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E D U C A T I O N A L  A I M S   

The reader will come to appreciate:  

• Aspects of patients’ reasoning for non-adherence with asthma medications.  
• How adherence is measured.  
• Recent developments in technology allowing more accurate measures of asthma control.  
• Ways of individualising patient outcomes.  
• The utility of smart-inhalers in improving asthma control.   

A B S T R A C T   

Poor adherence is an important factor in unstable disease control and treatment failure. There are multiple ways 
to monitor a patient’s adherence, each with their own advantages and disadvantages. The reasons for poor 
adherence are multi-factorial, inter-related and often difficult to target for improvement. Although practitioners 
can implement different methods of adherence, the ultimate aim is to improve health outcomes for the individual 
and the health care system. Asthma is a common airway disease, particularly diagnosed in children, often treated 
with inhaled corticosteroids and long-acting bronchodilators. Due to the disease’s tendency for exacerbations 
and consequently, when severe will require unscheduled health care utilisation including hospital admissions, 
considerable research has been done into the effects of medication adherence on asthma control. This review 
discusses the difficulties in defining adherence, the reasons for and consequences of poor adherence, and the 
methods of recording and improving adherence in asthma patients, including an in-depth analysis of the uses of 
smart inhalers.   

Introduction 

Adherence refers to a patient’s decisions on complying with 
healthcare advice given by professionals [1]. The World Health Orga
nisation (WHO) describes adherence as ‘the degree to which a patient’s 
behaviour corresponds with the agreed recommendations from a 
healthcare provider’ [2]. Although compliance, concordance and 
adherence are often used interchangeably, they do not have the same 
definitions. Compliance is defined as ‘the extent to which a patient’s 
behaviour matches the prescribers advice [3]. With these definitions in 
mind, compliance reflects a patient’s obedience rather than adherence, 

which refers to a patient’s deeper understanding and willingness to 
implement the suggested changes into their lifestyle [4]. In contrast, 
concordance describes the mutual agreement to a prescribed treatment 
plan between the medical professional and patient [5]. 

It is often difficult to pinpoint the exact reasons why patients may not 
adhere to their medication plans. However, this distinction in reasoning 
may be pivotal in improving health outcomes, decreasing hospital ad
missions and the cost burden on health care systems. It may also allow 
health care professionals to tailor their interventions to best improve an 
individual patient’s adherence to treatment. 

Adherence to prescribed medication is an important factor in 
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determining a patient’s health outcomes. Those patients whose adher
ence is improved through interventions tend to increase their health 
outcomes when compared to those with poorer adherence, as has been 
demonstrated using blood pressure control [6]. Although difficult, 
improving treatment adherence will ultimately decrease the conse
quences of patients’ diseases. 

Asthma is the most common inflammatory lung disease in children 
[7]. The disease has variable phenotypes and endotypes (mechanisms) 
[8], with eosinophilic asthma, driven by eosinophils and T helper type 2 
inflammation (Th2) [9], being most common. Th2 inflammation, 
mediated by interleukins (IL-4, IL-5, and IL-13) causes approximately 
50% of mild to moderate asthma and most of the diagnosed severe 
asthma. Symptoms of asthma not only affect a patient’s everyday life but 
can be life threatening [10]. Treatment is often prophylactic, using 
inhaled corticosteroids (ICSs) and long-acting beta2 agonists (LABAs). 
Patients with uncontrolled asthma may be considered for biological 
therapies, such as monoclonal antibodies targeting type 2 inflammation 
[11]. 

This review discusses adherence in terms of patient’s reasoning for 
non-adherence, how adherence is measured and the recent de
velopments in technology allowing more accurate results and how we, 
as medical professionals, can help improve a patient’s adherence. Also 
discussed are the potential consequences of non-adherence with regards 
to asthma. 

Defining adherence 

Adherence has proven challenging to define. Previous studies have 
classified adherence into unintentional and intentional subgroups [1]. 
Unintentional non-adherence is due to a patient’s education level, 
treatment complexity or forgetfulness. These reasons make modifying 
unintentional non-adherence much easier to remedy than intentional 
non-adherence. Intentional non-adherence is often due to a lack of 
motivation or ingrained personal beliefs about their treatment plan, 
often contradicting or refuting the medical professional’s advice. For 
these reasons rectifying intentional non-adherence is much more com
plex, especially in the paediatric setting where a parent or carer bears 
responsibility for the delivery of medication to their child. 

There has been a long-standing debate within the literature of what 
percentage definitions to use when defining good or poor adherence. It is 
generally accepted that adherence ≥ 80% is regarded as good adher
ence, although other definitions, such as 75%-125% [12–14] have been 
suggested. Poor adherence is accepted at < 80% but has been split into 
moderate adherence of 79%-60% and poor adherence < 60% [15]. In 
reality, non-adherence to medication for a patient with chronic disease 
is, on average, 50% [16] with 15% to 30% non-adherence to newly 
prescribed treatments [17]. 

