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Abstract
Purpose  To analyze the impact of AAD on the severity and mortality of COVID-19 patients and compare clinical outcomes 
between patients with and without AAD.
Methods  In the systematic review and meta-analysis, we searched PubMed, Embase, Web of Science for studies reporting 
allergic rhinitis, asthma prevalence in COVID-19 patients and compared clinical outcomes, and excluded duplicate pub-
lications, reviews, comments, single or few cases reports (< 100 cases). We determined the pooled effect estimates using 
random effect model.
Results  Thirty-four studies (345,091) were finally included for the meta-analysis. On the basis of 32 studies (337,821) involv-
ing with the severity of COVID-19, we did not find significant association between AAD and the severity of COVID-19 
(p = 0.35, OR 1.10, 95% CI 0.90–1.35). Subgroup analysis indicated there was no the variability in the prevalence of AAD 
among COVID-19 patients in different study designs, disease categories, countries, the definition of severity, and population 
size of AAD. Based on 21 studies (306,331) involving with the mortality of COVID-19, AAD was significantly associated 
with the decreased mortality of COVID-19 (p < 0.05, OR 0.83, 95% CI 0.70–0.99). The subgroup analysis showed AAD was 
not associated with the mortality of COVID-19 in different countries or regions. Based on the population size of AAD, we 
found AAD within 100 cases was not associated with the mortality of COVID-19 (p = 0.63, OR 1.15, 95% CI 0.65–2.03). 
Moreover, study design was possible heterogeneity source as the heterogeneity I2 was reduced to 0 in prospective studies.
Conclusion  The preexisting AAD was not inclined to deteriorate the course of COVID-19. The prevalence of AAD was not 
associated with the severity of COVD-19 patients and inclined to be significantly associated with the decreased mortality 
risk of COVID-19.

Keywords  COVID-19 · Allergic rhinitis · Asthma · Epidemiology · 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 around the world since 
December 2019 and posed a great challenge to worldwide 
public health. As of April 14, 2021, there have been more 
than 136,742,018 confirmed cases, including 2,947,423 
deaths reported by the World Health Organization [1].

Currently, a variety of risk factors have been identified to 
be associated with the severity and mortality of COVID-19, 

such as older age, male sex, comorbidities, and metabolic 
abnormalities. Allergic rhinitis (AR) and asthma are often 
co-occurred and may share common immune pathogenic 
mechanisms such as type 2 inflammation. AR is one of the 
most common disorders of nose and affects 10% to 40% 
of the population [2]. The continuity of nasal cavity and 
bronchus in anatomical structure and physiological function 
determines intimate relationship between AR and asthma. 
AR and asthma are ‘the one airway, the one disease.’ There-
fore, we included the studies involving with AR and asthma, 
as a whole of allergic airway disease (AAD) for better under-
standing the course of COVID-19.

The association between AAD and the severity and mor-
tality of COVID-19 is largely unknown. Patients with AR 
and asthma have defect antiviral immune responses and a 
tendency of exacerbation elicited by familiar respiratory 
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viruses. Thus, AAD was proposed to potentially con-
fer increased risk for COVID-19 in the early stage of the 
pandemic [3–6]. However, adverse evidences showed a 
low prevalence of asthma among patients with COVID-
19, because of a potential TH2-mediated protection from 
COVID-19 in patients with asthma [7, 8].

Whether AAD is associated with the severity and mortal-
ity of COVID-19 is still controversial. In addition, it remains 
debatable whether patients with AAD are subject to a more 
severe pathological process and worse prognosis compared 
with patients without AAD. A better understanding of the 
relationship between AAD and COVID-19 may provide new 
insights of the disease essence. Therefore, we conducted a 
systematic review and meta-analysis of studies to report the 
prevalence of comorbid AAD among patients with COVID-
19 and further performed subgroup analyses based on study 
design, the disease categories, the geographical regions, and 
population size of AAD. We also compared clinical out-
comes between patients with and without AAD.

Methods

Search strategy and selection criteria

This systematic review and meta-analysis were performed 
following the Preferred Reporting Items for Systematic 
Reviews and Meta-Analyses guidelines. The protocol was 
registered in PROSPERO (CRD42021228815). We searched 
relevant studies in PubMed, Embase, Web of Science with 
the Mesh terms and free words, ‘allergic airway diseases,’ 
‘allergic airway disorders,’ ‘AR,’ or ‘asthma’ AND ‘novel 
coronavirus’ or ‘coronavirus disease 2019’ or ‘SARS-CoV-2 
Infection’ or ‘COVID-19’on Dec 20, 2020 (update on March 
31, 2021) in English language.

