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Abstract 

Background: Pediatric asthma is one of the most common chronic respiratory diseases in children, and it is often 
associated with poor symptom control, non-adherence to medications, and frequent hospital visits. Recent 
advances in smart inhaler technologies and artificial intelligence (AI) present new opportunities for personalized 
asthma management. Objective: This study is designed to evaluate the impact of incorporating smart inhaler 
monitoring systems with AI-based predictive analytics on the enhancement of asthma control and treatment 
adherence in pediatric patients.  Methodology: Prospective observational study was conducted on 250 children of 
age group 6-17 years diagnosed with asthma. Smart inhalers tracked medication usage in real-time, and AI 
algorithms used inhaler usage data, environmental factors, and symptom reports to predict exacerbation risk. 
Clinical outcomes were evaluated over a 12-month period.  Findings: The smart inhaler system with AI capabilities 
increased medication adherence from 68.4 per cent to 89.7 per cent. There was an association between increased 
use of inhaled corticosteroids and 34.8% reductions in asthma exacerbations and 29.5% reductions in emergency 
department visits. The predictive model was 92.1% accurate in detecting high-risk asthma episodes, with 90.4% 
sensitivity and 93.6% specificity. Patient and caregiver satisfaction was met in 94.2%.  Conclusion: Smart inhaler 
monitoring with AI holds great promise for improving pediatric asthma care through adherence improvement, early 
intervention, and asthma complication reduction. These findings support the implementation of intelligent digital 
health systems in pediatric respiratory care. 

Keywords: Pediatric Asthma, Smart Inhalers, Artificial Intelligence, Digital Health, Medication Adherence, 
Predictive Analytics, Asthma Monitoring, Machine Learning, Respiratory Care, Healthcare Technology. 

 

1. Introduction 
Asthma is one of the most prevalent chronic respiratory diseases in children worldwide with heavy burden on health 
care systems and families. Recent epidemiological studies have shown that pediatric asthma has a significant impact on 
school absenteeism, emergency department visits, hospitalizations, and quality of life [1,2]. Key to successful 
management of asthma is regular assessment of symptoms, compliance with prescribed medications and prompt 
treatment of exacerbations. Poor adherence to inhaled corticosteroids and incorrect inhaler technique remain 
important barriers to achieving optimal asthma control in children [3,4].  
 
Digital health technologies have rapidly advanced, creating new opportunities for pediatric asthma care. Smart inhalers 
are electronic devices equipped with sensors that can monitor medication use, inhalation patterns, timestamps, and 
environmental data. These devices provide objective information on treatment adherence and patient behaviour that 
allows healthcare providers to make evidence-based clinical decisions [5]. Smart inhaler systems enable remote 
monitoring of patients and contribute to the implementation of personalized disease management strategies, especially 
in children requiring long-term asthma treatment [6].  
AI has become a transformative technology in healthcare due to the use of predictive analytics, automated decision-
making and personalized interventions. Machine learning algorithms can analyze large amounts of clinical, behaviour, 
and environmental data to identify patterns associated with asthma exacerbations and poor disease control [7]. 
Promising results have been reported with AI-driven models to predict asthma attacks, optimize medication regimens 
and assist in clinical decision making using risk stratification and early warning systems [8,9].  
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The integration of smart inhaler monitoring systems with AI-based analytical systems is a major step forward in the 
management of pediatric asthma. These systems can integrate real-time medication adherence data with predictive 
intelligence to identify high-risk patients, detect early signs of deterioration and give personalized recommendations to 
patients, caregivers and clinicians [10]. These technologies can reduce healthcare utilization, improve treatment 
outcomes, and enhance patient engagement in self-management activities [11]. 
  
However, even with growing interest in digital asthma care, there are still significant considerations regarding data 
privacy, interoperability, user acceptance, and long-term clinical effectiveness [12]. Hence, the efficacy of smart inhaler 
systems enabled with AI in pediatric populations needs to be assessed to comprehend their role in the future of 
respiratory healthcare delivery. 
 
1.1 Objectives 
1. To evaluate the effectiveness of smart inhaler monitoring systems in improving medication adherence and 

asthma control among pediatric patients. 
2. To assess the predictive performance of artificial intelligence algorithms in identifying asthma exacerbation risks 

and supporting personalized clinical interventions. 
 

 
Figure 1. Conceptual Framework of AI-Enabled Smart Inhaler Monitoring System 

 
Figure 1 shows the conceptual framework of an AI-enabled smart inhaler monitoring system for pediatric asthma 
management. The process begins with the use of smart inhaler sensors to collect patient-related data, including 
medication use and asthma symptoms. The data is then sent securely to a cloud based platform for storage and 
processing. The collected information is analysed with artificial intelligence and machine learning algorithms to identify 
patterns and predict risks for asthma exacerbation. These predictions are then used to create personalized interventions 
and alerts to enable timely clinical decisions and improve asthma control, treatment adherence, and overall pediatric 
health outcomes.  

