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ABSTRACT
Objective:   There are varying reports of the prevalence and effect of comorbid asthma in 
coronavirus disease-2019 (COVID-19) patients. We sought to conduct a meta-analysis comparing 
asthmatic and non-asthmatic patients to determine the clinical significance of preexisting asthma 
in COVID-19 patients.
Data Sources:  Online databases PubMed, ScienceDirect, Web of Science, and Scopus, were searched 
up to July 15, 2020, for papers comparing asthma versus non-asthma COVID-19 patients.
Study Selection:   According to prespecified inclusion criteria, this analysis included eleven 
retrospective studies with 107,983 COVID-19 patients. Subgroup analysis was performed based on 
age groups.
Results:  The mean age of the patients was 59.9 years (95%CI = 51.9–67.9). Across studies, the prevalence 
of asthma was 11.2% (95%CI: 9.1%–13.3%) among COVID-19 patients who attended the hospitals. 
Asthma patients were more likely to be younger (SMD = −0.36, 95%CI = −0.61 to −0.10, p = 0.005), and 
obese (OR = 1.98, 95%CI = 1.54–2.55, p < 0.001), there was no differential risk of hospitalization rate, 
ICU admission, or development of acute respiratory distress syndrome (ARDS) between asthmatic and 
non-asthmatic cohorts. However, asthmatic patients had increased risk of endotracheal intubation 
(RR = 1.27, 95%CI = 1.02–1.58, p = 0.030) especially patients aged <50 years (RR = 6.68, 95%CI = 1.76–
11.13, p = 0.009). Despite this result, asthmatic patients had better recovery with a higher liability of 
being discharged and were less likely to die (RR = 0.80, 95%CI = 0.65–0.97, p = 0.026).
Conclusion:  To our knowledge, our meta-analysis is the largest to shed light on preexisting asthma 
as a predictor of intubation in COVID-19, especially in young and obese patients. Identifying high-risk 
groups is crucial for designing more effective intervention plans and optimization of efficient 
resource allocation.

Introduction

Since the emergence of the severe acute respiratory syn-
drome coronavirus-2 (SARS-CoV-2) in late 2019, there 
has been a rapid global spread of COVID-19, quickly over-
whelming many health care systems (1). As of July 15, the 
Centers for Disease Control and Prevention has recorded 
a total of 3,416,428 cases and 135,991 total deaths in the 
United States (2). Coronavirus disease 2019 (COVID-19) 
primarily presents with respiratory symptoms ranging in 
severity from asymptomatic to severe, with patients devel-
oping ARDS and requiring mechanical ventilation (3). 

Older age and patients with comorbidities, particularly 
hypertension and diabetes, have been identified as signif-
icant risk factors for poor prognosis (4). However, there 
have been varying reports of the prevalence and effect of 
comorbid asthma in COVID-19 patients (5). Although 
initial reports of 140 COVID-19 patients in Wuhan, China, 
indicated no self-reported asthma cases (6), another study 
from the UK Biobank of 605 hospitalized COVID-19 
patients reported a 17.9% prevalence of asthma (7).

Respiratory viral infections have long been established 
as the most common trigger for asthma exacerbations in 
adults and children. Infections with rhinoviruses, influenza, 
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adenovirus, and coronaviruses have been identified as risk 
factors for the development of asthma exacerbation in both 
adults and children (8). Notably, not all viruses affect asthma 
patients equally. Rhinoviruses are associated with more 
severe exacerbations than other respiratory viruses (9).

Studies in recent months have identified angiotensin- 
converting enzyme 2 (ACE2) is a key receptor in 
SARS-Cov-2 entry into host cells (10,11). Jackson et  al. 
reported significant reductions in the expression of the 
ACE2 receptor in asthmatics with high levels of allergic 
sensitization. However, individuals with nonatopic asthma 
did not have significantly reduced ACE2 expression (12). 
Another study also found that T2 inflammation in asthma 
and atopy was associated with suppressed expression of 
ACE2 in nasal and airway epithelial cells (13). This is con-
sistent with the Camiolo et al. study reporting the higher 
expression of ACE2 in the T2-low subset of asthma patients; 
these patients were found to display characteristics (male 
sex and higher diastolic blood pressure) that are risk factors 
for severe COVID-19 disease (11). Although more work is 
required to determine the direct implications of ACE2 
expression in COVID-19 patients, this suggests a possible 
protective factor for asthma patients. Indeed, a recent study 
found that asthma was not associated with increased rates 
of hospitalization or ARDS. However, asthma was associ-
ated with prolonged intubation duration in COVID-19 
patients younger than 65 (5).

