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Background: Respiratory viruses are known to contribute to asthma exacerbations. A meta-analysis of three studies reported no association between coronavirus disease 2019 (COVID-19) mortality and preexisting asthma. This study aimed to investigate the mortality of patients with COVID-19 in relation to preexisting asthma and other allergic diseases associated with changes in respiratory function.

Methods: PubMed, Embase, and the Cochrane Library were queried for papers published up to April 9, 2021: (1) population: patients who tested positive for SARS-CoV-2 according to the WHO guidelines; (2) exposure: preexisting asthma or allergic rhinitis; (3) outcomes: mortality, ICU admission, and/or hospitalization; and (4) language: English. For studies that reported adjusted models, the most adjusted model was used for this meta-analysis; otherwise, unadjusted results were used.

Results: Twenty-four studies (1,169,441 patients) were included in this meta-analysis. Patients who died of COVID-19 were not more likely to have preexisting asthma (OR = 0.95, 95%CI: 0.78–1.15, P = 0.602; I2 = 63.5%, Pheterogeneity < 0.001). Patients with COVID-19 and admitted to the ICU (OR = 1.17, 95%CI: 0.81–1.68, P = 0.407; I2 = 91.1%, Pheterogeneity = 0.407), or hospitalized (OR = 0.91, 95%CI: 0.76–1.10, P = 0.338; I2 = 79.1%, Pheterogeneity < 0.001) were not more likely to have preexisting asthma. The results for mortality and hospitalization remained non-significant when considering the adjusted and unadjusted models separately. The results from the sensitivity analyses were consistent with the primary analyses, suggesting the robustness of our results.

Conclusion: This meta-analysis suggests that the patients who died from COVID-19, were admitted to the ICU, or hospitalized were not more likely to have asthma.
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BACKGROUND

Asthma is a chronic inflammatory condition characterized by various degrees and causes of airway inflammation (1, 2). Acute asthma exacerbations contribute significantly to the morbidity, mortality, and healthcare costs of asthma (1, 3, 4). Such exacerbations can occur in all patients in the presence of specific triggers (5).

Coronavirus disease 2019 (COVID-19) is a pandemic acute respiratory disease caused by SARS-CoV-2 (6, 7). As of November 22, 2020, the World Health Organization (WHO) reported 57.8 million cases and 1.3 million deaths, with nearly all countries being affected (8). The number of total cases of the COVID-19 continues to rise quickly, threatening thousands to millions of individuals with preexisting chronic conditions, who are disproportionately affected (9). As the number of published studies increases, there is a widening gap in knowledge due to inconsistent findings related to the influence of preexisting comorbidities on COVID-19 mortality, such as cardiovascular diseases, hypertension, diabetes, congestive heart failure, cerebrovascular disease, chronic kidney disease, chronic liver disease, cancer, chronic obstructive pulmonary disease, and HIV/AIDS (10–12).

Respiratory viruses are well-known triggers of asthma exacerbations (5, 13, 14). Besides SARS-CoV-2, SARS-CoV, and MERS-CoV, coronaviruses are respiratory viruses that are usually responsible for mild upper respiratory tract infections (about 15% of the cases of mild cold) (15) and have been implicated in asthma exacerbations (16), but the association between COVID-19 and exacerbation of asthma (including hospitalization and mortality) is unknown.

A previous meta-analysis found no association between asthma and mortality risk from COVID-19 (17), but only three studies contributed to the quantitative analysis of the impact of COVID-19 on asthma. Since this previous meta-analysis (17), additional relevant studies have been published. Therefore, this study aimed to investigate the mortality, ICU admission, and hospitalization of patients with COVID-19 in relation to preexisting asthma and other allergic diseases associated with changes in respiratory function.



