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Abstract: Maintenance therapy delivered via inhaler is central to asthma and chronic obstructive pulmonary disease (COPD) 
management. Poor adherence to inhaled medication and errors in inhalation technique have long represented major barriers to the 
optimal management of these chronic conditions. Technological innovations may provide a means of overcoming these barriers. This 
narrative review examines ongoing advances in digital technologies relevant to asthma and COPD with the potential to inform clinical 
decision-making and improve patient care. Digital inhaler devices linked to mobile apps can help bring about changes in patients’ 
behaviors and attitudes towards disease management, particularly when they build in elements of interactivity and gamification. They 
can also support ongoing technique education, empowering patients and helping providers maximize the value of consultations and 
develop effective action plans informed by insights into the patient’s inhaler use patterns and their respiratory health. When combined 
with innovative techniques such as machine learning, digital devices have the potential to predict exacerbations and prompt pre- 
emptive intervention. Finally, digital devices may support an advanced precision medicine approach to respiratory disease management 
and help support shared decision-making. Further work is needed to increase uptake of digital devices and integrate their use into care 
pathways before their full potential in personalized asthma and COPD management can be realized. 
Keywords: asthma, chronic obstructive pulmonary disease, technology, device, data

Introduction – Unmet Needs in the Implementation of Innovative 
Advances in Inhaler Technology: The Need for an Innovative Approach to 
Implementation
Together, asthma and chronic obstructive pulmonary disease (COPD) affect almost three quarters of a billion people 
worldwide.1,2 Despite the availability of effective treatments, poor disease control is common and is associated with 
reduced quality of life and premature death in patients of all ages.3,4 Inhaled medications play a central role in the 
management of these conditions for most patients. Global recommendations highlight the importance of adherence to 
inhaled medication and correct inhalation technique in managing symptoms;3,4 however, despite growing recognition of 
the unmet needs, both of these continue to pose major challenges in clinical practice.

Innovative technology has the potential to personalize management strategies based on real-time individualized 
data. A variety of digital strategies have been developed to monitor and improve inhaled medication adherence and 
technique. A recent Cochrane review by Chan et al investigated the range of digital interventions available to 
address medication non-adherence, highlighting their potential to improve clinical outcomes in patients with asthma 
compared with non-digital interventions and usual care.5 Such interventions can range from straightforward text- 
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message reminders and self-management tools (such as mobile applications and online platforms) to more complex 
digital inhalers composed of add-on or integrated electromechanical sensor(s) and associated microelectronics. 
While most of the latter are capable of detecting the time and date of inhaler actuations,6,7 more advanced devices 
can even record clinical-grade inhalation parameters, such as peak inspiratory flow (PIF), inhaled volume, and 
inhalation duration – a function capable of distinguishing between a physical actuation and an optimal inhalation.8

Digital inhalers can provide greater connectivity between patients and clinicians through the sharing of personalized 
data. Information on medication adherence and/or technique is transferred between connected devices, such as inhalers 
and smartphones via mobile application services.6,9 By providing all stakeholders with accurate and objective data, 
digital technologies may play an important role in overcoming traditionally recurring barriers such as non-adherence in 
patients with uncontrolled asthma10,11 and should be fundamental to the development of data-driven, personalized patient 
care.7,9

To realize the full potential of digital inhalers, further innovation is needed to advance research as well as our 
understanding of respiratory disease and the patient’s role in managing it. Additionally, there is need to inform clinical 
practice and create suitable infrastructure to successfully incorporate data from digital devices into routine care. 
Monitoring of any sort cannot benefit patient outcomes unless paired with effective feedback and interventions. Whilst 
there is an abundance of evidence on what constitutes good respiratory disease management, innovation is required 
regarding how these digital inhalers, with all their differences and similarities, are integrated into clinical care in the right 
way, for the right patient, at the right time. This will be our greatest challenge ahead.

This narrative review provides a snapshot of the intersection between digital inhaler capabilities and the potential 
impact they can have on respiratory disease management, based on empirical evidence identifying the challenges, and 
global strategies driving the framework for the management of chronic respiratory diseases. It also highlights the needs, 
key gaps and unanswered questions associated with implementing digital inhalers into real-world practice.