Adherence has also been split into three classified domains: treat
ment initiation, implementation and persistence [18]. The knowledge of 
these domains allows practitioners to target specific areas of weakness 
for an individual patient or their parents. They allow the correct inter
vention to be employed with the aims of improving adherence and 
health outcomes. 

The consequences of poor adherence 

Poor adherence can have significant effects on the child’s health 
outcomes. Non-adherence to asthma treatment is directly associated 
with decreased clinical control and greater number of acute exacerba
tions [19]. A randomised controlled study including General Practi
tioner (GP) enrolment revealed that those who had received reminders 
to take their medication had an adherence improvement of 73% ± 26% 
versus those who did not 46% ± 28% (p < 0.0001). This resulted in 
significantly improved asthma control (p < 0.0001), However, after 
adjustment for history of previous exacerbations, this result failed to 
reach statistical significance (p = 0.06) [20]. This represents adherence 

as having a direct impact on asthma control but may not always affect 
exacerbations, a key indicator of longer term asthma outcomes. 

The economic impact of poor adherence is enormous. If 25% of pa
tients who are non-adherent begin to adhere to their asthma medication, 
estimated calculations have shown that worldwide US$13.7 billion will 
be saved annually, together with avoidance of 7 million hospitalisations 
[21]. 

The ability of newer smart inhalers to measure inhaler technique as 
well as dose counting are likely to lead to further increase the im
provements in outcomes. The CRITical Inhaler mistaKes and Asthma 
ControL (CRITIKAL) study, in 2017, identified which inhaler technique 
errors were clinically most important [22]. They noted that, with Tur
bohaler and Diskus devices, insufficient inspiratory effort (32%-38%) 
and, in metered dose inhalers, actuation before inhalation (24.9%) were 
linked with uncontrolled asthma. These results highlight the importance 
of inhaler training and technique prior to prescribing them and 
demonstrate an area of improvement that the new smart inhalers can 
target. 

Measuring adherence 

There are many methods of measuring adherence, both qualitatively 
and quantitively. However, many of them are limited by patient bias. 
Cost is also a factor affecting the use of more accurate adherence 
measuring devices, such as the Smart Inhaler (Adherium, New Zealand). 
Although it is possible to measure the number of doses taken by patients, 
including children, using many of these methods, it is important to note 
that there is no way of differentiating between why the patients are not 
adhering or whether they are taking their medication exactly as pre
scribed. This is particularly important in paediatric asthma as inhaler 
technique is pivotal in ensuring correct medication delivery. 

Patient self-reporting (including dose counters) 

Self-reporting is one of the most common methods of adherence 
monitoring. It can involve children and their parents verbally reporting 
the adherence or documenting adherence in a diary or questionnaire. 
This method is low cost and does not impact the prescriber’s time [23]. 
Nonetheless, this method is vastly affected by patient bias. The majority 
of patients overestimate their adherence when self-reporting [24]. 

The 2019 U-BIOPRED study compared the Medication Adherence 
Report Scale (MARS), a form of self-reporting, and biochemical mea
surements of adherence, by way of measuring urinary corticosteroid 
levels, to determine patient adherence. They determined that 53% of 
patient adherence detection did not match between methods. However, 
the patients who self-reported better adherence had greater asthma 
control and better quality of life [25]. Their results put into question 
whether self-reporting is a worthwhile method of measuring adherence. 

Some inhalers have dose counters. Dose counters were primarily 
designed to indicate to patients when their inhaler medication will run 
out. However, they can also be used to measure adherence. Again, they 
do not provide any information on whether the medication is being 
inhaled, or the date or time the medication was administered. Dose 
counters are difficult to interpret when used routinely and require more 
labour than other methods. 

Prescription pick-up records 

This method of measuring adherence requires prescribers to note 
when a patient’s prescription is picked up or replenished. The prescribed 
amount of medication is then compared with the prescription refill re
cords and presented as either a ratio or percentage. 

The data is collected retrospectively, a great advantage, meaning 
that there is no impact on the patient’s current health behaviours to
wards adherence. But this method has many limitations. Although the 
prescriptions may be picked up, there is no way of telling if the 
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treatment has been taken as prescribed (e.g. individual, specific dosage, 
timing). 

A 2015 study used prescription records and an adherence definition 
of ≥ 80% drug use, to determine whether patients with ‘difficult to 
control’ asthma reached the criteria for a diagnosis of severe refractory 
asthma (‘difficult to control asthma’, good adherence and correct inhaler 
technique). They found 17% of their population had ‘difficult to control’ 
asthma, when in reality only 3.6% met the diagnostic criteria for severe 
refractory asthma when adherence was factored in [26]. This represents 
how poor prescription pick-up can be. Yet it does not show if the patients 
were not collecting their prescriptions or if the dispensaries were not 
recording prescription collection. 