METHODS


Literature Search

This meta-analysis was conducted according to the Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) guidelines (18). The relevant articles were searched for using the PICO principle (19). PubMed, Embase, and the Cochrane Library were queried for papers published up to April 9, 2021, using the MeSH terms “COVID-19,” “Asthma,” “Rhinitis, Allergic,” “Death,” and “mortality,” as well as relevant key words. The following eligibility criteria were used: (1) population: patients who tested positive for SARS-CoV-2 according to the WHO guidelines (20); (2) no link exposure: preexisting asthma or allergic rhinitis; (3) outcomes: mortality, ICU admission, and/or hospitalization; and (4) language: English.



Data Extraction

The study characteristics (authors, year of publication, the country where the study was performed, period, and total number, age, and sex of the patients), exposure parameters (the type of preexisting allergic disease), outcome parameters (covariates if the adjusted model were used), and primary outcome (mortality, ICU admission, and hospitalization) were extracted from the eligible papers by three authors (Haiyan Zhu, Yiqiang Xie, and Xiaoou Wang) independently. After a comparison of the extracted data, the discrepancies were resolved by discussion.



Quality of the Evidence

The level of evidence of all articles was assessed independently by three authors (Xianbo Wu, Yihua Xu, and Lina Jin) according to the Cochrane Handbook (21) and the Newcastle-Ottawa scale (NOS) criteria (22). Discrepancies in the assessment were resolved through discussion until a consensus was reached.



Statistical Analysis

All analyses were performed using STATA SE 14.0 (StataCorp, College Station, Texas, USA). The odds ratios (ORs) and corresponding 95% confidence intervals (CIs) were extracted and used to compare the outcomes, if available. Only the OR adjusted by the largest number of covariates was used if more than one regression model were presented. When the OR was not reported in the study, the number of events in the exposure and control groups were extracted for analysis. Statistical heterogeneity among studies was calculated using Cochran's Q test and the I2 index. An I2 index >50% and Q test P < 0.10 indicated high heterogeneity (21). The random-effect model was applied to all analyses. The possible publication bias was not assessed by funnel plots and Egger's test because the number of studies included in each quantitative analysis was <10, in which case the funnel plots and Egger's test could yield misleading results (21, 23).




RESULTS


Selection of the Studies

From the 616 records initially identified, 315 were screened after removing the duplicates and the irrelevant papers; 173 were excluded, and 142 full-text articles were assessed for eligibility. Among them, 118 were excluded: 40 because of study aim, 11 for study type, 35 for the population, 24 for being an editorial, two because they could be retrieved, and six non-English (Figure 1). Therefore, 24 studies were included (Supplementary Table 3).


[image: Figure 1]
FIGURE 1. Flow diagram of study identification.


The 24 studies included a total of 1,169,441 patients (Supplementary Table 3). Ten studies were from the United States of America, four were from the United Kingdom, two from China, one from Portugal, one from Sweden, one from Spain, one from Belgium, one from Kuwait, and three from Korea. The controls were non-asthmatic patients. Those studies were evaluated using the NOS. Three studies scored 6 points, nine scored 7 points, 11 scored 8 points, and one scored 9 points (Supplementary Table 1).



Impact of Asthma on Mortality

Nineteen studies (21 datasets) presented data on the impact of asthma on the mortality of COVID-19 (Figure 2). The results showed that the patients who died of COVID-19 were not more likely to have asthma (OR = 0.95, 95%CI: 0.78–1.15, P = 0.602; I2 = 63.5%, Pheterogeneity < 0.001) (Figure 2 and Table 1). Similar results were observed in the adjusted models (OR = 0.85, 95%CI: 0.67–1.07, P = 0.159; I2 = 66.2%, Pheterogeneity < 0.001) and the unadjusted models (OR = 1.22, 95%CI: 0.91–1.65, P = 0.190; I2 = 29.5%, Pheterogeneity = 0.193) (Figure 2 and Table 1). The sensitivity analysis showed that no single study influenced the results (Supplementary Figure 1).


[image: Figure 2]
FIGURE 2. Forest plot of mortality comparing patients with or without preexisting asthma by the model applied. Weights and between-subgroup heterogeneity test are from random-effects model.



