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Asthma does not increase COVID-19 mortality
and poor outcomes: A systematic review and meta-analysis

Arto Yuwono Soeroto,"? Aga Purwiga,” Emmy H. Pranggono,"? Rully M.A Roesli’

Abstract

Background: The Center for Disease Control and Prevention (CDC) has mentioned Coronavirus Disease 2019
(COVID-19) patients with moderate or severe asthma as a high risk group for severe illness. While WHO mentioned
only chronic respiratory diseases, not specifically asthma as a risk factor for severe illness. There has been asthma prev-
alence discrepancy in studies of COVID-19 across the world.

Objective: This meta-analysis aims to investigate the association between asthma and composite poor outcome in pa-
tients with coronavirus disease (COVID-19).

Methods: We conducted a systematic literature search from PubMed and Embase database. We included all original
research articles with adult COVID-19 patients > 18 years old and had information related to asthma as a risk factor.
Studies with outcomes consisting of mortality, severe COVID-19, use of mechanical ventilation, ICU admission, and
hospital admission were included in this study. The outcomes of interest were divided into severe COVID-19, mortality
and other poor outcomes.

Results: Eleven studies were included in meta-analysis with a total of 6,046 patients. Asthma was not associated with
composite poor outcomes with OR = 0.92 (95%CI 0.71-1.19, p = 0.61, and I*= 8.49%). Furthermore, subgroup analysis
showed that asthma was not associated with severe COVID (p = 0.76), mortality (p = 0.45), and other poor outcomes
(p = 0.28).

Conclusion: Our study showed that asthma was not associated with severe COVID-19, mortality, and other poor out-
comes in patients with COVID-19.

Key words: Asthma, Corticosteroid, COVID-19, mortality, poor outcome

From:
! Division of Pulmonology and Critical Care Medicine,

Department of Internal Medicine, Faculty of Medicine,

Universitas Padjadjaran, Hasan Sadikin Hospital, Bandung, Indonesia
? Department of Internal Medicine, Faculty of Medicine,

Universitas Padjadjaran, Hasan Sadikin Hospital, Bandung, Indonesia

Corresponding author:

Arto Yuwono Soeroto

Division of Pulmonology and Critical Care Medicine,
Department of Internal Medicine, Faculty of Medicine,
Universitas Padjadjaran, Dr. Hasan Sadikin General Hospital,
Bandung 40161, Indonesia

E-mail: aysoeroto@yahoo.co.id

Introduction

Asthma is a routine part of general practice with more
than five millions in the US prescribed treatments.! The
Center for Disease Control and Prevention (CDC) has men-
tioned Coronavirus Disease 2019 (COVID-19) patients with
moderate or severe asthma as a high risk group for severe
illness.> While WHO mentioned only chronic respiratory
diseases, not specifically asthma as a risk factor for severe
illness.’> There has been asthma prevalence discrepancy in
studies of COVID-19 across the world. Morbidity and Mor-
tality Weekly Report (MWWR) by CDC stated that asthma

was present in 17% hospitalized COVID-19 patients in Unites
Stated (US).* Interestingly, a study conducted in China by
Zhang et al. reported that none of 140 COVID-19 patients
had asthma.”> SARS-CoV-2 may have different mechanism
than other respiratory viruses and contribute to this prev-
alence discrepancy. A study conducted by Van et al. shown
bronchial asthma was one of the most common comorbids
along with hypertension in Middle East Respiratory Syn-
drome (MERS) patients.® However, the exact relationship is
still unclear.
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Innate immune response to viral infection are character-
ized by production of type I (IFN-a or p) and type III In-
terferons (IFN-MA). Plasmacytoid dendritic cells (pDCs) are
the predominant source of IFN-a produced in the peripher-
al blood during stimulation by viral infection.” Airways epi-
thelial cells in asthmatic patients show impaired production
of IFN-a. Therefore, the biased immune responses unable to
prevent the spread of these virus to lower respiratory tract.®
Severe COVID-19 patients showed impaired IFN type 1 re-
sponse characterized by low IFN-a production.’ Viral infec-
tions can also amplify allergic reactions through biased type
1 T helper (Th,) and type 2 T helper (Th,) immune respons-
es. These findings suggest that asthmatic may be at high risk
of severe COVID-19.7%1%!" We aimed to perform a systemat-
ic review and meta-analysis to investigate the association be-
tween asthma and composite poor outcomes in patients with
COVID-19.

Material and Methods
Study selection and eligibility criteria

We included all original research articles with adult
COVID-19 patients > 18 years old and had information relat-
ed to asthma as a risk factor. Studies with outcomes consisting
of mortality, severe COVID-19, use of mechanical ventilation,
ICU admission, and hospital admission were included in this
study. The original research was not published in English lan-
guage, not available in full text, with pediatric subjects (< 18
years old), and case reports were excluded from this study. No
ethical approval will be needed because data from previous
published studies in which informed consent was obtained by
primary investigators will be retrieved and analysed.