Biochemical measurements 

Biochemical measurements provide more accurate evidence on 
whether the child is taking their medication. It compares pharmacoki
netic data with the patients’ responses to treatment [5]. Blood and urine 
measurements are simpler samples to collect which reflect biochemical 
measurements of adherence, but more invasive measures, such as bi
opsies, can be used in certain conditions. 

Due to many medications having drug interactions and the varying 
responses, patients may have to the same medication, the measurement 
of adherence may be skewed. The disadvantage of biochemical mea
surements is their invasive nature and the need for practitioners’ input. 
However, this method is not skewed by patient bias. 

Although not currently used in routine care, recent research has 
determined thresholds for prednisolone and cortisol levels to allow 
diagnosis of poor adherence to inhaled steroids. These levels have also 
been linked to blood eosinophil levels and those who display good 
adherence also display lower levels of eosinophils when compared with 
non-adherent patients (0.09 (0.31) vs 0.51 (0.53) x109/L, p < 0.001) 
[27]. Those patients with better adherence had fewer disease 
exacerbations. 

Smart inhalers and electronic monitoring 

Electronic monitoring is used to assess medication adherence for 
many different conditions with the aim of improving health outcomes of 
patients. Smart inhalers were developed to permit adherence moni
toring in respiratory disease, including in children. 

The earliest smart inhaler (SmartMist, Aradigm Corporation, USA) 
was developed over 20 years ago. It was able to count administered 
doses, inhalation flow and volume [28]. However, due to the cost it did 
not establish a presence in the market. There are now many more 
different smart inhalers with abilities to count doses, assess inhaler 
technique and some link to the user’s smart phone to provide reminders 
and records of their adherence. 

The advantage of electronic monitoring is the accuracy in recording 
time and date of dose administration. This allows for reliable recording 
of adherence and has proven useful in clinical trials for adherence. The 
Outcomes following Tailored Education and Retraining: Studying Per
formance and AdherenCE feasibility (OUTERSPACE) trial used the 
Aerochamber Plus with Flow Vu smart inhaler to monitor patient’s 
adherence and inhalation technique [29]. This study was used to assess 
the feasibility of using smart inhalers in randomised control trials (RCT) 
to explore the clinical benefits of better adherence in patients with 
asthma. They believed their use in RCTs was feasible, not only was 
objective monitoring possible but also continuous adherence monitoring 
of multiple inhalers in the community setting. 

The cost of smart inhalers and electronic monitoring was the greatest 
concern when they were first introduced. However, smart inhalers are 
now generally more cost-effective. An Irish study showed that the smart 
inhaler intervention was below the Irish cost-effectiveness threshold of 
45,000 euros/Quality Adjusted Life Year (QALY). With a possible saving 
of 845 euros/year/person [30]. These results suggest that, despite the 

additional cost of medication required with better adherence, the money 
saved from reduced hospital admissions and exacerbations is far greater. 
With the suggested cost of poor adherence to respiratory treatment 
being between $949 and $44,190 per person in the USA [31], any cost 
saving intervention would be worthwhile. 

The major disadvantage of many smart inhalers is that there is no 
way of knowing if the patient inhaled the administered dose. This is 
termed as dose ‘dumping’. Although, some e-modules, such as the 
Inhaler Compliance Assessment (INCA) e-module, attached to certain 
smart inhalers, measures a patient’s inhalation profile [32]. This con
firms a dose was primed and actually inhaled. The inhalation profile 
takes acoustic data, which can then be converted into inhalation flow 
against time data. 

Modifiable factors 

Non-adherence has been described as dimensional, and is not an ‘all- 
or-nothing phenomenon’ (1). In 2003, the WHO produced a report 
describing five interacting factors that can potentially affect a patient’s 
adherence [33]. These factors are:  

• Socioeconomic (e.g. medication expenses and social support)  
• Therapy-related (e.g. treatment duration and complexity)  
• Condition-related (e.g. symptom severity and relief)  
• Health system-related  
• Patient-related (e.g. distrust or forgetfulness) 

The literature has also described the ‘white coat’ adherence phe
nomenon. This states that adherence improves both before and after an 
appointment with a medical professional. The first five days and last five 
days between appointments show adherence to be 88.3% ±17% and 
86.4% ± 17% respectively. With adherence decreasing to 72.8% ± 22% 
in between these periods [34]. The period of improved adherence varies, 
with other studies describing a three day increase post medical 
appointment [35]. 

