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ABSTRACT

Asthma is one of the most common chronic diseases in children, significantly
impacting their health, quality of life, and healthcare systems globally. Pediat-
ric asthma accounts for substantial morbidity, including frequent exacerbations,
emergency department visits, and missed school days. Despite the availability of
effective treatments and clear management guidelines, achieving optimal asthma
control remains a challenge. In recent years, digital technologies have emerged
as transformative tools in asthma care, offering new ways to monitor, educate,
and treat pediatric patients.

A systematic review was conducted to examine the impact of digital technologies
on pediatric asthma care, synthesizing evidence on their effectiveness, challenges,
and future directions. Covering studies from January 2020 to December 2024, the
review analyzed 59 primary studies that involved mobile health (mHealth) appli-
cations, electronic medication monitoring systems, wearable devices, artificial
intelligence (Al)-powered solutions, and school-based telemedicine programs.
Findings reveal that mHealth applications and serious games promote self-man-
agement, improve medication adherence, and support patient education. Tele-
medicine, including school-based and remote patient monitoring, enhances care
accessibility, reduces emergency visits, and promotes continuity of care, partic-
ularly in underserved populations. Wearable devices and electronic monitoring
tools enhance symptom tracking and evaluation of inhaler technique. Al-driven
interventions, such as digital twin systems, show promise in personalizing treat-
ment and predicting exacerbations.

Despite encouraging outcomes, challenges remain, including digital literacy gaps,
limited access to devices and the internet, and difficulties integrating digital tools
into clinical workflows. Usability and sustainability vary widely depending on design
approaches, caregiver engagement, and infrastructure readiness.

IMPACT STATEMENT

Digital technologies show promise in asthma management. Despite encourag-
ing outcomes, challenges remain, including digital literacy gaps, limited access to
devices and the internet, and difficulties integrating digital tools into clinical workflows.
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INTRODUCTION

Asthma is one of the most common chronic diseases
in children, significantly impacting their health, qual-
ity of life, and healthcare systems globally. Pediatric
asthma accounts for substantial morbidity, including
frequent exacerbations, emergency department vis-
its, and missed school days. Despite the availability of
effective treatments and clear management guidelines,
achieving optimal asthma control remains a challenge.
In recent years, digital technologies have emerged as
transformative tools in asthma care, offering new ways
to monitor, educate, and treat pediatric patients. These
include mobile health (mHealth) applications, telemed-
icine platforms, wearable devices, and artificial intelli-
gence (Al)-enabled solutions. Such technologies prom-
ise to improve asthma control by facilitating better dis-
ease monitoring, enhancing medication adherence, and
enabling more proactive and personalized care (1-7).
Mobile health applications have also gained prominence
for their potential to enhance asthma control. These apps
often include features such as symptom tracking, med-
ication reminders, educational resources, and real-time
feedback for children and their caregivers (8-11). How-
ever, real-world implementation has revealed practical
challenges such as recruitment barriers, communica-
tion issues, and low retention in pilot studies, emphasiz-
ing the need for adaptable strategies tailored to pediat-
ric populations (12). Additionally, Al-powered solutions,
such as digital twin systems (DTS), leverage real-time
data to personalize care and predict exacerbation risks,
enabling a more tailored approach to asthma manage-
ment (7, 13).

School-based telehealth programs represent another
effective intervention for pediatric asthma. By integrat-
ing healthcare services into school settings, these pro-
grams address logistical barriers, such as transportation
issues and caregiver availability, while engaging school
nurses in asthma management. These programs have
been shown to improve asthma outcomes by ensuring
regular follow-ups, medication adherence, and symp-
tom monitoring during school hours (7, 14, 15).
Furthermore, wearable devices and electronic medi-
cation monitoring (EMM) systems have advanced the
management of pediatric asthma. These technologies
allow real-time tracking of medication use and provide
objective data on treatment adherence, a critical fac-
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tor in achieving asthma control. For instance, Blue-
tooth-enabled sensors attached to inhalers can mon-
itor usage patterns, offering valuable insights for both
caregivers and healthcare providers (16). Similarly, dig-
ital wheeze detectors and other wearable devices are
enhancing early detection of symptoms, enabling timely
interventions and reducing the risk of severe exacerba-
tions (7, 17).

Despite the promising impact of these digital tools, their
implementation faces several challenges. Social deter-
minants of health, such as limited internet access, low
health literacy, and economic constraints, can hinder the
adoption of digital technologies, particularly in under-
served populations (18-20).

