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Abstract:

Introduction: Childhood asthma, a leading chronic respiratory disease, is managed according to evidence-based international guidelines
like those from the Global Initiative for Asthma (GINA). These guidelines recommend a stepwise approach focused on inhaled
corticosteroids (ICS) for control and prevention. However, a persistent gap exists between these recommendations and real-world clinical
practice, contributing to poor outcomes.

Keywords: Paediatric asthma; Medication adherence; Clinical practice guidelines; Inhaled corticosteroids; Implementation science;
Health disparities.

Introduction

Asthma remains the most common chronic respiratory disease in children, with significant implications for quality of life,
healthcare utilization, and long-term lung health. To decrease this burden, evidence-based clinical guidelines, such as those from
the Global Initiative for Asthma (GINA) and national consensus statements like the REGAP I8!, provide a structured framework
for management. These guidelines support a stepwise approach focused on the appropriate use of inhaled corticosteroids (ICS) as
controller therapy, the provision of written asthma action plans (AAPs), and regular clinical review to achieve and maintain
symptom control while minimizing the risk of exacerbations.

Despite the clarity and widespread availability of these recommendations, a persistent and well-documented gap exists between
guideline ideals and everyday clinical practice. Suboptimal adherence is seen at multiple levels: in the under-prescription of ICS
and over-reliance on reliever medications by clinicians "M% in the poor daily adherence to prescribed regimens by patients and
families 1, and in the systemic failure to implement core guideline activities like AAP provision 12!, This adherence gap is not
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merely a theoretical concern but a direct driver of poor outcomes, including preventable exacerbations, emergency department
visits, and hospitalizations.

The barriers to adherence are complex and multifactorial, weak patient beliefs (e.g., fear of steroid side effects) #M'5I, healthcare
provider knowledge gaps [¢+131 and broader socioeconomic determinants !4, Therefore, improving childhood asthma outcomes is
achievable through a critical examination of not just what the guidelines recommend, but why their adoption fails and how
implementation can be successfully supported.

This literature review synthesizes recent evidence (2020-2025) to comprehensively analyse the state of adherence to childhood
asthma management guidelines. It will explore the extent and impact of non-adherence, identify key barriers across the care
spectrum, and evaluate promising strategies, from educational pathways to digital health tools, designed to bridge the guideline-
practice gap and achieve optimal asthma control for children.

Methods: A narrative literature review was conducted from key databases, with recent studies (2020-2025) investigating
adherence to paediatric asthma guidelines from clinical, patient, and systems perspectives being analysed. The synthesis focused
on themes of pharmacological adherence, guideline implementation strategies, and identified barriers. The evidence included
observational studies "4 mixed-methods research BH7 and intervention studies 2

Patient and/or Public Involvement: There was no patient and/or public involvement in the materialising of this paper. The authors
do not foresee any future involvement in the review of this literature either.

Results: The review confirms widespread poor adherence. Studies reveal under-use of ICS and over-reliance on short-acting beta-
agonists (SABAs) despite guideline warnings ""'% and poor implementation of AAPs and routine monitoring "?I. Adherence is
influenced by multi-level barriers, including patient/caregiver concerns about ICS side effects and complexity PM8bISI and
systemic issues like socioeconomic disparities 4. Clinician-level gaps, such as variable knowledge among community
pharmacists 1% and healthcare team confidence "3, further impede guideline-concordant care. Conversely, structured educational
interventions ', school-linked support b7 and technology like electronic adherence monitors 31 show promise in improving
outcomes.

The findings highlight that poor adherence is a multifactorial problem undermining the therapeutic effectiveness of guideline
recommendations. The consistent under use of controller therapy directly correlates with preventable exacerbations. Addressing
this requires moving beyond passive distribution of guidelines to active, tailored implementation strategies that target specific
barriers at patient, provider, and healthcare system levels. The success of educational pathways and technology-assisted
monitoring provides a blueprint for intervention.