Literature research

We conducted a systematic literature research from
PubMed and Embase database. We used keywords: (1)
“COVID-19”7 OR “SARS-CoV-2” AND “Asthma’, (2)
“COVID-19” OR “SARS-CoV-2” AND “Characteristics’, and
(3) “COVID-19” OR “SARS-CoV-2” AND “Corticosteroids”
We also performed hand searching and explored the queries
through the references cited in some articles in order to in-
clude all relevant published articles. We conducted literature
research from May 14" and finalized on July 28" 2020. Du-
plicate results were removed. The remaining studies were
screened for relevance by title and abstract. Further reading
and investigation according to inclusion and exclusion was
done to search potential relevance studies. The reporting of
this systematic review and meta-analysis was conducted in
accordance with the Preferred Reporting Items for Systematic
Reviews and Meta-Analyses (PRISMA).

Data extraction

Data extraction was performed using standardized forms
that include generic information (first author, year, place),
sample size, study design, age, gender, and history of asthma.
In addition, we also included information regarding asthma
severity, asthma status (controlled, partly controlled, and not

controlled), and use of inhaled corticosteroids if available.
Data extraction was performed independently by two authors
(AYS and P).

Statistical analysis

Stata version 16 was used for data collection and meta-
analysis. Effect sizes for asthma as dichotomous outcomes
(asthma and non-asthma) were calculated using restricted
maximum likelihood with random effect model regardless of
heterogeneity. Effect sizes were reported as odds ratio (OR)
with its 95% confidence interval. Statistical significance was
set at < 0.05 with a two-tailed hypothesis. Funnel plots drawn
to evaluate the publication bias was conducted when there are
at least 10 included studies. Further test for funnel plot asym-
metry using Harbord’s test were conducted when publication
bias indicated. P-value < 0.05 indicate no small study effect.

Results
Study Selection

Initial search yielded 445 records from an electronic da-
tabase and 15 records from hand-searching. Thirty-eight re-
cords were identified as duplicate. As much as 355 records
were excluded after screening the title or abstract. After eval-
uating and assessing 67 potential studies, 11 studies were in-
cluded. 56 studies were removed due to one of the following:
outcome of interest not available, not available in English lan-
guage. The selection process is shown in Figure 1.

Study characteristics

The basic characteristics of the study are shown in Table 1.
There were a total of 6,046 patients from 11 studies. Asthma
prevalence ranged from 0.9% to 15.8%. Overall, male patients
had a higher chance to get composite poor outcomes (57.7%).
Most study conducted outside China (90.9%) which consist of
Spain, Switzerland, US, Germany, Iran, and Mexico. However,
none of the studies had information related to level of asthma
severity, asthma control status, and use of inhaled corticoste-
roids.

Asthma and composite poor outcome

Meta-analysis conducted from 11 studies showed asthma
was not associated with composite poor outcomes with OR =
0.92 (95%CI 0.71-1.19, p = 0.61, and I* = 8.49%). Due to lim-
ited number of study, use of mechanical ventilation, ARDS,
hospital admission, ICU admission were grouped as other
poor outcomes. Furthermore, subgroup analysis showed that
asthma was not associated with severe COVID (p = 0.76),
mortality (p = 0.45), and other poor outcomes (p = 0.28). The
results of meta-analysis are summarized in Figure 2.

Publication Bias

Funnel plot graph in Figure 3 showed asymmetrical non-
inverted funnel that may indicate presence of publication bias.
Therefore, Harbord’s test was used to evaluate small study ef-
fect. Harbord’s test showed p = 0.55 that indicated there was
no evidence of small study effect.
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Figure 1.
Table 1. Characteristics of Included Studies.
. . Age 0, o,
Authors Study Design Setting Samples (e M) Male (%) Asthma (%) Measured Outcome
Observational 548 60 50.9 0.9
s 34 2 _
LA retrospective Caiine (269 vs. 279) (65 vs. 56) (569vs.452)  (L1vs.07)  Severe COVID-19
Observational 2226 61 48.2 52
. - . .
Borobia A,2020 prospective Spain (460 vs. 1766) (82 vs. 56) (622vs.446)  (37vs.55)  Mortality
Observational 200 70 60 4 Use of Mechanical
. % .
et b 2llE retrospective Sifitzerland (37 vs. 163) (66 vs. 71) (78.4 vs. 55.8) (2.7 vs. 4.3) Ventilation
Observational 850 63 60.1 10.3
. - .
Argenziano M, 20207\ pective us (236 vs. 614) (N/A) (669vs.575)  (123vs.9.6) |CUAdmission
Observational 1078 65 58.1 7.79
. - .
Lz ZEIbAPlY retrospective B (310 vs. 678) (75 vs. 57) (61.6 vs. 58.5) (7.4vs.7.9) iontaliy
Observational 50 65 66
39
Dreher M, 2020 retrospective Germany (24 vs. 26) (62 vs. 68) (62 vs. 69) 12(17vs.8)  ARDS
L Observational 113 53 62.8 6.2
Sisliwiiezel 1Y, 2020 retrospective fran (11 vs. 102) (N/A) (63.6 vs. 62.7) (9.9 vs. 5.8) R
L Observational 113 53 62.8 6.9 .
Shahriarirad R, 2020/ bective fran (11 vs. 102) (N/A) (636vs.627) (L1vs.57) Mertlity
Observational 463 57.5 44.1 15.8 . -
Sl G, 202 retrospective U (355 vs. 108) (61.4 vs. 44.8) (46.5vs.36.1)  (14.9 vs. 18.5) Il fibmisaton
. Observertional . 99 67 63 16
Gregoriano, 2020 retrospective Switzerland 55 0 64 (69 vs. 63.5) (80 vs. 53) (1avs.17)  Severe COVID-19
. . Observational . 140 43 60.8 2.9 . ..
Quitziprell prospective Rl (29 vs. 111) (49 vs. 39) (69 vs. 58.9) (1.4vs.4.1) Izl slaiaiton

