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Clinical Implications

The association between asthma and COVID-19—related
outcomes is influenced by asthma severity. Although it is
theorized that inhaled corticosteroids impart a protective
effect against severe COVID-19, their impact on asthma
and COVID-19 is frequently confounded by asthma
severity.

The ongoing COVID-19 pandemic continues to represent a
major threat to public health, with poor outcomes associated
with obesity, age, male sex, Black race, tobacco use, and
comorbidities." The impact of asthma on COVID-19 severity is
controversial and confounded by asthma severity, T2 inflam-
mation, and inhaled corticosteroids (iCS).”” A recent analysis of
electronic health records (EHRs) from 61,338 patients with
COVID-19’ found that adults with active asthma, but not those
with inactive asthma, were at higher risk for COVID-19—related
hospitalization and admission to the intensive care unit (ICU).*
Of note, active asthma was not associated with increased
COVID-19—related mortality.’

To understand the effect of asthma severity on COVID-
19—related outcomes, we analyzed data from Cleveland Clinic’s
COVID-19 Research Registry (CCCRR) between April 1, 2020
and March 31, 2021.° Patients aged less than 18 years or with an
extremely large body mass were excluded (see Figure E1 in this
article’s Online Repository at www.jaci-inpractice.org). We
considered patients to have active asthma if they were prescribed
an asthma medication or had asthma-related International Clas-
sification of Diseases, Tenth Revision, Clinical Modification
(ICD-10-CM) billing codes listed in the EHR within 1 year of the
positive COVID-19 result (Table 1).” We defined severe asthma
based on Global Initiative for Asthma steps 4 and 5 (Table II) for
those treated with high-dose iCS equivalent to or exceeding 800
lg/d of budesonide. We then used the most recent ICD-10-CM
codes to stratify asthma severity into mild (J45.20; J45.30),
moderate (J45.40), or severe (J45.50).”

We performed multivariable logistic regression comparing se-
vere COVID-19 (defined by COVID-19—related hospitalization,
ICU admission, or death) with asthma severity and Global
Initiative for Asthma treatment steps. Regression models were
adjusted for covariates a priori known to be associated with severe
COVID-19" (ie, demographics, body mass index, smoking status,
pack-years, comorbidities, and medications) (Table II). Adjust-
ment for the month of testing was performed to avoid chrono-
logical bias introduced by changes in COVID-19 management."*

Table I lists clinical and demographics characteristics. Of
82,096 patients within the registry, 72,064 were included in the
final analysis. Of those, 11,221 required hospitalization (15.6%),
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2,470were admitted to the ICU (3.4%), and 2,158 died (3.0%).
Multivariable modeling found that asthma was associated with
higher hospitalization risk, with the greatest risk in biologics
targeting T2 inflammation (adjusted odds rato [OR] [95%
confidence interval (CI)]: 3.31 [1.75,6.24]), chronic daily oral
corticosteroids (3.00 [1.60-4.70]), high-dose iCS—long-acting
B-agonist—long-acting muscarinic antagonist triple-combination
inhalers (2.61 [1.16-4.26]), and severe asthma (2.89 [2.15;
3.88]). Asthmatic patients treated with short-acting P-agonists
alone were at higher risk for ICU admission (1.26 [1.04-1.52]),
but not death. Otherwise, we found no other significant asso-
ciation between asthma and critical illness or mortality (Table II).
These findings were replicated in sensitivity analyses after
adjustment for preexisting eosinophilia (>300 cells/IL) in a
subset of 43,104 individuals (see Table E1 in this article’s Online
Repository at www.jaci-inpractice.org).

Among patients with active asthma, 1,562 (25.4%) had a
single exacerbation (defined by oral corticosteroid prescription
<28 days), and 290 (4.7%) had frequent (two or more) exac-
erbations in the 12 months before COVID-19. Additional
adjustments for asthma therapies found no association between
asthma exacerbation and severe COVID-19 (Table II). These
data suggest that COVID-19—related hospitalization is associ-
ated with severe asthma, but not asthma control, as reflected by
the number of exacerbations.

