 5032 66.6 <0.001°

Abbreviations: Q1: quartile 1; Q3: quartile 3; UAE: United Arab Emirates; UK: United Kingdom; USA:
United States of America

!Comparisons of the subgroup to the whole study population

20ne-sample chi-squared proportions tests with continuity correction (to compare the distributions
of binary variables)

30ne-smaple Wilcoxon signed-rank test with continuity correct (to compare medians)

40ne-sample chi-squared proportions tests with continuity correct comparing the proportions of
patients with Grade 4

>One-sample chi-squared proportions tests with continuity correction comparing the proportions of
patients enrolled from 2017 on

®0One-sample chi-squared proportions tests with continuity correction comparing the proportions for
each country
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eTable 3B: Baseline characteristics for patients included in the association between comorbidities
and demographic/clinical characteristics assessment (n=8,499)

Characteristics N (%)
Total 8499

Sex

Denominator 8499

Women 5306 (62.4)
Men 3193 (37.6)
Age at registry enrollment (years)

Denominator 8499

18-29 632 (7.44)
30-39 827 (9.73)
40-49 1325 (15.6)
50-59 2138 (25.2)
60-69 2076 (24.4)
70-79 1234 (14.5)
80+ 267 (3.14)
Median [Q1; Q3] 56 [45; 66]

Range 1810 95

Calendar year at enroliment

Denominator 8499

2017 3196 (37.6)
2018 1803 (21.2)
2019 1533 (18.0)
2020 1290 (15.2)
2021 669 (7.87)
2022 8 (0.0941)
Duration of follow-up since enrcliment (years)

Denominator 8499

Median [Q1; Q3] 1.00 [0; 2.46]

Range Oto4.64

Country

Denominator 8499

Argentina 94 (1.11)
Australia 258 (3.04)
Bulgaria 319 (3.75)
Canada 200 (2.35)
Colombia 258 (3.04)
Denmark 206 (2.42)
Greece 99 (1.16)
India 174 (2.05)
Ireland 20 (0.235)
Italy 1287 (15.1)
Japan 179 (2.11)
Kuwait 152 (1.79)

Mexico 78 (0.918)
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Poland 59 (0.694)
Portugal 98 (1.15)
Saudi Arabia 184 (2.16)
South Korea 158 (1.86)
Spain 445 (5.24)
Taiwan 271 (3.19)
The United Arab Emirates (UAE) 191 (2.25)
The United Kingdom (UK) 569 (6.69)
The United States of America (USA) 3200 (37.7)
Smoking status at enrollment

Denominator 6859

Current smoker 386 (5.63)
Ex-smoker 2067 (30.1)
Never smoker 4406 (64.2)
Age at asthma onset (years)

Denominator 4574

<12 874 (19.1)
212 3700 (80.9)
Median [Q1; Q3] 32 (17, 46]

Range 1to 84

Receiving long-term OCS at enrollment

Denominator 8423

Yes 1932 (22.9)
No 6491 (77.1)
Initiated biologics at enroliment

Denominator 8499

Yes 3246 (38.2)
No 5253 (61.8)

Exacerbation rate at enroliment (number of
episodes in the year preceding enroliment)

Denominator 7422

0 3751 (50.6)
1 1553 (20.9)
2 826 (11.1)
3-6 1003 (13.5)
7-12 250 (3.37)
13-24 34 (0.458)
Median [Q1; Q3] 010; 2]

Range Oto24

FEV: percent of predicted at enroliment

Denominator 6292

<80% 3751 (59.6)
>80% 2541 (40.4)
Median [Q1; Q3] 75.2% [60.5%; 88.9%]

Range 14% to 185%

Ratio of FEV1/FVC at enrollment
Denominator 6199
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<0.70 3014 (48.6)
>0.70 3185 (51.4)
Median [Q1; Q3] 0.70[0.61; 0.78]

Range 0.20to 1.00

Asthma control assessment at enroliment (GINA 2020)

Denominator 5031

Uncontrolled 2752 (54.7)
Partly controlled 1294 (25.7)
Well controlled 985 (19.6)
Highest blood eosinophil count (cells/uL)

Denominator 5819

Median [Q1; Q3] 400 [200; 650]

Range 20 to 5000

Highest blood IgE count (IU/mL)

Denominator 4896

Median [Q1; Q3] 136 [42.4;392]

Range 0to 12,200

Highest FeNO test result (ppb)

Denominator 3581

Median [Q1; Q3] 30 [16; 59]

Range 1to 300

Positive test for allergens (SPT or serum test)

Denominator 5305

Yes 3432 (64.7)
No 1873 (35.3)
Eosinophilic gradient [Ref 3]

Denominator 5751

Grade 0: Unlikely/non eosinophilic 28 (0.487)
Grade 1: Least likely 286 (4.97)
Grade 2: Likely 466 (8.10)
Grade 3: Most likely 4971 (86.4)

Abbreviations: FeNO: fractional exhaled nitric oxide; FEV1: post-bronchodilator forced
expiratory volume in 1 second; FVC: forced vital capacity; GINA: Global Initiative for Asthma;
IgE: immunoglobulin E; IU: international unit; ppb: parts per billion; OCS: oral corticosteroids;
Q3: 1% quartile; Q3: 3" quartile.
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Method of comorbidity data collection

eFigure 2: Data collection methods used to capture comorbidity information in ISAR

Potentially T2-related co-morbidities

0 I I I I

Allergic rhinitis Nasal Polyposis Atopic dermatitis

= = NN
o v o un

w

Number of countries

M Categorical/binary ® Check box M Free-text ICD code & free text

Potentially OCS-related co-morbidities

0 I | I I I I

Obesity HT Anx/Dep

=R, NN
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w

Number of countries

M Categorical/binary M Check box 11 Free-text W ICD code & free text

€

Co-morbidities mimicking/aggravating asthma

2R N
(= N = |

Number of countries

w

GERD COPD Bronchiectasis VCD/LS

M Categorical/binary mCheck box ™ Free-text ©ICD code & free text

Abbreviations: Anx/Dep: anxiety/depression; COPD: chronic obstructive pulmonary disease; CRS:
chronic rhinosinusitis; DL: dyslipidemia; DM: diabetes mellitus; GERD: gastroesophageal reflux
disease; HT: hypertension; OCS: oral corticosteroid; OP: osteoporosis; SA: sleep apnea; VCD/LS: vocal

cord dysfunction/laryngeal spasm
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Comorbidity prevalence by countries

eFigure 3: Prevalence estimates for each recorded comorbidity by country

1) Allergic rhinitis

Country N{Ever) N{Total) Prevalence (%) 95% Cl Data source
UK 33 712 i 463 [3.21, 6.45] eCRF, free-text field
Ireland 5 20 — . 25.00 [8.66,49.10] eCRF, categorical field
USA 1935 5032 : 38.45 [37.11, 39.81] EMR, ICD codes + free-text field
Denmark 158 328 = 4817 [42.65; 53.73] eCRF, categorical field
India a3 168 . 4911 [41.35; 56.90] eCRF, categorical field
Paland 34 67 —a— B0.75 [38.24; 63.18] eCRF, categorical field
Spain 367 700 = 52.43 [4B.65; 56.18] eCRF, checkbox
Italy G648 1130 : 57.35 [54.40; 60.25] eCRF, categorical field
Partugal 70 121 — 57.85 [48.54, 66.77] eCRF, categorical field
Colombia 175 am - 58.14 [52.34; 63.77] eCRF, categorical field
South Korea 107 162 - 66.05 [58.21; 73.29] eCRF, categorical field
UAE 152 229 - 66.38 [59.86; 72.46] eCRF, categorical field
Canada 183 264 N 69.32 [63.37, 74.83] eCRF, categorical field
Saudi Arabia 141 198 s o T1.271 [64.37;77.41] eCRF, categorical field
Argentina T4 103 — T1.84 [62.13; 80.27) eCRF, categorical field
Australia 276 T4 P 73.80 [09.03;,78.18] eCRF, categorical field
Japan 146 196 P 74.49 [67.79; 80.43] eCRF, categorical field
Taiwan 210 279 P THET [69.7T,; 80.22) eCRF, categorical field
Bulgaria 243 316 ] 78.48 [73.53; 82.88] eCRF, categorical field
Kuwait 235 297 D 79.12 [74.05; 83.60] eCRF, categorical field
Greece 114 142 AR 80.28 [72.78, 86.48] eCRF, categorical field
Mexico 1 141 : R 92.91 [37.34; 56.55] eCRF, categorical field
Random effects model 5525 11281 - 61.57 [50.79; 71.32]

0 20 400 60 80 100
Prevalence (%)

Heterogeneity: f2 =98%, p < 0.01

2) Chronic rhinosinusitis

Events per 100

Country N{Ever) N{Total) observations Prevalence (%) 95% Cl Data source
India 15 163 = : 9.20 [5.24,14.72] eCRF, categorical field
UAE 49 228 - : 21.49 [16.34; 27.40] eCRF, categorical field
South Korea 39 161 —_ ; 2422 [17.83; 31.59) eCRF, categorical field
UK 191 712 - ; 26.83 [23.60; 30.24] eCRF, free-text field
Taiwan 75 279 — : 26.88 [21.77,; 32.49) eCRF, categorical field
Argentina 32 100 — | 32.00 [23.02; 42.08] eCRF, categorical field
Ireland 7 20 — 35.00 [15.39; 59.22] eCRF, categorical field
USA 2202 5032 : 43.76 [42.38, 45.14] EMR, ICD codes + free-text field
Spain 37 700 - 4529 [41.55; 49.06] eCRF, checkbox
Greece i3] 141 — 46.81 [38.36; 55.39] eCRF, categorical field
Colombia 147 301 -—'— 48.84 [43.06, 54.64] eCRF, categorical field
Japan a5 189 ha_ 50.26 [42.92; 57.60] eCRF, categorical field
Partugal 61 121 ——'— 50.41 [41.18; 59.63] eCRF, categorical field
Saudi Arabia ag 195 ~—'— 5077 [43.53; 57.98] eCRF, categorical field
Kuwait 154 297 —r 51.85 [46.01; 57.66] eCRF, categorical field
Italy 842 1468 .| 57.36 [54.78; 59.90] eCRF, categorical field
Mexico a1 141 DT 57.45 [48.85; 65.73] eCRF, categorical field
Denmark 192 326 —_ 58.90 [53.34; 64.29] eCRF, categorical field
Paland 42 70 P G60.00 [47.59;71.53] eCRF, categorical field
Bulgaria 230 N : = 73.95 [G8.70; 78.74] eCRF, categorical field
Canada 215 268 - 80.22 [74.94; 84 82] eCRF, categorical field
Random effects model 5151 11223 - 44,57 [36.29; 53.16]

0 20 40 60 a0
Prevalence (%)

Heterogeneity: I° = 97%, p < 0.01
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3) Nasal polyposis

