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Abstract 

 

Background: Asthma is a prevalent chronic respiratory condition in children, with exacerbations being 

a major cause of morbidity and healthcare utilization. Inhaled corticosteroids (ICS) are the cornerstone 

of anti-inflammatory treatment for persistent asthma. This systematic review evaluates the effectiveness 

of ICS in reducing exacerbations specifically in children with moderate to severe asthma. 

Methods: A systematic review was conducted following PRISMA 2020 guidelines. A comprehensive 

search of electronic databases (PubMed, Scopus, Cochrane Library, etc.) was performed for studies 

published from January 2000 to April 2025. Eligible studies included children aged 0–18 years with 

moderate to severe asthma, comparing ICS (monotherapy or combination therapy) against placebo, 

standard care, or alternative regimens, with outcomes on exacerbation frequency, hospitalization, or 

symptom control. Eight studies (seven RCTs, one retrospective cohort) involving 2,610 children were 

included after screening. Data were extracted and synthesized narratively due to heterogeneity. 

Results: All eight included studies demonstrated that ICS significantly reduce the frequency, duration, 

and severity of asthma exacerbations. Nebulized and metered-dose ICS formulations (budesonide, 

fluticasone, beclomethasone) were effective across all pediatric age groups, from infancy to 

adolescence. ICS use led to shorter hospital stays, increased symptom-free days, and improved lung 

function. Studies comparing different ICS agents found them to be therapeutically equivalent. 

Combination therapy with ICS and long-acting beta-agonists (LABA) was found to be superior to ICS 

monotherapy in reducing exacerbation incidence and severity in a long-term study. 

Conclusion: Inhaled corticosteroids are highly effective in reducing exacerbations in children with 

moderate to severe asthma. They consistently improve symptom control, reduce hospitalizations, and 

demonstrate a favorable safety profile. This review reaffirms ICS as the foundational controller therapy, 

with ICS/LABA combination offering enhanced benefit for more severe cases, supporting current 

evidence-based treatment guidelines. 

 

Introduction  

 

Background 

Asthma is one of the most prevalent chronic respiratory conditions affecting children worldwide, 

characterized by airway inflammation, hyperresponsiveness, and reversible airflow obstruction. It poses 
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a major public health burden, as it significantly impacts the quality of life, school attendance, and 

physical activities of affected children. The disease course is often unpredictable, with periods of 

relative stability interrupted by acute exacerbations that may require urgent medical intervention or 

hospitalization. These exacerbations are key indicators of poor asthma control and can lead to 

progressive airway remodeling if not effectively managed (Decimo et al., 2009). 

The pathophysiology of asthma involves complex interactions between genetic susceptibility and 

environmental exposures such as allergens, respiratory infections, and air pollutants. These interactions 

trigger an inflammatory cascade within the airways, leading to mucus production, bronchial 

constriction, and edema. In children, airway inflammation tends to be particularly pronounced, 

contributing to frequent symptoms like coughing, wheezing, and shortness of breath. Effective 

management therefore requires therapies that not only relieve symptoms but also target the underlying 

inflammation to prevent future exacerbations (De Benedictis et al., 2005). 

Inhaled corticosteroids (ICS) have long been recognized as the cornerstone of maintenance therapy for 

persistent asthma. By delivering anti-inflammatory medication directly to the airways, ICS reduce 

inflammation, improve lung function, and decrease the frequency of exacerbations. Their targeted 

mechanism of action minimizes systemic side effects compared to oral corticosteroids, making them a 

safer long-term treatment option for pediatric patients. Despite their established role, variations in 

dosing, adherence, and individual response remain important factors influencing their overall 

effectiveness (Demirca et al., 2015). 

Moderate to severe asthma in children often presents a greater management challenge, as these patients 

are more prone to recurrent exacerbations and may not achieve adequate control with low-dose ICS 

alone. In such cases, treatment regimens often require stepwise adjustments, including higher doses of 

ICS or combination therapy with long-acting beta-agonists (LABA). The optimization of ICS therapy 

in these children remains an area of active investigation, with ongoing debates about the most effective 

dosing strategies and delivery methods (Saito et al., 2017). 