In the paediatric setting, a child’s parents health beliefs can have an 
impact on the child’s adherence to their medication. A Structural 
Equation Model (SEM) was constructed to explore this interaction. In a 
Chinese study, the SEM showed that parents’ perceived severity of the 
disease positively impacted their child’s medication adherence, with 
maternal opinions having far greater impact than paternal opinions 
[36]. The importance of explaining the disease process and medication 
routine to both the parents and children can significantly improve 
adherence. 

Methods of improving adherence 

Adherence can be improved with many different methods depending 
on the underlying reason for non-adherence. However, it is important to 
realise that each patient is an individual so not all methods will work for 
all patients. 

Dose simplification 

Understandably, patients with extensive and complicated medica
tion schedules are less likely to adhere. There are many ways to simplify 
medication schedules:  

• Reducing dose frequency: studies comparing three times daily dosing 
to once daily dosing uncovered an increase in adherent days from 
22% to 41%. Similarly, when comparing once and twice daily 
dosing, an increase from 2% to 44% more adherent days was noted 
[37]. These results were consistent in asthma patients with 93.3% 
adherence when dosing once daily and 89.5% when dosing twice 
daily (p < 0.001) [38]. 
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• Using combined medications: choosing a pill/inhaler containing mul
tiple of the patient’s prescribed medication has been shown to in
crease adherence. Using a combined pill has been shown to increase 
adherence by 5% and was preferred by 92% of patients [39]. Pa
tient’s using combined inhalers are 17% less likely to discontinue 
their medication than those taking multiple separate inhalers, and 
were 17% less likely to experience moderate-severe disease exacer
bations [40].  

• Using formulations with sustained release: in terms of asthma, using a 
long-acting bronchodilator (LABA) may be preferable to a short 
acting bronchodilator. Further research will be required in asthma to 
see if a difference in adherence is evident with a sustained release 
formula. However, research into other conditions has showed that 
such formulations increase adherence (3% increase with 10% more 
correctly dosed days that with regular release formulations) [41]. 

Patient education 

Improving verbal and written education, specifically tailored to
wards a patient’s specific disease, including how to self-manage, has 
proven very useful in improving overall adherence. Studies that tested 
cognitive-educational improvement methods displayed a 16.1% (95% CI 
10.7–21.6%) improvement in adherence, versus 10.1% (95% CI 
6.6–13.6%) in those who did not (p = 0.04) [42]. However, educational 
interventions alone have been proven to have little impact when used as 
the sole intervention [43]. 

Electronic reminders 

Electronic monitoring can be paired with electronic reminders. The 
Study of Asthma Adherence Reminders (STAAR) study investigated 
whether daily electronic reminders had any impact on adherence and 
clinical outcomes in 6–16-year-old children. They noted adherence to be 
70% in the treatment group and 49% in the controls (p < 0.001), with 
only the intervention group having reminder alarms [44]. The signifi
cant difference displays the effective nature of electronic reminders in 
improving adherence in children with asthma. This result was also found 
in adults, with patients who received electronic reminders having an 
adherence of 73% ± 26% compared to those who did not having 46% ±

28% adherence (p < 0.0001) [20]. 

Practitioner interventions 

There are a wide range of interventions that a practitioner can 
implement to aid improvement in adherence. Education, communica
tion, and assessment are key to creating good rapport, which in turn 
should aid adherence improvement. 

Motivational interviewing identifies and focuses on patient’s be
haviours with the goal of motivating an improvement in health out
comes. It can be implemented in many different ways, including by 
telephone, individual sessions or in a group setting. Studies that reported 
the proportion of patients with good adherence displayed a relative risk 
of 1.17 between those who took part in motivational interviewing and 
the control group (p < 0.01), those who reported adherence continu
ously displayed a standardized mean difference of 0.70 (p < 0.01) [45]. 

Conclusion 

Although medication adherence has previously been deemed as 
poor, many different interventions are now available to implement with 
the aim of improving adherence. These interventions outlined above 
display how simple it is to improve patient’s adherence and conse
quently improve health outcomes including reducing mortality rates for 
those suffering with asthma and other respiratory diseases. 

Future directions for research  

• To assess low-cost and free on-line asthma management programmes 
that can be implemented to improve medication adherence in both 
high income and low-middle income settings.  

• To Identify non-invasive biomarkers of asthma phenotypes and 
asthma medications that are scalable in the community setting to 
inform asthma control and thus guide adherence conversations. 
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[13] Pauwels RA, Löfdahl C-G, Postma DS, Tattersfield AE, O’Byrne P, Barnes PJ, et al. 
Effect of inhaled formoterol and budesonide on exacerbations of asthma. N Engl J 
Med 1997;337(20):1405–11. 