The Opportunities
Digital Inhalers Can Address the Fundamental Need for Accurate and Objective 
Information About Medication Use
Adherence to prescribed controller medications in asthma and COPD is often suboptimal and associated with poorer 
clinical outcomes.12 This extends to inhaler technique since critical errors in technique are common and can result in 
apparently “adherent” patients failing to obtain benefit from their prescribed medication.13,14 For instance, the 
CRITIKAL study found that failure to generate sufficient inspiratory effort is associated with uncontrolled asthma and 
increased exacerbation rates,14 likely owing to the impact of this error on delivered dose to the lungs.15 Misconceptions 
about medication use can ensue, with consequential implications for disease management. Hence, better insights into 
patients’ medication adherence and inhaler technique may provide opportunities to inform clinical decisions and improve 
care.16

The Opportunity to More Accurately Evaluate and Improve Medication Adherence
Self-reported adherence rates are notoriously unreliable.17–20 Various attempts have been made to address this issue 
including use of dose counters, prescription refill data and biomarker measurements, such as fractional exhaled nitric 
oxide. However, each of these approaches has confounding factors and significant limitations such as not providing 
information about whether doses were inhaled or were simply discharged, and fractional exhaled nitric oxide levels being 
influenced by a variety of intrinsic and extrinsic factors other than asthma.10,21,22

Simple digital solutions such as dose counters attempt to track adherence rates of patients with obstructive airway 
diseases in the real world;23 however, these methods are unlikely to accurately reflect actual adherence behaviors of 
patients.24 In recognition of the importance of both adherence (related to when a patient takes their medication) as well as 
inhaler technique (how a patient takes their medication), the term “actual adherence” has been coined, which considers 
the attempted rate of adherence, the interval between doses and the inhaler technique error rate. Compared with 
standalone measures, such as data from dose counters, prescription refills, claims data, and/or self-reporting, actual 
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adherence data might inform a more complete assessment of medicine use and could be more reflective of changes in the 
quality of life and lung function of patients with asthma.11,25 Furthermore, objective data from digital inhalers often show 
significantly lower actual adherence among patients with respiratory diseases compared with standard measures 
(Table 1).11,24,26–29 For instance, actual adherence data in one study of patients with COPD indicated that less than 
25% used their inhaler correctly and on time.28

It is also important to appreciate that medication non-adherence can be categorized into two types, unintentional and 
intentional, that require different remedial approaches.30 Unintentional non-adherence is often responsive to patient 

Table 1 Adherence Measured by Different Electronic Monitoring Devices

Adherence Measures Digital Inhalers and Studies

Inhaler 
Sensors, 
Stanford 

et al, 202026

Chosen 
Digital 
Inhaler, 

Hesso et al, 
202024

INCA, Sulaiman et al, 
201811a

INCA 
Cushen 

et al, 
201827

INCA 
Moran 
et al, 

201728

Smartinhaler 
Burgess et al, 

200829

Indication/Intervention Asthma Asthma or 
COPD

Asthma COPD COPD Asthma

FP- 
SAL

FF- 
VI

(Bio) 
Feedback

Intensive 
Education

Adherence measure – from digital device

Percentage attempted adherence as 
measured by the digital inhaler, 

median (range) or %, mean (SD)

- - 72.7 (15.9– 
100)

73 (±26.2) 82 (±18.1) 50 (32) 58.7 
(29.7)

70.5 (21.4–100)

Percentage actual adherence as 

measured by the digital inhaler, 

median (range)

- - 42.7 (0–96.4) 73 (±24.0) 63 (±26.0) - 23.2 

(29.0)

-

Average adherence as measured by 

the digital inhaler, % of days, meanb

33c 59d - - - - - -

Percentage of patients who had 

sufficient controller dose for ≥80% 
of days, mean %b

8.7c 32.8d - - - - - -

Adherence measure – from other sources

Average adherence from dose 

counter (mean ±SD) or doses used 
rate (mean, SD)