Moreover, integrating digital technologies into exist-
ing healthcare workflows is complex. Healthcare pro-
viders often cite concerns about data privacy, the time
required to learn new systems, and the lack of interop-
erability between digital tools and electronic health
records (7, 18, 21).

Research on the effectiveness of digital health inter-
ventions in pediatric asthma is growing. Evidence sug-
gests that these technologies improve medication adher-
ence, reduce healthcare utilization, and enhance overall
asthma control. However, gaps remain in understand-
ing the long-term impact, scalability, and cost-effective-
ness of these solutions (2, 7, 14, 15).

This systematic review examines the impact of digital
technologies on pediatric asthma care, synthesizing
evidence on their effectiveness, challenges, and future
directions. By providing insights into the current state of
digital asthma care, this review aims to guide clinicians,
policymakers, and researchers in leveraging these tools
to improve outcomes for children with asthma.

METHODS

The systematic review was conducted and reported in
accordance with the Preferred Reporting ltems for Sys-
tematic Reviews and Meta-Analyses (PRISMA) guide-
lines, as specified in the reference literature (22).

Outcomes

The primary outcome of this study is the systematic
assessment of digital technologies implemented in
pediatric asthma care. The analysis focused on evalu-
ating the clinical effectiveness, adherence improvement,
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healthcare utilization reduction, feasibility, usability, and
equity implications of digital health interventions in chil-
dren and adolescents with asthma.

The included studies were categorized into four the-
matic domains: School-Based Telehealth Studies; Seri-
ous Game Studies; Asthma Management Technologies;
Impact of COVID-19 and Caregivers’ Experience.

Inclusion and exclusion criteria

The studies included in the systematic review were pub-
lished between January 2020 and December 2024, a
time frame chosen to ensure that the evidence was rel-
evant and up to date in the context of the study. In order
to adequately address the research question, the inclu-
sion criteria are the following: 1) focused on a population
with asthma, 2) involved children or adolescents aged
0-18 years, 3) primary study, 4) included an intervention
involving a device, and 5) English language text. Our
analysis excluded clinical guidelines, case reports, con-
sensus documents, clinical trials and reviews. We also
excluded conferences and congress abstracts because
of limited data and the potential risk of bias.

Search strategy

A sensitive search strategy was designed to retrieve all
articles from the major online databases: PubMed, Web
of Science, Embase, and Scopus. Searches were con-
ducted using one or more search terms (Table 1). Stud-
ies of different methodological types were included, such

Table 1. Query Research String.
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as cross-sectional studies, non-randomized trials, qua-
si-experimental studies, before-after controlled studies,
Cluster Randomized Trials (CRTs), Randomized Con-
trolled Trials (RCTs), case-control studies, and cohort
studies. The identification and removal of duplicate stud-
ies was automated using Zotero software. Then three
independent reviewers (identified by the initials GP,
DLR and PA) performed an initial assessment of the
titles and abstracts of the identified studies. The aim of
this evaluation was to select articles that met the inclu-
sion criteria. Articles that passed this initial stage were
retrieved in full text for a more thorough assessment, to
determine whether they met the defined inclusion cri-
teria and to identify the primary studies to be included.
Any discrepancies were resolved by discussion and con-
sensus with an additional researcher (RN and SM). The
selected studies were then used for data extraction to
gather the necessary information to address the objec-
tives of the review.

As illustrated in the PRISMA flowchart (Figure 1), the
final database search conducted in May 2025 yielded 428
records. Following the removal of 96 duplicate entries,
the remaining records underwent a two-step screening
process. Initially, titles and abstracts were assessed for
relevance, after which full-text reviews were performed.
Atotal of 273 publications were excluded based on pre-
defined exclusion criteria. Ultimately, 59 articles that
met all the inclusion criteria were deemed eligible and
included in the systematic review.