Studies were included if they fulfilled the following entry 
criteria: (a) patients were confirmed with COVID-19 infec-
tion; (b) provided data of AR or asthma with severe or non-
severe patients or between death and survivals. Exclusion 
criteria were as follows: (a) studies which did not provide 
the prevalence of AR or asthma; (b) studies without com-
parisons (severe versus non-severe patients, death versus 
survival); (c) abstracts, one case or few cases reports (< 100 
cases), review articles, comments.

We extracted the following data: the name of the first 
author, country where the study was conducted, size of the 
cohort, numbers of males or females, ages, and clinical out-
comes. The severity of the disease was mainly determined 
based on symptom (e.g., patients required intubation and 
mechanical ventilation, with acute respiratory distress syn-
drome, hospitalization, or admitted to intensive care unit).

Because all studies but 2 were retrospective observa-
tional studies, the quality of studies in each was evaluated 

using the Newcastle–Ottawa Scale (NOS) by two investi-
gators (Ming W and Zuo JJ). A total score of ≥ 7 indicated 
a high-quality study, whereas a total score of < 7 were 
considered as a low-quality study. In the GRADE system, 
observational studies start as low-quality evidence. Five 
factors (risk of bias, imprecision, inconsistency, indi-
rectness, and publication bias) may cause rating down 
the quality of evidence and three factors (large effect, 
dose response, and if residual confounding is probably 
to decrease rather than increase the magnitude of effect) 
may cause rating up [9].

The literature search, study selection, and data extrac-
tion were independently conducted by two authors (Ming 
W and Zuo JJ). Any disagreements were resolved by con-
sensus or by a third author (Han JB). Review Manager 
5.3 (Cochrane Collaboration) and Stata 16.0 (Stata Corp) 
were used to pool useful data and calculate odds ratios 
(ORs) and 95% confidence intervals (95% CI). Heteroge-
neity among combined study results was quantified with 
Cochran’s Q test and the I2 statistic, with values of less 
than 25%, 25% to 50%, and greater than 50% represented 
low, moderate, and high heterogeneity, respectively. Con-
sidering the inter-study heterogeneity, a random-effects 
model was adopted to estimate the pooled effect for a more 
conservative estimate of the 95% CI. Sensitivity analysis 
and publication bias were performed to evaluate the sta-
bility of the meta-analysis by Stata 16.0, and p < 0.05 was 
considered statistically significant.

Results

Study selection

The initial search retrieved 662 results from PubMed, 472 
from Web of Science Core Collection, 1,187 from Embase 
and 28 from other resources. All articles identified in the 
databases were imported into the Endnote X9 software for 
management and screening. After removing duplicates, there 
were 1602 articles for further screening. By reviewing the 
titles, abstracts, and key terms related to allergic airway 
disease for further screening, 637 articles were identified 
to be potentially relevant and then assessed for eligibility. 
After removing the review articles, conference abstracts, 
expert opinions, comments, case reports, or studies without 
comparisons, 23 articles met all the inclusion criteria for 
quantitative synthesis for having calculable risk estimate. 
On the second search, the same protocol was followed and 
another 11 articles were identified. The detailed flowchart is 
shown in Fig. 1. A total of 34 studies were included in later 
analysis of the association between AAD and the severity 
and mortality of COVID-19[10–43].
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Study characteristics

Detailed description of key characteristics for the 34 
included studies is shown in Table 1. In brief, 15 (44.1%) 
studies were implemented in America, 8 (23.5%) were in 
Asia and 11 (32.4%) were in Europe. With regard to study 
design, two articles (Beurnier N and Bloom C) were pro-
spective cohort studies, and others were retrospective obser-
vational studies.

For the reported allergic diseases, four groups (Bloom 
C, Ho KS, Lokken EM, and Yang JM) were conducted a 
multicenter cohort study for estimating the prevalence and 
comparison of AAD in COVID-19 patients. For disease 
categories, 3 were involved with AR, and 32 articles were 
involved with asthma.

Ascertainment of cases and controls

For ascertainment of AR and asthma, 16 studies were based 
on the medical records,10 were based on International Clas-
sification of Diseases edition 10/9 (ICD-10/9), 5 were based 
on Global Initiative for Asthma (GIFA), one was based on 
National Heart Lung and Blood Institute’s Guidelines for 
the Diagnosis and Management of Asthma and GINA guide-
lines, one was based on the Lung function tests, bronchodila-
tion test, and methacholine concentration provoking a 20% 
fall in FEV1, and one was based on the nasal symptoms, 

aeroallergen sensitization noted on SPT or allergen-specific 
IgE, respiratory symptoms, and pulmonary function tests.