Country N{Ever) N{Total) Prevalence (%) 95% Cl Data source
India 5 163 = i 3.07  [1.00; 7.01] eCRF, categorical field
USA 418 5032 ; 8.31 [7.56;, 9.10] EMR, ICD codes + free-text field
Taiwan 34 278 = 12.23 [8.62; 16.67] eCRF, categorical field
South Korea 20 161 il 1242 [7.76;18.53] eCRF, categorical field
UAE 29 228 = | 1272 [8.69;17.75] eCRF, categorical field
Ireland 3 20 —=—tF+—— 15.00 [3.21; 37.89] eCRF, categorical field
Argentina 15 a5 — 1579 [98.12; 24.70] eCRF, categorical field
Greece 28 141 — 19.86 [13.62; 27 .41] eCRF, categorical field
Japan a7 174 —'-— 21.26 [15.44; 28.10] eCRF, categorical field
Bulgaria T4 311 - 2379 [19.17; 28.92] eCRF, categorical field
Mexico 34 141 — 2411 [17.31; 32.03] eCRF, categorical field
UK 173 712 - 24.30 [21.19; 27.62] eCRF, categorical field
Colombia 7T 301 - 2558 [20.75; 30.90] eCRF, categorical field
Spain 235 700 Pl 33.57 [30.08; 37.20] eCRF, checkbox
Australia 126 367 —— 3433 [29.48; 39.44)] eCRF, categorical field
Denmark 122 327 : — 37.31 [32.05; 42.80] eCRF, categorical field
Kuwait 111 297 . 37.37 [31.85;43.15] eCRF, categorical field
Saudi Arabia 73 185 . 37.44 [30.63 44.63] eCRF, categorical field
Paland 27 70 e 38.57 [27.17, 50.97] eCRF, categorical field
Italy 597 1511 ; - 39.51 [37.03 42.03] eCRF, categorical field
Partugal 50 121 ; —_— 41.32 [32.45; 50.63] eCRF, categorical field
Canada 125 268 ; —— 46.64 [40.55; 52.81] eCRF, categorical field
Random effects model 2413 11613 - 23.45 [18.22; 20.65]

Heterogeneity: f2 =98%, p < 0.1
0 10 20 30 40 50 &0
Prevalence (%)

4) Eczema/atopic dermatitis

Country N{Ever) N{Total) Prevalence (%) 95% Cl Data source
India 2 160 == 125 [015; 4.44] eCRF, categorical field
UK 20 712 281 [172 4.31] eCRF, categorical field
Greece 4 1471 == 284 [078; 7.10] eCRF, categorical field
UAE 8 228 | 351 [1.53; 6.80] eCRF, categorical field
Spain 26 700 371 [2.44; 540] eCRF, checkbox
Italy 98 1516 H 6.46 [5.28; 7.82] eCRF, categorical field
Portugal 8 121 —'—'— 6.61 [2.90;12.61] eCRF, categorical field
South Korea 11 156 -+ 7.05 [3.57;12.27] eCRF, categorical field
USA 408 5032 ] 811 [7.37; 8.90] EMR, ICD codes + free-text field
Kuwait 26 287 - 8.75 [5.80;1256] eCRF, categorical field
Argentina g T 928 [4.33,16.88] eCRF, categorical field
Ireland 2 20 —/— 10,00 [1.23,31.70] eCRF, categorical field
Poland T 0o = 10,00 [4.12;19.52] eCRF, categorical field
Colombia 35 a0 - 1163 [8.23;15.80] eCRF, categorical field
Bulgaria 41 282 i 14.04 [10.27; 18.56] eCRF, categorical field
Taiwan 46 276 Hie ant 16.67 [12.47; 21.60] eCRF, categorical field
Denmark 64 325 P 19.69 [15.51; 24 44] eCRF, categorical field
Saudi Arabia 48 196 H — 2449 [18.64; 31.13] eCRF, categorical field
Mexico v 141 —_— 26.24 [19.20; 34 31] eCRF, categorical field
Japan 53 190 - 27.89 [21.65; 34.85] eCRF, categorical field
Australia 132 369 H —_ 3577 [30.88; 40.90] eCRF, categorical field
Canada 114 260 — 4385 [37.72;50.11] eCRF, categorical field
Random effects model 1193 11600 : i~ 10.28 [6.95; 14.96]

Heterogeneity: |’2 =97%, p =001
0 10 20 30 40 50 60
Prevalence (%)
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5) Urticaria

Prevalence (%) 95% Cl
0.14 [0.00; 0.78]
0.25 [0.01;1.37]
0.57 [0.16; 1.46]

Data source

eCRF, free-text field
eCRF, free-text field
eCRF, free-text field

471 [4.14, 5.33] EMR, ICD codes + free-text field

0.59 [012, 2.73]

Country N{Ever) N{Total)

UK 1 71205

Australia 1 4050

Spain 4 TO0 5

USA 237 5032 |

Random effects model 243 6849 =

Heterogeneity: i2 =92%, p = 0. I I I I I I !
0 5 10 15 20 25 30

Prevalence (%)

6) Food allergy

Prevalence (%) a5% Cl
0.00 [0.00;052]
0.00 [0.00;091]
071 [0.23; 1.66]
312 [0.86;7.81]

Data source

eCRF, free-text field
eCRF, free-text field
eCRF, free-text field
eCRF, free-text field

439 [3.84,5.00] EMR, ICD codes + free-text field

0.43 [0.04; 4.12]

Country N{Ever) N{Total)

UK o 7120

Australia 0 4050

Spain L 700 s

Paortugal 4 128 \——

USA 221 5032 |

Random effects model 230 6977 Wm—

Heterogeneity: 2 =77%, p=0M I I I I I I !
o 5 10 15 20 25 30

Prevalence (%)

7) Aspirin sensitivity

Country N(Ever) NiTotal)

UK 2 712

USA 28 500600 ¢

Spain 19 700 =+

Canada 7 228 ——

Australia 26 405 =

Denmark 22 26 | ——

Partugal 18 121 —_—

Random effects model 122 7498 -
Heterogeneity: Fz =958%, p =001

T
0 5 10 15 20 25 30
Prevalence (%)

Prevalence (%)

0.28 [0.03; 1.01]

95% Cl

Data source

eCRF, free-text field

0.56 [0.37; 0.81] EMR, ICD codes + free-text field

271 [1.64; 4.21]
3.07 [1.24; 6.22]
6.42 [4.24; 9.27]
6.75 [4.28;10.04]
14.88 [9.06; 22.49]

2.71 [1.03; 6.95]

eCRF, checkbox
eCRF, categorical field
eCRF, checkbox
eCRF, categorical field
eCRF, categorical field
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8) Eosinophilic esophagitis

Country N{Ever) N(Total) Prevalence (%) a95% Cl Data source

UK 0 7120 0.00 [0.00;052] eCRF, free-text field

Australia 0 40581, 0.00 [0.00;081] eCRF, free-text field

USA 32 50321 0.G4 [0.44;0.90] EMR, ICD codes + free-text field

Random effeczts model 32 6149 li--l | | | | | 0.06 [0.00; 4.98]

Heterogeneity: I = 0%, p = 1.00

o 5 10 15 20 25 30
Prevalence (%)
9) Obesity
Country N{Ever) N{Total) Prevalence (%) 95% Cl Data source
South Korea 15 162 —— 926 [5.28,14.81] eCRF, reported height and weight
India 25 169 - 1479 [9.87; 21.06] eCRF, reported height and weight
Japan 30 194 = : 15.46 [10.68; 21.33] eCRF, reported height and weight
Taiwan 47 284 - ; 16.55 [12.42; 21.39] eCRF, reported height and weight
Italy 308 1509 : 2041 [18.40, 22.53] eCRF, reported height and weight
Bulgaria 71 M3 = 2070 [16.54; 25.38] eCRF, reported height and weight
Ireland 2 8 25.00 [3.19;65.09] eCRF, reported height and weight
Denmark a9 34 . 20.45 [21.87; 31.45] eCRF, reported height and weight
Portugal a7 128 . 2891 [21.24; 37.58] eCRF, reported height and weight
Greece 39 126 e 3095 [23.02; 39.80] eCRF, reported height and weight
Colombia 100 2098 — 3356 [28.22; 39.23] eCRF, reported height and weight
Spain 238 672 - 3542 [31.80; 39.16] eCRF, reported height and weight
Canada 106 268 —t 3941 [33.53; 45.52] eCRF, reported height and weight
Mexico L] 138 -—'— 3986 [31.62; 48.53] eCRF, reported height and weight
Argentina 42 a5 — e 44 21 [34.02; 54.77] eCRF, reported height and weight
Poland 19 42 —‘—'— 45 24 [29.85; 61.33] eCRF, reported height and weight
UAE 108 229 —— 47 16 [40.55; 53.85] eCRF, reported height and weight
UK 338 71 ; g3 47 54 [43.81; 51.28] eCRF, reported height and weight
Australia 166 334 i 49.70 [44.21; 55.19] eCRF, reported height and weight
Saudi Arabia 111 207 : — 5362 [46.58; 60.56] eCRF, reported height and weight
USA 2755 5025 54.83 [53.44; 56.21] EMR, recorded height and weight
Kuwait 190 296 . 64.19 [58.44; §9.65] eCRF, reported height and weight
Random effects model 4893 11583 - 33.15 [26.71; 40.29]
Heterogeneity: I° = 98%, p < 0.01 ' I I I !
0 20 40 G0 80

10) Hypertension

Prevalence (%)

Country N{Ever) N{Total) Prevalence (%) 95% Cl Data source
UK 1 712 014 [0.00; 0.78] eCRF, free-text field
Australia 7 405 173 [070; 353] eCRF, free-text field
Portugal 8 128 —+ 625 [2.74;11.94] eCRF, free-text field
Japan 14 197 =+ 71 [394;11.64] eCRF, free-text field
UAE 20 229 == 873 [5421317] eCRF, free-text field
Mexico 14 144 —r 972 [542 1577 eCRF, free-text field
South Korea 18 163 - 11.04 [6.68; 16.89] eCRF, free-text field
Spain 122 700 .y 17.43 [14.69; 20.45] eCRF, checkbox
Italy 255 1220 |3 20.90 [18.65; 23.29] eCRF, free-text field
Taiwan 76 285 . 26.67 [21.62; 32.20] eCRF, free-text field
USA 1540 4997 30.82 [29.54; 32.12] EMR, ICD codes + free-text field
Poland 29 72 — 40.28 [28.88, 52.50] eCRF, free-text field
Random effects model 2104 i 9.57 [4.42;10.49]

9252
T T T T T T 1

0 10 20 30 40 50 G0
Prevalence (%)

Heterogensity: I° = §7%, p < 0.01



11) Sleep apnea

Country N{Ever) N{Total)

Bulgaria 1 4200

Argentina 0 ThiE—:

