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ABSTRACT
Objective: Large international comparisons describing the clinical characteristics of patients 
with COVID-19 are limited. The aim of the study was to perform a large-scale descriptive 
characterization of COVID-19 patients with asthma.
Methods: We included nine databases contributing data from January to June 2020 from the US, 
South Korea (KR), Spain, UK and the Netherlands. We defined two cohorts of COVID-19 patients 
(‘diagnosed’ and ‘hospitalized’) based on COVID-19 disease codes. We followed patients from 
COVID-19 index date to 30 days or death. We performed descriptive analysis and reported the 
frequency of characteristics and outcomes in people with asthma defined by codes and prescriptions.
Results: The diagnosed and hospitalized cohorts contained 666,933 and 159,552 COVID-19 
patients respectively. Exacerbation in people with asthma was recorded in 1.6–8.6% of 
patients at presentation. Asthma prevalence ranged from 6.2% (95% CI 5.7–6.8) to 18.5% 
(95% CI 18.2–18.8) in the diagnosed cohort and 5.2% (95% CI 4.0–6.8) to 20.5% (95% CI 
18.6–22.6) in the hospitalized cohort. Asthma patients with COVID-19 had high prevalence 
of comorbidity including hypertension, heart disease, diabetes and obesity. Mortality ranged 
from 2.1% (95% CI 1.8–2.4) to 16.9% (95% CI 13.8–20.5) and similar or lower compared to 
COVID-19 patients without asthma. Acute respiratory distress syndrome occurred in 15–30% 
of hospitalized COVID-19 asthma patients.
Conclusion: The prevalence of asthma among COVID-19 patients varies internationally. 
Asthma patients with COVID-19 have high comorbidity. The prevalence of asthma exacerbation 
at presentation was low. Whilst mortality was similar among COVID-19 patients with and 
without asthma, this could be confounded by differences in clinical characteristics. Further 
research could help identify high-risk asthma patients. 

KEY MESSAGES

• Asthma prevalence in COVID-19 patients varied internationally (5.2–20.5%).
• The prevalence of asthma exacerbation at presentation with COVID-19 in diagnosed and 

hospitalized patients was low.
• Comorbidities were common in COVID-19 patients with asthma.

© 2022 the author(s). Published with license by taylor & francis Group, llC.
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Background

Coronavirus disease 2019 (COVID-19) causes severe 
lung injury and pneumonia as well as other compli-
cations including acute kidney injury, cardiovascular 
complications and death. In people with asthma, viral 
respiratory tract infections exacerbate the underlying 
disease and are associated with higher rates of mor-
bidity and mortality (1–3). COVID-19 has been com-
pared to seasonal influenza in terms of symptoms and 
complications, resulting in asthmatic individuals being 
classed as high risk. National policy measures conse-
quently stipulated the need for asthmatic patients to 
shield or shelter during the COVID-19 pandemic (4).

Although COVID-19 causes greater morbidity and 
mortality than influenza among the general popula-
tion, further information is required describing the 
characteristics of people with asthma and COVID-19 
and their outcomes (5,6). It has been speculated that 
reduced susceptibility to COVID-19 may exist as a 
result of type 2 immunity linked to atopy and reduced 
expression of the angiotensin converting enzyme-2 
receptor (ACE2) (7,8). In this regard, ACE2 is required 
by the severe acute respiratory syndrome coronavirus 
2 (SARS-CoV-2) to enter human cells. Concerns have 
also been raised over the safety of inhaled corticoste-
roids (9).

Patients with severe COVID-19 have comorbidities 
including cardiovascular disease, diabetes and obesity 
(10,11). Some studies have found that asthma is a 
common comorbidity among severe and fatal 
COVID-19 cases (12,13). However, studies examining 
the association between asthma and risk of COVID-19 
related death have been inconsistent (11,13–15). 
Existing studies are typically limited to smaller hos-
pitalized COVID-19 populations, with uncertain gen-
eralizability across data sources and/or countries. 
Further detailed information on comorbidities, med-
ication use and outcomes in people with asthma with 
milder and more severe COVID-19 would therefore 
be of value. The aim of this study was to describe 
the demographics, comorbidities, and outcomes of 
patients with COVID-19 and co-morbid asthma.

Methods

Study design

The Characterizing Health Associated Risks, and Your 
Baseline Disease In SARS-COV-2 (CHARYBDIS) study 
is a multinational cohort study using retrospective 
electronic health records and claims data on COVID-19 
patients from the United States (US), Europe, and 
Asia. All data were standardized to the Observational 

Medical Outcomes Partnership (OMOP) Common 
Data Model (CDM) (16,17). This allowed contributing 
centers to execute analytical code in a distributed/
federated fashion without sharing patient-level data. 
The Charybdis protocol and source code can be found 
at (https://github.com/ohdsi-studies/Covid19 
CharacterizationCharybdis) (18).