For the definition of severity of COVID-19, 16 stud-
ies were based on the admission to ICU, 7 were based on 
hospitalization, 2 were based on the admission to ICU or 
death, 1 was based on American Thoracic Society guide-
lines for community-acquired pneumonia, 1 was based on 
World Health Organization interim guidance, 1 was based on 
ARDS, 1 was based on intubations, and the other 3 studied 
were based on mechanical ventilation. Of all included stud-
ies, 26 studies provided the total age information. (Six were 
mean and 20 were median.)

Quality of studies

The overall quality of the available literature was moder-
ate with Newcastle–Ottawa Scale scores ranging from 6 to 
9. The quality of the included articles was evaluated and 
presented in Table 2. There were 5 articles (14.7%) with 
total scores of 6 points, 12 articles (35.3%) with 7 points, 
14 articles (41.2%) with 8 points, and 3 articles (8.8%) with 
9 points.

Data synthesis and meta‑analysis

Altogether, 345,091 participants in 34 studies were entry 
in the meta-analysis. Of which, 337,821 participants were 

Fig. 1   Flow diagram of the number of studies screened and included in the meta-analysis
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entered in the meta-analysis of the severity of AAD on 
COVID-19 in 32 studies. By combining 32 studies report-
ing the outcomes of severity among confirmed COVID-19 
patients with and without AAD, there were no significant 
statistics of relationship between AAD and severity of 
COVID-19 (OR 1.10, 95% CI 0.90–1.35, p = 0.35, I2 = 89%), 
as in Fig. 2.

For the heterogeneity sources of literature synthesis, 32 
studies were stratified by study design, various disease cat-
egories, countries and population size of AAD. Whether 
AAD affected the course of COVID-19, we analyzed the 
relation of AR and asthma patients with the severity of 
COVID-19. The results showed that AR and asthma were 
not significantly associated with the severity of COVID-19 
(OR 0.89, 95% CI 0.53–1.47, p = 0.64; OR 1.18, 95% CI 
0.90–1.53, p = 0.23, respectively) (see Figure E1 in this arti-
cle’s Online Repository at www.​jaci-​inpra​ctice.​org).

As for the study design, we found that there were no 
significant association between AAD and the severity of 
COVID-19 whether in the prospective studies or in the ret-
rospective studies (OR 0.92, 95% CI 0.41–2.08, p = 0.84; OR 
1.11, 95% CI 0.87–1.42, p = 0.39) as in Fig. 3A, B. Subgroup 
analyses across countries or regions showed that I2 was 79% 
in America (OR 0.97, 95% CI 0.77–1.22, p = 0.78), 72% 
in Asia (OR 1.10, 95% CI 0.93–1.30, p = 0.27) and 92% in 
Europe (OR 1.06, 95% CI 0.66–1.70, p = 0.80). No signifi-
cant association between AAD and severity of COVID-19 
was found in different countries or regions, as in Table 3 
(see Figure E1 in this article’s Online Repository at www.​
jaci-​inpra​ctice.​org).

Based on the population size of AAD, we divided into 2 
groups, one group within 100 cases and another over 100 
cases. In the two groups, AAD was not associated with 
the risk of the severity of COVID-19 (OR 1.16, 95% CI 
0.67–2.03, p = 0.59; OR 1.06, 95% CI 0.84–1.33, p = 0.63), 
as in Fig. 3C, D. The detailed results are shown in Table 3.

According to the definition of severity of COVID-19, 
subgroup analyses showed that there were no significant 
differences in AAD prevalence between ICU and non-ICU 
patients (OR 1.29, 95% CI 0.88–1.89, p = 0.19), hospitalized 
and non-hospitalized patients (OR 0.89, 95% CI 0.63.1.25, 
p = 0.49), mechanical ventilation and non-mechanical ven-
tilation patients (OR 1.03, 95% CI 0.76–1.40, p = 0.85) (see 
Figure E1 in this article’s Online Repository at www.​jaci-​
inpra​ctice.​org).