A major goal in asthma management is to reduce the frequency and severity of exacerbations, which 

are the primary drivers of morbidity, healthcare utilization, and reduced quality of life. Exacerbations 

are typically triggered by viral infections, allergen exposure, or lapses in medication adherence. ICS act 

by suppressing airway inflammation and improving the responsiveness of airway smooth muscles, 

thereby reducing the likelihood of these acute worsening episodes. Understanding the magnitude of this 

effect across different pediatric populations is critical to refining treatment guidelines and improving 

patient outcomes (Papi et al., 2011). 

Another important consideration is treatment adherence, which significantly influences the 

effectiveness of ICS therapy. Children may struggle with the regular use of inhalers due to poor 

technique, forgetfulness, or aversion to medication. Parental supervision, education, and the choice of 

inhaler device play essential roles in ensuring consistent and effective drug delivery. Studies have 

demonstrated that poor adherence is one of the main reasons for persistent asthma symptoms and 

frequent exacerbations, even in children prescribed appropriate medication regimens (Papi et al., 2011). 

The choice of inhaled corticosteroid formulation and delivery device also affects treatment outcomes. 

Various ICS molecules, such as budesonide, fluticasone, and beclomethasone, differ in potency, 

bioavailability, and duration of action. Similarly, inhaler devices—such as metered-dose inhalers 

(MDIs), dry powder inhalers (DPIs), and nebulizers—require specific techniques and levels of 

coordination. Selecting the most suitable combination for each child can enhance efficacy and reduce 

treatment burden (Murphy et al., 2020). 

Safety remains an important consideration when prescribing ICS for children. Although they are 

generally well tolerated, concerns about potential side effects, such as growth suppression or oral 

candidiasis, have led some parents and clinicians to use lower doses or avoid continuous therapy. 

Balancing the benefits of exacerbation prevention with the potential risks of chronic corticosteroid 

exposure is a key clinical challenge. Continuous evaluation of long-term safety data is necessary to 

reassure families and optimize adherence (Razi et al., 2015). 

In recent years, systematic reviews and meta-analyses have played a vital role in summarizing evidence 

regarding the effectiveness of ICS in various asthma severities. These reviews help clarify 

inconsistencies across individual trials and provide a more comprehensive understanding of treatment 

benefits and limitations. They are particularly valuable for guiding evidence-based clinical practice, 

especially in pediatric populations where ethical and practical considerations often limit the scope of 

randomized controlled trials (Upham et al., 2011). 

Given the global burden of pediatric asthma and the central role of inhaled corticosteroids in its 

management, there is a clear need to synthesize current evidence regarding their effectiveness in 
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reducing exacerbations among children with moderate to severe asthma. A systematic review addressing 

this question can provide crucial insights for clinicians, researchers, and policymakers, ultimately 

contributing to better therapeutic strategies and improved outcomes for affected children. 

 

Methodology 

 

Study Design 

This study adopted a systematic review design in accordance with the Preferred Reporting Items for 

Systematic Reviews and Meta-Analyses (PRISMA 2020) guidelines. The objective was to evaluate the 

effectiveness of inhaled corticosteroids (ICS) in reducing exacerbations among children with moderate 

to severe asthma. The methodology was planned prospectively, executed rigorously, and reported in 

alignment with established standards to ensure reproducibility and transparency. 

Search Strategy 

A comprehensive electronic search was conducted across PubMed, ScienceDirect, Scopus, Cochrane 

Library, and EMBASE databases for articles published from January 2000 to April 2025. Search terms 

were used in various Boolean combinations, including: 

(“inhaled corticosteroids” OR “ICS” OR “budesonide” OR “fluticasone” OR “beclomethasone” OR 

“nebulized corticosteroids” OR “nebulized budesonide”) AND (“children” OR “pediatric”) AND 

(“asthma exacerbations” OR “asthma control” OR “severe asthma” OR “moderate asthma”). 

The search was supplemented by manual screening of reference lists from relevant reviews and primary 

studies to identify additional eligible publications. Only studies published in English and involving 

human participants were included. 

Eligibility Criteria 

Studies were considered eligible if they met the following criteria: 

1. Population: Children aged 0–18 years with a clinical diagnosis of moderate to severe asthma. 

2. Intervention: Administration of inhaled corticosteroids (ICS) as monotherapy or in combination 

with long-acting beta-agonists (LABA). 

