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What is already known about this topic? Past studies evaluating asthma and coronavirus disease 2019 (COVID-19)
severity have had inconsistent findings and lack consideration of asthma disease status.

What does this article add to our knowledge? Increased risks for severe COVID-19 outcomes were observed for
asthma patients who required recent clinical care, but not for those who did not require clinical care. Medication treatment
for asthma appeared to lower this risk.

How does this study impact current management guidelines? These findings suggest that asthma patients, especially
those who require clinical care, should continue taking control medications during the COVID-19 pandemic.
BACKGROUND: Current studies of asthma history on
coronavirus disease 2019 (COVID-19) outcomes are limited and
lack consideration of disease status.
OBJECTIVE: To conduct a population-based study to assess
asthma disease status and chronic obstructive pulmonary disease
(COPD) in relation to COVID-19 severity.
METHODS: Patients diagnosed with COVID-19 (n [ 61,338)
in a large, diverse integrated health care system were identified.
Asthma/COPD history, medication use, and covariates were
extracted from electronic medical records. Asthma patients were
categorized into those with and without clinical visits for asthma
12 or fewer months prior to COVID-19 diagnosis and labeled as
active and inactive asthma, respectively. Primary outcomes
included COVID-19erelated hospitalizations, intensive respi-
ratory support (IRS), and intensive care unit admissions within
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30 days, and mortality within 60 days after COVID-19 diag-
nosis. Logistic and Cox regression were used to relate COVID-19
outcomes to asthma/COPD history.
RESULTS: The cohort was 53.9% female and 66% Hispanic and
had a mean age of 43.9 years. Patients with active asthma had
increased odds of hospitalization, IRS, and intensive care unit
admission (odds ratio 1.47-1.66; P < .05) compared with
patients without asthma or COPD. No increased risks were
observed for patients with inactive asthma. Chronic obstructive
pulmonary disease was associated with increased risks of
hospitalization, IRS, and mortality (odds ratio and hazard ratio
1.27-1.67; P < .05). Among active asthma patients, those using
asthma medications had greater than 25% lower odds for
COVID-19 outcomes than those without medication.
CONCLUSIONS: Patients with asthma who required clinical
care 12 or fewer months prior to COVID-19 or individuals with
COPD history are at increased risk for severe COVID-19 out-
comes. Proper medication treatment for asthma may lower this
risk. � 2021 American Academy of Allergy, Asthma &
Immunology (J Allergy Clin Immunol Pract 2021;9:3621-8)

Key words: Asthma; COPD; COVID-19; Hospitalization;
Severity; Mortality
INTRODUCTION

The novel coronavirus disease 2019 (COVID-19) has caused
over 3.9 million deaths across the world as of June 2021. Asthma
and chronic obstructive pulmonary disease (COPD) are listed by
the U.S. Centers for Disease Control and Prevention1 as po-
tential comorbid conditions associated with severe COVID-19,
but results from the current literature have been inconsistent.
Whereas some studies have suggested that asthma or COPD
histories increase the risk of severe illness from COVID-19,2,3

other studies have reported protective associations or no
increased risk for patients with asthma or COPD for COVID-19
3621
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Abbreviations used

COPD- C
hronic obstructive pulmonary disease
COVID-19- C
oronavirus disease 2019

HR- H
azard ratio

ICU- In
tensive care unit

IRS- In
tensive respiratory support
KPSC- K
aiser Permanente Southern California

PCR- P
olymerase chain reaction
infection and severity.4-7 These conflicting findings across studies
may be attributed to relatively small sample sizes (n < 1,000),
differences in study populations, and lack of full consideration
of disease status, medication treatment history, and social
characteristics.8

Given the discrepancies in the existing literature and high
prevalence of asthma and COPD in the general population, there
is a strong need for a more thorough assessment of the rela-
tionship between asthma and COPD and COVID-19 severity
and mortality in a large and ethnically diverse population. In
particular, a closer examination that accounts for the timing of
asthma-related episodes, medication treatment history, and dif-
ferences across certain patient characteristics (eg, race/ethnicity,
age) may improve our understanding of these disease relation-
ships and clarify the varying results from past studies.

