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Shuang Liu, MD?"*, Yang Cao, MD®*"*, Tian Du, MD®, and Yuxiang Zhi, MD?® Beijing and Guangzhou, China

What is already known about this topic? Asthma was proposed to potentially confer increased risk for coronavirus
disease 2019 (COVID-19) due to deficiency in antiviral response and tendency of virus-induced exacerbation. However,
data from several countries showed a low prevalence of asthma among patients with COVID-19, and attributed this to a
potential Ty2-mediated protection. The impact of asthma on COVID-19 remains largely unknown.

What does this article add to our knowledge? There is great variability in asthma prevalence among patients with
COVID-19 in different countries and regions. Asthma is not associated with higher COVID-19 severity or worse prognosis,
and patients with asthma are found to have a lower risk of death compared with patients without asthma.

How does this study impact current management guidelines? Asthma was not found to be associated with more
severe COVID-19 phenotypes. Patients with asthma should continue their treatment regiments based on the current
guidelines. Treatment according to COVID-19 severity would be reasonable for patients with preexisting asthma.

BACKGROUND: The impact of asthma on coronavirus disease
2019 (COVID-19) remains largely unknown.

OBJECTIVE: To investigate the asthma prevalence among
patients with COVID-19 and compare outcomes between pa-
tients with and without asthma.

METHODS: In this systematic review and meta-analysis, we
searched PubMed, Embase, Web of Science, bioRxiv, and
medRxiv for studies reporting asthma prevalence in general pa-
tients with COVID-19 or comparing outcomes between patients
with and without asthma, and excluded duplicate publications,
reviews, editorials, comments, single case reports, or small case
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series (<10 cases). We determined the pooled estimates of effect
using random-effect model.

RESULTS: On the basis of 131 studies (410,382 patients), we
found great variability in the prevalence of comorbid asthma
among patients with COVID-19 in different countries or regions
ranging from 1.1% to 16.9%. No significant difference in asthma
prevalence was found between hospitalized and nonhospitalized
(risk ratio [RR], 1.15; 95% CI, 0.92-1.43), severe and nonsevere
(RR, 1.21; 95% CI, 0.92-1.57), intensive care unit and
non—intensive care unit (RR, 1.19; 95% CI, 0.92-1.54), dead
and survived (RR, 0.90; 95% CI, 0.73-1.11), intubated/me-
chanically ventilated and nonintubated/mechanically ventilated
(RR, 0.91; 95% CI, 0.71-1.17) patients with COVID-19. Pa-
tients with asthma have a lower risk of death compared with
patients without asthma (RR, 0.65; 95% CI, 0.43-0.98). Asthma
is not associated with a higher risk of intubation or mechanical
ventilation (RR, 1.03; 95% CI, 0.72-1.46).

CONCLUSIONS: There is great variability in asthma prevalence
among patients with COVID-19 in different countries or re-
gions. Asthma is not associated with higher COVID-19 severity
or worse prognosis, and patients with asthma are found to have a
lower risk of death compared with patients without

asthma. © 2020 American Academy of Allergy, Asthma &
Immunology (J Allergy Clin Immunol Pract 2021;9:693-701)

Key words: COVID-19; Asthma; Prevalence; Severity; Prognosis

INTRODUCTION

The pandemic of coronavirus disease 2019 (COVID-19),
caused by the severe acute respiratory syndrome coronavirus 2
(SARS-CoV-2), has rapidly spread worldwide since December
2019, posing a great challenge to global public health. As of
October 1, 2020, there have been more than 33,000,000
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Abbreviations used
COVID-19- Coronavirus disease 2019
ICU- Intensive care unit
RR- Risk ratio
SARS-CoV-2- Severe acute respiratory syndrome coronavirus 2

confirmed cases and more than 1,000,000 deaths reported to the
World Health Organization.'