Poland 1 46 ==——

India 4 171 &=

Mexico 3 121 =+

South Korea 4 158 ==

Kuwait 8 297 =

Saudi Arabia 7 208 =+

UK 27 712 =

Ireland 0 12—

Japan 9 196 ——

Greece G 124 —=—

Taiwan 15 270

Denmark 26 327 =

Portugal 10 121 H—

Australia 35 405w

Spain a0 700 P

UAE M 229 |

Canada G0 274 —

Colombia 103 301 ——

USA 1826 5005

Random effects model 2256 10094 -

Heterogeneity: i2 =93%, p =01 I l I l I l
0 1m0 20 30 40 50

Prevalence (%)

12) Dyslipidemia

Country N{Ever) N{Total)

UK o T2

Australia 3 4055

Spain 16 700 |

USA 1064 5032 |

Random effects model 1083 6849 A#wwte——

Heterogeneity: i2 =93%, p =001 ! ] I I I !
0 10 20 30 40 50

Prevalence (%)

Prevalence (%) 95% Cl1
029 [0.01; 1.62]
0.00 [0.00; 4.80]
217 [0.06;11.53]
234 [064; 588]
248 [0.51; 7.07]
253 [0.69; 6.35]
269 [117, 5.24]
337 [1.36; 6.81]
379 [251; 547]
0.00 [0.00; 26.48]
459 [212; 8.54]
484 [1.80;1023]
556 [3.14; 9.00]
785 [5.26;11.43]
8.26 [4.03;14.87]
864 [6.09;11.81]
11.43 [917,14.02]
13.54 [9.39; 18.66]

21.90 [17.15; 27.27]
3422 [268.57; 39.88]
36.48/[35:15;37.83]

529 [3.10; 8.87]
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Data source

eCRF, categorical field
eCRF, categorical field
eCRF, categorical field
eCRF, categorical field
eCRF, categorical field
eCRF, categorical field
eCRF, categorical field
eCRF, categorical field
eCRF, free-text field
eCRF, categorical field
eCRF, categorical field
eCRF, categorical field
eCRF, categorical field
eCRF, categorical field
eCRF, categorical field
eCRF, checkbox
eCRF, checkbox
eCRF, categorical field
eCRF, categorical field
eCRF, categorical field
EMR, ICD codes + free-text field

Data source

eCRF, free-text field
eCRF, free-text field
eCRF, free-text field

21.14 [20.02; 22.30] EMR, ICD codes + free-text field

Prevalence (%) a5% Cl
0.00 [0.00; 0.52]
074 [015; 2158]
229 [1.31, 369
1.09 [0.08;13.25]
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13) Anxiety/depression

Country N{Ever) N{Total) Prevalence (%) 95% Cl1 Data source
India 1 172+ | 058 [0.01; 3.20 eCRF, categorical field
Kuwait 4 297 = 1.35 [0.37; 3.41] eCRF, categorical field
UAE 4 229 & | 175 [048; 4.41] eCRF, categorical field
Argentina 2 75 = 267 [0.32; 9.30] eCRF, categorical field
Saudi Arabia ] 208 —: 288 [1.07, 617] eCRF, categorical field
UK 21 712 : 285 [1.83; 447] eCRF, free-text field
South Korea T 158 —+—+ 443 [1.80; 892] eCRF, categorical field
Greece 9 124 —— T26 [3.37;1333] eCRF, categorical field
Colombia 24 301 - 797 [518;11.63] eCRF, categorical field
Ireland 1 12 , 8.33 [0.21;38.48] eCRF, categorical field
Mexico " 121 - 909 [463;1568] eCRF, categorical field
Italy 133 1310 | - 1015 [8.57,11.92] eCRF, categorical field
Poland 5 46 ——'— 1087 [3.62; 2357 eCRF, categorical field
Australia 48 405 | 1210 [9.09;15.68] eCRF, checkbox
Taiwan 3a 272 s e 13.97 [10.08; 18.67] eCRF, categorical field
Japan 30 196 — 18.31 [10.57; 21.12] eCRF, categorical field
Spain 122 700 ; - 17.43 [14.69; 20 45] eCRF, checkbox
Bulgaria 62 342 —_ 1813 [14.19; 22 63] eCRF, categorical field
USA 928 5000 : 18.56 [17.49; 19.67] EMR, ICD codes + free-text field
Portugal 15 65 [ 2308 [13.53;3519] eCRF, categorical field
Canada 93 274 —_—r 33.94 [28.35; 29.88] eCRF, categorical field
Random effects model 1565 11019 | <t 777 [5.04;11.78]

Heterogeneity: i2 =94% p =001
0 10 20 o 40 50
Prevalence (%)

14) Osteoporosis

Country N{Ever) N{Total) Prevalence (%) 95% Cl1 Data source
India ] 1720F | 000 [0.00; 212 eCRF, categorical field
UAE 4 229 =& 175 [048; 441] eCRF, categorical field
Zouth Korea 4 158 —'— 2583 [069, 6.39] eCRF, categorical field
Argentina 2 75 —‘—— 267 [0.32; 9.30] eCRF, categorical field
Mexico 5 121 ==+ 413 [1.36; 9.38] eCRF, categorical field
Bulgaria 16 342 To 468 [270; 7.49] eCRF, categorical field
Saudi Arabia 10 208 =+ 481 [233; 8.66] eCRF, categorical field
Spain 46 J00 o 6.57 [4.85; 8.67] eCRF, checkbox
Colombia 23 301 - 764 [4891;11.28] eCRF, categorical field
Kuwait 23 297 - 774 [4.97;11.39] eCRF, categorical field
Australia M 405 - 840 [5.88;11.53] eCRF, checkbox
UK 41 487 - 842 [611;,11.25] eCRF, free-text field
Taiwan 26 272 = 956 [6.34;13.69] eCRF, categorical field
Portugal 14 121 —'— 1157 [6.47;18.65] eCRF, categorical field
Greece 16 124 —_r 1290 [7.56;20.11] eCRF, categorical field
USA 800 5006 ; 15.98 [14.98; 17.03] EMR, ICD codes + free-text field
Ireland 2 12 T 16.67 [2.09;4341] eCRF, categorical field
Italy 205 1196 ; = 17.14 [15.05; 19.40] eCRF, categorical field
Canada L 274 = 1861 [14.18; 23.74] eCRF, categorical field
Japan 38 196 T — 19.39 [14.10; 25.63] eCRF, categorical field
Poland 11 46 o 23.91 [1259; 38.77] eCRF, categorical field
Random effects model 1371 10742 : ot 7.67 [5.36;10.86]

Heterogeneity: i2 =90%, p=0.1
0 10 20 30 40 50
Prevalence (%)
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15) Diabetes

Country

UK

Spain
Argentina
Italy

India
Denmark
South Korea
Colombia
Australia
Ireland
Greece
Kuwait
Portugal
Bulgaria
Mexico
UAE
Canada
Saudi Arabia
Taiwan
USA
Japan
Poland

N(Ever) N(Total)

2 712
13 700

4 75

75 1324

12 173 =
23 327 -
12 158 H—
23 301 B
31 405

1 12

11 124 —H—
28 207 =

12 121
3/ M1

15 121 E—
29 229 e

35 274 i
31 208 =
46 272
852 5006
37 196
9 46

Prevalence (%) 95% Cl1

0.28 [0.03; 1.01]
1.86 [0.99; 3.15]
533 [1.47,1310]
5.66 [4.48; 7.05]
6.94 [3.64;11.80]
7.03 [451,10.37]
7.59 [3.99;12.89]
7.64 [491,11.25]
7.65 [5.26;10.69]
8.33 [0.21;38.48]
8.87 [451,1532]
9.43 [6.36;13.34]
9.92 [5.23;16.68]
1026 [7.25;13.98]
1240 [7.11;19.62]
12,66 [8.65;17.68]
1277 [9.08;17.32]
1490 [10.36; 20.48]
16.91 [12.66; 21.91]
17.02 [15.99; 18.09]
18.88 [13.65;25.07]
19.57 [9.36;33.91]

Data source

eCRF, free-text field
eCRF, free-text field
eCRF, categorical field
eCRF, categorical field
eCRF, categorical field
eCRF, categorical field
eCRF, categorical field
eCRF, categorical field
eCRF, checkbox
eCRF, categorical field
eCRF, categorical field
eCRF, categorical field
eCRF, categorical field
eCRF, categorical field
eCRF, categorical field
eCRF, categorical field
eCRF, categorical field
eCRF, categorical field
eCRF, categorical field

EMR, ICD codes + free-text field

eCRF, categorical field
eCRF, categorical field

8.37 [6.03;11.50]

Random effects model 1336 11422 .

Heterogeneity: i2 =92% p=001 I I I I !
0 10 20 o 40 50

Prevalence (%)

16) Coronary heart disease

Country N{Ever) N{Total) Prevalence (%) 95% Cl Data source
UK 3 7120 042 [0.09; 1.23] eCRF, free-text field
India 2 172 4—‘ 116 [0.14; 414] eCRF, categorical + free-text fields
UAE 3 228 = 1.31 [0.27, 378] eCRF, categorical + free-text fields
Argentina 1 75 -'—'— 1.33 [0.03 7.21] eCRF, categorical + free-text fields
Mexico 2 121 -'—- 1.65 [0.20; 584] eCRF, categorical + free-text fields
Kuwait A 297 ==t 1.68 [0.55 3.88] eCRF, categorical + free-text fields
Australia 7 405 -'- 173 [070; 353] eCRF, checkbox + free-text field
South Korea 3 158 =+ 1.80 [0.39 545] eCRF, categorical + free-text fields
Colombia 7 01 = 233 [0.84; 473] eCRF, categorical + free-text fields
Saudi Arabia B 208 = 240 [079 552 eCRF, categorical + free-text fields
Greece 4 124 =— 3.23 [0.89; 8.05] eCRF, categorical + free-text fields
Italy 43 1033 & 416 [3.03 557] eCRF, categorical + free-text fields
Japan 9 196 —— 459 [212; 8.54] eCRF, categorical + free-text fields
Spain 35 700 = 5.00 [3.51, 6.89] eCRF, checkbox
Canada 16 274 *-'— 5.84 [3.37, 9.31] eCRF, categorical + free-text fields
Bulgaria 27 M2 i 7.89 [5.27 11.28] eCRF, categorical + free-text fields
Ireland 1 12 — 8.33 [0.21,;3848] eCRF, free-text field
Paland ] 46 13.04 [4.94; 26.26] eCRF, categorical + free-text fields
USA 684 4995 | 13.69 [1275;1468] EMR, ICD codes + free-text field
Taiwan 33 272 4 13.97 [10.08; 18.67] eCRF, categorical + free-text fields
Denmark 79 350 . 22,57 [18.30, 27.32] eCRF, categorical field

Portugal 4 17 23.53 [6.81;49.90] eCRF, categorical + free-text fields

3.90 [245; 6.16]

Random effects model 984 11033
I

Heterogeneity: I~ = 84%, p < 0.01 ' ' ' ' '