Table 1. Subgroup analysis: treatment vs. control.
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Impact of Asthma on ICU Admission

Fifteen studies presented data on the impact of asthma on ICU admission (Figure 3). Patients with COVID-19 and admitted to the ICU were not more likely to have preexisting asthma (OR = 1.17, 95%CI: 0.81–1.68, P = 0.407; I2 = 91.1%, Pheterogeneity = 0.407) (Figure 3 and Table 1). Similar results were observed in the adjusted models (OR = 1.14, 95%CI: 0.79–1.65, P = 0.480; I2 = 91.7%, Pheterogeneity < 0.001) and the unadjusted models (OR = 2.91, 95%CI: 0.35–23.95, P = 0.320) (Figure 3 and Table 1). The sensitivity analysis that no single study influenced the results (Supplementary Figure 2).


[image: Figure 3]
FIGURE 3. Forest plot of ICU admission comparing patients with or without preexisting asthma by the model applied. Weights and between-subgroup heterogeneity test are from random-effects model.




Impact of Asthma on Hospitalization

Ten studies presented data on the impact of asthma on hospitalization. Patients with COVID-19 and hospitalized were not more likely to have preexisting asthma (OR = 0.91, 95%CI: 0.76–1.10, P = 0.338; I2 = 79.1%, Pheterogeneity < 0.001) (Figure 4 and Table 1). Similar results were observed in the adjusted models (OR = 0.89, 95%CI: 0.72–1.10, P = 0.269; I2 = 81.6%, Pheterogeneity < 0.001) and the unadjusted models (OR = 1.07, 95%CI: 0.60–1.90, P = 0.826; I2 = 66.4%, Pheterogeneity = 0.085) (Figure 4 and Table 1). The sensitivity analysis that no single study influenced the results (Supplementary Figure 3).


[image: Figure 4]
FIGURE 4. Forest plot of hospitalization comparing patients with or without preexisting asthma by the model applied. Weights and between-subgroup heterogeneity test are from random-effects model.




Publication Bias

Begg's and Egger's tests (Supplementary Table 2) and the funnel plots (Supplementary Figures 4–6) suggest no publication bias.




DISCUSSION

The results of this meta-analysis suggest that the patients who died of COVID-19, were admitted to the ICU, or were hospitalized were not more likely to have asthma. When available, the fully adjusted results from each study were included in the analyses, but biases from the individual studies are possible.

Despite the pandemic proportions and worldwide research focus on COVID-19, COVID-19 is a novel condition, and few studies are available on the impact of specific preexisting conditions on the outcomes of patients with COVID-19, especially asthma (24). Nevertheless, conditions like cardiovascular diseases, hypertension, stroke, diabetes, and chronic kidney diseases (6, 7, 10–12, 17, 25). The patients with such conditions are already at higher risk of morbidity and mortality because of important dysregulations of various major systems (26) that already stress and wear the regulation and adaptation abilities of the human body (27), with major impacts on the immune system. Therefore, those patients are more susceptible to major complications of COVID-19. Accordingly, previous studies showed that patients with those preexisting conditions are at higher risk of complications to seasonal influenza and previous major coronaviruses like SARS-CoV and MERS-CoV (28, 29).

Asthma is a chronic condition, and acute exacerbation of asthma is associated with significant morbidity and mortality (1, 3, 4). Some previous evidence suggested that asthma was overrepresented among hospitalized adult patients with COVID-19 (30, 31). Asthma was listed as a high-risk factor for COVID-19 because of the triggering effect of respiratory viruses on asthma exacerbations (30). Therefore, the combination of the two pulmonary conditions (asthma and COVID-19) might be associated with worse patient outcomes since respiratory viruses are known to exacerbate asthma (5, 13, 14). The meta-analysis indicates that the patients who died of COVID-19, were admitted to the ICU, or were hospitalized were not more likely to have asthma. It is supported by a smaller meta-analysis that included only three studies with data about asthma (17). Nevertheless, asthma is a heterogeneous disease characterized by different phenotypes that respond differently to treatments and have different prognoses (32–34). Future studies should examine whether specific phenotypes of asthma could be associated with worse outcomes of COVID-19. In addition, it has been suggested that asthma medications and biological agents can alleviate inflammation and enhance antivirus defenses (35, 36), but the medications were not examined in the present study.