Identifying fragile populations with higher susceptibility and
worse prognosis is important in the fight against COVID-19.
Currently, a series of risk factors have been identified to be
associated with COVID-19 severity and mortality, such as older
age, male sex, comorbidities, and metabolic abnormalities.”™
Patients with asthma have deficient antiviral immune responses
and a tendency of exacerbation elicited by common respiratory
viruses.”® Thus, asthma was proposed to potentially confer
increased risk for COVID-19 in the early stage of the
pandemic.””® This was supported by several studies from the
United States reporting that comorbidity rates of asthma in pa-
tents with COVID-19 were higher than those in the local
population.”'’ However, data from China'"'* and Italy'’
showed a low prevalence of asthma among patients with
COVID-19, and attributed this to a potential Ty2-mediated
protection from COVID-19 in patients with asthma.'' In
addition, it remains unclear whether patients with asthma are
subject to a more severe disease course and worse prognosis
compared with patients without asthma. Considering the large
population base of patients with asthma, it is urgent to clarify the
risk of SARS-CoV-2 infection and severity in asthma, which is a
focus of concern during this potentially protracted COVID-19
pandemic. A better understanding of the relationship between
COVID-19 and asthma may also provide new insights into the
pathophysiology and clinical aspects of COVID-19.

Therefore, we did a systematic review and meta-analysis of
studies to report the prevalence of comorbid asthma among
patients with COVID-19 and further performed subgroup ana-
lyses based on the geographical region and disease severity. We
also compared clinical outcomes between patients with and
without asthma.

METHODS
Search strategy and selection criteria

This systematic review and meta-analysis was performed
following the Preferred Reporting Items for Systematic Reviews and
Meta-Analyses guidelines. The protocol was registered in PROS-
PERO (CRD42020202253). We searched PubMed, Embase, Web
of Science, bioRxiv, and medRxiv databases on July 21, 2020
(updated on August 18, 2020), for articles published since January
1, 2020. Given the overwhelming number of articles on COVID-
19, the search was restricted to certain study types. The detailed
search strategy is presented in this article’s Online Repository at
www.jaci-inpractice.org. The records were managed with EndNote
(version X9.0) to exclude duplicates. The remaining were further
reviewed to determine whether to include in further analyses.

Studies were included if they met the following criteria: (1)
allowing for calculation of asthma prevalence among patients with
COVID-19 from the original data; or (2) reported severity and
mortality (hospitalized vs nonhospitalized, severe vs nonsevere,
intensive care unit [ICU] vs non-ICU, death vs nondeath,
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intubation/mechanical ventilation vs not requiring intubation/me-
chanical ventilation) of patients with COVID-19 with and without
asthma. The definition of COVID-19 severity may vary among
studies, and we selected the articles that explicitly reported the
number of patients with asthma among “severe” and “nonsevere”
patients with COVID-19. The following studies were excluded: (1)
duplicate publications; (2) studies in non-English languages; (3)
reviews, editorials, comments, guidelines, consensus, and small case
series (<10 cases)'?; and (4) studies focusing on special population
such as children and pregnant women. The institution and time
period of each study were recorded to avoid double counting. For
example, if one institution publishes multiple studies during over-
lapping time periods, or participates in both single-center and
multicenter studies, only the study with the largest number of pa-
tients was retained. Two reviewers (S.L. and Y.C.) independently
conducted the literature search and screening and resolved discrep-
ancy by consensus. The quality of included studies was rated by the
National Institutes of Health Quality Assessment Tool.

Data analysis

Two investigators (S.L. and Y.C.) independently extracted the
data from included studies and disagreements were resolved by
consensus. The following information (if available) was extracted
and recorded: (1) first author, (2) year of publication, (3) study title,
(4) study design, (5) country and city, (6) specific populations (eg,
children, adult, and women), (7) number of confirmed patients with
COVID-19, (7) number of patients complicated with asthma, (9)
number of patients with different clinical severity and mortality (as
described above), and (10) demographic characteristics: including
mean or median age and sex ratio.

