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Background: Several chronic conditions have been associated with a higher risk of severe coronavirus disease
2019 (COVID-19), including asthma. However, there are conflicting conclusions regarding risk of severe disease
in this population.
Objective: To understand the impact of asthma on COVID-19 outcomes in a cohort of hospitalized patients and
whether there is any association between asthma severity and worse outcomes.
Methods: We identified hospitalized patients with COVID-19 with confirmatory polymerase chain reaction test-
ing with (n = 183) and without asthma (n = 1319) using International Classification of Diseases, Tenth Revision,
codes between March 1 and December 30, 2020. We determined asthma maintenance medications, pulmonary
function tests, highest historical absolute eosinophil count, and immunoglobulin E. Primary outcomes included
death, mechanical ventilation, intensive care unit (ICU) admission, and ICU and hospital length of stay. Analysis
was adjusted for demographics, comorbidities, smoking status, and timing of illness in the pandemic.
Results: In unadjusted analyses, we found no difference in our primary outcomes between patients with asthma
and patients without asthma. However, in adjusted analyses, patients with asthma were more likely to have
mechanical ventilation (odds ratio, 1.58; 95% confidence interval [CI], 1.02-2.44; P = .04), ICU admission (odds
ratio, 1.58; 95% CI, 1.09-2.29; P = .02), longer hospital length of stay (risk ratio, 1.30; 95% CI, 1.09-1.55; P < .003),
and higher mortality (hazard ratio, 1.53; 95% CI, 1.01-2.33; P = .04) compared with the non-asthma cohort.
Inhaled corticosteroid use and eosinophilic phenotype were not associated with considerabledifferences. Inter-
estingly, patients with moderate asthma had worse outcomes whereas patients with severe asthma did not.
Conclusion: Asthma was associated with severe COVID-19 after controlling for other factors.
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Introduction

Severe acute respiratory syndrome coronavirus 2 is the novel
coronavirus responsible for coronavirus disease 2019 (COVID-19), a
global pandemic that has to date affected 418 million people world-
wide, with more than 78 million total cases in the United States as of
February 2022.1 The Centers for Disease Control and Prevention iden-
tified patients with several comorbidities, including chronic lung
diseases such as chronic obstructive pulmonary disease (COPD) and
asthma, to have high risk for severe COVID-19.2 Epidemiologic stud-
ies have elucidated several risk factors for severe illness, including
age, diabetes mellitus, obesity, hypertension (HTN), pulmonary dis-
ease, and immunosuppression.3,18 Chronic lung disease is a risk factor
for illness severity in COVID-19, including need for hospitalization,
intensive care unit (ICU) admission, and mortality.4 However, there
have been conflicting reports on the role of asthma as a risk factor for
more severe disease, with published studies showing lower mortality
between asthma and non-asthma cohorts,5 no difference,6,7 or
increased mortality.8 The current literature is challenging to interpret
given a lack of uniform definitions of asthma outcomes and large var-
iability of comorbidities accounted for in statistical analyses.

http://crossmark.crossref.org/dialog/?doi=10.1016/j.anai.2022.03.017&domain=pdf
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Over the past year, management of COVID-19 in hospitalized
patients has changed substantially as data regarding use of therapeu-
tics have evolved with ongoing research. With initial uncertainty
regarding the use of corticosteroids early in the pandemic, many pub-
lished guidelines discouraged the use of corticosteroids for treatment
of severe acute respiratory syndrome coronavirus 2 alone9 until
results from the RECOVERY trial found dexamethasone use resulted
in mortality benefits for those receiving supplemental oxygen and
mechanical ventilation in July 2020.10 Corticosteroids are a corner-
stone of therapy in the treatment of acute asthma exacerbations,
most of which are viral mediated.11 It is unclear whether the evolu-
tion of COVID-19 care as the pandemic progressed has resulted in dif-
ferential outcomes for patients with asthma.

The primary aim of this study was to evaluate the impact of
asthma on COVID-19−related outcomes in a cohort of hospitalized
patients at a tertiary academic center. The secondary objective was to
determine how COVID-19−related outcomes have changed over the
past year, specifically focused on the cohorts before and after dexa-
methasone became widely accepted as being beneficial in hospital-
ized patients with COVID-19. We hypothesize that asthma will be
associated with an increased risk of poor outcomes in patients hospi-
talized with COVID-19; however, we anticipate that this increased
risk will not be evenly distributed and that some asthma phenotypes
may be more at risk than others.
Methods

Identification of Patients With Asthma and Coronavirus Disease 2019

This retrospective study was conducted at a single academic institu-
tion using databases derived from the electronic health record. Patients
with COVID-19 were identified using the International Classification of
Diseases, Tenth Revision, code for COVID-19 with confirmatory poly-
merase chain reaction (PCR) testing at our institution or done at an out-
side institution, a positive PCR test result during the admission, or a
previous positive PCR test result 21 days before or 14 days after the
admission. Patients admitted between March 4 and December 31, 2020,
were included. This cohort included patients who were not vaccinated
against COVID-19 because vaccines were not widely available at that
time. The presence of asthma was identified using the International
Classification of Diseases, Tenth Revision, code of J45.xx before, during,
or after the encounter, which yielded 140 encounters in the first group
(March, 2020 to June 14, 2020) and 127 encounters in the second group
(June 15, 2020 to December, 2020). Patients were divided based on
months of the year in 2020 because treatments for COVID-19 rapidly
changed in the latter part of the year and this was a potential con-
founder. Verification of asthma diagnosis was performed by clinicians
using chart review. Patients with an incorrect history of asthma (n = 12)
were reassigned to the non-asthma cohort. Exclusion criteria included
pediatric patients (n = 55). For patients with multiple encounters
(n = 30), the first encounter was selected. Manual chart abstraction was
performed on the remaining encounters to confirm asthma status using
clinician diagnosis of asthma with prescribed medications for asthma.
This yielded a final asthma cohort of 183 patients, 110 patients in group
1 and 73 patients in group 2. Our non-asthma cohort consisted of 1319
adult patients (age >18 years) whomet our definition of COVID-19 posi-
tivity as mentioned previously without a diagnosis of asthma (Fig 1).
Identification of Asthma Severity and Phenotype

For each patient with asthma, asthma-specific variables including
maintenance medications and pulmonary function tests were
abstracted after manual chart review. Asthma severity was classified
based on home medications using Global Initiative for Asthma
(GINA) strategy 2020 classification (steps 1 to 5).12 Analyses com-
pared GINA steps 1 and 2 (mild) vs step 3 (moderate) vs steps 4 and 5
(severe). Asthma phenotype (eosinophilic vs non-eosinophilic) was
also identified using highest absolute eosinophil count (AEC) in the
preceding 24 months (greater than or equal to 0.3 K/mL considered
eosinophilic asthma), and highest immunoglobulin (Ig)E level (kU/L)
was noted. Severity was also compared by inhaled corticosteroid
(ICS) use (taking ICS vs not taking ICS).
Outcomes

Outcomes included (1) death, (2) ICU admission, (3) mechanical
ventilation, (4) total hospital length of stay (LOS), and (5) ICU LOS.
Identification of Clinical Characteristics and Comorbidities

We identified the initial laboratory measurements for each patient,
including white blood cell count, AECs, absolute lymphocyte counts, fer-
ritin, D-dimer, and C-reactive protein (CRP). We utilized Systematized
Nomenclature of Medicine—Clinical Terms technology to identify con-
cepts that matched our comorbidities of interest, including obstructive
sleep apnea (OSA), COPD, HTN, coronary artery disease (CAD), diabetes
mellitus, and obesity (based on a bodymass index > 30), in both asthma
and non-asthma cohorts. Charlson comorbidity index (CCI) was used to
assess global comorbidity burden.13 Smoking status was also assessed
and classified as current, former, never smoker, or unknown. We identi-
fied whether patients were transferred from an outside facility to
account for potential selection bias given the likelihood that these
patients were transferred owing to more severe illness that required a
tertiary care center.
Statistical Analysis