- - - 92 (±15.8) 79 

(±108.4)

83 (23) 76.9 

(28.9)

-

Percentage MRA or MPR median 
(range)

- - (MRA) 100e 

(33.3–133.3)
- - (MPR) 76 

(31)
(MPR) 
75.6 

(31.4)

-

Percentage PDC, median (range), or 

mean (SD)

59 

(NR)c
66 

(NR)d
97.8e (33.3– 

100)

- - 73 (33) 73.8 

(32.6)

-

Percentage of doses reportedly 

taken, reported in response to 

qualified non-judgmental question, 
median

- - - - - - - 85.1

(Continued)
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education, treatment simplification, or the use of a reminder system. Intentional non-adherence is typically more complex 
and challenging since strategies focused on unintentional non-adherence are ineffective in these contexts.31

Using real-time electronic medication monitoring technology to initiate support calls or automatic reminders can help 
reduce unintentional medication non-adherence in patients with asthma and COPD. Vasbinder et al showed that sending 
tailored SMS reminders, warning of a missed or likely to be missed dose, to children with asthma resulted in better 
inhaled corticosteroid (ICS) adherence, but no improvement in disease control, quality-adjusted life years (QALY) or 
exacerbation rates.32 A similar conclusion was reported in another study, entailing sending personalized reminders 
together with additional support calls (if medication was missed or if rescue medication use doubled). Adherence 
improved but did not significantly change quality of life in patients with asthma and COPD. However, although there 
was also no observed effect on time to next exacerbation, the intervention group did show a trend toward a 39% decline 
in exacerbation frequency.33

Interventions addressing the more complex challenge of intentional non-adherence require additional elements.34 For 
instance, the gamification of disease management systems – with the intention of replacing the “chore” of routine 
medication with that of a captivating game – has demonstrated positive results in young people with asthma.35 Elias et al 
reported improvements in adherence after gamifying the use of a handheld spirometer via a mobile phone-based 
application. Patient satisfaction rates were high and none of those enrolled reported a preference for the spirometer 
alone over the novel intervention.35 Similar results were reported for a sensor and companion app containing game 
features; adolescents with asthma were interested in continued use of the technology, noting that they thought the 
intervention improved asthma control.36 These results highlight the potential positive impact game features could have on 
adherence when incorporated into medication regimens.

In a literature review published by Mosnaim et al, digital interventions utilized in asthma management were identified 
and compared.37 It was reported that “generalized” interventions (defined as noninteractive, non-patient specific digital 
education material) demonstrated improvements in medication adherence; however, these did not translate to improve-
ments in asthma burden. This may be a result of overestimated adherence caused by intentional non-adherence, such as 
the deliberate firing of inhalers to increase adherence measurements.32 In contrast, Mosnaim reported that interactive 
interventions (most often composed of an asthma management platform alone or in combination with a digital inhaler) 
that involved patient-specific data and bi-directional communication demonstrated improvements in both medication 
adherence and disease impairment.37 These results highlight the superior impact of initiatives that provide personalized 

Table 1 (Continued). 