Data sources

Of the sixteen available databases on 4th August 2020, 
nine were included that had a minimum pre-specified 
sample size of 140 COVID-19 patients with asthma. 
This was considered necessary to estimate the prev-
alence of a previous condition or 30-day risk of an 
outcome affecting 10% of the study population. 
Supplementary Figure S1 presents the database selec-
tion process for this study. Data from the US included: 
the Columbia University Irving Medical Center data 
warehouse (CUIMC), Stanford Medicine Research 
Data Repository (STARR-OMOP) (19), Health Verity, 
IQVIA Open Claims, and the United States Department 
of Veterans Affairs (VA-OMOP). Data from South 
Korea included the Health Insurance Review and 
Assessment Service (HIRA) database. Data from 
Europe included the Spanish Information System for 
Research in Primary Care (SIDIAP) database (20); the 
Integrated Primary Care Information (IPCI) database 
from the Netherlands (21), and the UK Clinical 
Practice Research Datalink (CPRD) (22). Further 
information about databases considered for inclusion 
is contained in Appendix  1.

Study participants and follow-up

COVID-19 cohorts: Two non-mutually exclusive 
cohorts were defined. Patients “diagnosed” with 
COVID-19 were defined by patients having a clinical 
diagnosis and/or positive test for SARS-CoV-2 from 
outpatient and inpatient records. In the diagnosed 
cohort, index date was the earliest date of COVID-19 
diagnosis or a first positive test. Patients “hospital-
ized” with COVID-19 were defined by a hospitaliza-
tion episode with a clinical diagnosis or positive 
SARS-CoV-2 test within 21 days prior to admission 
and up to the end of hospitalization. This time win-
dow was chosen to include patients with a diagnosis 
prior to hospitalization and to allow for delays in 
recording of test results. In the hospitalized cohort, 
index date was the day of hospitalization. All patients 
were required to have at least a year of observation 
time prior to index date. Patients were followed from 
the index date to the earliest of death, end of the 

https://github.com/ohdsi-studies/Covid19CharacterizationCharybdis
https://github.com/ohdsi-studies/Covid19CharacterizationCharybdis
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study (30 days after index date) or end of data 
capture.

Asthma definition: Asthma was defined as either: 
a) an occurrence of an asthma diagnosis code along 
with prescription or administration of asthma medi-
cations using any time before the COVID-19 index 
date or b) by at least two prescriptions or adminis-
tration of asthma medications at least six months 
apart within the year prior to index date in patients 
younger than 55 years old (Appendix 3). We excluded 
patients with a diagnosis of chronic obstructive pul-
monary disease (COPD) or prescription of a 
long-acting muscarinic antagonist (LAMA) prior to 
the asthma definition. Patients with a COPD diagnosis 
occurring after asthma diagnosis were included to 
measure COPD comorbidity. Codes used to define 
these cohorts are described in Appendix 2.

Baseline characteristics

Conditions and procedures were identified within day 
−365 to −1 prior to the index date using Systematized 
Nomenclature of Medicine (SNOMED CT) codes with 
all descendent codes included. We report pre-specified 
demographics and conditions related to asthma and 
COVID-19. Other conditions analyzed as part of the 
larger CHARYBDIS project are reported in the accom-
p any i ng  we b s i te  ( ht tp s : / / d at a . oh d s i . org /
Covid19CharacterizationCharybdis/). Asthma exacer-
bation was defined by an asthma exacerbation code 
at index date.

The following medication use (recent use) was 
identified within day −30 to −1 prior to index date 
to characterize how patients were managed prior to 
the COVID-19 index date: systemic corticosteroids, 
inhaled corticosteroids (ICS),  short-acting 
beta2-agonists (SABA), long-acting beta2-agonists 
(LABA), leukotriene receptor antagonists (LTRA), 
methylxanthines, decongestants and other nasal 
preparations for topical use (comprising preparations 
for local treatment in case of nasal congestion (e.g. 
sympathomimetics) or for prophylaxis and treatment 
of allergic rhinitis (e.g. corticosteroids, cromoglicate 
preparations)), antibiotics (beta-lactam penicillins, 
macrolides, fluoroquinolones), acetaminophen, 
NSAIDs and opioids. Medication use was calculated 
using drug eras that began on the start date of the 
first drug exposure medication record and ended on 
the observed end date of the last concatenated med-
ication record. A grace period of 30 days between 
medication records allowed for sequential medication 
records to be considered as continuous drug 
exposure.