The statistical analyses were performed with the package “meta”
on R (version 4.0.0)."> The “metaprop” command was used for
pooled estimate for the prevalence of asthma. The “metabin” com-
mand was used to calculated the risk ratio (RR) of comorbid asthma
in patients with COVID-19 with different severity or mortality, and
the RR of outcomes between patients with COVID-19 with and
without asthma. Considering the interstudy heterogeneity, a
random-effects model was adopted to estimate the pooled effect for a
more conservative estimate of the 95% CI. T was estimated using
the DerSimonian-Laird method. The Hartung-Knapp-Sidik-
Jonkman method was used to produce a more robust estimate of
var (0p).'® The P statistic and Cochran Q test were used to assess
statistical heterogeneity. Contour-enhanced funnel-plot and Egger
test were used to investigate the publication bias. The package
“rworldmap” was used to visualize the difference in asthma comor-

bidity rate.'”

RESULTS

On the first search, 13,230 potentially relevant articles were
identified. A total of 5346 records were recognized as duplicates,
and 6399 articles were excluded after review of titles or abstracts.
Among the 1485 articles undergoing full-text review, 99 articles
were included in further meta-analysis after excluding articles not
reporting relevant data or potentially repeated data, review arti-
cles, editorials or comments, case report or small-scale case series
(<10 patients), and non-English or inaccessible articles. On the
second search, the same protocol was followed and another 60
articles were identified. As shown in Figure 1, a total of 159
articles were included in later analyses for various purposes,
including 105 observational cohort or cross-sectional studies, 42
case series, 9 case-control studies, and 3 controlled intervention
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First search performed on July 21, 2020
Publication date: 2020/1/1-2020/7/21
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Second search performed on August 18, 2020
Publication date: 2020/7/21-2020/8/18

13,230 potentially relevant articles were identified by searching databases
5,377 from PubMed
5,254 from Embase
2,041 from Web of Science
558 from medRxiv and bioRxiv

8,740 potentially relevant articles were identified by searching databases
2,040 from PubMed
3,995 from Embase
2,532 from Web of Science
173 from medRxiv and bioRxiv

11,745 excluded
5,346 duplicates
6,399 on title or
abstract review

1,485 articles full-text review

1,366 excluded after full-text
review
1,092 not reporting
relevant data
95 reporting potentially
repeated data
20 focusing on special
population
55 comment or review
27 case report or case
series <10 patients
6 no available data
91 not in English

99 articles included in meta-analysis

7,649 excluded
2,324 duplicates
5,325 on title or
abstract review

1,091 articles full-text review

1,023 excluded after full-text
review
863 not reporting
relevant data
94 reporting potentially
repeated data
8 focusing on special
population
6 comment or review
13 case report or case
series <10 patients
8 no available data
39 not in English

¥
60 articles included in meta-analysis

159 articles included in meta-analysis

131 for asthma prevalence in adults or general population
64 for asthma prevalence in different types of COVID-19 patients
6 for asthma/nonasthma and COVID-19 outcomes

FIGURE 1. Study selection. PubMed, Embase, Web of Science, bioRxiv, and medRxiv databases were searched on July 21, 2020, for
articles published since January 1, 2020. Another search was performed on August 18, 2020, to include eligible articles that were

published between the 2 searches.

studies. The quality of included studies was rated as good (n =
108) or fair (n = 51) according to the National Institutes of
Health Quality Assessment Tool (see Table E1 in this article’s
Online Repository at www.jaci-inpractice.org). The data sets
used in each analysis are listed in Table E2 in this article’s Online
Repository at www.jaci-inpractice.org.