Descriptive characteristics of asthma vs non-asthma were pro-
vided using medians and interquartile ranges for continuous
characteristics and frequencies and percentages for categorical char-
acteristics. Descriptions were also provided among patients with
asthma by GINA step, eosinophilic asthma, and ICS use. Survival was
analyzed using Cox proportional hazards models. The binary ICU
admission and mechanical ventilation outcomes were modeled using
logistic regression. Total hospital and ICU LOS in days was modeled
using negative binomial regression with a log-link function. Separate
models were fit for each asthma variable (ie, asthma vs no asthma,
GINA step, eosinophilic asthma, ICS use). All models were adjusted
for age, sex, race, ethnicity, transfer status, smoking status, time of ill-
ness in the pandemic (group 1 vs 2), OSA, COPD, HTN, CAD, diabetes
mellitus, obesity, and CCI. These potential confounders were selected
a priori based on the literature and plausibility. Unadjusted models
for each of these variables are also reported. Analyses were per-
formed in SAS version 9.4 (SAS Institute Inc, Cary, North Carolina).
Results

Comparison of Baseline Demographics, Comorbidities, and Outcomes in
Patients With and Without Asthma With Coronavirus Disease 2019

The median age of patients with asthma was significantly lower
(56 years, P < .001) vs patients without asthma (62 years) (Table 1).
There was also a significant difference in sex representation with
more patients with asthma (65%) being of female sex than patients
without asthma (41%, P < .001). There was no difference in race
across both cohorts. The number of outside hospital transfers was
also similar between cohorts, accounting for 20% of the asthma
cohort and 20% of the non-asthma cohort (Table 1). The prevalence of
asthma in our cohort was 12.2%, consistent with the reported asthma
prevalence between 7.4% and 17% in nationwide cohorts14,15 and the
asthma prevalence statewide.16



Figure 1. Flowchart depicting patient selection for asthma and non-asthma cohorts. COVID-19, coronavirus disease 2019; ICD-10, International Classification of Diseases, Tenth
Revision; PCR, polymerase chain reaction.
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COVID-19−positive patients with asthma were more likely to have
OSA (32% as comparedwith 15%, P < .001) and to be obese (64% vs 48%,
P< .001) (Table 1) than patients without asthma. There was no relevant
difference among the prevalence of COPD, HTN, CAD, and diabetesmel-
litus between the 2 groups. The CCI was significantly higher in the
patients with asthma with a median of 3.0 compared with 2.0 in
patients without asthma (P = .002) (Table 1). There was no difference in
smoking status between the asthma and non-asthma cohorts.
Baseline Laboratory Data of Patients With Coronavirus Disease 2019
Based on Asthma Status

When comparing baseline laboratory values across patient
groups, we found no difference between the asthma and non-asthma
cohorts in the median absolute lymphocyte count, CRP, or D-dimer;
however, patients with asthma had considerably lower mean ferritin
levels (499.3 [192.2-1089.4] vs 691.8 [303.5-1366.1] mg/L) as com-
pared with those without asthma (Table 1). There was no difference
between patients with eosinophilic asthma and patients with non-
eosinophilic asthma in baseline laboratory values; however, when
stratified by GINA step, patients with moderate asthma (GINA 3) had
higher CRP and ferritin levels compared with patients with mild
(GINA 1-2) or severe (GINA 4-5) asthma: median CRP 7.7 vs 15.2 vs
6.0 and median ferritin 509.9 vs 683.9 vs 330.9 for mild, moderate,
and severe, respectively (Table 2).
Stratification of Asthma Severity by Global Initiative for Asthma Step,
Eosinophilia, and Inhaled Corticosteroid Use

Among COVID-19−positive patients with asthma, there were 104
patients with mild asthma (GINA steps 1 and 2), 29 patients with
moderate asthma (GINA step 3), and 49 patients with severe asthma
(GINA steps 4 and 5) (Table 2). When stratified by highest historical
AEC, 33% of the patients were characterized with having eosinophilic
asthma phenotype and 58% had non-eosinophilic asthma (Table 2).
The median eosinophil count was 200 cells/mL, and the median IgE
level was 177.5 kU/L, but prior IgE level was missing on 163 patients
with asthma; therefore, we did not perform further analyses utilizing
this variable. There were 16 patients without asthma phenotype
determination given lack of AEC before index hospitalization
(Table 2).

In terms of maintenance medications among patients with
asthma, 48% were on ICS, 36% on long-acting b-agonists, 10% on
long-acting anti-muscarinic antagonists, 21% on leukotriene receptor
antagonists, 4% on maintenance oral corticosteroids, and 3% on bio-
logics. Pre−COVID-19 pulmonary function tests were available on a
third of the cohort, and the median percentage of forced expiratory
volume in 1 second was 76%, median forced expiratory volume in
1 second/forced vital capacity ratio 74%, and forced expiratory flow
between 25% and 75% 49% (Table 2). Compared with GINA step,
patients with mild asthma were younger than those with moderate
or severe asthma, more likely to be transferred from an outside



Table 1
Clinical Characteristics of Patients With andWithout Asthma

Characteristic
Asthma
(N = 183)

Non-asthma
(N = 1319) Pa

Demographics

Age (y), median (IQR) 56 (43.0-66.0) 62.0 (49.0-72.0) <.001
Female, n (%) 119 (65) 547 (41) <.001
Race, n (%) .18

American Indian/Alaskan native 0 (0) 6 (0)
Asian 4 (2) 46 (3)
Black 63 (34) 327 (25)
Native Hawaiian/other Pacific Islander 0 (0) 1 (0)
White 100 (55) 810 (61)
Other 8 (4) 67 (5)
Unknown 8 (4) 62 (5)

Hispanic 6 (3) 41 (3) .90
Outside hospital transfers, n (%) 37 (20) 270 (20) .94
Admit group, n (%) <.001
1 (March 4-June 14) 110 (60) 518 (39)
2 (June 15-December 31) 73 (40) 801 (61)

Comorbid conditions

Charlson Comorbidity Index, median (IQR) 3.0 (1.0-5.0) 2.0 (0.0-5.0) .002
Comorbid diseases, n (%)

OSA 59 (32) 200 (15) <.001
COPD 12 (7) 104 (8) .53
Hypertension 86 (47) 578 (44) .42
CAD 23 (13) 175 (13) .79
Diabetes mellitus 55 (30) 382 (29) .76
Obesity 118 (64) 631 (48) <.001
Smoking status, n (%) .72
Current 4 (2) 46 (3)
Former 52 (28) 402 (30)
Never 89 (49) 605 (46)
Unknown 38 (21) 266 (20)

Laboratory values at presentation

White blood cell count (cells/mL), median (IQR) 7.2 (5.0-10.3) 7.1 (5.1-10.1) .95
Ferritin (mg/L), median (IQR)b 499.3 (192.2-1089.4) 691.8 (303.5-1366.1) .001
D-dimer (mcg/ml), median (IQR) 1.0 (0.6-2.6) 1.1 (0.6-2.1) .92
CRP (mg/L), median (IQR) 8.0 (4.0-14.7) 7.7(3.8 − 15.7) .98
Absolute lymphocyte count (cells/mL), median (IQR) 1.0 (0.6-1.3) 0.9 (0.6-1.3) .78