Adherence Measures Digital Inhalers and Studies

Inhaler 
Sensors, 
Stanford 

et al, 202026

Chosen 
Digital 
Inhaler, 

Hesso et al, 
202024

INCA, Sulaiman et al, 
201811a

INCA 
Cushen 

et al, 
201827

INCA 
Moran 
et al, 

201728

Smartinhaler 
Burgess et al, 

200829

Indication/Intervention Asthma Asthma or 
COPD

Asthma COPD COPD Asthma

FP- 
SAL

FF- 
VI

(Bio) 
Feedback

Intensive 
Education

Percentage of doses taken, as 

recorded by patient using an 

anonymous questionnaire, median

- - - - - - - 84.2

Notes: aData shown are at 3 months. bMean proportion of days on which sufficient controller dose was actuated, as observed by inhaler sensors (≥2 actuations/day for FP- 
SAL; ≥1 actuation/day for FF-VI). cAmong patients using twice daily fluticasone propionate/salmeterol. dAmong patients using once-daily fluticasone furoate/vilanterol. 
eIndicates statistically significant difference compared with attempted adherence and actual adherence measured by the EMD at P<0.01. 
Abbreviations: COPD, chronic obstructive pulmonary disease; EMD, electronic monitoring device; FP-SAL, fluticasone propionate and salmeterol; FF-VI, fluticasone 
furoate plus vilanterol; MPR, Medication Possession Ratio; MRA, Medication Refill Adherence; NR, not reported; PDC, Proportions of Days covered; SD, standard deviation.
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feedback when compared with those providing patients with more generalized content. The preference and needs of each 
patient should always be considered when initiating such interventions; incorporating interactive elements, such as 
feedback on inhaler technique, in a way which best suits the patient, may be vital in translating improvements in 
adherence to symptom burden in patients with respiratory diseases.37,38

The Opportunity to Improve Inhaler Technique in Real Time
Poor technique is associated with adverse disease outcomes.14 Patients are often unaware that they are using their inhaler 
incorrectly, and many healthcare professionals (HCPs) who care for asthma and COPD patients lack the required skill to 
properly demonstrate optimal technique.39,40 Furthermore, improvements in technique achieved through training are 
often short-lived.41 Personalized community pharmacist-delivered inhaler training, informed by data recorded by a digital 
device, might give rise to more sustained improvements in clinical outcomes,42 although data on such interventions are 
limited at present.

In 2020, Curran et al reported that the insertion of a flow probe directly into the mouthpiece of a valved holding 
chamber could allow the real-time analysis of respiratory flow during use, without increasing inhaled resistance or 
disturbing drug delivery to the lungs.43 This discovery highlighted the potential of accurately and passively measuring 
inspiratory flow profiles of children and adults. Other such devices can also provide informative data; for instance, 
a Spacer Data Logger Device, capable of recording adherence and user technique, was effective in identifying incorrect 
inhaler use and the resulting impact on the dose received in patients with asthma and COPD.44

More sophisticated digital devices capable of providing information on inhalation parameters, without requiring use 
of a separate spirometer, are a recent development in respiratory care.45 The acoustic sensing INhaler Compliance 
Assessment (INCA) device is widely considered one of the first add-on digital devices capable of monitoring inhaler 
technique. Of note, this device was only introduced within the past decade.45,46 Since its development, the INCA device 
has contributed to important research highlighting the discrepancies between reported and actual adherence rates in 
patients with asthma and COPD.11

In late 2018, the ProAir® (albuterol) Digihaler®47 (Teva Pharmaceuticals, LLC) became the first FDA-approved 
inhaler with integrated sensors capable of recording and providing feedback on PIF, time to PIF, inhalation volume and 
duration, in addition to recording data on adherence.8,48 Using visual displays, via a smartphone app connected to the 
inhaler by Bluetooth, the data recorded is provided to patients and (optionally) HCPs offering potential opportunities to 
identify and correct problems with inhaler technique.15 Another example of connected inhaler technology is the Respiro® 

RS01X device (Amiko, Milan, Italy), whose built-in sensors can provide information on each critical movement during 
inhaler actuation.45,49–51 Using Bluetooth, the device can be paired with a companion mobile application to provide 
patients with personalized information, and usage data can be wirelessly uploaded to a provider portal for HCP access. 
These features may promote disease management and enable the efficient monitoring of large populations of respiratory 
patients, respectively.52

Several other smart inhalers are either licensed for use or undergoing clinical trial evaluation45,53 This includes the 
recently approved Enerzair® Breezhaler® (Novartis Pharmaceuticals UK, Ltd),54,55 which, when paired with the 
Propeller® mobile application, is also available to support clinicians and patients with asthma in monitoring and 
recording inhaler device handling.54 The key features of digital inhaler devices are summarized in Table 2. Costs for 
use are country-specific and depend on local reimbursement strategies, and are thus considered outside the scope of this 
review. Despite numerous advances in inhaler technology, there remains a fundamental need to enhance respiratory care 
through improved inhaler training, for both patients and HCPs – a challenge that will require effective implementation of 
the inhaler technology available, as well as the appropriate use of the information they provide.

