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Abstract \ Review Article

Background: Asthma generally goes uncontrolled in primary care despite effective inhaled therapies. Persistent
symptoms, exacerbations, and avoidable health-care use are driven by suboptimal inhaler technique, poor adherence,
unaddressed environmental or personal triggers, and incomplete implementation of guidelines. Objectives: To come up
with feasible, primary-care strategies to improve asthma control by tackling modifiable barriers. Methods: The methods
that would be taken are the narrative synthesis of evidence with the use of guidelines for practice and these would focus
on inhaler technique assessment and education, adherence measurement and support, trigger identification with written
action planning, and implementation tools used to embed care that would be guideline-concordant and have been
incorporated into routine workflows. Results: Around half of patients use inhalers incorrectly, leading to device-specific
critical errors which reduce both the delivery of drug and clinical benefit. Approximately 50% of patients adhere to
controller therapy, and decisions to escalate may take place before first verifying this adherence and technique. Trigger
counseling works best when incorporated in individualized asthma action plans that outline the exposures and specify
the step-up actions when avoidance is not possible. A fast check [using a checklist], a short demonstration video,
decision-support prompt [on an electronic health record] and a plan for follow-up. Conclusion: A structured “control
circle” that iteratively reviews technique, adherence, triggers and guideline-based adjustments at every visit could
provide a feasible means for better asthma outcomes in primary care across different settings.

Keywords: Asthma control, Primary care, Inhaler technique, Medication adherence, Guideline implementation.

Copyright © 2025 The Author(s): This is an open-access article distributed under the terms of the Creative Commons Attribution 4.0 International

License (CC BY-NC 4.0) which permits unrestricted use, distribution, and reproduction in any medium for non-commercial use provided the original
author and source are credited.

1. INTRODUCTION

Inhalation therapy is the cornerstone of asthma
management [1]. To prevent exacerbations and reduce
airway inflammation, inhaled corticosteroids [ICSs]
represent a pivotal intervention in asthma care [1].
However, the benefits of inhaled therapy cannot be fully
realized without appropriate inhalation technique and
adherence to medication [2]. Studies indicate that only
25% of asthma patients and 10% of those with chronic
obstructive pulmonary disease [COPD] employ inhalers
effectively [3]. Each type of inhaler requires different
techniques, and many patients are frequently switched
due to clinical guidelines, necessitating repeated training

[4].

Despite the introduction of the respiratory
inhalation control solution [RICS], which provides
detailed feedback on inhalation and exhalation for five
different inhalers, adherence to asthma therapy remains
a substantial problem across Europe [5]. Around 50% of
asthma patients adhere to prescc3b0e306-9280-4cca-

813e-1f4626ac43f5ed medication plans, and 60% of
severe asthma patients report poor adherence [6]. Many
patients do not consider remission achievable, and
dosages are modified without consulting a healthcare
professional [7].

Asthma is a chronic disease that requires
continuous management to prevent exacerbations and
maintain control [8]. Assessing respiratory function,
evaluating symptoms, adjusting medication, and tracking
adherence are key elements of clinical management [9].
Guidelines recommend that adults be evaluated 1-3
months after treatment initiation or adjustment, and that
children be seen every 3 months [10].

2. Inhaler Technique in Primary Care

Incorrect use of inhalers compromises the
benefit of prescc3b0e306-9280-4cca-813e-
1f4626ac43f5ed therapy [12]. At least 50% of patients
with asthma use their inhalers incorrectly, even with
adequate knowledge of the device [2]. The reasons for
this bad practice are multi-faceted, including the
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presence of a wide range of devices in the pharmaceutical
market, patients’ limited skills to operate them, cognitive
impairment and a lack of medical continuity [13]. A
thorough assessment of inhaler technique should
therefore be performed at each routine visit by the
primary care provider, following initial education and
demonstration [14]. To facilitate the assessment, it is
advisable to keep a short video [preferably of the specific
inhaler that the patient has] accessible [15]. Gatherings
of interested patients where step-by-step guidance and
then assessment could occur may also positively impact
inhaler mastery [11].

Directly showing patients how to use their
inhalers is more effective than relying solely on verbal
descriptions, and patients with correct technique have
better asthma control [16]. Aims should therefore be
clear—e.g. demonstrator makes an error on purpose to
enable the patient to spot it [17]. Checking inhaler
components and surroundings prior to use improves
mindfulness and facilitates correct application [17].
Common points about device use and specifications are
worth emphasizing [18]. Electric and soft mist inhalers
generally require prime, and in metered-dose inhalers it
is critical to actuate separately from inhalation [19].
Some devices are designed to be cleaned: specify and
guide patients accordingly [20].

2.1. Assessment of Technique

Many studies have reported inadequate
assessment of inhaler technique in patients with asthma
and chronic obstructive pulmonary disease at all levels
of the healthcare system [20]. At the primary care level,
although inhalation technique remains essential, it tends
to be disregarded [21]. Evaluating inhaler technique and
providing corrective feedback can therefore be a
valuable opportunity for every clinician, as these
measures have the potential to improve medication
delivery and impact disease control—especially in
patients with suboptimal asthma control [22]. Despite the
mid-2021 COVID-19 pandemic surge in the Latin
American region, a cross-sectional oversample study
showed that only twenty specific inhaler-related
instructions were explicitly counted during consultations
[23].

Inhaler technique errors are prevalent across all
age groups, without any pattern depending on the inhaler
device used, although patients with other concurrent
medical problems exhibit greater difficulty mastering
inhaler maneuvers [24]. The most common errors for
metered dose inhalers include the failure to actuate while
inhaling, not coordinating actuation with inspiration, and
breath-holding; for dry powder inhalers, the most
frequent mistakes entail not performing an adequate
cleansing [25]. Participants using metered dose inhalers
without spacers exhibit increased frequency of improper
gestures and lung deposition errors [26]. Some groups of
particular interest for technique evaluation encompass

asthmatic patients, especially those with uncontrolled
worsening under controller treatment; patients
experiencing asthma ingress and requiring controller
medications; concurrent respiratory illnesses impacting
all inhalation maneuvers; and individuals untrained with
a specific inhalation device [27].

2.2. Education and Demonstration Strategies

Asthma control can be improved through
education and demonstration concerning medication
delivery techniques and the importance of adhering to
medication schedules [28]. Written action plans can
assist afflicted patients and their families in recognizing
when medication should be increased in frequency [29].
According to evidence- and practice-based asthma
guidelines of the National Heart, Lung, and Blood
Institute [NHLBI], the basis of asthma management is
the proper selection, delivery, and adherence of
medications [30].

2.3. Common Errors and Corrective Feedback

Inhaler technique is a vital component of
asthma care and acts as a crucial link between medication
adherence and effective symptom control [31]. Serious
errors during inhalation can severely limit symptom
improvement, yet studies indicate that most patients
utilizing metered-dose inhalers demonstrate significant
inhalation errors [20]. Moreover, inhaler errors often
worsen with time and are frequently exacerbated by the
introduction of a new device [32]. Copay-free
medications or dose counters can be perceived as
symptomatic control endpoints, rendering the technique
neglected [33]. The assessment of inhaler technique thus
assumes great importance in establishing the link
between adherence and asthma control [31].

Four common errors impede the -effective
delivery of aerosolized medication through metered-dose
inhalers [34]. Patients may fail to hold their breath for the
recommended duration after inhalation, leading to
premature exhalations that can jeopardize treatment
efficacy [35]. In 65% of patients assessed, exhalations
occurred prior to actuation. Exhalations continued during
the actuating [17%], aspiration [10%], and inspiratory
[4%] phases, significantly disrupting the inhalation
sequence [36]. Wrong positioning, referring to the
alteration of the inhaler’s orientation, was observed in
46% of patients [37]. Seven patients instead of placing
the mouthpiece between the lips pointed the inhaler
nozzle toward the throat, resulting in suboptimal drug
deposition in the bronchial tree [38]. Finally, three
patients dispensed the dose before starting an inhalation
[39]. Corrective feedback addressing these errors hence
serves to improve inhaler technique and facilitate gradual
symptom relief [40].

3. Adherence and Medication Management
Adherence to medication is crucial for effective
asthma management [41]. Poor treatment adherence is a
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frequent problem affecting children, adolescents, and
adults, leading to incomplete asthma control, more
exacerbations, and emergency hospitalizations [20]. The
level of adherence is influenced by a variety of factors,
including satisfaction with treatment, understanding of
the importance of the medication, and knowledge of how
to use inhalers properly [42]. Suboptimal inhaler
technique, a well-established barrier to controller
therapy, significantly increases the likelihood of
hospitalization and emergency department visits [42].
Although the total number of prescc3b0e306-9280-4cca-
813e-1f4626ac43f5ed medications is often assessed,
adherence to controller therapy is frequently overlooked
when clinicians consider escalating therapy [43].
Achieving better standards of adherence to asthma
controller therapy, such as inhaled corticosteroids,
correlates with improved symptom control, a lower risk
of exacerbations, decreased oral corticosteroid use, and a
reduced risk of asthma-related mortality [44].