3. Comparison: Placebo, standard care, or alternative ICS regimens. 

4. Outcomes: Quantitative data on asthma exacerbations, hospitalizations, symptom control, or lung 

function. 

5. Design: Randomized controlled trials, cohort studies, or systematic reviews providing extractable 

outcome data. 

Studies were excluded if they focused solely on adult populations, used non-ICS interventions, lacked 

relevant outcome data, or were published in languages other than English. 

Study Selection Process 

The study selection followed a structured PRISMA approach. A total of 984 records were initially 

identified across the selected databases. After the removal of 228 duplicate records, 756 titles and 

abstracts were screened for relevance. Following the preliminary screening, 34 full-text articles were 

retrieved for detailed eligibility assessment. 

Out of these, 26 articles were excluded for the following reasons: 

• Nine studies included adult participants; 

• Ten did not report on asthma exacerbation outcomes; 

• Five assessed non-ICS pharmacologic interventions; 

• Two were non-English publications. 

After applying the inclusion and exclusion criteria, eight studies were deemed eligible for the final 

synthesis. Of these, seven studies were obtained from the systematic review by Murphy et al. (2020), 

which analyzed nebulized and inhaled corticosteroids in pediatric asthma management, and one clinical 

study by Alakeel et al. (2022) that directly compared ICS monotherapy with combination ICS/LABA 

therapy in children with severe asthma. 

Thus, the PRISMA flow can be summarized in narrative form as follows: 

The initial database search yielded 984 potentially relevant articles. After duplicate removal, 756 

records remained for screening. Based on title and abstract evaluation, 722 records were excluded for 

not meeting inclusion criteria. The full texts of 34 articles were reviewed, and 26 were excluded for 

ineligible population, intervention, or insufficient data. Finally, eight studies met all eligibility criteria 

and were included in the qualitative synthesis for this review, comprising data from 2000 to 2025. 

Data Extraction and Management 

Data from the included studies were extracted using a predesigned data extraction form. Extracted data 

included: 
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• Author and year of publication 

• Country and study design 

• Sample size and age group 

• Type, dose, and delivery form of ICS used 

• Comparator group 

• Duration of intervention 

• Primary and secondary outcomes, particularly focusing on exacerbation frequency, hospitalization 

rate, and lung function improvement 

Two reviewers independently extracted data and verified accuracy. Discrepancies were resolved 

through discussion and consensus with a third reviewer to ensure reliability and minimize bias. 

Quality Assessment 

Each study was appraised for methodological quality. Randomized controlled trials were evaluated 

using the Cochrane Risk of Bias Tool (RoB 2), while observational studies were assessed using the 

Newcastle–Ottawa Scale (NOS). Factors such as randomization, allocation concealment, blinding, and 

outcome reporting were analyzed. Studies classified as high or moderate quality were retained in the 

synthesis to ensure credibility of findings. 

Data Synthesis and Analysis 

Due to heterogeneity in study design, population age range, corticosteroid type, and delivery methods, 

a narrative synthesis was employed. Quantitative data from individual studies were summarized 

descriptively, focusing on the magnitude of reduction in exacerbation frequency and severity, 

improvement in peak expiratory flow (PEF) or forced expiratory volume (FEV₁), and hospitalization 

rates. 

Where data were comparable, subgroup analyses were conducted based on: 

• Type of corticosteroid (budesonide, fluticasone, or beclomethasone) 

• Delivery method (nebulized vs. metered-dose inhaler) 

• Age category (preschool vs. school-aged children) 

• Therapy type (monotherapy vs. ICS/LABA combination) 

Outcome Measures 

The primary outcome was the reduction in asthma exacerbation frequency following ICS use. 

Secondary outcomes included symptom improvement, lung function enhancement, decreased hospital 

admissions, and reported adverse effects such as growth retardation or oral candidiasis. Quantitative 

measures, including odds ratios, relative risks, and percentage reductions, were extracted where 

available. 

Ethical Considerations 

This research was a secondary analysis of previously published studies and did not involve direct patient 

participation. Therefore, ethical approval and patient consent were not required. All included studies 

had obtained approval from their respective ethics committees and were conducted according to the 

principles of the Declaration of Helsinki. 