In our study, increased risk for COVID-19—related hospitali-
zation among asthmatic patients did not translate into a higher risk
for ICU admission or death. To date, studies associating asthma
and COVID-19 outcomes have revealed conflicting results, likely
owing to differences in research methodology, data type, country
of origin, the presence or absence of T2 inflammation, iCS use,
and sample size."”” Our findings of increased risk for hospitali-
zation are consistent with some but not all previous reports.”

Inhaled corticosteroids may impart a protective effect against
severe COVID-19 by downregulating the angiotensin converting
enzyme 2 receptor required for viral infection of airway epithelial
cells.® Inhaled corticosteroids have also been linked to reduced
systemic ILG in animal models of acute lung injury.” The impact
of iCS on COVID-19 outcomes varies among studies. Our
analysis using CCCRR data was unable to replicate prior reports
of increased risk for ICU admission or death among asthmatic
patients treated with high-dose iCS or iCS—long-acting
B-agonist combination therapy.” Prospective studies of iCS and
COVID-19 outcomes are ongoing and may provide more
information about this important clinical question.

Our study had several limitations. Similar to other observa-
tional studies, our study might have been subject to bias intro-
duced by measured and unmeasured confounding factors. With
these real-world data extracted from EHR, it was impossible to
use standardized, international consensus-based definitions to
identify severe asthma. Instead, we used asthma medication use
and billing codes to estimate asthma severity.”

