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Abstract

Background:

Investigation for the presence of asthma comorbidities is recommended by the Global
Initiative for Asthma because their presence can complicate asthma management.

Objective:

To understand the prevalence and pattern of comorbidities and multi-morbidity 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. A total of 30 comorbidities were identified and categorized a priori as any
of the following: (1) potentially type 2-related comorbidities, (2) potentially oral
corticosteroid (OCS)-related comorbidities, or (3) comorbidities mimicking or aggravating
asthma. The association between comorbidities and asthma-related outcomes was investigated
using multivariable models adjusted for country, age at enrollment, and sex (ie male or
female).

Results:

Of the 11,821 patients, 69%, 67%, and 55% had at least 1 potentially type 2-related,
potentially OCS-related, or mimicking or aggravating comorbidities, respectively; 57% had 3
or more comorbidities, and 33% had comorbidities in all 3 categories. Patients with allergic
rhinitis, nasal polyposis, and chronic rhinosinusitis experienced 1.12 (P = .003), 1.16 (P <
.001), and 1.29 times (P < .001) more exacerbations per year, respectively, than those without.
Patients with nasal polyposis and chronic rhinosinusitis were 40% and 46% more likely (P <
.001), respectively, to have received long-term (LT) OCS. All assessed potential OCS-related
comorbidities (except obesity) were associated with a greater likelihood of LTOCS use (odds
ratios [ORs]: 1.23-2.77) and, except for dyslipidemia, with a greater likelihood of
uncontrolled asthma (ORs: 1.29-1.68). All mimicking or 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 chronic
obstructive pulmonary disease) with increased likelihood of LTOCS use (ORs: 1.37-1.57). A
greater number of comorbidities was associated with worse outcomes.

Conclusion:

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

Clinical trial registration:

The International Severe Asthma Registry 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 (European
Network Centres for Pharmacoepidemiology and Pharmacovigilance



[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 and
international laws and regulations, and registered with ENCEPP
(https://www.encepp.eu/encepp/viewResource.htm?id=48848). Governance was provided by
ADEPT (registration number: ADEPT1121).



Introduction

Since 2014, the Global Initiative for Asthma (GINA) has focused on asthma control and
personalized management of patients’ modifiable risk factors, including comorbidities. 1,2
Investigation for the presence of comorbidities is recommended at every part of the asthma
management journey, and multi-morbidity is recognized as a common problem in patients
with asthma. 1 Some of these comorbidities can complicate asthma treatment, considerably
increase the risk of poor asthma-related outcomes, 3-5 and are associated with significant
productivity losses. 6 Overall comorbidity-attributable health care costs are 5 times higher
than costs attributable to asthma alone. 7

The list of asthma comorbidities is extensive and broadly divided into 3 categories: (1) type 2
(T2) inflammatory comorbidities, (2) comorbidities potentially related to oral corticosteroid
(OCS) exposure, and (3) comorbidities that mimic or aggravate asthma symptoms, with some
overlap between categories.1,8,9 The T2 inflammatory comorbidities (eg, allergic rhinitis
[AR], chronic rhinosinusitis [CRS], and nasal polyposis [NP]), are markers of T2
inflammation and are associated with more severe asthma (eg, particularly CRS with NP).
The OCS-related comorbidities include obesity, osteoporosis, diabetes, anxiety, and
depression.8,10,11 Anxiety and depression are associated with worse asthma symptom
control, reduced medication adherence, and reduced asthma-related quality of life, and are
also sometimes categorized as asthma-mimicking or aggravating comorbidities.12
Comorbidities that mimic/aggravate asthma symptoms include gastroesophageal reflux
disease (GERD) and chronic obstructive pulmonary disease (COPD). Gastroesophageal reflux
disease is a common cause of dry cough and may be aggravated by the use of asthma
medications such as b-agonists and theophylline.1 Chronic obstructive pulmonary disease can
present with asthma, a condition sometimes referred to as asthma-COPD overlap.13 Asthma-
COPD overlap is associated with a greater symptom burden, more frequent exacerbations,
worse quality of life, a more rapid lung functional decline, a higher mortality rate, and a
greater use of health care resources compared with either asthma or COPD alone.13 Few
large-scale studies have been published that assessed comorbidities in severe asthma, and
little has been reported on the burden and impact of multimorbidity.14-16