Samples, age, male, and asthma were presented as total (positive outcomes vs. negative outcomes). US: United States; ICU: Intensive Care Unit; ARDS: Acute Re-
spiratory Distress Syndrome; N/A: Not available
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Study Outcome (+) Outcome (-) Odds Ratio Weight
Asthma Non-Asthma Asthma  Non-Asthma Random, REML, 95%Cl (%)
Severe COVID-19
Li X (2020) 3 2 266 277 e 156 (0.26, 9.42) 2.09
Shahriarirad R (2020) 1 10 96 = 1.60 (0.17, 14.66) 1.39
Gregoriano (2020) 5 1 30 53 0.80 (0.25, 2.53) 4.98
Heterogeneity: T2 = 0.00, I> = 0.00%, H> = 1.00 _.1; 1.05 (0.43, 2.56)
Test for overall effect: Z = 0.053 (P = 0.76)
Mortality
Borobia A (2020) 17 98 443 1,668 —-'- 0.65 (0.39, 1.10) 20.20
Paranjpe | (2020) 23 61 287 707 —*— 093 (0.56, 1.53) 21.95
Shahriarirad R (2020) 1 6 8 98 = 2.04 (0.22, 19.11) 136
Heterogeneity: T2 = 0.00, I> = 0.00%, H> = 1.00 ‘ 0.81 (0.56, 1.15)
Test for overall effect: Z =-0.216 (P = 0.45)
Other Poor Outcome
Regina J (2020) 1 7 36 156 = 0.62 (0.07, 5.19) 1.50
Dreher M (2020) 4 20 24 —_— 240 (0.40, 14.49) 2.09
Suleyman G (2020) 53 20 302 88 0.77 (044, 1.36) 17.85
Argenziano (2020) 29 59 207 555 132 (0.82, 2.11) 2391
Ortiz-Brizuela (2020) 2 7 138 162 034 (0.07, 1.64) 267
Heterogeneity: T? = 0.06, I> = 23.52%, H>=1.31 0.98 (0.62, 1.55)
Test for overall effect: Z=0.617 (P = 0.28)
Overall
Heterogeneity: T = 0.02, I> = 8.49%, H? = 1.09 0 092 (0.71, 1.19)
Test for overall effect: Z=-0.08 (P=0.61)
Test of group differences: Q,(2) =0.59, p = 0.74
Vs 2 2 4
Random-effects REML model
Figure 2.
Funnel Plot Discussion
This study showed asthma prevalence among COVID-19
cases ranged from 0.9% to 15.8%. Some studies in China
. found that asthma prevalence was much lower compared
g to global estimates of prevalence in the general population.
T Zhang et al. reported none of 140 COVID-19 patients had
§ asthma.’*”® Older age, diabetes, cardiovascular disease, and
2 tobacco smoking have been identified as risk factor for se-
vere COVID-19."*"> Figure 2 showed that none of the studies
have proven asthma to be a risk factor for mortality, severe
15 COVID-19, and other poor outcomes.
2 1 0 : Previous study showed allergy may increase the expres-
Log odds-ratio sion level of rhinovirus and influenza receptor, thus increas-
__ Pseudo 95%Cl ® Studies es the ¥isk of infection. SARS-COYQ malzlnhave different
— Estimated 8, mechanls.m th:an other .resp1ratory viruses.'*"” SARS-CoV-2
uses angiotensin-converting enzyme-2 (ACE2), a transmem-
Figure 3. brane protein expressed in the lungs and other tissues, as the