Advancing Clinical Decision-Making Through a Personalized Data-Driven 
Approach
Current guidelines emphasize the importance of a proactive and personalized approach to asthma and COPD 
management;3,4 however, the concept of personalized management is not explored in detail in the guidelines. Hence, 
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it is not surprising that best practices are often not realized in real-world clinical settings,56 with limiting factors 
including lack of time, knowledge, and experience on the part of HCPs.57 To develop suitable personalized action 
plans, clinicians require accurate insights into patient behavior and disease status, as well as the ability to interpret these 
and make appropriate judgements.3,4 Until very recently, decision-making has unavoidably depended on subjective and 
often unreliable data. Innovations providing real-world data may in the future guide personalized solutions. This is where 
digital inhalers have the potential to have a significant impact. Innovation is required in how best to use them both from 
the patient and the healthcare provider perspective, considering the data that they can capture.

The Capability to Incorporate Insights on Patient Behavior into Treatment 
Decision-Making
Digital inhalers allow the passive collection of otherwise unobtainable data relating to factors that influence patient 
adherence behavior. For example, using Bluetooth-enabled inhaler devices, researchers have been able to conclude that 
contextual factors, such as boredom and symptoms, were associated with altered (in this instance, increased) adherence 
behavior in children with asthma.58 Additionally, distinct behavioral phenotypes have been identified in patients with 
respiratory diseases. Following the assessment of inhaler use frequency and proficiency in patients with COPD, three 
equally sized clusters corresponding to distinct patterns of patient behavior were identified. These included two with high 
error rates but different levels of inhaler use (high versus low), and a third with overall good adherence and technique. 

Table 2 Digital Inhaler Devices Currently Licensed for Use or Undergoing Clinical Trial Evaluation

Digital Device Compatible 
Inhalers

Smartphone 
Application

Patient Reminder 
Available

Inhaler 
Technique Check

Measures 
Inspiratory Flow

Inhaler Compliance 

Assessment (INCA)™

Diskus® x x ✓ ✓

Propeller Sensor pMDI ✓ ✓ x x
Diskus®

Ellipta®

Respimat®

Breezhaler®

Turbohaler®

Easyhaler®

Hailie Sensor® pMDI ✓ ✓ ✓ x
Diskus®

Turbohaler®

Handihaler®

Turbu+™ Turbohaler® ✓ ✓ x x

CapMedic® pMDI ✓ ✓ ✓ ✓

Respiro® pMDI ✓ ✓ ✓ ✓
Ellipta®

Nexthaler®

Spiromax®

Herotracker® pMDI 

Diskus®

✓ ✓ x x

Digihaler® Inbuilt 

Digihaler®

✓ ✓ ✓ ✓

Notes: Reproduced with permission of the ERS 2022. Dhruve H & Jackson DJ. European Respiratory Review. 31 (164) 210271; DOI: 10.1183/16,000,617.0271–2021 Published 
25 May 2022.53 

Abbreviation: pMDI, pressurized metered-dose inhaler.
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Factors that were predictive of cluster assignment included age, cognition, comorbidities, and poor lung function.59 

These categories were also identified by Cushen et al, but with the addition of a fourth cluster containing users with both 
low error rates and low inhaler use27 (Figure 1).

Meanwhile, in patients with asthma, three clusters of adherence (representing poor, moderate and good) were 
identified and explored for stability. It was reported that the most accurate cluster prediction was approximated in 
a decision tree that used the percentage of prescribed doses taken during the study. In data unseen to the training model, 
this method had an accuracy of 84%.60 Going forward, such behavioral phenotypes should be taken into consideration – 
despite the demonstrated heterogeneity within patient behaviors, knowledge of these patterns could aid the development 
and selection of adherence interventions.59,60