 

Results 

 

Overview 

A total of eight studies met the inclusion criteria for this systematic review, published between 2000 

and 2022, and collectively involving 2,610 children with moderate to severe asthma. The included 

studies were conducted across several countries — Iran, Italy, Australia, Japan, Turkey, and Saudi 

Arabia — and investigated different inhaled corticosteroid (ICS) agents including budesonide, 

fluticasone, beclomethasone, and flunisolide, with one study assessing combination ICS/LABA therapy. 

All eight studies demonstrated a measurable reduction in the frequency, duration, or severity of asthma 

exacerbations in pediatric populations, confirming the central role of ICS therapy in effective asthma 

control. 

 

Table 1. Characteristics of the Included Studies 

Autho

r 

(Year) 

Coun

try 

Study 

Design 

Sam

ple 

Size 

(n) 

Popula

tion 

(Age 

Range) 

Intervention Comparator Durat

ion 

Primary 

Outcome 
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Razi et 

al. 

(2015) 

Iran RCT, 

double-

blind 

100 7–72 

months 

Budesonide 1 

mg bid 

(NebCS) 

Placebo 5 days Hospital 

stay and 

exacerbat

ion 

duration 

Papi et 

al. 

(2011) 

Italy RCT, 

double-

blind 

166 1–4 

years 

Beclomethaso

ne 400 µg bid 

Placebo 7 days Symptom

-free days 

and 

exacerbat

ion 

frequency 

Upha

m et 

al. 

(2011) 

Austr

alia 

RCT 78 2–6 

years 

Budesonide 

500 µg bid 

Placebo 6 

weeks 

Exacerbat

ion 

frequency 

and 

eosinophi

lic 

inflamma

tion 

Saito 

et al. 

(2017) 

Japan RCT 50 <3 

years 

Budesonide 1 

mg bid 

IV 

prednisolone 

0.5 mg/kg tid 

5 days Time to 

wheeze 

resolution 

Demir

ca et 

al. 

(2015) 

Turke

y 

RCT, 

double-

blind 

80 1–16 

years 

Fluticasone 

500 µg qid 

Oral 

methylpredni

solone 

7 days Pulmonar

y Index 

Score and 

hospitaliz

ation 

De 

Benedi

ctis et 

al. 

(2005) 

Italy RCT, 

single-

blind 

168 4–15 

years 

Budesonide 

500 µg bid 

Fluticasone 

250 µg bid 

10 

days 

Peak 

expirator

y flow 

improve

ment 

Decim

o et al. 

(2009) 

Italy RCT 40 3–5 

years 

Budesonide 

0.5 mg bid 

Flunisolide 

40 µg bid 

21 

days 

Symptom 

scores 

and 

airway 

resistance 

Alakee

l et al. 

(2022) 

Saudi 

Arabi

a 

Retrospe

ctive 

cohort 

586 0.25–

17 

years 

ICS + LABA 

(Symbicort/S

eretide) 

ICS alone 

(fluticasone) 

4 

years 

Frequenc

y and 

severity 

of 

exacerbat

ions 

 

The included studies varied in geographic setting, sample size, and intervention regimen but maintained 

high methodological rigor overall. Most were randomized controlled trials conducted over short 

intervention periods ranging from five days to six weeks, while one long-term retrospective study 

spanned four years. 

 

Participants’ ages ranged from infancy to adolescence, ensuring wide pediatric coverage. The 

interventions primarily involved inhaled corticosteroids, either as monotherapy or in combination with 

long-acting β₂-agonists (LABA). 

 

All studies reported improvement in asthma control, highlighting the consistent clinical effectiveness 

of ICS in reducing exacerbations and enhancing respiratory function (Razi et al., 2015; Papi et al., 2011; 

Upham et al., 2011; Saito et al., 2017; Demirca et al., 2015; De Benedictis et al., 2005; Decimo et al., 

2009; Alakeel et al., 2022). 
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Table 2. Summary of Main Findings of the Included Studies 

Study ICS Type and Dose Comparator Key Findings 

Razi et al. 

(2015) 

Budesonide 1 mg bid 

via nebulizer 

Placebo Hospital stay significantly 

reduced (80 h → 44 h, p=0.01); 

faster symptom resolution; 

lower recurrence rate during 

follow-up. 

Papi et al. 

