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Take home message 

Preventer adherence is under recognised and must be confirmed objectively prior to initiating 

novel asthma treatment. 
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ABSTRACT 

Non-adherence to inhaled preventers impairs asthma control.  Electronic monitoring devices 

(EMD) can objectively measure adherence.  Their use has not been reported in difficult 

asthma patients potentially suitable for novel therapies, i.e. biologics and bronchial 

thermoplasty. 

 

Consecutive patients with difficult asthma were assessed for eligibility for novel 

therapies.  Medication adherence, defined as taking 75% or more of prescribed doses, was 

assessed by EMD and compared to standardised clinician assessment over an eight week 

period.  

 

Among 69 difficult asthma patients, adherence could not be analysed in 13, due to device 

incompatibility or malfunction.  Non-adherence was confirmed in 20/45 (44.4%).  Clinical 

assessment of non-adherence was insensitive (physician 15%, nurse 28%). Serum eosinophils 

were higher in non-adherent patients.  Including 11 patients with possible non-adherence 

(device refused or not returned), increased the non-adherence rate to 31/56 (55%). Severe 

asthma criteria were fulfilled by 59/69 patients. Forty-seven were eligible for novel therapies, 

with confirmed non-adherence in 16/32 (50%) with EMD data; including seven patients with 

possible non-adherence increased the non-adherence rate to 23/39 (59%).   

 

At least half the patients eligible for novel therapies were non-adherent to preventers. Non-

adherence was often undetectable by clinical assessments. Preventer adherence must be 

confirmed objectively before employing novel severe asthma therapies. 

 

 



 
 

INTRODUCTION 

‘Difficult asthma’ is a term referring to patients who remain uncontrolled despite treatment at 

Global Initiative for Asthma (GINA) Guidelines steps 4 and 5.[1]  The overall prevalence of 

difficult asthma has been estimated at between 10% and 17% of asthma patients.[1, 2]   

A major contributor to difficult asthma is unsuppressed airway inflammation consequent to 

relative corticosteroid insensitivity.[3]  In such patients, novel treatment options are now 

licensed for specific disease phenotypes, specifically, monoclonal biologics targeting 

immunoglobulin E (IgE) (Omalizumab) and the interleukin-5 (IL-5) pathways 

(Mepolizumab, Reslizumab), or bronchial thermoplasty.[4-7]  Such treatments are expensive, 

and should only be considered after standard therapy (including high-dose inhaled 

corticosteroids, usually in combination with a long-acting bronchodilator) has been 

optimised.[8-11]    

 

Medication adherence can be defined as “the degree to which the medication use of the 

patient corresponds to the prescribed regimen” [12, 13]. Patient non-adherence to 

medications can thus vary over time and can be both intentional (eg. due to fear of side 

effects) and non-intentional (eg. due to cost or forgetfulness).  Identifying and addressing 

non-adherence to inhaled respiratory medications has been identified as an urgent priority for 

international policy-makers.[14] Medication non-adherence is particularly prevalent in 

difficult asthma, with previous estimates of non-adherence of approximately 50% by 

prescription refills.[15-17]  Assessing prescription refills can be challenging if there are 

multiple prescribers and dispensing pharmacies. In clinical practice, preventer adherence is 

usually assessed subjectively by the treating health professional or based on patient self-

report, which are both notoriously inaccurate.[18] However, inaccurate subjective 



 
 

assessments can have significant consequences  ̶  a large proportion of patients with difficult 

asthma also have severe biological asthma, and poorer clinical outcomes are seen in those 

who are non-adherent to inhaled preventers[19].  Additionally, if non-adherence remains 

undetected in difficult asthma, patients may proceed inappropriately to targeted biological 

therapy or thermoplasty.[9] 

 

Detailed objective measurements of adherence may now be obtained by electronic 

monitoring devices (EMDs).[20-22]  These devices can be placed on the patient’s preventer 

inhaler on initial contact, and data downloaded at the next clinic visit. EMDs have been used 

to examine non-adherence in asthma, but data regarding its utility in difficult asthma are 

limited. 