To fill these gaps, we used a large cohort of adult COVID-19
patients from a large integrated health care system to assess the
effects of preexisting asthma and COPD on a spectrum of
COVID-19 severity outcomes. Potentially different effects of
asthma disease status were investigated based on whether asthma
history was accompanied with clinical visits for asthma and/or
asthma medication use in the 12 months prior to the COVID-19
diagnosis. In addition, we sought to explore whether the rela-
tionship between asthma/COPD and COVID-19 outcomes
varied across age groups, gender, and race/ethnicity.

METHODS

Study population
This is a retrospective study with data prospectively collected in

the electronic medical records from Kaiser Permanente Southern
California (KPSC). KPSC is a large integrated health care system
serving over 4 million members across Southern California. The
patient population is representative of the racially diverse population
of the geographic region. For this study, all adult KPSC patients with
a confirmed COVID-19 diagnosis fromMarch 1 to August 31, 2020
were included. Patients were defined as COVID-19 cases if they had
a positive severe acute respiratory syndrome coronavirus 2 (SARS-
CoV-2) polymerase chain reaction (PCR) laboratory test or a diag-
nosis code (International Classification of Diseases, Tenth Revision
[ICD-10] and internal KPSC codes) for COVID-19 (Table E1;
available in this article’s Online Repository at www.jaci-inpractice.
org) during this period. To eliminate potential false-positive cases,
patients who had asymptomatic COVID-19 diagnosis codes and
negative laboratory test results within 2 weeks after the diagnosis were
excluded (n ¼ 491). The index date was defined as the date of the
earliest laboratory order for those with laboratory data and the date of
the earliest COVID-19 diagnosis code for those with only diagnosis
code data.

Patients were excluded if they were nonmembers or members for
less than 1 year and thus had incomplete medical data (n ¼ 16,702)
or had other/unknown gender (n ¼ 8). The KPSC institutional
review board approved this study, with waiver of informed consent.

Exposures of interest

ICD-10 codes were used to identify patients with a history of
asthma (J45) or COPD (J43-J44), as done in previous literature.9

Patients were defined as having asthma or COPD if they had at
least 1 inpatient/emergency department code or at least 2 outpatient
codes for the given condition prior to the COVID-19 diagnosis date.
COPD history was only assessed for individuals aged 35 years and
older. Individuals who had both asthma and COPD codes were
included in the COPD group. Asthma disease status was further
categorized based on whether the patient had any clinical visit
(scheduled or unscheduled) with an asthma diagnosis code (primary
or nonprimary diagnosis) in the 12 months prior to the COVID-19
diagnosis. Individuals with a clinical visit were labeled as active
asthma, whereas those without a visit were labeled as inactive
asthma. These labels were used to represent asthma status as defined
by health care utilization, rather than by asthma severity.

For all patients with asthma, medication dispensation information
for bronchodilators (short-acting or long-acting beta-adrenergic ag-
onists and anticholinergics), leukotriene receptor antagonists, or
corticosteroids (oral or inhaled) in the 12 months prior to COVID-
19 diagnosis were extracted from the KPSC electronic pharmacy
records. Risks by medication use for both active and inactive asthma
groups were further assessed.

Covariates
Demographics (age, gender, race/ethnicity), insurance type, body

mass index, smoking history, and history of other comorbidities at
the time of COVID-19 diagnosis were obtained from the KPSC
electronic medical records. Using all diagnosis codes within the past
12 months prior to COVID-19 diagnosis, we calculated a modified
Charlson comorbidity index10 that excluded the chronic pulmonary
disease category because the comorbidities in this category over-
lapped with our main exposure variables. Neighborhood-level edu-
cation and income information were estimated from the geocoding
database, which includes annual demographic data from Nielsen.

Outcomes
Severe COVID-19 disease was evaluated using 4 end points:

COVID-19erelated hospitalization, intensive respiratory support
(IRS), and intensive care unit (ICU) admission within 30 days,
and mortality within 60 days of the COVID-19 diagnosis. COVID-
19erelated hospitalization, IRS, and ICU were counted only if there
was an associated COVID-19 diagnosis code during the given
hospital encounter. IRS was defined as the need for invasive me-
chanical ventilation, noninvasive ventilation, high-flow mask, or
high-flow nasal cannula. Hospitalization, IRS, and ICU information
was obtained from inpatient records and out-of-network claims.
Mortality information was assessed from inpatient records and death
records.