Twenty-one studies with 306,331 participants were entry 
in the meta-analysis of the mortality risk of COVID-19. The 
comparison of clinical outcomes between patients with and 
without AAD showed that there was a significant difference 
between with and without AAD on the mortality of COVID-
19 (OR 0.83, 95% CI 0.70–0.99, p = 0.04), as in Fig. 4A.

Based on the study design, there was significantly 
decreased mortality risk of AAD on the COVID-19 in Ta
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prospective studies (OR 0.73, 95% CI 0.70–0.77, p < 0.05), 
as in Fig. 4B. However, there was no association in retro-
spective studies (OR 0.88, 95% CI 0.68–1.15, p = 0.35), as 
in Fig. 4C. Based on countries or regions, there was not a 
significant relationship between AAD and mortality risk of 
COVID-19 in different countries or regions, as in Table 4 
(see Figure E1 in this article’s Online Repository at www.​
jaci-​inpra​ctice.​org).

In the group of AAD population size in 100 cases, AAD 
was not associated with mortality risk of COVID-19 (OR 
1.27, 95% CI 0.73–2.23, p = 0.40), as in Fig. 4D. However, 
there was significantly statistical association between AAD 
and the mortality of COVID-19 in the group over 100 cases 
(OR 0.75, 95% CI 0.63–0.89, p < 0.05), as in Fig. 4E.

Sensitivity analysis and heterogeneity

Visual assessment of the funnel plot did not show the pres-
ence of publication bias, and no significant publication bias 
was detected by Begger test (p > 0.05) using Stata 16.0 soft-
ware. However, there was substantial heterogeneity among 
AAD studies (Severity: I2 = 89%; Mortality: I2 = 74%).

The high heterogeneity in the meta-analysis for studies 
on the severity risk in COVID-19 patients with and without 
AAD was possibly due to the different definition of severity 
and study design which may have resulted into clinical or 
methodological sources of heterogeneity. The high heteroge-
neity of studies on the mortality risk in COVID-19 patients 
was possibly study design because the heterogeneity I2 was 
reduced to 0% in prospective studies. After excluding two 
studies (Almazeedi and Schönfeld) in retrospective studies, 
the heterogeneity I2 was reduced from 74 to 43%. And then 
excluding another two studies (Ahlström and Gupta), the 
heterogeneity I2 was reduced to 0. GRADE certainty of find-
ings were low (Table 5).

Discussion

Recently, with more relevant articles regarding allergic air-
way disease including AR and asthma, in the severity and 
mortality of COVID-19 published, the result of this meta-
analysis, which was stable on the sensitivity analysis, did not 
obviously show a worse prognosis of COVID-19 in patients 
with AAD. To our knowledge, the meta-analysis is the first 
to make a pooled estimate of AAD-related outcomes, which 
combined with allergic rhinitis and asthma and based on a 
larger COVID-19 populations. The meta-analysis showed 
there was no significant higher prevalence of AAD in 
COVID-19 patients, who needed hospitalizations, intensive 
care unit, or mechanical ventilation. Moreover, AAD was 
significantly associated with the decreased mortality risk of 
COVID-19. However, we should not neglect the importance Ta
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of tough control of COVID-19 spread and a need for mitiga-
tion strategies in patients with preexisting AAD.

To date, the relationship between AAD and the sever-
ity and mortality of COVID-19 was controversial. There 
were 3 studies involving with AR impact on the course of 
COVID-19, and the pooled estimates showed that AR was 
not associated with the severity of COVID-19 [14, 42, 43]. 
The pooled estimates of 32 studies involving with asthma 
impact on COVID-19 indicated no significant association 
between asthma and the severity of COVID-19. Our study 
is based on incorporating more available studies and a larger 
population. Moreover, the disease category (allergic rhini-
tis and asthma) was not heterogeneity source of literature 
synthesis.

A few of public studies showed that asthma and aller-
gic rhinitis were associated with the severity of COVID-19, 
although of the different criteria of the severity [33, 43, 44]. 
Moreover, patients with non-allergic asthma had a greater 
risk and worse clinical outcomes of COVID-19 than patients 
with allergic asthma. Through the intubation time com-
parisons, patients with asthma had longer intubation time 

compared with patients without asthma [32]. The analysis 
of hospitalization time showed a trend to be longer among 
patients with a history of asthma compared with patients 
without asthma aged 50 to 64 years. Green et al. found the 
prevalence rate of COVID-19 was higher in patients with 
asthma than in those without asthma aged 5 to 19 years 
and 20 to 39 years [24]. Perhaps, SARS-CoV-2 itself could 
potentially exacerbate the pathological process of allergic 
disease, which could facilitate viral entry and lead to a seri-
ous outcome of COVID-19.