Continued efforts are needed to foster greater
adherence to treatment regimens [45]. A wide range of
potential interventions is available—many of which can
be integrated into well-established primary care
models—that have been associated with increased
adherence [46]. A patient’s clinical history often
provides ample justification for the application of one or
more of these interventions, allowing primary care
providers to improve adherence rates while reinforcing
management of other comorbidities that frequently
accompany asthma [47]. A focus on adherence
frequently leads to the identification of poor inhaler
technique or the need for further optimization of reliever
therapy [48]. Electronic monitoring of treatment
regimens provides a valuable source of evidence that can
inform clinical decision-making about asthma therapy
through the assessment of adherence [49].

3.1. Measuring Adherence

Effective and safe asthma management depends
on the regular and correct use of inhalation devices [50].
Adherence is defined as the extent to which an
individual’s actual use of a presc3772ebf4-7c12-4el6-
b030-6ee68fdecd8fed medication corresponds to the
agreed recommendations from a healthcare provider
[51]. The determination of adherence encompasses both
patient-specific variables and the necessity for greater
accountability from presc3772ebf4-7c12-4e16-b030-
6ee68fdecd8fing physicians [52]. Adherence is
measured with the help of biomarkers including urine
samples, with the development of novel approaches such
as the use of smart inhalers that indicate the time and date
of each device’s activation [20].

Prescription records are one of the simplest
methods for evaluating adherence. Presc3772ebf4-7c12-
4e16-b030-6ee68fdecd8fing medication on a repeat
basis, whereby patients need to return to the
presc3772ebf4-7¢c12-4e16-b030-6ec68fdecd8fer  after

several months to obtain a refill, is one practical
approach for follow-up [53]. Relying solely on pharmacy
records provides an incomplete understanding of
adherence and medication management as patients may
discontinue medication or use both preventive and
reliever medicines [54]. Therefore, additional factors
need to be considered when maintaining guidelines for
the prescription of asthma medications [53].

3.2. Barriers to Adherence

Poor adherence to asthma therapies remains a
significant barrier to optimal disease control [20].
Factors influencing adherence include inhaler
mishandling, patient knowledge of inhaler technique,
and patient preferences for inhaler types [55]. Inhaler
reminders and technological interventions can improve
adherence, especially in primary care settings [56].
Improving patient satisfaction with inhaler devices has
been linked to better adherence and asthma control [57].
Strategies such as patient education, device choice
tailored to patient preferences, and regular follow-up are
crucial for overcoming barriers to adherence and
optimizing asthma management [58].

3.3. Interventions to Improve Compliance
Nonadherence to prescribed asthma medication
remains an important issue that can lead to poor asthma
control [59]. Several studies report that only
approximately half of patients with asthma receive
controller medication according to national guidelines
[46]. Compliance is often defined by patients’ beliefs
regarding the necessity of the medication and concerns
about its adverse effects [10]. Patients may also have
difficulty with prescribed medications in terms of dosing
frequency and delivery-device technique provided by the
prescriber [60]. Poor compliance is associated with an
increased risk of asthma attacks and severe exacerbations
of the disease [11]. Education can play a significant role
in improving compliance, particularly by administering
written asthma medication-action plans that offer
personalized knowledge of asthma triggers [61].

4. Environmental and Personal Triggers
Identification of asthma triggers, distinct
environmental or personal factors that stimulate the onset
of asthma symptoms, is a recognized task within asthma
management guidelines [20]. It is often descc3b0e306-
9280-4cca-813e-1f4626ac43fSed  within the five-
component “asthma control circle” that begins with
assessment of the patient’s perspective on and
acceptance of their asthma; continues through
identification of triggers, inhaler technique, and
adherence; and finally circles back to the patient [62].
Although knowing the patient perspective is often
considered fundamental to a controlled intervention,
trigger identification remains a key, if neglected,
component of asthma management [63]. Primary care
practitioners—particularly in practice-based research
networks—have designated trigger identification as a
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core intervention for better asthma control [64].
Guidelines issued by the National Heart, Lung, and
Blood Institute emphasize identifying and managing
triggers as a priority [65].

Identification of triggers and patient counseling
on their avoidance carry limited benefits unless the
patient and practitioner collaboratively establish a
meaningful regimen for managing exposure [66]. Under
guidelines from the Global Initiative for Asthma,
avoidance of specified triggers followed by
establishment of action plans for cases of continued
exposure, is indicated as a first step [67]. Furthermore,
asthma-specific action plans, outlining clearly
articulated conned triggering factors, provide a simple
framework for documenting trigger-exposure patterns;
they help the patient visualize exposure reduction and its
impact on aerial function, support adherence, and email
preventive instructions to a practitioner [68]. Action
plans can also be integrated into general action, pain, or
fever-management plans when the same triggers induce
other, concomitant conditions [69].

4.1. Identifying Triggers in Primary Care

In preschool children with asthma, potential
allergens include house dust mites, mold, and exposure
to furry pets [70]. From 5 years, pollen from trees,
grasses, and weeds also become relevant [71]. Particles
from tobacco or from street and household pollution
constitute important irritative triggers, in addition to
respiratory infections. Other major environmental
triggers include stronger pollutants, ozone, shower
steam, colored atmospheres, fumes from cleaning
products, and fragrances [62]. Moreover, a significant
proportion of adult asthmatics experience smoke-related
symptoms during smoking, exposure to second-hand
smoke, or absence of frequent smoking [20].

4.2. Patient Counseling and Trigger Management

The National Asthma Education and Prevention
Program recommends controlling environmental and
personal asthma triggers in a systematic way [72].
Nevertheless, they are often ignored in primary care [70].
Asking patients about triggers allows primary care
providers to gather information on their importance and
offer advice [73]. Patients with poorly controlled asthma
often suffer from one or more triggers [74]. Knowledge
of triggers helps patients understand the disease’s nature
and how to avoid the mechanism leading to symptoms
[75]. Education about triggers should be supplemented
by exploring patients’ knowledge of better-control
methods and their attempts to avoid or limit triggers [76].
These inquiries establish rapport and can also prevent
unnecessary treatment changes [77].

Triggers can be classified as environmental,
psychological, exercise-related, etc. Within these
broader categories, specific triggers that commonly
provoke symptoms can be identified [62]. Each category

can be addressed separately, with one or more more
specific triggers discussed under each [62].

4.3. Avoidance and Action Plans

Inhaled  corticosteroids  reduce  airway
inflammation thus, the overall control of asthma is
apparently linked to controlling triggering factors [78].
Patients with asthma often report experiencing
environmental factors that exacerbate their asthma [79].
It is common to implement some “avoidance strategy” or
to take extra treatment when triggers are present, but in
many cases, there is no effective control [80]. Working
on these “avoidance and action Plan” were among the
areas rarely addressed in the guidelines [81]. It focuses
on helping patients to identify trigger and amend both
their environment and behaviour to minimise the
influence of triggers, while acknowledging that some
asthma triggers cannot be avoided and that additional
treatment may be needed during a trigger episode [78].

Educational interventions that aim to increase
patients’ knowledge about asthma triggers have been
shown to improve asthma control, especially in patients
with moderate or less severe asthma [82]. Yet, this does
not mean that the educative aspect should be omitted.
Because education is closely associated with “avoiding”
and “trigger” strategies, its implementation must be
carefully monitored [83]. Reinforcement reminders via
telephonic short messages may also facilitate the re-
attainment of asthma control when inappropriate
behavior is resumed [84]. Modifying the demography of
the target group by incorporating father is essential to the
success of achieving control in pediatric patients [85].

5. Guideline Implementation in Primary Care

Achieving optimal asthma control demands
adherence to international guidelines [86]. However,
implementation in primary care settings often encounters
barriers, including insufficient medication availability,
costs, systemic hindrances, and cultural factors [87].
Providing scientific evidence in formats readily
understandable by providers and patients requires the use
of sophisticated educational decision-support tools [88].
The Global Initiative for Asthma [GINA] guidelines set
objectives for complete symptom control, minimal or no
asthmaexacerbation, and no medication side effects [89].
Global assessments document poor asthma control
despite the existence of clinical guidelines, showing
disagreement between recommendation and practice
[90]. Multicomponent intervention packages tailored for
primary care can improve compliance with guideline
recommendations concerning assessment of asthma
control, inhaler technique, adherence to maintenance
therapy, and the implementation of personal asthma
action plans [1].

In an effort to support consistent application of
the Asthma Guidelines, reformulating them as the
Primary Care Asthma Action Plan integrates key
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components into an evidence based, accessible, and user-
friendly framework [91]. Action plans that incorporate
assessment forms, inhaler technique checklists, and
visual illustrations facilitating completion [92].
Technological advancements enable incorporation of
decision-support tools within electronic health-records
[93]. Practice-based quality improvement encourages
divided, structured approaches to asthma management
involving regular monitoring, objective assessment of
control, confirmation of inhaler technique, identification
of personal triggers, adjustment of therapeutic agents,
and planning of follow-up [94]. Quality-improvement
packages comprising teaching videos, information
pamphlets, and demonstration tools targeting asthma
control monitoring have also proven beneficial [95].