We hypothesised that non-adherence in difficult asthma remains a significant issue in the era 

of novel severe asthma therapies. We used an electronic monitoring device (EMD) to 

objectively measure preventer non-adherence in difficult asthma, and compared this to 

structured  ̶  albeit subjective  ̶  clinician assessment. We specifically examined the rate of 

non-adherence among patients suitable for anti-IgE and anti-IL-5 biologics, or thermoplasty. 

 

MATERIALS AND METHODS 

Patients were referred with difficult asthma,  if their treating respiratory or allergy specialists 

had difficulty with their asthma management.  Reasons for referral (usually multiple) were:  

diagnostic dilemma, poor symptom control, frequent or severe exacerbations, poor lung 

function; or patient factors, including comorbidities and suspected non-adherence.[23]   

Patients undergo systematic evaluation over six months in three visits to: confirm the 

diagnosis of severe asthma; identify and address exacerbating triggers or comorbidities 



 
 

(including: anxiety and depression, vocal cord dysfunction, dysfunctional breathing, 

gastroesophageal reflux disease, obstructive sleep apnoea, allergic rhinitis and chronic 

rhinosinusitis); and to determine the inflammatory phenotype to facilitate selection of optimal 

medical therapy, including targeted biologics.[24] As previously described, the assessment 

process is supported by questionnaires for the assessment of the patient’s asthma control 

(ACT)[26] and quality of life (AQLQ) [25] , as well as a comorbidity questionnaire battery, 

an electronic platform, and a panel discussion for each patient. [27-29]  Permission was 

obtained for all administered questionnaires. 

Our centre prescribes asthma biologics[30] but does not perform bronchial thermoplasty. 

 This study included consecutive patients who entered the difficult asthma protocol between 1 

May 2015 and 31st December 2016. The study was approved by the Alfred Ethics Committee 

(285/15). 

 

Eligibility for novel asthma therapies 

For this study, patients were categorised as eligible for biologics if they met ATS/ERS 

criteria for severe and uncontrolled asthma[24] and had either an eosinophilic (blood 

eosinophil count of ≥ 0.3x109/L  ̶  suitable for anti-IL-5 therapy), or allergic phenotype 

(serum IgE level of ≥ 30 kU/ml and sensitization to an aeroallergen based on skin testing or 

serum specific IgE  ̶   suitable for anti-IgE therapy). 

 

Patients were categorised as eligible for thermoplasty based on entry criteria for the Research 

in Severe Asthma (RISA) trial;[7] high dose ICS/LABA inhalers, prebronchodilator FEV1 > 

50% of predicted; positive bronchoprovocation or bronchodilator response, uncontrolled 

asthma, and no current smoking nor prior smoking history of ≥ 10 pack years. 

 



 
 

Adherence Assessment 

At the first clinic visit, the difficult asthma protocol physician would explain to each patient 

that routine procedure for all patients was to provide an EMD for objective monitoring of 

asthma management if their inhaler device was compatible.   Language was aimed to be 

neutral and non-judgemental.  A SmartinhalerTM device (Adherium, Auckland, New Zealand) 

was attached to the patient’s preventer inhaler.  EMDs were available for a variety of inhaled 

corticosteroid (ICS) or ICS/LABA (long-acting beta-agonist) combination inhalers, 

specifically; metered dose inhalers and dry powder devices for ‘Flixotide’ (fluticasone 

proprionate), ‘Seretide’ (salmeterol and fluticasone prioprionate), ‘Pulmicort’ (budesonide) 

and ‘Symbicort’ (budesonide and formoterol). EMDs were not available for other ICS or 

ICS/LABA combination inhalers.  The EMD device was able to record the timing of the 

doses taken according to the number prescribed for morning or evening. 

Data were downloaded at the scheduled follow-up visit at the two-month timepoint.  Data 

collected included the date, time, and number of actuations, preventing “dose dumping”.    