Abbreviations: ALC, absolute lymphocyte count; CAD, coronary artery disease; COPD, chronic obstructive pulmonary disease; CRP, C-reactive protein; IQR, interquartile range; OSA,
obstructive sleep apnea.
NOTE. Missing data from non-asthma cohort included 332 without ferritin, 363 without D-dimer, 357 without CRP, and 69 without ALC count.
Note- Bolded p-values are statistically significant using the cut off value of p<.05.
aP value represents Fisher exact test for categorical variables.
bMissing data from asthma cohort included 15 without ferritin, 22 without D-dimer, 17 without CRP, 5 without ALC.
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facility, and less likely to have a eosinophilic phenotype (Table 2).
There were no relevant differences in race, ethnicity across GINA
steps. In terms of comorbidity burden, patients with moderate and
severe asthma had a median CCI score of 3 and 4, respectively, which
is higher than patients with mild asthma (CCI 2, P = .04). Patients
with GINA steps 4 to 5 asthma were more likely to have OSA, COPD,
and HTN compared with patients with GINA steps 1 to 3 (P = .004,
P = .001, and P = .03, respectively) (Table 2).
Outcomes of Coronavirus Disease 2019 Based on Asthma Status

With a primary end point of survival probability, the unadjusted
model did not reveal a substantial difference in survival between
patients with and without asthma (Fig 2). In addition, there were no
unadjusted differences in the other COVID-19−related outcomes of
interest. However, in adjusted models, which accounted for age, sex,
ethnicity, smoking status, timing of illness in the pandemic, transfer
status, comorbidities, and CCI score, a statistically important associa-
tion between asthma and worse outcomes, such as death, mechanical
ventilation, ICU admission, and hospital LOS, was found (Fig 3). Using
multivariable regression models, the hazard ratio for death was 1.53
(95% confidence interval [CI], 1.01-2.33; P = .04) for patients with
asthma (Fig 3). Overall, patients with asthma also had higher risk for
mechanical ventilation (odds ratio [OR], 1.58; 95% CI, 1.02-2.44;
P = .04), ICU admission (OR, 1.58; 95% CI, 1.09-2.29; P = .02), and lon-
ger hospital LOS (risk ratio [RR], 1.30; 95% CI, 1.09-1.55; P < .003).
There were no differences in the cohorts in terms of need for renal
replacement therapy or longer ICU LOS (Fig 3).
Differences in Outcomes of Patients With Coronavirus Disease 2019
Based on Global Initiative for Asthma Step, Asthma Phenotype, and
Inhaled Corticosteroid Use

We assessed patients based on asthma severity and noted that
patients with moderate asthma had a higher odds of ICU admission
(OR, 2.60; 95% CI, 1.03-6.54; P = .04), longer hospital LOS (RR, 2.01;
95% CI, 1.29-3.14; P < .002), and ICU LOS (RR, 2.02; 95% CI, 1.03-3.95;
P < .002) compared with patients with mild asthma, although this
effect was not observed with patients with severe asthma. However,
it is worth noting that because the sample size for the moderate
group is smaller, this could result in larger CIs, making the signifi-
cance of this finding less certain. Patients with severe asthma had
shorter hospital LOS (RR, 0.80; 95% CI, 0.65-1.00; P < .04). There were
no differences between the groups in terms of hazard ratio of time to



Table 2
Clinical Characteristics of Asthma Cohort, Stratified by GINA Step Therapy

GINA step therapy

Characteristic
Asthma
(N = 183)

Mild asthma
(GINA steps 1 & 2)
(N = 104)

Moderate asthma
(GINA step 3)
(N = 29)

Severe asthma
(GINA steps 4 & 5)
(N = 49) P

Age (y), median (IQR) 56 (43.0-66.0) 53.0 (39.5-64.0) 63.0 (54.0-67.0) 59.0 (53.0-67.0) .03
Female, n (%) 119 (65) 67 (64) 20 (69) 32 (65) .90
Race, n (%) .45
American Indian/Alaskan native 0 (0) 0 (0) 0 (0) 0 (0)
Asian 4 (2) 2 (2) 2 (7) 0 (0)
Black 63 (34) 37 (36) 10 (34) 15 (31)
White 100 (55) 54 (52) 14 (48) 32 (65)
Other 8 (4) 5 (5) 2 (7) 1 (2)
Unknown 8 (4) 6 (6) 1 (3) 1 (2)

Transferred from outside hospital, n (%) 37 (20) 29 (28) 4 (14) 4 (8) .01
Charlson Comorbidity Index, median (IQR) 3.0 (1.0-5.0) 2.0 (1.0-5.0) 3.0 (1.0-5.0) 4.0 (1.0-7.0) .04

Comorbid diseases, N (%)

OSA 59 (32) 28 (27) 6 (21) 25 (51) .004
COPD 12 (7) 2 (2) 1 (3) 9 (18) .001
Hypertension 86 (47) 43 (41) 12 (41) 31 (63) .03
CAD 23 (13) 10 (10) 4 (14) 9 (18) .31
Diabetes mellitus 55 (30) 28 (27) 17 (35) 17 (35) .53
Obesity 118 (64) 64 (62) 21 (72) 33 (67) .51

Laboratory values at presentation

White blood cell count (cells/mL), median (IQR) 7.2 (5.0-10.3) 6.9 (4.8-11.0) 8.8 (5.0-10.5) 7.3 (5.3-9.2) .91
Ferritin (mg/L), median (IQR) 499.3 (192.2-1089.4) 509.9 (213.2-1025.1) 683.9 (425.8-1472.0) 330.9 (154.6-762.1) .04
D-dimer (mcg/ml), median (IQR) 1.0 (0.6-2.6) 1.2 (0.6-2.7) 1.4 (0.5-3.7) 0.8 (0.5-1.5) .16
C-reactive protein (mg/L), median (IQR) 8.0 (4.0-14.7) 7.7 (4.1-14.5) 15.2 (7.9-21.6) 6.0 (2.8-9.3) <.001
Absolute lymphocyte count (cells/mL), median (IQR) 1.0 (0.6-1.3) 1.0 (0.7-1.3) 1.0 (0.7-1.1) 1.0 (0.5-1.4) .92

Eosinophilic asthma, N (%)

Historical AEC (median [IQR]) 0.2 (0.1-0.4) 0.2 (0.1-0.3) 0.2 (0.1-0.4) 0.3 (0.1-0.7) .04
Non-eosinophilic 105 (58) 66 (63) 16 (55) 23 (50)
Eosinophilic 59 (33) 25 (24) 12 (41) 21 (46)
Cannot be determined 16 (9) 13 (13) 1 (3) 2 (4)

Asthma medications, N (%)

Biologics 6 (3) 0 (0) 0 (0) 6 (13) <.001
Leukotriene antagonist 39 (21) 14 (14) 4 (14) 20 (41) <.001
Long-acting beta agonist 66 (36) 3 (3) 20 (69) 43 (90) <.001
Long-acting muscarinic antagonist 18 (10) 1 (1) 2 (7) 15 (31) <.001
Maintenance oral corticosteroids 7 (4) 2 (2) 0 (0) 4 (8) .07
Inhaled corticosteroids 87 (48) 12 (12) 27 (93) 47 (96) <.001
Low dose 26 (30) 11 (85) 13 (48) 1 (2) <.001
Medium dose 44 (50) 1 (8) 14 (52) 29 (62) <.001
High dose 18 (20) 1 (8) 0 (0) 17 (36) <.001

Pulmonary function tests n = 64 (18 mild asthma, 14 moderate asthma, 32 severe asthma)

FEV1 (L), median (IQR) 2.0 (1.5-2.8) 2.7 (2.0-3.3) 1.8 (1.1-2.5) 1.6 (1.4-2.4) .21
FEV1 (%), median (IQR) 76.0 (53.0-90.0) 83.0 (78.0-96.0) 68.5 (43.0-86.0) 68.5 (54.0-87.0) .60
FEV1/FVC ratio, median (IQR) 74.0 (62.0-80.0) 79.5 (74.0-82.0) 74.0 (69.2-83.0) 68.0 (62.0-76.0) .80
FEF 25-75 (%), median (IQR) 49.0 (27.0-76.0) 69.5 (54.0-92.0) 43.0 (25.0-64.0) 40.0 (27.0-60.0) .10

Abbreviations: AEC, absolute eosinophil count; CAD, coronary artery disease; COPD, chronic obstructive pulmonary disease; FEF, forced expiratory flow; FEV1, forced expiratory vol-
ume in one second; FVC, forced vital capacity; GINA, Global Initiative for Asthma; OSA, obstructive sleep apnea.
NOTE. Absolute eosinophil count, K/mL # pulmonary function tests were available for 64 asthma patients (18 mild, 14 moderate and 32 severe). All other labs < 12% missing.
Note- Bolded p values meet statistical significance using cut off of p < .05.
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death, need for mechanical ventilation, or need for dialysis (Fig 4,
eTables 1−6).

