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Introduction

Respiratory diseases in children include acute and chronic 
inflammation of the upper and lower respiratory tract, 
of which acute respiratory tract infection is the most 
common, and accounts for more than 60% of pediatric 
outpatient cases (1). Respiratory tract infections in 
children can be caused by viruses (mainly rhinovirus, 
respiratory syncytial virus, and influenza virus) or bacteria 

(2,3). Respiratory tract infections in children caused 
by viruses or bacteria can be treated with antibiotics 
(often penicillin and macrolides), and bronchodilators 
(e .g. ,  salbutamol) ,  which relax bronchial  smooth 
muscles, dilate bronchi and relieve airflow limitation (4).  
Corticosteroids can reduce airway hyperresponsiveness, 
eliminate airway inflammation, repair damaged epithelium 
and promote the regeneration of airway cilia. They are often 
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used in the treatment of acute asthma or asthma caused by 
respiratory tract infection. However, whether oral therapy 
or inhalation therapy, long-term treatment may affect the 
function of hypothalamic pituitary adrenal axis in asthmatic 
children, affecting children’s growth and development (5). 
A research by Toogood (6) showed that for adult respiratory 
tract patients, the application of high-dose corticosteroids 
could more effectively reduce airway response than 
low-dose corticosteroids, but the inhibitory effect of 
adrenocortical function was more obvious. Therefore, when 
applied in children, the dosage of corticosteroids should be 
strictly limited. The results of a meta-analysis by Garrison 
et al. (7) showed that oral corticosteroids had a significant 
positive effect in children aged <1 year with respiratory 
disease by shortening the hospitalization time and symptom 
duration of children, and there were no obvious adverse 
reactions in short-term treatment. However, another 
randomized control trial (RCT) (8) found that oral 
corticosteroids had no significant effect in children aged 
1–5 years. According to the meta-analysis carried out by 
Fernandes et al. (9), corticosteroids are effective in children 
with a few adverse event cases, but the administration 
methods limited to inhalation in this study, lacking of 
literatures on oral methods, and the quality and accuracy 
of the included studies are low. We conducted a meta-
analysis of controlled clinical studies with better quality to 
determine the true effect and safety of corticosteroid drugs 
in the treatment of clinical pediatric respiratory diseases in 
children. We present the following article in accordance 
with the PRISMA reporting checklist (available at https://
tp.amegroups.com/article/view/10.21037/tp-21-577/rc).

Methods

Inclusion of studies 

To be eligible for inclusion in the meta-analysis studies 
had to meet the following inclusion criteria: (I) be an RCT 
published after January 2000 in the language English (non-
RCT studies of individual cases, guidelines, systematic 
analyses, and case-control studies were excluded); (II) 
comprise patients aged <18 years old, who had been 
diagnosed with acute respiratory tract infection, with 
or without wheezing symptoms, with runny nose and 
body temperature symptoms (>37.5 ℃) (children with 
chronic asthma, tuberculosis, congenital heart disease, 
corticosteroid contraindications, and those who had receive 

any anti-inflammatory drug treatment before the study 
were excluded); (III) use one of the following intervention 
methods: randomization, double-blinded, placebo-
controlled studies were preferred. Studties should have 
a sample size of >10 patients for both intervention and 
control group, in which the patients received the same basic 
treatment (i.e., disease assessment, data collection, antibiotic 
therapy, and bronchodilator therapy, such as salbutamol). 
For those in the experimental group patients received 
corticosteroid therapy (i.e., prednisone, methylprednisolone, 
hydrocortisone, dexamethasone, or budesonide) and those 
in the control group patients received placebos; 4) detail the 
outcome indicators, the statistical methods, and the data in 
the article, or have linkage for the data.

Article search strategy 

The following databases were searched: Embase (January 
2000 to August 2021), PubMed (January 2000 to August 
2021), Web of Science (January 2000 to August 2021), 
Ovid (January 2000 to August 2021), and ClinicalTrials.org. 
The keyword rapid search method was used, and the input 
keywords were “corticosteroids” and “acute respiratory 
diseases.”