The results of this meta-analysis must be considered in light of their limitations. As for all meta-analyses, the present study inherited the limitations of each included study, such as confounder control, selection bias, and information bias. Although the period and the inclusion criteria of each included study were similar, there were obvious differences among studies in terms of the region and age of the patients, as well as differences in the level of care they received. Those differences could explain a part of the heterogeneity observed in the results. Therefore, the random-effect model was used in all analyses to avoid overestimation. Second, the results would be more precise if all the studies had reported ORs from the adjusted model. Finally, this meta-analysis failed to examine the impact of preexisting allergies on the outcomes of COVID-19 since only two studies included patients with allergies in their analyses. More studies are still required.



CONCLUSIONS

In conclusion, the results of this meta-analysis suggest that the patients who died from COVID-19, were admitted to the ICU, or hospitalized were not more likely to have asthma. Researchers are encouraged to design large cohort studies to investigate other preexisting risk factors.



DATA AVAILABILITY STATEMENT

The original contributions presented in the study are included in the article/Supplementary Material, further inquiries can be directed to the corresponding author/s.



AUTHOR CONTRIBUTIONS

XWu, HZ, and YXu conceived and coordinated the study, designed, performed and analyzed the experiments, and wrote the paper. YXi, LJ, and XWa carried out the data collection, data analysis, and revised the paper. All authors reviewed the results and approved the final version of the manuscript.



FUNDING

This study was supported by National Natural Science Foundation of China (81460706).



ACKNOWLEDGMENTS

We thank XWu, YXu, LJ, XWa, HZ, and YXi for assistance with the study and valuable discussion.



SUPPLEMENTARY MATERIAL

The Supplementary Material for this article can be found online at: https://www.frontiersin.org/articles/10.3389/fmed.2021.670744/full#supplementary-material

Supplementary Figure 1. Sensitivity analysis of mortality.

Supplementary Figure 2. Sensitivity analysis of ICU admission.

Supplementary Figure 3. Sensitivity analysis of hospitalization.

Supplementary Figure 4. Funnel plot of mortality.

Supplementary Figure 5. Funnel plot of ICU admission.

Supplementary Figure 6. Funnel plot of hospitalization.

Supplementary Table 1. The quality assessment of included studies.

Supplementary Table 2. Publication bias of included studies.

Supplementary Table 3. Literature search and study characteristic.



ABBREVIATIONS

COVID-19, coronavirus disease 2019; WHO, World Health Organization; PRISMA, Preferred Reporting Items for Systematic Reviews and Meta-Analyses; NOS, Newcastle-Ottawa scale; OR, odds ratio; CIs, confidence intervals.



REFERENCES

 1. Reddel H, Ware S, Marks G, Salome C, Jenkins C, Woolcock A. Differences between asthma exacerbations and poor asthma control. Lancet. (1999) 353:364–9. doi: 10.1016/S0140-6736(98)06128-5

 2. Simpson JL, Scott R, Boyle MJ, Gibson PG. Inflammatory subtypes in asthma: assessment and identification using induced sputum. Respirology. (2006) 11:54–61. doi: 10.1111/j.1440-1843.2006.00784.x

 3. Mukherjee M, Stoddart A, Gupta RP, Nwaru BI, Farr A, Heaven M, et al. The epidemiology, healthcare and societal burden and costs of asthma in the UK and its member nations: analyses of standalone and linked national databases. BMC Med. (2016) 14:113. doi: 10.1186/s12916-016-0657-8

 4. Nunes C, Pereira AM, Morais-Almeida M. Asthma costs and social impact. Asthma Res Pract. (2017) 3:1. doi: 10.1186/s40733-016-0029-3

 5. Oliver BG, Robinson P, Peters M, Black J. Viral infections and asthma: an inflammatory interface? Eur Respir J. (2014) 44:1666–81. doi: 10.1183/09031936.00047714