Outcomes

We report the following outcomes within 30 days after 
hospitalization: death, use of intensive services (iden-
tified by a recorded mechanical ventilation and/or a 
tracheostomy and/or extracorporeal membrane oxy-
genation procedure), acute respiratory distress syn-
drome (ARDS), acute renal failure syndrome (ARFS), 
cardiac arrhythmia, heart failure, myocardial infarc-
tion, sepsis, bleeding, venous thromboembolism 
(VTE), pulmonary embolism (PE) and stroke (isch-
aemic and haemorrhagic). Other conditions analyzed 
as part of the larger CHARYBDIS project are reported 
in the accompanying website.

Analysis

A common analytical code for Charybdis was devel-
oped for the Observational Health Data Science and 
Informatics (OHDSI) Methods library and was run 
locally in each database. Only aggregate results from 
each database were then shared for characteristics and 
cohort that it captured. We report the number and 
proportion by socio-demographics, comorbidities, and 
commonly used medications in each population with 
95% confidence intervals (CI) calculated using the 
Wilson score method. Crude comparisons in the char-
acteristics of study cohorts were undertaken by cal-
culating standardized mean differences (SMD). SMD 
are a commonly used statistic to examine the distri-
bution of covariate balance between groups and are 
not influenced by differences in sample size. A SMD 
threshold of 0.1 or greater indicates potential imbal-
ance in the prevalence of a binary covariate between 
groups (23). In the main text we report the median 
prevalence and range across all databases per cohort, 
with detailed individual database results presented in 
the online supplementary. We used R version 3.6.0 
for data visualization. All the data partners obtained 
Institutional Review Board (IRB) approval or equiv-
alent governance approval to conduct this study.

Results

Prevalence of asthma and asthma exacerbation 
at presentation

The study included 666 933 patients diagnosed with 
COVID-19 and 159 552 patients hospitalized with 
COVID-19. The prevalence of asthma ranged from 6.2% 
(95% CI 5.7–6.8) to 18.5% (95% CI 18.2–18.8) among 
diagnosed COVID-19 patients and 5.2% (95% CI 4.0–
6.8) to 20.5% (95% CI 18.6–22.6) among hospitalized 

https://doi.org/10.1080/02770903.2021.2025392
https://doi.org/10.1080/02770903.2021.2025392
https://data.ohdsi.org/Covid19CharacterizationCharybdis/
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Table 1. Prevalence of asthma among the CoVID-19 patients in the diagnosed and hospitalized cohorts by country and 
database.

Cohort

us us us us us Kr uK nl Es

CuImC healthVerity
IQVIa 

openClaims starr-omoP Va-omoP HIRA# CPRD¥ IPCI¥ sIDIaP

Diagnosed COVID-19
asthma (n) 1338 3367 86328 501 2953 – 343 156 7536
Prevalence (%), 95% CI 15.7 8.7 18.5 15.1 12.0 – 14.7 11.7 6.2

(13.8–17.7) (7.8–9.7) (18.2–18.8) (12.2–18.5) (10.9–13.2) (11.3–18.8) (7.6–17.7) (5.7–6.8)
Hospitalized COVID-19
asthma (n) 479 349 23211 119 607 1560 – – 952
Prevalence (%), 95% CI 18.4 9.7 17.4 19.3 11.0 20.5 – – 5.2

(15.2–22.1) (7.0–13.3) (16.9–17.9) (13.2–27.3) (8.8–13.7) (18.6–22.6) (4.0–6.8)

us = united states. Kr = south Korea. Es = spain. uK = united Kingdom. nl = the netherlands. (n) =number.
#hospital data only.
¥Primary care electronic health records only.

COVID-19 patients (Table 1). The prevalence of asthma 
exacerbation ranged from 1.6% (95% CI 1.2–2.1) to 
5.3% (95% CI 4.2–6.6) among asthma patients diag-
nosed with COVID-19 and 0.8% (95% CI 0.5–1.4) to 
8.6% (95% CI 6.1–12.0) among hospitalized COVID-19 
patients with asthma (Supplementary Table S1).

Demographics

Children aged 0 to 14 years old accounted for less than 
5% of COVID-19 patients with asthma. Asthma patients 
diagnosed and hospitalized with COVID-19 were more 
commonly female (range 60.8–69.2%, respectively), apart 
from VA-OMOP (Supplementary Tables S2 and S3) while 
those without asthma were more commonly male. 
Hospitalized asthma patients were typically older than 
those in the diagnosed asthma cohort (Supplementary 
Figure S2). Asthma patients with COVID-19 were more 
commonly under 60 years of age compared to patients 
without asthma although differences were modest (SMD 
all <0.1 for the diagnosed cohort) (Figures 1 and 2 and 
Supplementary Tables S4 and S5).