For the purposes of this study, the patient was considered adherent if more than 75% of 

prescribed doses were actuated at the times they were prescribed, based on an increased risk 

of exacerbations reported below this cut-point.[31].  Day to day adherence rate was not 

reported.  Patients were defined as possibly non-adherent if they declined to have the device 

added to their inhaler, or did not return the device despite reminders. 

 

Adherence was also assessed at the first visit by the referring specialist, the patient, the 

difficult asthma clinic respiratory physician and a clinical asthma nurse.  Referring specialists 

also completed a standardised referral form and could indicate whether they felt the patient 

was non-adherent. 



 
 

At the first clinic visit during systematic evaluation, self-reported adherence was documented 

if the patient agreed with the following statement “I follow my medication plan.” 

The difficult asthma clinic specialist assessed patient adherence using the components of the 

validated Adult Asthma Adherence questionnaire[32]; including specific questions 

surrounding forgetfulness; a perception that preventer treatment was unnecessary; fear of side 

effects; and cost.  Following the assessment, physicians were prompted to estimate inhaler 

adherence as less than 50%, 50% to 75%, or greater than 75%.   

 

At the first clinic visit, all patients underwent clinical asthma nurse assessment and education 

to address the patient’s understanding of asthma, inhaler technique, and adherence.  The 

asthma nurse fitted the electronic device to the patient’s inhaler.   Following assessment, 

nursing staff were prompted to estimate adherence as “good”, “partial” or “poor”.  Patients 

estimated to have “partial” or “poor” adherence were considered non-adherent.   

 

Statistical analysis 

Data analysis was performed using SPSS version 22 (IBM, Armonk, NY).   Categorical 

variables are presented as percentages (frequency) and continuous variables are presented as 

mean or median values with standard deviation. Student’s t-test for comparison of means and 

Fisher’s exact or chi square test for comparison of proportions were performed where 

appropriate. 

 

RESULTS 

During the study period, 71 consecutive patients underwent systematic evaluation.  Two 

patients did not have asthma, had their inhalers discontinued, and were excluded from further 

analysis. Baseline characteristics of the remaining 69 patients are presented in Table 1.   



 
 

In this difficult asthma cohort, poor asthma control and quality of life were reflected in the 

average scores of the asthma control test (ACT)[26] and asthma quality of life questionnaire 

(AQLQ).[25]  86% of patients were on GINA step four or five asthma treatment.  According 

to guideline criteria[24] 59/69 (85%) patients had severe asthma, all of whom had 

uncontrolled asthma (as defined by the ERS/ATS guidelines).[24]  

 

Table one. Baseline characteristics 

 
 Total n = 69 

Age, mean (range, SD) years 52 (19-76, 14.2) 

Gender Female, n (%)       41 (59.4%) 

Smoking status, n (%) 

     Never 

     Former 

     Current 

 

46 (66.7%) 

22 (31.9%) 

1 (1.4%) 

Body mass index kg/m2, mean (SD) 30 (6.9) 

 

Early onset asthma <18years, n (%) 

 

34 (49.3%) 

Pre-bronchodilator FEV1 (% predicted), mean (SD) 62% (20.2) 

Mean change in FEV1 following bronchodilator (SD) 14.2 (15) 

FEV1%VC, mean (SD) 61 (15.4) 

Airflow obstruction at baseline (FEV1<80%, 

FEV1%VC<70%) 

41 (59.4%) 

Variable Airflow Obstruction demonstrable 

- ≥12% and ≥200mL improvement in FEV1 

following bronchodilator 

- >12% variability in peak flow charting over two 

weeks 

- Positive bronchial provocation challenge test with 

mannitol  

61 (88.4%) 

47 (77%) 

 

12 (19.7%) 

 

2 (3.3%) 

 

Blood Eosinophils x109/L, mean (range, SD) 

 

0.33 (0-1.73, 0.33) 

Eosinophils ≥0.3x109/L (%)  28 (40.6%) 

