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Abstract

Background: During the current ongoing COVID-19 pandemic, studies had reported that patients with asthma would experience

increased asthma-associated morbidity because of the respiratory virus SARS-CoV-2 infection, based on experience with other

respiratory viral infections. However, some studies suggested that there was no apparent increase in asthma related morbidity

in children with asthma, it is even possible that due to reduced exposures due to confinement, such children may have improved

outcomes. In order to understand the impact of Covid-19 on asthma control in children, we performed this systematic review

and meta-analysis. Methods: We searched PubMed, Embase, and Cochrane Library to find literature from December 2019 to

June 2021 related to Covid-19 and children’s asthma control, among which results such as abstracts, comments, letters, reviews

and case reports were excluded. The level of asthma control during the COVID-19 pandemic was synthesized and discussed.

Results: A total of 20456 subjects were included in 7 studies. Random effect model is used to account for the data. Compared

to the same period before the COVID-19 pandemic, asthma exacerbation, asthma admission, emergency room visit reduced a

lot. The outcome of use of inhaled corticosteroids and Beta-2 agonists shows no significant difference. Conclusion: Compared

to the same period before the COVID-19 pandemic and the measures in response to it, the level of asthma control has been

significantly improved. We need to understand the exact factors leading to these improvements and find methods to sustain it.
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Authors: Ze Yang1,XiangWang1, Xi − gangWan1,Meng − leiWang2, Zong − huaQiu1, Jia − liChen1,Man − haoShi1, Shi − yiZhang1, Y ong − liangXia3*Affiliations: 1The First School of Clinical Medicine, Zhejiang Traditional Chinese Medical University, Hangzhou 310006, China 2The Third School of Clinical Medicine, Zhejiang Traditional Chinese Medical University, Hangzhou 310006, China 3*Correspondence Author: Yong-liang Xia, The First Affiliated Hospital of Zhejiang Chinese Medical University (Chen Yi’s inheritance studio of national famous and old Chinese medicine experts of Zhejiang Provincial Hospital of Traditional Chinese Medicine), Hangzhou, 310006, Zhejiang, China. Tel: +86 13186968775, Email: xiayongliang1@sina.com :co − firstauthors.E-mail: Ze Yang995651045@qq.com Xiang Wang 1013047386@qq.com Xi-gang Wan 2416459264@qq.com Meng-lei Wang 854577335@qq.com Zong-hua Qiu 839020278@qq.com Jia-li Chen 1164820856@qq.com Man-hao Shi 1170516314@qq.com Shi-yi Zhang 2878904995@qq.com Yong-liang Xiaxiayongliang1@sina.com Abstract Background: During the current ongoing COVID-19 pandemic, studies had reported that patients with asthma would experience increased asthma-associated morbidity because of the respiratory virus SARS-CoV-2 infection, based on experience with other respiratory viral infections. However, some studies suggested that there was no apparent increase in asthma related morbidity in children with asthma, it is even possible that due to reduced exposures due to confinement, such children may have improved outcomes. In order to understand the impact of Covid-19 on asthma control in children, we performed this systematic review and meta-analysis. Methods: We searched PubMed, Embase, and Cochrane Library to find literature from December 2019 to June 2021 related to Covid-19 and children’s asthma control, among which results such as abstracts, comments, letters, reviews and case reports were excluded. The level of asthma control during the COVID-19 pandemic was synthesized and discussed. Results: A total of 20456 subjects were included in 7 studies. Random effect model is used to account for the data. Compared to the same period before the COVID-19 pandemic, asthma exacerbation, asthma admission, emergency room visit reduced a lot. The outcome of use of inhaled corticosteroids and Beta-2 agonists shows no significant difference. Conclusion: Compared to the same period before the COVID-19 pandemic and the measures in response to it, the level of asthma control has been significantly improved. We need to understand the exact factors leading to these improvements and find methods to sustain it. Keywords: COVID-19, asthma control, children, systematic review and meta-analysis 1 Introduction The novel coronavirus disease (COVID-19), which is associated with significant morbidity and medical complications induced by SARS- CoV-2, has rapidly spread sparking alarm worldwide.1,2 In June 2020 WHO declared COVID-19 as global pandemic which has made many countries to shut down their borders3. Asthma has become the most common chronic respiratory disease in children4-6. As is well known to all for many decades, respiratory infections trigger asthma exacerbations7. Studies had reported that patients with asthma would experience increased asthma-associated morbidity because of the respiratory virus SARS-CoV-2 infection, based on experience with other respiratory viral infections8,9. However, some studies suggested that there was no apparent increase in asthma related morbidity in children with asthma10, it is even possible that due to reduced exposures due to confinement, such children may have improved outcomes11. The main objective of this study was to identify how is the asthma in children during the COVID-19 pandemic controlled compared with the time before it. 2 