PubMeD

((((“digital”[All Fields] AND “health”[All Fields]) OR “digital health”[All Fields] AND (“technology”’[MeSH
Terms] OR “technology”[All Fields] OR “technologies”[All Fields] OR “technology s”[All Fields])) OR
(“telemedicine”’[MeSH Terms] OR “telemedicine”[All Fields] OR “telemedicine s”[All Fields])) AND
(“asthma’[MeSH Terms] OR “asthma”[All Fields] OR “asthmas”[All Fields] OR “asthma s”[All Fields])
AND (“child”[MeSH Terms] OR “child”[All Fields] OR “children”[All Fields] OR “child s”[All Fields] OR
“children s”[All Fields] OR “childrens”[All Fields] OR “childs”[All Fields])) AND ((allchild[Filter]) AND

(2020:2024[pdat]))
Embase

digital health technology OR telemedicine AND asthma AND children (All Fields) and 2020 or 2021 or 2022
or 2023 or 2024 or 2025 (Publication Years) and English (Languages)

Web Of Science

digital health technology (All Fields) AND telemedicine (All Fields) AND asthma (All Fields) AND children (All Fields)

Timespan: 2020-01-01 to 2024-12-31 (Publication Date)

Scopus

TITLE-ABS-KEY ( digital AND health AND technology OR telemedicine AND asthma AND children ) AND

PUBYEAR >2019 AND PUBYEAR <2025
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Figure 1. PRISMA flowchart showing the study selection process.

Risk of bias assessment

Two reviewers (RN and SM) independently assessed the
risk of bias of the included studies, by using a validated
checklist, the Johanna Briggs Institute critical appraisal
tools (23), according to the design of the study. Selec-
tion and information bias, confounders, blinding, data
analysis methods were the main domains checked for
the risk of bias. An overall risk of bias was reported for
each study, then normalized to 100 and expressed as
“low”, “medium” and “high” (first, second and third ter-
tile, respectively).

RESULTS

Study characteristics

A total of 428 articles were found. After removing 96
duplicates, 332 were reviewed on title and abstract
and 257 articles were excluded from this group. 75 full
texts were screened, and 16 were excluded based on

Identification of studies via databases ]
)
= lf?;:-r%qrds identified (n =428), Records removed before
o ' - screening:
5'..% Eﬂng g: " ;igg > Duglg:gte records removed
s Scopus (n = 47) (n=96)
° Web of Science (n =9)
)
Records screened »| Records excluded by screening
(n=332) title and abstract (n = 257)
=
c
3 v
P _ Full-text articles excluded
Full-text articles assessed for - > with reason
eligibility (n = 79) (n = 16)
~—
) v
2
= Studies included in the qualitative synthesis
G (n=159)
£
—

type of intervention, absence of a control group, small
sample sizes, non-relevant context, and interventions
not easily implementable in clinical practice. 59 articles
were assessed for eligibility. The studies predominantly
focus on pediatric populations, encompassing infants
(0—12 months), school-aged children (6—12 years), and
adolescents (12—18 years). A limited number extend to
adult cohorts for comparative analyses. Most investi-
gations center on children aged 5-15 years, a critical
developmental window for asthma management and
digital health interventions.

Specifically, 6 studies addressed the topic of School-
based Telehealth, 6 studies where about Serious games,
30 studies investigated Asthma management, and 17
studies addressed Impact of COVID-19, caregivers’
experience (Supplementary Materials Table S1, Table
S2 and Table S3).

Telemedicine monitoring strategies include remote patient
monitoring (8, 24), and school-based telehealth programs
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[25-27], and virtual home visits [28], aiming to enhance
healthcare accessibility, reduce school absenteeism,
and minimize emergency visits. Mobile health (mHealth)
applications (2, 19, 29-31), and serious games (29, 32),
emphasize asthma self-management, leveraging gam-
ification and family engagement to improve adherence.
Electronic medication monitoring devices (EMDs) and
digital inhalers (17, 33-35), facilitate the tracking of
inhalation techniques, adherence monitoring, and risk
pattern identification. Additionally, emerging technolo-
gies such as Digital Twin Systems (13) and augmented
reality (36), alongside advanced digital monitoring com-
bined with Al solutions (35), offer innovative solutions
for asthma education and clinical training. The primary
outcomes of these interventions focus on asthma man-
agement, healthcare utilization, cost-effectiveness, and
user engagement.

Digital tools have been shown to enhance medication
adherence by 12-23% (33) and improve symptom con-
trol and exacerbation prevention. Telemedicine programs
significantly reduce emergency room visits and hospital-
izations (21, 24, 37), with some studies reporting a 100-
fold increase in telehealth adoption (21). Economic anal-

Table 2. User-centered design methodologies.

Vol. 4(1), 2-15, 2026

yses suggest that telehealth interventions mitigate care-
giver wage loss and decrease school absenteeism (25,
28). Furthermore, usability studies (30-32, 36), showed
feasibility and positive user feedback, especially in pre-
school and adolescent populations.