FeNO result ppb, mean (range, SD) 36 (4-137, 31.2) 

IgE kU/L, mean (range, SD) 524 (2-4880, 1006) 

Atopic (positive skin prick test or serum specific IgE to 

commonly tested aeroallergens) 

47 (68.1%) 

 

ACT score, mean (SD) 

 (score less than 15 indicating poor control)  

 

13.6 (5.19) 

AQLQ score, mean (SD) 

(out of 7, high score indicating better quality of life)  

4.19 (1.4) 

  



 
 

Exacerbations in last 12 months requiring oral (>3days or 

increase in 20mg from baseline prednisolone dose) or 

intravenous corticosteroids, mean (range, SD) 

 

5 (0-30, 4.7) 

  

Frequency of asthma exacerbations in 12 months  

0 

1 

2 

≥3 

 

4 (5.8%) 

8 (11.6%) 

2 (15.9%) 

46 (66.7%) 

 

On ICS/LABA combination (n, %) 

Mean total ICS dose, mcg (fluticasone equivalent) (range, 

SD) 

 

66 (95.7%) 

992 (0-3200, 538) 

On oral corticosteroids (n, %) 

Mean total oral corticosteroid dose, mg (range, SD) 

17 (24.6%) 

8.7 (1-25, 6.23) 

Severe Asthma by ATS/ERS guidelines 

Anxiety and Depression  

(Diagnosis based on presence of clinical symptoms and 

HADS[33] score ≥11 OR known history on treatment)  

59 (85.5%) 

24 (35%) 

SD= standard deviation, BMI = body mass index, FEV1= forced expiratory volume in one second, 

FVC =forced vital capacity, FeNO = fractional exhaled nitric oxide, IgE= immunoglobulin E, ACT 

=asthma control test, AQLQ = asthma quality of life questionnaire, ICS =inhaled corticosteroid, 

LABA= long acting beta agonist, ATS= American Thoracic society, ERS= European Respiratory 

Society, HADS = Hospital Anxiety and Depression scale 

 

Table two.  Characteristics of adherent compared to non-adherent patients. 

 
Adherent 

(n=25) 

Non-Adherent 

(n=20) 

P value 

Age, mean (range, SD) years 54 (12) 54(16) NS 

Gender Female, n (%)  13(52) 11(55) NS 

Smoking status, n (%) 

     Never 

     Former 

     Current 

 

 14(56) 

11(44) 

0(0) 

 

14(70) 

5(25) 

1(5) 

 

Body mass index kg/m2, mean 

(SD) 

30 (5) 31 (8) NS 

Early onset asthma <18years, n 

(%) 

 

13(52) 

 

8 (40) 

 

NS 

Pre-bronchodilator FEV1 (% 

predicted), mean (SD) 

65 (22) 60 (18) NS 

FEV1%VC, mean (SD) 61 (17) 58 (12) NS 

Airflow obstruction at baseline 

(FEV1<80%, FEV1%VC<70%) 

14 (56) 13(65) NS 

Blood Eosinophils x109/L, mean 

(range, SD) 

0.22 

(0.21) 

0.42 (0.34) <0.05 

FeNO result ppb, mean (range, 

SD) 

27.22 

(18) 

41.4 (30) NS 

IgE kU/L, mean (range, SD) 369.5 

(736) 

551.5 (1030) NS 



 
 

ACT score, mean (SD) 

(score less than 15 indicating 

poor control)  

12.2 (4) 13.5 (6) NS 

AQLQ score, mean (SD) 

(out of 7, high score indicating 

better quality of life)  

4.34 (1) 3.99 (1) NS 

Exacerbations in last 12 months 

requiring oral (>3days or increase 

in 20mg from baseline 

prednisolone dose) or intravenous 

corticosteroids, mean (SD) 

3.5(18) 2.8(2) NS 

 

Mean total ICS dose, mcg 

(fluticasone equivalent) (SD) 

 

 

982 

(444) 

 

 

850 (379) 

 

 