Materials and Methods 2.1 Data Source We searched PubMed, Embase, and Cochrane Library for the update articles published from the inception of each database to Jun 1, 2021. when duplicate publications were identified, we chose the most complete and recent trial . Two investigators (Z.Y. and X.W.) independently retrieved all the related studies in the databases and excluded duplicate publications. The combined text and medical subject heading (MeSH) terms were cross-searched using MeSH and free word as follows: ( Asthma[Mesh] OR allergic asthma[Title/Abstract] OR Bronchial Asthma[Title/Abstract]) AND Control[Title/Abstract]) AND (COVID-19[Mesh] OR COVID-19 Virus Disease[Title/Abstract] OR COVID-19 Virus Infection[Title/Abstract] OR 2019-nCoV Infection[Title/Abstract] OR Coronavirus Disease-19[Title/Abstract] OR 2019 Novel Coronavirus Disease[Title/Abstract] OR 2019-nCoV Disease[Title/Abstract] OR SARS Coronavirus 2 Infection[Title/Abstract] OR SARS-CoV-2 Infection[Title/Abstract] OR (COVID-19 Pandemic[Title/Abstract]) AND (Child[Mesh] OR Children[Title/Abstract]). We also reviewed abstracts and presentations from major conference proceedings up to Jun 1, 2021 to ensure that no additional studies were overlooked. 2.2 Inclusion and Exclusion Criteria Our meta-analysis is reported in line with the Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) Statement and had been registered at International Prospective Register of Systematic Reviews (number:CRD42021266458)12. Studies that met the following criteria were included: (1) cross-sectional studies; (2) children and adolescents aged < 19 years; (3) the population are diagnosed as asthma; (4) the background of the study is COVID-19 pandemic. However, articles had incomplete or unidentified data were excluded, as well as abstracts, reviews, case reports, letters and duplicate publications. 2.3 Quality Assessment and Data Extraction Two independent investigators (Z.Y. and X.W.) evaluated the quality of all studies according to 11-item checklist that was recommended by the Agency for Healthcare Research and Quality (AHRQ)13subjectively. “0” will be scored if it was answered No or Unclear and “1” will be given to the answer Yes. Quality of articles was assessed as follows: “0–3” means low quality, 4–7 means moderate quality, 8–11 means high quality. The following information was extracted: first author, publication time, study design, source of population, mean age or age range, the sample size and outcomes. 2.4 Statistical Analysis A random-effect model was used to estimate the asthma exacerbation, asthma admissions, emergency room visits, use of inhaled corticosteroids and Beta-2 agonists. Statistical heterogeneity was considered to be present when p < 0.1 or I2 > 50%. Publication bias was evaluated visually by funnel plots and considered significant when p < 0.05 in either Begg’s test or Egger’s test when the inclusion was more than 10 articles. STATA 15.0 software (Stata Corporation, College Station, TX, USA) was also used to conduct different analyses and all statistical tests. 3 Results 3.1 Search Results Our initial search yielded 73 articles in total, 17 of which were removed for duplication. After screening titles and abstracts, further 22 items were taken away. Thirty-four articles were reviewed, among which 7 were included in this meta-analysis14-19. No further study was identified by manual search. The flow diagram of studies selection was shown in Figure 1. 3.2 Study Characteristic Six cross-sectional studies and one prospective cohort study, with 20456 subjects were included for the final meta-analysis. The sample size of the studies ranged from 16 to 18912. The age of participants ranged from 3 to 15 across all studies. Outcomes in the studies are showed as follows: asthma exacerbation, asthma admissions, emergency room visits, use of inhaled corticosteroids and use of Beta-2 agonists The main characteristics of the 7 articles were summarized in Table 1. AHRQ scores suggested that all studies scored at eight to nine as high quality. 3.3 Asthma exacerbation Three studies14,19,20 were included in this outcome, with 751 cases during COVID-19 pandemic, and 889 cases before COVID-19 pandemic. Heterogeneity test analysis suggested that there was heterogeneity (I2=60%, P=0.08), so the random effects model was used. The meta-analysis demonstrated there was no significant difference between two groups(OR =0.49, 95%CI= [0.20,1.16], Z=1.62, P=0.11)(Figure 2). 3.4 Asthma admission The meta-analysis showed that during COVID-19 pandemic, the asthma admissions were lower than that before COVID-19 pandemic(OR =0.32, 95%CI= [0.19,0.54], Z=4.35 P¡0.0001)(Figure 3). Heterogeneity test analysis suggested there was no heterogeneit(I2=0%,P=0.45). 3.5 Emergency room visit Three studies14,18,20 were included in this outcome. Heterogeneity test analysis suggested that there was no heterogeneity (I2=0%, P=0.87). The meta-analysis demonstrated there was significant difference between two groups(OR =0.11, 95%CI= [0.04,0.26], Z=4.98, P¡0.00001)(Figure 4), during COVID-19 pandemic, the emergency room visits of asthma were lower than that before COVID-19 pandemic. 3.6 Use of inhaled corticosteroids and Beta-2 agonists The meta-analysis showed that there was no significant difference between two groups in the use of inhaled corticosteroids(OR=0.22, 95%CI= [0.03,1.85], Z=1.15, P=0.25)(Figure 5)and Beta-2 agonists(OR =0.18, 95%CI= [0.01,3.35], Z=1.39, P=0.16)(Figure 6).Heterogeneity test analysis suggested that there was heterogeneity in the two outcomes (I2=96%, P¡0.00001 of use of inhaled corticosteroids and I2=97%, P¡0.00001 of Beta-2 agonists), so the random effects model was used. 3.7 Publication bias We cannot use the funnel plot to reflect publication bias because of the inclusion of fewer than 10 articles. 