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ABSTRACT
Objective: The evidence pertaining to the effects of asthma on Coronavirus disease 2019
outcomes has been unclear. To improve our understanding of the clinically important asso-
ciation of asthma and Coronavirus disease 2019.
Methods: A matched cohort study was performed using data from the Mass General
Brigham Health Care System (Boston, MA). Adult (age �18 years) patients with confirmed
Coronavirus disease 2019 and without chronic obstructive pulmonary disease, cystic fibrosis,
or interstitial lung disease between March 4, 2020 and July 2, 2020 were analyzed. Up to
five non-asthma comparators were matched to each asthma patient based on age (within
5 years), sex, and date of positive test (within 7 days). The primary outcomes were hospital-
ization, mechanical ventilation, and death, using multivariable Cox-proportional hazards
models accounting for competing risk of death, when appropriate. Patients were followed
for these outcomes from diagnosis of Coronavirus disease 2019 until July 2, 2020.
Results: Among 562 asthma patients, 199 (21%) were hospitalized, 15 (3%) received mech-
anical ventilation, and 7 (1%) died. Among the 2686 matched comparators, 487 (18%) were
hospitalized, 107 (4%) received mechanical ventilation, and 69 (3%) died. The adjusted
Hazard Ratios among asthma patients were 0.99 (95% Confidence Internal 0.80, 1.22) for
hospitalization, 0.69 (95% Confidence Internal 0.36, 1.29) for mechanical ventilation, and
0.30 (95% Confidence Internal 0.11, 0.80) for death.
Conclusions: In this matched cohort study from a large Boston-based healthcare system,
asthma was associated with comparable risk of hospitalization and mechanical ventilation
but a lower risk of mortality.

Abbreviations: ACE2: angiotensin-converting enzyme 2; CF: cystic fibrosis; COPD: chronic
obstructive pulmonary disease; COVID-19: Coronavirus disease 2019; HR: hazard ratio; ICD-
10-CM: International Classification of Diseases, Tenth Revision, Clinical Modification; ILD:
interstitial lung disease; MERS: Middle eastern respiratory syndrome; MGB: Mass General
Brigham; PCR: polymerase chain reaction; SARS: severe acute respiratory syndrome; SARS-
CoV-2: severe acute respiratory syndrome coronavirus 2; US: United States
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Introduction

Coronavirus disease 2019 (COVID-19), is caused by
the novel severe acute respiratory syndrome corona-
virus 2 (SARS-CoV-2), and is an ongoing continued
global health crisis (1). The United States (US)
became an epicenter for COVID-19 and Boston,
Massachusetts experienced a significant epidemic in
Spring 2020 (2).

Viral respiratory illnesses are known to be associ-
ated with asthma exacerbations and severe outcomes
(3), but relatively little is known about the severity of

COVID-19 among asthma patients. Prior, smaller out-
breaks of novel coronavirus, including Severe Acute
Respiratory Syndrome (SARS) in 2002 and Middle
Eastern Respiratory Syndrome (MERS) in 2012 – had
similar severe clinical outcomes to COVID-19, but
severe disease among asthma patients was variable (4,5).
While current data from the COVID-19 pandemic is
limited, there have been conflicting reports on the asso-
ciation of asthma to severity of COVID-19 (6–8).

Whether asthma is associated with severe clinical
outcomes in COVID-19 is of high clinical importance
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to the over 20 million adult patients with asthma in
the US (9). We therefore performed a matched cohort
study to understand the relation of asthma to COVID-
19 disease severity in patients with SARS-CoV-2 infec-
tion in a large Boston-based health care system.

Methods

Study population

Mass General Brigham (MGB, formerly Partners
HealthCare System) is a large health care system that
includes tertiary care hospitals (Massachusetts General
Hospital and Brigham and Women’s Hospital), com-
munity hospitals, and primary and specialty outpatient
centers in the greater Boston area. We used data from
three sources from MGB: the MGB Enterprise Data
Warehouse, MGB Research Patient Data Registry, and
the COVID-19 Datamart (10). All data sources were
linked by the Enterprise Master Patient Index, a
unique patient identifier.

We identified patients seen at MGB who were
�18 years of age and had a positive test result for
SARS-CoV-2 by polymerase chain reaction (PCR)
clinical assay between March 4, 2020 and July 2, 2020.
From these patients, we excluded patients with non-
asthma chronic lung diseases including chronic
obstructive pulmonary disease (COPD), cystic fibrosis
(CF), and interstitial lung disease (ILD) by
International Classification of Diseases, Tenth Revision,
Clinical Modification (ICD-10-CM) code (eTable 1).