 6. Gupta A, Madhavan MV, Sehgal K, Nair N, Mahajan S, Sehrawat TS, et al. Extrapulmonary manifestations of COVID-19. Nat Med. (2020) 26:1017–32. doi: 10.1038/s41591-020-0968-3

 7. Wiersinga WJ, Rhodes A, Cheng AC, Peacock SJ, Prescott HC. Pathophysiology, transmission, diagnosis, and treatment of coronavirus disease 2019 (COVID-19): a review. JAMA. (2020) 324:782–93. doi: 10.1001/jama.2020.12839

 8. World Health Organization. COVID-19 Weekly Epidemiological Update. (2020). Available online at: https://www.who.int/publications/m/item/weekly-epidemiological-update—24-november-2020 (accessed November 25, 2020).

 9. Singh AK, Gillies CL, Singh R, Singh A, Chudasama Y, Coles B, et al. Prevalence of comorbidities and their association with mortality in patients with COVID-19: a systematic review and meta-analysis. Diabetes Obes Metab. (2020) 22:1915–24. doi: 10.1111/dom.14124

 10. Chen T, Wu D, Chen H, Yan W, Yang D, Chen G, et al. Clinical characteristics of 113 deceased patients with coronavirus disease 2019: retrospective study. BMJ. (2020) 368:m1091. doi: 10.1136/bmj.m1091

 11. Richardson S, Hirsch JS, Narasimhan M, Crawford JM, Mcginn T, Davidson KW, et al. Presenting characteristics, comorbidities, and outcomes among 5700 patients hospitalized with COVID-19 in the New York city area. JAMA. (2020) 323:2052–9. doi: 10.1001/jama.2020.6775

 12. Shi S, Qin M, Shen B, Cai Y, Liu T, Yang F, et al. Association of cardiac injury with mortality in hospitalized patients with COVID-19 in Wuhan, China. JAMA Cardiol. (2020) 5:802–10. doi: 10.1001/jamacardio.2020.0950

 13. Sears MR. Epidemiology of asthma exacerbations. J Allergy Clin Immunol. (2008) 122:662–8. doi: 10.1016/j.jaci.2008.08.003

 14. Wark PA, Tooze M, Powell H, Parsons K. Viral and bacterial infection in acute asthma and chronic obstructive pulmonary disease increases the risk of readmission. Respirology. (2013) 18:996–1002. doi: 10.1111/resp.12099

 15. Pelczar MJJ, Chan ECS, Krieg NR. Microbiology - An Application Based Approach. New Delhi: Tata McGraw Hill Education Private Limited (2010)

 16. Zheng XY, Xu YJ, Guan WJ, Lin LF. Regional, age and respiratory-secretion-specific prevalence of respiratory viruses associated with asthma exacerbation: a literature review. Arch Virol. (2018) 163:845–53. doi: 10.1007/s00705-017-3700-y

 17. Ssentongo P, Ssentongo AE, Heilbrunn ES, Ba DM, Chinchilli VM. Association of cardiovascular disease and 10 other preexisting comorbidities with COVID-19 mortality: a systematic review and meta-analysis. PLoS ONE. (2020) 15:e0238215. doi: 10.1371/journal.pone.0238215

 18. Selcuk AA. A guide for systematic reviews: PRISMA. Turk Arch Otorhinolaryngol. (2019) 57:57–8. doi: 10.5152/tao.2019.4058

 19. Aslam S, Emmanuel P. Formulating a researchable question: a critical step for facilitating good clinical research. Indian J Sex Transm Dis AIDS. (2010) 31:47–50. doi: 10.4103/0253-7184.69003

 20. World Health Organization. COVID-19 Clinical Management. Living Guidance. Geneva: World Health Organization (2021).

 21. Higgins JPT, Thomas J, Chandler J, Cumpston M, Li T, Page MJ, et al. Cochrane Handjournal for Systematic Reviews of Interventions Version 6.0 (Updated July 2019). London: Cochrane Collaboration (2019). doi: 10.1002/9781119536604