4 Discussion The current systematic review provides a quantitative estimate of the asthma control of the current ongoing COVID-19 pandemic in children. The COVID-19 outbreak and the measures taken to it have had significant influences on asthma control among children. We have shown for the first time that the level of asthma control was significantly improved during the COVID-19 pandemic compared to the same period before it, with a reduction of asthma exacerbation, asthma admission and emergency room visit. One reason of these results is probably associated with the lockdown measures during COVID-19 pandemic, which limit viral disease transmissions, reduce the possible exposure to asthma triggers, such as viral infections, outdoor allergens, physical activities, and air pollution21-23. It might also be explained by caregivers’ afraid to bring children to hospital because of the risk of exposure to SARS-Co-V224. And increased treatment adherence is also an important factor. Caregivers are afraid of going to hospital in the special time, so they pay more attention to their health than that before the pandemic and treat their children’s asthma in time, and take the treatment actively, thus the times of visits to the hospital has decreased and the frequency of asthma exacerbation has also decreased. Anyway, these results mean less medication and healthcare resources are used in the control of children’s asthma. The outcome of use of inhaled corticosteroids and Beta-2 agonists shows no significant difference. In fact, on one hand, a lot of children reduced their maintenance therapy (use of inhaled corticosteroids and Beta-2 agonists), it is likely because of the good level of disease control, in the study of Ullmann et al.18 showed the significant reduction of respiratory symptoms, which meant there was a real improvement in asthma control. On the other hand, there are some children stepped up their therapy during the lockdown. It was not only because of symptoms or the fear and anxiety related to the spreading of the COVID-19 pandemic25-27. Also, studies have suggested that inhaled corticosteroids may enhance innate immunity to viral infections28,29, reduce susceptibility to severe respiratory viral infections and can downregulate virus angiotensin-converting enzyme-2 receptor expression in the airways in the case of SARS-CoV-230. The outcome of c-ACT scores were not analyzed, though many articles included it. It was mainly because of the different manifestations used. For example, Papadopoulos et al.17 use number of people to show improved scores. Jia et al.16 use the number of people whose scores were greater or equal to 20 which means good control. Ullmann et al.18 use the exact scores directly. Yucel et al.19 use the ratio of score less than 20. So it is hard to unite these outcomes. This is a problem that needs to be unified in the follow-up studies. Although the current meta-analysis results show that the control of asthma in children has been improved during pandemic, we are still concerned about the question that will childhood asthma worsen if the lockdown continues for a very long time? The asthma control of patients with indoor allergen sensitization might be worse. Confounding factors such as increased exposure to indoor allergens, such as HDMs, molds, pet allergens, and decreased exposure to seasonal outdoor allergens such as pollens may have both negative and positive effects respectively on asthma. Further researches are needed. After the COVID-19 disappearing, children suffering from asthma and their caregivers should still reduce exposure to asthma triggers like viral infections, outdoor allergens, and air pollution, at the same time increase treatment adherence, just do what they underwent in the pandemic, thus to restore, maintain and promote effective asthma management for children, this is the meaning of our writing this article. Our review has several limitations. First, the sample size of this meta-analysis was relatively small. As a result, the unknown risk of bias caused by incomplete data could constrain our results. Second, our results are based on observational studies, which are susceptible to design bias, selection bias and residual confounding. Third, in this study was that heterogeneity across the studies was substantial, which could be attributed to different definition of severity used or sample size. Despite these limitations, this meta-analysis provides information on the association between children’s asthma control and COVID-19 pandemic. 5 Conclusion In summary, compared to the same period before the COVID-19 pandemic and the measures in response to it, the level of asthma control has been significantly improved. we need to understand the exact factors leading to these improvements and find methods to sustain it. This meta-analysis can guide children and their caregivers to restore, maintain and promote effective asthma management during, and more important, after the pandemic. Acknowledgments The authors thank Hai-yong Ye for helping to revise this manuscript. Conflict of interests The authors declare that there are no conflicts of interests. Author contributions Study design: Ze Yang, Xiang Wang, Xi-gang Wan, Zong-hua Qiu, and Yong-liang Xia. Data collection: Ze Yang, Xiang Wang, Xi-gang Wan, Jia-li Chen, Man-hao Shi, and Shi-yi Zhang. Analysis: Ze Yang and Xiang Wang. Manuscript drafting, editing, and approval: All authors. References 1. Jiang F, Deng L, Zhang L, Cai Y, Cheung CW, Xia Z. Review of the Clinical Characteristics of Coronavirus Disease 2019 (COVID-19). J Gen Intern Med. 2020;35(5):1545-1549. 