NS 

Mean total oral corticosteroid 

dose, mg (range, SD) 

 

4 (2) 

 

9.4 (5) 

 

NS 

Severe Asthma by ATS/ERS 

guidelines  

21 (84) 19 (95) NS 

Anxiety or Depression  11 (44) 7 (35) NS 

 

 

Eligibility for biologics and thermoplasty 

Thirty patients (43.5%) were eligible for anti-IgE therapy, and twenty-two (31.9%) for anti-

IL-5 therapy, with thirty eight (55%) potential candidates for either.  Twenty-six patients 

(37.7%) were eligible for thermoplasty. In total, forty seven (68%) were eligible for a 

biologic or thermoplasty, or both (Figure 1). 

 

EMD adherence assessment 

Sixty nine patients were considered for an EMD. The flow of patients through each stage of 

the study is shown in Figure 2.  

Adherence outcomes are shown in Figure 3A. 

Adherence unable to be analysed. Adherence status could not be objectively assessed in 13 

patients; 10 did not use a preventer with a compatible EMD, and three returned a device 

which malfunctioned.  



 
 

Possible non-adherence. Another 11 exhibited behaviour suggestive of non-adherence; two 

patients refused the EMD and nine did not return the device, some of whom reported the 

device as lost.  

Confirmed non-adherence. Of 45 patients who returned a device with usable data, 20 (44.4%) 

were non-adherent. Mean rate of non-adherence was 51.4% (IQR 38-65), SD 20.8%). 

Confirmed adherence. Twenty-five of 45 (55.6.%) patients had documented preventer 

adherence of >75%.  Mean rate of adherence was 89% (IQR 84-95%, SD 6.3). 

If patients with confirmed and possible (those who refused or did not return the EMD) non-

adherence were grouped together, the overall non-adherence rate increased to 31/56 (55.3%). 

Confirmed non-adherent patients had higher mean serum eosinophils (0.42 x109/L vs 0.22 

x109/L p<0.05, 95%CI -0.37 - -0.02) than confirmed adherent patients.  There were no other 

significant associations of other clinical features  that differed between adherent and non-

adherent patients (table two).  The average inhaled corticosteroid dose (mcg, fluticasone 

equivalent) was not significantly different in patients who were adherent (982mcg) and non-

adherent (850mcg). 

  

Among 47 patients either eligible for biologics or bronchial thermoplasty, adherence could 

not be assessed in eight (EMD-incompatible inhaler or device malfunction), and non-

adherence was possible in seven (refused, or did not return, the EMD). Thirty two returned 

usable EMD data, of whom 16/32 (50%) had confirmed non-adherence on EMD assessment.  

Combining confirmed and possible non-adherent populations gave a non-adherence rate 

among those eligible for novel therapies of 23/39 (59%).  (Figure 3B) 

 

  



 
 

Subjective Adherence Assessment (Figure 4) 

Two of the 45 patients with EMD data had non-adherence identified by the referring 

specialist as a reason for the patient’s poor asthma control.  Two patients admitted that they 

did not follow their prescribed medication plan.   Protocol physicians identified five patients 

as being non-adherent (of these, two were proven to be adherent objectively), whereas asthma 

nurses identified seven patients as being non-adherent (of these, two were also proven to be 

adherent objectively) (Figure 4).   

Compared to the EMD, the sensitivity and specificity of physician detection of non-

adherence was 15% (95% CI 3.2% - 37.9%) and 92% (95%CI 74% -99%) respectively.  The 

sensitivity and specificity of asthma nurse assessment was 27.8% (95%CI 9.7-53.5%) and 

91.67% (95%CI 73-99%) respectively. (Figure 4).  