Overall, telemedicine has demonstrated substantial
improvements in asthma care and accessibility, reduc-
ing absenteeism and hospitalization rates while increas-
ing parental satisfaction (26, 27, 38, 39).

mHealth applications effectively promote self-manage-
ment, with high engagement and better asthma control
outcomes (19, 40, 41). Electronic monitoring systems
significantly enhance medication adherence (33-35).
While augmented reality and artificial intelligence pres-
ent promising advancements, concerns remain regard-
ing their potential to replace direct clinical interactions,
necessitating further validation (36).

DISCUSSION

User-Centered Design for mHealth Applications
and Serious Games

The integration of digital tools into pediatric asthma care
necessitates a user-centered, strategically planned

Aspect / Solution ARCA [1] REACT [2] MIRACLE [3] AIM2ACT [4]

Application Type  mHealth mHealth serious game mHealth

Target Users Adolescents with Adolescents with asthma Children with Adolescents with
asthma and their asthma asthma and their
caregivers caregivers

Key Features Monitoring, action Goal intention—formatted Interactive EMA, goal setting,
plans, educational messages, motivation storytelling, behavioral contracting,
materials, medication assessment, problem- educational skills-training videos
adherence solving modules gameplay

Design Process

Development
Approach

Implementation
Strategy

Evaluation
Methodology

Developed with a
focus on usability,
involved systematic
reviews

Iterative development
with usability testing

Multi-platform
support, offline
functionality

Usability assessed
with System Usability
Scale

User-centered

design with iterative
feedback and algorithm
development

Iterative development
with user feedback

Mobile app with
interactive modules

Feasibility, acceptability,
and preliminary efficacy
evaluated through pilot
studies

User-centered
design with focus
on engagement

Iterative design
with user
engagement focus

Game-based
learning approach

Engagement and
educational impact
assessment

User-centered design
with feedback from
adolescents and
caregivers

Iterative design with
stakeholder feedback

Mobile app with
interactive features

Feasibility, acceptability,
and preliminary efficacy
evaluated through pilot

studies
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approach that balances technological innovation with
clinical utility. Telemedicine, supported by advanced
wireless communication, should complement traditional
care models (7). Mobile applications, interactive plat-
forms, and serious games for children and adolescents
introduce unique challenges in design and implementa-
tion. Employing a user-centered design (UCD) frame-
work ensures these tools remain engaging, usable, and
responsive to the needs of young patients and care-
givers. Continuous end-user involvement throughout
development enhances usability, adherence, and clin-
ical outcomes.

Studies indicate that digital interventions can address
key adherence barriers, such as forgetfulness, irregular
medication use, and insufficient educational resources.
Across various models, the literature underscores the
necessity of iterative development and systematic incor-
poration of user feedback.

The ARCA platform (30) exemplifies structured UCD,
offering a color-coded dashboard for patient-reported
outcomes (PROs) and developed through a seven-phase
process, though patient and family involvement was
limited to later stages. Usability was evaluated with the
System Usability Scale (SUS). REACT (40) focuses on
adolescent adherence via a self-regulation tool, inte-
grating feedback from interviews and national crowd-
sourcing; formal usability testing is still pending. MIRA-
CLE (7), an educational program for Indonesian children,
uses storytelling and games based on the NEMD theory
and SERES framework, with usability testing planned.
AIM2ACT (29) combines ecological momentary assess-
ment, goal setting, behavioral contracts, and skill-build-
ing for adolescents and caregivers, and has undergone
feasibility and acceptability testing with positive prelim-
inary outcomes. The JASMIN app (12), based on the
pediatric self-management model, enhances commu-
nication and collaborative care through symptom track-
ing and shared action plans. Despite methodological
differences, these interventions converge on iterative
refinement and stakeholder engagement. Of these,
only AIM2ACT (29) has progressed to advanced eval-
uation stages.

Digital technologies and asthma care
Integrating digital technologies into asthma care rep-
resents a transformative shift in managing this chronic
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condition, particularly among pediatric populations. Mul-
tiple studies highlight the potential and challenges of
digital interventions, including mHealth applications
(19), telemedicine, wearable devices [42], augmented
reality (AR) (36), and Electronic Medication Monitor-
ing Systems (EMM) (17) (Table 3). These innovations
aim to address critical barriers in asthma care, such as
poor adherence, limited access to specialized health-
care, and inadequate patient education, fostering better
outcomes. Likewise, technologies offering real-time pro-
vider-patient communication may enhance diagnostic
precision for children with asthma who may need ongo-
ing adjustments to treatment (19).