2. Lai CC, Shih TP, Ko WC, Tang HJ, Hsueh PR. Severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) and coronavirus disease-2019 (COVID-19): The epidemic and the challenges. Int J Antimicrob Agents. 2020;55(3):105924. 3. Shrivastava SR, Shrivastava PS. 2019-nCoV Outbreak Declared as Public Health Emergency of International Concern: What Next? Int J Prev Med. 2020;11:65. 4. Akinbami LJ, Simon AE, Rossen LM. Changing Trends in Asthma Prevalence Among Children. Pediatrics. 2016;137(1):1-7. 5. Rosser FJ, Forno E, Cooper PJ, Celedón JC. Asthma in Hispanics. An 8-year update. Am J Respir Crit Care Med. 2014;189(11):1316-1327. 6. Forno E, Gogna M, Cepeda A, et al. Asthma in Latin America.Thorax. 2015;70(9):898-905. 7. Minor TE, Dick EC, DeMeo AN, Ouellette JJ, Cohen M, Reed CE. Viruses as precipitants of asthmatic attacks in children. Jama.1974;227(3):292-298. 8. Kloepfer KM, Olenec JP, Lee WM, et al. Increased H1N1 infection rate in children with asthma. Am J Respir Crit Care Med.2012;185(12):1275-1279. 9. Gern JE. Viral respiratory infection and the link to asthma.Pediatr Infect Dis J. 2004;23(1 Suppl):S78-86. 10. Castro-Rodriguez JA, Forno E. Asthma and COVID-19 in children: A systematic review and call for data. Pediatr Pulmonol.2020;55(9):2412-2418. 11. Krivec U, Kofol Seliger A, Tursic J. COVID-19 lockdown dropped the rate of paediatric asthma admissions. Arch Dis Child.2020;105(8):809-810. 12. Moher D, Shamseer L, Clarke M, et al. Preferred reporting items for systematic review and meta-analysis protocols (PRISMA-P) 2015 statement.Syst Rev. 2015;4(1):1. 13. Agency for Healthcare Research and Quality (US). 2004;https://www.ncbi.nlm.nih.gov/books/NBK35149/. Accessed Feb 5, 2020. 14. Ferraro VA, Zamunaro A, Spaggiari S, Di Riso D, Zanconato S, Carraro S. Pediatric asthma control during the COVID-19 pandemic.Immunity, Inflammation and Disease. 2021;9(2):561-568. 15. Guijon OL, Morphew T, Ehwerhemuepha L, Galant SP. Evaluating the impact of coronavirus disease 2019 on asthma morbidity: A comprehensive analysis of potential influencing factors. Annals of Allergy, Asthma and Immunology. 2021. 16. Jia Y, Bao J, Yi M, et al. Impact of the COVID-19 pandemic on asthma control among children: A qualitative study from caregivers’ perspectives and experiences. BMJ Open. 2021;11(5). 17. Papadopoulos NG, Mathioudakis AG, Custovic A, et al. Childhood asthma outcomes during the COVID-19 pandemic: Findings from the PeARL multi-national cohort. Allergy: European Journal of Allergy and Clinical Immunology. 2021;76(6):1765-1775. 18. Ullmann N, Allegorico A, Bush A, et al. Effects of the COVID-19 pandemic and lockdown on symptom control in preschool children with recurrent wheezing. Pediatric Pulmonology. 2021. 19. Yucel E, Suleyman A, Hizli Demirkale Z, Guler N, Tamay ZU, Ozdemir C. ‘Stay at home’: Is it good or not for house dust mite sensitized children with respiratory allergies? Pediatric Allergy and Immunology. 2021;32(5):963-970. 20. Ochoa-Avilés AM, Ochoa-Avilés C, Morillo-Argudo DA, et al. Impact of COVID-19 pandemic on asthma symptoms and management: A prospective analysis of asthmatic children in Ecuador. World Allergy Organization Journal. 2021;14(6). 21. Riccio MP, Borrelli M, Fioretti MT, et al. Is Quarantine for COVID-19 Pandemic Associated with Psychological Burden in Primary Ciliary Dyskinesia? Int J Environ Res Public Health. 2020;17(21). 22. Eguiluz-Gracia I, Mathioudakis AG, Bartel S, et al. The need for clean air: The way air pollution and climate change affect allergic rhinitis and asthma. Allergy. 2020;75(9):2170-2184. 23. Jartti T, Liimatainen U, Xepapadaki P, et al. Clinical correlates of rhinovirus infection in preschool asthma. Allergy.2021;76(1):247-254. 24. Morais-Almeida M, Aguiar R, Martin B, et al. COVID-19, asthma, and biological therapies: What we need to know. World Allergy Organ J. 2020;13(5):100126. 25. Orgilés M, Morales A, Delvecchio E, Mazzeschi C, Espada JP. Immediate Psychological Effects of the COVID-19 Quarantine in Youth From Italy and Spain. Front Psychol. 2020;11:579038. 26. Hou TY, Mao XF, Dong W, Cai WP, Deng GH. Prevalence of and factors associated with mental health problems and suicidality among senior high school students in rural China during the COVID-19 outbreak. Asian J Psychiatr. 2020;54:102305. 27. Garcia de Avila MA, Hamamoto Filho PT, Jacob F, et al. Children’s Anxiety and Factors Related to the COVID-19 Pandemic: An Exploratory Study Using the Children’s Anxiety Questionnaire and the Numerical Rating Scale. Int J Environ Res Public Health. 2020;17(16). 28. Jackson DJ, Johnston SL. The role of viruses in acute exacerbations of asthma. J Allergy Clin Immunol. 2010;125(6):1178-1187; quiz 1188-1179. 29. Soto-Quiros M, Avila L, Platts-Mills TA, et al. High titers of IgE antibody to dust mite allergen and risk for wheezing among asthmatic children infected with rhinovirus. J Allergy Clin Immunol.2012;129(6):1499-1505.e1495. 30. Ardura-Garcia C, Vaca M, Oviedo G, et al. Risk factors for acute asthma in tropical America: a case-control study in the City of Esmeraldas, Ecuador. Pediatr Allergy Immunol. 2015;26(5):423-430.