The International Severe Asthma Registry (ISAR), the largest adult severe asthma registry in
the world, includes data on more than 12,000 patients and collects information on
comorbidities, asthma clinical characteristics, and outcome domains.17-20 Its size and scope
permit an in- depth look at comorbidity prevalence globally and by country, facilitating
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 coexistence of comorbidities, including multi-morbidities,
in adults with severe asthma and investigate the association of comorbidities with clinical and
asthma-related outcomes
Methods

Study Design and Data Sources

This was a cross-sectional study using data from ISAR (https://isar egistries.org/), details of
which have been described elsewhere. 20. We included data from 22 countries that shared
data from 2010 to 2022 with ISAR (Argentina, Australia, Bulgaria, Canada, Colombia, Den-


https://isar/

mark, Greece, India, Ireland, Italy, Japan, Kuwait, Mexico, Poland, Portugal, Saudi Arabia,
South Korea, Spain, Taiwan, the United Arab Emirates, the United Kingdom, and the United
States). Data were either retrospective (collected pre-ISAR launch [ie, May 1, 2017]) or
prospective (collected post-ISAR launch). For patients who did not subsequently initiate
biologics, the enrollment date was the visit closest to the 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 use period was used to
avoid confounding potentially caused by biologics on asthma-related outcomes and
biomarkers.

This study is exempt from the institutional review board. All ISAR data collection sites have
obtained regulatory agreements in compliance with specific data transfer laws, country-
specific legislation, and relevant ethic committees and organizations (eSupplement).

Patients

Patients were aged 18 years and older, had severe asthma (ie, receiving treatment at GINA
2018 step 5) or with uncontrolled asthma at GINA step 4 (ie, treated with inhaled
corticosteroid/long- acting b2-agonist), 21 and had data on 1 or more comorbidity collected as
part of this study. We included all eligible patients to assess individual comorbidity
prevalence and predefined comorbidity categories and to explore comorbidity cooccurrence
(prevalent series). Only prospectively enrolled patients were included in the association
analysis (association series) because at the time of the analysis, clinical and functional end
point data were scarce for the retrospectively enrolled patients. Patients with missing sex data
were excluded from the association analysis.

Comorbidity Data Collection

Data on core physician-assessed, clinically diagnosed comorbidities (ie, eczema, AR, CRS,
NP, and obesity) were collected by all countries. Data on additional potentially related OCS
comorbidities (maximum 16; eg, circulatory system diseases, ocular diseases) were collected
by many countries. Some countries also elected to collect data on extra comorbidity variables
(eg, food allergy, dyslipidemia, GERD) (Table 1 and eTable 1).20,22

Study Variables

A total of 30 comorbidities were identified and categorized a priori as the following: (1)
potentially T2-related comorbidities, (2) potentially OCS-related comorbidities, or (3)
comorbidities mimicking or aggravating asthma. These categories were identified by
extensive literature search and expert consensus. Because presence or absence information on
comorbidities was not always available at each visit, we used all visits available (before or
after enrollment) to compute a never or ever-present variable for each individual comorbidity.
Demographic and clinical characteristics (eg, age of onset, bio- marker levels) and also
prebiologic asthma-related outcomes were also collected (ie, long-term OCS [LTOCS] use,
exacerbation rate, per- cent predicted forced expiratory volume in 1 second [ppFEV 1], 23
and asthma control). Definitions and categorizations of variables and timing of collection are
provided in Table 2 and eTable 2.