Our study was also limited by the lack of pharmacy claim data
necessary to estimate medication (re)fill adherence measures, and
did not account for patients who admitted or died outside the
Cleveland Clinic. All of these limitations impose an inherent risk
for bias by relying on electronic records. However, the study
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TABLE I. Demographics, clinical characteristics, and outcomes of patients with and without airway disease, stratified by asthma disease status and asthma therapy
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Inactive Short-acting Low-dose Low-dose High-dose Triple Chronic
Variable* No asthma asthmat B-agonist iCS iCS-LABA iCS-LABA therapy$ oral corticosteroid
n 62,042 3,890 3,828 877 761 363 93 115 P
Demographics
Age, y (median [IQR]) 50.0 [34.3-64.1] 43.9 [29.6-58.5] 45.2 [32.3-58.8] 48.5[35.8-59.8] 53.0 [41.1-63.7] 53.4 [43.3-65.0] 58.3 [42.9-68.5] 52.8 [44.8-63.2] <.001
Female sex 33,115 (53.4) 2,424 (62.3) 2,670 (69.7) 617 (70.4) 523 (68.7) 241 (66.4) 67 (72.0) 91 (79.1) <.001
Body mass index, kg/m2 (median [IQR])  29.1 [25.1-34.0] 29.9 [25.5-35.8] 31.6 [26.6-37.6] 32.1 [27.2-38.5] 32.5[27.5-38.3] 33.1 [28.4-39.5] 32.3[26.8-39.3] 32.6 [27.5-37.6] <.001
Race <.001
Black 10,684 (17.2) 829 (21.3) 920 (24.0) 186 (21.2) 151 (19.8) 81 (22.3) 24 (25.8) 21 (18.3)
‘White 41,570 (67.0) 2,556 (65.7) 2,464 (64.4) 602 (68.6) 545 (71.6) 260 (71.6) 61 (65.6) 81 (70.4)
Hispanic ethnicity 2,916 (4.7) 135 (3.5) 134 (3.5) 29 (3.3) 22 (2.9) NA NA NA <.001
Smoking history <.001
Current 3,714 (6.0) 303 (7.8) 316 (8.3) 51 (5.8) 28 (3.7) 18 (5.0) NA NA
Past 11,707 (19.0) 816 (21.1) 888 (23.2) 192 (21.9) 209 (27.5) 97 (26.8) 31 (33.3) 36 (31.3)
Pack-years, n (median [IQR]) 10.0 [3.9-23.0] 7.5 [2.0-16.0] 7.5 [2.5-18.0] 7.5 [2.5-19.0] 8.0 [4.5-20.0] 9.0 [3.0-20.5] 10.0 [2.4-16.5] 5.0 [0.90-13.75] <.001
Respiratory symptoms
Cough 28,193 (45.4) 2,017 (5§1.9) 2,248 (58.7) 499 (56.9) 471 (61.9) 228 (62.8) 53 (57.0) 71 (61.7) <.001
Dyspnea 13,674 (22.0) 1,019 (26.2) 1,478 (38.6) 362 (41.3) 285 (37.5) 150 (41.3) 45 (48.4) 56 (48.7) <.001
Comorbidities
Allergic rhinitis 4,382 (7.1) 648 (16.7) 964 (25.2) 249 (28.4) 326 (42.8) 153 (42.1) 24 (25.8) 44 (38.3) <.001
Diabetes 7,723 (12.4) 492 (12.6) 650 (17.0) 129 (14.7) 142 (18.7) 76 (20.9) 25 (26.9) 21 (18.3) <.001
Hypertension 17,244 (27.8) 1,175 (30.2) 1,359 (35.5) 319 (36.4) 327 (43.0) 164 (45.2) 49 (52.7) 47 (40.9) <.001
Coronary artery disease 3,700 (6.0) 212 (5.4) 238 (6.2) 47 (5.4) 54 (7.1) 37 (10.2) NA 13 (11.3) <.001
Heart failure 2,418 (3.9) 121 (3.1) 183 (4.8) 28 (3.2) 33 4.3) 29 (8.0) NA NA <.001
Cancer history 5,100 (8.2) 302 (7.8) 320 (8.4) 82 (9.4) 80 (10.5) 39 (10.7) 13 (14.0) 13 (11.3) <.001
Immunosuppressive disease 3,493 (5.6) 218 (5.6) 274 (7.2) 73 (8.3) 52 (6.8) 31 (8.5) 11 (11.8) 14 (12.2) <.001
Medications
Nonsteroidal anti-inflammatory drugs 7,149 (11.5) 585 (15.0) 760 (19.9) 149 (17.0) 131 (17.2) 54 (14.9) 13 (14.0) 25 (21.7) <.001
Angiotensin converting enzyme inhibitors 4,962 (8.0) 248 (6.4) 315 (8.2) 77 (8.8) 54 (7.1) 37 (10.2) NA NA <.001
Angiotensin receptor blockers 3,296 (5.3) 219 (5.6) 271 (7.1) 76 (8.7) 86 (11.3) 43 (11.8) 14 (15.1) 13 (11.3) <.001
Intranasal corticosteroids 9,294 (15.0) 883 (22.7) 1,470 (38.4) 327 (37.3) 486 (63.9) 213 (58.7) 43 (46.2) 75 (65.2) <.001

iCS, inhaled corticosteroids; IQR, interquartile range; LABA, long-acting -agonist; NA, not available.

Data are presented as n (%) for categorical variables unless otherwise noted.

*Data for high-dose iCS without LABA are not reported owing to the small number of patients (n = 21). Data with less than 10 patients are listed as NA.

‘Asthma medications used to differentiate between active and inactive asthma are short acting beta agonists, leukotriene receptor antagonist, iCS, LABA, and long-acting muscarinic antagonist (LAMA).
§Triple therapy = iCS + LAMA + LABA.