Prevalence of comorbidities

The prevalence of comorbidities is shown in Table  2 
and Supplementary Table S4 and S5. The prevalence 
of comorbidity in asthma patients with COVID-19 
was similar or greater than in patients without asthma 
(Figures 1 and 2, Supplementary Table S6 and S7). 
In the diagnosed cohort the largest differences were 
with obesity (median 48.1% vs 29.8% in those with 
and without asthma, respectively, median SMD 
[mSMD] 0.27), sleep apnea (median 9.9% vs 4.1%, 
mSMD 0.16), anxiety (median 15.1% vs 9.8%, mSMD 
0.17), hypertension (median 46.9% vs 33.7%, mSMD 
0.17) and heart disease (median 38.1% vs 25.0%, 
mSMD 0.11) that were greater in people with asthma. 
The prevalence of these comorbidities was greater in 

asthma patients from the US than from Europe and 
South Korea (Supplementary Table S6).

Compared to patients in the diagnosed cohort, hospi-
talized asthma patients with COVID-19 had a greater 
prevalence of hypertension (median 46.9% vs 76%, mSMD 
0.28), heart disease (median 38.1% vs 64.9%, mSMD 
0.21), obesity (median 48.1% vs 55.9%, mSMD 0.14), 
T2DM (median 20.6% vs 497%, mSMD 0.25), chronic 
kidney disease (CKD) (median 16% vs 25.5%, mSMD 
0.24) and comorbid COPD (median 5.9% vs 14%, mSMD 
0.12) (Supplementary Figure S2, Supplementary Table S9).

Medication use

The median systemic corticosteroid use was 14.6% 
(range 6.1–17.5%) 30 days prior to COVID-19 diagno-
sis, and 17.9% (range 9.2–19.9%) 30 days prior to hos-
pitalization (Table  3). The median ICS use was 41.4% 
(range 7.7–55.1%) in the diagnosed cohort and 21.6% 
(range 6.4–71.3%) in the hospitalized cohort. The prev-
alence of ICS and LABA use was greater in European 
asthma patients with COVID-19. For example, among 
asthma patients diagnosed with COVID-19, ICS use 
ranged from 7.7% (95% CI 6.8–8.6) in the US to 55.1% 
(95% CI 54.0–56.2) in Spain. The most commonly 
prescribed antibiotics 30 days before COVID-19 hospi-
talization were macrolides in the US and beta-lactam 
penicillins in South Korea and Europe (Supplementary 
Table S8). Acetaminophen and NSAIDs were also com-
monly prescribed to asthma patients, with use of both 
being more prevalent among hospitalized patients. 
Median acetaminophen prevalence 19.8% vs 31.3% and 
median NSAID prevalence 12.4% vs 26.8% in the diag-
nosed and hospitalized cohorts, respectively.

Mortality

The median 30-day mortality among asthma patients 
diagnosed with COVID-19 was 6.1% (range 2.1–9.6%) 

https://doi.org/10.1080/02770903.2021.2025392
https://doi.org/10.1080/02770903.2021.2025392
https://doi.org/10.1080/02770903.2021.2025392
https://doi.org/10.1080/02770903.2021.2025392
https://doi.org/10.1080/02770903.2021.2025392
https://doi.org/10.1080/02770903.2021.2025392
https://doi.org/10.1080/02770903.2021.2025392
https://doi.org/10.1080/02770903.2021.2025392
https://doi.org/10.1080/02770903.2021.2025392
https://doi.org/10.1080/02770903.2021.2025392
https://doi.org/10.1080/02770903.2021.2025392
https://doi.org/10.1080/02770903.2021.2025392
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and 6.3% (range 4.5–12.5%) in those without asthma 
(Table  4; Figure 3). In CUIMC (US) and IPCI 
(Netherlands) asthma patients diagnosed with COVID-19 
had similar mortality to those without asthma 
(Supplementary Tables S10 and S11). However, mortality 
was lower in CPRD (UK) (7.3%, 95% CI 5.0–10.6 vs 
12.5, 95% CI 11.1–14.0), SIDIAP (Spain) (2.1% [95% 
CI 1.8–2.4] vs 4.5% [95% CI 4.4–4.6]) and VA-OMOP 
(3.2% [95% CI 2.6–3.9] vs 5.2% [95% CI 4.9–5.5]). 
Among asthma patients hospitalized with COVID-19, 
mortality was lower compared to those without asthma 
in VA-OMOP (US) (12.9% [95% CI 10.5–15.8] vs 17.6% 
[95% CI 16.6–18.7]), SIDIAP (Spain) (7.7% [95% CI 
6.2–9.6] vs 12.5% [95% CI 12.0–13.0]) and CUIMC 
(US) (16.9% [95% CI 13.8–20.5] vs 20.7% [95% CI 
19.0–22.5]) but not in HIRA (South Korea) (3.7% [95% 
CI 2.9–4.8] vs 2.2% [95% CI 1.9–2.6]).