Among the 159 included studies, 131 studies from 39
countries (410,382 patients) reported asthma prevalence in adult
or all-age-group patients with COVID-19. The regional asthma
comorbidity rates were estimated as follows: East Asia and the
Pacific, 2.2% (95% CI, 1.2-3.8%; I* = 98.0%; n = 25,534);
Europe, 6.4% (95% CI, 3.8-9.6%; I’ = 99.2%; n = 58,620);
Latin America and the Caribbean, 3.5% (95% CI, 1.6-6.0%;
P =97.2%; n = 219,879); Middle East and North Africa, 4.9%
(95% CI, 4.0%-6.0%; I* = 53.2%; n = 8503); North America,
10.2% (95% CI, 8.8%-11.6%; I* = 97.5%; n = 97,312) (see
Figure E1 in this article’s Online Repository at www.jaci-
inpractice.org). The prevalence of comorbid asthma in patients
with COVID-19 in each country or region ranged from 1.1% to
16.9%, varying by as much as 15-fold. Table I presents the
pooled asthma comorbidity rate in patients with COVID-19 by

country or region. The difference in asthma comorbidity rate is
visualized as a colored world map in Figure 2.

To explore whether asthma affects the disease course of
COVID-19, we first analyzed the difference in asthma comor-
bidity rates between patients with different severity and mortal-
ity. No significant difference in asthma prevalence was found
between hospitalized and nonhospitalized patients with COVID-
19 (RR, 1.15; 95% CI, 0.92-1.43; * = 94.0%; P = .19
Figure 3, A), severe and nonsevere patients (RR, 1.21; 95% CI,
0.92-1.57; I = 0.0%; P = .16; Figure 3, B), ICU and non-ICU
patients (RR, 1.19; 95% CI, 0.92-1.54; P = .17; I* = 48.6%;
Figure 3, C), patients who did and did not die (RR, 0.90; 95%
CI, 0.73-1.11; P = 0.31; I* = 64.5%; Figure 3, D), and patients
requiring and not requiring intubation/mechanical ventilation
(RR, 0.91; 95% CI, 0.71-1.17; P = .42; I* = 46.9%; Figure 3,
E). These findings suggest that asthma was not more prevalent
among patients with COVID-19 with more severe disease
courses. No significant publication bias was detected by contour-
enhanced funnel-plot and Egger test.

In addition, a comparison of clinical outcomes between pa-
tients with and without asthma could provide better information
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TABLE I. The prevalence of asthma in patients with COVID-19 in different countries or regions

Asthma prevalence in patients with COVID-19

Country/region No. of studies No. of patients Calculated prevalence

Asthma prevalence in patients with COVID-19

Country/region No. of studies No. of patients Calculated prevalence

Egypt 2 242 1.9%
China mainland 18 7,948 1.5%
Taiwan 1 100 3%

Japan 4 126 5.7%
South Korea 1 9,148 16.9%
Austria 1 259 3.5%
Belgium 1 28 7.1%
Denmark 1 175 11.4%
Finland 1 28 14.3%
France 5 4918 6.6%
Germany 3 88 10.7%
Greece 1 90 3.3%
Ireland 2 239 10.9%
Italy 2 6,314 1.1%
Norway 1 66 10.6%
Poland 1 28 7.1%
Portugal 1 20,293 1.4%
Spain 7 8,204 4.9%
Sweden 1 27 11.1%
Switzerland 3 328 6.5%

United Kingdom 1 17,535 14.5%
Argentina 1 78 1.3%
Brazil 1 8,637 5.7%
Chile 1 29 3.4%
Cuba 1 19 5.3%
Mexico 1 211,003 2.8%

Iran 6 429 4.7%

Iraq 1 15 13.3%

Israel 1 4,151 4.7%
Kuwait 1 1,096 3.9%
Saudi Arabia 1 1,519 3.6%
United Arab Emirates 1 34 8.8%
Turkey 2 1,017 6.2%
Canada 1 117 12.0%
United States 48 97,195 10.2%
Bangladesh 1 103 5.8%
India 1 280 4.3%
Pakistan 1 30 5.3%
Philippines 1 8,212 3.2%