Figure 1 PRISMA flow diagram of the study selection process.

Figure 2 Forest plots for comparison of asthma exacerbation between COVID-19 pandemic and before it.

1



P
os

te
d

on
A

u
th

or
ea

22
J
u
l

20
21

—
T

h
e

co
p
y
ri

gh
t

h
ol

d
er

is
th

e
au

th
or

/f
u
n
d
er

.
A

ll
ri

g
h
ts

re
se

rv
ed

.
N

o
re

u
se

w
it

h
ou

t
p

er
m

is
si

on
.

—
h
tt

p
s:

//
d
oi

.o
rg

/1
0.

22
54

1/
au

.1
62

69
92

52
.2

93
24

61
2/

v
1

—
T

h
is

a
p
re

p
ri

n
t

an
d

h
a
s

n
o
t

b
ee

n
p

ee
r

re
v
ie

w
ed

.
D

a
ta

m
ay

b
e

p
re

li
m

in
a
ry

.

Figure 3 Forest plots for comparison of asthma admission between COVID-19 pandemic and before it.

Figure 4 Forest plots for comparison of emergency room visit between COVID-19 pandemic and before it.

Figure 5 Forest plots for comparison of use of inhaled corticosteroid between COVID-19 pandemic and
before it.

Figure 6 Forest plots for comparison of use of Beta-2 agonists between COVID-19 pandemic and before it.
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