0 10 20 30 40 50
Prevalence (%)
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17) Pneumonia

Country N{Ever) N{Total) Prevalence (%) 95% Cl1 Data source
UK 0 712000 0.00 [0.00; 0.52] eCRF, free-text field
Australia 1 405 0.25 [0.01; 1.37] eCRF, free-text field
Poland ] 46— 000 [0.00;, 7.71] eCRF, categorical field
Saudi Arabia 3 208 =+ 1.44 [0.30; 4.16] eCRF, categorical field
Portugal 1 63 =— 159 [0.04; 353] eCRF, categorical field
Greece 2 124 == 161 [020; 570] eCRF, categorical field
Argentina 2 7 T 267 [0.32 930 eCRF, categorical field
Taiwan g 268 = 336 [1.B5 6.28] eCRF, categorical field
India G 172 = 349 [1.29; 7.44] eCRF, categorical field
Ireland ] 12— 0.00 [0.00;26.46] eCRF, categorical field
Bulgaria 15 M = 440 [248; 715] eCRF, categorical field
Kuwait 17 297 572 [3.37, 9.01] eCRF, categorical field
Mexico a 121 i — 6.61 [2.90;1261] eCRF, categorical field
Japan 17 186 i—+— 8.67 [5.13,1352] eCRF, categorical field
Italy 112 1208 = 871 [7.23,10.37] eCRF, categorical field
UAE 20 229 i —— 873 [542,1317] eCRF, categorical field
USA 493 5000 9.86 [9.05;10.72] EMR, ICD codes + free-text field
Colombia 30 01 997 [6.83;13.92] eCRF, categorical field
South Korea 16 158+ ——— 1013 [5.90;15.92] eCRF, categorical field
Canada 124 274 — = 45 26 [39.26; 51.36] eCRF, categorical field
Random effects model 877 10300 I*' 3.52 [1.83; 6.68]

0 10 20 30 40 50
Prevalence (%)

Heterogeneity: P= 95%, p < 0.01

18) Other significant infections

Country N{Ever) N{Total) ' Prevalence (%) 95% Cl1 Data source
Australia 0 40504 ¢ 0.00 [0.00; 0.91] eCRF, free-text field
Denmark 0 350 0.00 [0.00; 1.05] eCRF, categorical field
UAE 0 229 '—§ 0.00 [0.00; 1.60] eCRF, categorical field
South Korea 1 157 =+ 064 [0.02; 3.50] eCRF, categorical field
Argentina 1 72 saeyr 139 [0.04; 7.50] eCRF, categorical field
Spain 7 420 = 167 [0.67; 3.40] eCRF, categorical field
Colombia 5 283 177 [058; 407] eCRF, categorical field
Saudi Arabia 4 207 5 193 [0.53; 487] eCRF, categorical field
Poland 1 46 = 217 [0.06;11.53] eCRF, categorical field
Greece 3 139, =— 219 [0.45; 6.27] eCRF, categorical field
UK 21 712 = 295 [1.83 447] eCRF, free-text field
Mexico 5] 121 -—'— 496 [1.84;1048] eCRF, categorical field
India 10 172 = 581 [282,1043] eCRF, categorical field
Bulgaria 19 320 i —— 584 [361; 812] eCRF, categorical field
Kuwait 21 297 7.07 [4.43;1061] eCRF, categorical field
Italy nm 1413 0 == 786 [6.51;, 9.38] eCRF, categorical field
Taiwan 23 270 — 8.62 [5.48;,1251] eCRF, categorical field
Canada H 2 11.31 [7.82;15.67] eCRF, categorical field
Japan 24 196 — 1224 [8.01;17.67)] eCRF, categorical field
USA 272 837 —t— 32,50 [29.33; 35.79] EMR, ICD codes + free-text field
Random effects model 560 6918 I** | 270 [1.34; 5.35]

0 10 20 30 40
Prevalence (%)

Heterogeneity: I° = 86%, p < 0.04
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19) Peptic ulcer

Country

UK
Australia
UAE

India
Argentina
Portugal
Saudi Arabia
Italy

Greece
Kuwait
Bulgaria
USA

Ireland
Japan
Mexico
Colombia
Poland
Canada
South Korea
Taiwan

N(Ever) N(Total)

712
405
229
171
75
63
208
1311
124
297
342
5006

Rgmmmghac:c:c:c:c:c:

-y

Prevalence (%) 95% Cl1

12

[4 QTR =
[ S SR PV e = ]

272

196 ——

121 ——
a1
45—
274 | ——

1858 | —=——

0.00 [0.00; 0.52]
0.00 [0.00; 0.91]
0.00 [0.00; 1.80]
0.00 [0.00; 213]
0.00 [0.00; 4380]
0.00 [0.00; 5.89]
096 [0.12; 3.43]
1.53 [093; 2.35]
1.61 [0.20; 5.70]
1.68 [0.55; 2.88]
175 [0.65; 3.78]
244 [203; 290]
0.00 [0.00; 26.46]
408 [1.78; 7.88]
413 [1.36; 9.38]
432 [232, 7.27]
4.35 [053;14.84]
511 [282; 8.42]
6.96 [253;12.12]
20.59 [15.94; 25.89]

Data source

eCRF, free-text field

eCRF, free-text field
eCRF, categorical field
eCRF, categorical field
eCRF, categorical field
eCRF, categorical field
eCRF, categorical field
eCRF, categorical field
eCRF, categorical field
eCRF, categorical field
eCRF, categorical field

EMR, ICD codes + free-text field

eCRF, categorical field
eCRF, categorical field
eCRF, categorical field
eCRF, categorical field
eCRF, categorical field
eCRF, categorical field
eCRF, categorical field
eCRF, categorical field

1.27 [0.55; 2.89]

Random effects model 266 10323 -
Heterogeneity: =9 %, p=0.01 I I I I I I !

0 5 10 15 20 25 30
Prevalence (%)

20) Pulmonary embolism/venous thromboembolism

Country N{Ever) N{Total) Prevalence (%) 95% Cl Data source
Bulgaria 0 M2 0.00 [0.00; 1.07] eCRF, categorical field
Taiwan 0 272 0.00 [0.00; 1.35] eCRF, categorical field
Australia 1 405+ 025 [0.01; 1.37] eCRF, free-text field
Japan 0 1960 0.00 [0.00; 1.86] eCRF, categorical field
UK 2 Tizh 0.28 [0.03; 1.01] eCRF, free-text field
India 0 17206, 0.00 [0.00; 212] eCRF, categorical field
South Korea 0 158i— 0.00 [0.00; 2.31] eCRF, categorical field
UAE 1 229 0.44 [0.01; 2.41] eCRF, categorical field
Argentina 0 ihie— 0.00 [0.00; 4.80] eCRF, categorical field
Kuwait 2 207 = 0.67 [0.08;, 2.41] eCRF, categorical field
Italy 7 1005 & 0.70 [0.28;, 1.43] eCRF, categorical field
Greece 1 124 = 0.81 [0.02; 441] eCRF, categorical field
Mexico 1 121 = 0.83 [0.02;, 452] eCRF, categorical field
Canada 3 274 7= 1.09 [0.23; 3.17] eCRF, categorical field
Saudi Arabia 4 208 7 1.92 [0.53; 4.85] eCRF, categorical field
Colombia g 0 = 1.99 [0.73; 4.29] eCRF, categorical field
Ireland 0 12°% 0.00 [0.00; 26.46] eCRF, categorical field
USA 214 5006 ¢ 427 [3.73 4.87] EMR, ICD codes + free-text field
Portugal 1 17 + 5.88 [0.15; 28.69] eCRF, categorical field
Paland 3 46 i———— 6.52 [1.37;17.90] eCRF, categorical field

0.58 [0.28; 1.20]

Random effects model 246 9972 +
Heterogeneity: 12 = 73%, p < 0.01 ! T
0 5 10 15 20 25 30

Prevalence (%)
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21) Cataract

Country N{Ever) N{Total) Prevalence (%) 95% Cl1 Data source
UK 0 712 0.00 [0.00; 0.52] eCRF, free-text field
Australia 0 405051 0.00 [0.00; 0.91] eCRF, free-text field
Kuwait 0 297 '-' 000 [0.00; 1.23] eCRF, categorical field
Saudi Arabia 0 208 '—— 000 [0.00; 1.76] eCRF, categorical field
South Korea 0 158+ 000 [0.00; 231] eCRF, categorical field
UAE 1 229+ 044 [0.01;, 241] eCRF, categorical field
Spain 4 700 057 [0.16; 1.48] eCRF, free-text field
USA 30 5006 1) 0.60 [0.40; 0.85] EMR, ICD codes + free-text field
Bulgaria 3 342 = 088 [018; 254] eCRF, categorical field
India 2 172 = 116 [0.14; 4.14] eCRF, categorical field
Argentina 1 L 1.33 [0.03; 7.21] eCRF, categorical field
Mexico 2 121 &=— 1.65 [0.20; 5.84] eCRF, categorical field
Colombia 10 01 332 [1.60; 6.02] eCRF, categorical field
Greece 5 124 =+ 403 [1.32 9.16] eCRF, categorical field
Italy 62 1260 : — 492 [3.79; 6.26] eCRF, categorical field
Ireland 1 12 : 833 [0.21;35.48] eCRF, categorical field
Japan 24 196 i — 12.24 [8.01;17.67] eCRF, categorical field
Taiwan 3a 272 —_— 13.97 [10.08; 18.67] eCRF, categorical field
Portugal 2 13 15.38 [1.92; 45.45] eCRF, categorical field
Poland 10 46 —_— 21.74 [10.895; 36.36] eCRF, categorical field
Canada 63 274 s s 2299 [18.14; 28 .44] eCRF, categorical field
Random effects model 258 10923 4= 1.35 [0.52; 3.51]

Heterogeneity: i2 =95%, p =001 ! l l l I I l

0 5 10 15 20 25 30

Prevalence (%)