9 Group means were compared using Kruskal-Wallis test.
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TABLE Il. Associations between COVID-19 outcomes and asthma

Hospitalization Intensive care unit
Stratification of analyses n (OR [95% CI1) admission (OR [95% CI]) Hospital mortality (OR [95% CI])*
By asthma therapy
n 11,221 2,470 2,158
No asthma 62,042 1 1 1
Inactive asthma 3890 1.05 (0.95-1.17) 0.89 (0.72-1.11) 0.78 (0.60-1.01)
Active asthma
Short-acting B-agonist alone 3828 1.37 (1.24-1.51) 1.26 (1.04-1.52) 0.80 (0.60-1.05)
Low-dose iCS 877 1.23 (1.00-1.50) 0.98 (0.64-1.50) 0.63 (0.34-1.18)
Low-dose iCS-LABA 761 1.13 (0.91-1.41) 1.10 (0.72-1.70) 0.70 (0.38-1.27)
High-dose iCS-LABA 363 1.54 (1.16-2.06) 1.21 (0.70-2.10) 1.13 (0.57-2.23)
Triple therapy 93 2.61 (1.16-4.26) 1.65 (0.73-5.00) 1.37 (0.52-3.60)
Chronic oral corticosteroids 115 3.00 (1.60-4.70) 2.09 (0.87-6.10) 1.62 (0.54-4.85)
Anti-IgE biologic therapy 42 1.60 (0.66-3.87) NA NA
Anti-IL5(Ra), IL4Ra biologic therapy 54 3.31 (1.75-6.24) NA NA
By asthma severity
n* 10,262 2,269 2,054
No asthma 62,042 1 1 1
Active asthma (asthma severity)
Mild 2,496 1.22 (1.07-1.38) 0.87 (0.66-1.15) 0.92 (0.67-1.26)
Moderate 1,076 1.37 (1.15-1.64) 1.36 (0.98-1.90) 0.74 (0.45-1.21)
Severe 290 2.89 (2.15-3.88) 1.88 (1.09-3.23) 0.85 (0.36-2.03)
By asthma exacerbations?
n 1,069 214 104
Exacerbations, n
0 4,194 1 1 1
1 1,562 0.87 (0.73-1.04) 0.74 (0.51-1.06) 1.27 (0.79-2.06)
>2 362 1.09 (0.80-1.47) 0.84 (0.46-1.54) 1.96 (0.93-4.17)§

CI, confidence interval; iCS, inhaled corticosteroid; LABA, long-acting -agonist; NA, not available; OR, odds ratio,

Asthma is stratified by disease state (active vs inactive) and therapy, by severity defined by asthma related International Classification of Diseases, Tenth Revision, Clinical
Modification codes listed in medical records within 1 y of COVID-19 diagnosis, and by asthma exacerbations. Analyses were adjusted for age, sex, race, ethnicity, body mass
index, smoking history, pack-years smoking, medications (nonsteroidal anti-inflammatory drugs, angiotensin converting enzyme 2 inhibitor, angiotensin receptor blocker, and
intranasal corticosteroids), comorbidities (allergic rhinitis, diabetes, hypertension, coronary artery disease, heart failure, cancer [historical or current], and immunosuppressive
disease), and month of testing. We excluded 21 patients receiving high-dose iCS alone without LABA. Analyses were performed on imputed data. Data with missing dependent
variables were excluded. All variables had less than 15% of missing data. Multiple imputations (five imputations) for missing variables were carried out using the MICE package
in R, version 4.0.5 (R Project for Statistical Computing, Vienna, Austria); separate results were pooled using Rubin’s rules to obtain the final results.

*Hospital mortality includes patients discharged to hospice.

fTriple therapy: iCS + LABA -+ long-acting muscarinic antagonist; anti-IgE biologic = omalizumab; anti-IL5(Ra.), IL4Ra. biologic therapy = mepolizumab, reslizumab,

benralizumab, and dupilumab,
§P = .08.