Table 1

Prevalence of 30 Comorbid Conditions in Patients With Severe Asthma

Comorbidities Number of contributing countries Sample size* N* Prevalence
Potentially T2-related categories
Allergic rhinitis 2 11281 5525 49%
Chronic rhinosinusitis® 21 (all -AU) 11223 5151 46%
Nasal polyposis » 11613 2413 1%
FEczema or atopic dermatitis 2 11,600 1199 10%
Urticaria 4 (AU, ES, UK, USA) 6849 243 35%
Food allergy 5 (AU, ES, PT. UK, USA) 6977 230 33%
Aspirin sensitivity 7 (AU, CA, DK, ES, PT, UK, USA) 7498 122 16%
Eosinophilic esophagitis 3 (AU, UK, USA) 6149 32 052%
Potentially OCS-related comorbidities
Obesity 2 11,583 4893 2%
Hypertension 12 (AU ES, IT, JP, MX PL, PT, SK, TW, UAE, UK, USA) 9252 2104 23%
Sleep apnea 21 (all -IT} 10,094 2256 2%
Dyslipidemia 4 (AU, ES, UK, USA) 6849 1083 16%
Anxiety or depression® 21 (all -DK) 11019 1565 14%
Osteoporosis 21 (all -DK) 10742 1371 13%
Diabetes 2 11422 1336 12%
Coronary heart disease 2 11,039 a84 89%
Pneumonia 20 (all -DK, —ES) 10300 877 85%
Other significant infections 20 (all -IE, -PT) 6918 560 81%
Peptic uker 20 (all -DK, -ES) 10323 266 26%
Pulmonary embolismor VIE 20 (all -DK, —ES) 9972 246 25%
Cataract 21 (all -DK) 10923 258 24%
Chronic kidney disease 21 (all -DK) 11,032 164 15%
Adrenal insufficiency 3 (AU, UK, USA) 6149 80 13%
Glaucoma 21 (all -DK) 10888 139 13%
Cerebrovascular accident 20 (all -DK, —-ES) 9968 63 063%
Comorbidities mimicking or aggravating asthma
GERD® 7 (AU, CA, DK, ES, PT, UK, USA) 7400 3243 4%
COPD 7 (AU, CA, DK, ES, PT, UK, USA} 7508 1045 14%
Bronchiectasis 7 (AU, CA, DK, ES, PT, UK, USA) 7509 799 1%
V(D or laryngeal spasms 5 (AU, DK, ES, UK, USA) 7199 758 uz
Dysfunctional breathing 6 (AU, CA, DK, ES, UK, USA) 7389 234 32%

Abbreviations: AU, Australia; CA, Canada; COPD, chronic obstructive pulmonary disease; DK, Denmark; ES, Spain; GERD, gastroesophageal reflux disease; [E, Ireland; IT, Italy; JP,
Japan; MX, Mexico; OCS, oral corticostervid’ PL, Poland; PT, Portugal; SK, South Korea; T2, type 2; TW, Taiwan; UAE, United Arab Emirates; UK, United Kingdom; USA, United States
of America; VCD, vocal cord dysfunction; VTE, venous thromboembolism.

“Variations in sample size are because of missing values for individual patients and for at the country level.

“Number of patients with comorbidity.

“With or without nasal polyposis.

9Can also mimic or aggravate asthma.

“Can also be OCS related.

Study Outcomes

The prevalence of individual comorbidities (by category and country), multi-morbidity (1, 2,
and 3+ comorbidities), and comorbidity co- occurrences across categories were calculated.
Data on 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,
International Classification of Diseases code) were 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) as well as the
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. 24 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 or absence information available on at least 1 visit (eSupplement). 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 3 or more comorbidities, overall and by
categories.



The prevalence of comorbidities by demographic characteristics was compared through
univariate analysis. The association between clinical characteristics and asthma-related
outcomes with comorbidities was assessed through multivariable models. For the association
of individual comorbidity with outcome, comorbidity (ever or never present) was the
explanatory variable and clinical characteristics and 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 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 com- paring patients
with to those without the considered comorbidity. For binary dependent variables (LTOCS
use [yes or no] and asthma control [uncontrolled or partly or well controlled]), we used
logistic regressions, and the results were expressed as odds ratios (ORs). The comorbidity and
exacerbation rate association was investigated using negative binomial regressions. All
comparisons were 2-sided, and signif icance was considered at an a level of .05. Additional
details on all statistical analyses are provided in the eSupplement.

Results

Subject

Disposition and Baseline Characteristics As of January 24, 2022, ISAR contained data from
22 countries including 12,099 adult patients with severe asthma (eFig 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 pre- dominantly of the female sex (62%), aged 50 to 69 years at
enrollment (50%), had later-onset asthma (ie, aged =12 years: »80%) an eosinophilic
phenotype (»87%), and evidence of atopy (>60%) (eTable 3A and 3B). Baseline
characteristics for both series are provided in the eSupplement (eTable 3A and 3B).