 22. Lo CK, Mertz D, Loeb M. Newcastle-ottawa scale: comparing reviewers' to authors' assessments. BMC Med Res Methodol. (2014) 14:45. doi: 10.1186/1471-2288-14-45

 23. Higgins JP, Altman DG, Gotzsche PC, Juni P, Moher D, Oxman AD, et al. The cochrane collaboration's tool for assessing risk of bias in randomised trials. BMJ. (2011) 343:d5928. doi: 10.1136/bmj.d5928

 24. Hartmann-Boyce J, Gunnell J, Drake J, Otunla A, Suklan J, Schofield E, et al. Asthma and COVID-19: review of evidence on risks and management considerations. BMJ Evid Based Med. (2020). doi: 10.1136/bmjebm-2020-111506

 25. Pranata R, Huang I, Lim MA, Wahjoepramono EJ, July J. Impact of cerebrovascular and cardiovascular diseases on mortality and severity of COVID-19-systematic review, meta-analysis, and meta-regression. J Stroke Cerebrovasc Dis. (2020) 29:104949. doi: 10.1016/j.jstrokecerebrovasdis.2020.104949

 26. Schulkin J. Allostasis, Homeostasis, and the Costs of Physiological Adaptation. Cambridge: Cambridge University Press (2004). doi: 10.1017/CBO9781316257081

 27. Mcewen BS. Sex, stress and the hippocampus: allostasis, allostatic load and the aging process. Neurobiol Aging. (2002) 23:921–39. doi: 10.1016/S0197-4580(02)00027-1

 28. Badawi A, Ryoo SG. Prevalence of comorbidities in the Middle East respiratory syndrome coronavirus (MERS-CoV): a systematic review and meta-analysis. Int J Infect Dis. (2016) 49:129–33. doi: 10.1016/j.ijid.2016.06.015

 29. Yang X, Yu Y, Xu J, Shu H, Xia J, Liu H, et al. Clinical course and outcomes of critically ill patients with SARS-CoV-2 pneumonia in Wuhan, China: a single-centered, retrospective, observational study. Lancet Respir Med. (2020) 8:475–81. doi: 10.1016/S2213-2600(20)30079-5

 30. Abrams E, 't Jong GW, Yang CL. Paediatric Asthma and COVID-19. Ottawa: Canadian Paediatric Society (2020). doi: 10.1503/cmaj.200617

 31. Goyal P, Choi JJ, Pinheiro LC, Schenck EJ, Chen R, Jabri A, et al. Clinical characteristics of covid-19 in New York city. N Engl J Med. (2020) 382:2372–4. doi: 10.1056/NEJMc2010419

 32. Verhein KC, Fryer AD, Jacoby DB. Neural control of airway inflammation. Curr Allergy Asthma Rep. (2009) 9:484–90. doi: 10.1007/s11882-009-0071-9

 33. Kistemaker LEM, Prakash YS. Airway innervation and plasticity in asthma. Physiology. (2019) 34:283–98. doi: 10.1152/physiol.00050.2018

 34. Priya V. Global Initiative for Asthma (GINA) Global Strategy for Asthma Management and Prevention. (2020). Available online at: https://ginasthma.org/gina-reports/

 35. Liu S, Zhi Y, Ying S. COVID-19 and asthma: reflection during the pandemic. Clin Rev Allergy Immunol. (2020) 59:78–88. doi: 10.1007/s12016-020-08797-3

 36. Morais-Almeida M, Aguiar R, Martin B, Ansotegui IJ, Ebisawa M, Arruda LK, et al. COVID-19, asthma, and biological therapies: what we need to know. World Allergy Organ J. (2020) 13:100126. doi: 10.1016/j.waojou.2020.100126

Conflict of Interest: The authors declare that the research was conducted in the absence of any commercial or financial relationships that could be construed as a potential conflict of interest.