[14] Kips JC, O’Connor BJ, Inman MD, Svensson K, Pauwels RA, O’Byrne PM. A long- 
term study of the antiinflammatory effect of low-dose budesonide plus formoterol 
versus high-dose budesonide in asthma. Am J Respir Crit Care Med 2000;161(3): 
996–1001. 

[15] Jochmann A, Artusio L, Jamalzadeh A, Nagakumar P, Delgado-Eckert E, Saglani S, 
et al. Electronic monitoring of adherence to inhaled corticosteroids: an essential 
tool in identifying severe asthma in children. Eur Respir J 2017;50(6):1700910. 

[16] Kleinsinger F. The unmet challenge of medication nonadherence. Perm J 2018;22: 
18–033. 

[17] Fischer MA, Stedman MR, Lii J, Vogeli C, Shrank WH, Brookhart MA, et al. Primary 
medication non-adherence: analysis of 195,930 electronic prescriptions. J Gen 
Intern Med 2010;25(4):284–90. 

[18] Vrijens B, De Geest S, Hughes DA, Przemyslaw K, Demonceau J, Ruppar T, et al. 
A new taxonomy for describing and defining adherence to medications. Br J Clin 
Pharmacol 2012;73(5):691–705. 

[19] de Araújo Gueiros Lira GV, Pontes da Silva GA, Sarinho ESC. Caregiver’s sense of 
coherence and adherence to paediatric asthma treatment. Paediatr Respir Rev 
2023;45:45–51. 

[20] Foster JM, Usherwood T, Smith L, Sawyer SM, Xuan W, Rand CS, et al. Inhaler 
reminders improve adherence with controller treatment in primary care patients 
with asthma. J Allergy Clin Immunol 2014;134(6):1260–1268.e3. 

[21] Khoiry QA, Alfian SD, van Boven JFM, Abdulah R. Self-reported medication 
adherence instruments and their applicability in low-middle income countries: a 
scoping review. Front Public Health 2023;11:1104510. 

[22] Price DB, Román-Rodríguez M, McQueen RB, Bosnic-Anticevich S, Carter V, 
Gruffydd-Jones K, et al. Inhaler errors in the CRITIKAL study: type, frequency, and 
association with asthma outcomes. J Allergy Clin Immunol Pract 2017;5(4): 
1071–1081.e9. 

[23] Holmes J, Heaney LG. Measuring adherence to therapy in airways disease. Breathe 
(Sheff) 2021;17(2):210037. 

E.A. Kotecha et al.                                                                                                                                                                                                                              