Comorbidity Data Collection

Information on comorbidities was not uniformly collected by countries, depending on 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 or 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
or never] or binary [yes or no] data, or using check boxes, free text, or International
Classification of Diseases codes from electronic medical records), and there was inter-
category variability in the method of collection (eFig 2). Potentially T2-related comorbidity
information was gathered predominantly categorically (eFig 2A), whereas the method of
collection for potentially OCS- related comorbidities varied by comorbidity—collected
mostly as categorical/binary data for sleep apnea, anxiety or depression, and osteoporosis, and



as free text for hypertension (eFig 2B). Methods of collection for comorbidities mimicking or
aggravating asthma symptoms exhibited the greatest heterogeneity (eFig 2C). 17

Prevalence of Comorbidities
Individual Comorhbidities

Patients with severe asthma had a wide range of comorbidities. The most prevalent reported
individual comorbidities were AR (49%; n = 5525 of 11,281), CRS (46%; n = 5151 of
11,223), obesity (42%; n = 4893 of 11,583), and GERD (44%; n = 3243 of 7400) (Table 1).
Of the 3745 patients with reported AR and available data on allergen tests (skin prick test or
serum tests), 746 (19.9%) were not positive for any tested allergen. In addition, marked
between-country variation was noted for each of these comorbidities (eFig 3). Reported AR
prevalence ranged from 4.6% in the United Kingdom 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 United Kingdom to 56.8% in the United States.

Comorbidity Categories

Overall, the prevalence of at least 1 comorbidity was 92%. The estimates for at least 1
potentially T2-related comorbidity, at least 1 potentially OCS-related comorbidity, and at least
1 comorbidity mimicking or 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 mini- mum numbers of comorbidities with available data
(eTable 4).

Comorbidity Counts and Multi-morbidity

Most patients (57.3%; n = 6761 of 11,794) had at least 3 comorbidities of any type (Fig 1). Of
note, 39.5% (n = 4600 of 11,623) of patients had 2 or more potentially T2-related
comorbidities, 39.9% (n = 4589 of 11,489) had 2 or more potentially OCS-related
comorbidities, and 20.9% (n = 1567 of 7496) had 2 or more comorbidities mimicking or
aggravating asthma (Fig 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 7561 patients who had information available for 1 or more
comorbidities in each cate- gory, 2477 (32.8%) had comorbidities in all 3 categories. We
further explored the most frequent comorbidities and comorbidity combinations by number
(1, 2, or >3) of reported comorbidities (eTable 6). The most common dual comorbidity
patterns in patients with 2 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 or 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; Fig 2).

Biomarkers and Age at Asthma Onset

Patients with potentially T2-related comorbidities had higher bio- marker concentrations than
those without (Table 3; eTables 11-13). Patients with CRS and NP had higher blood
eosinophil count (BEC) and higher fractional exhaled nitric oxide concentrations, patients
with AR had higher concentrations of all 3 biomarkers, and those with eczema or atopic
dermatitis (AD) had higher IgE concentrations. In contrast, potentially OCS-related
comorbidities were either not associated with this biomarker concentration elevation or were
associated with lower concentrations, except for osteoporosis, which was associated with
elevated BEC (Table 3; eTable 11). Comorbidities mimicking or aggravating asthma
symptoms were also not associated with biomarker concentration elevation, with the
exception of bronchiectasis, which was associated with elevated BEC and immunoglobulin
(Table 3; eTables 11 and 12).

A few comorbidities were associated with age at asthma onset (Table 3; eTable 10). Patients
with AR, eczema or 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. 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 (Fig 2A-
D; eTables 14-17). However, the extent of comorbidity association on asthma outcome was
also comorbidity dependent

Potentially Type 2—Related Comorbidities

Chronic rhinosinusitis was associated with a poorer outcome for 2 variables: exacerbations
and LTOCS use. Compared with those without CRS, patients with comorbid CRS had 29%
more exacerbations and were 46% more likely to receive LTOCS (eTables 14 and 15). Nasal
polyposis was also associated with a poorer outcome for these 2 variables. Allergic rhinitis
was associated with higher exacerbation rates only, and AD was not associated with a
significantly poorer asthma outcome for any variable assessed (Fig 2A-D). None of these
potentially T2-related comorbidities were associated with poorer lung function, compared
with those without; indeed, some of them were associated with better lung function (ie, AR,
CRS, and NP) (eTable 16). In addition, none of these T2-related comorbidities were
significantly associated with poorer asthma control (eTable 17).