5.1. Evidence-Based Frameworks

Asthma is a common chronic health problem
worldwide, yet many patients remain poorly controlled
[96]. Of 10 347 Canadian primary care patients receiving
treatment for asthma, asthma was completely controlled
in only 20% of those evaluated for control; adequate
control and inadequately controlled asthma were
reported in 66% and 14%, respectively [97]. Similarly,
only 54.6% of 1800 patients with asthma prescribed
controller treatment in a British observational study
reported good control [62]. Asthma-related symptoms
are predictive of health-care resource use and can
differentiate the experience of patients who perceive
themselves as well controlled from unwell-controlled
patients receiving the same pharmacotherapy [98]. In an
analysis of 96 379 patients in 2005, the British General
Practice Guidance Group noted that the current
implementation of guidelines in primary care is
inadequate—compliance is higher in secondary care,
even though it accounts for only 10% of asthma patients
[99]. The adoption of evidence-based frameworks,
integration into electronic health records, and
engagement in practice-based quality improvement are
key enablers of improving guideline implementation in
primary care [100].

5.2. Integration into Electronic Health Records
Information on asthma symptoms should be a
routine part of every visit [78]. Integration requires
consideration of workflow that encourages inquiries
about current asthma control. Involvement of clinical
champions who maintain interest and follow up on issues
facilitates progress toward meaningful integration [100].

5.3. Practice-Based Quality Improvement

The National Asthma Education and Prevention
Program  recommends a  continuous  Quality
Improvement [QI] evaluation to monitor asthma
management [101]. Baseline data showed that too
frequently asthma exacerbations occurred in the practice
population, and the average number of asthma controller
medications used was lower than recommended despite
worsening of asthma symptoms [102]. Moreover,

practice indicators demonstrated suboptimal assessment
of trigger exposure, evaluation of symptoms, and
assessment of medications used [103]. A basic clinician-
oriented checklist can assist in recognizing the common
barriers affecting asthma control in a primary care
practice [104]. When none of the basic barriers are found
in a patient, the use of a standard questionnaire may
guide an efficient comparison of the patient situation
with the current asthma management guidelines [105].

5.4. Shared Decision Making and Patient Education

Shared decision making [SDM] enhances
clinician—patient communication regarding ideas,
concerns, and preferences [106]. SDM between
providers and patients has been shown to improve
communication, treatment adherence, and concordance
with evidence-based recommendations [107]. Asthma
guidelines emphasise the importance of shared decision
making [108]. Research indicates, however, that true
SDM does not transpire in the majority of asthma
consultations [109]. Clinicians often enter encounters
with preconceived notions about patients’ desires,
leading to discussions about treatment options that do not
align with individual needs and preferences [110]. To
effectively implement SDM, practitioners should seek to
understand individual patient perspectives, treatment
experiences, and risk tolerance [111].

6. Special Populations and Considerations

A refined approach is needed when dealing with
asthma in children and adolescents, the elderly, and
people with comorbid conditions [112]. In particular,
specific dosing regimens, inhaler devices, and
assessment techniques may be warranted; active
collaboration with professionals trained in the relevant
guidelines may also be helpful [64].

Younger children typically use nebulised
medication through a face mask or a metered-dose
inhaler with a spacing chamber equipped with a facial
mask [113]. Head positions for delivery in young
children differ at home and in the clinic, and ideally this
should be checked during the so-called “new baby” visit
[114]. The second common age demographic is from
eleven to twenty-five, when patients deal with changes
such as moving away from home and gradual taking
responsibility for their medication [115]. Adherence
improves when physicians and patients collaborate
through  effective = communication, motivational
interviewing, decision-making, and family education
[67]. In adolescents, treatment choice may affect
adherence, and recent guidelines support as-needed
inhaled corticosteroid/formoterol for mild asthma [93].
An adherence review by a healthcare professional trained
in inhalation technique is essential during this age period
[116]. Accordingly, adherence check points may be
integrated into school and adolescent services,
underlining the importance of triage for restricted
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chronic illness and broader life-impact assessments
[117].

6.1. Pediatric and Adolescent Asthma

Many children suffer from poorly controlled
asthma, with rates of symptom exacerbation being
particularly pronounced in pre-teen and teenage years
[118]. In a cohort study, 45% of children aged 6 to 11
years and 41% aged 12 to 17 years were classified as
having uncontrolled asthma [64]. Various factors
contribute to poor control, including inhalation
technique, adherence, environmental triggers, and
symptoms that do not conform to current guidelines
[119]. Addressing these factors in young patients can
reduce the burden of the disease and improve their
quality of life [120]. Inhalation technique should be
regularly assessed and corrected as necessary; patients
might also benefit from confirmation that the prescribed
medicine matches the characteristics of their asthma
[121]. Regular review by a healthcare professional with
inhalation technique training is essential for children and
adolescents, making it advisable to combine discussions
of adherence with those of inhalation technique [122].
The medication prescribed plays an important role in
adherence, with support from recent guidelines
recommending as-needed inhaled
corticosteroid/formoterol for mild asthma; the likelihood
of adherence is especially improved when a combination
of maintenance and reliever is used, such as a
maintenance-and-relief regimen with
budesonide/formoterol [123].

7. CONCLUSION

Asthma is one of the most prevalent chronic
diseases in children and young adults, yet only about 25-
30% of asthma patients achieve control worldwide [62].
Asthma control in young patients in many countries is
classified as “poor” or “uncontrolled,” > 60 % 20. Inhaler
technique, adherence to prescc3b0e306-9280-4cca-
813e-1f4626ac43f5ed medication, avoidance of
environmental/personal  triggers, and  guidelines
implementation appear to be the fundamental barriers to
asthma control in primary care. Asthma guidelines fail to
reach more than 70% of patients globally [124]. These
barriers mitigate asthma control even after
pharmacological treatment and can be tackled
successfully in asthma primary care [125].

Asthma guidelines span both prevention and
management schemes. National prevention programs
target modifiable environment and personal triggers
[126]. Prescc3b0e306-9280-4cca-813e-
1f4626ac43f5ing preventive measures for relevant
triggers and monitoring implementation is done upfront
[127]. Afterwards, stepwise management adjusted to
ACT follows, while specific management of obesity,
OSAS, phobia, depression or anxiety is integrated within
multi-disciplinary teams [128].

REFERENCES

1. G. Mathioudakis A, Tsilochristou O, M Adcock I,
Bikov A et al. ERS/EAACI statement on adherence
to international adult asthma guidelines. 2021.
ncbi.nlm.nih.gov

2. Usmani OS, Hickey AJ, Guranlioglu D, Rawson K,
Stjepanovic N, Siddiqui S, Dhand R. The impact of
inhaler device regimen in patients with asthma or
COPD. The Journal of Allergy and Clinical
Immunology: In Practice. 2021 Aug 1;9[8]:3033-40.
sciencedirect.com

3. Usmani OS, Levy ML. Effective respiratory
management of asthma and COPD and the
environmental impacts of inhalers. Npj Primary
Care Respiratory Medicine. 2023. nature.com

4. CardetJC, Papi A, Reddel HK. “As-needed” inhaled
corticosteroids for patients with asthma. The Journal
of Allergy and Clinical Immunology: In Practice.
2023 Mar 1;11[3]:726-34. sciencedirect.com

5. Monteiro C, Maricoto T, Prazeres F, Simoes PA,
Simoes JA. Determining factors associated with
inhaled therapy adherence on asthma and COPD: A
systematic review and meta-analysis of the global
literature. Respiratory Medicine. 2022 Jan
1;191:106724. sciencedirect.com

6. Chan AH, Katzer CB, Pike J, Small M, Horne R.
Medication beliefs, adherence, and outcomes in
people with asthma: The importance of treatment
beliefs in understanding inhaled corticosteroid
nonadherence—a retrospective analysis of a real-
world data set. Journal of Allergy and Clinical
Immunology: Global. 2023 Feb 1;2[1]:51-60.
sciencedirect.com

7. Jansen EM, van de Hei SJ, Dierick... BJH. Global
burden of medication non-adherence in chronic
obstructive pulmonary disease [COPD] and asthma:
a narrative review of the clinical and economic case
for .... Journal of thoracic .... 2021. nih.gov

8. Jongsma Jr AE, Peterson LM, Bruce TJ. The
complete adult psychotherapy treatment planner.
2021. [HTML]

9. Writing Committee Members*, Jones DW,
Ferdinand KC, Taler SJ, Johnson HM, Shimbo D,
Abdalla M, Altieri MM, Bansal N, Bello NA, Bress
AP. 2025
AHA/ACC/AANP/AAPA/ABC/ACCP/ACPM/AG
S/AMA/ASPC/NMA/PCNA/SGIM guideline for
the prevention, detection, evaluation and
management of high blood pressure in adults: a
report of the  American College  of
Cardiology/American Heart Association Joint
Committee on Clinical Practice Guidelines.
Circulation. 2025 Sep 16;152[11]:e114-218.
ahajournals.org