Discussions
A. Pathophysiology and Classifications Linked to Guidelines

Childhood asthma is a complex chronic inflammatory disease which is mainly characterized by the airway hyperresponsiveness,
reversible airflow obstruction, and persistent inflammation. The diseases arises due to the interaction of genetic, epigenetic,
environmental and immunological conditions, especially during the crucial early stages of life

Immune Mechanism and Type 2 Inflammation

Adult Onset Asthma and childhood asthma share close similarities in pathophysiology and immunological mechanisms. The
majority of children asthma cases are characterized by the type2 — high inflammation which is triggered by helper 2 (Th2) cells
that generate important cytokines such as interleukin-4 (IL-4), IL-5, IL-13, IL-25, and IL-33.Numerous pathogenic symptoms of
illness, including increased mucus secretion, bronchial hyperresponsiveness, production of immunoglobulin E (IgE), and
eosinophilic infiltration of the airways are regulated by these cytokines I'®l. This immunological endotype explains why inhaled
corticosteroids work well as the main controller therapy. It also supports the use of targeted biologic agents targeting the IgE and
IL-5 pathways for certain children with severe asthma, as current GINA and NHLBI guidelines recommend.
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Airway Remodelling and Structural Changes

One of the critical consequence of the disease is airway remodelling,which is not as severe in children as it is in adults. However,
if asthma is not controlled, ongoing inflammation can still cause lasting changes in the airways and limit lung growth over time.
Airway remodelling can lead to the thickening of the airway wall, proliferation of the smooth muscle, activation of fibroblasts and
the increase in the extracellular matrix deposition. All these changes together leads not only to the narrowing of the bronchial
lumen but likewise irreversibly decline the lung function. IN particular, Neutrophil Extracellular traps (NETs) enriched in IL-17A
enhances the transition from the inflammation to the fibrosis by activating the lung fibroblast into pre-fibrotic state 71,

Genetic Factors and Environmental Factors

Multiple genetic factors have been identified such as ORMDL3, GSDMB, RAD50, HLA-G, CXCRS, IL-4, IL-13, and TSLP to
contribute in the childhood asthma. A significant region associated with asthma has been identified on chromosome 17q12-21 and
has been extensively researched, indicating that the genetic basis of asthma is highly polygenic, which means that several genes
collaborate to affect the likelihood of developing the disease "®l. Family history also plays a significant role in asthma risk,

children with two asthmatic parents faces higher risk compared to those with no family history
Apart from inheritability, the exposure to environmental factors also influences childhood asthma

With Early- Life exposures One of the strongest modifiable risk factor is the maternal smoking during pregnancy. Other than this
factor neonatal infections, antibiotic use, Oxygen therapy and Respiratory tract infections can also contribute for the childhood
asthma. Microbial dysbiosis in both the airway and gut microbiota can also be contributed to asthma development .

Weather change, air pollution, diet patterns and housing conditions can all influence childhood asthma development 1.

It is important to identify genetic susceptibility and early-life environmental risk factors, as current GINA and NHLBI guidelines
recommend early assessment and prompt initiation of controller therapy in high-risk children to help prevent disease progression
and future flare-ups.

Epithelial Barrier Dysfunction

The airway epithelium is barrier between environment and immune system. In childhood asthma there is an epithelial barrier
dysfunction which can occur through various mechanisms: Disruption in tight junctions, abnormal epithelial cell differentiation,
reduction in the ciliated cell numbers, increased hyperplasia of goblet cell. All these factors contribute to impairing the
mucociliary clearance and increases the penetrations of allergens or the pathogens into deeper airway tissues

Ion channel and Signalling Dysfunction

At the cellular level, the ion channels plays a fundamental role in maintaining the inflammatory response of asthma. The channels
involved includes transient receptor potential channels (TRP), calcium-activated potassium and chloride channels and other

channels that regulate intracellular signalling in effector cells such as lymphocytes and eosinophils 21,

Oxidative stress

Oxidative stress plays a key role in childhood asthma and occurs when reactive oxygen species (ROS) exceed the body’s
antioxidant defences. Increase in the level of ROS harms the airway cells, which then weaken the airway barrier and causes
inflammation. Environmental factors like air pollution, tobacco smoke, and indoor allergens increase oxidative stress, especially
in genetically vulnerable children. Even in the early stages of life low antioxidant concentration level may make children more
likely to have ongoing airway inflammation.

Viral Infection and Immune Dysregulation

Rhinovirus is one of the main viral triggers for asthma attacks in children. Children who are prone to asthma even before the
development of the allergies have abnormal immune responses to this virus. Early signs that point toward development of asthma
in the future are frequent wheezing with rhinovirus and the onset of allergies. These immune problems are linked to reduced
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interferon production due to lower activity of IRF-7 and fewer T regulatory (Treg) cells, both of which help control inflammation
211 GINA and NHLBI emphasize that viral-induced wheeze is common in preschoolers and highlight the need to distinguish it
from persistent asthma.

