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ABSTRACT
Objective:  As COVID-19 spreads across the world, there are concerns that people with 
asthma are at a higher risk of acquiring the disease, or of poorer outcomes. This systematic 
review aimed to summarize evidence on the risk of infection, severe illness and death from 
COVID-19 in people with asthma.
Data sources and study selection: A comprehensive search of electronic databases including 
preprint repositories and WHO COVID-19 database was conducted (until 26 May 2020). 
Studies reporting COVID-19 in people with asthma were included. For binary outcomes, we 
performed Sidik-Jonkman random effects meta-analysis. We explored quantitative heterogeneity 
by subgroup analyses, meta regression and evaluating the I2 statistic.
Results:  Fifty-seven studies with an overall sample size of 587 280 were included. The 
prevalence of asthma among those infected with COVID-19 was 7.46% (95% CI = 6.25–8.67). 
Non-severe asthma was more common than severe asthma (9.61% vs. 4.13%). Pooled analysis 
showed a 14% risk ratio reduction in acquiring COVID-19 (95% CI = 0.80–0.94; p < 0.0001) 
and 13% reduction in hospitalization with COVID-19 (95% CI = 0.77–0.99, p = 0.03) for people 
with asthma compared with those without. There was no significant difference in the 
combined risk of requiring admission to ICU and/or receiving mechanical ventilation for 
people with asthma (RR = 0.87 95% CI = 0.94–1.37; p = 0.19) and risk of death from COVID-19 
(RR = 0.87; 95% CI = 0.68–1.10; p = 0.25).
Conclusion: The findings from this study suggest that the prevalence of people with asthma 
among COVID-19 patients is similar to the global prevalence of asthma. The overall findings 
suggest that people with asthma have a lower risk than those without asthma for acquiring 
COVID-19 and have similar clinical outcomes.

Abbreviations: ACE-2: angiotensin-converting-enzyme-2; CDC: United States Center for 
Disease Control and Prevention; COPD: chronic obstructive pulmonary disease; COVID-19: 
coronavirus disease 2019; ICU: intensive care unit; ICS: inhaled corticosteroids; MERS: Middle 
East Respiratory Syndrome; RRR: relative risk reduction; SARS-CoV-1: severe acute respiratory 
syndrome coronavirus 1; SARS-CoV-2: severe acute respiratory syndrome coronavirus 2

Introduction

As COVID-19 continues to spread across the world 
with devastating impact, there are concerns that people 
with asthma are at a higher risk of acquiring the dis-
ease, or of poorer outcomes. This is based on three 
main factors. Firstly, people with chronic respiratory 
conditions such as asthma were historically reported 

to be at higher risk compared to their counterparts 
during the Middle East Respiratory Syndrome (MERS), 
caused by a virus with close sequence homology to 
SARS-CoV-2 (1). Thus, it appeared likely that this is 
also the case with COVID-19. Secondly, viral respira-
tory infections such as coronaviruses are potent triggers 
of asthma exacerbations (2). Lastly, inhaled and oral 
corticosteroids, a mainstay treatment for persistent 
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asthma, and for acute exacerbations respectively, may 
increase susceptibility to COVID-19 infection and its 
severity (2). While these theories seem plausible, there 
is limited evidence to support them.

Current evidence shows that asthma is not in the 
top 10 comorbidities associated with COVID-19 fatali-
ties, with obesity, diabetes and chronic heart disease 
being most commonly reported (3). This is consistent 
with trends observed during the SARS-CoV-1 epidemic. 
Early reports from Wuhan in China suggest that asthma 
is underrepresented compared to the population prev-
alence (4). However, the United States Center for Disease 
Control (CDC) has reported that among younger 
patients hospitalized for COVID-19, obesity, asthma and 
diabetes were the most common comorbidities (3).