Mobile health applications

Mobile health (mHealth) tools are increasingly integrated
into pediatric asthma care, offering functionalities such
as symptom tracking, medication reminders, and educa-
tional support. A retro-prospective study on the Nemours
app found that 56% of providers and 61% of caregiv-
ers used the app to enhance communication and care-
giver health literacy. Use of its messaging function was
positively associated with higher health literacy scores
(B =0.44, p =0.041) and improved symptom reporting
that supported asthma action plan adjustments (19).

In a pilot RCT, the AIM2ACT intervention, combining
ecological momentary assessment, tailored feedback,
and skills training, significantly improved Asthma Con-
trol Test (ACT) scores in adolescents aged 12—15 and
their caregivers [29]. Retention was high (97% at fol-
low-up), especially in underserved populations, sup-
porting the feasibility and acceptability of personalized
mHealth strategies.

Beyond asthma, mHealth tools like “AllergyMonitor”
have addressed allergic rhinoconjunctivitis, a frequent
asthma comorbidity. A study of 125 children from Berlin
and Ascoli Piceno used the app to collect daily symp-
tom and medication data, analyzed using fuzzy k-me-
doid clustering of Combined Symptom and Medication
Score (CSMS) trajectories (43). This identified symp-
tom severity clusters and linked them to environmen-
tal exposures, showing the value of real-time, person-
alized feedback.

Despite promising outcomes, implementation chal-
lenges remain. Wyatt et al. (12) reported consistent
difficulties across all phases of participant recruitment
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in a pediatric asthma mHealth study, highlighting the
need for flexible, iterative recruitment strategies. Simi-
larly, “Asmapp” was piloted in preschoolers with recur-
rent wheeze, allowing daily symptom tracking and cli-
nician access to real-time data (31). Although no clin-

Table 3. Digital technologies and asthma care
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ical improvements were seen, caregiver acceptabil-
ity exceeded 95%, and app-collected data were more
detailed than retrospective questionnaires, underscor-
ing the value of continuous digital monitoring for early
childhood asthma management.

Device/ Brief Pros Cons Impact on Pediatric

Instrument Description Asthma Care

Type

Mobile Health mHealth apps  Improves health literacy « Dependent on internet < Enhances medication

Applications are digital tools and self-management. access and device adherence and asthma

(mHealth) designed to * Provides tailored availability. control: studies indicate
support asthma feedback and real-time  + Engagement that mHealth apps can
management insights. varies based on improve adherence to
by providing * Facilitates socioeconomic factors. treatment plans and overall
features like communication between < Potential for data asthma control in children
symptom tracking, patients, caregivers, and overload without and adolescents.
medication providers. proper filtering and « Facilitates parent-child
reminders, air * Enables precision presentation. shared management:
quality alerts, and  medicine approaches. » Some challenges in apps designed for joint use
patient education. < Effective in fostering integrating with clinical by parents and children
(Ex:Nemours; caregiver involvement workflows. promote collaborative
AIM2ACT) and autonomy in management, leading to

adolescents. better health outcomes.

* Potential to reduce
healthcare utilization:
while some studies did not
find a significant decrease
in emergency visits,
mHealth apps have been
associated with improved
self-management and
patient confidence.

Electronic EMM systems * Enhances medication * Requires integration  « Improves adherence and
Medication are devices or adherence monitoring. with existing health outcomes: EMM
Monitoring sensors attached + Reduces emergency healthcare workflows.  systems have been shown
(EMM) to inhalers visits through early « Interoperability issues  to enhance adherence to
Systems that monitor intervention.Combines with EHR systems. inhaled corticosteroids and
medication data tracking with « Limited by reduce asthma-related
adherence inspiratory effort technology literacy exacerbations in children.

and inhalation
technique in real

time.
(EX Popeller

Health sensor;

Digihaler)

measurement (Digihaler).
* Promotes provider-
patient collaboration.
* Improves ICS adherence
significantly in pediatric
populations.

and administrative
burdens.

» Occasional
discrepancies in data
due to incorrect usage
of devices.

* Provides reassurance

to caregivers: parents
report increased confidence
and a sense of security
when using EMM systems,
knowing their child’s
medication use is being
monitored.