Statistical analyses
Logistic regression was used to estimate the odds ratio (OR) for

the associations between the exposures and hospitalization, IRS, and
ICU within 30 days, whereas Cox regression was used to estimate
the hazard ratios (HRs) for the associations with time to death
within 60 days.

For the relationship between history of asthma and COVID-19
outcomes, we first assessed risks in the active asthma and inactive
asthma groups compared with the neither asthma nor COPD group.

http://www.jaci-inpractice.org
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TABLE I. Cohort characteristics of 61,338 patients with a confirmed COVID-19 diagnosis fromMarch 1 to August 31, 2020, stratified by
history of asthma and/or COPD*,†

Characteristic

No asthma or COPD

(n [ 54,992)

Inactive asthmaz
(n [ 2,751)

Active asthmaz
(n [ 2,775)

COPDx
(n [ 820)

Demographics

Age (y), mean (SD) 43.6 (15.81) 41.5 (17.13) 45.6 (17.46) 71.7 (12.14)

Age category (y), n (%)

18-34 18,597 (33.8) 1,145 (41.6) 892 (32.1) —

35-64 30,886 (56.2) 1,321 (48) 1,456 (52.5) 217 (26.5)

�65 5,509 (10) 285 (10.4) 427 (15.4) 603 (73.5)

Gender, n (%)

Female 29,079 (52.9) 1,714 (62.3) 1,880 (67.7) 398 (48.5)

Male 25,913 (47.1) 1,037 (37.7) 895 (32.3) 422 (51.5)

Race/ethnicity, n (%)

Asian/Pacific Island 3,760 (6.8) 176 (6.4) 182 (6.6) 49 (6)

Black 3,084 (5.6) 257 (9.3) 295 (10.6) 123 (15)

Hispanic 36,875 (67.1) 1,676 (60.9) 1,673 (60.3) 244 (29.8)

White 8,399 (15.3) 567 (20.6) 546 (19.7) 386 (47.1)

Other 2,874 (5.2) 75 (2.7) 79 (2.8) 18 (2.2)

Smoking status, n (%)

Current 2,794 (5.1) 135 (4.9) 115 (4.1) 88 (10.7)

Former 9,323 (17) 499 (18.1) 555 (20) 529 (64.5)

Never 41,535 (75.5) 2,114 (76.8) 2,098 (75.6) 202 (24.6)

Missing 1,340 (2.4) 3 (0.1) 7 (0.3) 1 (0.1)

BMI category, n (%)

Underweight/normal 9,878 (18) 509 (18.5) 401 (14.5) 237 (28.9)

Overweight 17,519 (31.9) 732 (26.6) 695 (25) 242 (29.5)

Obese 21,292 (38.7) 1,133 (41.2) 1,189 (42.8) 262 (32)

Severely obese 5,033 (9.2) 376 (13.7) 487 (17.5) 78 (9.5)

Missing 1,270 (2.3) 1 (0) 3 (0.1) 1 (0.1)

Household median income, n (%)

<$40,000 6,230 (11.3) 256 (9.3) 284 (10.2) 113 (13.8)

$40,000-$79,999 32,048 (58.3) 1,552 (56.4) 1,645 (59.3) 445 (54.3)

�$80,000 16,710 (30.4) 943 (34.3) 845 (30.5) 262 (32)

Missing 4 (0) 0 (0) 1 (0) 0 (0)

College education, n (%)

No 33,891 (61.6) 1,567 (57) 1,630 (58.7) 474 (57.8)

Yes 21,097 (38.4) 1,184 (43) 1,144 (41.2) 346 (42.2)

Missing 4 (0) 0 (0) 1 (0) 0 (0%)

Medicaid, n (%)

No 54,824 (99.7) 2,737 (99.5) 2,763 (99.6) 815 (99.4)

Yes 168 (0.3) 14 (0.5) 12 (0.4) 5 (0.6)

Charlson scorek, n (%)