For each country/region with 2 or more studies reporting the prevalence of asthma in patients with COVID-19, a meta-analysis was performed to estimate the pooled prevalence.
For countries or regions with only 1 available study reporting asthma prevalence in patients with COVID-19, asthma prevalence was calculated as (total patients with COVID-19

with asthma)/(total patients with COVID-19).

on the relationship between comorbid asthma and COVID-19
mortality. By combining 6 studies reporting the outcome of
death among patients with COVID-19 with and without
asthma, we found that the death risk was even lower in patients
with COVID-19 with asthma (RR, 0.65; 95% CI, 0.43-0.98;
P=.04; P = 0.0%; Figure 4, A) than in patients with COVID-
19 without asthma. We also found that patients with asthma
were not associated with a significantly higher risk of intubation
or mechanical ventilation (RR, 1.03; 95% CI, 0.72-1.46; P =
83; P = 0.0%; Figure 4, B) based on 4 studies reporting rele-
vant outcomes. No significant publication bias was detected by
contour-enhanced funnel-plot and Egger test. Table II lists the
reported COVID-19 outcomes in patients with and without
asthma. No significant difference in asthma prevalence was re-
ported in terms of length of hospitalization, ICU admission, and
severity rate.

DISCUSSION

Currently, meta-analysis focusing on the relationship between
COVID-19 and asthma is lacking. To our knowledge, this meta-
analysis is the first to produce a pooled estimate of asthma co-
morbidity rate and related outcomes based on a large COVID-19
population (more than 400,000 patients). To identify the most
comprehensive original studies, we performed systematic litera-
ture search in both databases and preprint websites, and updated
the search during the analysis. Our results revealed great vari-
ability in the prevalence of comorbid asthma among patients
with COVID-19 in different countries or regions. We also found
that the prevalence of asthma was not higher in patients with
COVID-19 who need more intensive treatment (hospitalization,

ICU admission, intubation or mechanical ventilation), with
higher clinical severity, or have worse outcome (death). When
compared with those without asthma, a lower risk of death was
found in patients with COVID-19 with asthma. No significant
difference was reported in terms of other clinical outcomes be-
tween these 2 groups of patients. Altogether, our results suggest
that asthma is not associated with more severe COVID-19
phenotypes.

From the perspective of pathophysiology, it is reasonable to
anticipate asthma as a risk factor for higher susceptibility to
COVID-19. First, patients with asthma are known to have
deficient antiviral immune response, which may predispose them
to elevated susceptibility to viral infection.® Interferon responses,
which play a central role in antiviral immune response, are
deficient in patients with asthma due to impaired production”*
*" and damping effect of IgE cross-linking.”” Second, patients
with asthma have a tendency for exacerbation elicited by com-
mon respiratory viruses, and are associated with severe adverse
outcomes.”® Based on these theoretical associations, current
Centers for Disease Control guidelines warned that patients with
moderate to severe asthma may be at increased risk for more
severe disease course with COVID-19.”" However, this theo-
retical association was not validated by real-world observations.
The results based on currently available data showed high vari-
able asthma comorbidity rates, and most of the original studies
failed to distinguish physician-diagnosed from self-reported
asthma, making it hard to determine whether asthma plays a
predisposing or protective role in COVID-19 susceptibility.

Despite the concern that patients with asthma might suffer
more severe COVID-19, the current analyses did not indicate
that asthma aggravates the COVID-19 course. We first reported



J ALLERGY CLIN IMMUNOL PRACT
VOLUME 9, NUMBER 2

b'ig

LIU ETAL 697

-
?