Grouping patients with asthma with COVID-19 by eosinophilic vs
non-eosinophilic asthma, there were no differences between the 2
groups in terms of mechanical ventilation, ICU admission, need for
dialysis, and hospital or ICU LOS. ICS use did not have a favorable
impact on hospital LOS, ICU LOS, death rate, ICU admission, need for
mechanical ventilation, or dialysis (Fig 4, eTables 1−6).
Differences in Outcomes of Patients With Asthma With Coronavirus
Disease 2019 Based on Timing of Illness

When further stratified by timing of illness in the pandemic
(group 2 vs group 1), those admitted in the second half of the year
had substantially improved outcomes compared with those in group
1, including need for ICU admission (OR, 0.38; 95% CI, 0.2-0.9;
P = .02) and need for mechanical ventilation (OR, 0.28; 95% CI, 0.10-
0.76; P = .01), hospital LOS (RR, 0.54; 95% CI, 0.50-0.57; P < .001), and
ICU LOS (RR, 0.84; 95% CI, 0.77-0.92; P < .001). There were no differ-
ences between the 2 groups in terms of hazard ratio of death or need
for dialysis. Dexamethasone use was considered for both groups
given the impact of this treatment on COVID-19−related outcomes.
Patients in group 1 rarely received dexamethasone, and its use did
not differ between patients with asthma and patients without
asthma (2% of patients with asthma vs 3% of patients without
asthma, P = .48). However, in group 2, dexamethasone use was much
higher with increased use in the patients with asthma (55% vs 41%,
P = .02).



Figure 2. Survival by asthma status. ED, emergency department.
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Discussion

In a single-center cohort study, we evaluated the impact of
asthma on outcomes for patients requiring admission for COVID-19
in the first year of the pandemic. Asthma is a disease characterized by
airway hyperresponsiveness in the setting of inflammatory media-
tors and cytokines which, when coupled with a clinical syndrome of
systemic inflammation as in COVID-19, is thought to lead to marked
epithelial barrier dysfunction, pulmonary injury, and exacerbation of
underlying disease.1 Interestingly, after adjusting for risk factors, our
data found that patients with asthma had a higher likelihood of
severe COVID-19−related outcomes, including ICU admission,
mechanical ventilation, longer hospital LOS, and death, though effect
sizes were relatively small. There are sex disparities in asthma out-
comes with female patients having a higher risk of poor outcomes
from asthma, including a higher risk of asthma-related mortality, and
thus adjusting for sex is critical.19 Our data indicated an important
effect of female sex and older age on COVID-19−related outcomes,
Figure 3. Impact of asthma on outcomes. All models adjusted for age, sex, race, ethnicity, tra
status. Cox proportional hazards models used for death; logistic regression used for ICU adm
and hospital LOS. CAD, coronary artery disease; CCI, Charlson comorbidity index; CI, confid
LOS, length of stay; OR, odds ratio; OSA, obstructive sleep apnea.
which is the opposite of what has been found in COVID-19 infection
alone where age and male sex have been shown repeatedly to be sig-
nificant risk factors for poor outcomes in COVID-19.2 Our study high-
lights the important finding that patients with asthma are at a
modestly increased risk of more severe COVID-19 after adjusting for
known risk factors. Literature on this topic is inconsistent, some of
which suggests no increased risk of severe outcomes in admitted
patients with asthma.2,5,7,19,20 The inconsistencies may stem from a
variety of causes such as smaller sample sizes of patients with asthma
from single-center institutional data (n = 53, n = 23) or as a result of
the low prevalence of asthma in the population of patients infected
with COVID-19 in some countries.5,21 Furthermore, primary end
points were not uniform between the studies with the utilization of a
variety of outcomes, including intubation,2 transfer to ICU,22 time to
discharge (with pooling of discharge home or death as a singular out-
come),20 and LOS or a combination of these outcomes as surrogates
for severe COVID-19. Moreover, results of univariate analysis do not
nsfer status, OSA, COPD, hypertension, CAD, diabetes mellitus, obesity, CCI, and smoking
ission, mechanical ventilation, and dialysis; negative binomial regression used for ICU
ence interval; COPD, chronic obstructive pulmonary disease; ICU, intensive care unit;



Figure 4. Impact of GINA step, asthma phenotype, and ICS use on outcomes. All models adjusted for age, sex, race, ethnicity, transfer status, OSA, COPD, hypertension, CAD, diabetes
mellitus, obesity, CCI, and smoking status. Cox proportional hazards models used for death; logistic regression used for ICU admission, mechanical ventilation, and dialysis; negative
binomial regression used for ICU and hospital LOS. CAD, coronary artery disease; CCI, Charlson comorbidity index; COPD, chronic obstructive pulmonary disease; GINA, Global Initia-
tive for Asthma; ICS, inhaled corticosteroid; ICU, intensive care unit; LOS, length of stay; OSA, obstructive sleep apnea.
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consider the confounding effects of comorbidities that are established
risk factors associated with more severe disease. Our results are con-
sistent with prior reports of prolonged duration of intubation23 and
worse clinical outcomes in large nationwide cohort studies.8,24 How-
ever, a meta-analysis of asthma outcomes in 57 studies, which ranged
from large retrospective studies to small case series with a wide sam-
ple size range (from n = 8 to n = 119,528), did not show higher risks
of ICU admission, requiring mechanical ventilation, and death from
COVID-19 in those with asthma compared with those without
asthma.25
Asthma is a heterogeneous disease with a broad spectrum of dif-
ferent clinical phenotypes owing to distinct differences in patho-
physiology. Several mechanisms have been postulated to explain
how allergic asthma and TH2 asthma can be protective in COVID-19
compared with non-allergic or obesity-related asthma. At the cellu-
lar level, angiotensin-converting enzyme 2 expression is down-reg-
ulated in nasal epithelial cells in the presence of allergic
sensitization and inversely correlated with type 2 biomarkers.26 As
such, TH2-high asthma and low interleukin-6 levels are postulated
as being associated with reduced risk whereas TH2-low asthma and
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high interleukin-6 levels are thought to be associated with increased
risk.4,17,27 Eosinophilic asthma is associated with allergic sensitiza-
tion and TH2-dominant inflammatory response,26 and similar mech-
anisms of receptor down-regulation may explain the decrease in
risk observed in these patients.28 Conversely, patients with non-
allergic asthma demonstrate different cytokine profiles, including a
predominance of TH1-mediated neutrophil andmast cell response,29

which may help explain more severe COVID-19 outcomes in non-
allergic asthma patients. In fact, an analysis using UK Biobank data
showed that severe COVID-19 was driven by non-allergic asthma
patients, whereas allergic asthma had no statistically relevant asso-
ciation with severe COVID-19.24 Although patients with eosinophilic
asthma in our cohort (based on historical AEC > 300 cells/mL) did not
have substantially different risk of outcomes, a recent study using a
lower threshold of AEC more than 150 cells/mL found that preexist-
ing eosinophilia protects against hospital admission in patients with
asthma who develop COVID-19.30 Even more interesting is their
finding that development of peripheral eosinophilia while hospital-
ized for COVID-19 was protective against mortality.30 This suggests
that in the future the heterogeneity of asthma phenotypes must be
taken into consideration when assessing risk of severe disease with
COVID-19.