0 42,624 (77.5) 2,097 (76.2) 1,837 (66.2) 108 (13.2)

1 8,411 (15.3) 422 (15.3) 515 (18.6) 167 (20.4)

�2 3,957 (7.2) 232 (8.4) 423 (15.2) 545 (66.5)

Asthma medication use in past 12 mo{, n (%) e 1,320 (48.0) 2,286 (82.4) e

Outcomes#, n (%)

COVID-related hospitalization 3,404 (6.2) 154 (5.6) 330 (11.9) 194 (23.7)

COVID-related IRS** 1,242 (2.3) 48 (1.7) 118 (4.3) 92 (11.2)

(continued)

J ALLERGY CLIN IMMUNOL PRACT
VOLUME 9, NUMBER 10

HUANG ETAL 3623



TABLE I. (Continued)

Characteristic

No asthma or COPD

(n [ 54,992)

Inactive asthmaz
(n [ 2,751)

Active asthmaz
(n [ 2,775)

COPDx
(n [ 820)

COVID-related ICU admission 796 (1.4) 29 (1.1) 78 (2.8) 49 (6)

Death 757 (1.4) 31 (1.1) 65 (2.3) 144 (17.6)

BMI, Body mass index; ICD-10, International Classification of Diseases, Tenth Revision.
*All patient characteristics (except for Medicaid) and outcome event rates were significantly different across the 4 exposure groups (P < .0001).
†Patients were identified as having a history of asthma or COPD if they had at least 1 inpatient/emergency department or 2 outpatient ICD-10 codes for the given condition
(asthma J45; COPD J43-J44).
zAsthma patients were categorized as active asthma if they had a clinical visit for asthma in the 12 mo prior to COVID-19 diagnosis, and as inactive asthma if otherwise.
xCOPD history was only assessed for patients aged 35 y and older. This group also includes 307 individuals with both COPD and asthma.
kModified Charlson score is based on all diagnosis codes excluding those in the chronic pulmonary disease category.
{Bronchodilators (short-acting or long-acting beta-adrenergic agonists and anticholinergics), leukotriene receptor antagonists, or corticosteroids (inhaled or oral); only assessed
for asthma patients.
#Within 30 d for hospitalization, IRS, and ICU; within 60 d for death.
**Need for invasive mechanical ventilation, noninvasive ventilation, high-flow mask, or high-flow nasal cannula.
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We next assessed the risks by asthma medication use by running
separate regression models in which both active and inactive asthma
groups were further divided into those with or without asthma
medication use within the 12 months prior to COVID-19 diagnosis.
All medications were combined owing to similar point estimates and
small sample sizes when assessing the individual medication types
separately. To evaluate the relationship between COPD and the 4
COVID-19 outcomes, only patients aged 35 years and older were
included in the analysis.

All models were adjusted for the following covariates: age group
(18-34, 35-64, �65 y), gender, race/ethnicity (White, Black, Asian,
Hispanic, other), household median income (<$40,000, $40,000-
$79,999, �$80,000), college education, Medicaid insurance status,
body mass index category (<25, 25-30, 30-40, �40 kg/m2),
smoking history (current, former, never), and the modified Charlson
comorbidity score (0, 1, �2). Owing to changes in COVID-19
testing availability and medical management of COVID-19
patients over the study period, we also included the month of the
COVID-19 diagnosis as an additional covariate in all models.

For asthma, we also assessed effect modification by age cate-
gory (18-34, 35-64, �65 y), gender, race/ethnicity, and obesity
(�30 kg/m2) and tested for interactions between each potential effect
modifier and asthma history. We estimated the exposure-outcome
relationships within each of these subgroups. For the age-stratified
analyses for death, the analyses were limited to those aged 35 years
and older because there were few deaths in the under 35 years’ age
group.We did not perform subgroup and effect modification analyses
for COPD history owing to the lower proportion of patients with
COPD in this cohort. All analyses were performed using SAS 9.4
(Cary, NC).
RESULTS
The study cohort consisted of 61,338 adults who had

COVID-19 diagnoses codes and/or positive PCR laboratory
tests, with 50,540 (82.4%) having a positive PCR laboratory test.
The mean age was 43.9 years, 53.9% were females, and 66.0%
had Hispanic race/ethnicity.