Other outcomes

The medina prevalence of intensive services use in 
asthma patients hospitalized COVID-19 was similar 

to those without asthma (10.1% (range 2.7–17.6) vs 
9.8% (range 1.4–17.9) (Table  4). The most common 
outcomes among asthma patients hospitalized with 
COVID-19, were ARDS (median 26.1%, range 2.1–
39.7), ARFS (median 16.0%, range 0.5–29.7), sepsis 
(median 17.2%, range <0.5–20.5) and cardiac arrhyth-
mia (median 17.0%, range 3.5–29.7). The prevalence 
of heart failure, myocardial infarction, sepsis, bleeding, 
VTE, PE and stroke was similar in COVID-19 patients, 
regardless of their asthma status. However, outcomes 
occurred more often in the hospitalized patients 
(Table  4).

Discussion

In this international descriptive cohort study, the prev-
alence of asthma among patients diagnosed and hos-
pitalized with COVID-19 patients was similar. Asthma 
prevalence was lowest in Spain and highest in US 
COVID-19 patients, which may be related to differ-
ences in shielding recommendations between countries 
during wave one of the pandemic. COVID-19 patients 

Figure 1. standardized mean differences of characteristics between diagnosed CoVID-19 patients with and without asthma. 
smD < 0 = prevalence greater in CoVID-19 patients without asthma. smD > 0 = prevalence greater in CoVID-19 patients with 
asthma. smD greater or less than 0.1 suggests significant imbalance between groups. only databases providing sufficient com-
parative information included. asthma = Conditions related to asthma. smD = standardized mean difference. IlD = Interstitial lung 
disease. CoPD = Chronic obstructive pulmonary disease. CVD = Cerebrovascular disease. ClD = Chronic liver disease. CKD = Chronic 
kidney disease. af = atrial fibrillation. t2Dm = type 2 diabetes mellitus. asthma = asthma related comorbidities. other = non-asthma 
related comorbidities. top row = name of the database.

https://doi.org/10.1080/02770903.2021.2025392
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Figure 2. standardized mean differences of characteristics between hospitalized CoVID-19 patients with and without asthma. 
smD < 0 = prevalence greater in patients without asthma. smD > 0 = prevalence greater in patients with asthma. smD greater 
or less than 0.1 suggests significant imbalance between groups. only databases providing sufficient comparative information 
included. asthma = Conditions related to asthma. smD = standardized mean difference. IlD = Interstitial lung disease. CoPD = Chronic 
obstructive pulmonary disease. CVD = Cerebrovascular disease. ClD = Chronic liver disease. CKD = Chronic kidney disease. af = atrial 
fibrillation. t2Dm = type 2 diabetes mellitus. asthma = asthma related comorbidities. other = non-asthma related comorbidities. 
top row = name of the database.

Table 2. Comorbidities across databases in diagnosed and hospitalized CoVID-19 patients with and without asthma.

Diagnosed asthma cohort hospitalized asthma cohort Diagnosed non-asthma cohort
hospitalized non-asthma 

cohort

median (%) range (%)
median 

(%) range (%)
median 

(%) range (%)
median 

(%) range (%)

Characteristic lower upper lower upper lower upper lower upper

Respiratory/atopy related
allergic disorder 16 <1.5 35.7 20.4 9.2 86.3 4.2 0.6 14.1 9.9 1.6 61.1
allergic rhinitis 12.4 <1.5 31.1 17.8 7.7 82.2 3.5 0.5 10.7 8.2 1.2 53.3
Bronchiectasis 0.9 0.5 3.8 1.2 <1.4 4.7 0.3 <0.3 0.9 0.7 0.4 1.9
CoPD 5.9 2.3 17.6 14.0 2.8 30.3 4.7 2.1 13.7 13.6 1.4 23.4
Eczema 2.1 <1.5 9 3.3 <1 10.1 0.8 0.6 4.5 2.4 0.3 5.8
Exacerbation of asthma 8.5 1.7 14.0 13.2 1.3 23 – – – – – –
Interstitial lung disease 1.3 0.0 1.5 2.9 0.5 3.8 0.5 0.0 1 1.6 0.1 3.0
obesity 48.1 26.6 63 55.9 35.5 68.5 29.8 11.6 38.9 44.5 17.9 50.9
sleep apnea 9.9 <1.5 35.5 13.5 0.8 39.4 4.9 <0.3 22.1 6.8 0.3 24.2
urticaria 1.3 <1.5 5.3 4.4 0.9 18.5 0.5 0.3 3.2 0.5 <0.2 2.8