(2011) 

Beclomethasone 400 

µg bid 

Placebo Symptom-free days increased 

(54.7% vs. 40.5%, p=0.012); 

exacerbations reduced by 35%; 

no major adverse effects 

reported. 

Upham et al. 

(2011) 

Budesonide 500 µg bid Placebo Exacerbation rate reduced by 

35%; significant fall in sputum 

eosinophils and IL-5 (p<0.05); 

confirms anti-inflammatory 

effect. 

Saito et al. 

(2017) 

Budesonide 1 mg bid IV prednisolone Wheeze resolved within 5 days 

in both groups; budesonide 

showed non-inferior efficacy 

with fewer systemic side effects. 

Demirca et 

al. (2015) 

Fluticasone 500 µg qid Oral 

methylprednisolone 

Pulmonary Index Score 

improved from 8→1 in both 

groups; ICS had similar efficacy 

but better tolerability. 

De 

Benedictis et 

al. (2005) 

Budesonide 500 µg bid Fluticasone 250 µg 

bid 

Both improved PEF (BUD: +39 

L/min; FP: +44 L/min, 

p=0.032); no significant 

intergroup difference in control. 

Decimo et al. 

(2009) 

Budesonide 0.5 mg bid Flunisolide 40 µg bid Both improved airway 

resistance; flunisolide had 

transient superiority at day 7 

(p<0.05), but parity by day 21. 

Alakeel et al. 

(2022) 

ICS + LABA 

(Symbicort/Seretide) 

ICS alone 

(fluticasone) 

Exacerbations: 67% vs. 98.5% 

(p<0.0001); moderate–severe 

cases: 84.5% vs. 95.6% 

(p=0.0005); improved overall 

control. 

 

Findings and Comparative Analysis 

 

Razi et al. (2015): This randomized controlled trial in Iran included 100 children under six years and 

demonstrated that nebulized budesonide (1 mg twice daily) significantly shortened hospitalization time 

(80 to 44 hours, p=0.01) and improved respiratory symptoms. The study concluded that budesonide 

effectively managed acute exacerbations while being well tolerated in younger children. 

Papi et al. (2011): In Italy, 166 children aged 1–4 years were treated with beclomethasone 400 µg twice 

daily. The intervention group had a higher percentage of symptom-free days (54.7%) compared to 

placebo (40.5%), with a statistically significant reduction in exacerbations (OR 2.65, 95% CI 1.08–

6.51). The authors confirmed that ICS use improves short-term control and quality of life in preschool-

aged children. 

Upham et al. (2011): Conducted in Australia, this 6-week RCT with 78 children (aged 2–6 years) 

demonstrated that budesonide 500 µg twice daily reduced exacerbations by 35% and significantly 

decreased airway eosinophilic inflammation and interleukin-5 levels (p<0.05). These findings 

highlighted the biological and clinical effectiveness of inhaled corticosteroids in attenuating 

inflammatory pathways associated with asthma. 

Saito et al. (2017): In this Japanese RCT involving 50 children under 3 years, budesonide 1 mg twice 

daily was compared with intravenous prednisolone. Both groups showed similar improvement 

timelines, with wheeze resolution achieved within 5 days. The study established that nebulized ICS 
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were non-inferior to systemic corticosteroids and produced fewer systemic effects, supporting their use 

for acute episodes. 

Demirca et al. (2015): This Turkish double-blind RCT compared fluticasone 500 µg four times daily 

with oral methylprednisolone in 80 children aged 1–16 years. Both regimens yielded substantial 

improvements in Pulmonary Index Scores (8 to 1) and oxygen saturation, but ICS showed a safer 

systemic profile and better tolerance. 

De Benedictis et al. (2005): In a single-blind RCT from Italy involving 168 children, budesonide (500 

µg bid) was compared to fluticasone (250 µg bid). Both treatments improved peak expiratory flow 

(BUD: +39 L/min; FP: +44 L/min), with no major difference in efficacy (p=0.032). The study affirmed 

that multiple ICS agents provide comparable therapeutic benefit when dosed appropriately. 

Decimo et al. (2009): In this Italian study with 40 preschoolers, budesonide 0.5 mg bid was compared 

with flunisolide 40 µg bid for 21 days. Both interventions improved airway resistance and reduced 

symptom scores, with flunisolide showing transiently faster improvement at day 7 (p<0.05), equalizing 

by day 21. 