There have been recommendations from various 
government agencies (5,6) across the world advising 
people with asthma to be more cautious and self-isolate 
longer which affects their livelihood, mental health 
and quality of life. People with asthma were reported 
have a higher prevalence of anxiety and stress than 
non-asthma controls (7). A qualitative study in the 
United Kingdom among patients with respiratory dis-
ease including asthma reported that they were fearful 
of death if infected with COVID-19 and confused 
with the mixed messages on shielding they received 
(8). Additionally despite this advice, evidence for the 
longer duration of self-isolation for people with 
asthma is scant. The overall objective of this system-
atic review is to provide the best available evidence 
on the risk of infection, severe illness (requiring 
admission to ICU and/or mechanical ventilation) and 
death from COVID-19 in people with asthma.

Methods

Search strategy and selection criteria

The protocol of this systematic review was 
pre-registered and published in PROSPERO 
(CRD42020185673). All studies on COVID-19 until 
the 26th of May 2020 were screened for inclusion. 
The details of the full search strategy and study selec-
tion procedures are outlined in Supplementary 
appendix 1.

Data analysis

Two main sets of meta analyses were performed. To 
pool the proportions of people with asthma among 
those with COVID-19, we used the binomial distri-
bution to model the within-study variability and cal-
culated Wilson score test-based confidence intervals.

For all the binary outcomes, we performed 
Sidik-Jonkman random effects meta-analysis. We 
assessed the quantitative heterogeneity by conducting 
a formal test of homogeneity and evaluating the pro-
portion of variability due to heterogeneity (I2). We 
performed univariable random effects meta regressions 
including age and the proportion of current and for-
mer smokers as covariates, and conducted subgroup 
analyses by continent (America, Asia, Europe) and by 
the quality of the studies (low, medium, high).

We performed several sensitivity analyses. For hos-
pitalization, we calculated the number of 
non-hospitalized patients from the total number of 
COVID-19 patients in each group subtracted from 
those hospitalized. As such, we were able to pool a 
larger number of studies for this outcome. For death, 
we performed a best-case (all patients not dead were 
taken as “alive”) and a worst-case analysis (all patients 
reported as not having yet recovered were taken as 
“dead”). Lastly, we removed one outlier study (9) from 
the base-case sensitivity analysis. The assessment of 
small-study effects were done by regression-based 
Egger test and eyeball evaluation of the 
contour-enhanced funnel plots.

In the forest plots along with the pooled effect 
sizes and 95% confidence intervals, we also reported 
the prediction intervals (to show the range of true 
associations that can be expected in future studies) 
(10). All statistical analyses were performed using 
Stata 16 (StataCorp LLC, College Station, TX, USA).

Results

We identified 34 856 records, of which 34 845 were 
retrieved through database searching. The selection 
process is presented in a PRISMA flow diagram (Figure 
1). Overall, 57 studies (54 references (3,9,11–62)) were 
included in the report. Of the 57 studies included total-
ing 587 280 people who were tested for COVID-19, 
there were 41 cohort studies (25 conducted retrospec-
tively, 15 prospectively and 1 ambispective), 12 case 
series, 1 case control, 1 RCT, 1 quasi-experimental and 
1 diagnostic study. Sample sizes ranged from 8 (34) to 
119 528 (21) people. Most of the studies were 
hospital-based (45 studies) while 6 were studies in the 
community and 6 with mixed setting. Studies were 
from Asia (n = 19), Europe (n = 14), North America 
(n = 22) and South America (n = 2). The summary table 
of included studies are presented in Table 1.

A total of 349 592 tested positive for COVID-19. 
Four studies (3,14,33,59) only included children 
(n = 211). The remaining studies consisted of adults 
or a mixed population (21). Mean age of the 
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participants was 52.07 (SD 16.81 years), 52.5% were 
males (n = 51 746), 11.75% were current smokers 
(n = 4 849) and 16.2% were former smokers (n = 8 715). 
54% had any comorbidities (n = 33 171) and 21% had 
diabetes (n = 15 207) and 8.04% had chronic obstruc-
tive pulmonary disease (COPD) (n = 48 491).

Thirty-six studies were peer-reviewed publications 
while another 17 were preprints, 3 were government 
reports and 1 an open dataset. Two reviewers inde-
pendently assessed the methodological quality of 
included studies using the Newcastle-Ottawa Scale 
which consists of 3 domains (63). One star is allocated 
in the domains of selection and outcome or exposure 
and up to 2 stars are allocated to the comparability 
domain. A total of 9 stars are allocated across all three 
domains. An overall score of 1–3 stars is categorized 
as low quality, 4–6 as medium quality and 7–9 as high 

quality. Based on this scale, 11 studies were rated as 
high quality, 44 studies as medium quality and 2 stud-
ies as low quality, as shown in Figure 2.