10. Mohile SG, Mohamed MR, Xu H, Culakova E, Loh
KP, Magnuson A, Flannery MA, Obrecht S,
Gilmore N, Ramsdale E, Dunne RF. Evaluation of
geriatric assessment and management on the toxic
effects of cancer treatment [GAP70+]: a cluster-

| © 2026 Scholars Journal of Applied Medical Sciences | Published by SAS Publishers, India

EZ



https://www.ncbi.nlm.nih.gov/pmc/articles/PMC9488124/
https://www.sciencedirect.com/science/article/pii/S2213219821004645
https://www.nature.com/articles/s41533-023-00346-7.pdf
https://www.sciencedirect.com/science/article/am/pii/S2213219823000752
https://www.sciencedirect.com/science/article/pii/S0954611121004327
https://www.sciencedirect.com/science/article/pii/S2772829322000868
https://pmc.ncbi.nlm.nih.gov/articles/PMC8264677/pdf/jtd-13-06-3846.pdf
https://books.google.com/books?hl=en&lr=&id=Q3QrEAAAQBAJ&oi=fnd&pg=PR7&dq=Guidelines+recommend+adults+be+evaluated+1%E2%80%933+months+after+treatment+initiation+or+adjustment.&ots=GGtjYzaHMw&sig=joDsyRoEQwXVL_dZmwTeRoh2NhA
https://www.ahajournals.org/doi/pdf/10.1161/CIR.0000000000001356

Yazan Abdel Majed Soluman Alrawashdeh & Bashar Ali Mohammad Samara; Sch J App Med Sci, Jan, 2026; 14(1): 24-34

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

randomised study. The Lancet. 2021 Nov
20;398[10314]:1894-904. nih.gov

de Tarso Roth Dalcin P, Maltz Grutcki D, Paganella
Laporte P, Borges de Lima P et al. Factors related to
the incorrect use of inhalers by asthma patients.
2014. ncbi.nlm.nih.gov

Cakmakli S, Ozdemir A, Firat H, Aypak C. An
evaluation of the use of inhalers in asthma and
chronic obstructive pulmonary disease. Journal of
Taibah University Medical Sciences. 2023 Aug
1;18[4]:860-7. sciencedirect.com

Ribo6 P, Molina J, Calle M, Maiz L et al. Prevalence
of modifiable factors limiting treatment efficacy of
poorly controlled asthma patients: EFIMERA
observational study. 2020. ncbi.nlm.nih.gov
Pothirat C, Chaiwong W, Limsukon A, Phetsuk N,
Chetsadaphan N, Choomuang W, Liwsrisakun C.
Real-world observational study of the evaluation of
inhaler techniques in asthma patients. Asian Pac J
Allergy Immunol. 2021 Jun 1;39[2]:96-102. apjai-
journal.org

Sharif BO, Ismael BS, Shekhany NS. Identification
of Inhaler Technique Errors Among Asthmatic
Patients. Zanco Journal of Pure and Applied
Sciences. 2023 Dec 15;35[6]:131-40. edu.krd
Almomani BA, Al-Qawasmeh BS, Al-Shatnawi SF,
Awad S, Alzoubi SA. Predictors of proper inhaler
technique and asthma control in pediatric patients
with asthma. Pediatric Pulmonology. 2021
May;56[5]:866-74. wiley.com

AL-awaisheh RA, Alsayed AR, Basheti IA.
Assessing the pharmacist’s role in counseling
asthmatic adults using the correct inhaler technique
and its effect on asthma control, adherence, and
quality of life. Patient preference and adherence.
2023 Dec 31:961-72. tandfonline.com

Mohamed B, Alghamdi S, AbdElrahman M, Laz N,
Rabea H, Saeed H, Abdelrahim M. An update on
various counseling approaches for improving
asthma management. Bulletin of Pharmaceutical
Sciences Assiut University. 2024 Dec 1;47[2]:1137-
51. ekb.eg

Tsang KC, Pinnock H, Wilson AM, Shah SA.
Application of machine learning algorithms for
asthma management with mHealth: a clinical
review. Journal of Asthma and Allergy. 2022 Jun
29:855-73. tandfonline.com

Mosnaim GS, Hoyte FC, Safioti G, Brown R, Hill
TD, Li T, Sagalovich K, DePietro M, Wechsler ME.
Effectiveness of a maintenance and reliever
digihaler system in asthma: 24-week randomized
study [CONNECT?2]. The Journal of Allergy and
Clinical Immunology: In Practice. 2024 Feb
1;12[2]:385-95. sciencedirect.com

21- Dekhuijzen PR, Levy ML, Corrigan CJ,
Hadfield RM, Roche N, Usmani OS, Barnes PJ,
Scullion JE, Lavorini F, Corbetta L, Kocks JW. Is
inhaler technique adequately assessed and reported
in clinical trials of asthma and chronic obstructive

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

pulmonary disease therapy? A systematic review
and suggested best practice checklist. The Journal of
Allergy and Clinical Immunology: In Practice. 2022
Jul 1;10[7]:1813-24. sciencedirect.com

Shrinath V, Thatikonda A, Pandey I, Marwah V et
al. A cross sectional observational study on
uncontrolled bronchial asthma and inhaler technique
among out patients in a tertiary care centre in
Western Maharashtra. 2023. ncbi.nlm.nih.gov

de Tarso Roth Dalcin P, Maltz Grutcki D, Paganella
Laporte P, Borges de Lima P et al. Factors related to
the incorrect use of inhalers by asthma patients.
2014. ncbi.nlm.nih.gov

Harb HS, Ibrahim Laz N, Rabea H, Abdelrahim ME.
Determinants of incorrect inhaler technique in
chronic obstructive pulmonary disease patients.
International Journal of Clinical Practice. 2021
Jun;75[6]:¢14073. [HTML]

Barbara SA, Kritikos V, Price DB, Bosnic-
Anticevich S. Identifying patients at risk of poor
asthma outcomes associated with making inhaler
technique errors. Journal of Asthma. 2021 Jul
3;58[7]:967-78. [HTML]

De Vos R, Brown T, Longstaff J, Lomax M,
Mackenzie H, Hicks A, Rupani H, Gates J, Fox L,
Wiffen L, Chauhan AJ. A study to investigate the
prevalence of device-specific errors in inhaler
technique in adults with airway disease [The
SCORES Study]: Protocol for a single wvisit
prevalence study. JMIR Research Protocols. 2021
Aug 27;10[8]:e26350. researchprotocols.org
Vanoverschelde A, Van Der Wel P, Putman B,
Lahousse L. Determinants of poor inhaler technique
and poor therapy adherence in obstructive lung
diseases: a cross-sectional study in community
pharmacies. BMJ Open Respiratory Research. 2021
Aug 6;8[1]. bmj.com

S. Gaude G, Hattiholi J, Chaudhury A. Role of
Health Education and Self-Action Plan in Improving
the Drug Compliance in Bronchial Asthma. 2014.
ncbi.nlm.nih.gov

Nirajkumar Purohit A, P. Patel P, M. Gandhi A, K.
Desai M. An evaluation of impact of educational
interventions on the technique of use of metered-
dose inhaler by patients. 2017. ncbi.nlm.nih.gov
Toro-Linnehan J. Evidenced Based Asthma
Education Intervention For Adults In A Primary
Care Setting Using Self Management Guidlines.
2013. [PDF]

Z. Bosnic-Anticevich S, Cvetkovski B, A. Azzi E,
Srour P et al. Identifying Critical Errors: Addressing
Inhaler Technique in the Context of Asthma
Management. 2018. ncbi.nlm.nih.gov

Gibson PG, McDonald VM, Thomas D. Treatable
traits, combination inhaler therapy and the future of
asthma management. Respirology. 2023. wiley.com
Bosnic-Anticevich S, Bender BG, Shuler... MT.
Recognizing and tackling inhaler technique decay in
asthma and chronic obstructive pulmonary disesase

| © 2026 Scholars Journal of Applied Medical Sciences | Published by SAS Publishers, India

[ 30 |



https://pmc.ncbi.nlm.nih.gov/articles/PMC8647163/pdf/nihms-1756136.pdf
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4075912/
https://www.sciencedirect.com/science/article/pii/S165836122300001X
https://zancojournal.su.edu.krd/index.php/JPAS/article/download/1083/623
https://journals.ekb.eg/article_353764_5dbd316733a5d0fa4acd6b2b42a2e497.pdf
https://www.tandfonline.com/doi/pdf/10.2147/jaa.s285742
https://www.sciencedirect.com/science/article/pii/S2213219823013065
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC10553788/
https://onlinelibrary.wiley.com/doi/abs/10.1111/ijcp.14073
https://www.tandfonline.com/doi/abs/10.1080/02770903.2020.1742353
https://www.researchprotocols.org/2021/8/e26350
https://bmjopenrespres.bmj.com/content/bmjresp/8/1/e000823.full.pdf
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4005198/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5497443/
https://core.ac.uk/download/13639961.pdf
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6966926/
https://onlinelibrary.wiley.com/doi/pdf/10.1111/resp.14556

Yazan Abdel Majed Soluman Alrawashdeh & Bashar Ali Mohammad Samara; Sch J App Med Sci, Jan, 2026; 14(1): 24-34

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44.