Given that the surge in critically ill patients has imposed 
a significant burden on hospital capacity in some outbreak 
regions, there is a compelling need to identify clinical pre-
dictors of severe COVID-19 disease to assist in risk strati-
fication and optimization of efficient resource allocation. 
Here, we have conducted a meta-analysis comparing the 
course of illness between asthmatic and non-asthmatic 
patients to determine the clinical significance of preexisting 
asthma in COVID-19 patients. The results will add to the 
current body of research on COVID-19 and aid in the pre-
vention and management of COVID-19 in asthma patients.

Methods

Systematic search

We performed a systematic literature search according to 
the Preferred Reporting Items for Systematic reviews and 
Meta-analysis (PRISMA) statement in PubMed, 
ScienceDirect, Web of Science, and Scopus up to July 15, 
2020, on papers comparing asthma versus non-asthma 
COVID-19 patients. The following keywords were used; 
“Asthma/asthmatic/pneumonia” combined with “COVID- 
19/SARS-COV-2/2019-ncov/novel coronavirus 2019.” We 
manually screened out the relevant potential article in the 
references selected. This process was performed 

independently by two participants. Also, we performed a 
precise searching within the medrxiv database for the 
pre-print articles to enrich this work and increase the 
sample size using the same keywords.

Study selection

No time or language restriction was applied. Inclusion cri-
teria were as follows: (1) Types of Studies: retrospective, 
prospective, observational, descriptive, or case-control stud-
ies reporting COVID-19 patients with asthma; (2) Subjects: 
diagnosed patients with COVID-19; (3) Exposure interven-
tion: COVID-19 patients diagnosed with Real-Time poly-
merase chain reaction, radiological imaging, or both with 
asthma; and (4) Outcome indicator: the standardized mean 
difference (SMD), relative risk (RR) or odds ratio (OR) for 
hospitalization rate and period, ICU admission, intubation 
rate, and duration, as well as mortality. The following exclu-
sion criteria were considered: (1) Case reports, reviews, 
editorial materials, conference abstracts; (2) Insufficient 
reported data information; or (3) In vitro or in vivo studies.

Data extraction

Two investigators separately conducted literature screen-
ing (RME, EAT) followed by data abstraction in a prede-
signed excel sheet by two investigators (MHH, RME). Any 
disagreement was resolved by another investigator (EAT). 
Study characteristics (author name, publication date, jour-
nal name, geographical region, study design, and sample 
size) and the patients’ demographics (age and sex) were 
collected. Comorbidities, laboratory findings, complica-
tions, and outcomes of COVID-19 disease were extracted.

Statistical analysis

Meta-analysis was performed using OpenMeta[Analyst] 
and comprehensive meta-analysis software version 3.0 
(14). The SMD, RR or OR, and 95% confidence intervals 
(CI) were applied to estimate pooled results using the 
Random-effects model (15). Subgroup analysis was per-
formed based on three age groups defined by the Centers 
for Disease Control and Prevention (CDC)-reported 
grouping of COVID-19 patients (16). Heterogeneity was 
evaluated using Cochran’s Q statistic and quantified using 
Higgin’s I2 statistics (17).