http://refhub.elsevier.com/S1526-0542(23)00066-0/h0005
http://refhub.elsevier.com/S1526-0542(23)00066-0/h0005
http://refhub.elsevier.com/S1526-0542(23)00066-0/h0010
http://refhub.elsevier.com/S1526-0542(23)00066-0/h0010
http://refhub.elsevier.com/S1526-0542(23)00066-0/h0010
http://refhub.elsevier.com/S1526-0542(23)00066-0/h0015
http://refhub.elsevier.com/S1526-0542(23)00066-0/h0015
http://refhub.elsevier.com/S1526-0542(23)00066-0/h0020
http://refhub.elsevier.com/S1526-0542(23)00066-0/h0025
http://refhub.elsevier.com/S1526-0542(23)00066-0/h0025
http://refhub.elsevier.com/S1526-0542(23)00066-0/h0030
http://refhub.elsevier.com/S1526-0542(23)00066-0/h0030
http://refhub.elsevier.com/S1526-0542(23)00066-0/h0030
http://refhub.elsevier.com/S1526-0542(23)00066-0/h0035
http://refhub.elsevier.com/S1526-0542(23)00066-0/h0035
http://refhub.elsevier.com/S1526-0542(23)00066-0/h0040
http://refhub.elsevier.com/S1526-0542(23)00066-0/h0040
http://refhub.elsevier.com/S1526-0542(23)00066-0/h0045
http://refhub.elsevier.com/S1526-0542(23)00066-0/h0045
http://refhub.elsevier.com/S1526-0542(23)00066-0/h0045
http://refhub.elsevier.com/S1526-0542(23)00066-0/h0045
http://refhub.elsevier.com/S1526-0542(23)00066-0/h0050
http://refhub.elsevier.com/S1526-0542(23)00066-0/h0050
http://refhub.elsevier.com/S1526-0542(23)00066-0/h0050
http://refhub.elsevier.com/S1526-0542(23)00066-0/h0055
http://refhub.elsevier.com/S1526-0542(23)00066-0/h0055
http://refhub.elsevier.com/S1526-0542(23)00066-0/h0055
http://refhub.elsevier.com/S1526-0542(23)00066-0/h0055
http://refhub.elsevier.com/S1526-0542(23)00066-0/h0060
http://refhub.elsevier.com/S1526-0542(23)00066-0/h0060
http://refhub.elsevier.com/S1526-0542(23)00066-0/h0060
http://refhub.elsevier.com/S1526-0542(23)00066-0/h0065
http://refhub.elsevier.com/S1526-0542(23)00066-0/h0065
http://refhub.elsevier.com/S1526-0542(23)00066-0/h0065
http://refhub.elsevier.com/S1526-0542(23)00066-0/h0070
http://refhub.elsevier.com/S1526-0542(23)00066-0/h0070
http://refhub.elsevier.com/S1526-0542(23)00066-0/h0070
http://refhub.elsevier.com/S1526-0542(23)00066-0/h0070
http://refhub.elsevier.com/S1526-0542(23)00066-0/h0075
http://refhub.elsevier.com/S1526-0542(23)00066-0/h0075
http://refhub.elsevier.com/S1526-0542(23)00066-0/h0075
http://refhub.elsevier.com/S1526-0542(23)00066-0/h0080
http://refhub.elsevier.com/S1526-0542(23)00066-0/h0080
http://refhub.elsevier.com/S1526-0542(23)00066-0/h0085
http://refhub.elsevier.com/S1526-0542(23)00066-0/h0085
http://refhub.elsevier.com/S1526-0542(23)00066-0/h0085
http://refhub.elsevier.com/S1526-0542(23)00066-0/h0090
http://refhub.elsevier.com/S1526-0542(23)00066-0/h0090
http://refhub.elsevier.com/S1526-0542(23)00066-0/h0090
http://refhub.elsevier.com/S1526-0542(23)00066-0/h0095
http://refhub.elsevier.com/S1526-0542(23)00066-0/h0095
http://refhub.elsevier.com/S1526-0542(23)00066-0/h0095
http://refhub.elsevier.com/S1526-0542(23)00066-0/h0100
http://refhub.elsevier.com/S1526-0542(23)00066-0/h0100
http://refhub.elsevier.com/S1526-0542(23)00066-0/h0100
http://refhub.elsevier.com/S1526-0542(23)00066-0/h0105
http://refhub.elsevier.com/S1526-0542(23)00066-0/h0105
http://refhub.elsevier.com/S1526-0542(23)00066-0/h0105
http://refhub.elsevier.com/S1526-0542(23)00066-0/h0110
http://refhub.elsevier.com/S1526-0542(23)00066-0/h0110
http://refhub.elsevier.com/S1526-0542(23)00066-0/h0110
http://refhub.elsevier.com/S1526-0542(23)00066-0/h0110
http://refhub.elsevier.com/S1526-0542(23)00066-0/h0115
http://refhub.elsevier.com/S1526-0542(23)00066-0/h0115


Paediatric Respiratory Reviews 50 (2024) 41–45

45

[24] Braunstein GL, Trinquet G, Harper AE. Compliance with nedocromil sodium and a 
nedocromil sodium/salbutamol combination. Compliance Working Group Eur 
Respir J 1996;9(5):893–8. 

[25] Alahmadi FH, Simpson AJ, Gomez C, Ericsson M, Thörngren J-O, Wheelock CE, 
et al. Medication adherence in patients with severe asthma prescribed oral 
corticosteroids in the U-BIOPRED cohort. Chest 2021;160(1):53–64. 

[26] Hekking P-P-W, Wener RR, Amelink M, Zwinderman AH, Bouvy ML, Bel EH. The 
prevalence of severe refractory asthma. J Allergy Clin Immunol 2015;135(4): 
896–902. 

[27] Mansur AH, Hassan M, Duffy J, Webster C. Development and clinical application of 
a prednisolone/cortisol assay to determine adherence to maintenance oral 
prednisolone in severe asthma. Chest 2020;158(3):901–12. 

[28] Farr SJ, Rowe AM, Rubsamen R, Taylor G. Aerosol deposition in the human lung 
following administration from a microprocessor controlled pressurised metered 
dose inhaler. Thorax 1995;50(6):639–44. 

[29] Dierick BHJ, Achterbosch M, Been-Buck S, Klemmeier T, van de Hei SJ, 
Hagedoorn P, et al. Can electronic monitoring with a digital smart spacer support 
personalised medication adherence and inhaler technique education in patients 
with asthma?: protocol of the randomised controlled OUTERSPACE trial. BMJ 
Open 2022;12(6):e059929. 

[30] van Boven JFM, Cushen B, Sulaiman I, Greene G, MacHale E, Mokoka MC, et al. 
Personalising adherence-enhancing interventions using a smart inhaler in patients 
with COPD: an exploratory cost-effectiveness analysis. NPJ Prim Care Respir Med 
2018;28(1). 