Exposure: asthma

We defined asthma based on the following criteria:
(1) A patient with �2 diagnosis codes for asthma by
ICD-10-CM (eTable 1) and (2) prescription of an
asthma medication (including short-acting beta agon-
ist, long-acting beta agonist, inhaled-corticosteroid,
and montelukast) in the 1 year prior to diagnosis of
COVID-19. The asthma case definition was informed
by manual review by a board-certified allergist/
immunologist (L.B.R.); the chosen asthma definition
confirmed asthma in 24 of 25 cases (96%) reviewed.

We defined allergic asthma patients as having at
least one of the following: (1) history of allergic rhin-
itis by ICD-10-CM diagnosis code in the last one year
(see eTable 1) or (2) on therapy with oral antihista-
mine, leukotriene modifier, intranasal corticosteroid
spray, or intranasal antihistamine in the last 1 year
(see eTable 2). All asthma patients who did not meet
the definition of allergic asthma were classified as
non-allergic asthma.

We defined severe asthma as: (1) used asthma biolog-
ics (anti-IgE, anti-interleukin-5/interleukin-5 receptor,
or anti-interleukin-4 receptor) in the last 1 year or (2)
received oral corticosteroids �3 times in the last 1 year,
or (3) received theophylline in the last 1 year. All asthma
patients who did not meet the definition of severe
asthma were classified as non-severe asthma.

Comparators

For each asthma patient, we identified up to five
SARS-CoV-2 infected comparator patients without
asthma matched on age group (within 5 years), sex,
and date of positive SARS-CoV-2 test (within 7 days).
The first positive SARS-CoV-2 test date was used
for matching.

Outcomes: hospitalization, mechanical
ventilation, death

The primary outcomes were hospitalization, mechan-
ical ventilation, and death. Patients were followed for
these outcomes from diagnosis of SARS-CoV-2 until
July 2, 2020.

Covariates

We considered multiple covariates including demo-
graphics (age, sex, race/ethnicity), expected payor,
smoking status, body mass index, and comorbid con-
ditions prior to diagnosis of SARS-CoV-2. We also
calculated Charlson Comorbidity Index for each
patient (eTable 3) (11,12).

Statistical analyses

Categorical variables are presented as number (per-
centage) and continuous variables are reported as
mean ± standard deviation or median ± interquartile
range, as appropriate. Continuous variables were com-
pared using a two-sample t-test for continuous nor-
mally distributed variables or Mann-Whitney U Test
for continuous non-normally distributed variables.
Categorical variables were compared using Chi-square
tests or Fisher’s exact test, as appropriate.

Person-days of follow-up for each patient were
computed as the amount of time from the date of first
positive SARS-CoV-2 test to the date of the hospital-
ization (or mechanical ventilation, or death) or until
July 2, 2020. We examined the relation of asthma to
COVID-19 outcomes using multivariable-adjusted
Cox-proportional hazards models; for the outcomes of
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hospitalization and mechanical ventilation, models
accounted for competing risk of death. Multivariable
models included covariates selected a priori. We took
the same approach to examine relation of allergic vs.
non-allergic asthma as well as the severe vs. non-
severe asthma to the risk of COVID-19 outcomes.

We also conducted a sensitivity analysis to assess
for the effect of smoking status by excluding smokers.
Statistical analyses were completed using SAS (version
9.4; SAS Institute, Inc.) with a two-tailed P< 0.05
considered statistically significant.

Institutional review board

This study was reviewed by the Massachusetts
General Hospital, Human Research Committee and
determined to be exempt/non-human subjects
research (Protocol 2020P000833).

Results

We identified 562 patients with asthma and 2686
non-asthma comparators matched on age, sex and
date of positive SARS-CoV-2. Asthma patients dif-
fered from matched comparators on several character-
istics including race, ethnicity, and expected payor
(Table 1). Mean body mass index was higher among
asthma patients than comparators (31.8 kg/m2 vs.
29.8 kg/m2, respectively). Asthma patients had more
comorbid conditions including diabetes and
hypertension.