45.

46.

47.

[COPD] clinical practice. The Journal of Allergy ....
2023. sciencedirect.com

Udgiri R. Persistent Inhaler Technique Errors in
Asthma and COPD: A Systemic Barrier to Optimal
Pulmonary Drug Delivery. Next Research. 2025.
sciencedirect.com

Halpin DM, Mahler DA. Systematic review of the
effects of patient errors using inhaled delivery
systems on clinical outcomes in COPD. BMJ Open
Respiratory Research. 2024 Apr 16;11[1]. bmj.com
Bhatt E, Malkin RA. Errors in metered dose inhaler
use amongst pediatric asthma patients. Journal of
Asthma and Allergy. 2023. tandfonline.com
Mahler DA, Halpin DMG. Personalizing selection
of inhaled delivery systems in chronic obstructive
pulmonary disease. Annals of the American
Thoracic Society. 2023. atsjournals.org
Steiropoulos P, Bakakos P, Hatziagorou E,
Katsaounou P, Loukides S, Papaioannou A,
Porpodis K, Samaras K, Tzouvelekis A, Kalafatakis
K, Kostikasl0 K. The present and future of
inhalation therapy for the management of
obstructive  airway diseases: Emphasis on
pressurized metered-dose inhalers. Pneumon. 2021
Oct 1;34[4]:24. semanticscholar.org

Akhoon N, Brashier DBS. A study to monitor errors
in use of inhalation devices in patients of mild-to-
moderate bronchial asthma in a tertiary care hospital
in Eastern India. Perspectives in Clinical Research.
2022. Iww.com

de Boer AH, Thalberg K. Metered dose inhalers
[MDIs]. Inhaled Medicines. 2021. [HTML]

Kaplan A, Price D. Treatment Adherence in
Adolescents with Asthma. 2020. ncbi.nlm.nih.gov
George M, Bender B. New insights to improve
treatment adherence in asthma and COPD. 2019.
ncbi.nlm.nih.gov

Kalaman CR, Ibrahim N, Shaker V, Cham CQ, Ho
MC, Visvalingam U, Shahabuddin FA, Abd
Rahman FN, A Halim MR, Kaur M, Azhar FL.
Parental factors associated with child or adolescent
medication adherence: a systematic review.
InHealthcare 2023 Feb 8 [Vol. 11, No. 4, p. 501].
MDPI. mdpi.com

Rapoff MA, Duncan C, Karlson C. Strategies for
improving adherence to pediatric medical regimens.
InAdherence to Pediatric Medical Regimens 2023
Apr 11 [pp. 201-243]. Cham: Springer International
Publishing. [HTML]

Pruette CS, Amaral S. Empowering patients to
adhere to their treatment regimens: a multifaceted
approach. Pediatric transplantation. 2021. [HTML]
DiMatteo MR, Martin LR, Haskard-Zolnierek KB.
Health behavior change and treatment adherence:
Evidence-based  guidelines  for  improving
healthcare. 2025. [HTML]

Baryakova TH, Pogostin BH, Langer R, McHugh
KIJ. Overcoming barriers to patient adherence: the
case for developing innovative drug delivery

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

systems. Nature Reviews Drug Discovery. 2023
May;22[5]:387-409. nih.gov

Kvarnstrom K, Westerholm A, Airaksinen M, Liira
H. Factors contributing to medication adherence in
patients with a chronic condition: a scoping review
of qualitative research. Pharmaceutics. 2021.
mdpi.com

Ray KK, Ference BA, Séverin T, Blom D, Nicholls
SJ, Shiba MH, Almahmeed W, Alonso R, Daccord
M, Ezhov M, Olmo RF. World heart federation
cholesterol roadmap 2022. Global heart. 2022 Oct
14;17[1]:75. nih.gov

Reddel HK, Bateman ED, Schatz M, Krishnan JA,
Cloutier MM. A practical guide to implementing
SMART in asthma management. The Journal of
Allergy and Clinical Immunology: In Practice. 2022
Jan 1;10[1]:S31-8. jaci-inpractice.org

Salvi S, Shevade M, Aggarwal A, Apte K, Barne M,
Mohan MB, Ghoshal AG, Hadda V, Jaggi V, Jindal
SK, Khosla I. A practical guide on the use of inhaler
devices for asthma and COPD. J Assoc Physicians
India. 2021;69:8-26. researchgate.net

Amirav I, Garcia G, Le BK, Barria P, Levy G,
Aggarwal B, Fahrbach K, Martin A, Phansalkar A,
Sriprasart T. SABAs as reliever medications in
asthma management: evidence-based science.
Advances in Therapy. 2023 Jul;40[7]:2927-43.
springer.com

Azzi E, Srour P, Armour C, Rand C et al. Practice
makes perfect: self-reported adherence a positive
marker of inhaler technique maintenance. 2017.
ncbi.nlm.nih.gov

Tibble H, Sheikh A, Tsanas A. Estimating
medication adherence from Electronic Health
Records: comparing methods for mining and
processing asthma treatment prescriptions. BMC
Medical Research Methodology. 2023.
springer.com

Tabyshova A, Sooronbaev T, Akylbekov A,
Mademilov M, Isakova A, Erkinbaeva A, Magdieva
K, Chavannes NH, Postma MJ, van Boven JF.
Medication availability and economic barriers to
adherence in asthma and COPD patients in low-
resource settings. NPJ primary care respiratory
medicine. 2022 May 30;32[1]:20. nature.com
Bosnic-Anticevich S, Bakerly ND, Chrystyn H,
Hew M, van der Palen J. Advancing digital solutions
to overcome longstanding barriers in asthma and
COPD management. Patient preference and
adherence. 2023 Dec 31:259-72. tandfonline.com
Zach SE, Ramsey R, Bender B, Hommel K,
Mosnaim G, Rand C. The impact of adherence and
health literacy on difficult-to-control asthma. The
Journal of Allergy and Clinical Immunology: In
Practice. 2022 Feb 1;10[2]:386-94. nih.gov

Busse WW, Kraft M. Current unmet needs and
potential solutions to uncontrolled asthma.
European Respiratory Review. 2022. ersnet.org

| © 2026 Scholars Journal of Applied Medical Sciences | Published by SAS Publishers, India

[ 31 |



https://www.sciencedirect.com/science/article/pii/S2213219823004725
https://www.sciencedirect.com/science/article/pii/S305047592501036X
https://bmjopenrespres.bmj.com/content/bmjresp/11/1/e002211.full.pdf
https://www.tandfonline.com/doi/pdf/10.2147/JAA.S435197
https://www.atsjournals.org/doi/pdf/10.1513/AnnalsATS.202304-384CME
https://pdfs.semanticscholar.org/ff11/eb2ab3498fbd6e4e7fe55b9ccc9eaab111a1.pdf
https://journals.lww.com/picp/_layouts/15/oaks.journals/downloadpdf.aspx?an=01438547-202213010-00004
https://www.sciencedirect.com/science/article/pii/B9780128149744000018
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6969681/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6681064/
https://www.mdpi.com/2227-9032/11/4/501
https://link.springer.com/chapter/10.1007/978-3-031-27484-8_8
https://onlinelibrary.wiley.com/doi/abs/10.1111/petr.13849
https://books.google.com/books?hl=en&lr=&id=g5I4EQAAQBAJ&oi=fnd&pg=PP1&dq=Continued+efforts+are+needed+to+foster+greater+adherence+to+treatment+regimens.&ots=pTPmvssQkR&sig=7IJnjudf9xw-JIPlVCBUHmKQq2Y
https://pmc.ncbi.nlm.nih.gov/articles/PMC10041531/pdf/41573_2023_Article_670.pdf
https://www.mdpi.com/1999-4923/13/7/1100/pdf
https://pmc.ncbi.nlm.nih.gov/articles/PMC9562775/pdf/gh-17-1-1154.pdf
https://www.jaci-inpractice.org/article/S2213-2198(21)01128-4/pdf
https://www.researchgate.net/profile/Madhuragauri-Shevade/publication/350088942_A_Practical_Guide_on_the_Use_of_Inhaler_Devices_for_Asthma_and_COPD/links/60504198458515e8344a7171/A-Practical-Guide-on-the-Use-of-Inhaler-Devices-for-Asthma-and-COPD.pdf
https://link.springer.com/content/pdf/10.1007/s12325-023-02543-9.pdf
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5435088/
https://link.springer.com/content/pdf/10.1186/s12874-023-01935-3.pdf
https://www.nature.com/articles/s41533-022-00281-z.pdf
https://www.tandfonline.com/doi/pdf/10.2147/PPA.S385857
https://pmc.ncbi.nlm.nih.gov/articles/PMC10207170/pdf/nihms-1897523.pdf
https://publications.ersnet.org/content/errev/31/163/210176.full.pdf

Yazan Abdel Majed Soluman Alrawashdeh & Bashar Ali Mohammad Samara; Sch J App Med Sci, Jan, 2026; 14(1): 24-34

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

70.