The prevalence of asthma among those infected 
with COVID-19 was 7.46% (49 studies, 95% CI 6.25–
8.67; test of homogeneity p < 0.001) as shown in Figure 
S1. In the six studies where asthma was described by 
severity (n = 3313), non-severe asthma among people 
with COVID-19 was more common than severe 
asthma (9.61%, 95% CI = 6.09–13.13 vs. 4.13%, 95% 
CI = 1.35–6.91), see Figure S2.

The pooled analysis of 6 studies (n = 369 405) 
showed a Risk Ratio Reduction (RRR) in acquiring 
COVID-19 of 14% for people with asthma compared 
to those without asthma (RR = 0.86, 95% CI = 0.80–
0.94; p < 0.0001; Figure 3). There was moderate het-
erogeneity (I2= 62.19%) across the studies.

Figure 1. PrIsma study selection flow chart.

https://doi.org/10.1080/02770903.2021.1888116
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We observed a significant RRR in hospitalization 
from COVID-19 of 13% for people with asthma 
compared to no asthma (RR = 0.87, 95% CI = 
0.77–0.99, p = 0.03), in the 4 studies (n = 121 127) 
included in this analysis. There was moderate het-
erogeneity observed (I2= 62.76%) across the studies. 
See Figure 4(A).

There was a non-significantly different risk of 
developing severe illness from COVID-19 requiring 
admission to ICU for people with asthma com-
pared to those without asthma (RR = 1.19, 95% 
CI = 0.93–1.53, p = 0.16), in a pooled analysis of 
6 studies (n = 4325). Low heterogeneity is observed 
(I2= 0.10%) across the studies. See Figure 4(B).

In relation to probability of mechanical ventila-
tion, of the 6 studies (n = 47 245) pooled for this 
analysis, there was a non-significantly different risk 
of developing severe illness from COVID-19 requir-
ing mechanical ventilation for people with asthma 
compared to those without asthma (RR = 1.16, 95% 
0.83 to 1.63, p = 0.39). Substantial heterogeneity is 
observed (I2= 88%) across the studies. See 
Figure 4(C).

We also observed a non-significantly different 
risk of developing severe illness requiring admis-
sion to ICU and/or mechanical ventilation once 
hospitalized for people with asthma compared to 
those without asthma among the 12 studies pooled 
(n = 52 172, RR = 1.13, 95% CI = 0.94–1.37, 
p = 0.19). Heterogeneity was substantial (I2= 
59.53%) across the included studies. See 
Figure 4(D).

There was a non-significantly different risk of 
death from COVID-19 for people with asthma 
compared to those without asthma (RR = 0.87, 95% 
0.68–1.10; p = 0.25) in the 9 studies (n = 7 820) 
pooled for this analysis. Moderate heterogeneity is 
observed (I2= 45%) across the studies. See Figure 5.

The meta-regression by age demonstrates that 
older age is associated with an increased risk of 
acquiring COVID-19 in people with asthma 
(Meta-regression coefficient 0.0064, 95% CI = 
0.0003 to 0.012; p = 0.038). The R-squared test 
showed that about 70% of the variance between 
studies in risk of acquiring COVID-19 can be 
explained by age. Hence, low heterogeneity (I2= 
35.1%) was observed after including age as a mod-
erator. The meta-regression by age of the other 
outcomes did not show statistically significant 
associations.

The subgroup analysis by continent revealed a 
higher risk of requiring admission to ICU once 
hospitalized in Asia (RR = 1.21, 95% CI = Ta
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0.61–2.43) and America (RR = 1.21, 95% CI = 0.92–
1.59) compared to Europe (RR = 1.03, 95% CI = 
0.38–2.78), however the difference between the groups 
was not statistically significant (p = 0.96). In contrast, 
a borderline statistically significant test group differ-
ence (p = 0.052) was observed between risk of being 
ventilated in Europe (RR = 1.66, 95% CI = 0.52–5.25) 
compared to Asia (RR = 1.41, 95% CI = 1.12–1.78) 
and America (RR = 0.95, 95% CI = 0.75–1.20).