Includes additional adjustment for therapy (short-acting B-agonist, LACA, iCS, and long-acting muscarinic antagonist).

strengths include rigorous methodologies, because CCCRR data
were extracted prospectively using uniform clinical templates to
standardize patient care and facilitate data extraction. Data were
then verified independently by trained medical personnel.” We
aimed to improve our methods by using current asthma therapy
as an additional criterion to define active asthma.” We used two
different methods to estimate asthma severity and found similar
results. Finally, we adjusted our analyses for risk factors previ-
ously associated with severe COVID-19 and provided stratified
analyses to test the association of asthma severity, asthma
medication categories, and asthma exacerbations with COVID-
19 outcomes. Although our data suggest that the risk for
COVID-19—related hospitalizations is higher in severe asthma,
randomized controlled trials and prospective observational
studies of large asthma cohorts are needed to understand the
association between asthma and COVID-19 outcomes and to

study the role of iCS in COVID-19, which is a frequent
confounder for asthma severity.
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TABLE E1. Association of asthma therapy with COVID-19—related hospital admission, intensive care unit admission, and hospital

mortality among all patients who had a positive SARS-CoV-2 test adjusting for preexisting eosinophilia
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Hospitalization

(adjusted OR [95% CI])

Intensive care
unit admission
(adjusted OR

Hospital mortality
(adjusted OR

Asthma therapy n (n = 7,421) [95% CI]) (n = 1,638) [95% CI]) (n = 1,431)

All patients, n 43,104

No asthma 35,314 1 1 1

Inactive asthma 2,681 0.91 (0.80-1.04) 0.79 (0.61-1.04) 0.69 (0.49-0.97)

Active asthma
Short-acting 3-agonist monotherapy 3,154 1.38 (1.24 1.54) 1.17 (0.95-1.45) 0.86 (0.65-1.14)
Low-dose iCS 700 1.23 (1.00-1.57) 0.90 (0.55-1.47) 0.62 (0.31-1.25)
Low-dose iCS-LABA 657 1.10 (0.87-1.38) 1.13 (0.71-1.80) 0.70 (0.36-1.31)
High-dose iCS-LABA 321 1.57 (1.17-2.13) 1.34 (0.76-2.36) 1.34 (0.68-2.64)
Triple inhaler therapy 82 2.47 (1.47-4.15) 1.22 (0.48-3.14) 1.48 (0.56-3.91)

Cl, confidence interval; iCS, inhaled corticosteroids; LABA, long-acting B-agonist; OR, odds ratio.

Preexisting eosinophilia is defined by a preexisting absolute eosinophil count of >300 cells/|LL measured for 15 days or more before the date of a positive SARS-CoV-2 test.
Analyses were adjusted for age, sex, race, ethnicity, body mass index, smoking history, pack-years smoking, medications (nonsteroidal anti-inflammatory drugs, angiotensin
converting enzyme 2 inhibitor, angiotensin receptor blocker, and intranasal corticosteroids), comorbidities (allergic rhinitis, diabetes, hypertension, coronary artery disease, heart

failure, and cancer [historical or current], and immunosuppressive disease), the month of testing, and eosinophilia.
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Patients with a Positive
SAR-CoV-2 Test in CCCRR between
April 1, 2020 and March 31, 2021
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Exclude: Children — Age < 18 years
n = 5,596

n = 82,096
v
Adults Only
n = 76,500

eyl

Exclude: Patients with Missing
Hospitalization Data
n=87

v

Adults with Complete

Outcome Data
n=76,413

el

Exclude: Pregnant Women
n =290

v

Pregnant Women
Excluded
n=70,531

N—

Exclude: Patients with Body Mass
Index <15 or >80
n=91

v

Met Inclusion Criteria
n=76,032

'

\’ Exclude: Patients with Chronic Obstructive

Pulmonary Diseases (COPD)
n = 3,894

COPD Excluded
n=72,138

v

\’ Exclude: Patients Treated with Biologics a Year
or More Prior to SARS-CoV-2 Infection

n=53

Remote Biologics
Excluded
n=72,085

\ Exclude: Patients on High-dose Inhaled Corticosteroids
Alone without Long-Acting Beta Agonists

n=21
v
Included Final Analysis
n=72,064
v
No Asthma Inactive Asthma Active Asthma
n = 62,042 n=47378 n=5,644

FIGURE E1. Flowchart of patients in final analysis. CCCRR, Cleveland Clinic’'s COVID-19 Research Registry.
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