A total of 2,751 patients (4.5%) were in the inactive asthma
group (labeled for individuals without recent clinical visits for
asthma care) and 2,775 (4.5%) were in in the active asthma
group (labeled for individuals with recent clinical visits for
asthma care). Among the active asthma group, 87% had an
outpatient visit, 36% had an inpatient/emergency department
visit, and 24% had both types of clinical visits for asthma in the
past year. There were 820 individuals (1.3%) with a history of
COPD, among whom 307 also had asthma. Patients with
asthma were more likely to be female, White, and obese/severely
obese (P < .0001; Table I). They also had higher education,
income, and more comorbidities (P < .0001; Table I). Asthma
medication use in the 12 months prior to COVID-19 was
observed in 1,320 patients (48.0%) in the inactive asthma group
and 2,286 patients (82.4%) in the active asthma group.

Following COVID-19 diagnosis, 4,082 patients (6.7%) were
hospitalized, 1,500 (2.4%) received IRS, and 952 (1.6%) were
admitted to the ICU owing to a COVID-related reason within
30 days, whereas 997 (1.6%) died within 60 days. Rates of
hospitalization, IRS, and ICU were higher for patients in the
active asthma group or with a history of COPD, but lower for
those in the inactive asthma group (P < .0001; Table I).

Compared with those with no history of asthma or COPD,
patients in the active asthma group had a significantly increased
odds of hospitalization (OR 1.66; 95% confidence interval
[95% CI] 1.45-1.89), IRS (OR 1.49; 95% CI 1.21-1.83), and
ICU (OR 1.47; 95% CI 1.14-1.89) within 30 days, but
there was no association with mortality within 60 days (HR 0.98;
95% CI 0.76-1.27). There were no increased risks for any of
the 4 outcomes for patients in the inactive asthma group
(Figure 1).

When splitting asthma patients into those with and without
medication use in the past 12 months, we observed that the
increased odds for hospitalization, IRS, and ICU were still present
for patients in the active asthma group, but were attenuated for
those who had used medications (Figure 2). Compared with those
without a history of asthma or COPD, patients in the active
asthma group who did not use medication had a 2- to 3-fold
increased odds, whereas patients in this group who did use
medications only had a 36% to 56% increased odds (Figure 2).
Within the active asthma group, individuals with any asthma
medication treatment had a 27% lower odds of hospitalization
(OR 0.73; 95% CI 0.54-0.99), a 56% lower odds of ICU
admission (OR 0.44; 95% CI 0.26-0.73), and nonsignificant
reduced risks of ICU (OR 0.66; 95% CI 0.42-1.05) and
death (HR 0.65; 95% CI 0.39-1.09) compared with those
without medication. There were no significant risks for any of the
COVID-19 outcomes for patients in the inactive asthma group,
regardless of medication use (Figure 2).

Among patients aged 35 years and older, those with COPD
had a 27% increased odds of hospitalization (OR 1.27; 95% CI
1.05-1.53), a 49% increased odds of IRS (OR 1.49; 95% CI
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FIGURE 1. Associations between history of asthma and outcomes following COVID-19 diagnosis. All models are adjusted for age group,
gender, race/ethnicity, income, college education, Medicaid insurance status, body mass index (BMI) category, smoking, and modified
Charlson comorbidity score. Asthma patients were categorized as active asthma if they had a clinical visit for asthma in the 12 mo prior to
COVID-19 diagnosis, and as inactive asthma if otherwise. For death, the measure of association is the hazard ratio (HR) from the Cox
model.
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1.16-1.92), and a nonsignificant 21% increased odds of ICU
admission (OR 1.21; 95% CI 0.87-1.68) within 30 days
compared with those without asthma or COPD. In addition,
COPD patients had a 67% increased hazard of death (HR 1.67;
95% CI 1.37-2.03) within 60 days (Table II).