Hormonal Influences

Asthma prevalence varies by sex, with more cases seen in males during childhood and a shift toward higher rates in females after
puberty. Sex hormones play a role in this difference; for example, estrogen can promote type 2 inflammation, increase the
infiltration of the eosinophils and upregulate IL-4 and IL-13 expression which in turn increase airway hyperresponsiveness,
whereas testosterone may exert protective effects 221,

Childhood asthma comes in several different forms, each with its own pattern of inflammation. In the past, doctors mainly
separated asthma into allergic and non-allergic types depending on IgE levels. Now, experts know there are multiple subtypes, or
endotypes, based on what’s really happening in the body.

Type 2-high asthma is marked by lots of eosinophils in the airways, fuelled by certain immune responses. Type 2-low asthma, on
the other hand, has either more neutrophils or fewer inflammatory cells overall, and it often doesn’t respond as well to steroid
treatments. Neutrophilic asthma is a specific form where another type of immune cell, the neutrophil, and the molecule IL-17 are
especially active

Classification of childhood asthma: GINA and NHLBI guidelines

To manage childhood asthma effectively and follow guidelines, it is important to understand the underlying mechanisms of the
disease. Most children have Type 2 inflammation, which is why inhaled corticosteroids (ICS) are the main first-line treatment.
Guidelines recommend regular ICS use to lower the risk of flare-ups and improve symptom control in children with persistent
asthma Y1,

To inform treatment, systematic classification approaches grounded in current evidence are employed. According to The Global
Initiative for Asthma (GINA) and the National Heart, Lung, and Blood Institute (NHLBI) guidelines, comprehensive approaches
are carried out that are transitioning from severity-based to control-based systems, with emphasis on age-specific considerations.

Evolution of Classification Approaches

Classification of the childhood asthma has shifted from being more focus on disease severity to emphasising on how to control
asthma. Initially asthma was categorized mainly based on the severity of the disease: intermittent, mild, moderate, or severe, but
now both GINA and NHLBI guidelines highlight the severity at diagnosis does not always predict future outcomes, and even mild
cases of patients can experience serious exacerbations Regardless of the initial severity, current guidelines primarily emphasize
the significance of controlling asthma to retain excellent control.

Classification Framework for GINA Guidelines
The GINA recommendations categorize children asthma into three age categories, each with their unique approach: under 5 years
(preschool), 6-11 years, and 12-18 years.

This breakdown considers differences in diagnosis, symptoms, and how children respond to treatment . For children aged 6-11,
the 2021 GINA guidelines made important updates to Step 3 treatment, suggesting options like low-dose LABA-ICS
combinations, very low-dose formoterol-ICS, medium-dose ICS alone, or ICS-LTRA combinations as first choices 2. The latest
GINA guidelines advise against using only short-acting z-agonists (SABA) for children of any age.

Even for moderate asthma, inhaled corticosteroid (ICS) regiments are recommended to lessen flare-ups and improve long-term
ongoing management. Asthma control is assessed using the GINA guidelines, which examines the daytime symptoms, nightly
waking, activity limits, and reliever usage frequency. And also, it is stated to identify asthma in preschoolers (ages 0-5) might be a
bit difficult due to spirometry and bronchodilator reversibility.
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Clinicians treat this population based on their medical history, the child's reaction to inhaled corticosteroids, and risk factors such
as a family history of asthma, early allergy sensitization, and early respiratory infections 126,

NHLBI/NAEPP Classification System

The NHLBI, through the NAEPP, uses a step-by-step approach to asthma management that still considers severity but now also
looks at how well asthma is controlled. The NAEPP groups children by age (usually under 4, 4-11, and 12 or older) and then
classifies asthma by how often symptoms happen and lung function: intermittent (symptoms 2 days a week or less), mild
persistent (3-4 days a week), moderate persistent (daily symptoms or nighttime symptoms 3-4 times a month), and severe
persistent (symptoms all the time or nighttime symptoms 4 or more times a week) ?71. Each group has its own recommended
treatments.

Age-Based Classification Specifics

Among Preschool Children (Ages 0-5 years): Both guidelines recognize the difficulty of verifying asthma diagnosis in early
children due to inaccurate spirometry performance.

GINA suggests that intermittent symptoms in preschoolers may reflect viral-induced wheezing rather than asthma, especially in
the absence of risk factors for permanent asthma. Differentiating asthma from other wheeze phenotypes, such as viral-induced or
early transitory wheeze, is crucial in this age range, as these diseases may not require continuing controller medication.

School-age children (ages 6-11): In this group, measures like spirometry and bronchial challenge are more reliable, making
asthma diagnosis and classification easier.