22) Chronic kidney disease

Country N{Ever) N{Total) Prevalence (%) 95% Cl Data source
UK 0 71205 0.00 [0.00; 0.52] eCRF, free-text field
Australia 0 405 0.00 [0.00; 0.91] eCRF, free-text field
Spain 1 7000+ 0.14 [0.00; 0.79] eCRF, free-text field
Kuwait 0 2970= 0.00 [0.00; 1.23] eCRF, categorical field
Colombia 1 301 5= 0.33 [0.01; 1.84] eCRF, categorical field
Italy 6 13200 0.45 [0.17; 0.99] eCRF, categorical field
Saudi Arabia 1 208 = 0.48 [0.01;, 2.65] eCRF, categorical field
Bulgaria 2 342 o= 0.58 [0.07, 2.10] eCRF, categorical field
India 1 W & 0.58 [0.01; 3.22] eCRF, categorical field
South Korea 1 188 = 0.63 [0.02; 3.48] eCRF, categorical field
Canada 2 274 == 073 [0.09; 2671] eCRF, categorical field
Portugal 0 G3e——— 0.00 [0.00; 5.69] eCRF, categorical field
Greece 1 124 = 081 [0.0Z, 447] eCRF, categorical field
Mexico 1 121 = 0.83 [0.02;, 452] eCRF, categorical field
UAE 2 229 7— 087 [0171;, 312] eCRF, categorical field
Argentina 1 75 --'— 1.33 [0.03 7.21] eCRF, categorical field
Poland 1 46 217 [0.06; 11.53] eCRF, categorical field
Taiwan B 272 —'— 221 [0.81; 474] eCRF, categorical field
Japan 5 196 —'— 255 [0.83 5.85] eCRF, categorical field
USA 132 5006 264 [2.21; 312] EMR, ICD codes + free-text field
Ireland 0 127 0.00 [0.00; 26.46] eCRF, categorical field
Random effects model 164 11032 + 0.54 [0.30; 0.97]

Heterogeneity: Fz =57%, p=001 l l l l l

0 5 10 15 20

Prevalence (%)
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23) Adrenal insufficiency

Country N{Ever) N{Total) Prevalence (%) 95% Cl Data source
UK 0 7120 0.00 [0.00; 0.52] eCRF, free-text field
Australia 0 405/ 0.00 [0.00; 0.91] eCRF, free-text field
USA 80 5032 § 1.59 [1.26;, 1.97] EMR, ICD codes + free-text field
Random effects model 80 6149 |-___ 0.05 [0.00; 10.79]

0 5 10 15 20
Prevalence (%)

Heterogeneity: i2 =0%, p=1.00

24) Glaucoma

Country N{Ever) N{Total) Prevalence (%) 95% Cl Data source
UK 0 7125 0.00 [0.00; 0.52] eCRF, free-text field
Kuwait 0 287 = 0.00 [0.00; 1.23] eCRF, categorical field
LAE 0 2290 0.00 [0.00; 1.60] eCRF, categorical field
Saudi Arabia 0 208= 0.00" [0.00; 1.76] eCRF, categorical field
Australia 1 405+ 0.25 [0.04; 1.37] eCRF, free-text field
India 0 172E— 0,00 [0.00; 2.12] eCRF, categorical field
South Korea 0 158 =— 0.00 [0.00; 2.31] eCRF, categorical field
Spain 3 700 = 0.43 [0.09; 1.25] eCRF, free-text field
Argentina 0 TolE— 0.00 [0.00; 4.80] eCRF, categorical field
Colombia 3 30 1.00 [0.21; 2.88] eCRF, categorical field
USA 66 5006 | 1.32 [1.02; 1.67] EMR, ICD codes + free-text field
Bulgaria ] 342 1.75 [0.65; 3.78] eCRF, categorical field
Taiwan B 272 ‘—'— 1.84 [0.60; 424] eCRF, categorical field
Italy 25 1226 == 204 [1.32;, 3.00] eCRF, categorical field
Greece 3 124 +—=+— 2.42 [0.50; 6.91] eCRF, categorical field
Mexico 3 121 —'— 248 [051;, 7.07] eCRF, categorical field
Canada 10 274 | ———— 3.65 [1.76; 6.61] eCRF, categorical field
Ireland 0 1 0.00 [0.00; 28.49] eCRF, categorical field
Paland 2 46 4.35 [0.53; 14.84] eCRF, categorical field
Japan 10 196 @+ ———— 510 [2.47; 9.18] eCRF, categorical field
Partugal 2 13 15.38 [1.82; 45.45] eCRF, categorical field
Random effects model 139 10888 4= 0.76 [0.35; 1.66]

Heterogeneity: !2 =56%, p<0.01 l l l l l

0 5 10 15 20

Prevalence (%)
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25) Cerebrovascular accident

Country N{Ever) N{Total) Prevalence (%) 95% Cl Data source
UK 0 T12=— 0.00 [0.00; 0.52] eCRF, free-text field
Australia 0 4050=— 0.00 [0.00; 0.91] eCRF, checkbox
Colombia 0 e 0.00 [0.00; 1.22] eCRF, categorical field
LAE 0 229 0——— 0.00 [0.00; 1.60] eCRF, categorical field
Saudi Arabia 0 208 0.00 [0.00; 1.76] eCRF, categorical field
Japan 0 196 —— 0.00 [0.00; 1.86] eCRF, categorical field
India 0 17— 0.00 [0.00; 2.12] eCRF, categorical field
Italy 3 1001 —— 0.30 [0.06; 0.87] eCRF, categorical field
South Korea 0 158 H——m 0.00 [0.00; 2.31] eCRF, categorical field
Kuwait 1 287 == 0.34 [0.071; 1.86] eCRF, categorical field
Mexico 0 12— 0.00 [0.00; 3.00] eCRF, categorical field
Argentina 0 75 0.00 [0.00; 4.80] eCRF, categorical field
Canada 2 e e e 073 [0.09; 2.61] eCRF, categorical field
Taiwan 2 272 -‘—‘— 074 [0.09; 2.63] eCRF, categorical field
Greece 1 124 081 [0.0Z; 447] eCRF, categorical field
USA 43 5006 =+ 0.86 [0.682; 1.16] EMR, ICD codes + free-text field
Paoland 1 46 217 [0.06; 11.53] eCRF, categorical field
Portugal 0 170 0.00 [0.00; 19.51] eCRF, categorical field
Bulgaria 10 342 292 [141;, 531] eCRF, categorical field
Ireland 0 120 0.00 [0.00; 26.46] eCRF, categorical field
Random effects model 63 9968 I** | 0.22 [0.08; 0.63]

0 1 2 3 4 5
Prevalence (%)

Heterogeneity: 2= 1%, p =044

26) Gastroesophageal reflux disease

Country N{Ever) N{Total) Prevalence (%) 95% Cl Data source
UK 27 712 : 379 [251, 547] eCRF, free-text field
Canada 19 136 —‘—* 13.897 [8.63;20.95] eCRF, categorical field
Partugal 22 121 i 18.18 [11.76; 26.22] eCRF, categorical field
Spain 152 700 3 21.71 [18.71; 24.96] eCRF, checkbox
Australia a0 405 --'— 22,22 [18.27, 26.59] eCRF, checkbox
Denmark 92 326 P 28.22 [23.40; 33.44] eCRF, categorical field
USA 2841 5000 : £6.82 [55.43;58.20] EMR, ICD codes + free-text field
Random effects model 3243 7400 eni—— 19.97 [10.75; 34.07]

Heterogeneity: f2 =99%, p < 0.1
0 10 20 30 40 50 &0
Prevalence (%)

27) Chronic obstructive pulmonary disease

Country N{Ever) N{Total) Prevalence (%) 95% Cl Data source
UK 3 712 i 042 [009; 1.23] eCRF, free-text field
Canada L] 241 —‘—- 207 [068; 477] eCRF, categorical field
Spain 15 00 = 214 [1.20; 357] eCRF, checkbox
Australia 17 405 420 [246, 6.64] eCRF, checkbox
Portugal 8 121 ——'— 6.61 [2.90;1261] eCRF, categorical field
Denmark ha 324 : — 17.90 [13.88; 22.52] eCRF, categorical field
USA 939 5005 : = 18.76 [17.69; 19.87] EMR, ICD codes + free-text field
Random effects model 1045 7508 : *'*'—-I- 4.26 [1.65;10.58]

0 5 10 15 20 25 30
Prevalence (%)

Heterogensity: I° = §7%, p < 0.01
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28) Bronchiectasis

Country N{Ever) N(Total) Prevalence (%) 95% Cl Data source
UK 19 712 = 267 [1.61, 414] eCRF, free-text field
Australia 16 405 = 385 [227, 6.34] eCRF, checkbox
Canada 16 242 = 6.61 [3.83;1051] eCRF, categorical field
Portugal 8 121 — 6.61 [2.90;1261] eCRF, categorical field
USA 571 5004 i 11.41 [10.54; 12.32] EMR, ICD codes + free-text field
Spain 111 700 H —Ea 15.86 [13.23,18.78] eCRF, checkbox
Denmark 58 325 — 17.85 [13.84; 22 45] eCRF, cateqgorical field
Random effects model 799 7509 ——— 7.84 [4.70;12.81]

0 5 10 15 20 25 30
Prevalence (%)

Heterogeneity: i2 =94% p =001

29) Vocal cord dysfunction/laryngeal spasms

Country N{Ever) N{Total) Prevalence (%) a95% Cl Data source
Spain i] 700 -'— 086 [032 1.86] eCRF, checkbox
UK 8 712 = 112 [049; 220] eCRF, free-text field
Denmark 7 350 = 2.00 [0871, 408] eCRF, categorical field
Australia 9 405 —— 222 [1.0Z2 418] eCRF, checkbox
USA 728  B0O32 ; - 14.47 [13.51; 15.47] EMR, ICD codes + free-text field
Random effects model 758 7199 : ~eei— 2.33 [0.88; 6.02]

Heterogeneity: I° = 98%, p < 0.01 ' ' ' '
0 B 10 15 20
Prevalence (%)

30) Dysfunctional breathing

Country N{Ever) N{Total) Prevalence (%) 95% CI Data source
Australia 3 405 +— | 074 [015; 215] eCRF, checkbox
Spain 11 700 == 157 [079; 279] eCRF, checkbox
UK 20 712 = 281 [1.72 4.31] eCRF, free-text field
USA 162 50086 : 324 [278;, 3.76] EMR, free-text field
Canada 16 239 e 6.69 [3.87; 10.64] eCRF, categorical field
Denmark 22 327 P 6.73 [4.26; 10.01] eCRF, categorical field
Random effects model 234 7389 i 295 [1.67; 5.15]

T
0 5 10 15 20
Prevalence (%)

Heterogeneity: I° = 85%, p < 0.01
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Prevalence of having at least one comorbidity

eTable 4 Prevalence of having at least one comorbidity, overall and by categories, by minimum
number of comorbidities with available presence/absence information.