When examining effect modification for the association of
asthma history and the 4 end points by age group, we observed
stronger associations for the active asthma group among younger
individuals than among older individuals. In the stratified ana-
lyses, the odds of hospitalization for active asthma were more
pronounced for the younger (18-34 y: OR 2.21; 95% CI 1.53-
3.20) and middle aged (35-64 y: OR 1.76; 95% CI 1.47-2.09)
patients compared with the older individuals (�65 y: OR 1.36;
95% CI 1.08-1.72; P interaction ¼.01). This pattern by age-
group was also observed for IRS and ICU, but the interaction
test was not statistically significant (Table E2; available in this
article’s Online Repository at www.jaci-inpractice.org). In addi-
tion, the hazard of death for the active asthma group was stronger
among individuals aged 35 to 64 years (HR 1.62; 95% CI 1.05-
2.48) than among those aged 65 years and older (HR 0.73; 95%
CI 0.52-1.02; P interaction ¼ .01). We did not detect significant
heterogeneity for analyses stratified by gender, race/ethnicity, or
obesity (data not shown).
DISCUSSION
In this study of 61,338 COVID-19 patients identified from a

diverse patient population in Southern California from March to
August 2020, we found that patients with a history of asthma and
clinical visits for asthma in the 12 months prior to COVID-19
diagnosis, as well as those with a history of COPD, were at
higher risk of COVID-19erelated hospitalization, IRS, and ICU
admission. Chronic obstructive pulmonary disease, but not
asthma, was associated with a higher risk of COVID-19 mortality.
Patients with a history of asthma, but without clinical visits for
asthma care in the 12 months prior to COVID-19 diagnosis, did
not have an increased risk of COVID-19 severity or mortality.
Among asthma patients who had clinical visits for asthma in the
past 12months, those who had received medication treatment had
a lower risk of severe COVID-19 than individuals who were not
treated by asthma medication. Furthermore, the associations with
COVID-19 severity and mortality for those with clinical visits for

http://www.jaci-inpractice.org
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FIGURE 2. Associations between history of asthma with and without medication use and outcomes following COVID-19 diagnosis. All
models are adjusted for age group, gender, race/ethnicity, income, college education, Medicaid insurance status, body mass index (BMI)
category, smoking, and modified Charlson comorbidity score. Asthma patients were categorized as active asthma if they had a clinical
visit for asthma in the 12 mo prior to COVID-19 diagnosis, and as inactive asthma if otherwise. For death, the measure of association is
the hazard ratio (HR) from the Cox model.
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asthma in the 12 months prior to COVID-19 diagnosis appeared
to be stronger among individuals younger than 65 years.

Chronic respiratory diseases (primarily asthma and COPD),
along with other comorbidities, have been suggested as risk
factors of severe COVID-19.1 The preexisting perturbations of
lung function, airway hypersensitivity, and immune alterations in
asthma and COPD patients may cause patients to develop more
severe outcomes with virus infections, including other corona-
viruses such as Middle East respiratory syndromeerelated
coronavirus.11 Previous studies examining chronic respiratory
diseases and COVID-19 severity have been inconsistent. Based
on data from China and the United States during the early
pandemic period from February to March 2020, the prevalence
of asthma and COPD among hospitalized COVID-19 patients
was much lower than the prevalence of asthma and COPD in the
general population.12 However, more recent data from the
United Kingdom and the United States have suggested that
asthma and COPD are overrepresented in severe COVID-19



TABLE II. Associations between COPD history* and outcomes following COVID-19 diagnosis†

Outcomez Exposure Events (n) Nonevents (n) OR (95% CI)x
COVID-related hospitalization No asthma or COPD 3,130 33,265 Reference

COPD 194 626 1.27 (1.05-1.53)

COVID-related IRS No asthma or COPD 1,183 35,212 Reference

COPD 92 728 1.49 (1.16-1.92)

COVID-related ICU admission No asthma or COPD 756 35,639 Reference

COPD 49 771 1.21 (0.87-1.68)

Death No asthma or COPD 751 35,644 Reference

COPD 144 676 1.67 (1.37-2.03)

*This group also includes 307 individuals with both COPD and asthma.
†Models were only run among individuals aged 35 y and older.
zWithin 30 d for hospitalization, IRS, and ICU; within 60 d for death.
xFor death, measure of association is the hazard ratio from the Cox model.
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cases.13,14 The findings from this study support the prior evi-
dence of an association between COPD history and COVID-19
severity and mortality. However, our study showed that the risk
associated with asthma history is not uniform.