[31] Cutler RL, Fernandez-Llimos F, Frommer M, Benrimoj C, Garcia-Cardenas V. 
Economic impact of medication non-adherence by disease groups: a systematic 
review. BMJ Open 2018;8(1):e016982. 

[32] Seheult JN, O’Connell P, Tee KC, Bholah T, Al Bannai H, Sulaiman I, et al. The 
acoustic features of inhalation can be used to quantify aerosol delivery from a 
Diskus™ dry powder inhaler. Pharm Res 2014;31(10):2735–47. 

[33] World Health O. Adherence to long-term therapies : evidence for action. Geneva: 
World Health Organization; 2003. 

[34] Cramer JA, Scheyer RD, Mattson RH. Compliance declines between clinic visits. 
Arch Intern Med 1990;150(7):1509–10. 

[35] Modi AC, Ingerski LM, Rausch JR, Glauser TA, Drotar D. White coat adherence over 
the first year of therapy in pediatric epilepsy. J Pediatr 2012;161(4):695–9. 

[36] Ge Pu, Liu S-T, Xu S-X, Zhang J-z, Lai Y-J, Fu R-C, et al. The influence of parents on 
medication adherence of their children in China: a cross-sectional online 
investigation based on health belief model. Front Public Health 2022;10:845032. 

[37] Saini SD, Schoenfeld P, Kaulback K, Dubinsky MC. Effect of medication dosing 
frequency on adherence in chronic diseases. Am J Manag Care 2009;15(6):e22–33. 

[38] Price D, Robertson A, Bullen K, Rand C, Horne R, Staudinger H. Improved 
adherence with once-daily versus twice-daily dosing of mometasone furoate 
administered via a dry powder inhaler: a randomized open-label study. BMC Pulm 
Med 2010;10:1. 

[39] Lafeber M, Grobbee DE, Schrover IM, Thom S, Webster R, Rodgers A, et al. 
Comparison of a morning polypill, evening polypill and individual pills on LDL- 
cholesterol, ambulatory blood pressure and adherence in high-risk patients; a 
randomized crossover trial. Int J Cardiol 2015;181:193–9. 

[40] Marceau C, Lemière C, Berbiche D, Perreault S, Blais L. Persistence, adherence, and 
effectiveness of combination therapy among adult patients with asthma. J Allergy 
Clin Immunol 2006;118(3):574–81. 

[41] Kohl WK, Dobos G, Cramer H. Conventional and complementary healthcare 
utilization among US adults with cardiovascular disease or cardiovascular risk 
factors: a nationally representative survey. J Am Heart Assoc 2020;9(9):e014759. 

[42] Demonceau J, Ruppar T, Kristanto P, Hughes DA, Fargher E, Kardas P, et al. 
Identification and assessment of adherence-enhancing interventions in studies 
assessing medication adherence through electronically compiled drug dosing 
histories: a systematic literature review and meta-analysis. Drugs 2013;73(6): 
545–62. 

[43] Cross AJ, Elliott RA, Petrie K, Kuruvilla L, George J. Interventions for improving 
medication-taking ability and adherence in older adults prescribed multiple 
medications. Cochrane Database Syst Rev. 2020;5(5):Cd012419. 

[44] Morton RW, Elphick HE, Rigby AS, Daw WJ, King DA, Smith LJ, et al. STAAR: a 
randomised controlled trial of electronic adherence monitoring with reminder 
alarms and feedback to improve clinical outcomes for children with asthma. 
Thorax 2017;72(4):347–54. 

[45] Palacio A, Garay D, Langer B, Taylor J, Wood BA, Tamariz L. Motivational 
interviewing improves medication adherence: a systematic review and meta- 
analysis. J Gen Intern Med 2016;31(8):929–40. 

E.A. Kotecha et al.                                                                                                                                                                                                                              