However, there were more evidences that patients with 
severe asthma did not exacerbate the severity of COVID-
19[14, 18, 23, 45–49]. The severe asthma would not increase 
the risk of COVID-19 infection and severity [46]. No patient 
developed cytokine storm or acute respiratory distress syn-
drome although 3.8% severe asthma had confirmed COVID-
19 [47]. The epidemiologic study of COVID-19 in China, 
which included 44,672 confirmed cases of COVID-19, did 
not identify asthma as a risk factor of COVID-19 sever-
ity [29]. An observational study of risk factors for death 
showed that 7% patients with asthma died due to COVID-19. 

Fig. 2   Forestplot of the severity of comorbid AAD in COVID-19 patients
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Fig. 3   Subgroup analysis of the severity of comorbid AAD in 
COVID-19 patients: A Forestplot of the comparison of the severity 
of comorbid AAD in COVID-19 in prospective studies; B Forestplot 
of the comparison of the severity of comorbid AAD in COVID-19 

in retrospective studies; C Forestplot of the comparison of the sever-
ity of comorbid AAD (within 100 cases) in COVID-19 patients; D 
Forestplot of the comparison of the severity of comorbid AAD (over 
100 cases) in COVID-19 patients
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The multivariate analysis confirmed that male gender, older 
age, cardiopathy, and immunosuppressive disease were pre-
dictors of death in patients hospitalized due to COVID-19 
infection [18]. One hypothesis is that patients with asthma 
were more compliant to their treatment and respected social 
distancing for avoiding the severe pulmonary infection [48].

Theoretically, it seems that impaired mucous members 
and higher virus load caused by asthma have a poten-
tial influence on SARSCoV-2 susceptibility and disease 

course. However, existing studies have not indicated a high 
prevalence of asthma among COVID-19 patients [23, 29, 
45–50]. ACE2, angiotensin-converting enzyme II, which 
is the entry receptor for SARS-CoV-2, might be influenced 
by asthmatic status. Type I IFNs and type II IFNs upregu-
lated the expression of ACE2, SARS-CoV-2 might weaken 
host antiviral defense and facilitate its entry into target 
cells. However, the damaged IFN responses in asthmatic 
patients might reduce the virus invasion through limiting 

Fig. 3   (continued)

Table 3   The subgroup analysis 
of AAD relationship with the 
severity of COVID-19

Subgroup AAD on severity of COVID-19

Studies (N) Participants (N) OR, 95% CI I2 (%) p value

Study design
 Prospective 2 75,628 0.92 [0.41, 2.08] 75 0.84
 Retrospective 30 262,193 1.11 [0.87, 1.42] 89 0.39

Disease category
 Asthma 30 331,642 1.13 [0.91, 1.40] 89 0.28
 Allergic rhinitis 3 6286 0.89 [0.53, 1.47] 74 0.64

Countries
 America 13 230,074 0.97 [0.77, 1.22] 79 0.78
 Asia 8 12,173 1.10 [0.93, 1.30] 72 0.27
 Europe 11 95,574 1.06 [0.66, 1.70] 92 0.80

AAD Population Size
  <  = 100 15 5787 1.16 [0.67, 2.03] 78 0.59
  > 100 17 332,034 1.06 [0.51, 1.33] 92 0.63

Definition of severity
 Hospitalization 7 16,066 0.89 [0.63, 1.25] 75 0.49
 ICU 17 240,419 1.29 [0.88, 1.89] 93 0.19
 Mechanical ventilation 5 78,892 1.03 [0.76, 1.40] 64 0.85
 Others 3 2444 0.71 [0.23, 2.14] 49 0.54
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Fig. 4   Forestplot of the mortality of comorbid AAD in COVID-
19 patients and subgroup analysis. A Forestplot of the comparison 
of the mortality of all comorbid AAD in COVID-19 patients; B 
Forestplot of the comparison of the mortality of comorbid AAD in 
COVID-19 in prospective studies; C Forestplot of the comparison of 

the mortality of comorbid AAD in COVID-19 in retrospective stud-
ies; D Forestplot of the comparison of the mortality of comorbid 
AAD (within 100 cases) in COVID-19 patients; E Forestplot of the 
comparison of the mortality of comorbid AAD (over 100 cases) in 
COVID-19 patients
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the ACE2 expression [51]. Type 2 immune response, 
including clustered eosinophils and type 2 cytokines, 
might protect against COVID-19. Furthermore, conven-
tional therapeutics for asthma might also reduce the risks 
of asthmatics suffering infection of the virus through alle-
viating inflammation or enhancing antiviral defense [51, 

52]. Therefore, it should be further studied whether type 
2 immune response contributes to the protection of AAD 
patients against COVID-19.