Hospitalization occurred in 119 (21%, 3.7 per 1000
person days) asthma patients and 487 (18%, 3.0 per
1000 person days) matched comparators (Table 2). In
the fully adjusted model, the rate of hospitalization
did not differ significantly between the two groups
(adjusted hazard ratio [aHR] 0.99, 95%CI: 0.80, 1.22).

Table 1. Clinical characteristics of COVID-19 patients with and without asthma.
Characteristic Asthma (n¼ 562) No asthmaa (n¼ 2686) p-value

Age (mean, SD, years) 51 (17) 51 (17)
26–35 79 (14) 388 (14)
36–45 115 (20) 564 (21)
46–55 127 (23) 608 (23)
56–65 126 (22) 598 (22)
66–75 69 (12) 322 (12)
76–85 32 (6) 139 (5)
86–95 12 (2) 57 (2)
>95 2 (<1) 10 (< 1)

Sex, female 404 (72) 1933 (72)
Race 0.003
White 303 (54) 1247 (46)
Black 95 (17) 475 (18)
Asian 10 (2) 100 (4)
Other 154 (27) 864 (32)

Ethnicity <0.001
Hispanic 176 (31) 856 (32)
Non-Hispanic 368 (65) 1595 (59)
Unknown 18 (3) 235 (9)

Payor <0.001
Private 343 (61) 1584 (59)
Public 213 (38) 937 (35)
Other 6 (1) 165 (6)

Body mass index (mean, SD, kg/m2) 31.8 (7.2) 29.8 (6.4) <0.001
<18.5 8 (1) 681 (25)
18.5–24.9 77 (14) 459 (17)
25–29.9 157 (28) 659 (25)
30–34.9 160 (28) 503 (19)
35–39.9 96 (17) 249 (9)
�40 64 (11) 135 (5)

Smoking status <0.001
Never 385 (69) 1621 (60)
Former 141 (25) 432 (16)
Current 30 (5) 101 (4)
Unknown 6 (1) 532 (20)

Diabetes 99 (18) 222 (8) <0.001
Hypertension 36 (6) 71 (3) <0.001
Congestive heart failure 13 (2) 30 (1) 0.02
Severe renal disease 7 (1) 23 (<1) 0.38
Sickle cell disease 3 (<1) 5 (<1) 0.15
Charlson comorbidity indexb 2.1 (2.5) 1.0 (2.1) <0.001
COVID-19, coronavirus disease 2019; SD, standard deviation.
Data are represented by mean ± standard deviation or number (percentage) unless otherwise indicated. Text in boldface
indicates statistical significance, p< 0.05.

aAge, sex, and date of SARS-CoV-2 diagnosis matched comparators.
bSee eTables 1 and 3 for ICD-10-CM codes and scoring system.
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Mechanical ventilation was utilized in 15 (3%, 0.4 per
1000 person days) asthma patients and 107 (4%, 0.6
per 1000 person days) comparators. In the fully
adjusted model, the rate of mechanical ventilation was
not significantly different between the two groups
(aHR 0.69, 95%CI: 0.36, 1.29). Death occurred in 7
(1%, 0.2 per 1000 person days) asthma patients and
69 (3%, 0.3 per 1000 person days) comparators. In the
fully adjusted model, asthma was associated with a
lower risk of death (aHR 0.30, 95%CI: 0.11, 0.80).

The seven deceased asthma patients ranged in age
from 54 to 84 years and 4 (57%) were female. All of
these patients had multiple significant co-morbid con-
ditions, and all were treated with inhaled corticoste-
roids with or without long-acting beta agonist prior to
COVID-19 diagnosis.

In a sensitivity analysis excluding all current smok-
ers, among 532 asthma patients and 2542 matched
comparators, asthma was not associated with hospital-
ization or mechanical ventilation, and remained asso-
ciated with a lower risk of mortality (eTable 4).

Allergic and non-allergic asthma

Among asthma patients, we identified 260 allergic
asthma patients and 302 non-allergic asthma compa-
rators. Patient characteristics are described in eTable
5. Among allergic asthma patients, we observed a
similar rate of hospitalization, mechanical ventilation,

and death as compared with their matched compara-
tors (Table 3).