 

DISCUSSION 

Among patients otherwise suitable for novel severe asthma therapies, our study shows an 

alarmingly high rate of non-adherence. Furthermore, most cases of non-adherence remained 

undetected despite a series of subjective clinical assessments by the referring respiratory or 

allergy specialist, the difficult asthma protocol specialist and asthma nursing staff. This 

finding emphasizes the indispensable value of assessing non-adherence objectively prior to 

initiating biologics or performing thermoplasty for severe asthma.[9]  

 

Previous studies have shown high rates of non-adherence among difficult asthma patients by 

monitoring prescription refills, which gives an indication of long term medication use.[16, 34, 

35]  This can be difficult to perform in health systems such as our Australian setting, where 

patients may obtain preventers through multiple prescribers and at multiple dispensing 

pharmacies of their choice. Prescription refills and other indirect methods of measuring 



 
 

medication adherence such as canister weights also cannot confirm that a patient actually 

takes their medication at the correct time. We therefore chose to use electronic monitoring 

devices (EMDs) which provide detailed information on inhaler use.  

 

The true prevalence of non-adherence in our difficult asthma population likely lies between 

44% and 55%, consistent with previous studies.[15, 16]  However, the finding of even greater 

non-adherence among patients suitable for biologics or thermoplasty supports the premise 

that non-adherence is intrinsically linked to more severe markers of disease. Indeed, we 

found that non-adherent patients had higher peripheral eosinophil counts. A previous study 

also found greater sputum eosinophilia among non-adherent patients.[16]  Thus, an indication 

for instituting severe asthma biologics may also indicate a higher risk of non-adherence.  

Interestingly, severity of asthma symptoms, frequency of exacerbations or poorer lung 

function did not seem to influence rates of medication adherence.  Similarly, prevalence of 

anxiety and depression was not increased amongst patients who were found to be non-

adherent. 

 

The optimal method to assess preventer adherence remains unclear, and EMDs are not 

infallible.  An initial  pilot study of the device we used recorded a mean accuracy of 97%.[20]   

In a clinical trial of 303 patients incorporating extensive pre-and-post study checks, there was 

a 6.5% malfunction rate.  In addition 3.5% of devices were lost or thrown away by 

participants.[36]  Other trials have reported higher malfunction rates of between 15-20%.[37, 

38]     

In our study, adherence could not be assessed objectively in 19% of patients either due to 

EMD-incompatible inhalers (14.4%) or device malfunction (5.3%).  Patients possibly 

subverted the process in another 11 cases (16%) either by refusing or not returning the device 



 
 

despite repeated requests; such behaviour has been reported in previous pragmatic studies[22] 

and in our view could also represent possible medication non-adherence. We acknowledge 

that some patients may have felt uncomfortable with being monitored and this may have 

influenced the acceptance of the device or failure-to-return rate.  We chose not to implement 

financial incentives to return the device. 

 

Consequently, objective EMD data was obtained in less than two-thirds of our cohort.  The 

failure-to-return rate is higher than in previously reported clinical trials,   reflecting the 

challenges of real-life evaluation of consecutive clinical patients, which is always more 

difficult than when participants have been selected for a trial. Due to cost, some guidelines 

have questioned the utility of EMDs in the management of asthma, outside of the research 

setting.[39]  The EMDs cost approximately US$150 (A$200) in 2018 prices, but this could be 

considered  trivial in comparison to the cost of severe asthma biologics or thermoplasty 

procedures. However the true cost of monitoring does go beyond the  cost of devices, such as 

the costs of time required to manage these in the clinic setting: education of the patient, 

testing to reduce malfunction rates, and the efforts required to ensure their return.   

 

Self-reporting of non-adherence was unreliable and poorly sensitive in our cohort, consistent 

with previous studies.[40, 41] Subjective clinical assessments were also poorly sensitive for 

detecting EMD-confirmed non-adherence. This was despite assessment by an expert and 

experienced difficult asthma service; multiple assessments by three health professionals 

(referring physician, treating physician and asthma nurse); and the use of standardised 

assessments including a validated adherence tool.[32] In light of this, objective assessments 

are clearly indispensable to adequately detect non-adherence.  Interestingly, a minority of 

patients who were deemed poorly adherent by clinical assessment were subsequently proven 



 
 

to be adherent by electronic monitoring.  Although described as ‘false positives’, this cohort 

may have improved their adherence behaviour in the knowledge that they were being 

monitored.  Nevertheless, these patients may have had their access to advanced therapies 

inappropriately limited by the health care team if reliance had been placed solely on 

subjective measurement of adherence. 