Cardiometabolic
atrial fibrillation 5.5 <1.5 8.6 10.4 1.3 14.5 4.3 2.1 9.2 11.2 0.8 16.1
Cardiac arrhythmia 9.0 1.7 14.2 18.7 4.4 24.2 8.7 2.5 14.4 18.5 2.4 24.2
Cerebrovascular disease 3.5 <1.5 4.5 4.9 2.3 7.6 3.1 1.4 4.6 7.1 2.5 8.3
heart failure 7.8 <1.5 9.1 17.5 5.5 20.9 4.5 1.4 9.6 17 3 19.9
myocardial infarction 2.3 0.0 3.7 5.4 1.2 8.9 2.4 0.6 3.7 5.3 0.7 7.6
Prevalent heart disease 38.1 12.4 53.7 64.9 19.9 72.8 25 14.6 48.4 48.8 11.2 69.8
Prevalent hypertension 46.9 16 70.4 76 29.6 85.7 33.7 17.2 65.5 62.1 22.4 86.4
Prevalent t2Dm 20.6 6.5 41.3 49.7 16.1 58.2 17.7 8.1 36.8 37.8 17.9 55.4

Other
anxiety 15.1 5.8 44.1 17.2 11.7 38.7 9.8 2.9 30.8 13.6 5.3 30.1
Depression 13.5 4.4 33.1 20.1 5.0 32.1 10.9 4.3 23.2 11.8 4.4 26.1
Prevalent CKD 16 4.5 19.6 25.5 7.6 33 11.9 6.8 21.4 25.7 4.8 38.9
Chronic liver disease 1.3 0.0 4.5 4.6 1.5 8.7 1.1 0.0 4.3 2.3 1.9 7.8

Diagnosed cohort = Persons with a CoVID-19 diagnosis or a sars-CoV-2 positive test with at least 365 days prior observation. hospitalized cohort = Persons 
hospitalized with a CoVID-19 diagnosis or a sars-CoV-2 positive test with at least 365 days prior observation. Prevalent = Conditions defined using 
all person time otherwise within 365 days of index date. Depression = incident depression/major depressive disorder. CKD = Chronic kidney disease. 
t2Dm = type 2 diabetes mellitus. CoPD = Chronic obstructive pulmonary disease.
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with asthma were mainly adults, with hospitalized 
patients being expectedly older. Asthma exacerbation 
at presentation with COVID-19 diagnosis or hospi-
talization was relatively low among asthma patients 
and varied by type of data source and cohort, gen-
erally being lower among diagnosed patients and pri-
mary care databases. This may be associated with 
differences in the severity of symptoms at presenta-
tion, increased likelihood of detecting asymptomatic 
SARS-CoV-2 infection as a result of testing due to 
the nature of overlapping symptoms or differences in 
the coding of asthma exacerbations.

In contrast, the prevalence of comorbidity in 
COVID-19 patients with asthma was generally high, 
particularly for hypertension, heart disease, T2DM 
and obesity, and was modestly greater than in 

COVID-19 patients without asthma. COVID-19 
patients with asthma had a greater prevalence of aller-
gic disorder and allergic rhinitis compared to those 
without asthma, but prevalence of these conditions 
was similar among hospitalized asthma patients with 
COVID-19 and those in the diagnosed cohort. 
Between one third to a half of asthma patients with 
COVID-19 had been prescribed systemic corticoste-
roids in the year prior to diagnosis. In both diagnosed 
and hospitalized asthma patients with COVID-19, use 
of nasal preparations, which included nasal cortico-
steroid and decongestants, was highly prevalent. 
Mortality in COVID-19 patients with asthma ranged 
from 2.1 to 16.9% depending upon the cohort and 
was similar or lower compared to those without 
asthma despite asthma patients appearing to have 

Table 4. outcomes across databases in diagnosed and hospitalized CoVID-19 patients with and without asthma.
Diagnosed asthma cohort hospitalized asthma cohort Diagnosed non-asthma cohort hospitalized non-asthma cohort

median (%) range (%) median (%) range (%) median (%) range (%) median (%) range (%)