Results

Characteristics of included studies

The workflow of the search process is shown in Figure 1. 
Eleven retrospective articles published after March 6, 2020, 
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were eligible (5,18–27). They included 107,983 COVID-19 
patients, 3,946 with comorbid asthma disease, and 104,037 
without asthma. Of these, females accounted for 46% 
(95%CI: 40.5%–51.5%). The mean age of the patients was 
59.9 years (95%CI: 51.9–67.9). Across studies, the preva-
lence of asthma presented to the hospital was 11.2% 
(95%CI: 9.1%–13.3%). On comparison according to the 
geographical region of COVID-19 patients, the USA had 
the highest incidence (proportion = 12.8%, 95%CI: 9.3%–
16.3%), followed by Europe (proportion = 12.7%, 95%CI: 
2.7%–22.8%), and Mexico represented the least proportion 
of 2.9% (95%CI: 2.8%–3.0). The hospitalization rate 
among COVID-19 patients was 78% (95%CI: 72.7%–
83.3%), with an average length of hospital stays of 10.2 days 
(95%CI: 7.75–12.6). The prevalence of COVID-19 patients 
who required ventilatory support was 21.2% (95%CI: 
7.4%–35.0%). Case-fatality rate was 10.6% (95%CI: 

6.2%–15%). The main characteristics of the included stud-
ies are summarized in Table 1.

Pooled summary of the pairwise comparison 
between asthma and non-asthma patients

As shown in Table 2, asthma patients were more likely to 
be younger (SMD = −0.36, 95%CI: −0.61 to −0.10, 
p = 0.005), females (OR = 1.83, 95%CI = 1.31 to 2.56, 
p < 0.001) and obese (OR = 1.98, 95%CI = 1.54 to 2.55, 
p < 0.001), and less likely to have of Asian background (OR 
= 0.53, 95%CI = 0.35 to 0.80, p = 0.003). There was no 
significant difference between asthmatic and 
non-asthmatic patients regarding the frequencies of 
comorbidities or results of laboratory tests. Moreover, 
there was no differential risk of hospitalization rate, ICU 
admission, or development of acute respiratory distress 

Figure 1. A  systematic search on the comparison between asthma and non-asthma COVID-19 patients. The workflow in the search pro-
cess. The search was performed in PubMed, ScienceDirect, Web of Science, and Scopus up to July 6. A total of 387 records were addressed 
in the first screening, and 203 reports were identified for article eligibility. Of these, 115 papers were excluded due to the absence of 
comparison groups, and 77 articles were eliminated for being irrelevant, resulting in 11 eligible articles. Pairwise comparison between 
asthma and non-asthma COVID-19 patients was performed in the current analysis.
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syndrome (ARDS) between asthmatic and non-asthmatic 
cohorts (all p > 0.05). However, pooled summary of 
COVID-19 outcomes showed a 27% increased risk of 
requiring intubation (RR = 1.27, 95%CI = 1.02 to 1.58, 
p = 0.030) and more prolonged duration of intubation 
(SMD = 0.575, 95%CI = 0.147–1.004, p = 0.008) in asth-
matic group. Despite this result, asthmatic patients had 
better recovery with less likely to die (RR = 0.80, 95%CI 
= 0.65 to 0.97, p = 0.026) (Table 2).

Subgroup analysis

As depicted in Figure 2, stratification by age groups 
revealed prolonged duration of endotracheal intubation 
among asthmatic patients below 50 years (RR = 6.68, 
95%CI = 1.76–11.13, p = 0.009) and those aged 50–64 years 
(RR = 3.56, 95%CI = 2.19–5.78, p < 0.001). Asthma patients 
aged 50–64 also had higher risk of endotracheal intubation 
(RR = 1.56, 95%CI = 1.02–2.37, p = 0.038), and was asso-
ciated with prolonged length of hospitalization (RR = 2.13, 
95%CI = 1.40–3.22, p < 0.001). In contrast elder group did 
not show an impact of having asthma comorbidity on the 
outcomes of COVID-19 disease.

Discussion

To the best of our knowledge, this is the first meta-analysis 
to study the role of preexisting bronchial asthma on the 
outcomes of COVID-19 disease. Eleven articles, from 
Europe and North America with 107,983 COVID-19 
patients, were included in the study. For COVID-19 patients, 
the hospitalization rate was 78%, and those requiring ven-
tilatory support were 21.2%, which was in line with prior 
COVID-19 related reports (28). The overall prevalence rate 
of asthma in COVID-19 patients (11.2%) was above the 
national average asthma rate in adults, 7.7% (29). One pos-
sible explanation could be that patients with a history of 
asthma reached out for COVID-19 testing more than others 
because of their concern and overlapping symptoms.