Table 3

Association Between Comorbidities and Asthma Qinical Characteristics in Patients With Severe Asthma

Comorbidity Age at asthma onset(y) BEC (cells/pL) IgE (IU/mL) FeNO (ppb)
Difference* (95%CI) Difference” (95%Cl) Difference* (95% Q) Difference’ (95% CI)
Potentially T2-related comorbidities
AR -295(-398 to—192)° +295 (+12t0+57.9)" +1003(+503 to +150.2)" +5.4(+21 to +87)"
CRS +1.70 (+0.75to +2.64)" +1589 (+131.8 to +186.1)" —56(-53.3to+42.1) +126(+95 to +157
NP +1.10 (+0.12to +2.08)" +2009 (+166.7 to +235.2)" —207(-79.7t0+383) +17.7(+14.0t0+21.5)"
Eczema or AD —354(-497 to-2.11)" +37.3 (-9.1t0+836) +271.2(+191.9t0+3504 )" —15(-67to +37)
Potentially OCS-related comorbidities
Obesity —0.66 (~1.66 to+0.34) —634(-912to -355)" —479(-96.8to+1.0) -93(-124t0-62)"
Hypertension +0.17 (—1.56 to+1.90) —417 (767 to —67)" —14.7(-82.2t052.8) -76(-11.7to-35)"
Sleep apnea —0.17 (-2.10 to +1.76) -389(-733 to —45)" —67.0(-130.8t0-3.2)" —72(-112t0-32)"
Dyslipidemia —0.12 (~8.20 to+7.96) —60(—474 to +353) ~73.0{-154.7 to +8.6) -78(-133t0-23)"
Anxiety or depression —0.87 (~2.39 to +0.65) -437 (-804 to -7.0) —51.4(—1187to +158) -58(~100to—15)"
Osteoporosis —0.49 (-2.09 to+1.11) +432 (+1 8t0+84.6)" +36.7(-38.0t0+111.3) -39(-88to +09)
Diabetes —194(-363t0-024)" +323 (-369 to +433) —438(-116.8t0+293) —68(-118to-19)"
Potentially mimicking or aggravating asthma symptoms
GERD —261 (-5.40 to+0.17) —464 (-804 to —124)" —58.1(-1209t0+4.7) —74(-116t0-33)"
COPD —2.15(~7.33 t0+3.03) —930(-1349 to -51.1)° +4.8(-74.9t0+84 5) —11.7(-17.1t0—62)"
Bronchiectasis —2.07 (-5.54 to+1.40) +1123 (+65.1 to+159.5)" +114.4(+308 to +198.0)" -55(-112t0+0.2)

VCD or laryngeal spasms

—052 (634 to+531)

—508 (~987 to —3.0)°

—65.0(~1547 to+247)

~1.8(-75t0+39)

Abbreviations: AD, atopic dermatitis; AR, allergic rhinitis; BEC, blood easinophil count; COPD, chronic obstructive pulmonary disease; (RS, chronic rhinosinusitis; FeNQ, fractional
exhaled nitricoxide; GERD, gastroesophageal reflux disease; NP, nasal polyposis; 0CS, oral corticosteroid; T2, type 2; VCD, vocal cord dysfunction.

NOTE. Refer to eTables 10-13 for full data, sample sizes, and Pvalues.

“Estimates were derived from linear regressions using absence of the considered individual comorbidity as the reference and adjusting for country, age at registry enrolment
and sex.

BStatistically significant.
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Figure 2. Assodiation 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 enroliment associ-
ated with presence of comorbidities. Percent predicted FEV,: averaged differences and 95% Os of FEV,X 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 assodations (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 comorbidities are shown in yellow,
and comorbidities mimicking or aggravating asthma are shown in pink. Full data, incdluding sample sizes and P values are available in the eSupplement (eTables 14-17). COPD,
chronic obstructive pulmonary disease; FEV,, forced expiratory volume in 1 second; GERD, gastrmoesophageal reflux disease; OCS, oral corticosteroid; OR, odds ratio.