 

25% of our patient cohort was on oral steroids.  It could be argued that patients with 

uncontrolled asthma despite oral steroids may require a novel therapy such as a biological 

irrespective of their adherence to inhaled steroids.  However, we would argue that patients 

non-adherent to inhaled therapy would also be likely to be non-adherent to oral 

medication.[15]  (Assessing adherence to oral corticosteroids was beyond the scope of this 

study due to non-availability of in-house serum prednisolone levels.)  In addition, it is a 

government funding body requirement in Australia that adherence to inhaled steroids is 

documented prior to prescription of biologicals.  

 

The aim of our study was to detect non-adherence, not to manage it, and this study was not 

designed to report on longitudinal outcomes. However, an EMD can be used to provide 

feedback and deliver an audio reminder to the patient. These measures have been shown to 

improve adherence[21] and, in a paediatric population, led to fewer exacerbations requiring 

oral corticosteroids or hospitalisation.[22]  Such benefits have yet to be shown in a difficult 

asthma population, and would be an interesting area for future research.   The overall 

outcomes of our six month three-visit systematic assessment protocol have been previously 

reported.[29] 

 



 
 

This study was conducted at a single centre with an interest in difficult asthma, so the 

generalizability of our findings is unknown. However, the rate of non-adherence in our cohort 

is consistent with those reported from other difficult asthma centres in other health 

systems.[15, 16]  Non-adherence in non-severe asthma is even more prevalent.  In a cross-

sectional community study of patients with asthma (over half of which were “well 

controlled”), 65% of respondents were non-adherent to a preventer less than four days a 

week.[42]  For this study, we defined eligibility for severe asthma biologics based on generic 

criteria, and suitability for thermoplasty based on inclusion criteria for the single randomised 

trial of thermoplasty in severe asthma. However additional criteria may apply according to 

local licensing authorities and funding arrangements. We further acknowledge that non-

adherent patients identified by EMD may be a heterogenous group that we were unable to 

stratify further in this study.  Patients taking less than 75% of prescribed doses could be 

described as partially adherent and probably represent a diverse group of patients.  However, 

this cut off was chosen because published data demonstrates such patients are at an increased 

risk of adverse asthma outcomes.[31]  While EMDs can confirm that an inhaler is actuated, 

they cannot determine if the patient actually inhaled the medication, nor whether inhaler 

technique was satisfactory. Nevertheless, we maintain that EMD-confirmed non-adherence is 

a robust finding. The provision of the EMD alerted patients that their adherence was being 

monitored. It is possible that the degree of non-adherence might have been even greater had 

patients been unaware of monitoring  ̶  the Hawthorne effect.[43]  

 

We conclude that preventer non-adherence in difficult asthma remains disturbingly high in 

the era of novel (and expensive) therapies for severe asthma.   There are a multitude of 

factors that may underlie non-adherence and we advocate for further research to be carried 

out in this area. Subjective assessment of adherence is highly unreliable, so objective 



 
 

assessments are imperative prior to initiating severe asthma biologics or performing 

thermoplasty. 
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Figure 1. Patients eligible for novel asthma therapies: biologics and bronchial thermoplasty.  

IgE; immunoglobulin E, IL-5; interleukin-5.  

 

  



 
 

 

 

 

 

Figure 2. Patient flow through each stage of the study 

  





Figure 3. Patients with probable, confirmed, and unknown non-adherence in (A) all 69 

difficult asthma patients, and (B) the 47 patients eligible for novel asthma therapies (biologics 

or thermoplasty). 



 
 

 

Figure 4. Detection of non-adherence by subjective methods in 45 difficult asthma patients 

with objective data from the electronic monitoring device (EMD). 

 

 