To confirm asthma and also to check how severe or controlled is the asthma, GINA and NHLBI both recommend the usage of
spirometry or peak flow

Among children of 6-11, if they have daytime symptoms more than once a week or wake up at night more than once a month, or
have any limits on normal activities, they should be classified as at least mild persistent asthma 241,

And among the Adolescents and Young Adults (Ages 12 and up): Teenagers and young adults, asthma is considered to be much
like in adults, as their spirometry can be done reliably and results are easier to interpret. Therefore, both guidelines urge the need
for objective tests like spirometry, showing bronchodilator reversibility (at least 12% and 200 mL improvement in FEV1) or
bronchial hyperresponsiveness to confirm asthma.

Control-Based Classification

Modern guidelines now focus more on classifying asthma by how well it is controlled instead of just by severity. The GINA
system puts children into three groups 281: well-controlled asthma (daytime symptoms two days a week or less, no nighttime
waking, no limits on activity, and reliever use two days a week or less), partly controlled asthma (if 3-4 of these issues are
present), and uncontrolled asthma (if three or more issues are present in any week). In practice, asthma control is often assessed
using tools such as the Asthma Control Test (ACT) for teens and the Childhood Asthma Control Test (cACT) for younger kids.
Both GINA and NHLBI recommend these tools to standardize symptom evaluation.

The NHLBI uses similar categories, defining controlled asthma as having few symptoms and little impact on lung function with
the right treatment.

Genetic Considerations in Classification

According to the Experts childhood asthma is considered as a group of different conditions with various type and not just one
disease. Type 2 (T2)-high asthma, which involves high blood eosinophils or allergic sensitization, is one clear type 2%\ Children
with T2-low asthma do not show signs of type 2 inflammation, usually have non-allergic asthma often triggered by viruses, and
may respond differently to standard treatments
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Severe Asthma Classification

Both guidelines set clear criteria for severe asthma. It is defined not by how severe the asthma was at the start, but by the
necessity for high-dose inhaled corticosteroids and other controller medications to keep it under control, or if the asthma remains
uncontrolled even with this treatment. Severe asthma affects approximately 3-6% of asthmatic children, with significant
variability in prevalence and appearance among racial and ethnic groups 1.

Practical Application and Medicinal Significance

Control-based assessment is considered to be one of the important effects in practice. Some children who seem to have mild
asthma may need stronger treatment to get their symptoms under control, while others with moderate or severe asthma at first
may do well with less treatment over time 12!, Doctors should check asthma control regularly—at every follow-up, usually every
1-3 months at first, then every 3-6 months once control is reached—and adjust treatment as needed 251,

B. Guideline Based Management Strategies

Current international and national guidelines place emphasis on structured and evidence-based management of childhood asthma.
The primary goal is to achieve the optimal control of symptoms while minimizing future risk of medication-related adverse
effects or exacerbations.

Initial treatment is determined by assessing the intensity and severity of symptoms and the likelihood of future exacerbations.
This involves evaluating how frequent daytime and nocturnal symptoms are using short acting $-agonists (SABA) to manage
symptoms. We can also use the number of exacerbations that require glucocorticoids in the previous year to help determine the
risk of future exacerbations.

The general overview of the stepwise process outlined by GINA that is currently used for children 5 and below is divided into
four steps:

1) Every child experiencing wheezing should be able to use a SABA, with exception being infants aged 1 or younger who present
with wheezing caused by bronchiolitis.

2) Healthcare professionals should initiate a daily-low dose ICS along with SABA as needed

3) Doubling the initial dose of ICS for a 3 month period is recommended, and

4) Treatment options at this stage can involve further increasing the dosage of ICS, adding a leukotriene receptor antagonist,
combining a long acting low-dose oral corticosteroid (OCS) until we see symptoms improve. 1!

For children aged 6-11, GINA guidelines set forth were low-dose inhaled corticosteroid (ICS)-long-acting f-agonist (LABA),
very low-dose formoterol-ICS, medium-dose ICS, and ICS-leukotriene receptor antagonist (LTRA) in combination. A
retrospective study of 114 children (6—11 years) with asthma exacerbations at Aga Khan University Hospital (2021-2022)
compared step 3 GINA controller therapies: ICS-LABA, ICS-LTRA, and ICS alone. Patients on ICS-LABA were found to

have had fewer ER visits, hospital admissions, and PICU admissions over the course of one year. They also showed the best lung
function (FEV1 and FEV1/FVC) at 3-month follow-ups. ICS-LTRA had intermediate outcomes, while ICS alone was least
effective. ICS-LABA was associated with the most optimal clinical outcomes and pulmonary function among the three