This meta-analysis indicated that there was significantly 
decreased mortality risk of AAD impact on COVID-19 
patients (OR 0.83, 95% CI 0.70–0.99, p = 0.04, I2 = 74%). 

Fig. 4   (continued)

Table 4   The subgroup analysis 
of AAD relationship with the 
mortality of COVID-19

* indicated that the difference between two groups was statistically significant

Subgroup Studies (N) AAD on mortality of COVID-19

Participants (N) OR, 95% CI I2 (%) p value

Study design
 Prospective 2 73,671 0.73 [0.70, 0.77] 0  < 0.05*
 Retrospective 19 232,660 0.88 [0.68, 1.15] 74 0.35

Countries
 America 11 224,100 0.83 [0.63, 1.08] 68 0.16
 Asia 4 4005 1.24 [0.24, 6.38] 84 0.80
 Europe 6 78,226 0.83 [0.57, 1.22] 64 0.34

AAD population size
  <  = 100 10 5762 1.27 [0.73, 2.23] 77 0.40
  > 100 11 300,569 0.75 [0.63, 0.89] 61  < 0.05*



1688	 European Archives of Oto-Rhino-Laryngology (2022) 279:1675–1690

1 3

Subgroup analysis indicated that there were no significant 
prevalence of AAD mortality in COVID-19 patients in 
different countries or regions. We found that in two pro-
spective studies, AAD was significantly associated with 
the decreased mortality risk of COVID-19 patients, and 
the heterogeneity I2 was 0. But in retrospective studies, 
the heterogeneity I2 was reduced from 74 to 43% after 
excluding two studies (Almazeedi S and Schönfeld D). 
And then excluding another two studies (Ahlström B and 
Gupta R), the heterogeneity I2 was reduced to 0. Therefore, 
the four studies (Almazeedi S, Schönfeld D, Ahlström B, 
and Gupta R) were possible main heterogeneity sources in 
retrospective studies.

Based on the population size of AAD, subgroup anal-
ysis (AAD cases within 100 cases) indicated that AAD 
was not associated with the mortality risk of COVID-19 
patients (OR 1.27, 95% CI 0.73–2.23, p = 0.40). But in 
groups over 100 cases, AAD was significantly associated 
with the mortality risk of COVID-19 (OR 0.75, 95% CI 
0.63–0.89, p < 0.05). Therefore, the population size of 
AAD in studies probably influenced the final results of 
association between AAD and the mortality of COVID-
19. For acquiring more accurate results and reducing the 
impact risk of AAD population size on the severity of 
COVID-19, the researchers should include enough popula-
tion sizes of AAD cases.

One of the main strengths of our study was that it pro-
vided data from a large cohort patients from up-to-date data-
bases and first to make a pooled estimate of AAD-related 
outcomes, which combined with allergic rhinitis and asthma 
and based on a larger COVID-19 populations. Moreover, the 
population size of studied disease would possibly influence 
the final conclusion. Our meta-analysis has several potential 
limitations. The included observational studies were subject 
to potential confounders that might weaken the overall effect 
estimate. Although we conducted subgroup analysis and sen-
sitivity analysis, the heterogeneity across the studies was 
substantial and the results based on the analysis were also 
subjected to limited numbers of studies. The reasons of het-
erogeneity could be related to methodological quality of bias 
among studies, different adjusted risk factors used, study 
design, and severity definition of allergic airway disease. 

Data on allergic compositions were lacking in the included 
studies, hence, cannot be analyzed. Allergic airway disease 
could include more phenotypes, particularly about whether 
asthma was allergic or not.

Conclusion

In conclusion, the results of this study revealed that preexist-
ing allergic airway disease is not inclined to deteriorate the 
course of COVID-19. Furthermore, AAD was significantly 
associated with the decreased mortality risk of COVID-
19 patients. On the basis of data of 345,091 patients with 
COVID-19 in 34 studies, the analysis showed there were 
not variability in the prevalence of comorbid allergic airway 
disease in patients with COVID-19 in different countries or 
regions. In addition, the population size of allergic airway 
disease would also influence the study results. More studies 
are required to search for the pathogenic mechanisms and 
therapeutic implications.
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