The sensitivity analysis including more studies 
(n = 37) showed a borderline statistically significant 
lower risk of hospitalization from COVID-19 of 5% 
for people with asthma compared to no asthma (RR 
= 0.96, 95% CI = 0.93–0.99, p = 0.02). See Figure S4.

Sensitivity analysis (all patients not dead taken as 
alive) did not demonstrate a significant increase risk 
of death from COVID-19 in people with asthma com-
pared to no asthma (RR = 1.01, 95% CI = 0.59–1.72), 

(p = 0.97). The National Committee on COVID-19 
Epidemiology Iran study (9) contributed a weight of 
10.0% to this result with a very high RR = of 12.70 
compared to the rest of the studies. When this study 
was removed from the analysis, the 3% increase in 
death changed to a 13% reduction in death in people 
with asthma compared to no asthma (RR = 0.87, 95% 
CI = 0.72–1.04, p = 0.13; Figure S4). In comparison, 
the worst-case sensitivity (all patients who have not 
yet recovered were taken as ‘dead’) analysis also 
showed 3% increase in the odds of recovery in people 
with asthma compared to no asthma (RR = 0.97, 95% 
CI = 0.84–1.13, p = 0.72; Figure S4).

Discussion

This systematic review aims to assess the vulnera-
bility of people with asthma during the COVID-19 

Figure 2. Quality of studies assessment.

Figure 3. risk of acquiring CoVID-19 in people with asthma compared to no asthma.
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Figure 4. risk of severe illness from CoVID-19 among those with asthma compared to no asthma.
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pandemic. The results revealed a 7.46% prevalence 
of asthma among those who tested positive for 
COVID-19. Although these studies come from 
countries with differing asthma prevalence, overall 
this pooled prevalence is similar to the prevalence 
of self-reported asthma symptoms of 8.6% (64). In 
the studies that reported on the severity of asthma, 
we found that non-severe asthma among people 
with COVID-19 was more common than severe 
asthma (9.6% vs 4.13%) as in most populations 
(65,66).

We found a 14% (95% CI = 0.80–0.94) lower risk 
of acquiring COVID-19 in people with asthma, which 
is an absolute reduction of 50 cases per 1 000 people. 
This is consistent with the trend observed during the 
SARS pandemic (67). There are several possible expla-
nations for this risk reduction which include the obser-
vation that people with T2-high asthma have down 
regulated angiotensin-converting-enzyme-2 (ACE-2) 
receptors that may reduce their risk of infection with 
SARS-CoV-2 (68). Early evidence from the Severe 
Asthma Research Program-3 has shown that inhaled 
corticosteroid (ICS) therapy, the main treatment modal-
ity in asthmatics is associated with lower ACE-2 (one 
of the binding sites for SARS-CoV-2) expression (69). 
This may confer a reduction in vulnerability to 
COVID-19 and development of less severe disease.

Subsequent to our analysis, two studies were pub-
lished which we would have included if they had been 
available prior to our cutoff date. In a study of 

electronic medical records of patients aged 65 years 
or younger with severe COVID-19, admitted to hos-
pital in New York City, asthma diagnosis was not 
associated with worse outcomes, regardless of age, 
obesity, or other high-risk comorbidities (70). 
Mahdavinia (36) showed that duration of hospitaliza-
tion showed a trend to be longer among patients with 
a history of asthma compared to those without in the 
50–64 years age group but this was not associated with 
a higher rate of death nor with ARDS. These findings 
are in keeping with the results of our review. Finally, 
in a review of papers in English published prior to 7 
May 2020, compared to population prevalence, asthma 
prevalence among patients hospitalized for COVID-19 
infection was similar and significantly lower than 
asthma prevalence among patients hospitalized for 
influenza (71).