Characteristic lower upper lower upper lower upper lower upper

Death 6.1 2.1 9.6 12.9 3.7 16.9 6.3 4.5 12.5 17.6 2.2 20.7
Intensive services 2.9 0.7 3.7 10.1 2.7 17.6 2.9 0.5 4.0 9.8 1.4 17.9
arDs 5.2 2.2 11.0 26.1 2.1 39.7 4.8 1.9 12.2 24.5 0.8 44.3
arfs 2.3 <0.1 7.2 16.0 0.5 29.7 4.1 0.0 9.0 15.2 0.2 35.3
Cardiac arrhythmia 5.5 <1.5 10.0 17.0 3.5 29.7 6.4 1.0 10.3 16.1 1.8 31.9
heart failure 2.0 0.0 3.9 7.2 3.4 19.8 1.4 0.0 4.0 5.8 2.3 20.4
myocardial infarction 1.0 0.0 2.3 3.3 1.2 8.4 1.0 <0.3 2.9 3.6 1.9 11
sepsis 2.1 0.0 6.8 17.2 <0.5 20.5 1.7 0.0 7.9 15.4 0.4 22.8
Bleeding 2.0 0.0 3.1 5.0 2.6 6.8 1.7 0.3 3.5 3.8 2.5 7.8
PE 0.3 0.0 4.1 1.9 <0.3 4.1 0.4 0.1 1.0 1.7 <0.1 3.5
stroke 0.5 0.0 1.1 2.0 <0.5 2.7 0.1 0.0 0.7 2.2 0.2 3.2

Diagnosed cohort = Persons with a CoVID-19 diagnosis or a sars-CoV-2 positive test with at least 365 days prior observation. hospitalized 
cohort = Persons hospitalized with a CoVID-19 diagnosis or a sars-CoV-2 positive test with at least 365 days prior observation. arDs = acute 
respiratory distress syndrome. affs = acute renal failure syndrome. heart failure = during hospitalization.

Table 3. treatments across databases in patients with asthma 30 days before CoVID-19 diagnosis or 
hospitalization.

Diagnosed asthma cohort hospitalized asthma cohort

median (%) range (%) median (%) range (%)

Characteristic lower upper lower upper

Asthma management
 systemic corticosteroids 14.6 6.1 17.5 17.9 9.2 19.9
 Inhaled corticosteroid 41.4 7.7 55.1 21.6 6.4 71.3
 saBa 22.9 8.9 48.4 24.0 2.1 36.9
 laBa 19.3 4.8 30.5 12.6 3.2 39.8
 ltra 6.8 3.2 9.4 8.8 3.4 10.5
 methylxanthines 0.1 0.0 1.7 0.2 0.0 2.5
Antibiotics
 Beta-lactam penicillins 4.6 1.2 16.3 6.5 <1.4 13.5
 fluoroquinolones 1.5 0.0 3.3 4.5 <1.4 6.9
 macrolides 6.1 <3.2 14.1 10.4 5.4 15.3
Covid-19 symptom management
 acetaminophen 19.8 2.5 31.2 31.3 2.3 46.5
 nsaIDs 12.4 3 44 26.8 5.2 49.9
 opioids 7.4 1.7 14.8 13.6 2.9 41.5
Other
 nasal preparations 38.5 8.0 48.7 26.5 9.5 63.6

Diagnosed cohort = Persons with a CoVID-19 diagnosis or a sars-CoV-2 positive test with at least 365 days prior observation. 
hospitalized cohort = Persons hospitalized with a CoVID-19 diagnosis or a sars-CoV-2 positive test with at least 365 days 
prior observation. ltra = leukotriene receptor antagonist. nasal preparations = decongestants and other nasal preparations 
for topical use (atC r01a).
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moderately greater prevalence of comorbidity. These 
may be related to differences in age as asthma patients 
were more commonly under 60 years of age compared 
to patients without asthma. In this regard, comorbidity 
and age are risk factors for poor COVID-19 outcomes.

Early studies from China reported that <1% of 
COVID-19 patients had asthma but studies from the 
US have since reported a prevalence of between 7.4 
and 17%, which are in line with our findings (24–28). 
This difference in prevalence could be due to China 
having a lower prevalence of asthma, were previous 
estimates from epidemiological studies have ranged 
from 12 to 58%, and/or lower testing and diagnosis 
of obstructive airways disease (28–30).

Hospitalized COVID-19 patients with asthma in 
our cohort consisted of very few children. This sug-
gests that COVID-19 may have a milder course in 
children with asthma compared to adults with asthma, 
similar to that seen in children and adults without 
asthma elsewhere (31). There was some evidence of 
a higher proportion of children with asthma may have 

been hospitalized with COVID-19 compared to chil-
dren without asthma but differences were modest. A 
greater proportion of hospitalized asthma patients 
with COVID-19 were aged between 40 and 70 years 
old compared to COVID-19 patients without asthma. 
Whilst these differences could partly be related to 
difficulties in detecting older patients with asthma 
within routine health databases, this may also suggest 
that having asthma led to hospitalization with 
COVID-19 at a modestly younger age. This could be 
due to asthma patients having more severe COVID-19 
illness or having a lower threshold for referral due to 
be being considered high risk, particularly during 
wave one of the pandemic.