Pooled analysis showed that asthma patients were more 
likely to be younger, females, and obese. The prevalence 
of asthma in hospitalized cases was more common in the 
Black race and less likely to be of Asian background. This 
is consistent with the CDC reports that women have a 
higher rate of asthma (9.8%) compared to men (5.4%), and 
African Americans were three times more likely to be hos-
pitalized and to die from asthma than any other races or 
ethnicities (30). Obesity is considered a risk factor and 
disease modifier in asthma. A high prevalence of obesity 
was previously reported in COVID-19 and non-COVID19 
asthma cohorts (26,30). Obesity may lead to severe exac-
erbations, a more difficult-to-control phenotype, and 
reduced therapeutic response (31,32).
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In our results, there was no significant difference between 
asthmatic and non-asthmatic groups regarding comorbid-
ities, laboratory tests, or hospitalization rates. Asthma 
patients aged 50–64 years had a higher risk of endotracheal 
intubation, and those below 65 years were associated with 
prolonged intubation time and length of hospital stay, but 
not in the age group of 65 years or above. Deep dive into 
these studies showed higher body mass index and obesity 
rates among asthmatic patients in this middle age group. 
Longer hospitalization time may be related to prolonged 
dependence on mechanical ventilation.

Despite this trend, asthma was not associated with a higher 
rate of death, ICU admission, nor ARDS among COVID-19 
patients. In contrast, asthma cohorts showed recovery better 
than expected; they had a significantly higher discharge rate 

and less mortality risk. The lower expression of ACE2 recep-
tors in the nasal epithelia and alveoli of asthma patients and 
those with inhaled corticosteroids could explain this issue. 
Hence, a putative, less viral load in host cells (11,33,34).

As the past months have demonstrated, we expect the 
number of new COVID-19 cases to continue waxing and 
waning. During peaks of the disease, when health care 
resources are spread thin, practitioners should expect 
COVID-19 patients with comorbid asthma to have a 
higher likelihood of requiring intubation and a longer 
course of mechanical ventilation. Despite this, we found 
that asthmatic patients had better outcomes than other 
cohorts. Compared with non-asthmatics, patients with 
comorbid asthma had a higher likelihood of being dis-
charged and had a lower mortality rate. Our study will help 

Figure 2. T he risk of poor outcomes stratified by age groups. Pairwise meta-analysis comparison of asthma vs. non-asthma in COVID-19 
patients aged 18–49 years, aged 50–64 years, and aged 65 years or above, according to the Centers for Disease Control and Prevention 
(CDC) categorization of age in COVID-19 disease. *Significant p values.
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guide providers in their risk stratification of asthmatic 
COVID-19 patients to more confidently allocate scarce 
resources, namely mechanical ventilators.

A limitation of our study is that one study, which reported 
the lowest prevalence of asthma, contributed to the majority 
of cases in our meta-analysis. This may limit the generaliz-
ability of our findings. Second, the studies included in the 
current meta-analysis did not cover Asian and African geo-
graphic regions; therefore, more caution is warranted during 
the results’ extrapolation. Third, heterogeneity was evident 
in some analyses, particularly sub-group analysis, as the 
number of underlying studies was limited. In this sense, the 
related results should be interpreted with caution as the 
potential for false-negative results could be of concern when 
testing many dependent variables. Fourth, it should be noted 
that two of the included studies (25,26) were not 
peer-reviewed at the time of reanalysis. Lastly, as there was 
limited data concerning the allergic asthmatic patients in the 
enrolled studies, a subgroup analysis between asthma allergic 
vs. asthma non-allergic or non-asthmatic groups was not 
feasible. Further analysis of this issue regarding comorbidi-
ties, laboratory tests, or hospitalization rates is recommended 
in future metanalyses. Various SARS-CoV-2 strains have 
been genotyped worldwide; the influence of each subtype 
on genotype-phenotype consequences remains unclear.

Conclusion

In conclusion, our results suggest that adult patients with 
underlying asthma disease do not have an increased risk 
of severe illness or mortality from COVID-19 disease. 
However, obese individuals with asthma may require extra 
attention because they might require prolonged mechan-
ical ventilation. This needs to be considered by all health 
care providers when triaging COVID-19 patients.
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