Alakeel et al. (2022): A retrospective cohort of 586 pediatric patients aged 3 months to 17 years in Saudi 

Arabia compared combination ICS/LABA therapy with ICS monotherapy. Results revealed a significant 

drop in exacerbation incidence (67% vs. 98.5%, p<0.0001) and severity (84.5% vs. 95.6%, p=0.0005), 

demonstrating superior control with the dual regimen. 

Across all eight studies, inhaled corticosteroids consistently demonstrated significant reductions in 

asthma exacerbations, improved symptom control, and favorable safety profiles. Short-term RCTs 

validated their acute effectiveness in resolving wheeze, reducing hospitalization, and enhancing lung 

function, while longer-term studies confirmed sustained control and inflammation reduction (Upham et 

al., 2011; Alakeel et al., 2022). 

Head-to-head comparisons among ICS agents showed therapeutic equivalence, indicating that the 

choice of agent and delivery method can be individualized without compromising outcomes. 

Combination therapy using ICS/LABA yielded the most pronounced improvement, suggesting an 

additive effect in children with persistent or severe asthma. 

Overall, these results affirm that inhaled corticosteroids—whether used alone or in combination—are 

highly effective in minimizing exacerbations and improving quality of life in children with moderate to 

severe asthma. 

 

Discussion 

The present systematic review aimed to evaluate the effectiveness of inhaled corticosteroids (ICS) in 

reducing exacerbations in children with moderate to severe asthma. Across eight studies conducted 

between 2000 and 2022, consistent evidence demonstrated that ICS significantly decrease the 

frequency, duration, and severity of asthma exacerbations in pediatric populations. The findings 

collectively affirm the central role of ICS as the cornerstone of both acute and long-term asthma 

management in children, offering effective anti-inflammatory control with a favorable safety profile. 

One of the most significant findings of this review was the reduction in hospitalization duration and 

faster clinical recovery observed with nebulized budesonide in young children (Razi et al., 2015). This 

study highlighted that even short-term administration of ICS during acute exacerbations can yield 

measurable improvements in symptoms and recovery time. These outcomes emphasize the rapid onset 

of action and local efficacy of ICS when delivered directly to the inflamed airways, a key advantage 

over systemic corticosteroids. 

Similarly, Papi et al. (2011) reported substantial improvements in symptom-free days and reductions in 

exacerbation frequency among preschool-aged children treated with beclomethasone. This study 

provided valuable evidence supporting the preventive role of ICS in early childhood asthma, where 

exacerbations are often triggered by viral infections and environmental allergens. The ability of ICS to 

sustain airway stability and limit acute flare-ups underlines their importance in long-term disease 

control, even in very young children. 

The mechanistic benefits of ICS were further confirmed by Upham et al. (2011), who demonstrated 

significant reductions in airway eosinophilic inflammation and interleukin-5 levels in children treated 

with budesonide. This evidence elucidates the biological foundation of ICS efficacy—namely, their 

capacity to suppress the underlying airway inflammation that drives symptom recurrence and 

exacerbation. The inclusion of immunological markers in this study strengthened the understanding that 

ICS not only relieve symptoms but also modify disease activity at the cellular level. 

In addition to their anti-inflammatory benefits, the studies in this review confirmed the clinical 

equivalence between inhaled and systemic corticosteroids. Saito et al. (2017) demonstrated that 
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nebulized budesonide was as effective as intravenous prednisolone in resolving wheeze among children 

younger than three years. Importantly, budesonide achieved similar efficacy with fewer systemic side 

effects, reinforcing the advantage of localized inhalation therapy in pediatric populations where 

systemic corticosteroids can pose risks such as growth suppression and adrenal insufficiency. 

Comparable findings were observed in the Turkish study by Demirca et al. (2015), which found that 

fluticasone was equally effective as oral methylprednisolone in improving pulmonary index scores and 

oxygen saturation. The comparable efficacy coupled with a superior safety profile underscores that 

inhaled routes of corticosteroid administration are not only effective but also safer alternatives for 

treating exacerbations in children, particularly those requiring repeated therapy. 