Comorbidity is common in patients with asthma 
with 62.6% of asthma patients reported to have ≥1 
comorbidity compared to 46.2% in the general pop-
ulation (32–35). Comorbidities such as cardiovascular 
disease and diabetes may complicate asthma manage-
ment, with men and obese patients being at greater 
risk of COVID-19 mortality (11,36). Recognized risk 

Figure 3. hospitalization, intensive service use and death among CoVID-19 patients with asthma (red) compared to those 
without asthma (blue) by database. faded lines and boxes = no data available. hospitalization = on or within 30 days of CoVID-19 
diagnosis. Dx = Diagnosis. hosp = hospitalization. Int. serv = Intensive services. top row = name of the database.
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factors such as obesity was highly prevalent in our 
population, although COVID-19 patients with asthma 
were more commonly female. There have been incon-
sistent reports as to whether COVID-19 patients with 
asthma are at higher risk of death (11,13–15). Among 
a large UK general population, patients with asthma 
had an 11–25% increased risk of COVID-19 death 
depending on whether patients had recently been 
prescribed oral corticosteroids (11). However, among 
1,298 hospitalized patients in New York aged ≤65 years 
with severe COVID-19, a diagnosis of asthma was 
not associated with worse outcomes (13).

Respiratory viruses are a known trigger for asthma 
exacerbations; however, the risk of asthma exacerbations 
with COVID-19 is uncertain. We observed a low prev-
alence of asthma exacerbation at presentation with 
COVID-19, even if prior corticosteroid use is taken into 
account. Interestingly, among 768 hospitalized COVID-19 
patients with asthma from France, none of them pre-
sented an asthma exacerbation (14). Also, in a case 
series involving 106 patients hospitalized with severe 
COVID-19, asthma appeared not to be a risk factor for 
severe SARS-CoV-2 pneumonia and did not induce 
severe asthma exacerbation (15). Furthermore, among 
304 hospitalized COVID-19 patients in the Chinese 
Nanfang Hospital COVID-19 Research Database that 
contributed to Charybdis but was ineligible for our 
study, no patients had a reported history of asthma. 
This suggests that the mechanism of morbidity and 
mortality associated with COVID-19 may not be strongly 
related to worsening airway hyperresponsiveness.

It has been hypothesized that patients with type 2 
immunity linked to atopy may have reduced suscep-
tibility to COVID-19 as a result of reduced ACE2 
expression (7,8). We observed only modest differences 
in the prevalence of allergic disorder and allergic rhi-
nitis between hospitalized and diagnosed COVID-19 
patients that could be explained by age, whilst the 
prevalence of eczema and urticaria within our cohorts 
was low limiting comparisons. The exception was 
among hospitalized COVID-19 patients in South 
Korea where the recorded prevalence of these condi-
tions among COVID-19 patients was high. Whilst our 
data do not exclude the possibility of a protective 
mechanism associated with type 2 immunity, they do 
not provide strong evidence supporting this.

This study has several limitations. Firstly, the study 
utilizes routine electronic health data that is dependent 
upon the extent and quality of recording that could 
vary between the databases. Some COVID-19 symp-
toms may overlap with those of asthma and we cannot 
exclude the potential for detection bias. People with 
asthma may therefore have presented more frequently 

with symptoms and be tested for SARS-CoV-2, which 
may influence the prevalence of asthma particularly 
when policy measures consider people with asthma as 
high risk. This may be one reason for the difference 
in prevalence between databases and countries where 
testing approaches differed, particularly during wave 
one. Differences may also be related to differences in 
shielding policies during wave one of the pandemic 
and/or recording within routine databases. Data were 
unavailable to characterize blood test results and some 
comorbidities were only identified in the year prior to 
diagnosis that may cause under-ascertainment in abso-
lute prevalence. Furthermore, we were restricted to 
crude comparisons and further causal inference mod-
eling studies would be required to adjust for important 
potential confounders such as age. Different data 
sources ranged from primary care health records to 
health insurance claims data that could result in het-
erogeneity. However, the vast majority of observations 
were informative and consistent across the databases. 
A major strength of this study is its size and interna-
tional comparability, reporting standardized data com-
parisons on COVID-19 patients with asthma from the 
US, South Korea and several European countries.

The prevalence of asthma among patients with 
COVID-19 is variable, which may have related to 
differences in policy intervention at the beginning of 
the pandemic. People with asthma and comorbidity 
are similarly at high risk of COVID-19 hospitalization 
and should therefore be prioritized for policy inter-
ventions including vaccination programmes, particu-
larly as asthma patients are at higher risk of developing 
comorbidities compared to the general population. 
Further research is required to identify higher risk 
asthma patients with COVID-19.
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