regimens. ¥

Established asthma management frameworks, including the GINA guidelines mentioned earlier and recommendations from the
NAEPP and NHLBI, are essential. We use these to standardize evidence-based care, to optimize symptom control, and to reduce
asthma exacerbations in children. These guidelines highlight specifically the use of low-dose inhaled corticosteroids with reliever
therapy or ICS—formoterol maintenance and reliever therapy (MART), alongside trigger avoidance, to achieve consistent clinical
outcomes. Adherence frameworks such as these improve the quality of care, reduces variability in clinical practice, and has been
shown to enhance patient outcomes when reinforced through implementing healthcare provider education and reminder systems.
Despite their proven effectiveness, the real-world implementation of these frameworks remains variable, which is

what underscores the need to evaluate and strengthen guideline-based asthma management strategies in pediatric populations. 13!
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A study conducted in the United States was conducted with the aim being to increase the proportion of pediatric patients admitted
with asthma exacerbations who were discharged on controller therapies that aligned with GINA guideline recommendations. The
initiative used the Model for Improvement to identify key drivers that influence guideline-concordant care. It included provider
knowledge of GINA recommendations, standardized symptom control screening, medication access, and engagement of families
and staff. Interventions included education on the latest GINA guidelines, audit and feedback to prescribers, modifications to
electronic health record documentation (e.g., asthma action plans and discharge instructions), and enhanced access to guideline
support tools via QR codes. After implementation, the rate of guideline-concordant controller prescriptions at discharge increased.
It went from 39% to around 71%. This shows that multifaceted strategies that integrate education, system changes, and decision
support can significantly improve adherence to asthma management guidelines without increasing number of readmissions

or the length of stay. The project highlights how important structured implementation frameworks are in incorporating evidence-
based asthma guidelines into routine clinical practice in pediatric hospital settings. 134l

Another retrospective study conducted in Columbus, Ohio evaluated the effectiveness of a School-Based

Therapy (SBAT) program from 2013 to 2019 involving children aged 5-19. SBAT provided guideline-based asthma management.
They did this through systematic school screenings and direct administration of daily controller medications. The

study then compared asthma control and health care utilization one year before and one year after enrollment. Some of the
changes seen were in firstly, asthma control: Well-controlled asthma increased by 37% (Asthma Control Test) and 56% (these
were provider ratings). Emergency department visits decreased by 49%, hospitalizations by 50%, PICU admissions by 71%,
urgent care visits by 41%, and acute care visits by 38%. Impact based on different racial backgrounds was also noted such as

in Black and Latino children where there were substantial improvements. For Black children, well-controlled asthma improved
40-66% with reductions of 42-67% in needing to use healthcare. Meanwhile, Latino children had 33-55% increases in asthma
control with declines of 50-81% in using healthcare. The SBAT program goes to show that directly supervised, guideline-based
therapy in schools can significantly improve asthma control, reduce acute healthcare utilization, and address even racial/ethnic
disparities in pediatric asthma outcomes. It highlights the importance of structured, accessible implementation of asthma

management guidelines outside traditional clinical settings. 1!

Lastly, Khalaf, Saglani, and Bloom (2025) conducted a population-based cohort study in the United Kingdom. This was to
evaluate the implementation and effectiveness of guideline-recommended asthma management activities in children and included
scheduled asthma reviews, inhaler technique checks, and asthma management plans. The study included 126,483 children from
diagnosis until the age of 16 and used primary care records that were linked to hospital data. Results showed that only 30-45% of
children received each recommended activity annually and only 8% received all three in the same year. They also

showed children who were younger, from socioeconomically deprived backgrounds, or missing BMI measurements were less
likely to receive guideline-based care. Despite the implementation being incomplete, the activities conducted were associated with
meaningful reductions in asthma exacerbations and asthma management plans reduced exacerbations by approximately 15% over
12 months. Meanwhile, scheduled reviews were shown to reduce exacerbations by about 8% over six months. The study
underscores that even partially adhering to established asthma guidelines can improve clinical outcomes, while highlighting how
important it is to address the disparities in implementation across different pediatric populations. 13l

Non-pharmacological management methods in systematic reviews and network meta-analyses like exercise programs, breathing
techniques, psychological support and massages were found to improve lung function and quality of life when used alongside
conventional therapy. 37! Guidelines also emphasize environmental control measures, such as avoidance of tobacco smoke
exposure, indoor allergens, and air pollution. These measures place importance in steps like regular asthma reviews, inhaler
technique assessment, and self-management education for both children and caregivers. 381

Alongside these developments, several updates and controversies have continued to shape guidelines in pediatric asthma
management. One major shift that’s been seen in recent years has been moving from short-acting beta-agonist—only treatment
towards earlier and more consistent use of inhaled corticosteroids, even in children with milder asthma. This change

reflects the growing concern about risks that are associated with poor symptom control and severe exacerbations. Nevertheless,
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uncertainty persists regarding optimal treatment thresholds in younger children - especially those under five years of age - where
asthma diagnosis is less certain, and symptoms may be episodic or viral-associated. 1!