FIGURE 2. World map of asthma comorbidity rates in patients with COVID-19. The difference in asthma comorbidity rate is visualized as
a colored world map, in which a darkening color represents higher prevalence. The asthma comorbidity rate was calculated as follows: for
countries with 2 or more studies reporting the prevalence of asthma in patients with COVID-19, a meta-analysis was performed to
estimate the pooled prevalence; for countries with only 1 study on asthma prevalence in patients with COVID-19, asthma prevalence was
calculated as (total patients with COVID-19 with asthma)/(total patients with COVID-19).

that asthma was not more prevalent among patients with
COVID-19 with more severe disease courses. Then, by
comparing the clinical outcomes between patients with and
without asthma, we further found that asthma did not increase
the risk of intubation or mechanical ventilation, and might even
be associated with lowered death risk. The above findings are
consistent in suggesting that asthma is not associated with
elevated death risk of COVID-19, which is against the previous
public concern. The theoretical mechanisms may include the role
of type 2 immune response and other physiological changes
associated with the asthmatic state, asthma medications, and
behavioral aspects. As stated in our previous review article,”’
certain aspects of type 2 immune response have the potential
to provide protection against COVID-19 to some extent. Some
type 2 cytokines (IL-4, IL-5, IL-13, etc) have inhibitory effects
on the production of proinflammatory cytokines (IL-6, TNF-a,
etc), the overactivation of which is proposed to be a potential
pathological mechanism for COVID-19 progression. Recruit-
ment and activation of effector cells, including mast cells, eo-
sinophils, and basophils, may also modulate the immune
response against SARS-CoV-2. Local eosinophilia, which is
characteristic of asthma, may also act on viral clearance by
releasing ribonucleases, although the association between eosin-
ophil and COVID-19 course is inconclusive.”’ In addition,
mucus overproduced during the type 2 immune response may
serve as a physical barrier against viral invasion.”” Respiratory
allergy and controlled allergen exposures are associated with
reduced expression of angiotensin-converting enzyme 2, which is

the entry receptor for SARS-CoV-2 associated with in vitro
susceptibility.”” Another consideration is the role of asthma
medication, including inhaled corticosteroids, allergen immu-
notherapy, and biological agents (anti-IgE mAb, and—IL-5
mAb), which might also be beneficial through alleviating
inflammation or enhancing antiviral defense. In addition, warned
of the increased risk since the beginning of the pandemic, pa-
tients with asthma may better observe recommendations such as
social distancing, personal protection, and hygiene rules, which
are also supposed to have potential protective effects. However,
the question whether asthma is associated with lowered death
risk of COVID-19 should be answered with great caution in case
of giving misleading information. Our results provided potential
clues; however, considering the relatively small number of
available studies (n = 6), further evidence is still needed to
confirm the observed association.

There is also evidence that patients with severe asthma did not
tend to develop into more severe types of COVID-19. In a large
cohort study based on the Severe Asthma Network in Italy, an
infrequent rate of confirmed or highly-suspected COVID-19 (26
of 1504 [1.73%]) is reported, which coincides with the under-
reported asthma cases among patients with COVID-19.7" In the
abovementioned cohort, the COVID-19—related mortality rate
was 7.7%, which was lower than that of the general population
in Italy, indicating that severe asthma does not increase the risk
of SARS-CoV-2 infection and disease severity. In another follow-
up study in Spain, 3 of 80 (3.8%) patients with severe asthma
had confirmed COVID-197® but no patient developed cytokine
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FIGURE 3. Forest plots of the prevalence of comorbid asthma in patients with COVID-19 with different severity. (A) Forest plot of the
prevalence of comorbid asthma in hospitalized and nonhospitalized patients with COVID-19. (B) Forest plot of the prevalence of comorbid
asthma in severe and nonsevere patients with COVID-19. (C) Forest plot of the prevalence of comorbid asthma in patients with COVID-19
requiring and not requiring ICU admission. (D) Forest plot of the prevalence of comorbid asthma in dead and survived patients with
COVID-19. (E) Forest plot of the prevalence of comorbid asthma in patients with COVID-19 requiring and not requiring intubation/me-

chanical ventilation.

storm or acute respiratory distress syndrome.”” In addition, no
increase in exacerbation of severe asthma due to COVID-19 was
observed during the study period.’