Engages children in
self-management: the
interactive nature of EMM
devices can motivate
children to take an active
role in their asthma care.

—
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Device/ Brief Pros Cons Impact on Pediatric

Instrument Description Asthma Care

Type

Wearable Wearable devices <« Enables continuous real- *May not be accessible <« Enables personalized

Devices are technologies world monitoring. or affordable for all asthma management:
designed for * Provides insights into populations. continuous monitoring
continuous trends that episodic * Requires adherence allows for tailored
monitoring of evaluations may miss. to wearing and interventions based on
asthma-related * Facilitates early detection maintaining the device. individual patterns and
parameters such of poor control and « Limited by battery life triggers.

as lung function, severe exacerbations. and potential data « Early detection of

activity levels, and + Strong correlation with syncing issues. exacerbations: wearable

sleep patterns. clinical assessments. « Data accuracy devices can identify

(Ex: Activity * High compliance in can vary based on early signs of asthma

trackers; Handheld pediatric populations compliance and device attacks, prompting timely

spirometers; when designed for ease  calibration. interventions.

Smart inhalers) of use. * Encourages proactive
health behaviors: the use
of wearable technology can
motivate children to engage
in their health management
actively.

Augmented AR tools are « Highly engaging and « Initial development * Enhances learning and
Reality (AR) interactive user-friendly for children.  costs can be high. retention: AR tools make
Tools educational * Increases retention of « Limited usability for asthma education more

Telemedicine
Platforms

technologies that
use augmented
reality to enhance
engagement and
understanding

of asthma
management.
(Ex: MIRACLE)

Telemedicine
platforms are
digital systems
that enable remote
consultations,
monitoring, and
education through
video calls,
messaging, or
specialized apps.
(Ex: MCAV;
Remote
monitoring
systems that
integrate
wearables)

educational content.

* Improves inhaler
techniques and
knowledge of asthma
triggers.

» Encourages proactive
self-management
behaviors.

+ Can address educational
gaps using immersive,
culturally adapted
narratives.

older populations.
* Requires specific

devices), potentially
limiting accessibility.
* Challenges in
widespread
deployment due to
technical barriers or
resource constraints.

* Internet and
device access are
prerequisites.

* Less effective for
populations with low
digital literacy.

* Requires careful
planning to avoid
excluding vulnerable
groups.

* Challenges in
integrating with
existing clinical
practices and
workflows.

« Limited ability to
conduct physical

» Expands access,
especially for
underserved populations.

* Reduces logistical
barriers like
transportation.

* Allows real-time
symptom tracking and
timely interventions.

* Enhances patient-
provider communication.

* Addresses social
determinants of health
via resource linkage.

* Reduces no-show rates
in pediatric programs.

assessments remotely.

hardware (AR-enabled

engaging, leading to better

understanding and recall of

management techniques.
* Improves inhaler
technique: interactive
simulations help children
master proper inhaler use,
reducing medication errors.
Addresses educational
disparities: culturally
adapted AR content
can bridge knowledge
gaps in diverse pediatric
populations.

Increases access to care:
telemedicine overcomes
geographical barriers,
providing timely medical
advice to children in remote
areas.

Facilitates continuous
monitoring: integration with
wearable devices allows
healthcare providers to
monitor patients’ conditions
in real-time, leading to
proactive care adjustments.
Reduces healthcare
costs: by minimizing
emergency visits and
hospitalizations through
early interventions,
telemedicine can lower
overall healthcare
expenses.
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Electronic Medication Monitoring Systems
Electronic Monitoring and Management (EMM) devices,
such as the Propeller Health sensor and Digihaler, inte-
grate adherence tracking with real-time feedback. The
Digihaler also measures inspiratory effort, providing
insight into both inhaler use and drug delivery effective-
ness. A non-interventional study comparing the Digihaler
with the inhalation profile recorder (IPR) showed accurate,
clinically relevant data in pediatric patients, supporting
treatment decisions on technique and adherence (34).
EMM systems enable personalized asthma care. In the
iTRACC trial, automated alerts prompted timely inter-
ventions that addressed issues like prescription delays
and missed doses (35). A qualitative study based on the
Consolidated Framework for Implementation Research
(CFIR) explored how ten healthcare providers perceived
EMM integration. Interviews highlighted both the ben-
efits and challenges of implementation in pediatric out-
patient settings.