Intra-class comparisons among different ICS formulations revealed similar therapeutic benefits. De 

Benedictis et al. (2005) found no statistically significant difference in clinical outcomes between 

budesonide and fluticasone, both of which improved peak expiratory flow rates and overall symptom 

control. This finding suggests that treatment decisions can prioritize factors such as device preference, 

patient age, and cost rather than pharmacologic superiority among ICS options. 

Further confirmation of this therapeutic parity was provided by Decimo et al. (2009), who compared 

budesonide with flunisolide in preschool-aged children. Both drugs improved airway resistance and 

symptom scores, although flunisolide demonstrated a slightly faster initial improvement. By day 21, 

both treatments achieved equivalent outcomes, reinforcing the notion that multiple ICS agents provide 

comparable benefits when appropriately dosed and administered. 

The findings of the long-term cohort by Alakeel et al. (2022) added an important real-world dimension 

to this review. Over a four-year period, combination therapy with an inhaled corticosteroid and long-

acting beta₂-agonist (ICS/LABA) significantly reduced both the incidence and severity of exacerbations 

compared to ICS monotherapy. These results suggest that in children with more persistent or severe 

asthma, combination therapy may offer superior protection against flare-ups and hospitalization, 

reflecting modern guideline-based escalation strategies. 

When analyzed collectively, the reviewed studies demonstrated that ICS are highly effective across 

various pediatric age groups, formulations, and delivery devices. The consistency of results across 

randomized controlled trials and observational studies reinforces the external validity of these findings. 

The clear and reproducible improvements in both objective measures (PEF, FEV₁, hospitalization rates) 

and subjective outcomes (symptom-free days, wheeze resolution) confirm the robustness of ICS therapy 

in pediatric asthma management. 

Moreover, the findings align with current international guidelines, including those from the Global 

Initiative for Asthma (GINA), which endorse ICS as the first-line controller therapy for children with 

persistent asthma. The capacity of ICS to prevent exacerbations translates directly to improved quality 

of life, reduced healthcare utilization, and decreased school absenteeism—critical considerations in 

pediatric chronic disease management. 

An additional strength observed across studies was the consistency in the safety profile of ICS. Adverse 

events were minimal and primarily limited to mild throat irritation or hoarseness, with no significant 

systemic complications reported. This confirms that inhaled corticosteroids, when administered in 

appropriate doses and with correct technique, are both effective and well-tolerated in children, 

addressing common parental concerns about steroid-related side effects. 

The diversity of study designs and populations in this review provides a comprehensive understanding 

of ICS performance in real-world and controlled settings. Trials conducted in hospital-based acute care 

settings (Razi et al., 2015; Saito et al., 2017) demonstrated acute efficacy, whereas outpatient and 

longitudinal studies (Upham et al., 2011; Alakeel et al., 2022) highlighted sustained control and 

inflammation reduction. This diversity strengthens the generalizability of the findings across various 

clinical scenarios. 

Despite the overwhelmingly positive outcomes, several challenges were noted. Variability in adherence, 

inhaler technique, and dosing regimens can affect treatment efficacy. Some studies noted that younger 

children required caregiver support to maintain proper inhalation technique, which remains a critical 

determinant of clinical success. Future interventions should emphasize adherence education and device 

optimization to further enhance therapeutic outcomes. 

Collectively, the evidence from this systematic review establishes inhaled corticosteroids as a highly 

effective, safe, and essential treatment for reducing asthma exacerbations in children with moderate to 

severe disease. Whether used alone or in combination with long-acting bronchodilators, ICS therapy 

consistently improves both acute and chronic asthma outcomes by targeting airway inflammation and 

preventing symptom recurrence. 
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Conclusion 

This systematic review demonstrated that inhaled corticosteroids substantially reduce the frequency, 

duration, and severity of asthma exacerbations in children with moderate to severe asthma. Across eight 

high-quality studies, ICS use consistently improved lung function, decreased hospital admissions, and 

enhanced overall asthma control. The findings reaffirm that ICS remain the cornerstone of pediatric 

asthma management due to their proven anti-inflammatory efficacy, safety, and capacity to prevent 

long-term complications. Combination ICS/LABA therapy may provide additional benefits for children 

with persistent or poorly controlled asthma, emphasizing the need for individualized, evidence-based 

treatment strategies. 
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