Severe and non-severe asthma

Among asthma patients, we identified 44 patients with
severe asthma and 518 comparators with non-severe
asthma. Asthma medication use in severe asthma
patients included inhaled corticosteroids in 30 patients
(68%), inhaled corticosteroids plus long-acting beta
agonists in 21 (48%), asthma biologics in 8 (18%),
oral corticosteroids �3 times in the last year in 40
(91%) and theophylline in 1 (2%) (eTable 6). In severe
asthma patients, hospitalization occurred in 14 (32%,
5.9 per 1000 person days) and mechanical ventilation
in 5 (11%, 1.6 per 1000 person days). There were no
deaths among severe asthma patients (Table 4). There
were no significant differences observed in the rates of
severe outcomes among severe asthmatics and their
matched comparators.

Discussion

In this multi-center matched cohort study, we found
that asthma patients with COVID-19 were at similar
risk of hospitalization and mechanical ventilation as
comparators after matching on age, sex and date of
SARS-CoV-2 positive test and multivariable adjust-
ment. By contrast, and despite consideration of
asthma as a potential high-risk comorbid disease,

Table 2. Clinical outcomes of COVID-19 patients with asthma and without asthma.
Outcomes Asthma (n¼ 562) No asthma (n¼ 2686)a

Hospitalization
No. of events 119 (21) 487 (18)
Person days of follow up (Mean, SD) 58 (34) 61 (33)
Rate of event per 1000 person days (95%CI) 3.7 (3.0, 4.3) 3.0 (2.7, 3.3)
Matched unadjusted (95%CI)a 1.15 (0.96, 1.38) 1.00 (ref)
Partially adjusted hazard ratio (95%CI)b 1.07 (0.88, 1.29) 1.00 (ref)
Fully adjusted hazard ratio (95%CI)c 0.99 (0.80, 1.22) 1.00 (ref)

Mechanical ventilation
No. of events 15 (3) 107 (4)
Person days of follow up (Mean, SD) 71 (23) 71 (24)
Rate of event per 1000 person days (95%CI) 0.4 (0.2, 0.6) 0.6 (0.5, 0.7)
Matched unadjusted (95%CI)a 0.67 (0.39, 1.15) 1.00 (ref)
Partially adjusted hazard ratio (95%CI)b 0.65 (0.37, 1.15) 1.00 (ref)
Fully adjusted hazard ratio (95%CI)c 0.69 (0.36, 1.29) 1.00 (ref)

Death
No. of events 7 (1) 69 (3)
Person days of follow up (Mean, SD) 73 (21) 73 (21)
Rate of event per 1000 person days (95%CI) 0.2 (0.0, 0.3) 0.3 (0.3, 0.4)
Matched unadjusted (95%CI)a 0.47 (0.22, 1.02) 1.00 (ref)
Partially adjusted hazard ratio (95%CI)b 0.50 (0.22, 1.13) 1.00 (ref)
Fully adjusted hazard ratio (95%CI)c 0.30 (0.11, 0.80) 1.00 (ref)

COVID-19, coronavirus disease 2019; SD, standard deviation; CI, confidence interval.
Text in boldface indicates statistical significance, p< 0.05.
aAge, sex, and, date of SARS-CoV-2 diagnosis matched comparators.
bMatched on age, sex, and date of SARS-CoV-2 test date and adjusted for age, sex, race, ethnicity, payor, and smoking status.
cMatched on age, sex, and date of SARS-CoV-2 test date and adjusted for age, sex, race, ethnicity, payor, smoking status,
body mass index, and Charlson comorbidity index.
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asthma patients were at a 3-fold significantly lower
risk of mortality compared to their non-asthma com-
parators, a finding that persisted even in a sensitivity
analysis that excluded active smokers. We did not
observe any clear risk of severe COVID-19 outcomes
when we considered clinical outcomes by asthma

phenotype (allergic and non-allergic asthma) or sever-
ity (severe and non-severe asthma).

Viral respiratory illnesses are known triggers of
asthma exacerbations and asthma patients are at
increased risk of severe respiratory infections (3).
Severe disease among asthma patients in prior novel

Table 3. Severe clinical outcomes of COVID-19 patients with allergic and non-allergic asthma and matched comparators.