The impact of asthma severity on COVID-19 outcomes is also
unclear. In a large UK study that utilized an approach similar to ours
by stratifying asthma severity by prescribed medications before
admission, outcomes including hazard ratio of death were worse
among patients with severe asthma.31 In our cohort, patients with
moderate asthma had worse outcomes whereas patients with severe
asthma did not, despite having a higher prevalence of comorbidities.
One possible explanation for this is that a higher proportion of
patients with severe asthma were characterized with having eosino-
philic asthma phenotypes (44% compared with 25% in mild asthma),
which may be a contributing factor. We postulate that the severe
asthma cohort was receiving more intensive asthma treatment,
which may have contributed to improvements in COVID-19−related
outcomes. This cohort was receiving biologics and higher doses of
ICSs that would have resulted in decreased baseline inflammation,
and this may have had protective effects. Given the small sample size
of our patients with moderate (n = 29) and severe (n = 49) asthma,
more research is needed to fully elucidate the impact of asthma
severity and baseline treatment on COVID-19 outcomes. ICS use has
been thought to cause a reduction in angiotensin-converting enzyme
2 in a dose-response manner,4,32 and previous studies have shown
that ICS use was not associated with increased risk of hospitalization
or mortality owing to COVID-19.33 ICS use was not associated with
longer LOS in our cohort and did not change outcomes or mortality.
Patients with asthma should be encouraged to adhere to ICS-based
therapies.33-35

Our study has potential limitations, including a single-center
cohort; however, our health system is a referral center for tertiary
care, and thus, we received a large number of transfers from hospitals
around the state of Michigan, which resulted in enrichment of the
cohort with more socially and racially diverse populations. Patients
were transferred at different points in their course of illness; how-
ever, there was equal representation of these patients in the asthma
and non-asthma cohorts. Furthermore, we adjusted for transfer
status in each multivariate model, which also accounts for level
of care at presentation because most patients arrived mechanically
ventilated. Another key limitation are the missing data needed to
accurately phenotype our asthma cohort. Prior quantitative IgE and
fraction of exhaled nitric oxide levels were missing on most of the
cohort of patients with asthma which precluded our ability to fully
characterize asthma endotypes. In addition, many patients with
asthma were missing lung function measurements before admission,
and therefore, baseline lung function impairments and the impact
of lung function on COVID-19−related outcomes could not be
determined in our cohort. We also were not able to address the
impact of poor asthma control on outcomes for hospitalized patients
with COVID-19. Future studies looking at the impact of poor asthma
control, including asthma control test scores, symptom control, and
exacerbation frequency, will be important to address this question.
Our study focused on the outcomes of patients with asthma already
hospitalized with COVID-19, leaving unanswered questions about
whether asthma is a risk factor for acquiring COVID-19 in the com-
munity and whether these patients are more likely to be hospitalized
than the general population. Although our data prove useful for prog-
nostication for hospitalized patients, many patients with COVID-19
are not admitted to the hospital, and selecting only hospitalized
patient can induce bias, exaggerating the effect of risk factors on poor
outcomes, such as ICU admission or death.

The finding that outcomes from COVID-19 improved over the
course of the year is indicative of advances in our knowledge
regarding the disease and improvements in care. The improve-
ment in these outcomes likely reflects improvements in COVID-19
treatments over time. For example, dexamethasone was used
more often in group 2 than group 1 (42% vs 3%; P < .01). Our data
indicate that patients with asthma were more likely to receive
dexamethasone in the hospital despite the fact that COVID-19 is
known to cause parenchymal disease and generally does not cause
asthma exacerbations.36 Use of systemic corticosteroids is com-
mon in the management of hospitalized patients with asthma, and
thus, the use of dexamethasone may be more liberal in this popu-
lation and not follow the strict recommendations guiding the use
of dexamethasone for COVID-19 pneumonia.

Our study reveals the importance of accounting for sex, age, and
disease heterogeneity when determining the impact of COVID-19 on
asthma outcomes. The lack of consensus on this topic would be
resolved by harmonization of definitions of disease characteristics
and outcomes. In general, the data that are available indicate that
currently available asthma therapies do not result in negative conse-
quences in the presence of COVID-19 infection, and therefore,
patients should be reassured that adhering with asthma therapies is
the most appropriate course of action at this time. Further research is
required to parse out the specific asthma features that are associated
with increased risk, and our data suggest that it is premature to con-
clude that asthma is not associated with an increased risk of poor
outcomes with COVID-19.
Supplementary Data

Supplementary material associated with this article can be found
in the online version at https://doi.org/10.1016/j.anai.2022.03.017.
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eTable 1
Cox Proportional Hazards Models of Time to Death

Variable Model

Asthma vs no asthma By asthma subtype

GINA class Eosinophilic asthma ICS use

HR (95% CI) P HR (95% CI) P HR (95% CI) P HR (95% CI) P

Asthma (yes vs no) 1.53 (1.01-2.33) .04 — — — — — —
GINA class .04

Moderate vs mild — — 1.70 (0.68-4.24) .25 — — — —
Severe vs mild — — 0.71 (0.41-1.22) .21 — — — —

Eosinophilic asthma .19
High vs low — — — — 0.92 (0.39-2.16) .85 — —
Unknown vs low — — — — 0.65 (0.39-1.08) .09 — —

ICS use — — — — — — 1.44 (0.56-3.73) .45
Cohort: post vs pre 6/15 0.66 (0.49-0.90) .01 0.67 (0.49-0.90) .01 0.66 (0.49-0.90) .01 0.37 (0.12-1.13) .08
Age (per 1 y) 1.04 (1.03-1.05) <.001 1.04 (1.03-1.05) <.001 1.04 (1.03-1.05) <.001 1.03 (0.99-1.07) .14
Female vs male 0.67 (0.50-0.90) .01 0.68 (0.51-0.90) .01 0.68 (0.51-0.90) .01 0.33 (0.14-0.79) .01

Race .07 .07 .07 .02
Asian vs White 0.44 (0.14-1.41) .17 0.43 (0.14-1.38) .16 0.44 (0.14-1.41) .17 — >.99
Black vs White 0.85 (0.59-1.23) .39 0.86 (0.60-1.23) .41 0.85 (0.59-1.22) .38 1.43 (0.46-4.48) .54
Other vs White 1.63 (1.05-2.55) .03 1.63 (1.04-2.55) .03 1.63 (1.04-2.54) .03 18.34 (2.83-118.93) .002

Ethnicity .12 .11 .12 .08
Hispanic vs non-Hispanic 1.32 (0.55-3.12) .53 1.31 (0.55-3.10) .55 1.31 (0.55-3.12) .54 — .99
Unknown vs non-Hispanic 0.54 (0.28-1.04) .06 0.53 (0.27-1.03) .06 0.53 (0.28-1.03) .06 0.06 (0.01-0.70) .02
Transfer vs ED 2.22 (1.59-3.11) <.001 2.22 (1.58-3.11) <.001 2.21 (1.58-3.09) <.001 18.72 (4.08-85.94) <.001