Efforts have been made to explore the potential influence of
comorbid asthma on the COVID-19 course. Wang et al’® per-
formed a meta-analysis based on 4 studies from 744 patients with
asthma and 8151 patients without asthma and found that
presence of asthma had no significant effect on mortality (odds
ratio, 0.96; 95% CI, 0.70-1.30; = 0%; P = .79). No strong
conclusions regarding asthma and other clinical outcomes could
be made due to limited data. Wang et al’” performed a meta-
analysis based on 14 publications representing data from
17,694 participants and found that severe COVID-19 was not
associated with an increased risk of asthma compared with
nonsevere COVID-19 while asthma was not associated with
increased risk of mortality in patients with COVID-19. In
another study exploring population risk factors for COVID-19
case mortality rate, Hashim et al’® reported that the COVID-
19 case mortality rates were higher in countries where the

population had risk factors such as Alzheimer disease, lung
cancer, asthma, and chronic obstructive pulmonary disease, but
case mortality rate was found to be only weakly correlated with
asthma (r = 0.28).

The above articles have provided valuable information on the
relationship between asthma and COVID-19. However, our
article also provides additional information regarding this issue.
First, to explore the association between asthma comorbidity and
COVID-19 severity, we performed several subgroup analyses
rather than only compare whether severe COVID-19 was asso-
ciated with increased risk of asthma. Our results revealed that the
risk of asthma was not increased in patients requiring hospitali-
zation compared with those not requiring hospitalization, as well
as in patients needing ICU admission versus no ICU admission,
in patients having severe diseases versus nonsevere diseases, in
patients with outcomes of death versus survive, and in patients
requiring intubation/mechanical ventilation versus not requiring
these measures. Therefore, our study provided more detailed
evidence to support the previous conclusion. Second, by
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FIGURE 4. COVID-19 outcomes in patients with and without asthma. (A) Forest plot of death risk in patients with COVID-19 with and
without asthma. (B) Forest plot of intubation or mechanical ventilation need in patients with COVID-19 with and without asthma. V1V,

Mechanical ventilation.

incorporating more available studies, we found that patients with
asthma had lower death risk than patients without asthma, which
was never proposed by previous studies. Third, our analyses are
based on a larger population. For analysis on the association of
COVID-19 severity and asthma risk, we used data from 64 ar-
ticles of 308,775 participants. For analysis on the asthma co-
morbidity and COVID-19 clinical outcomes, we used data from
6 articles representing 694 patients with asthma and 4306 pa-
tients without asthma. Therefore, although new articles are
emerging in this quickly-moving field, our study could still
provide new perspectives for readers.

This study has several potential limitations. First, because
available COVID-19 patients’ data do not represent the pro-
portion of population in each country, a pooled asthma preva-
lence based on meta-analysis is not directly comparable to the
global asthma prevalence. In this sense, it is almost impossible to
know the exact asthma comorbidity rate among patients with
COVID-19, and to know the difference between asthma prev-
alence among patients with COVID-19 and the general popu-
lation. Therefore, we only calculated country-specific and
regional prevalence of comorbid asthma. Second, strict exclusion
criteria were adopted to avoid double counting, resulting in
exclusion of many studies from the final analysis. However, the
asthma comorbidity rate might be overestimated, because we
included only those studies that explicitly report asthma preva-
lence and possibly missed some studies that failed to list asthma

as a comorbidity. Third, most of the original studies failed to
provide detailed information on asthma, including clinical phe-
notypes, severity, medication regimen, and controlling states,
making it hard to draw further conclusion on the influence of
asthma on COVID-19 course and prognosis. This hinders
further exploration into the pathophysiological interactions be-
tween asthma and COVID-19. Fourth, we excluded non-English
articles during the full-text review stage of study selection, which
might introduce a potential bias to conclusion. However, because
these non-English articles account for only a relatively small part
of candidate articles, and it has been found that exclusion of non-
English publications from systematic reviews on clinical in-
terventions confer a minimal effect on overall conclusions,”” the
current analyses in this article still provide comprehensive and
credible information.