Selection of articles 

Two researchers independently screened the articles based 
on the above-mentioned criteria, and if any issues arose 
during this process, a 3rd person was consulted for any 
contradiction.

Data extraction 

Excel was used to extract data. The following data were 
extracted: (I) basic data about the article: publication time, 
author, and region; (II) characteristics of the study subjects: 
patient age, sex ratio, ethnicity, family history of asthma, 
history of hormone use, and initial Preschool Respiratory 
Assessment Measure (PRAM) score; (III) article intervention 
methods: the intervention methods of the 2 groups, and the 
observation time; and (IV) outcome data. In the process of 
data extraction, if the data were provided in the article, the 
data were accessed via the address specified in the article. If 
the data could not be obtained from the address, the original 
author of the article was contacted to obtain the data. If the 
data still could not be obtained, the article was excluded.

https://tp.amegroups.com/article/view/10.21037/tp-21-577/rc
https://tp.amegroups.com/article/view/10.21037/tp-21-577/rc


Yang and Jin. Safety of corticosteroids for treating children with ARD196

© Translational Pediatrics. All rights reserved.   Transl Pediatr 2022;11(2):194-203 | https://dx.doi.org/10.21037/tp-21-577

Outcome indicators

The short-term efficacy indicators were as follows: (I) 
hospitalization rate; (II) proportion of patients who were 
not cured after treatment for 3 days; and (III) incidence rate 
of adverse reactions, including vomiting, maculopapular 
rash, diarrhea and restlessness. The long-term efficacy 
indicator was the readmission rate.

The following indicators were not subject to a statistical 
analysis: comparison of PRAM scores at 4, 8, and 12 h after 
treatment; the dosage of salbutamol during treatment, the 
proportion of cure after 7 days of treatment, the average 
time required for the symptoms to completely disappear, 
the serum hypersensitivity-C reactive protein (hsCRP) and 
interleukin (IL)-8 levels, and the number of days the patient 
presented with a cough. We did not perform a statistical 
analysis on these indicators as: (I) the number of articles 
reporting on some of the indicators was too small (e.g., 
only 1–2 articles reported on the dosage of salbutamol); 
(II) the reports on the indicators in different studies were 
not uniform (e.g., for salbutamol, some studies counted the 
dosage for 2 days, and some counted the dosage throughout 
the treatment).

Statistical methods 

The I2 test analysis and Q test were used to examine the 
heterogeneity between the different studies. A I2 value <50% 
or a P value ≥0.1 indicated that there was no statistically 
significant heterogeneity (or acceptable) heterogeneity 
between the articles. The mean difference (MD) was used 
to report the effect size for the continuous variables, and 
the odds ratio (OR) was used to report the effect size for 
binary variables. A 95% confidence interval (CI) was used. 
A P value <0.05 was considered statistically significant. 
The results are displayed in forest plots. For each outcome 
indicator, all of the articles included in the meta-analysis 
that reported on this indicator were combined for the 
statistical analysis. If there was no statistically significant 
heterogeneity, a fixed-effects model was used. If there was 
heterogeneity, a random-effects model was used. Revman 
5.4 software provided by Cochrane was used as the analysis 
tool in this study to present the results. The publication bias 
is shown in the funnel plot.

Risk of bias, heterogeneity survey, and sensitivity analysis 

The risk of bias assessment tool provided in Revman 5.4 
was used for the analysis. The risk assessment of each article 

was performed in relation to 6 factors: randomization, 
allocation concealment, quality of blinding, outcome 
assessment, incomplete data, selective reporting, and other 
bias. If there was heterogeneity in the statistical process, 
the source of heterogeneity was examined by a subgroup 
analysis. If the source could not be confirmed, a general 
descriptive analysis was conducted. The sensitivity analysis 
was performed by comparing the results of the fixed-effects 
model with those of the random-effects model.