http://refhub.elsevier.com/S1526-0542(23)00066-0/h0120
http://refhub.elsevier.com/S1526-0542(23)00066-0/h0120
http://refhub.elsevier.com/S1526-0542(23)00066-0/h0120
http://refhub.elsevier.com/S1526-0542(23)00066-0/h0125
http://refhub.elsevier.com/S1526-0542(23)00066-0/h0125
http://refhub.elsevier.com/S1526-0542(23)00066-0/h0125
http://refhub.elsevier.com/S1526-0542(23)00066-0/h0130
http://refhub.elsevier.com/S1526-0542(23)00066-0/h0130
http://refhub.elsevier.com/S1526-0542(23)00066-0/h0130
http://refhub.elsevier.com/S1526-0542(23)00066-0/h0135
http://refhub.elsevier.com/S1526-0542(23)00066-0/h0135
http://refhub.elsevier.com/S1526-0542(23)00066-0/h0135
http://refhub.elsevier.com/S1526-0542(23)00066-0/h0140
http://refhub.elsevier.com/S1526-0542(23)00066-0/h0140
http://refhub.elsevier.com/S1526-0542(23)00066-0/h0140
http://refhub.elsevier.com/S1526-0542(23)00066-0/h0145
http://refhub.elsevier.com/S1526-0542(23)00066-0/h0145
http://refhub.elsevier.com/S1526-0542(23)00066-0/h0145
http://refhub.elsevier.com/S1526-0542(23)00066-0/h0145
http://refhub.elsevier.com/S1526-0542(23)00066-0/h0145
http://refhub.elsevier.com/S1526-0542(23)00066-0/h0150
http://refhub.elsevier.com/S1526-0542(23)00066-0/h0150
http://refhub.elsevier.com/S1526-0542(23)00066-0/h0150
http://refhub.elsevier.com/S1526-0542(23)00066-0/h0150
http://refhub.elsevier.com/S1526-0542(23)00066-0/h0155
http://refhub.elsevier.com/S1526-0542(23)00066-0/h0155
http://refhub.elsevier.com/S1526-0542(23)00066-0/h0155
http://refhub.elsevier.com/S1526-0542(23)00066-0/h0160
http://refhub.elsevier.com/S1526-0542(23)00066-0/h0160
http://refhub.elsevier.com/S1526-0542(23)00066-0/h0160
http://refhub.elsevier.com/S1526-0542(23)00066-0/h0165
http://refhub.elsevier.com/S1526-0542(23)00066-0/h0165
http://refhub.elsevier.com/S1526-0542(23)00066-0/h0170
http://refhub.elsevier.com/S1526-0542(23)00066-0/h0170
http://refhub.elsevier.com/S1526-0542(23)00066-0/h0175
http://refhub.elsevier.com/S1526-0542(23)00066-0/h0175
http://refhub.elsevier.com/S1526-0542(23)00066-0/h0180
http://refhub.elsevier.com/S1526-0542(23)00066-0/h0180
http://refhub.elsevier.com/S1526-0542(23)00066-0/h0180
http://refhub.elsevier.com/S1526-0542(23)00066-0/h0185
http://refhub.elsevier.com/S1526-0542(23)00066-0/h0185
http://refhub.elsevier.com/S1526-0542(23)00066-0/h0190
http://refhub.elsevier.com/S1526-0542(23)00066-0/h0190
http://refhub.elsevier.com/S1526-0542(23)00066-0/h0190
http://refhub.elsevier.com/S1526-0542(23)00066-0/h0190
http://refhub.elsevier.com/S1526-0542(23)00066-0/h0195
http://refhub.elsevier.com/S1526-0542(23)00066-0/h0195
http://refhub.elsevier.com/S1526-0542(23)00066-0/h0195
http://refhub.elsevier.com/S1526-0542(23)00066-0/h0195
http://refhub.elsevier.com/S1526-0542(23)00066-0/h0200
http://refhub.elsevier.com/S1526-0542(23)00066-0/h0200
http://refhub.elsevier.com/S1526-0542(23)00066-0/h0200
http://refhub.elsevier.com/S1526-0542(23)00066-0/h0205
http://refhub.elsevier.com/S1526-0542(23)00066-0/h0205
http://refhub.elsevier.com/S1526-0542(23)00066-0/h0205
http://refhub.elsevier.com/S1526-0542(23)00066-0/h0210
http://refhub.elsevier.com/S1526-0542(23)00066-0/h0210
http://refhub.elsevier.com/S1526-0542(23)00066-0/h0210
http://refhub.elsevier.com/S1526-0542(23)00066-0/h0210
http://refhub.elsevier.com/S1526-0542(23)00066-0/h0210
http://refhub.elsevier.com/S1526-0542(23)00066-0/h0220
http://refhub.elsevier.com/S1526-0542(23)00066-0/h0220
http://refhub.elsevier.com/S1526-0542(23)00066-0/h0220
http://refhub.elsevier.com/S1526-0542(23)00066-0/h0220
http://refhub.elsevier.com/S1526-0542(23)00066-0/h0225
http://refhub.elsevier.com/S1526-0542(23)00066-0/h0225
http://refhub.elsevier.com/S1526-0542(23)00066-0/h0225

	Adherence in paediatric respiratory medicine: A review of the literature
	Introduction
	Defining adherence
	The consequences of poor adherence
	Measuring adherence
	Patient self-reporting (including dose counters)
	Prescription pick-up records
	Biochemical measurements
	Smart inhalers and electronic monitoring
	Modifiable factors
	Methods of improving adherence
	Dose simplification

	Patient education
	Electronic reminders
	Practitioner interventions
	Conclusion
	Future directions for research
	Declaration of Competing Interest
	References