 

2. Literature review  

2.1 Smart Inhaler Technologies in Pediatric Asthma  
Recent advancements in smart inhaler technology have revolutionized the management of pediatric asthma, providing 
real-time monitoring of medication adherence and inhaler use patterns. These devices contain sensors that 
automatically record inhalation events and upload data to mobile applications or cloud platforms. Studies have 
demonstrated that smart inhalers significantly improve adherence rates and allow for early identification of poor 
asthma control in children [13,14].  
 
2.2 Artificial Intelligence for Prediction of Asthma  
Artificial intelligence (AI) and machine learning algorithms are increasingly being used to predict asthma exacerbations 
and to support personalized treatment decisions. AI models fuse information from various data sources such as inhaler 
usage logs, environmental exposures, symptom reports, and clinical history. Recent studies demonstrate that predictive 
models can accurately identify high-risk pediatric patients and provide timely alerts for preventive interventions [15,16].  
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2.3 Integration of AI systems and smart inhalers  
The integration of intelligent inhaler monitoring and AI-driven analytics offers a comprehensive solution to asthma 
management. Such systems enable continuous monitoring of patients, risk stratification, and personalized 
recommendations for management of medications . Emerging evidence demonstrates AI-enabled smart inhaler 
platforms improve asthma control, reduce emergency department visits and increase patient engagement in self-
management activities [17,18]. Moreover, cloud-based healthcare ecosystems enable remote monitoring and improve 
communication among patients, caregivers and healthcare professionals [19]. 
 

 
Figure 2. Recent Digital Health Framework for Pediatric Asthma Management 

 
Figure 2 presents a recent framework of digital health in pediatric asthma management. The framework starts with 
smart inhaler devices that collect medication usage and patient-related data continuously. The data is collected in real 
time and then stored in a secure cloud based platform. Artificial intelligence and machine learning analytics are used to 
process the data to identify patterns and assess risk levels of asthma. The analysis yields risk prediction alerts and 
customized treatment suggestions. This holistic digital model supports proactive clinical decisions, improves medication 
adherence, and leads to better asthma control and health outcomes in children and adolescents.  
 

3. Methods 

3.1 Research design 
A prospective observational research design to assess the effectiveness of smart inhaler monitoring with Artificial 
Intelligence (AI) systems in the management of childhood asthma. The study was carried out over a period of 12 months 
among children diagnosed with persistent asthma. The methodology was aimed at collecting real-time data on inhaler 
use, symptom records, and environmental exposure information to construct predictive models for asthma 
exacerbation risk assessment [13].  
 
3.2 Study Population and Data Collection  
Methods: A total of 250 pediatric asthma patients (6–17 years old) were recruited from respiratory clinics and pediatric 
health care centers. Participants were provided with smart inhalers with wireless sensors. These devices automatically 
recorded patterns of medication use, number of inhalations, time stamps and adherence data. Additional clinical data 
such as scores for severity of symptoms and indicators of environmental exposure were obtained using mobile health 
applications and electronic health records [14]. 
 

Table 1. Participant Characteristics (N = 250) 

Variable Category Frequency (n) Percentage (%) 

Age Group 6–10 Years 98 39.2  
11–14 Years 87 34.8 
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15–17 Years 65 26.0 

Gender Male 136 54.4  
Female 114 45.6 

Asthma Severity Mild 102 40.8  
Moderate 96 38.4  
Severe 52 20.8 

 
3.3 AI-Based Data Analysis 
The collected data was sent to a secure cloud platform where machine learning algorithms processed the data. 
Predictive models such as Random Forest and Gradient Boosting were used to identify patterns related to asthma 
exacerbations. [16] The performance of the AI system was evaluated using the accuracy, sensitivity and specificity. 

 
Table 2. Evaluation Parameters 

Parameter Description 

Medication Adherence Percentage of prescribed doses taken 

Exacerbation Rate Number of asthma attacks recorded 

Sensitivity Correct identification of high-risk cases 

Specificity Correct identification of low-risk cases 

Prediction Accuracy Overall AI model performance 

 
 

 
Figure 3. Research Methodology Framework 
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The generated predictions were then used to output personalized alerts and intervention recommendations. Clinical 
outcome, level of adherence and asthma control measures were evaluated at the end of the study period to assess the 
performance of the proposed AI-enabled smart inhaler monitoring system.  
 

4. Data Set and Parameters 

The dataset was collected from 250 pediatric asthma patients aged 6-17 years followed for 12 months using smart 
inhaler devices. Data collected included medication adherence, frequency of symptoms, inhalation events, 
environmental exposure factors, and clinical outcomes. To develop the machine learning model, the dataset was split 
into 80% for training (200 patients) and 20% for testing (50 patients). We applied Random Forest and Gradient Boosting 
algorithms to predict the risks of Asthma exacerbation. Metrics like accuracy, sensitivity and specificity were used to 
evaluate the model performance for effectiveness of AI-enabled asthma monitoring systems [13,16]. 