Results

Article screening results

Following the database search, 544 articles were initially 
retrieved, and 8 articles with 2,327 patients were ultimately 
included in the meta-analysis. Articles were excluded if 
the pulmonary infection was caused by other primary  
diseases (10), the sample size was too small (11), or the 
outcome indicators were not examined (12). Figure 1 shows 
the selection flow chart.

Basic characteristics of articles

The basic characteristics of the articles are set out in Table 1.  
The subjects of the studies (13-20) were all children. The 
participants in a number of studies (13,14,16-18) were 
preschool aged children, while other articles (15) only 
specified that the children were aged <12 years old, and 
2 articles (19,20) indicated that the children were aged  
<1 year old. The subjects of one study (15) were patients with 
community-acquired pneumonia, the subjects of two studies 
(19,20) had acute respiratory syncytial virus bronchiolitis, 
and the subjects of the other studies were children with 
viral upper respiratory tract infection and asthma. Only two 
studies (16,17) reported on the PRAM scores of the children 
before and after treatment. The shortest follow-up time was 
7 days, and the longest was 3 months.

Risk assessment of bias of included articles

Revman 5.4 was used to conduct the risk assessment of 
the included articles. All of the articles included detailed 
descriptions of the random grouping method and drop-out 
cases. No selective reporting bias risk or other risk was found. 
One article (15) did not adopt the blind method, which 
increased the risk of implementation bias. One article (18) 
did not specify the use of allocation concealment or the blind 
method, which may indicate selective risk (see Figures 2,3).
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Meta-analysis results

Length of stay
All of the included articles (13-20) reported on the length 
of the hospital stay (pediatric emergency room or general 
ward). As there was great heterogeneity between the 
articles (I2=95%, P<0.00001), the random-effects model 
was used. The length of hospital stay of the experimental 
group treated with corticosteroids was shorter than that 
of the control group (MD =–2.03, 95% CI: –2.91, –1.14; 
P<0.00001; see Figure 4).

Based on the disease type of the children, the patients 
were further divided into 3 subgroups (i.e., the viral wheeze 
group, the community-acquired pneumonia group, and the 
viral respiratory bronchiolitis group). The results showed 
the use of corticosteroids shortened the length of hospital 
stay in the viral wheeze group (MD =–2.26, 95% CI: –3.31, 
–1.22; P<0.0001), the community-acquired pneumonia 
group (MD =–5.00, 95% CI: –7.03, –2.97; P<0.0001), and 
the viral respiratory bronchiolitis group (MD =–0.56, 95% 
CI: –0.96, –0.15; P=0.007).

Proportion of patients who did not recover after 3 days 
of treatment
Three articles (comprising a total of 1,519 patients) 
(13,14,17) reported on the number and proportion of 
patients who did not recover after 3 days of treatment. The 
number of patients who did not recover after 3 days of 
treatment in the experimental group and the control group 
was 759 and 760, respectively. As there was no statistical 
heterogeneity between the articles (I2=42%, P=0.18), the 
fixed-effects model was used. Corticosteroid drug therapy 
reduced the number and proportion of uncured patients 
after 3 days of treatment (OR =0.55, 95% CI: 0.42, 0.72; 
P<0.00001; see Figure 5).

Adverse reactions
Four articles (13-16) reported on the adverse reactions of 
patients treated with corticosteroid drugs. As there was 
no statistical heterogeneity between the articles (I2=0%, 
P=0.91), the fixed-effects model was used. The adverse 
reactions of patients in the experimental group were not 
significantly different from those of patients in the control 
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Figure 1 The selection flow chart.
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Figure 3 Risk of bias assessment chart of the included articles.

Figure 4 Effect of corticosteroid drugs on length of hospital stay in children with respiratory diseases.
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group (OR =0.57, 95% CI: 0.31, 1.07; P=0.08; see Figure 6).

Long-term efficacy: re-hospitalization rate
Five articles (13,14,17,18,20) reported on the re-
hospitalization rate of children after treatment. As there 
was no statistical heterogeneity between the articles (I2=0%, 
P=0.77), the fixed-effects model was used. The readmission 
rate of the experimental group did not differ significantly 
to that of the control group (OR =0.94, 95% CI: 0.66, 1.34; 
P=0.75; see Figure 7).