There are still many unanswered questions on asthma man-
agement during the pandemic. Do patients with asthma need
higher levels of personal protection? Would patients with well-
controlled asthma be protected from SARS-CoV-2 infection
and severe disease course? Would asthma treatment provide
benefit to combat SARS-CoV-2? More detailed original studies
are needed to provide reliable evidence. Currently, considering
the ambiguous role of comorbid asthma in COVID-19 suscep-
tibility, and that uncontrolled asthma is a risk factor for greater
virus-induced exacerbation severity, we still recommend
continuing asthma control and ensure personal protection in
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TABLE Il. COVID-19 outcomes in patients with and without asthma
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Outcome Study City Asthma group Nonasthma group P value*
Hospitalization Mahdavinia et al'® Chicago, USA 73 of 241 224 of 694 .65
Chhiba et al'’ Chicago, USA 115 of 220 738 of 1306 242
Length of hospital stay (d) Lovinsky-Desir et al’”  New York City, USA Median: 6, IQR: 9 Median: 5, IQR: 9 25
Mahdavinia et al'® Chicago, USA Mean: 8.36, SD: 6.02  Mean: 7.81, SD: 5.19 25
Barroso et al’! Madrid, Spain Mean: 9.72, SD: 8.14  Mean: 10.9, SD: 9.67 NS
Acute respiratory distress syndrome Mahdavinia et al'® Chicago, USA 22 of 241 65 of 694 92
Song et al*? Wuhan, China 1 of 22 128 of 918 .35
Severe cases Song et al’> Wuhan, China 1 of 22 229 of 918 .02
ICU admission Beurnier et al*’ Paris, France 11 of 37 33 of 75 21
Barroso et al’' Madrid, Spain 2 of 11 30 of 178 >.99
Mechanical ventilation/ intubation Lovinsky-Desir et al’”  New York City, USA 34 of 163 231 of 1135 92
Mahdavinia et al'® Chicago, USA 23 of 241 56 of 694 35
Beurnier et al*’ Paris, France 6 of 37 15 of 75 .82
Song et al*? Wuhan, China 1 of 22 141 of 918 .23
Death Lovinsky-Desir et al’’  New York City, USA 9 of 163 101 of 1135 18
Mahdavinia et al'® Chicago, USA 2 of 241 16 of 694 22
Beurnier et al** Paris, France 3 of 37 11 of 75 .38
Song et al”? Wuhan, China 1 of 22 148 of 918 23
Chhiba et al'’ Chicago, USA 8 of 220 64 of 1306 413
Barroso et al’' Madrid, Spain 2 0f 11 22 of 178 .63

IQR, Interquartile range; NS, not significant.

*P values provided in the article are shown in regular type, while P values calculated with Fisher exact tests or XZ tests are shown in italic type.

clinical practice. Because no association was found between co-
morbid asthma and more severe COVID-19 phenotypes, treat-
ment according to COVID-19 severity might be reasonable for
these patients with preexisting asthma.

CONCLUSIONS

Our results do not suggest that asthma is associated with more
severe COVID-19 phenotypes. On the basis of data of more
400,000 patients with COVID-19 worldwide, we found great
variability in the prevalence of comorbid asthma among patients
with COVID-19 in different countries or regions. Asthma was
not overrepresented in patients with COVID-19 who need more
intensive treatment, with higher clinical severity, or have worse
outcome. In addition, patients with asthma showed a tendency
of lower death risk compared with patients without asthma, and
no increase in need for intubation/mechanical ventilation.
Therefore, we recommended continuing asthma control based
on the current guidelines and giving treatment according to
COVID-19 severity for patients with preexisting asthma.
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