Axelsson M, Lotvall J. Recent educational
interventions for improvement of asthma
medication adherence. 2012. ncbi.nlm.nih.gov
Dahlen E, Bergstrom A, Odling M, Ekstrom S,
Melen E, Kull I. Non-adherence and sub-optimal
treatment with asthma medications in young adults:
a population-based cohort study. Journal of Asthma.
2022 Aug 3;59[8]:1661-9. tandfonline.com

Unni EJ, Gupta S, Sternbach N. ... Reasons Scale
[MAR-Scale] in asthma and chronic obstructive
pulmonary disease to determine the extent and
identify the reasons for non-adherence. Respiratory
medicine. 2021. sciencedirect.com

Horne R, Price D, Cleland J, Costa R et al. Can
asthma control be improved by understanding the
patient's perspective?. 2007. ncbi.nlm.nih.gov
Kawamatawong T, Sangasapaviriya A, Saiphoklang
N, Oer-Areemitr N, Sriprasart T, Kamalaporn H,
Amnuaypattanapon K, Rerkpattanapipat T,
Chirakalwasan N, Kulpraneet M, Wongsa C.
Guidelines for the management of asthma in adults:
evidence and recommendations. Asian Pacific
Journal of Allergy and Immunology. 2022 Mar
1;40[1]:1-21. apjai-journal.org

Louis R, Satia I, Ojanguren I, Schleich F, Bonini M,
Tonia T, Rigau D, Ten Brinke A, Buhl R, Loukides
S, Kocks JW. European Respiratory Society
guidelines for the diagnosis of asthma in adults.
European Respiratory Journal. 2022 Sep 7;60[3].
ersnet.org

Lommatzsch M, Brusselle GG, Levy ML, Canonica
GW, Pavord ID, Schatz M, Virchow JC. A2BCD: a
concise guide for asthma management. The Lancet
Respiratory Medicine. 2023 Jun 1;11[6]:573-6.
[HTML]

Bridgland VME, Takarangi MKT. Something
distressing this way comes: The effects of trigger
warnings on avoidance behaviors in an analogue
trauma task. Behavior Therapy. 2022. [HTML]
Urhahne D, Wijnia L. Theories of motivation in
education: An integrative framework. Educational
Psychology Review. 2023. springer.com

Orban GA, Sepe A, Bonini L. Parietal maps of
visual signals for bodily action planning. Brain
Structure and Function. 2021. springer.com

Caputo A, Bondad-Reantaso MG, Karunasagar I,
Hao B, Gaunt P, Verner-Jeffreys D, Fridman S,
Dorado-Garcia A. Antimicrobial resistance in
aquaculture: A global analysis of literature and
national action plans. Reviews in Aquaculture. 2023
Mar;15[2]:568-78. wiley.com

Kalayci O, Miligkos M, Beltran CF, El-Sayed ZA,
Goémez RM, Hossny E, Le Souef P, Nieto A,
Phipatanakul W, Pitrez PM, Xepapadaki P. The role
of environmental allergen control in the
management of asthma. The World Allergy
Organization Journal. 2022 Mar 8;15[3]:100634.
nih.gov

71.

72.

73.

74.

75.

76.

7.

78.

79.

80.

81.

82.

83.

Klain A, Senatore AA, Licari A, Galletta F, Bettini
I, Tomei L, Manti S, Mori F, Miraglia del Giudice
M, Indolfi C. The prevention of house dust mite
allergies in pediatric asthma. Children. 2024 Apr
15;11[4]:469. mdpi.com

Murphy KR, Solis J. National Asthma Education
and Prevention Program 2020 guidelines: what's
important for primary care. J Fam Pract. 2021.
pceconsortium.org

Koppelman GH, Pino-Yanes M, Melén E, Powell P,
Bracke KR, Celedon JC, Brusselle GG. Genetic and
environmental risk factors for asthma: towards
prevention. The Lancet Respiratory Medicine. 2025
Nov 1;13[11]:1011-25. [HTML]

Mitchell I, Govias G. Asthma Education. 2021.
[HTML]

Menzies-Gow A, Busse WW, Castro M, Jackson DJ.
Prevention and treatment of asthma exacerbations in
adults. The Journal of Allergy and Clinical
Immunology: In Practice. 2021 Jul 1;9[7]:2578-86.
[HTML]

Jayasooriya SM, Devereux G, Soriano JB, Singh N,
Masekela R, Mortimer K, Burney P. Asthma:
epidemiology, risk factors, and opportunities for
prevention and treatment. The Lancet Respiratory
Medicine. 2025 Aug 1;13[8]:725-38. [HTML]
Freels L, Herman A, Lukas S, Chan AH, Pearce CJ,
Arackal J, Beyene K. Asthma control and associated
risk factors among adults with current asthma:
Findings from 2019 behavioral risk factor
surveillance system asthma call-back survey.
Respiratory medicine. 2024 Jan 1;221:107479.
[HTML]

Price C, Agarwal G, Chan D, Goel S et al. Large care
gaps in primary care management of asthma: a
longitudinal practice audit. 2019. ncbi.nlm.nih.gov
Jackson DJ, Bacharier LB. Inhaled corticosteroids
for the prevention of asthma exacerbations. Annals
of Allergy. . sciencedirect.com

Lea S, Higham A, Beech A, Singh D. How inhaled
corticosteroids target inflammation in COPD.
European  Respiratory  Review. 2023  Oct
18;32[170]. ersnet.org

Bereda G. Bronchial asthma: etiology,
pathophysiology, diagnosis and management.
Austin J Pulm Respir Med. 2022. researchgate.net
Ilmarinen P, Stridsman C, Bashir M, Tuomisto LE,
Vihitalo I, Goksor E, Kankaanranta H, Backman H,
Langhammer A, Piirild P, Ronmark E. Level of
education and asthma control in adult-onset asthma.
Journal of Asthma. 2022 Apr 7;59[4]:840-9.
tandfonline.com

Mahdavi H, Esmaily H. Impact of educational
intervention by community pharmacists on asthma
clinical outcomes, quality of life and medication
adherence: A systematic review and meta-analysis.
Journal of Clinical Pharmacy and Therapeutics.
2021 Oct;46[5]:1254-62. wiley.com

| © 2026 Scholars Journal of Applied Medical Sciences | Published by SAS Publishers, India 32



https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3269604/
https://www.tandfonline.com/doi/pdf/10.1080/02770903.2021.1941092
https://www.sciencedirect.com/science/article/pii/S0954611121000433
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC1894634/
https://apjai-journal.org/wp-content/uploads/2022/04/4_AP-210421-1118.pdf
https://publications.ersnet.org/content/erj/60/3/2101585?ctkey/x3dshareline/x26utm_campaign/x3dshareline/x26utm_medium/x3dshareline/x26utm_source/x3d01585-2021
https://www.thelancet.com/journals/lanres/article/PIIS2213-2600(22)00490-8/abstract
https://www.sciencedirect.com/science/article/pii/S0005789421001301
https://link.springer.com/content/pdf/10.1007/s10648-023-09767-9.pdf
https://link.springer.com/content/pdf/10.1007/s00429-021-02378-6.pdf
https://onlinelibrary.wiley.com/doi/pdfdirect/10.1111/raq.12741
https://pmc.ncbi.nlm.nih.gov/articles/PMC8917313/pdf/main.pdf
https://www.mdpi.com/2227-9067/11/4/469
https://www.pceconsortium.org/Images/pdfs/HotTopics2021/HT2021Asthma.pdf
https://www.thelancet.com/article/S2213-2600(25)00256-5/abstract
https://link.springer.com/content/pdf/10.1007/978-3-030-77896-5.pdf
https://www.sciencedirect.com/science/article/pii/S2213219821006024
https://www.thelancet.com/journals/lanres/article/PIIS2213-2600(24)00383-7/abstract
https://www.sciencedirect.com/science/article/pii/S0954611123003670
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6352804/
https://www.sciencedirect.com/science/article/am/pii/S108112062100572X
https://publications.ersnet.org/content/errev/32/170/230084.full.pdf
https://www.researchgate.net/profile/Gudisa-Bereda/publication/360458025_Gudisa_Basthma/links/6277ff25973bbb29cc6d65a7/Gudisa-Basthma.pdf
https://www.tandfonline.com/doi/pdf/10.1080/02770903.2021.1871742
https://onlinelibrary.wiley.com/doi/pdfdirect/10.1111/jcpt.13419

Yazan Abdel Majed Soluman Alrawashdeh & Bashar Ali Mohammad Samara; Sch J App Med Sci, Jan, 2026; 14(1): 24-34

84.