Heterogeneity investigation and sensitivity analysis
In the indicator analysis of the length of hospital stay, there 
was statistically significant heterogeneity among the articles. 
Thus, the articles were analyzed according to the type of 
disease. However, there was still heterogeneity among the 
articles in each subgroup. The source of heterogeneity 

may be related to multiple confounding factors, such as the 
age, race, and type and dose of the corticosteroid drugs. 
In the analysis of the re-hospitalization rate, when the 
random-effects model was used, the results did not differ 
significantly to those of the fixed-effects model; thus, the 
results can be considered stable (sensitivity analysis).

Analysis of publication bias
In the analysis of the re-hospitalization rate, the funnel 
plot showed that both sides were evenly distributed, which 
suggests that any publication bias was only small (see 
Figure 8).

Discussion

Eight articles, involving 4 kinds of corticosteroids (i.e., 
prednisolone, methylprednisolone, dexamethasone, 

Figure 5 Effect of corticosteroid drugs on the number of children with respiratory diseases who were not cured after 3 days of treatment.

Figure 6 Adverse reactions of corticosteroids in children with respiratory disease.

Figure 7 Effect of corticosteroids on the long-term re-hospitalization rate in children with respiratory diseases.
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and budesonide) and 3 kinds of pediatric respiratory 
diseases (viral infection with asthma, community-acquired 
pneumonia, and viral respiratory bronchiolitis), were 
included in this study. Except for 1 article (15), the study 
subjects in the other articles were preschool aged children. 
Some studies (16,17) have found that the effect of oral 
corticosteroids in treating pediatric respiratory diseases 
was not superior to placebos, but the results of the final 
comprehensive analysis showed that the experimental group 
treated with corticosteroids had shorter hospital stays and 
higher cure rates after 3 days of treatment than the placebo 
group, which suggests that treatment with corticosteroids 
significantly shortened the treatment time. In the long 
term, corticosteroid use did not further improve treatment 
outcomes (the readmission rate of the experimental group 
was similar to that of the placebo group), but the short-
term outcomes could still benefit children. Corticosteroid 
drugs have a powerful effect, allowing children to achieve 
an immunoprotective state in a short period, thereby 
improving symptoms (21). Some studies (22) have also 
shown that treatment with corticosteroid drugs can 
accelerate the digestion of the virus, improve the immune 
capacity of children, and reduce serum inflammation.

However, the heterogeneity analysis of the articles in 
this study showed that there were great differences in the 
types, doses, and indications of corticosteroid drugs, and 
the age of the children and the types of diseases were also 
important factors that cause heterogeneity. Thus, the safety 
of corticosteroid drugs requires further study. In this meta-
analysis, 4 articles (13-16) reported on the children’s adverse 
reactions to corticosteroid drugs. However, the results 
showed that oral corticosteroid drugs did not increase the 
adverse reactions, but also did not increase the long-term 
readmission rate of children. Strouse (23) concluded that 
while dexamethasone has been shown to be effective at 

reducing the duration of respiratory disease due to sickle 
cell anemia, the great risk of readmission for pain should 
limit its use; however, none of the studies in this meta-
analysis reported that the use of corticosteroids caused an 
increase in pain.

Only 8 articles were included in this meta-analysis. The 
article quality was good; however, some of the articles 
did not use the blind method, which may have caused 
an implementation bias. The funnel plots revealed no 
publication bias, but the number of included articles was 
small, as was the sample size. Due to the heterogeneity of 
the articles, relevant higher quality large-sample size RCT 
studies need to be conducted to gather further evidence.

Conclusions

Eight articles were included in this meta-analysis. The 
results showed that the application of corticosteroids in the 
treatment of children with respiratory diseases significantly 
shortened hospitalization stay and increased the cure rate of 
patients without increasing adverse reactions.
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