Although it was initially considered likely that 
SARS-CoV-2 infection would increase exacerbation risk 
for people with asthma, there are several reasons why 
this may not be the case. Lower interferon levels in 
people with asthma are also hypothesized to be pro-
tective against cytokine storm which occurs in severe 
COVID-19 patients (72). Behavioral aspects may have 
also played a role in reducing the vulnerability of asth-
matics to COVID-19 (73). Early in the pandemic, the 
uncertainty on the impact of asthma on COVID-19 
and previous experience of viral infections triggering 
asthma exacerbations caused anxiety among patients 
and caregivers (74,75). This followed government advice 

Figure 5. risk of death against recovered from CoVID-19 among those with asthma compared to no asthma.
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during the peak of the pandemic in countries like the 
United Kingdom, which classified severe asthmatics as 
a vulnerable group and advised them to shield for 
12 weeks at home (5). A study in USA showed that 
during the pandemic, there was a 14.5% relative 
increase in daily controller adherence in asthmatics and 
COPD patients which supports this posit (76). All these 
factors may have worked together in reducing the risk 
of acquiring COVID-19 in people with asthma.

Increasing age is strongly associated with an 
increased risk of acquiring COVID-19 among asth-
matics and explained 70% of the in-between study 
variance in our analysis. This is an expected finding 
and in line with other COVID-19 studies showing 
age as one of the most important predictors for vul-
nerability to COVID-19 and prognosis (22,77,78).

A statistically significant risk reduction in hospital-
ization from COVID-19 of 13% (95% CI = 0.77–0.99, 
p = 0.03) in people with asthma was observed, validated 
by the results of the sensitivity analysis. This is con-
sistent with the findings of several more recent studies 
which showed that having asthma is not associated 
with an increased risk of hospitalization 0.96 (95% CI 
= 0.77–1.19) (79) and that people with asthma are 
underrepresented among hospitalized patients with 
severe pneumonia from COVID-19 (80). In the major-
ity of studies included in our review treatment was 
not recorded. However, some in vitro studies suggest 
that inhaled corticosteroids may have a protective 
effect in which case the use of ICS may be a contrib-
uting factor in reducing the risk of acquiring COVID-19 
as well as the risk of severe illness warranting hospi-
talization. Further, the RECOVERY trial showed that 
dexamethasone lowered the incidence of death in 
severe COVID-19 patients receiving respiratory support 
compared to their counterparts (81). As systemic cor-
ticosteroids are also given to treat acute exacerbations 
of asthma, it is possible that this is one mechanism 
by which people with asthma who are hospitalized 
with COVID-19 do not have worse outcomes.

Our aggregated-data meta-regression and previous 
studies have shown that older age and presence of 
other comorbidities such as hypertension and diabetes 
in people with asthma are strongly associated with 
the severity of COVID-19 (82) and that asthma is 
not a major risk factor (83). However, many of the 
included studies did not report comorbidities, indi-
vidual patient data and more studies are needed before 
firm conclusions can be drawn.

In contrast, our pooled analysis showed a 19% 
(95% CI = 0.93–1.53; p = 0.16) increase in the risk of 
developing severe illness from COVID-19 requiring 
admission to ICU once people with asthma are 

hospitalized. Although not statistically significant in 
our review, this finding is similar to a recent UK 
Biobank study which reported a 39% increase risk for 
severe COVID-19 among those with asthma (adjOR 
1.39; 95%CI 1.13–1.71; p = 0.002) (84). Airflow lim-
itation due to bronchospasm and mucus plugging 
would be expected to compound the hypoxemia char-
acteristic of diffuse alveolar damage in COVID-19 
patients with underlying asthma, requiring more 
intensive respiratory support (85).

Similarly, people with asthma have a 16% (95% CI 
= 0.83–1.63; p = 0.39) increased risk of requiring 
mechanical ventilation, albeit not statistically signifi-
cant with quite a wide confidence interval. Those in 
Europe have a higher risk of being ventilated com-
pared to Asia and America, which was statistically 
significant and possibly due to differences in criteria 
for mechanical ventilation between continents espe-
cially early in the pandemic.