85.

86.

87.

88.

89.

90.

91.

92.

93.

94.

Freitas PD, Passos NF, Carvalho-Pinto RM, Martins
MA, Cavalheri V, Hill K, Stelmach R, Carvalho CR.
A behavior change intervention aimed at increasing
physical activity improves clinical control in adults
with asthma: a randomized controlled trial. Chest.
2021 Jan 1;159[1]:46-57. [HTML]

Liu WY, Jiesisibieke ZL, Tung TH. Effect of asthma
education on health outcomes in children: a
systematic review. Archives of Disease in
Childhood. 2022. bmj.com

Kim SH, Cho SH. Educational and decision-support
tools for asthma-management guideline
implementation. 2012. ncbi.nlm.nih.gov
Mathioudakis AG, Tsilochristou O, Adcock IM,
Bikov A, Bjermer L, Clini E, Flood B, Herth F,
Horvath I, Kalayci O, Papadopoulos NG.
ERS/EAACI  statement on adherence to
international adult asthma guidelines. European
Respiratory Review. 2021 Sep 15;30[161].
ersnet.org

Pakkasela J, Salmela P, Juntunen P, Karjalainen J,
Lehtiméki L. Adherence to treatment guidelines and
good asthma control in Finland. European Clinical
Respiratory Journal. 2023 Dec 31;10[1]:2149918.
tandfonline.com

Papadopoulos NG, Mathioudakis AG, Custovic A,
Deschildre A, Phipatanakul W, Wong G,
Xepapadaki P, Tank PT, Agache I, Arasi S, El-
Sayed ZA. Current and optimal practices in
childhood asthma monitoring among multiple
international stakeholders. JAMA network open.
2023 May 1;6[5]:€2313120-. jamanetwork.com
Stempel DA, Kaye L, Bender BG. Defining optimal
medication adherence for persistent asthma and
COPD. The Journal of Allergy and Clinical
Immunology: In Practice. 2021 Dec 1;9[12]:4239-
42. [HTML]

Reeves PT, Kenny TM, Mulreany LT, McCown
MY, Jacknewitz-Woolard JE, Rogers PL,
Echelmeyer S, Welsh SK. Development and
assessment of a low literacy, pictographic asthma
action plan with clinical automation to enhance
guideline-concordant care for children with asthma.
Journal of Asthma. 2023 Apr 3;60[4]:655-72.
[HTML]

Wenger MC. THE USE OF ASTHMA ACTION
PLANS IN IMPROVING ASTHMA CONTROL:
A QUALITY IMPROVEMENT PROJECT. 2024.
montana.edu

Shero ST, Ammary-Risch NJ, Lomotan EA, Mardon
RE, Michaels M. Creating implementable clinical
practice guidelines: the 2020 Focused Updates to the
National Heart, Lung, and Blood Institute’s Asthma
Management Guidelines. Implementation Science
Communications. 2023 Mar 31;4[1]:36.
springer.com

Crowther L, Pearson M, Cummings H, Crooks MG.
Towards codesign in respiratory care: development
of an implementation-ready intervention to improve

95.

96.

97.

98.

99.

guideline-adherent adult asthma care across primary
and secondary care settings [The SENTINEL
Project]. BMJ Open Respiratory Research. 2022 Feb
16;9[1]. bmj.com

Sico IP, Oberle A, Thomas SM, Barsanti T,
Egbuonu-Davis L, Kennedy DT, Zullig LL,
Bosworth HB. Therapeutic inertia in prescribing
biologics for patients with moderate-to-severe
asthma: workshop summary. Patient preference and
adherence. 2021 Apr 7:705-12. tandfonline.com
Kendzerska T, Aaron SD, Meteb M, Gershon AS,
To T, Lougheed MD, Tavakoli H, Chen W, Kunkel
E, Sadatsafavi M, Canadian Respiratory Research
Network. Specialist care in individuals with asthma
who required hospitalization: a retrospective
population-based study. The Journal of Allergy and
Clinical Immunology: In Practice. 2021 Oct
1;9[10]:3686-96. [HTML]

Cooper S, Rahme E, Tse SM, Grad R et al. Are
primary care and continuity of care associated with
asthma-related acute outcomes amongst children? A
retrospective population-based study. BMC Primary
Care. 2022. springer.com

Allarakhia S, Morra A, Theal R, Moloney... M.
Characterizing adult asthma: a cross-sectional
epidemiologic study from the canadian primary care
sentinel surveillance network. npj Primary Care ....
2025. nature.com

D'Urzo AD, Price D, Kardos... P. Importance of
distinguishing between asthma and chronic
obstructive pulmonary disease in primary care.
Canadian Family Physician. 2021. cfp.ca

100.L Kidd T. Improving provider compliance of the

NAEPP 2007 asthma guidelines through the
electronic health record [EHR] in a pediatric
primary care practice. 2016. [PDF]

101.Ashley S. A Quality Improvement Project on

Diagnosis and Management of Asthma in a Private
Pediatric Setting.. 2016. [PDF]

102.Huang K, Wang W, Wang Y, Li Y, Feng X, Shen H,

Wang C. Evaluation of a global initiative for asthma
education and implementation program to improve
asthma CARE quality [CARE4ALL]: protocol for a
multicenter, single-arm study. JMIR Research
Protocols. 2025 Jan 8;14[1]:¢65197.
researchprotocols.org

103.Schechter S, Jaladanki S, Rodean J, Jennings B,

Genies M, Cabana MD, Kaiser SV. Sustainability of
paediatric asthma care quality in community
hospitals after ending a national quality
improvement collaborative. BMJ Quality & Safety.
2021 Nov 1;30[11]:876-83. [HTML]

104.Pullen R, Miravitlles M, Sharma A, Singh D,

Martinez F, Hurst JR, Alves L, Dransfield M, Chen
R, Muro S, Winders T. CONQUEST quality
standards: for the collaboration on quality
improvement initiative for achieving excellence in
standards of COPD care. International journal of

| © 2026 Scholars Journal of Applied Medical Sciences | Published by SAS Publishers, India

[ 33 |



https://www.sciencedirect.com/science/article/pii/S0012369220344925
https://adc.bmj.com/content/archdischild/107/12/1100.full.pdf
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3269598/
https://publications.ersnet.org/content/errev/30/161/210132?ctkey=shareline&utm_medium=shareline&utm_source=0132-2021&utm_campaign=shareline
https://www.tandfonline.com/doi/pdf/10.1080/20018525.2022.2149918
https://jamanetwork.com/journals/jamanetworkopen/articlepdf/2804856/papadopoulos_2023_oi_230402_1683641779.08461.pdf
https://www.sciencedirect.com/science/article/pii/S2213219821008382
https://www.tandfonline.com/doi/abs/10.1080/02770903.2022.2087188
https://scholarworks.montana.edu/bitstreams/64470253-4e54-460d-9542-51ee61b48e23/download
https://link.springer.com/content/pdf/10.1186/s43058-023-00417-3.pdf
https://bmjopenrespres.bmj.com/content/bmjresp/9/1/e001155.full.pdf
https://www.tandfonline.com/doi/pdf/10.2147/PPA.S303841
https://www.sciencedirect.com/science/article/pii/S2213219821007017
https://link.springer.com/content/pdf/10.1186/s12875-021-01605-7.pdf
https://www.nature.com/articles/s41533-025-00461-7.pdf
https://www.cfp.ca/content/cfp/67/9/661.full.pdf
https://core.ac.uk/download/153202188.pdf
https://core.ac.uk/download/216981439.pdf
https://www.researchprotocols.org/2025/1/e65197/
https://qualitysafety.bmj.com/content/30/11/876.abstract

Yazan Abdel Majed Soluman Alrawashdeh & Bashar Ali Mohammad Samara; Sch J App Med Sci, Jan, 2026; 14(1): 24-34

chronic obstructive pulmonary disease. 2021 Aug
12:2301-22. tandfonline.com

105.George M, Balantac Z, Gillette C, Farooqui N et al.
Suboptimal Control of Asthma Among Diverse
Patients: A US Mixed Methods Focus Group Study.
2022. ncbi.nlm.nih.gov

106.Mack DP, Greenhawt M, Bukstein DA, Golden DB,
Settipane RA, Davis RS. Decisions with patients,
not for patients: shared decision-making in allergy
and immunology. The Journal of Allergy and
Clinical Immunology: In Practice. 2024 Oct
1;12[10]:2625-33. sciencedirect.com

107.Shade L, Ludden T, Dolor RJ, Halladay J, Reeves
K, Rees J, Hendrickson L, Bray P, Tapp H. Using
the Consolidated Framework for Implementation
Research [CFIR] to evaluate implementation
effectiveness of a facilitated approach to an asthma
shared decision making intervention. Journal of
Asthma. 2021 Apr 3;58[4]:554-63. [HTML]