Outcomes
Allergic

asthma (n¼ 260)
No asthma
(n¼ 1252)

Non-allergic
asthma (n¼ 302)

No asthmaa

(n¼ 1434)

Hospitalization
No. of events 49 (19) 230 (18) 70 (23) 257 (18)
Person days of follow up (mean, SD) 60 (33) 61 (33) 56 (35) 60 (33)
Rate of event per 1000 person days (95%CI) 3.2 (2.3, 4.0) 3.0 (2.6, 3.4) 4.2 (3.2, 5.1) 3.0 (2.6, 3.3)
Matched unadjusted (95%CI)a 1.01 (0.76, 1.34) 1.00 (ref) 1.27 (1.00, 1.62) 1.00 (ref)
Partially adjusted hazard ratio (95%CI)b 0.93 (0.69, 1.24) 1.00 (ref) 1.22 (0.95, 1.56) 1.00 (ref)
Fully adjusted hazard ratio (95%CI)c 0.86 (0.64, 1.16) 1.00 (ref) 1.12 (0.83, 1.52) 1.00 (ref)

Mechanical ventilation
No. of events 7 (3) 55 (4) 8 (3) 52 (4)
Person days of follow up (mean, SD) 72 (23) 72 (24) 71 (22) 70 (24)
Rate of event per 1000 person days (95%CI) 0.4 (0.1, 0.7) 0.6 (0.4, 0.8) 0.4 (0.1, 0.6) 0.5 (0.4, 0.7)
Matched unadjusted (95%CI)a 0.60 (0.28, 1.32) 1.00 (ref) 0.72 (0.34, 1.51) 1.00 (ref)
Partially adjusted hazard ratio (95%CI)b 0.61 (0.27, 1.37) 1.00 (ref) 0.69 (0.32, 1.46) 1.00 (ref)
Fully adjusted hazard ratio (95%CI)c 0.65 (0.28, 1.51) 1.00 (ref) 0.74 (0.31, 1.79) 1.00 (ref)

Death
No. of events 6 (2) 30 (2) 1 (< 1) 39 (3)
Person days of follow up (mean, SD) 73 (21) 74 (21) 72 (20) 73 (22)
Rate of event per 1000 person days (95%CI) 0.3 (0.1, 0.6) 0.3 (0.2, 0.4) 0 (0, 0.1) 0.4 (0.3, 0.5)
Matched unadjusted (95%CI)a 0.92 (0.39, 2.16) 1.00 (ref) 0.12 (0.02, 0.88) 1.00 (ref)
Partially adjusted hazard ratio (95%CI)b 1.20 (0.47, 3.03) 1.00 (ref) 0.12 (0.02, 0.87) 1.00 (ref)
Fully adjusted hazard ratio (95%CI)c 0.82 (0.24, 2.75) 1.00 (ref) 0.06 (0.01, 0.71) 1.00 (ref)

COVID-19, coronavirus disease 2019; SD, standard deviation; CI, confidence interval.
Text in boldface indicates statistical significance, p< 0.05.
aAge, sex, and date of SARS-CoV-2 diagnosis matched comparators.
bMatched on age, sex, and date of SARS-CoV-2 test date and adjusted for age, sex, race, ethnicity, payor, and smoking status.
cMatched on age, sex, and date of SARS-CoV-2 test date and adjusted for age, sex, race, ethnicity, payor, smoking status, body mass index, and Charlson
comorbidity index.

Table 4. Severe clinical outcomes of COVID-19 patients with severe and non-severe asthma and age, sex, and diagnosis date
matched comparators.
Outcomes Severe asthma (n¼ 44) No asthma (n¼ 210) Non-severe asthma (n¼ 518) No asthmaa (n¼ 2476)

Hospitalization
No. of events 14 (32) 45 (21) 105 (20) 442 (18)
Person days of follow up (mean, SD) 54 (38) 61 (36) 58 (34) 61 (33)
Rate of event per 1000 person days (95%CI) 5.9 (2.8, 9.0) 3.5 (2.5, 4.6) 3.5 (2.8, 4.2) 2.9 (2.7, 3.2)
Matched unadjusted (95%CI)a 1.53 (0.89, 2.64) 1.00 (ref) 1.12 (0.92, 1.36) 1.00 (ref)
Partially adjusted hazard ratio (95%CI)b 1.73 (0.98, 3.04) 1.00 (ref) 1.03 (0.84, 1.26) 1.00 (ref)
Fully adjusted hazard ratio (95%CI)c 1.99 (0.82, 4.79) 1.00 (ref) 0.94 (0.75, 1.17) 1.00 (ref)