Min number of Number of contributing Sample size N Prevalence
comorbidities with countries of having at
presence/absence least one
info by categories comorbidity
Comorbidities of any type
21 22 11,821 10,837 92%
>2 22 11,811 10,834 92%
23 22 11,794 10,826 92%
24 22 11,744 10,810 92%
>5 22 11,683 10,773 92%
26 22 11,556 10,677 92%
>7 22 11,468 10,596 92%
>8 22 11,461 10,589 92%
>9 22 11,454 10,582 92%
>10 22 11,446 10,574 92%
211 22 11,438 10,566 92%
>12 22 11,405 10,534 92%
213 22 11,386 10,515 92%
>14 22 11,317 10,449 92%
215 22 11,119 10,265 92%
216 21 (all -DK) 10,623 9,801 92%
>17 21 (all -DK) 10,510 9,701 92%
>18 20 (all -DK, -IE) 10,173 9,399 92%
>19 12 (AU, CA, ES, JP, MX, PL, PT, 8,060 7,519 93%
SK, TW, UAE, UK, USA)
>20 6 (AU, CA, ES, PT, UK, USA) 7,096 6,649 94%
221 6 (AU, CA, ES, PT, UK, USA) 7,088 6,641 94%
222 6 (AU, CA, ES, PT, UK, USA) 7,035 6,588 94%
223 6 (AU, CA, ES, PT, UK, USA) 6,909 6,462 94%
224 4 (AU, ES, UK, USA) 6,529 6,109 94%
225 3 (AU, UK, USA) 6,122 5,723 93%
226 3 (AU, UK, USA) 6,119 5,723 94%
227 3 (AU, UK, USA) 6,089 5,703 94%
>28 3 (AU, UK, USA) 6,077 5,693 94%
>29 3 (AU, UK, USA) 5,987 5,614 94%
30 2 (UK, USA) 1,322 1,190 90%
Potentially T2-related categories
>1 22 11,743 8,120 69%
22 22 11,697 8,100 69%
>3 22 11,623 8,071 69%
24 22 11,188 7,726 69%
>5 7 (AU, CA, DK, ES, PT, UK, USA) 7,480 4,911 66%
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>6 5 (AU, ES, PT, UK, USA) 6,936 4,460 64%
>7 4 (AU, ES, UK, USA) 6,805 4,353 64%
8 2 (UK, USA) 5,718 3,504 61%
Potentially OCS-related comorbidities
>1 22 11,809 7,936 67%
>2 22 11,646 7,902 68%
>3 22 11,489 7,865 68%
>4 22 11,437 7,839 69%
>5 22 11,427 7,834 69%
26 21 (all -DK) 11,043 7,654 69%
>7 21 (all -DK) 11,034 7,647 69%
>8 21 (all -DK) 11,027 7,643 69%
>9 21 (all -DK) 11,015 7,634 69%
>10 21 (all -DK) 10,932 7,575 69%
211 21 (all -DK) 10,823 7,491 69%
>12 21 (all -DK) 10,365 7,149 69%
213 21 (all -DK) 9,892 6,876 70%
>14 21 (all -DK, -IE) 9,660 6,744 70%
>15 9 (AU, JP, MX, PL, SK, TW, UAE, 7,117 5,359 75%
UK, USA)
>16 3 (AU, UK, USA) 6,100 4,747 78%
17 3 (AU, UK, USA) 1,657 1,251 75%
Comorbidities mimicking/aggravating asthma
>1 7 (AU, CA, DK, ES, PT, UK, USA) 7,583 4,193 55%
>2 7 (AU, CA, DK, ES, PT, UK, USA) 7,531 4,192 56%
23 7 (AU, CA, DK, ES, PT, UK, USA) 7,496 4,181 56%
>4 6 (AU, CA, DK, ES, UK, USA) 7,259 4,136 57%
5 5 (AU, DK, ES, UK, USA) 7,136 4,106 58%

Abbreviations: AU: Australia; CN: Canada; DK: Denmark; ES: Spain; JP: Japan; MX: Mexico; PL: Portugal;
PT: Portugal; SK: OCS: oral corticosteroids; SK: South Korea; TW: Taiwan; UAE: United Arab Emirates; UK:
United Kingdom; USA: United States of America.
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Prevalence of having 1, 2, or 3+ comorbidities

Prevalence estimates of having 3 or more comorbidities of any type ranged from 57% to 67%; 3 or
more potentially T2-related comorbidities from 8.9% to 16%; 3 or more potentially OCS-related
comorbidities from 23% to 34%; and 3 or more comorbidities mimicking/aggravating asthma from
3.9% to 4.1% (eTable 5). Of note, the trends were not linear due to variations in contributing

countries as the minimum number of comorbidities with collected data increased.

eTable 5. Prevalence of having 1, 2, or 3+ comorbidities, overall and by categories, by minimum
number of comorbidities with available presence/absence information.

Minimum number of Prevalence Sample size  Number of contributing countries
comorbidities with of having
presence/absence information 1,2, 0r3+
by categories comorbidities
Comorbidities of any type
23 15%, 19%, 57% 11,794 22
>4 15%, 19%, 58% 11,744 22
>5 15%, 19%, 58% 11,683 22
26 15%, 19%, 58% 11,556 22
>7 15%, 19%, 58% 11,468 22
28 15%, 19%, 58% 11,461 22
29 15%, 19%, 58% 11,455 22
>10 15%, 19%, 58% 11,446 22
211 15%, 19%, 58% 11,438 22
212 15%, 19%, 59% 11,406 22
>13 15%, 19%, 59% 11,388 22
214 15%, 19%, 59% 11,319 22
215 15%, 19%, 59% 11,120 22
>16 15%, 19%, 58% 10,627 21 (all -Denmark)
217 15%, 19%, 58% 10,514 21 (all -Denmark)
>18 15%, 18%, 59% 10,182 20 (all -Denmark, -Ireland)
>19 13%, 16%, 63% 8060 12 (Australia, Canada, Japan, Mexico, Poland,
Portugal, South Korea, Spain, Taiwan, UAE,
UK, USA)
>20 12%, 15%, 66% 7096 6 (Australia, Canada, Portugal, Spain, UK, USA)
>21 12%, 15%, 66% 7088 6 (Australia, Canada, Portugal, Spain, UK, USA)
>22 13%, 15%, 66% 7037 6 (Australia, Canada, Portugal, Spain, UK, USA)
223 13%, 16%, 65% 6909 6 (Australia, Canada, Portugal, Spain, UK, USA)
224 13%, 16%, 65% 6529 4 (Australia, Spain, UK, USA)
225 12%, 15%, 66% 6122 3 (Australia, UK, USA)
226 12%, 15%, 66% 6119 3 (Australia, UK, USA)
>27 12%, 15%, 67% 6089 3 (Australia, UK, USA)
228 12%, 15%, 67% 6077 3 (Australia, UK, USA)
>29 12%, 15%, 67% 5987 3 (Australia, UK, USA)
30 14%, 14%, 63% 1322 2 (UK, USA)
Potentially T2-related categories
>3 30%, 24%, 16% 11,623 22
24 30%, 23%, 16% 11,188 22
>5 31%, 23%, 12% 7480 7 (Australia, Canada, Denmark, Portugal,

Spain, UK, USA)
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o IV IV
N O

32%, 22%, 11%
32%, 22%, 10%
31%, 21%, 8.9%

Potentially OCS-related comorbidities

IV IV IV IV IV IV IV IV IV IV IV IV IV
O 00 N O U b W

>16
17

29%, 17%, 23%
28%, 17%, 23%
28%, 17%, 23%
28%, 17%, 24%
28%, 17%, 24%
28%, 17%, 24%
28%, 17%, 24%
28%, 17%, 24%
28%, 17%, 24%
28%, 17%, 24%
28%, 17%, 25%
28%, 17%, 26%
26%, 18%, 31%

26%, 18%, 34%
28%, 15%, 32%

Comorbidities mimicking/aggravating asthma

23

>4

5

35%, 17%, 3.9%

36%, 17%, 4.0%

36%, 18%, 4.1%

6936
6805
5718

11,489
11,437
11,427
11,043
11,034
11,027
11,015
10,932
10,823
10,365

9892

9660

7117

6100
1657

7496

7259

7136

5 (Australia, Portugal, Spain, UK, USA)
4 (Australia, Spain, UK, USA)
2 (UK, USA)

22

22

22

21 (all -Denmark)

21 (all -Denmark)

21 (all -Denmark)

21 (all -Denmark)

21 (all -Denmark)

21 (all -Denmark)

21 (all -Denmark)

21 (all -Denmark)

21 (all -Denmark, -Ireland)

9 (Australia, Japan, Mexico, Poland, South
Korea, Taiwan, UAE, UK, USA)
3 (Australia, UK, USA)

3 (Australia, UK, USA)

7 (Australia, Canada, Denmark, Portugal,
Spain, UK, USA)

6 (Australia, Canada, Denmark, Spain, UK,
USA)

5 (Australia, Denmark, Spain, UK, USA)

UAE: United Arab Emirates; UK: United Kingdom; USA: United States of America; OCS: Oral corticosteroids.



Journal Pre-proof

Most frequent comorbidities presenting alone and combinations of comorbidities

For each category of comorbidity counts (1, 2, and 3 or more), the most frequently reported
individual, or combinations of, comorbidities are shown in eTable 6. In the categories of 3 or more
comorbidities, the most frequent combinations of individual comorbidities were allergic rhinitis +
chronic rhinosinusitis + nasal polyposis overall (6.4%). The most frequent combinations by categories
were allergic rhinitis + chronic rhinosinusitis + nasal polyposis (55.5%) for potentially T2-related
comorbidities, obesity + sleep apnea + hypertension (3.9%) for potentially OCS-related
comorbidities, and gastro-esophageal reflux disease + chronic obstructive pulmonary disease +

bronchiectasis (34.7%) for comorbidities mimicking/aggravating asthma.
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eTable 6. Most frequent comorbidities and combinations of comorbidities by the number of
reported comorbidities in patients with available presence/absence information for at least
three comorbidities, overall and by categories.

Number of Sample Most frequent (combinations of) comorbidities
reported size
comorbidities Types N (%)
Comorbidities of any type
1 1811 Allergic rhinitis 672 (37.1)
Obesity 511 (28.2)
Chronic rhinosinusitis 123 (6.8)
2 2254 Allergic rhinitis + chronic rhinosinusitis 336 (14.9)
Chronic rhinosinusitis + nasal polyposis 334 (14.8)
Allergic rhinitis + obesity 287 (12.7)
3+ 6761 Allergic rhinitis + chronic rhinosinusitis + nasal polyposis 430 (6.4)
Allergic rhinitis + chronic rhinosinusitis + nasal polyposis + obesity 131 (1.9)
Chronic rhinosinusitis + nasal polyposis + obesity 131 (1.9)
Potentially T2-related comorbidities
1 3471 Allergic rhinitis 2,091 (60.2)
Chronic rhinosinusitis 1,115 (32.1)
Eczema/atopic dermatitis 169 (4.9)
2 2784 Allergic rhinitis + chronic rhinosinusitis 1,248 (44.8)
Chronic rhinosinusitis + nasal polyposis 910 (32.7)
Allergic rhinitis + eczema/atopic dermatitis 333 (12.0)
3+ 1816 Allergic rhinitis + chronic rhinosinusitis + nasal polyposis 1,008 (55.5)
Allergic rhinitis + chronic rhinosinusitis + eczema/atopic dermatitis 193 (10.6)
Allergic rhinitis + chronic rhinosinusitis + nasal polyposis +
eczema/atopic dermatitis 191 (10.5)
Potentially OCS-related comorbidities
1 3276 Obesity 1,709 (52.2)
Anxiety/depression 282 (8.6)
Osteoporosis 249 (7.6)
2 1923 Obesity + sleep apnea 417 (21.7)
Obesity + hypertension 156 (8.1)
Obesity + anxiety/depression 155 (8.1)
3+ 2666 Obesity + sleep apnea + hypertension 104 (3.9)
Obesity + sleep apnea + diabetes 84 (3.2)
Obesity + sleep apnea + hypertension + dyslipidaemia 52 (2.0)
Comorbidities mimicking/aggravating asthma
1 2614 GERD 1,778 (68.0)
COPD 327 (12.5)
Bronchiectasis 248 (9.5)
2 1276 GERD + COPD 416 (32.6)
GERD + vocal cord dysfunction/laryngeal spasms 388 (30.4)
GERD + bronchiectasis 312 (24.5)
3+ 291 GERD + COPD + bronchiectasis 101 (34.7)
GERD + COPD + vocal cord dysfunction/laryngeal spasms 70 (24.1)
GERD + bronchiectasis + vocal cord dysfunction/laryngeal spasms 37 (12.7)