By embedding digital monitoring into clinical workflows,
EMM tools improved provider-patient communication,
identified nonadherence early, and helped prevent exac-
erbations and emergency visits (17, 29, 34, 43). These
systems show promise in optimizing asthma manage-
ment across diverse care contexts.

Wearable technologies

The WEARCON study adopted a prospective observa-
tional design, focusing on children aged 4—14 years (42).
The study highlighted their potential by integrating mul-
tiple devices to track real-world asthma management.
For instance, pre-exercise lung function variation and
respiratory rate recovery post-exercise emerged as reli-
able indicators of asthma control, correlating strongly
with clinical assessments. Additionally, wearable devices
enable ongoing symptom monitoring, addressing the lim-
itations of episodic outpatient evaluations (42).
Remote Patient Monitoring programs, which integrate
wearable and mobile devices, provide real-time mon-
itoring of asthma symptoms and physiological data. A
study explored the utility and effectiveness of the New
Mexico Pictorial Asthma Action Plan, a telehealth deliv-
ery of a pictorial action plan, focused on youth aged
10 to 17 years, significantly improved asthma control
scores, particularly in low-literacy, underserved popula-
tions. By combining RPM with tailored educational tools,
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this approach reduced barriers to care and enhanced
patient-provider communication (39).

Augmented reality tools

Digital technologies offer innovative tools to improve
pediatric asthma management by combining education,
engagement, and prediction. Augmented reality (AR)
and serious games are increasingly used to enhance
asthma education among children. The MIRACLE pro-
gram (29), for example, integrated culturally adapted
interactive storytelling and games to teach Indonesian
children about asthma triggers and inhaler use while pro-
moting self-management skills. Another study applied
the Theoretical Framework of Acceptability to evaluate
AR-based teaching tools co-designed with clinicians,
children, and caregivers (36). These tools improved
comprehension and retention by using animations and
interactive content to support correct inhaler techniques.
Beyond education, digital platforms are being used
for early prediction of asthma exacerbations. The
DIGIPREDICT study (35) is a prospective observa-
tional project that integrates data from wearable sen-
sors, smart inhalers, and mobile apps to detect early
physiological, behavioral, and environmental signals
associated with asthma attacks. Using machine learn-
ing algorithms, the system generates personalized
alerts aimed at preventing exacerbations and support-
ing clinical decision-making. DIGIPREDICT illustrates
how Al-driven, patient-centered tools can address lim-
itations in symptom recognition and enable real-time,
remote asthma monitoring. These approaches show
particular promise for underserved pediatric popula-
tions with inconsistent adherence and high variability
in exposure patterns.

Telemedicine

The COVID-19 pandemic catalyzed a rapid transition
toward digital care in pediatric asthma management. A
retrospective cohort study of 3,959 children aged 5-17
showed a sharp decline in in-person visits during the
pandemic, offset by a rise in telehealth use. Asthma
exacerbations fell from 12.7% to 3.2%, suggesting that
remote care-maintained disease control (21).

Pelaez et al. (44) reported similar findings in Argen-
tina. Their prospective study within a severe asthma
program found a 41% reduction in total exacerbations
and a 46% decline in severe episodes after transition-
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ing to teleconsultations. Remote ACT assessments via
WhatsApp and virtual follow-ups helped sustain asthma
control, underscoring the feasibility of hybrid care mod-
els combining telemedicine and mHealth.

The TEAM-ED program (Telemedicine Enhanced Asthma
Management through the Emergency Department)
linked ED care with school-based telehealth follow-ups.
Though symptom-free days did not improve significantly,
the program increased preventive medication use and
follow-up visit rates among underserved children (27).
These outcomes support integrating structured telehealth
into pediatric care, especially in low-resource settings.
Remote patient monitoring (RPM) further extended care
beyond acute episodes. At Cincinnati Children’s Hospi-
tal, a pilot program used inhaler-attached sensors and
nurse-led daily monitoring for recently discharged chil-
dren. The intervention reduced ED visits and improved
outpatient follow-up, despite challenges in engagement
and retention (37).

Telemedicine has also addressed logistical and social bar-
riers. The Mobile Clinic Asthma Van in Chicago reduced
no-show rates through video consultations, improving
care access for underserved families (45). At a tertiary
academic hospital, a pediatric asthma telemedicine pro-
gram helped link low-income families to housing and
food support during the pandemic (8).