108.Srour-Alphonse P, Cvetkovski B, Azzi E, Rand C,
Cheong LH, Kritikos V, Bosnic-Anticevich S.
Understanding the influences behind parents’
asthma decision-making: a qualitative exploration of
the asthma network of parents with children with
asthma. Pulmonary Therapy. 2021 Jun;7[1]:151-70.
springer.com

109.0'Connell S, McCarthy VIJC, Savage E. Self-
management support preferences of people with
asthma or chronic obstructive pulmonary disease: a
systematic review and meta-synthesis of qualitative
studies. Chronic illness. 2021. [HTML]

110.Jackson DJ, Butler C, Chaudhuri R, Pink K, Niven
R, Prigmore S, Renwick C, Calvert .
Recommendations following a modified UK-Delphi
consensus study on best practice for referral and
management of severe asthma. BMJ Open
Respiratory Research. 2021 Sep 28;8[1]. bmj.com

111.0'Connell S, McCarthy VJ, Queally M, Savage E.
The preferences of people with asthma or chronic
obstructive pulmonary disease for self-management
support: A qualitative descriptive study. Journal of
Clinical Nursing. 2021 Oct;30[19-20]:2832-41.
wiley.com

112.Porsbjerg C, Rupani H, Brannan JD, Ueki S, Nawijn
MC, Erjefalt JS, Chanez P, Anderson GP, Pavord
ID. Reframing remission in severe asthma: a
conceptual framework for distinguishing disease
activity versus damage. The Lancet Respiratory
Medicine. 2025 Nov 1;13[11]:1026-40. [HTML]

113.Wu D, Lowry PB, Zhang D, Tao Y. ... in physicians
matters—Understanding the role of a mobile patient
education system and patient-physician
communication in improving patient adherence ....
Journal of Medical Internet Research. 2022. jmir.org

114.Dobrowolski P, Prejbisz A, Szyndler A, Olszanecka
A, Kapton-Cieélicka A, Wehicki M, Jankowski P,
Narkiewicz K, Wolf J. Physician—patient
partnership—can it help increase adherence to the
therapeutic recommendations in cardiovascular

disease?. Arterial Hypertension. 2024;28:50-70.
viamedica.pl

115.Aremu TO, Oluwole OE, Adeyinka KO, Schommer
JC. Medication adherence and compliance: recipe
for improving patient outcomes. Pharmacy. 2022.
mdpi.com

116.Waszyk-Nowaczyk M, Guzenda W, Kamasa K,
Pawlak K, Baltruszewicz N, Artyszuk K,
Biatoszewski A, Merks P. Cooperation between
pharmacists and physicians—whether it was before
and is it still ongoing during the pandemic?. Journal
of multidisciplinary healthcare. 2021 Aug 7:2101-
10. tandfonline.com

117.Callender LF, Johnson AL, Pignataro RM. Patient-
centered education in wound management:
improving outcomes and adherence. Advances in
skin & wound care. 2021 Aug 1;34[8]:403-10.
[HTML]

118.Stridsman C, Martinsen @, Selberg S, Odling M,
Konradsen JR. Uncontrolled asthma in school-aged
children—a nationwide specialist care study.
Journal of Allergy and Clinical Immunology:
Global. 2024 May 1;3[2]:100227. sciencedirect.com

119.Arif MI, Ru L, Wang Y. Risk factors associated with
uncontrolled asthma in children—a systematic review
and meta-analysis. Journal of Asthma. 2024.
researchgate.net

120.Andrenacci B, Ferrante G, Roberto G, Piacentini G,
La Grutta S, Marseglia GL, Licari A. Challenges in
uncontrolled asthma in pediatrics: important
considerations for the clinician. Expert Review of
Clinical Immunology. 2022 Aug 3;18[8]:807-21.
[HTML]

121.Leiria-Pinto P, Carreiro-Martins P, Peralta 1,
Marques J, Finelli E, Alves C, Belo J, Alves M,
Papoila AL, Neuparth N. Factors associated with
asthma control in 121 preschool children. Journal of
Investigational Allergy and Clinical Immunology.
2021;31[6]:471-80. chlc.pt

122.Votto M, De Filippo M, Licari A, Marseglia A, De
Amici M, Marseglia GL. Biological therapies in
children and adolescents with severe uncontrolled
asthma: a practical review. Biologics: Targets and
Therapy. 2021 May 5:133-42. tandfonline.com

123.Martin J, Townshend J, Brodlie M. Diagnosis and
management of asthma in children. BMJ Paediatrics
Open. 2022. nih.gov

124.Guilleminault L, Camus C, Raherison-Semjen C,
Capdepon A, Bourdin A, Bonniaud P, Fry S,
Devouassoux G, Blanc FX, Pison C, Dupin C.
Improvement in severe asthma patients receiving
biologics and factors associated with persistent
insufficient control: a real-life national study.
Therapeutic Advances in Respiratory Disease. 2023
Nov;17:17534666231202749. sagepub.com

125.Tomisa G, Horvath A, Séanta B, Keglevich A,
Tamasi L. Epidemiology of comorbidities and their
association with asthma control. Allergy, Asthma &

| © 2026 Scholars Journal of Applied Medical Sciences | Published by SAS Publishers, India

[ 34 |



https://www.tandfonline.com/doi/pdf/10.2147/COPD.S313498
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC9601558/
https://www.sciencedirect.com/science/article/pii/S2213219824005774
https://www.tandfonline.com/doi/abs/10.1080/02770903.2019.1702200
https://link.springer.com/content/pdf/10.1007/s41030-021-00145-w.pdf
https://journals.sagepub.com/doi/abs/10.1177/1742395319869443
https://bmjopenrespres.bmj.com/content/bmjresp/8/1/e001057.full.pdf
https://onlinelibrary.wiley.com/doi/pdfdirect/10.1111/jocn.15790
https://www.thelancet.com/article/S2213-2600(25)00299-1/abstract
https://www.jmir.org/2022/12/e42941/
https://journals.viamedica.pl/arterial_hypertension/article/download/103488/80497
https://www.mdpi.com/2226-4787/10/5/106
https://www.tandfonline.com/doi/pdf/10.2147/JMDH.S318480
https://journals.lww.com/aswcjournal/fulltext/2021/08000/patient_centered_education_in_wound_management_.3.aspx
https://www.sciencedirect.com/science/article/pii/S2772829324000237
https://www.researchgate.net/profile/Muhammad-Arif-254/publication/375902374_Risk_Factors_Associated_with_Uncontrolled_Asthma_in_Children-_A_Systematic_Review_and_Meta-Analysis/links/663a5bc97091b94e93f9010b/Risk-Factors-Associated-with-Uncontrolled-Asthma-in-Children-A-Systematic-Review-and-Meta-Analysis.pdf
https://www.tandfonline.com/doi/abs/10.1080/1744666X.2022.2093187
https://repositorio.chlc.pt/bitstream/10400.17/4490/1/J%20Investig%20Allergol%20Clin%20Immunol%202021_471.pdf
https://www.tandfonline.com/doi/pdf/10.2147/BTT.S252574
https://pmc.ncbi.nlm.nih.gov/articles/PMC9045042/pdf/bmjpo-2021-001277.pdf
https://journals.sagepub.com/doi/pdf/10.1177/17534666231202749

Yazan Abdel Majed Soluman Alrawashdeh & Bashar Ali Mohammad Samara; Sch J App Med Sci, Jan, 2026; 14(1): 24-34

Clinical Immunology. 2021 Sep 22;17[1]:95. 127.Stirling J, Gavril A, Brennan B, Sege RD, Dubowitz
springer.com H. The pediatrician’s role in preventing child
126.Qu D, Wen X, Liu B, Zhang X, He Y, Chen D, Duan maltreatment: clinical report. Pediatrics. 2024 Aug
X, Yu J, Liu D, Zhang X, Ou J. Non-suicidal self- 1;154[2]:¢2024067608. pemi.org.il
injury in Chinese population: a scoping review of 128.Kolenaty M, Kroufek R, Cingera J. What triggers
prevalence, method, risk factors and preventive climate action: The impact of a climate change
interventions. The Lancet Regional Health—Western education program on students' climate literacy and
Pacific. 2023 Aug 1;37. thelancet.com their willingness to act. Sustainability. 2022.
mdpi.com

| © 2026 Scholars Journal of Applied Medical Sciences | Published by SAS Publishers, India 35



https://link.springer.com/content/pdf/10.1186/s13223-021-00598-3.pdf
https://www.thelancet.com/pdfs/journals/lanwpc/PIIS2666-6065(23)00112-8.pdf
https://pemi.org.il/wp-content/uploads/2024/08/%D7%AA%D7%A4%D7%A7%D7%99%D7%93-%D7%A8%D7%95%D7%A4%D7%90-%D7%94%D7%99%D7%9C%D7%93%D7%99%D7%9D-%D7%91%D7%9E%D7%A0%D7%99%D7%A2%D7%AA-%D7%90%D7%91%D7%99%D7%95%D7%96-AAP.pdf
https://www.mdpi.com/2071-1050/14/16/10365