OSA 0.73 (0.48-1.11) .14 0.76 (0.50-1.16) .21 0.74 (0.49-1.13) .16 0.58 (0.21-1.58) .28
COPD 1.16 (0.76-1.77) .49 1.19 (0.78-1.82) .43 1.17 (0.76-1.79) .47 0.68 (0.16-2.80) .59
Hypertension 0.72 (0.53-0.96) .03 0.73 (0.54-0.98) .04 0.72 (0.53-0.97) .03 0.76 (0.26-2.18) .60
CAD 0.84 (0.57-1.25) .39 0.84 (0.56-1.24) .38 0.84 (0.56-1.24) .38 1.77 (0.36-8.65) .48
Diabetes mellitus 1.02 (0.74-1.40) .92 1.01 (0.74-1.39) .93 1.01 (0.74-1.39) .95 4.43 (1.45-13.54) .01
Obesity 1.06 (0.80-1.41) .68 1.06 (0.79-1.41) .70 1.06 (0.80-1.41) .69 0.24 (0.08-0.71) .01
Charlson score (per 1 point) 1.12 (1.07-1.16) <.001 1.12 (1.07-1.16) <.001 1.12 (1.07-1.16) <.001 1.37 (1.18-1.60) <.001
Smoking status <.001 <.001 <.001 .53

Current/former vs never 1.63 (1.12-2.38) .01 1.63 (1.12-2.37) .01 1.63 (1.12-2.36) .01 1.89 (0.62-5.74) .26
Unknown vs never 2.98 (2.06-4.30) <.001 3.03 (2.09-4.39) <.001 2.97 (2.05-4.29) <.001 1.35 (0.45-4.01) .59

Abbreviations: CAD, coronary artery disease; CI, confidence interval; COPD, chronic obstructive pulmonary disease; ED, emergency department; GINA, Global Initiative for Asthma;
HR, hazard ratio; ICS, inhaled corticosteroid; OSA, obstructive sleep apnea.



eTable 2
Logistic Regression Models of ICU Admission

Variable Model

Asthma vs no asthma By asthma subtype

GINA class Eosinophilic asthma ICS use

OR (95% CI) P OR (95% CI) P OR (95% CI) P OR (95% CI) P

Asthma (yes vs no) 1.58 (1.09-2.29) .02 — — — — — —
GINA class .01
Moderate vs mild — — 2.60 (1.03-6.54) .04 — — — —
Severe vs mild — — 0.73 (0.46-1.17) .19 — — — —

Eosinophilic asthma .05
High vs low — — — — 1.17 (0.57-2.40) .67 — —
Unknown vs low — — — — 0.66 (0.41-1.05) .08 — —

ICS use — — — — — — 1.37 (0.65-2.89) .42
Cohort: post vs pre 6/15 0.37 (0.28-0.48) <.001 0.37 (0.28-0.47) <.001 0.37 (0.28-0.48) <.001 0.31 (0.14-0.67) .003
Age (per 1 y) 1.01 (1.01-1.02) .002 1.01 (1.00-1.02) .003 1.01 (1.01-1.02) .002 1.00 (0.98-1.03) .86
Female vs male 0.57 (0.44-0.73) <.001 0.57 (0.44-0.73) <.001 0.57 (0.44-0.73) <.001 0.46 (0.21-0.97) .04
Race .85 .84 .85 .70
Asian vs White 1.10 (0.57-2.14) .77 1.06 (0.54-2.06) .87 1.09 (0.56-2.12) .80 — .98
Black vs White 0.89 (0.65-1.20) .44 0.88 (0.65-1.19) .41 0.88 (0.65-1.20) .43 1.55 (0.66-3.66) .31
Other vs White 0.81 (0.51-1.30) .39 0.80 (0.50-1.28) .35 0.81 (0.51-1.29) .37 2.03 (0.35-11.63) .43

Ethnicity .26 .27 .23 >.99
Hispanic vs non-Hispanic 1.79 (0.88-3.66) .11 1.76 (0.86-3.60) .12 1.83 (0.90-3.74) .10 0.91 (0.10-8.27) .94
Unknown vs non-Hispanic 1.20 (0.65-2.23) .55 1.22 (0.66-2.27) .52 1.21 (0.66-2.24) .54 1.00 (0.08-13.11) >.99
Transfer vs ED 5.38 (3.90-7.43) <.001 5.37 (3.89-7.42) <.001 5.36 (3.88-7.39) <.001 8.74 (2.77-27.61) <.001

OSA 1.40 (1.00-1.95) .04 1.45 (1.04-2.02) .03 1.40 (1.00-1.95) .04 1.54 (0.68-3.48) .30
COPD 1.39 (0.88-2.19) .16 1.41 (0.90-2.23) .14 1.38 (0.88-2.18) .16 1.38 (0.33-5.80) .66
Hypertension 1.02 (0.77-1.35) .89 1.04 (0.78-1.37) .81 1.02 (0.77-1.35) .90 0.64 (0.27-1.51) .31
CAD 0.94 (0.65-1.38) .76 0.94 (0.65-1.38) .76 0.93 (0.64-1.36) .72 2.19 (0.73-6.62) .16
Diabetes mellitus 1.54 (1.16-2.05) .003 1.53 (1.15-2.04) .004 1.54 (1.16-2.05) .003 1.18 (0.48-2.90) .71
Obesity 1.08 (0.84-1.40) .55 1.07 (0.83-1.38) .61 1.08 (0.83-1.39) .58 1.42 (0.63-3.17) .39
Charlson score (per 1 point) 0.97 (0.93-1.01) .16 0.97 (0.93-1.01) .16 0.97 (0.93-1.01) .18 0.99 (0.88-1.12) .88
Smoking status .002 .001 .002 .90
Current/former vs never 1.33 (1.00-1.78) .04 1.33 (1.00-1.78) .05 1.33 (1.00-1.77) .05 1.03 (0.44-2.44) .94
Unknown vs never 1.80 (1.29-2.50) <.001 1.82 (1.31-2.53) <.001 1.79 (1.29-2.49) .001 0.80 (0.28-2.32) .68

Abbreviations: CAD, coronary artery disease; CI, confidence interval; COPD, chronic obstructive pulmonary disease; ED, emergency department; GINA, Global Initiative for Asthma;
ICS, inhaled corticosteroid; OR, odds ratio; OSA, obstructive sleep apnea.
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eTable 3
Logistic Regression Models of Mechanical Ventilation

Variable Model

Asthma vs no asthma By asthma subtype

GINA class Eosinophilic asthma ICS use

OR (95% CI) P OR (95% CI) P OR (95% CI) P OR (95% CI) P

Asthma (yes vs no) 1.58 (1.02-2.44) .04 — — — — — —
GINA class .003

Moderate vs mild — — 2.62 (0.97-7.05) .06 — — — —
Severe vs mild — — 0.65 (0.38-1.13) .13 — — — —

Eosinophilic asthma .09
High vs low — — — — 1.06 (0.46-2.42) .89 — —
Unknown vs low — — — — 0.61 (0.36-1.05) .08 — —

ICS use — — — — — — 1.35 (0.52-3.49) .53
Cohort: post vs pre 6/15 0.34 (0.25-0.48) <.001 0.35 (0.25-0.48) <.001 0.35 (0.25-0.48) <.001 0.23 (0.08-0.64) .01
Age (per 1 y) 1.00 (0.99-1.02) .34 1.00 (0.99-1.02) .37 1.01 (0.99-1.02) .34 1.02 (0.98-1.05) .42
Female vs male 0.47 (0.34-0.65) <.001 0.46 (0.34-0.64) <.001 0.47 (0.34-0.64) <.001 0.35 (0.14-0.89) .03

Race .94 .95 .94 .81
Asian vs White 1.01 (0.43-2.37) .98 0.96 (0.41-2.26) .93 1.00 (0.43-2.35) > .99 — .98
Black vs White 0.85 (0.59-1.24) .40 0.85 (0.59-1.23) .40 0.85 (0.59-1.23) .39 1.70 (0.58-5.00) .33
Other vs White 1.02 (0.59-1.76) .95 0.99 (0.57-1.72) .98 1.01 (0.58-1.74) .97 1.09 (0.13-8.94) .94