Mechanical ventilation
No. of events 5 (11) 12 (6) 10 (2) 95 (4)
Person days of follow up (mean, SD) 71 (26) 73 (25) 71 (22) 71 (24)
Rate of event per 1000 person days (95%CI) 1.6 (0.2, 3.0) 0.8 (0.3, 1.2) 0.3 (0.1, 0.4) 0.5 (0.4, 0.7)
Matched unadjusted (95%CI)a 1.95 (0.75, 5.11) 1.00 (ref) 0.49 (0.26, 0.95) 1.00 (ref)
Partially adjusted hazard ratio (95%CI)b 2.10 (0.77, 5.76) 1.00 (ref) 0.47 (0.24, 0.92) 1.00 (ref)
Fully adjusted hazard ratio (95%CI)c 85.2 (5.55, 1310) 1.00 (ref) 0.47 (0.22, 1.01) 1.00 (ref)

Death
No. of events 0 (0) 9 (4) 7 (1) 60 (2)
Person days of follow up (mean, SD) 78 (17) 76 (21) 72 (21) 73 (21)
Rate of event per 1000 person days (95%CI) – 0.6 (0.2, 0.9) 0.2 (0, 0.3) 0.3 (0.2, 0.4)
Matched unadjusted (95%CI)a – 1.00 (ref) 0.55 (0.25, 1.20) 1.00 (ref)
Partially adjusted hazard ratio (95%CI)b – 1.00 (ref) 0.58 (0.26, 1.33) 1.00 (ref)
Fully adjusted hazard ratio (95%CI)c – 1.00 (ref) 0.34 (0.12, 0.96) 1.00 (ref)

COVID-19, coronavirus disease 2019; SD, standard deviation; CI, confidence interval.
Text in boldface indicates statistical significance, p< 0.05.
aAge, sex, and date of SARS-CoV-2 diagnosis matched comparators and adjusted for age, sex, race, ethnicity, payor, and smoking status.
bMatched on age, sex, and date of SARS-CoV-2 test date.
cMatched on age, sex, and date of SARS-CoV-2 test date and adjusted for age, sex, race, ethnicity, payor, smoking status, body mass index, and Charlson
comorbidity index.
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coronavirus outbreaks was variable. In the SARS out-
break, asthma was over-represented in cases and asso-
ciated with severe disease (4). Conversely, in the
MERS outbreak, asthma was not overrepresented in
cases and not associated with severe disease (5). The
data from prior outbreaks is limited due to the
smaller number of infected patients and relatively
short duration of outbreak.

COVID-19 has spurred a pandemic of illness that
is unprecedented in recent times. The relationship
between asthma and severe outcomes has not been
well defined. Initial reports from Wuhan, China, sug-
gested that asthma was not a risk factor for severe
outcomes in COVID-19 (13,14) and additional early
reports suggested that asthma was unrepresented
among severe cases (15). However, initial reports from
New York City found a high prevalence of asthma
among COVID-19 patients (7). This, coupled with
our prior knowledge of severe viral illnesses in asthma
patients, prompted the Centers for Disease Control
and Prevention to consider asthma a potential risk
factor for severe COVID-19 (16). However, subse-
quent reports from around the world have suggested
that asthma may not be risk factor for severe COVID-
19, including hospitalization and death (6,8,17–19).
However, these reports have largely been limited by
several factors including the inclusion of other chronic
pulmonary conditions (e.g. COPD) in populations
studied, conditioning on patients who were hospital-
ized with COVID-19 (18), and/or not accounting for
secular changes in COVID-19 testing criteria (20).
Our study improves upon these prior studies by rigor-
ously defining asthma, excluding those with non-
asthma chronic pulmonary conditions (i.e. COPD, CF,
and ILD) who appear to be higher risk of severe
COVID-19 outcomes with the risk being primarily
driven by COPD (21,22), and matching by PCR test-
ing date. Together, this facilitates a more precise
assessment of the true relation between asthma and
severe outcomes in COVID-19.

Our data indicates that asthma patients with
COVID-19 are equally likely to be hospitalized and
receive mechanical ventilation but that death was sig-
nificantly less likely. Although the factors underlying
these findings are not yet known, important consider-
ations include: possible biologic mechanisms (e.g.
angiotensin-converting enzyme 2 [ACE2] receptor
expression and TH2 cytokines) and possible protective
effects of asthma medications (e.g. corticosteroids).