Yet, disparities remain. Pathak et al. (10) studied tele-
health use in four New York clinics serving low-income,
mostly Latino families. They found that Spanish speak-
ers were 48% less likely to activate patient portals than
English speakers, and non-Latinos had a 36% lower
activation rate. These results emphasize the need for
multilingual platforms, virtual rooming, and digital health
navigators to close equity gaps.

Hall et al. (4) analyzed trends among 6,754 children,
finding that telemedicine accounted for 74.3% of asthma
visits at the pandemic’s peak in April 2020, declining to
13.6% in 2022. Telehealth use was higher among chil-
dren with persistent asthma, comorbidities, or public
insurance. The Social Vulnerability Index did not sig-
nificantly predict use, but access remained uneven for
Black children and non-English speakers.

The BREATHE program in Louisiana employed virtual
home visits (VHVs) via the ANDOR platform for Black
children in low-income communities. Participants com-
pleting all three VHVs showed the greatest improve-
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ments in ACT scores, along with increased knowledge
of triggers and self-management confidence (28).
GUmUs et al. (41) conducted an RCT in Turkey using
Zoom-based education and remote monitoring tools.
Compared to standard care, their Virtual Care model
improved symptom control, increased symptom-free
days, and reduced exacerbations and unplanned visits.
Suvarna et al. (46) ran an RCT comparing WhatsApp
video consultations with standard in-person care in 192
children. Asthma control (ACT/C-ACT) and quality of life
(PQLI) scores showed no significant differences, con-
firming the non-inferiority of telemedicine. High paren-
tal satisfaction reinforced its role as a low-cost, scalable
option in resource-limited settings.

School-based telemedicine

School-based telemedicine for pediatric asthma man-
agement (SBTH) offers an innovative model to improve
access, continuity, and outcomes in chronic disease
care, particularly for underserved populations. SBTH
delivers remote asthma care within schools using video
consultations, digital diagnostics, and coordination with
healthcare providers. Its appeal lies in reducing emer-
gency visits, increasing treatment adherence, and min-
imizing disruptions to learning. It is especially relevant
for asthma, a major cause of school absenteeism and
pediatric emergency department visits (38).

Programs like the School-Based Telemedicine Enhanced
Asthma Management (SB-TEAM) integrate monitor-
ing, education, and treatment adjustments into routine
school activities. SB-TEAM has shown positive effects
on symptom control and quality of life, with fewer emer-
gency visits and hospitalizations (25, 47).

However, operational barriers can impair program sus-
tainability. These include time constraints for school
nurses, insufficient telehealth training, and limited care-
giver engagement. Facilitators include dedicated tele-
health coordinators, strong provider-school partnerships,
and active family participation. Engagement of caregiv-
ers improves adherence and communication, while sup-
port staff can help overcome technological and logisti-
cal hurdles (14).

The economic sustainability of SBTH is supported by
cost-benefit analyses. For example, the SB-TEAM pro-
gram reported that operational costs were offset by
decreased healthcare utilization, fewer missed school
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and workdays, and improved productivity among care-
givers (25). The relatively low per-child cost enhances
its scalability (26).

CONCLUSIONS

Despite their promise, digital technologies face several

barriers to widespread adoption. Limited access to the
internet and devices, particularly in rural and under-
served communities, continues to restrict the equitable
use of these tools. Additionally, caregiver engagement
often varies, with socioeconomic factors playing a sig-
nificant role. Addressing these disparities requires tar-
geted efforts, such as subsidizing technology and design-
ing culturally relevant interventions (19).

Healthcare providers also encounter challenges in inte-
grating digital tools into existing workflows. The lack
of interoperability between digital systems and EHRs
remains a significant obstacle, increasing administra-
tive burdens and hindering seamless adoption. Train-
ing programs and infrastructure investments are essen-
tial to address these gaps (36).

The future of digital asthma care lies in harnessing the
potential of personalized and precision medicine (17).
Moreover, longitudinal studies are needed to evaluate
the long-term effectiveness, scalability, and cost-effi-
ciency of digital interventions. While current evidence
highlights the potential for improved asthma control, a
positive change in QOL, reduced healthcare utilization,
and decreased economic burden, understanding the
sustainability of these outcomes is crucial (33, 48-51).

Finally, addressing socioeconomic barriers and priori-
tizing inclusivity can extend the benefits of digital tech-
nologies to all children with asthma, regardless of their
circumstances (52).
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