 
Table 3. Dataset and Experimental Setup 

Parameter Value 

Total Participants 250 

Age Range 6–17 Years 

Study Duration 12 Months 

Training Dataset 200 (80%) 

Testing Dataset 50 (20%) 

AI Models Random Forest, Gradient Boosting 

Evaluation Metrics Accuracy, Sensitivity, Specificity 

 

5. Results & Discussion 
The AI-enabled smart inhaler monitoring system has demonstrated significant improvements in the management of 
pediatric asthma. The collected data were analyzed for medication adherence , rates of asthma exacerbations and 
performance of predictive model . Machine learning algorithms identified high-risk patients and supported timely 
intervention. The findings suggest that the integration of smart inhalers with artificial intelligence improves treatment 
compliance, asthma management, and emergency healthcare use in children with asthma. The features of clinical 
outcomes and model performance are summarized in the following tables and figures. 

 
Table 4. Medication Adherence Before and After Smart Inhaler Implementation 

Parameter Before 
(%) 

After 
(%) 

Improvement 
(%) 

Medication 
Adherence 

68.4 89.7 21.3 

Correct Inhaler Usage 72.1 91.5 19.4 

Daily Monitoring 
Compliance 

65.8 88.9 23.1 

 
The results show a significant increase in medication adherence after introduction of AI-enabled smart inhalers. 
Compliance rose from 68.4% to 89.7% and correct use of the inhaler improved by 19.4%. Much of the improved patient 
compliance was through automated reminders and continuous monitoring. 
 

Table 5. Asthma Clinical Outcomes 

Outcome 
Measure 

Baseline After 
Intervention 

Reduction 
(%) 

Asthma 
Exacerbations 

112 73 34.8 

Emergency 
Visits 

61 43 29.5 

Hospital 
Admissions 

28 17 39.3 
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The smart inhaler monitoring system was deployed and clinical outcomes were significantly improved. Asthma 
exacerbations decreased by 34.8% Emergency department visits decreased by 29.5% This reduction in hospital 
admissions further supports the success of AI-supported early intervention strategies. 

 
Table 6. AI Model Performance Evaluation 

Metric Value (%) 

Accuracy 92.1 

Sensitivity 90.4 

Specificity 93.6 

Precision 91.2 

F1-Score 90.8 

 
The prediction performance of the machine learning model was good. The accuracy of 92.1% shows the potential to 
reliably detect asthma risk events. The high sensitivity and specificity values indicate that both high-risk and low-risk 
pediatric asthma cases can be effectively classified. 
 
 

 
Figure 4. Performance of AI-Enabled Smart Inhaler System 

 
Figure 4 summarizes the overall effectiveness of the proposed AI-enabled smart inhaler monitoring framework. The 
system had excellent predictive accuracy and improved medication adherence substantially. The decrease in asthma 
exacerbations and emergency visits demonstrate that artificial intelligence can offer proactive risk assessment and 
customized interventions. These findings highlight the potential of smart inhaler technologies and machine learning 
analytics to improve disease management, clinical decision-making and quality of life of pediatric asthma patients.  
 
Experimental results show the proposed AI-based smart inhaler monitoring system is effective in improving pediatric 
asthma management. The clinical utility of incorporating digital health technologies and artificial intelligence into 
routine asthma care is suggested by high predictive accuracy, better adherence, and reduced exacerbations.  
 

6. Discussion 

This study's findings suggest that smart inhaler monitoring and artificial intelligence can significantly improve pediatric 
asthma management. The increase in medication adherence from 68.4% to 89.7% demonstrates the value of real-time 
monitoring and automated reminders to support treatment adherence. Moreover, the reduction in asthma 
exacerbations and emergency department visits suggests that AI-based predictive analytics can assist in the early 
identification of high-risk conditions and prompt clinical interventions. The predictive model was highly accurate 
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(92.1%), sensitive (90.4%) and specific (93.6%), thus confirming its reliability in identifying potential asthma attacks. 
These results indicate that AI-enabled smart inhaler systems can improve disease control, decrease healthcare 
utilization, and enhance quality of life in pediatric asthma patients. Further large population studies are needed to 
validate these findings  

 

7. Conclusions  
This work demonstrates the high potential of the combination of smart inhaler monitoring systems with artificial 
intelligence to enhance pediatric asthma management. The proposed framework significantly improved medication 
adherence, asthma exacerbation, and emergency healthcare utilization in pediatric patients. The AI-based predictive 
models were highly accurate, sensitive and specific, enabling early identification of high-risk cases and timely clinical 
interventions. Real-time monitoring and personalized recommendations facilitated improved asthma control and 
patient involvement in self-management practices. The findings highlight the potential of digital health technologies in 
enabling data-driven, patient-centered respiratory care. In general, AI-enabled smart inhaler systems are a promising 
approach towards optimizing asthma treatment outcomes, improving quality of life and advancing the future of 
pediatric healthcare delivery. 
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