COPD: Chronic obstructive pulmonary disease; GERD: Gastro-esophageal reflux disease; OCS: Oral corticosteroids.
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Comorbidity prevalence by demographic characteristics

The prevalence of AR, eczema/atopic dermatitis, obesity, anxiety/depression, osteoporosis,
diabetes, GERD, bronchiectasis, and vocal cord dysfunction/laryngeal spasms were higher in women
than in men. By contrast, the prevalence of NP and sleep apnea was higher in men than in women
(eTable 7). Patients with AR, NP, or eczema/atopic dermatitis were younger than those without
these comorbidities. Conversely, those with obesity, hypertension, sleep apnea, dyslipidemia,
anxiety/depression, osteoporosis, diabetes, GERD, COPD or bronchiectasis were older (eTable 8).
The relationship between comorbidities and smoking status (i.e. current, ex- or never smokers) was
slightly more complicated (eTable 9). Potentially T2-relalted comorbidities were all more prevalent
in never smokers (vs current/ex-smokers); obesity, hypertension, sleep apnea and GERD were more
prevalent in ex-smokers (vs current or never smokers); and dyslipidemia, anxiety/depression,

diabetes, and COPD were more prevalent in current/ex-smaokers (vs never smokers).
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eTable 7: Prevalence of the most common comorbidities by sex

Comorbidities Women Men p value*
Potentially T2-related comorbidities
Allergic rhinitis 50% 46% 0.003
Chronic rhinosinusitis® 45% 45% 0.893
Nasal polyposis 19% 24% <0.001
Eczema/atopic dermatitis 10% 8.6% 0.006
Potentially OCS-related comorbidities
Obesity 43% 36% <0.001
Hypertension 22% 23% 0.249
Sleep apnea 21% 24% 0.003
Dyslipidaemia 16% 17% 0.156
Anxiety/depression? 17% 10% <0.001
Osteoporosis 15% 6.7% <0.001
Diabetes 12% 10% 0.007
Comorbidities mimicking/aggravating asthma
GERD? 45% 42% 0.035
COPD 15% 16% 0.352
Bronchiectasis 11% 9.3% 0.027
VCD/laryngeal spasms 13% 6.6% <0.001

with or without nasal polyposis.

2Can also mimic/aggravate asthma.

3Can also be OCS-related.

*Pearson’s Chi-squared test.

Abbreviations: COPD: chronic obstructive pulmonary disease; GERD: gastroesophageal disease;
OCS: oral corticosteroids; VCD: vocal cord dysfunction.
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eTable 8: Prevalence of the most common comorbidities by age at registry enrollment

Comorbidities <40 40-49 50-59 60-69 70+ p value*
Potentially T2-related categories
Allergic rhinitis 56% 55% 48% 46% 40% <0.001
Chronic rhinosinusitis® 39% 44% 48% 50% 40% 0.082
Nasal polyposis 20% 22% 26% 21% 15% <0.001
Eczema/atopic dermatitis 16% 11% 7.8% 8.4% 7.6% <0.001
Potentially OCS-related comorbidities
Obesity 35% 41% 43% 43% 38% 0.007
Hypertension 5.0% 13% 20% 29% 40% <0.001
Sleep apnea 11% 21% 24% 28% 27% <0.001
Dyslipidemia 1.6% 8.0% 15% 21% 31% <0.001
Anxiety/depression? 12% 11% 15% 16% 16% <0.001
Osteoporosis 3.4% 4.5% 11% 17% 21% <0.001
Diabetes 6.4% 7.8% 12% 14% 17% <0.001
Comorbidities mimicking/aggravating asthima
GERD? 34% 42% 42% 49% 48% <0.001
COPD 3.0% 7.5% 17% 19% 23% <0.001
Bronchiectasis 4.1% 6.8% 9.3% 13% 17% <0.001
VCD/laryngeal spasms 11% 10% 11% 11% 8.7% 0.214

with or without nasal polyposis.

2Can also mimic/aggravate asthma.

3Can also be OCS-related.

*Kruskal-Wallis rank sum test comparing age distributions in patients with versus without
comorbidity.

Abbreviations: COPD: chronic obstructive pulmonary disease; GERD: gastroesophageal disease;
OCS: oral corticosteroids; VCD: vocal cord dysfunction.
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eTable 9. Prevalence of most common comorbidities by smoking status registry enrollment.

Comorbidities Current Ex- Never p
smokers smokers smokers value*
Potentially T2-related categories
Allergic rhinitis 46% 42% 49% <0.001
Chronic rhinosinusitis® 38% 43% 45% 0.012
Nasal polyposis 10% 16% 21% <0.001
Eczema/atopic dermatitis 8.0% 7.5% 9.8% 0.007
Potentially OCS-related comorbidities
Obesity 38% 47% 40% <0.001
Hypertension 22% 29% 22% <0.001
Sleep apnea 21% 31% 22% <0.001
Dyslipidemia 19% 21% 16% <0.001
Anxiety/depression? 21% 18% 13% <0.001
Osteoporosis 6.1% 14% 12% <0.001
Diabetes 14% 14% 12% 0.036
Comorbidities mimicking/aggravating asthma
GERD? 45% 51% 45% <0.001
COPD 42% 28% 7.4% <0.001
Bronchiectasis 4.9% 11% 11% 0.017
VCD/laryngeal spasms 10% 11% 12% 0.668

1. With or without nasal polyposis.

2. Can also mimic/aggravate asthma.

3. Can also be OCS-related.

*Pearson’s Chi-squared test.

Abbreviations: COPD: chronic obstructive pulmonary disease; GERD: gastroesophageal disease;
OCS: oral corticosteroids; VCD: vocal cord dysfunction.
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Associations between individual comorbidities and clinical characteristics

eTable 10: Difference and 95% confidence intervals in age at asthma onset (in years)

comparing patients with the respective comorbidity to those without it, adjusted for country,

age at registry enrollment, and sex.

Comorbidities Sample size Difference (95% Cl) p value*
Potentially T2-related categories
Allergic rhinitis 4179 -2.95 (-3.98; -1.92) <0.001
Chronic rhinosinusitis? 4225 +1.70 (+0.75; +2.64) <0.001
Nasal polyposis 4463 +1.10 (+0.12; +2.08) 0.028
Eczema/atopic dermatitis 4449 -3.54 (-4.97; -2.11) <0.001
Potentially OCS-related comorbidities
Obesity 4435 -0.66 (-1.66; +0.34) 0.193
Hypertension 2816 +0.17 (-1.56; +1.90) 0.849
Sleep apnea 3342 -0.17 (-2.10; +1.76) 0.863
Dyslipidemia 1027 -0.12 (-8.20; +7.96) 0.977
Anxiety/depression? 4220 -0.87 (-2.39; +0.65) 0.261
Osteoporosis 3953 -0.49 (-2.09; +1.11) 0.552
Diabetes 4335 -1.94 (-3.63; -0.24) 0.025
Comorbidities mimicking/aggravating asthma
GERD? 1258 -2.61 (-5.40; +0.17) 0.066
CoPD 1318 -2.15(-7.33; +3.03) 0.416
Bronchiectasis 1323 -2.07 (-5.54; +1.40) 0.243
VCD/laryngeal spasms 1133 -0.52 (-6.34; +5.31) 0.862

1. With or without nasal polyposis.
2. Can also mimic/aggravate asthma.

3. Can also be OCS-related.
*Wald’s test.

Abbreviations: COPD: chronic obstructive pulmonary disease; GERD: gastroesophageal disease;
OCS: oral corticosteroids; VCD: vocal cord dysfunction.
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eTable 11: Difference and 95% confidence intervals in blood eosinophil concentration (in
cells/uL) comparing patients with the respective comorbidity to those without it, adjusted for
country, age at registry enrollment, and sex.

Comorbidities Sample size Difference (95% Cl) p value*
Potentially T2-related categories
Allergic rhinitis 5594 +29.5 (+1.2; +57.9) <0.001
Chronic rhinosinusitis® 5646 +158.9 (+131.8; +186.1) <0.001
Nasal polyposis 5750 +200.9 (+166.7; +235.2) <0.001
Eczema/atopic dermatitis 5727 +37.3(-9.1; +83.6) 0.115
Potentially OCS-related comorbidities
Obesity 5758 -63.4 (-91.2; -35.5) <0.001
Hypertension 4490 -41.7 (-76.7; -6.7) 0.019
Sleep apnea 5046 -38.9 (-73.3; -4.5) 0.027
Dyslipidemia 3310 -6.0 (-47.4; +35.3) 0.775
Anxiety/depression? 5524 -43.7 (-80.4; -7.0) 0.020
Osteoporosis 5309 +43.2 (+1.8; +84.6) 0.041
Diabetes 5719 +3.23 (-36.9; +43.3) 0.875
Comorbidities mimicking/aggravating asthma
GERD? 3582 -46.4 (-80.4; -12.4) 0.007
COPD 3625 -93.0(-134.9; -51.1) <0.001
Bronchiectasis 3633 +112.3 (+65.1; +159.5) <0.001
VCD/laryngeal spasms 3492 -50.8 (-98.7; -3.0) 0.038

1. With or without nasal polyposis.

2. Can also mimic/aggravate asthma.

3. Can also be OCS-related.

*Wald’s test.

Abbreviations: Cl: confidence interval; COPD: chronic obstructive pulmonary disease; GERD:
gastroesophageal disease; OCS: oral corticosteroids; VCD: vocal cord dysfunction.
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eTable 12: Difference and 95% confidence intervals in blood IgE concentration (in IU/mL)
comparing patients with the respective comorbidity to those without it, adjusted for country,
age at registry enrollment, and sex.