Copyright © 2021 Wu, Xu, Jin, Wang, Zhu and Xie. This is an open-access article distributed under the terms of the Creative Commons Attribution License (CC BY). The use, distribution or reproduction in other forums is permitted, provided the original author(s) and the copyright owner(s) are credited and that the original publication in this journal is cited, in accordance with accepted academic practice. No use, distribution or reproduction is permitted which does not comply with these terms.



OPS/images/fmed-08-670744-t001.jpg
Outcome

Mortality

Icu

Hospitalization

Regression model

Overall
Adjusted model
Unadjusted model
Overall

Adjusted model
Unadjusted model
Overall

Adjusted model
Unadjusted model

No. of study

OR

0.950
0.847
1.221
1.167
1.142
2911
0914
0.890
1.067

95%Cl

0.784-1.161
0.672-1.067
0.906-1.647
0.810-1.681
0.789-1.654
0.354-23.952
0.761-1.098
0.723-1.096
0.599-1.901

P

0.602
0.159
0.190
0.407
0.480
0.320
0338
0.269
0.826

I-square %

635
66.2
205
91.1
91.7
/
79.1
81.6
66.4

P (Heterogeneity)

<0.001
<0.001
0.193
<0.001
<0.001
/
<0.001
<0.001
0.085





OPS/images/fmed-08-670744-g003.gif
[—— Er—
o 30 iy

Josiuvipa— s
e monne 2

D I = e e






OPS/images/fmed-08-670744-g004.gif
Resesonzizt
Subs,OL(F +16%.5+0000)

Tausiano, 220

Subgn,OL(F 6845, 520085)

[
O 01

13,5000,

<
Py -
<

12087140
0120
10003328
oso.110)
o520056.145)
oss028.000
030038087
0w 0s0.12)
om0

151083288
w12
17080199

osr076.1.10)

woan

na
1006

22
w2
an

se6
ne






OPS/xhtml/Nav.xhtml




Contents





		Cover



		Association of Preexisting Asthma and Other Allergic Diseases With Mortality in COVID-19 Patients: A Systematic Review and Meta-Analysis



		Background



		Methods



		Literature Search



		Data Extraction



		Quality of the Evidence



		Statistical Analysis







		Results



		Selection of the Studies



		Impact of Asthma on Mortality



		Impact of Asthma on ICU Admission



		Impact of Asthma on Hospitalization



		Publication Bias







		Discussion



		Conclusions



		Data Availability Statement



		Author Contributions



		Funding



		Acknowledgments



		Supplementary Material



		Abbreviations



		References

















OPS/images/cover.jpg
’ frontiers
in Medicine

Association of Preexisting Asthma
and Other Allergic Diseases With
Mortality in COVID-19 Patients: A
Systematic Review and
Meta-Analysis





OPS/images/fmed-08-670744-g001.gif
savenns ) (tennon )

ity

Included

PRISMA 2009 Flow Diagram
Recordsidentifid theough database | | Addiionst records idenied thovgh
searching. ather sources
(n=616) 0=3)
pubies: (12244)
Embase: 0e370)
Cochane: (122)
Records afterduplicates emove. Recordsexcloded
n=s17) neleant(1-202)
Records excloded it
Records sreencd reasons
o s (n173)
(o-315) Notefewe/avicein
press/short Survy:
(w67
Confrencesbitac:
o34y
Reviewmets:0+72)
. Fubtext artces excided,
withreasons
Fubtext arces o (o-118]
absracsasessed for Sy miondo)
v " Genonione
(n=162) Seres{ne11);
population: (1135
catorisk (0-24)
Notaccessle: (12
+ Non-ogish: (6],
Studesincuded in
aualtatie snthess
(oe28)






OPS/images/fmed-08-670744-g002.gif
omgsmer e

ooz 1
saanim o
a1
Saomay 4
ongaam 23
anayim
anewim 36
tmoma s
S sor
om0
anaiom
oseam s
et o

om0 o
omgoiam o
s s
Tsosa am
o am
owam 1w 0%
STy izemie wn

et vt g 020558
G oL 6353 40680 owam i@










OPS/images/crossmark.jpg
©

2

i

|





OPS/images/logo.jpg
, frontiers
in Medicine