Potentially Non-Type 2-Related Comorbidities

Having hypertension or osteoporosis was associated with a worse outcome in each of the 4
asthma outcomes assessed. Patients with osteoporosis were more than twice as likely to have
used LTOCS (OR, 2.77; 95% CI, 2.35-3.27) (eTable 14) and experienced 61% more
exacerbations (95% CI, 45%-79%) than those without osteoporosis (eTable 15; Fig 2A).
Overall, 9 of 11 non-T2-related comorbidities were associated with higher odds of LTOCS
use, and 8 of 11 were associated with higher exacerbation rates.



Most of the comorbidities that were potentially OCS-related or mimicking or aggravating
asthma symptoms were also associated with worse asthma control. This was particularly the
case for sleep apnea (OR, 1.59; 95% CI, 1.32-1.92), anxiety or depression (OR, 1.68; 95% ClI,
1.40-2.02), GERD (OR, 1.81; 95% CI, 1.48-2.23), and vocal cord dysfunction or laryngeal
spasm (OR, 1.81; 95% Cl, 1.38-2.37) (Fig 2D; eTable 17). Some of them were also associated
with worse lung function, particularly, COPD (15.9 ppFEV 1) and bronchiectasis (5.24
ppFEV1) (Fig 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 ppFEV 1 and asthma control for potentially T2-related
comorbidities (Table 4).

Tabled4
Association Between Comorbidity Counts and Asthma-Related Outcomes in Patients With Severe Asthma With Information Available on 3 or More Comorbidities

Comorbidity count Long-term OCS use” Exacerbationsly” Percent predicted FEV, Uncontrolled asthma®
Odds ratios (95% CI) Pvalue Ratios of means(95% Q) P value Differences (95% CI) Pvalue Odds ratios (95% C1) Pvalue

Overall (any category of comorbidities)

0 Reference Reference Reference Reference

1 1.07(085t0134) 59 098 (087 t0 1.12} .81 +H084(-143 w+3.11) A7 1.08 (0.84to 1.39) 55

2 120(096t0 1.50) A2 1.09(097 0 1.24) .16 +0.72 (-1.49 t0 +2.93) 52 1.27 (0.99t0 1.63) 06

3+ 187(151t0231) <01 1.51 (1.341t01.70) <01 +0.16 (—1.93 t0 +2.25) 88 1.70(1.35t02.15) <01
Potentially T2-related comorbidities

0 Reference Reference Reference Reference

1 1.16(099t0 1.34) 06 1.14(1.04 to 1.24) <01 +3.73 (+240t0 +5.07) <01 0.89 (0.76 to 1.05) 18

2 131(1.1210152) <01 126 (1.15t0 1.37) <01 +4.39 (+296 10 +5.82) <01 091 (0.77 to 1.08) 28

3+ 1.44(120t01.72) <01 139(1.25to0 1.55) <01 +4 88 (+3.11 to +6.64) <01 1.05(0.86t0 1.29) 64
Potentially OCS-related comorbidities

[} Reference Reference Reference Reference

1 1.37(1.18t0 159) <01 1.18(1.09 10 1.29) <01 -0.77 (-2.17 to +0.63) 28 131 (1.11t01.92) <01

2 1.69(1.41t0203) <01 128 (1.15 0 1.42) <01 -260(-4.26to-094) <01 157 (1.28t0 1.92) <01

3+ 2.50 (208103.00) <01 1.62 (1.45 to 1.80) <01 -275(-437 to - 1.14) <01 2.36(1.92t02.90) <01
Comorbidities mimicking or aggravating asthma

0 Reference Reference Reference Reference

1 138(1.141t0 1.66) <01 1.56 (1.39 t0 1.76) <01 —197 (-3.55 to -040) o0 2.06(1.64t02.60) <01

2 1.73(136t0220) <01 182 (1.57 to2.11) <01 -700(-892to-509) <01 2.40(1.82t03.18) <01

3+ 266(185t0382) <01 266(2.12t03.34) <01 —1048(-1371t0-7.25) <01 3.21(2.04t05.04) <01

Abbreviations: FEV1, forced expiratory volume in 1 second; OCS oral corticosteroids; T2, type 2.