Comorbidities Sample size Difference (95% Cl) p value*
Potentially T2-related categories
Allergic rhinitis 4591 +100.3 (+50.3; +150.2) <0.001
Chronic rhinosinusitis® 4723 -5.6 (-53.3; +42.1) 0.812
Nasal polyposis 4849 -20.7 (-79.7; +38.3) 0.492
Eczema/atopic dermatitis 4837 +271.2 (+191.9; +350.4) <0.001
Potentially OCS-related comorbidities
Obesity 4845 -47.9 (-96.8; +1.0) 0.055
Hypertension 3723 -14.7 (-82.2; 52.8) 0.669
Sleep apnea 4246 -67.0 (-130.8; -3.2) 0.039
Dyslipidemia 2790 -73.0 (-154.7; +8.6) 0.080
Anxiety/depression? 4611 -51.4 (-118.7; +15.8) 0.134
Osteoporosis 4400 +36.7 (-38.0; +111.3) 0.336
Diabetes 4759 -43.8 (-116.8; +29.3) 0.240
Comorbidities mimicking/aggravating asthma
GERD? 3018 -58.1 (-120.9; +4.7) 0.070
COPD 3050 +4.8 (-74.9; +84.5) 0.905
Bronchiectasis 3055 +114.4 (+30.8; +198.0) 0.007
VCD/laryngeal spasms 2928 -65.0 (-154.7; +24.7) 0.156

1. With or without nasal polyposis.

2. Can also mimic/aggravate asthma.

3. Can also be OCS-related.

*Wald’s test.

Abbreviations: Cl: confidence interval; COPD: chronic obstructive pulmonary disease; GERD:
gastroesophageal disease; OCS: oral corticosteroids; VCD: vocal cord dysfunction.
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eTable 13. Difference and 95% confidence intervals in FeNO test result (in ppb) comparing
patients with the respective comorbidity to those without it, adjusted for country, age at
registry enrollment, and sex.

Comorbidities Sample size Difference (95% Cl) p value*
Potentially T2-related categories
Allergic rhinitis 3423 +5.4 (+2.1; +8.7) 0.001
Chronic rhinosinusitis? 3453 +12.6 (+9.5; +15.7) <0.001
Nasal polyposis 3554 +17.7 (+14.0; +21.5) <0.001
Eczema/atopic dermatitis 3551 -1.5(-6.7; +3.7) 0.573
Potentially OCS-related comorbidities
Obesity 3550 -9.3(-12.4; -6.2) <0.001
Hypertension 3043 -7.6 (-11.7; -3.5) <0.001
Sleep apnea 3100 -7.2 (-11.2; -3.2) <0.001
Dyslipidemia 2298 -7.8(-13.3;-2.3) 0.005
Anxiety/depression? 3308 -5.8 (-10.0; -1.5) 0.008
Osteoporosis 3115 -3.9(-8.8; +0.9) 0.114
Diabetes 3472 -6.8 (-11.8; -1.9) 0.007
Comorbidities mimicking/aggravating asthma
GERD? 2498 -7.4 (-11.6; -3.3) <0.001
CoPD 2530 -11.7 (-17.1; -6.2) <0.001
Bronchiectasis 2535 -5.5(-11.2; +0.2) 0.059
VCD/laryngeal spasms 2456 -1.8 (-7.5; +3.9) 0.537

1. With or without nasal polyposis.

2. Can also mimic/aggravate asthma.

3. Can also be OCS-related.

*Wald’s test.

Abbreviations: Cl: confidence interval; COPD: chronic obstructive pulmonary disease;
FeNO: fractional exhaled nitric oxide; GERD: gastroesophageal disease; OCS: oral
corticosteroids; ppb: parts per billion; VCD: vocal cord dysfunction.
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Associations between individual comorbidities and asthma-related outcomes

eTable 14: Association between the most common comorbidities and receiving long-term
OCS at registry enrollment: odds ratios and 95% confidence intervals of receiving long-term
OCS associated with presence of comorbidities, adjusted for country, age at registry
enrollment, and sex.

Comorbidities Sample size OR (95% Cl) p value*
Potentially T2-related categories
Allergic rhinitis 7976 0.97 (0.86-1.10) 0.653
Chronic rhinosinusitis® 8020 1.46 (1.30-1.64) <0.001
Nasal polyposis 8271 1.40 (1.22-1.60) <0.001
Eczema/atopic dermatitis 8255 0.87 (0.71-1.06) 0.172
Potentially OCS-related comorbidities
Obesity 8252 1.12 (1.00-1.27) 0.057
Hypertension 6452 1.33(1.13-1.56) <0.001
Sleep apnea 7058 1.23(1.04-1.46) 0.014
Dyslipidemia 4465 1.48 (1.18-1.86) <0.001
Anxiety/depression? 7894 1.42 (1.21-1.66) <0.001
Osteoporosis 7661 2.77 (2.35-3.27) <0.001
Diabetes 8139 1.39(1.17-1.66) <0.001
Comorbidities mimicking/aggravating asthma
GERD3? 4831 1.51 (1.27-1.80) <0.001
COPD 4900 1.18 (0.95-1.48) 0.132
Bronchiectasis 4906 1.57 (1.26-1.96) <0.001
VCD/laryngeal spasms 4668 1.37 (1.06-1.77) 0.016

1. With or without nasal polyposis.

2. Can also mimic/aggravate asthma.

3. Can also be OCS-related.

*Wald's test.

Abbreviations: Cl: confidence interval; COPD: chronic obstructive pulmonary disease; GERD:
gastroesophageal disease; OCS: oral corticosteroids; OR: odds ratio; VCD: vocal cord
dysfunction.



Journal Pre-proof

eTable 15: Association between the most common comorbidities and exacerbation rates at
registry enroliment: ratios of means and 95% confidence intervals of number of exacerbations
in the year preceding enroliment associated with presence of comorbidities, adjusted for
country, age at registry enrollment, and sex.

Comorbidities Sample size Ratio of means (95% p value*
Cl)
Potentially T2-related categories
Allergic rhinitis 7060 1.12 (1.04-1.21) 0.003
Chronic rhinosinusitis® 7036 1.29(1.21-1.38) <0.001
Nasal polyposis 7283 1.16 (1.07-1.25) <0.001
Eczema/atopic dermatitis 7265 1.11 (0.99-1.23) 0.072
Potentially OCS-related comorbidities
Obesity 7278 1.04 (0.97-1.11) 0.254
Hypertension 5699 1.15(1.03-1.28) 0.015
Sleep apnea 6390 1.09 (0.99-1.20) 0.072
Dyslipidemia 4233 1.21 (1.04-1.40) 0.013
Anxiety/depression? 6971 1.40(1.28-1.54) <0.001
Osteoporosis 6734 1.61 (1.45-1.79) <0.001
Diabetes 7181 1.07 (0.96-1.19) 0.233
Comorbidities mimicking/aggravating asthma
GERD3? 4519 1.68 (1.50-1.87) <0.001
COPD 4573 1.38 (1.21-1.58) <0.001
Bronchiectasis 4578 1.36(1.17-1.57) <0.001
VCD/laryngeal spasms 4427 1.24 (1.06-1.45) 0.008

1. With or without nasal polyposis.

2. Can also mimic/aggravate asthma.

3. Can also be OCS-related.

*Wald's test.

Abbreviations: COPD: chronic obstructive pulmonary disease; GERD: gastroesophageal disease;
OCS: oral corticosteroids; VCD: vocal cord dysfunction.
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eTable 16: Association between the most common comorbidities and lung function at registry
enrollment: averaged differences and 95% confidence intervals of post-bronchodilator FEV;
percent predicted at enrollment associated with presence of comorbidities, adjusted for
country, age at registry enrollment, and sex.

Comorbidities Sample Average difference (95% p value*
size Cl)
Potentially T2-related categories
Allergic rhinitis 6061 3.16 (2.02;4.30) <0.001
Chronic rhinosinusitis® 6139 2.22 (1.14;3.30) <0.001
Nasal polyposis 6230 1.86 (0.45;3.27) 0.010
Eczema/atopic dermatitis 6206 1.80 (-0.09;3.68) 0.062
Potentially OCS-related comorbidities
Obesity 6288 -0.52 (-1.61;0.57) 0.347
Hypertension 5000 -2.64 (-4.08;-1.20) <0.001
Sleep apnea 5561 0.82 (-0.54;2.19) 0.235
Dyslipidemia 3768 -0.43 (-2.23; 1.38) 0.643
Anxiety/depression? 5974 -0.74 (-2.21;0.73) 0.326
Osteoporosis 5747 -3.42 (-5.06;-1.77) <0.001
Diabetes 6167 -3.54 (-5.13;-1.96) <0.001
Comorbidities mimicking/aggravating asthma
GERD? 4036 0.10 (-1.31;1.50) 0.892
COPD 4076 -15.9 (-17.6;-14.2) <0.001
Bronchiectasis 4081 -5.24 (-7.32;-3.16) <0.001
VCD/laryngeal spasms 3955 4.82 (2.78;6.85) <0.001

1. With or without nasal polyposis.

2. Can also mimic/aggravate asthma.

3. Can also be OCS-related.

*Wald's test.

Abbreviations: Cl: confidence interval; COPD: chronic obstructive pulmonary disease; GERD:
gastroesophageal disease; FEV: forced expiratory volume in 1 second; VCD: vocal cord
dysfunction.
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eTable 17: Odds ratio and 95% confidence intervals of having asthma uncontrolled at
enrollment associated with presence of comorbidities, adjusted for country, age at registry
enrollment, and sex.

Comorbidities Sample OR (95% Cl) p value*
size
Potentially T2-related categories
Allergic rhinitis 4722 0.95 (0.83-1.09) 0.436
Chronic rhinosinusitis? 4701 0.91 (0.79-1.03) 0.140
Nasal polyposis 4930 0.91 (0.78-1.06) 0.222
Eczema/atopic dermatitis 4917 1.22 (0.99-1.51) 0.063
Potentially OCS-related comorbidities
Obesity 4945 1.47 (1.29-1.69) <0.001
Hypertension 3646 1.38(1.15-1.65) <0.001
Sleep apnea 4088 1.59(1.32-1.92) <0.001
Dyslipidemia 2333 0.93 (0.72-1.20) 0.575
Anxiety/depression? 4697 1.68 (1.40-2.02) <0.001
Osteoporosis 4454 1.29 (1.05-1.57) 0.015
Diabetes 4862 1.31 (1.06-1.60) 0.011
Comorbidities mimicking/aggravating asthma
GERD? 2530 1.81(1.48-2.23) <0.001
COPD 2578 1.57 (1.22-2.03) <0.001
Bronchiectasis 2585 1.08 (0.80-1.46) 0.613
VCD/laryngeal spasms 2494 1.81(1.38-2.37) <0.001

1. With or without nasal polyposis.

2. Can also mimic/aggravate asthma.

3. Can also be OCS-related.

*Wald's test.

Abbreviations: Cl: confidence interval;, COPD: chronic obstructive pulmonary disease; GERD:
gastroesophageal disease; OR: odds ratio; VCD: vocal cord dysfunction.
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