Increasing age is not statistically associated with a 
increased risk of mechanical ventilation in people with 
asthma. One study reported that asthma prolonged 
the intubation time in patients <65 years (36) which 
suggests that asthma has a greater impact on 
COVID-19 course in younger people. On the other 
hand, a recent study in Spain (86) among asthmatics 
reported that those who acquire COVID-19 were older 
with a greater prevalence of comorbidities compared 
to those who were COVID-19 negative. Those older 
and with comorbidities were also reported to be more 
likely hospitalized. Of note, there was a low rate of 
hospitalization reported in this study among those 
with COVID-19 of 0.23%.

There is a no evidence of a difference in the risk 
of death from COVID-19 for people with asthma (RR 
= 0.87, 95% CI = 0.68–1.10; p = 0.19). A study in New 
York also reported that asthma was not associated 
with mortality (87). We note that the mean age of 
the pooled studies was 52 years. As, previous studies 
have shown that case fatality rate increases substan-
tially above 50 years of age, our findings might present 
a conservative estimate of the potential reduction in 
risk of death (22,77,78).

This review has rigorously adhered to the guide-
lines of performing systematic reviews. We undertook 
extensive searches of the databases and additional 
resources including preprint repositories, agency 
reports and open datasets. We acknowledge that the 
findings were partly based on unpublished preprints 
at the time of analysis, however, we also utilized open 
routinely collected datasets from national government 
databases when available and find this to be a strength 
of this study. While we note that reporting quality 
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does not always relate to study quality, a recent study 
has reported small absolute differences in quality of 
reporting of reporting between peer-reviewed and 
pre-print articles (88). Hence, we expect their inclu-
sion to not substantially impact the pooled findings.

Based on the result of the regression-based Egger’s 
test (Table S2), there was no evidence of small-study 
effects. From the eyeball assessment of the 
contour-enhanced funnel plots we considered that the 
risk of severe illness requiring mechanical ventilation 
and the risk of death as showing potential publication 
bias as they look quite asymmetric (see Figure S3).

A limitation of this review is the synthesis of pri-
marily observational studies, short duration of 
follow-up, mainly self-reported asthma and variable 
reporting of outcomes which may introduce bias in 
the pooled effect. To mitigate this risk, we performed 
sensitivity analyses to explore the robustness of the 
f indings under different assumptions and 
meta-regression to examine the impact of age on the 
study effect size. Another limitation is the varying 
case definition and quality of the studies. However, 
in the context of a pandemic situation, achieving uni-
formity and high-quality diagnostic data is challeng-
ing. This has resulted in some comparisons being 
based on only four to five studies and informed by 
one to two large studies which may limit 
generalizability.

Asthma and COPD are also often misdiagnosed in 
practice (89,90), we have mitigated this risk through 
including studies which only explicitly mention asthma, 
corresponding with authors for clarification when 
ambiguous and a comprehensive search of literature 
including studies from various centers. Even so, error 
may have occurred in the original diagnosis or in the 
“label” the patient chose to convey. Noting that patients 
with COPD would likely have more severe preexisting 
lung damage and be at greater risk of poor outcomes 
from COVID-19, this misclassification may confound 
the results to show greater severity when infected with 
COVID-19 among asthmatics (91).

Although we had hoped to include treatment with 
inhaled corticosteroid or systemic corticosteroid, and 
subgroups of pediatrics and the elderly, as well as the 
different asthma phenotypes in the analysis, this was 
precluded by the limited data available on these clin-
ical variables.

Finally, a proportion of patients with COVID-19 
experience prolonged effects following the acute illness, 
now termed “Long COVID” (92). The most common 
symptoms of fatigue, breathlessness and cough may be 
more likely or prominent in people with background 

airways disease. Although beyond the scope of this 
analysis it will be crucial to examine these risks in 
further studies of people with asthma and COVID-19.

In summary, the findings from this study suggest 
that the prevalence of people with asthma among 
COVID-19 patients is similar to the global prevalence 
of asthma. The overall findings based on available 
evidence suggest that people with asthma are not at 
increased risk for acquiring COVID-19 compared to 
those without asthma and have similar clinical out-
comes. Further high-quality primary studies and data 
sharing on asthma and COVID-19 globally is needed 
to improve our understanding of how SARS-CoV-2 
impacts those with asthma.
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