The Global Initiative for Asthma (GINA) continues to play a central role in shaping childhood asthma management by
synthesizing emerging evidence into globally applicable recommendations. The guideline’s strength lies in its evidence-
responsive framework — as highlighted in the European Respiratory Journal Review. This is what allows the incorporation

of constantly evolving data on non-pharmacological strategies, age-specific management challenges, and novel therapeutic
approaches, while also transparently identifying gaps in areas where evidence can be limited. This adaptive approach underscores
GINA'’s continued relevance in guiding pediatric asthma care and highlights the importance of continuing to do research to
inform future iterations of international management guidelines. (40!

C. Barriers to Adherence (Parents, Patients, Healthcare Providers)

Medication adherence in childhood asthma is a complex process influenced by a variety of factors, including the interactions of
the patients, parents/caregivers, as well as healthcare-related factors. Adherence to proper medication regime is an important
determining factor in the control of the disease, as there has been an increased in morbidity related to asthma in recent years,
despite using inhaled corticosteroids (ICS) daily. Non-adherence to taking medication occurs due to many barriers, which are both
unintentional as well as intentional. These may range from improper inhaler use, to intentional avoidance due to perceptions or
beliefs towards asthma or use of medication. 1431

Low rates of adherence to ICS have persisted in the recent years, despite many interventions being developed. Many patients only
follow the management-regime only during symptomatic periods, and discontinue once symptoms have improved or resolved,
which is mostly associated to misjudgement or misunderstanding of the nature of their asthma or its extent. In a study by Lin et
al., Huge, discrepancies had been noticed in outcomes related to childhood asthma in families with low-income, or minorities
have higher rates of asthma-related morbidity in the United States. [42h14351451148]

Patient-Related Barriers

Adherence to asthma medication is usually lower in children, with average rates reported to be approximately 50%, or even lower
in adolescence. This non-adherence in adolescents was noticed to be more prevalent due to a combination of factors, including
developmental, psychological, as well as social factors. Non-adherence is seen to be more frequent due to intentional causes than
unintentional, 4144514711481

Developmental factors can negatively affect their behaviour, including a strong inclination towards peer conformity, growing
feelings of invulnerability, as well as emerging independence. These children may prioritize health status over medication
adherence, and stop medication adherence once they have achieved control or gained symptom-free periods. This leads to
incomplete control/management of the disease, and can increase risk of exacerbations and poor long-term outcomes. [#1-42L147]

Social factors also have a big role, including fear of stigmatization and embarrassment, with many adolescents reporting to avoid

using inhalers in public or in front of peers, with 50% of these non-adherence incidents being reported in the presence of friends.
[41],[42],[44]

Another major barrier in non-adherence is the lack of knowledge and misinterpretations regarding asthma and its treatment, as
children or adolescents seem to perceive it as a less serious condition or believe that the medications are unnecessary or
ineffective during symptom-free periods. There is also a fear of side effects related to ICS, including weight gain, changes in
hormones or increased dependence, which increase non-adherence, despite a lack of strong clinical evidence. [42bl441147]

Psychological factors are another barrier to adherence, as many patients do not want to accept the diagnosis or the constant
management than it requires. Adherence is affected by many psychosocial problems in over 40% of these cases, as seen in a study
by Kaplan et al.. Mental health concerns grow, including anxiety and depression disorders, which lead to non-adherence. Many of
these new adolescents experience an increased desire to be independent which can lead to improper management. There is also
increased non-adherence due to engagement in risky behaviour like smoking, drugs, and alcohol. [421H441147]
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Parent and Caregiver —Related Barriers

Parents and caregivers have an important role in making sure that treatment regimens are adhered to, however, many related
factors can lead to reduction of this adherence. Following this treatment regimens require consistent planning, structured daily
routines and prescription refills, which sometimes is hindered due to limited resources and financial status, busy schedules or
inconsistent caregiving arrangements in the household. A study revealed that 60-70% of missed appointments were due to limited
resources or transportation-related barriers, which lead to improper control of the disease. [“31[4411471,148]