With regard to the ACE2 receptor, the novel
SARS-CoV-2 virus enters target cells by binding to
this ACE2 receptor in the nasal mucosa and type II

pneumocytes in the lungs (23). ACE2 receptor expres-
sion is variable and can be upregulated by anti-viral
interferons (23). There appears to be additional vari-
ability among allergic asthma patients and in the pres-
ence of Th2 cytokines such as interleukin-13 (24,25).
Indeed, a recent study performed using population-
based data from the United Kingdom Biobank
reported no significantly elevated risk of severe
COVID among allergic asthmatics (22). In our study,
we report a similar risk of severe COVID-19 out-
comes among allergic asthma patients and their com-
parators. However, it is possible that we were unable
to define all allergic asthma patients due to limitations
of case identification by ICD-10-CM codes and anti-
allergic medications, many of which are over-the-
counter pharmaceuticals.

The primary treatment for patients with persistent
asthma is inhaled corticosteroids. There is limited evi-
dence regarding the relation between inhaled cortico-
steroids and COVID-19; however, there is some
evidence to suggest therapy may be beneficial (15,26).
For example, ciclesonide, an inhaled corticosteroid,
has the potential to inhibit viral replication of SARS-
CoV-2 (27). Moreover, the only therapy with prelim-
inary evidence to support a reduction in mortality in
severe COVID-19 is a corticosteroid – dexamethasone
(28). A recent rapid meta-analysis attempted to review
data on inhaled corticosteroid therapy in SARS,
MERS, or COVID-19 but found no suitable data for
review (29). In light of the potential mechanistic bene-
fit and proven benefits of inhaled corticosteroid ther-
apy in asthma patients, the current recommendations
encourage continued use of asthma controller therapy
(i.e. inhaled corticosteroids) during the COVID-19
pandemic (16,30). The effect of inhaled corticosteroids
on infection with SARS-CoV-2 and the development of
COVID-19 is outside the scope of our current study.
However, among our asthma cohort, we observed that
most asthma patients were prescribed inhaled cortico-
steroids prior to diagnosis of COVID-19. Future studies
aimed at understanding the relation between asthma
therapies and COVID-19 are warranted.

Our study has several limitations, including the use
of administrative data which may be affected by cod-
ing errors leading to misclassification. However, our
use of a strict asthma diagnosis requiring multiple
asthma codes in the last 1 year combined with the
requirement of treatment with an asthma medication
in the last 1 year decrease the impact of these poten-
tial errors. All patients in our cohort study were diag-
nosed with COVID-19 by PCR; thus, we are unable to
estimate the total effect of asthma on the risk of
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severe outcomes of COVID-19. Prospective popula-
tion-based cohort studies including asthmatic and
non-asthmatic participants are required to better
understand this relationship. Our study may be
affected by collider bias because we restricted our
study population to only those patients with COVID-
19. Finally, confounding by indication bias is of con-
cern due to the fact that testing criteria during the
COVID-19 pandemic were at times linked to severity
of disease. The effect of this bias was reduced, how-
ever, in our study by matching by test date and use of
a study period which captured the duration of a
COVID-19 epidemic in early 2020 in Boston.
Additionally, we did not capture information on treat-
ments for COVID-19 in our study and thus, we are
unable to assess the differences related to potential
COVID-19 therapeutics. However, all patients were
diagnosed within one large hospital system with simi-
lar treatment protocols, and there were no approved
therapeutics for COVID-19 during the study period’s
duration. The use of matching by time of diagnosis
additionally limits the likelihood of treatment variabil-
ity during the study period.

Our study also has several strengths. We used data
from a large healthcare system which captures patients
from academic and community centers throughout
the greater Boston area for the entirety of the first
wave of COVID-19 in our area. We have less mis-
classification of asthma due to definition validation by
an allergist and exclusion of other chronic pulmonary
conditions (COPD, CF, and ILD). Additionally, by use
of matching on date of SARS-CoV-2 test we limit the
effects of variable testing criteria on COVID-19 diag-
nosis. Age is a significant predictor of severe out-
comes in COVID-19 (16), and by matching we are
able to better control for age-related confounding.

Conclusion

In summary, we report that among patients diagnosed
with SARS-CoV-2 by PCR, asthma patients experi-
enced hospitalization and mechanical ventilation at a
similar rate as non-asthmatics but had a lower risk of
mortality. In addition, patients with allergic asthma or
severe asthma were not at increased risk for severe
outcomes compared to their matched comparators.
Based on this evidence we suggest that asthma alone
should not be considered a risk factor for severe
COVID-19.
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