Although previous meta-analyses have suggested that there is no
significant association between asthma and COVID-19 severity,
there has been considerable variation in the associations observed
across individual studies.15-17 This could be attributable to the fact
that the association between asthma and COVID-19 severity may
be influenced by disease status and medication treatment—factors
that have not been thoroughly evaluated in earlier studies. Asthma
is a chronic condition with large heterogeneity in symptom control
and severity across individuals. Patients with uncontrolled asthma
could be more vulnerable to virus infection and hyper-
inflammation than those with inactive asthma. Because we did not
have data to specifically investigate asthma severity as defined by
the Global Initiative for Asthma18 or the European Respiratory
Society/American Thoracic Society Task Force,19 we focused our
analysis on whether asthma patients received recent clinical care or
used medications (eg, bronchodilators, leukotriene receptor an-
tagonists, or corticosteroids). Our study showed that only asthma
patients with clinical visits for asthma care during the 12 months
before the COVID-19 diagnosis had a significantly increased risk
of severe COVID-19. Moreover, patients in this active asthma
group who did not use asthma medications had a higher risk of
poor outcomes than those who did use medications. This suggests
that recent clinical care and medication for asthma play important
roles in the relationship between asthma and severe outcomes from
COVID-19. Future studies with detailed histories of asthma
symptoms and medication types are needed to further clarify the
impact of asthma severity on COVID-19 outcomes.

We observed that medication use attenuated the risk of severe
COVID-19 for asthma patients with recent clinical visits by a
factor ranging from 27% for hospitalization to 56% for ICU
admission. Conversely, asthma patients without recent clinical
visits did not have an increased risk of COVID-19 severity and
mortality, regardless of medication treatment status. Although
many studies have been conducted to investigate the role of
inhaled corticosteroids and other asthma medications in
COVID-19 severity and mortality, the findings thus far have
been conflicting. Some studies found no association or inverse
associations,6,20-22 whereas another study of over 818,000
asthma patients suggested that using inhaled corticosteroids
within 4 months before COVID-19 diagnosis was associated
with an elevated risk of COVID-19 mortality.3 The results from
our study indicate that asthma patients, particularly those who
require clinical care and do not have proper medication treat-
ment, are at an even greater risk of poor outcomes from COVID-
19. These findings suggest that controlling asthma symptoms
through medication treatment could be beneficial in reducing the
risk of severe COVID-19 illness.

In this study, we also found that associations of asthma history
and COVID-19erelated hospitalization, IRS, and ICU admission
were more pronounced among people younger than 65 years. The
smaller effect size for COVID-19 severity observed in individuals
65 years old or older may be due to stronger associations from
other comorbidities, such as hypertension and diabetes.

Our studywas conducted among a large and uniqueCOVID-19
patient cohort in Southern California, which comprises a diverse
population of various racial/ethnic and socioeconomic groups. The
detailed medical history of clinical visits, comorbidities, and
medication use from the electronic health records allowed us to
comprehensively investigate the associations of asthma disease
status, COPD, and relevant medication treatment history with
COVID-19 severity and mortality, while adjusting for important
confounders. However, we acknowledge several limitations of
our study. The study population was restricted to confirmed
COVID-19 patients, which differs from past studies using random
samples from the general population. Thus, our findings focus on
the associations of asthma and COPD with disease severity and
mortality amongCOVID-19 patients rather than the susceptibility
to SARS-CoV-2 infection. Furthermore, the dose of medication
treatment was not evaluated, whichmight have a small influence on
the relationship between medication treatment history and severe
COVID-19 among asthma patients. We also could not assess
medication adherence with our pharmacy dispensation records.
However, the finding of an attenuated increased risk among asthma
patients with recent clinical visits who had used medications sug-
gests that patients who require clinical care but are not treated by
control medications may have a unique risk for severe COVID-19.
Lastly, the health care utilization patterns among asthma patients
may have been affected because our study period overlapped with
the early phase of the pandemic. Thus, we defined recent clinical
visits using a window of an entire year prior to the COVID-19
diagnosis in order to capture several months of prepandemic
health care utilization. We also included a time variable as a
covariate to minimize any potential bias. Our study design using
the unanimous KPSC membership as the source population is
likely the best approach to minimize bias in large population-based
studies because all KPSCmembers have equal access to health care,
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testing, and treatment options with uniform guidelines across all
medical centers.