Since such chronic disease can put emotional and financial strain on families, development of psychosocial stressors is seen to be
another barrier, as in cases of maternal depression and family dysfunction. During adolescence, the child’s increased desire for

independence, and the parents decreased involvement in decisions, which sometimes creates gaps in supervision and adherence.
[441,[47]

Another reason for lack of proper adherence was seen to be limited education and low health literacy in parents/caregivers, due to
lack of proper knowledge regarding the disease, its management, medication instructions and long-term control. Language barrier
and limited English proficiency (LEP) further created challenges in effective communication with healthcare providers and
limited health services. H#Sh461147]

Another important, and widely-documented barrier to adherence is steroid phobia in parents or caregivers. These parents express
exaggerated fear related to potential side effects of ICS, including suppression of growth, weight gain, decreased bone strength or
potential addiction or effects on mental health. These fears lead to non-conformity with recommended treatment regimens which
lead to increased exacerbations and poor control of disease. A study by AlOlayan et al. reported prevalence of ICS phobia to range
widely, from 19 to 67% in different populations, with most parents being concerned about the use of ICS, and the rest regarding
its side effects. This led to parents reducing the prescribed doses or discontinuing treatment completely. 46!

Healthcare provider-related barriers

Healthcare providers (HCP) have a crucial role in supporting adherence to asthma management guidelines, but many barriers
have been observed in this regard. Inadequate assessment of asthma management adherence is a common challenge as it may
often be inaccurate depending on type of questioning, and reluctance from patients and caregivers to acknowledge non-adherence
creates further complications in assessment. [42b144b147]

Insufficient communication by HCP and inadequate patient education related to asthma and medication regimen techniques has
been seen as a major cause of non-adherence. This also led to perceived loss of autonomy and respect by the patient from the
provider, which meant that patients would not take the advice seriously. This also included perception of lack of time (of the
physician), failure to address the concern, or provide inadequate information regarding management. [421144]

One more significant barrier is the inadequate management training of the staff, and inability of HCP to properly demonstrate
inhaler technique, which leads to limitations in effectively educating the patients or their caregivers. Another major limitation

seems to be inappropriate prescribing behaviour by physicians, including over prescription of short-acting-pf2-agonist (SABA).
[421,[44]

System-level challenges also limit adherence to management of asthma. This includes limited access to healthcare, inadequate
resources, higher costs, as well as lack of proper continuity. Missed follow-up appointment, costly medications and difficulty in
renewing prescriptions, and improper and inadequate communication between patients and HCP lead to decreased management.
This also includes lack of constant assessment of ICS adherence and proper techniques as well as the patient/family’s financial
ability to access care and medications, which is seen to lead to increased emergency department (ED) visits for asthma-related
morbidity. Multi-level technology-based interventions, despite being promising, require more resources and are not easy to

integrate in routine practice, especially in underserved areas. #2bM43LI45L1471,148]
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D. Improving Adherence to Paediatric Asthma Guidelines

Poor adherence to inhaled corticosteroid-based regimens remains a barrier to achieving guideline-concordant control in children
with asthma 1. Multifaceted interventions that are tailored to the practical and perceptual challenges faced by families yield the
greatest benefits “?+5% nhaler technique and adherence are improved by repetitive, developmentally appropriate education for
both caregivers and children, especially when combined with teach back techniques and video assisted demonstrations, which
greatly improve retention and lower technique errors 511,

Simplifying treatment plans also increases adherence. Techniques like single-inhaler maintenance and reliever therapy
(MART/SMART) or once daily inhaled corticosteroid dosage reduces device complexity and dosing burden, which is directly
linked to improved adherence and fewer exacerbations ¥2h1531, Digital reminders and electronic monitoring devices further
enhance adherence in paediatric asthma 31551, Smart inhalers providing real time feedback have shown clinically meaningful
improvements in adherence and reductions in exacerbations in pilot studies 54

Behavioural and motivational approaches are especially effective in adolescents, with strategies such as incentives and
motivational interviewing improving both adherence and self-efficacy 5¢. Furthermore, identifying and addressing individual
barriers such as cost, stigma and caregiver workload, makes these interventions more sustainable over time 56+571, A solid
therapeutic alliance is also essential; actively including adolescents in goal-setting and device selection improves long-term self-
management, and collaborative decision-making between clinicians, families, and children increases treatment acceptability 5%,
Integrated asthma action plans in schools, especially when backed by community health workers who connect clinics, families,
and school systems, ensure consistent access to medications during the day and are linked to better asthma control and lower
morbidity in children %7,