NOTE. All models adjusted for country, age at registry enroliment, and sex. Refer to Table 1 for comorbidities included in each category.
“Estimates for LTOCS and uncontrolled asthma were obtained through logistic regressions.

“Estimates for exacerbation rates were obtained through negative binominal regressions.

“Estimates for ppFEVI were obtained through linear regresssions.

Discussion

To our knowledge, 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, multi-morbidity, 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 a clear
relationship between the number of comorbidities and the 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). The use of LTOCS 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 because of the need for a multidisciplinary approach that may not be
available in all countries. There also was marked intercountry variability in comorbidity
prevalence estimates, possibly because of current gaps in comorbidity reporting,
heterogeneity in reporting methodology, misclassification (eg, nonallergic rhinitis [NAR]
many have been captured within the AR category), or intercountry demographic variability.
25 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, 22
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). In addition, most
countries did not collect (or did not report) information on comorbidities mimicking or
aggravating asthma symptoms, likely because these variables were not part of the original
Delphi-agreed ISAR variables. 17 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 related to OCS considering the adverse
event and socioeconomic impact associated with their use, 10,26,27 and the need for a
“clinical protocol” to guide the 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. 5,28,29 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 with those without. 5 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. 30,31 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 at least 2 physician-
assessed potentially T2-related comorbidities. The positive association noted in our study
between nasal T2-comorbidities and lung function may be because of earlier diagnosis of
asthma in these patients (because the association between these comorbidities and asthma is
well documented), 32 earlier therapy intervention that may blunt lung function decline, and/or
improved responsive- ness to inhaled corticosteroids in T2-high asthma. 33,34

Mindful of the serious long-term adverse effects of OCS, GINA 2023 urges physicians to
consider maintenance OCS as a “last resort” when other treatments have been optimized and
no alternative is available. 1 However, globally some 20% to 60% of patients with severe
asthma are still treated with LTOCS.35 We found that 68% and 40% of patients had at least 1
and at least 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 or moderate disease (78%). 11 Reassuringly, we found a strong association
between potentially OCS-related comorbidities and LTOCS use at enroliment. 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 a 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 an increasing number of comorbidities. Others have reported an association
between obesity, anxiety or depression, and diabetes and increased risk of experiencing
multiple exacerbations, 36 as well as sleep apnea and poor asthma control even in patients
who used their inhalers correctly. 37 Taken together, these results highlight the need for OCS
stewardship to regulate OCS use.38 A recently published expert consensus agreed that OCS
use should be minimized, that OCS tapering should be attempted in every patient, that
biologic therapies are use- ful OCS-sparing agents, and that patients should be systematically
assessed for suitability for biologic therapy. 39

Comorbidities mimicking or 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 vocal cord dysfunction or 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 were 3 times more likely to have
uncontrolled asthma than their counterparts without GERD, 40 that these patients experienced
1.6 times more exacerbations per year, 41 and that GERD was predictive of future multiple
exacerbations. 36 These results high- light the importance of a thorough comorbidity
assessment to differentiate severe from poorly controlled disease caused by comorbidities, to
treat the cause and not the symptoms, and to pre- vent 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 younger than 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; for example, NAR was not included, 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 for any tested allergen. In addition, 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 bio-
markers collected. There was also marked intercountry variability in how comorbidity data
were collected (although no clear pattern by data source was observed) and wide intercountry
variability in the prevalence of certain comorbidities. The range of AR prevalence was
particularly wide, lowest in the United Kingdom and highest in Mexico (eFig 3). This may
have been because of underreporting in the former and the almost exclusive collection of data
from allergist centers in the latter. Furthermore, although the inclusion of highly selective
patients in some countries (eg, the United Kingdom and Denmark) may have positively
selected for patients with multiple comorbidities, this is not true for all, and analyses were
adjusted for each 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 “ever or 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 or AD). Comorbidities with a prevalence of less than or equal to
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 the 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 (1) encourage a more systematic evaluation for comorbidities during routine asthma
review, in line with GINA recommendations 1; (2) promote standardized comorbidity data
collection; (3) foster a multidisciplinary and holistic approach to asthma management; and (4)
consequently improve outcomes for those with severe asthma.
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