Ethnicity .34 .37 .31 .81
Hispanic vs non-Hispanic 1.87 (0.80-4.36) .15 1.84 (0.78-4.31) .16 1.92 (0.82-4.48) .13 0.71 (0.04-11.69) .81
Unknown vs non-Hispanic 0.98 (0.48-1.99) .95 0.99 (0.48-2.05) .99 0.98 (0.48-2.01) .96 0.40 (0.02-6.64) .52
Transfer vs ED 7.86 (5.56-11.10) <.001 7.94 (5.62-11.24) <.001 7.85 (5.56-11.08) <.001 42.85 (9.95-184.64) <.001

OSA 1.35 (0.90-2.02) .14 1.39 (0.93-2.07) .11 1.34 (0.90-2.01) .15 2.26 (0.80-6.35) .12
COPD 0.80 (0.44-1.45) .47 0.84 (0.46-1.52) .56 0.80 (0.44-1.45) .47 0.12 (0.01-1.09) .06
Hypertension 0.99 (0.70-1.39) .95 1.01 (0.72-1.42) .96 0.99 (0.70-1.39) .95 0.92 (0.30-2.79) .89
CAD 0.78 (0.48-1.27) .32 0.78 (0.48-1.26) .31 0.78 (0.48-1.26) .31 0.73 (0.18-2.99) .66
Diabetes mellitus 1.71 (1.21-2.43) .002 1.72 (1.21-2.43) .002 1.72 (1.21-2.43) .002 2.07 (0.70-6.09) .19
Obesity 1.57 (1.15-2.15) .005 1.56 (1.14-2.13) .01 1.56 (1.14-2.14) .01 1.23 (0.45-3.33) .69
Charlson score (per 1 point) 0.97 (0.92-1.02) .22 0.97 (0.92-1.02) .20 0.97 (0.92-1.02) .22 1.03 (0.88-1.20) .72
Smoking status <.001 <.001 <.001 .71

Current/former vs never 1.49 (1.04-2.14) .03 1.50 (1.05-2.15) .03 1.49 (1.04-2.13) .03 1.39 (0.49-3.96) .54
Unknown vs never 2.84 (1.94-4.16) <.001 2.89 (1.97-4.24) <.001 2.84 (1.94-4.15) <.001 0.79 (0.21-2.99) .73

Abbreviations: CAD, coronary artery disease; CI, confidence interval; COPD, chronic obstructive pulmonary disease; ED, emergency department; GINA, Global Initiative for Asthma;
ICS, inhaled corticosteroid; OR, odds ratio; OSA, obstructive sleep apnea.
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eTable 4
Logistic Regression Models of Dialysis

Variable Model

Asthma vs no asthma By asthma subtype

GINA class Eosinophilic asthma ICS use

OR (95% CI) P OR (95% CI) P OR (95% CI) P OR (95% CI) P

Asthma (yes vs no) 0.81 (0.46-1.43) .47 — — — — — —
GINA class .13
Moderate vs mild — — 3.19 (0.98-10.33) .05 — — — —
Severe vs mild — — 1.22 (0.60-2.47) .58 — — — —

Eosinophilic asthma .88
High vs low — — — — 1.19 (0.39-3.63) .76 — —
Unknown vs low — — — — 1.19 (0.60-2.35) .62 — —

ICS use — — — — — — 1.06 (0.33-3.35) .93
Cohort: post vs pre 6/15 0.58 (0.39-0.87) .01 0.61 (0.41-0.90) .01 0.59 (0.39-0.88) .01 0.65 (0.18-2.31) .51
Age (per 1 y) 1.00 (0.98-1.01) .44 1.00 (0.98-1.01) .47 1.00 (0.98-1.01) .47 1.00 (0.95-1.04) .85
Female vs male 0.46 (0.31-0.68) <.001 0.44 (0.30-0.65) <.001 0.46 (0.31-0.67) <.001 0.36 (0.11-1.21) .10
Race .004 .004 .004 .83
Asian vs White 0.91 (0.26-3.19) .89 0.91 (0.26-3.18) .88 0.91 (0.26-3.20) .89 — .98
Black vs White 2.09 (1.36-3.21) .001 2.11 (1.37-3.24) .001 2.09 (1.36-3.22) .001 0.91 (0.24-3.41) .89
Other vs White 2.37 (1.29-4.37) .01 2.37 (1.28-4.38) .01 2.36 (1.28-4.36) .01 2.92 (0.25-34.59) .40

Ethnicity .29 .30 .30 .30
Hispanic vs non-Hispanic 1.19 (0.42-3.33) .74 1.20 (0.43-3.38) .72 1.20 (0.43-3.37) .73 — .98
Unknown vs non-Hispanic 0.53 (0.22-1.25) .15 0.53 (0.22-1.26) .15 0.53 (0.22-1.27) .15 0.07 (0.00-1.98) .12
Transfer vs ED 4.57 (3.02-6.92) <.001 4.72 (3.11-7.17) <.001 4.60 (3.03-6.96) <.001 4.51 (0.89-22.72) .07

OSA 0.80 (0.48-1.34) .40 0.80 (0.48-1.33) .38 0.79 (0.47-1.32) .36 0.39 (0.10-1.55) .18
COPD 0.57 (0.27-1.24) .16 0.59 (0.27-1.27) .18 0.57 (0.26-1.23) .15 0.62 (0.05-7.42) .70
Hypertension 1.24 (0.82-1.87) .31 1.26 (0.83-1.90) .28 1.23 (0.82-1.86) .32 0.55 (0.14-2.20) .39
CAD 0.62 (0.34-1.12) .11 0.61 (0.33-1.11) .10 0.62 (0.34-1.12) .11 0.36 (0.03-3.88) .40
Diabetes mellitus 1.68 (1.12-2.52) .01 1.66 (1.11-2.50) .01 1.68 (1.12-2.52) .01 5.76 (1.44-22.97) .01
Obesity 1.40 (0.96-2.04) .08 1.37 (0.94-1.99) .10 1.40 (0.96-2.03) .08 2.80 (0.73-10.84) .13
Charlson score (per 1 point) 1.15 (1.09-1.22) <.001 1.15 (1.09-1.22) <.001 1.15 (1.09-1.22) <.001 1.21 (1.00-1.47) .05
Smoking status .43 .41 .44 .82
Current/former vs Never 0.97 (0.62-1.51) .89 0.94 (0.60-1.48) .80 0.97 (0.62-1.51) .89 1.28 (0.32-5.04) .72
Unknown vs never 1.30 (0.82-2.07) .26 1.30 (0.82-2.06) .27 1.30 (0.82-2.06) .27 0.73 (0.15-3.51) .70

Abbreviations: CAD, coronary artery disease; CI, confidence interval; COPD, chronic obstructive pulmonary disease; ED, emergency department; GINA, Global Initiative for Asthma;
ICS, inhaled corticosteroid; OR, odds ratio; OSA, obstructive sleep apnea.
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eTable 5
Negative Binomial Models of ICU Length of Stay

Variable Model

Asthma vs no asthma By asthma subtype

GINA class Eosinophilic asthma ICS use

RR (95% CI) P RR (95% CI) P RR (95% CI) P RR (95% CI) P

Asthma (yes vs no) 1.21 (0.89-1.64) .22 — — — — — —
GINA class .02

Moderate vs mild — — 2.02 (1.03-3.95) .04 — — — —
Severe vs mild — — 0.89 (0.62-1.28) .53 — — — —

Eosinophilic asthma .24
High vs low — — — — 0.77 (0.45-1.32) .34 — —
Unknown vs low — — — — 0.73 (0.51-1.06) .10 — —

ICS use — — — — — — 0.90 (0.54-1.51) .70
Cohort: post vs pre 6/15 0.82 (0.66-1.02) .08 0.85 (0.68-1.06) .14 0.82 (0.66-1.03) .09 0.97 (0.52-1.79) .92
Age (per 1 y) 0.99 (0.99-1.00) .09 0.99 (0.99-1.00) .08 0.99 (0.99-1.00) .12 1.01 (0.99-1.04) .21
Female vs male 0.81 (0.65-1.02) .08 0.79 (0.63-0.99) .04 0.81 (0.65-1.02) .07 1.26 (0.70-2.27) .44