E. Ethical considerations in adherence-promoting strategies

Parental control must be balanced with a child's developing autonomy in order to provide ethically responsible care, especially for
adolescents [*8. Shared decision-making promotes adherence and acknowledges growing agency %8 Children and caregivers
must understand the goal of controller therapy, as well as its advantages, disadvantages, and proper device use, for consent to be
truly informed 1. This is particularly crucial when there are language or health literacy barriers which call for modified
instructional materials and active understanding verification 11,

When putting adherence strategies into practice, equity concerns are crucial. Although digital and device-based approaches can be
successful, if problems with cost, access, and technology infrastructure are not resolved, they risk widening existing disparities
1601 Therefore, before prescribing technology-dependent therapies, clinicians have an ethical obligation to take affordability and
feasibility into account %1, Concerns about data governance and privacy are also raised by the growing usage of smart inhalers.
Granular adherence data collection necessitates clear consent procedures that protect paediatric privacy, adequately balance
parental oversight, and specify how data is gathered, maintained, and used !¢!l. Protecting paediatric privacy while balancing
parental oversight is an ethical priority 611,

Non-maleficence must also be considered in ethical practice. Monitoring and incentivisation programmes may cause stigma or
undermine trust if implemented punitively 62!, Instead than being presented as methods of monitoring or assigning blame,
interventions should be characterized as cooperative and supportive 621, Clinicians are also required by the principle of
beneficence to suggest adherence techniques that maximize therapeutic benefit while minimizing hardship, making sure that the
level of monitoring and technology use is in line with expected benefits. Contemporary ethical frameworks for digital health
emphasise the need to balance potential benefits with risks related to autonomy, justice, and data governance, offering practical
guidance to strengthen transparency and equity in consent processes (631,

Taken together, these factors encourage the use of customized, multidimensional adherence techniques as first-line methods that
incorporate behavioural support, education, regimen simplification, and collaborative decision-making 8%, In certain
situations, electronic surveillance might be suitable if strong privacy protections are in place 5*¢!1. Future research should focus
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on scalable interventions that may be tailored to a variety of populations and healthcare environments, and equity should direct
implementation 601,

F. Conclusion

Childhood asthma is a multifaceted health concern, with several factors such as altered immune responses, airway remodelling,
structural changes and genetic and environmental factors being implicated in its onset. A positive aspect of this disease is that
inflammation primarily follows triggers by Th2 helper cells, leveraging inhaled corticosteroids as the main therapy. Although
several studies provide evidence of childhood asthma being a polygenic disease, a region of interest on the chromosome 17q12-21
has been linked with its progression.

Other factors, such as maternal smoking, epithelial barrier dysfunction, oxidative stress, viral infections resulting in immune
dysregulation and hormonal influences worsen this disease’s prognosis, if prompt therapy isn’t initiated. Rhinovirus is singled out
as the major viral trigger, with wheezes and allergies during the course of the disease pointing to future onset of asthma.

Classifying childhood asthma on the basis of age, severity of asthma, how effectively the prescribed medications control asthma,
genetic considerations and other factors in accordance with the unique guidelines laid down by the GINA and NHLBI is
necessary in planning therapy. Initial evaluation of exacerbations using SABA can boil down to quarterly or biannual check-ups,
to make sure on-going prescriptions are potent. Our paper also summarises the importance of administering evidence-based care
and ensuring adherence to these established frameworks.

We found that, despite well rounded, implementable regulations being in place, real-life applications tend to face challenges. Poor
patient-healthcare worker rapport, questions about the effectiveness of ICS and/or other medications, prolonged timelines, age of
affected individuals etc. contribute greatly to the low compliance rates. Additionally, financial strain on low-income families, fear
of stigmatisation in adolescents, misplaced and heightened fears of adverse effects of ICS, language barriers and other situations
like inadequate communication by HCPs align with the improper adherence to these frameworks.

Our review of studies concluded several convenient strategies to counter these predicaments, hoping to ease the barriers to
effective therapy. These included exercise of MART, SABT and other such programs, aiming to decrease exacerbations through
non-pharmacological means in conjunction with conventional therapy. We surmised the significance of tailoring treatment to a
family’s financial capacity, exercising parental control alongside autonomy in growing children, shared decision making and
supportive, instead of punitive, monitoring. Childhood asthma should be presented as a hitch that can be effectively overcome
with understanding of established guidelines, rather than a looming, unresolved illness, following the patient into adulthood.
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