main entry point into cells and the serine protease TMPRSS2
for priming spike virus (S) proteins. Significant reduction
in ACE2 expression related to respiratory allergies and con-
trolled allergen exposure are suggested as potential mecha-
nism of decreasing the severity of COVID-19 in patients with
respiratory allergies.'™'” Skewed Th, may also be protective
through down-regulation of hyper-inflammation associated
with severe disease.’
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Halpin et al. speculate that the therapy used by patients
with chronic respiratory diseases such as inhaled corticoste-
roids, might at least partially prevent the development of se-
vere SARS-CoV-2 infections. Inhaled corticosteroid admin-
istration is associated with lower ACE2 or TMPRSS2 gene
expression in sputum from asthma patients.” On the other
hand, inhaled corticosteroids in asthmatic patients are asso-
ciated with an increased risk of upper respiratory tract in-
fection through innate immune responses impairment and
viral clearance delays.”?* Interferon responses to viral infec-
tions decrease in asthma patients. Thus, further inhibition
by corticosteroids may lead to serious deterioration.”® Some
patients may develop severe COVID-19 characterized by a
marked increase of pro-inflammatory cytokines known as
cytokine storm.”' Nevertheless, the role of both systemic and
inhaled corticosteroids in this condition is still not fully un-
derstood.?*

ACE-2 expression in epithelial cells increases in COPD pa-
tients and also in smokers.”” Thus, COPD and current smok-
ers are more susceptible to COVID-19.% Since SARS-CoV-2
uses ACE-2 receptor for cell entry, we speculate that asthmatic
patients and the use of inhaled corticosteroids may probably
predispose to other viral infection but not SARS-CoV-2. This
is logical, considering both asthma and COPD are chronic
airway diseases but with different results in poor outcomes.
That is, the attachment of SARS-CoV-2 to ACE-2 receptor is
crucial for pathogenesis despite the immune response to viral
infection decreases in asthmatic patients and inhaled cortico-
steroids use.

Special attention must be given to people with asthma.
The Global Initiative for Asthma (GINA) does not recom-
mend stopping oral corticosteroids in patients taking regu-
larly for asthma treatments. Oral steroids can still be given to
patients with moderate to severe exacerbations.”*® Avoiding
oral steroids during severe exacerbations may lead to serious
complications.”” However, oral corticosteroids are not recom-
mended in patients with COVID-19 lung disease. This is due
to the possibility of increased viral replication.?®* Inhaled cor-
ticosteroid should be continued as needed or indicated. Stop-
ping inhaled corticosteroids may lead to potentially dangerous
worsening of asthma.” Antihistamines and bronchodilators
can be continued as indicated. Antibiotics are not routinely
recommended in asthma exacerbations.! Nebulizer should be
avoided because of the risk of transmitting the virus to oth-
er patients and healthcare workers through aerosolization of
the coronavirus. Pressurized metered-dose inhaler with spacer
is preferred during asthma exacerbations.’>*> All methods for
optimizing asthma control, whether inhaled steroids, inhaled
steroid combinations plus long-acting bronchodilator therapy,
or monoclonal antibody therapy, have shown to substantially
reduce the risk of exacerbation which is mostly induced by vi-
rus, all standard asthma therapies must continue to be used to
optimize asthma control, with the certainty that this will re-
duce the risk of adverse outcomes with COVID-19.21

It is important to note that early data in the US suggest-
ed a higher rate of asthma in patients hospitalized for severe
COVID-19 illness, but did not specify whether asthma was
allergic or not, an important differentiation that relates to our
findings, nor the potential presence of other co-morbidities,

such as obesity, that have been identified as risk factors for
COVID-19 illness. Asthma is a chronic airway inflammation
characterized by type 2 cytokines IL-4, IL-5, and IL-13. How-
ever, only half of patients have this feature. The remaining are
type 2 low which has different immune features.*® Given the
known heterogeneity in asthma, it is not surprising that re-
ports on COVID-19 outcomes in relation to the disease have
reported conflicting results.

Conclusion

This meta-analysis showed that asthma was not associated
with severe COVID-19, mortality, and other poor outcomes
(use of mechanical ventilation, ARDS, hospital admission,
ICU admission). We encourage researchers to do further stud-
ies to investigate the role of asthma severity, symptom control
status, and inhaled corticosteroid use in the association be-
tween asthma and COVID-19. However, regardless of asthma
as a risk factor or not, optimal asthma treatment should be
achieved at this pandemic.

Limitations

Some limitations should be noted. The funnel plot showed
asymmetrical non-inverted funnel that may indicate presence
of publication bias. The included studies diagnosed asth-
ma only based on past history without knowing the severity,
symptom control status, and medication use. Thus, it may not
represent the intended phenomena of interest. In addition, in-
haled corticosteroids may serve as confounding factor since it
decreases ACE-2 receptor.
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