Race .83 .87 .83 .41
Asian vs White 1.00 (0.59-1.70) >.99 1.00 (0.59-1.69) >.99 1.00 (0.59-1.70) >.99 1.00 (1.00-1.00) .
Black vs White 0.85 (0.66-1.11) .23 0.87 (0.67-1.12) .28 0.85 (0.66-1.11) .24 0.84 (0.40-1.78) .66
Other vs White 0.95 (0.63-1.44) .82 0.94 (0.63-1.42) .77 0.95 (0.63-1.44) .82 0.29 (0.07-1.29) .11

Ethnicity .17 .16 .18 .36
Hispanic vs non-Hispanic 1.53 (0.86-2.73) .15 1.55 (0.87-2.74) .13 1.50 (0.84-2.68) .17 2.36 (0.60-9.17) .22
Unknown vs non-Hispanic 0.80 (0.51-1.25) .33 0.81 (0.52-1.26) .35 0.79 (0.51-1.24) .30 1.09 (0.17-6.86) .93
Transfer vs ED 2.04 (1.58-2.65) <.001 2.06 (1.60-2.66) <.001 2.03 (1.57-2.63) <.001 5.50 (2.79-10.87) <.001

OSA 0.84 (0.64-1.09) .19 0.87 (0.67-1.14) .32 0.85 (0.65-1.12) .25 1.04 (0.61-1.75) .89
COPD 0.69 (0.46-1.01) .06 0.71 (0.48-1.04) .08 0.69 (0.47-1.02) .06 0.49 (0.18-1.37) .17
Hypertension 0.82 (0.65-1.03) .09 0.84 (0.67-1.07) .16 0.82 (0.65-1.04) .10 0.47 (0.24-0.94) .03
CAD 0.92 (0.66-1.27) .61 0.94 (0.68-1.30) .70 0.93 (0.67-1.28) .65 0.84 (0.33-2.14) .71
Diabetes mellitus 1.04 (0.83-1.31) .74 1.06 (0.84-1.33) .63 1.04 (0.82-1.30) .76 1.35 (0.69-2.64) .37
Obesity 1.29 (1.01-1.65) .04 1.23 (0.97-1.57) .09 1.29 (1.01-1.64) .04 1.45 (0.72-2.93) .30
Charlson score (per 1 point) 1.05 (1.01-1.09) .02 1.04 (1.00-1.08) .08 1.05 (1.00-1.09) .03 1.15 (1.04-1.27) .01
Smoking status .19 .19 .21 .59

Current/former vs never 1.21 (0.94-1.56) .15 1.20 (0.93-1.54) .16 1.20 (0.93-1.55) .15 1.44 (0.72-2.86) .30
Unknown vs never 1.24 (0.92-1.66) .15 1.25 (0.93-1.67) .14 1.23 (0.92-1.65) .17 1.13 (0.48-2.64) .78

Abbreviations: CAD, coronary artery disease; CI, confidence interval; COPD, chronic obstructive pulmonary disease; ED, emergency department; GINA, Global Initiative for Asthma;
ICU, intensive care unit; ICS, inhaled corticosteroid; OSA, obstructive sleep apnea; RR, risk ratio.
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eTable 6
Negative Binomial Models of Hospital Length of Stay

Variable Model

Asthma vs no asthma By asthma subtype

GINA class Eosinophilic asthma ICS use

RR (95% CI) P RR (95% CI) P RR (95% CI) P RR (95% CI) P

Asthma (yes vs no) 1.30 (1.09-1.55) .003 — — — — — —
GINA class <.001
Moderate vs mild — — 2.01 (1.29-3.14) .002 — — — —
Severe vs mild — — 0.80 (0.65-1.00) .04 — — — —

Eosinophilic asthma .001
High vs low — — — — 0.85 (0.61-1.19) .34 — —
Unknown vs low — — — — 0.69 (0.55-0.86) .001 — —

ICS use — — — — — — 0.93 (0.68-1.29) .68
Cohort: post vs pre 6/15 0.57 (0.50-0.64) <.001 0.58 (0.52-0.65) <.001 0.57 (0.51-0.64) <.001 0.52 (0.37-0.74) <.001
Age (per 1 y) 1.00 (1.00-1.01) .07 1.00 (1.00-1.01) .09 1.00 (1.00-1.01) .05 1.00 (0.99-1.01) .83
Female vs male 0.77 (0.69-0.86) <.001 0.76 (0.68-0.85) <.001 0.77 (0.68-0.86) <.001 1.15 (0.82-1.62) .41
Race .17 .17 .17 .55
Asian vs White 0.97 (0.72-1.30) .85 0.96 (0.71-1.28) .76 0.97 (0.73-1.30) .85 0.49 (0.17-1.44) .20
Black vs White 0.91 (0.79-1.05) .19 0.92 (0.80-1.05) .22 0.91 (0.79-1.04) .18 1.04 (0.69-1.57) .85
Other vs White 0.84 (0.67-1.04) .10 0.83 (0.67-1.03) .09 0.83 (0.67-1.03) .10 0.76 (0.33-1.77) .52

Ethnicity .22 .23 .23 .53
Hispanic vs non-Hispanic 1.32 (0.96-1.81) .09 1.30 (0.95-1.78) .10 1.31 (0.95-1.79) .10 1.10 (0.44-2.75) .83
Unknown vs non-Hispanic 1.05 (0.80-1.38) .72 1.07 (0.81-1.40) .64 1.05 (0.80-1.38) .73 0.57 (0.19-1.72) .32
Transfer vs ED 2.58 (2.22-3.00) <.001 2.56 (2.21-2.98) <.001 2.57 (2.21-2.99) <.001 4.05 (2.48-6.62) <.001

OSA 1.02 (0.88-1.19) .78 1.05 (0.91-1.22) .50 1.03 (0.88-1.19) .74 1.05 (0.74-1.49) .79
COPD 0.96 (0.77-1.21) .75 0.99 (0.79-1.23) .91 0.97 (0.77-1.21) .76 0.74 (0.36-1.50) .40
Hypertension 0.98 (0.86-1.11) .77 1.00 (0.88-1.14) >.99 0.99 (0.87-1.12) .85 0.70 (0.47-1.03) .07
CAD 0.91 (0.76-1.08) .27 0.92 (0.77-1.09) .33 0.90 (0.76-1.08) .26 0.92 (0.53-1.58) .75
Diabetes mellitus 1.36 (1.19-1.56) <.001 1.37 (1.20-1.56) <.001 1.36 (1.19-1.55) <.001 1.44 (0.95-2.18) .09
Obesity 0.96 (0.85-1.08) .49 0.93 (0.83-1.05) .25 0.95 (0.85-1.07) .43 1.20 (0.83-1.73) .34
Charlson score (per 1 point) 1.02 (1.00-1.04) .09 1.01 (0.99-1.03) .26 1.02 (1.00-1.04) .11 1.08 (1.02-1.15) .01
Smoking status .005 .01 .01 .09
Current/former vs never 1.24 (1.09-1.41) .001 1.23 (1.08-1.40) .002 1.23 (1.08-1.39) .002 1.39 (0.95-2.02) .09
Unknown vs never 1.02 (0.87-1.20) .77 1.03 (0.88-1.21) .71 1.02 (0.87-1.20) .80 0.77 (0.46-1.26) .29

Abbreviations: CAD, coronary artery disease; CI, confidence interval; COPD, chronic obstructive pulmonary disease; ED, emergency department; GINA, Global Initiative for Asthma;
ICU, intensive care unit; ICS, inhaled corticosteroid; OSA, obstructive sleep apnea; RR, risk ratio.
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