In conclusion, the findings from this study indicate that,
among asthma patients, only those with recent clinical visits for
asthma care are at higher risk of severe COVID-19. Individuals
with COPD are also susceptible to COVID-19 severity and
mortality. Medication treatment for asthma can perhaps help to
reduce the elevated risk for asthma patients.
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TABLE E1. ICD-10 codes used to identify COVID-19 cases*

ICD-10 code Code description

U07.1 COVID-19 disease

U07.1 Asymptomatic COVID-19 disease

J80, U07.1 COVID-19 acute respiratory distress syndrome

J12.89, U07.1 COVID-19 pneumonia

J20.8, U07.1 COVID-19 acute bronchitis

J22, U07.1 COVID-19 lower respiratory infection

ICD-10, International Classification of Diseases, Tenth Revision.
*Other internal KPSC codes were also used to identify cases.



TABLE E2. Associations between history of asthma* and outcomes following COVID-19 diagnosis, stratified by age group

Outcome† Subgroup Exposure Events (n) Nonevents (n) OR (95% CI)z
COVID-related hospitalization 18-34 y No asthma or COPD 274 18,323 Reference

Inactive asthma 14 1,131 0.87 (0.50-1.51)

Active asthma 40 852 2.21 (1.53-3.20)

35-64 y No asthma or COPD 2,012 28,874 Reference

Inactive asthma 93 1,228 1.11 (0.88-1.39)

Active asthma 175 1,281 1.76 (1.47-2.09)

�65 y No asthma or COPD 1,118 4,391 Reference

Inactive asthma 47 238 0.77 (0.55-1.07)

Active asthma 115 312 1.36 (1.08-1.72)

P interactionx .01

COVID-related IRS 18-34 y No asthma or COPD 59 18,538 Reference

Inactive asthma 3 1,142 0.92 (0.28-3.01)

Active asthma 9 883 1.74 (0.80-3.77)

35-64 y No Asthma or COPD 721 30165 Reference

Inactive asthma 29 1292 0.97 (0.66-1.43)

Active asthma 62 1394 1.60 (1.21-2.13)

�65 y No Asthma or COPD 462 5047 Reference

Inactive asthma 16 269 0.66 (0.39-1.11)

Active asthma 47 380 1.27 (0.91-1.76)

P interactionx .41

COVID-related ICU admission 18-34 y No asthma or COPD 40 18,557 Reference

Inactive asthma 2 1,143 0.99 (0.23-4.17)

Active asthma 7 885 1.86 (0.76-4.55)

35-64 y No asthma or COPD 465 30,421 Reference

Inactive asthma 15 1,306 0.78 (0.46-1.33)

Active asthma 41 1,415 1.52 (1.07-2.15)

�65 y No asthma or COPD 291 5,218 Reference

Inactive asthma 12 273 0.87 (0.47-1.59)

Active asthma 30 397 1.29 (0.86-1.94)

P interactionx .62

Deathk 35-64 y No asthma or COPD 235 30,651 Reference

Inactive asthma 8 1,313 0.81 (0.40-1.64)

Active asthma 25 1,431 1.62 (1.05-2.48)

�65 y No asthma or COPD 516 4,993 Reference

Inactive asthma 23 262 0.81 (0.53-1.24)

Active asthma 36 391 0.73 (0.52-1.02)

P interactionx .01

*Asthma patients were categorized as active asthma if they had a clinical visit for asthma in the 12 mo prior to COVID-19 diagnosis, and as inactive asthma if otherwise.
†Within 30 d for hospitalization, IRS, and ICU; within 60 d for death.
zFor death, measure of association is the hazard ratio from the Cox model.
xHeterogeneity assessed using models with an interaction term for age group and asthma history.
kDeath models only run among those aged 35 y and older owing to the small number of deaths in the 18-34 y age group.
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