Digital inhalers may also aid the identification of appropriate patient populations who require escalation of therapy. 
The GINA and GOLD guidelines recommend that adherence and inhaler technique be assessed prior to initiating or 
stepping-up treatment.3,4 However, van Boven et al reported that more than 80% of patients (98/120) commencing GINA 
step 5 therapies for severe asthma had poor adherence to ICS/long-acting beta agonist therapy over the previous 12 
months.61 In a study of preschool-age children with severe wheeze by Bingham et al,62 50% (24/48) had suboptimal 
adherence with ICS, while Lee et al63 reported that at least 50% of 69 patients with difficult asthma eligible for novel 
therapies, such as biologics and thermoplasty, were nonadherent with their ICS or ICS/long-acting beta agonist therapy 
medication. These studies highlight an unmet need for better identification of medication adherence in patients with 
respiratory disease.61–63 In contrast, Sulaiman et al11 reported that of 146 patients, 40 (27%) had uncontrolled asthma 
despite having actual adherence rates of greater than 80% (reflecting good inhaler technique as well as good adherence) 
(Figure 2) – such patients are likely appropriate candidates for add-on biologic therapy.11 Digital inhalers could therefore 
assist clinical decision-making through both the prevention of unnecessary escalation to biologics in patients with poor 
adherence/inhaler technique,64 and the identification of patients who may benefit most from novel or step-up therapies. 
However, studies are needed to confirm these benefits.

The Opportunity to Implement a Risk Identification and Reduction 
Approach
Exacerbations of asthma and COPD are often preceded by predictable changes in patient behaviors (short-acting beta2- 
agonist use) and inhalation parameters (PIF, inhalation volume and inhalation duration).65,66 Devices capable of 
accurately measuring these parameters, including continuous short-acting beta2-agonist overreliance, might potentially 

Figure 1 Four clusters of adherence behaviors as identified and reported by Cushen et al.27
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enable the recognition of changes in inhaler technique and lung physiology that precede a clinical exacerbation.67,68 

Applying machine learning techniques to the objective and personalized data obtained from digital inhalers could 
potentially enable the accurate prediction – and therefore guide pre-emptive treatment of – impending exacerbations in 
a way that has not previously been possible.

Consequently, several efforts have been made to develop a system capable of predicting impending exacerbations of 
respiratory diseases.69–71 In 2016, Killane et al compared exacerbation prediction models using two sources of inhaler 
medication adherence data: dose counter and electronic monitoring. While reported adherence was significantly higher 
with the dose counter than that reported by electronic monitoring, the relative risk measures produced by the predictive 
model were not significantly different between the two sources.71 In another study, adherence data were collected and 
used to calculate entropy (used as a measure of irregular inhaler use over this period), defined in terms of transitional 
probabilities between different levels of adherence. Patients with difficult-to-treat asthma underwent electronic monitor-
ing of ICS over 50 days. A significant association between entropy and asthma exacerbations at all levels of severity, 
including requiring hospitalization, was found.70 These data highlight the need to identify the optimum metrics to 
develop a predictive model.

A predictive model of impending asthma exacerbations was created by applying machine learning techniques to data 
downloaded from the ProAir Digihaler together with clinical and demographic information. The generated model 
predicted an impending exacerbation over the following 5 days with high diagnostic accuracy (a receiver operating 
characteristic area under curve of 0.83 [out of a maximum 1]).67 The most significant factors contributing to the model 
were features based on the number of inhalations during the 4 days prior to prediction.67 A similar model for prediction 
of COPD exacerbations achieved a receiver operating characteristic area under curve value of 0.77, with features based 
on baseline inhalation parameters the most significant factors contributing to the model.68 While more data are needed, 

Figure 2 Clinical outcomes at the end of a 3-month study. After 3 months, patient data on peak expiratory flow (PEF), asthma control (Asthma Control Test [ACT] and 
Asthma Quality of Life Questionnaire) and inhaler adherence (from the INCA device) were combined to provide an assessment of each patient’s asthma, as suggested by 
Global Initiative for Asthma. These included: 1) assess adherence (patient is uncontrolled and adherence is poor); 2) review comorbidities (patient is uncontrolled, 
adherence is good and PEF is stable); 3) step-up therapy (patient is uncontrolled, adherence is good and PEF is unstable); 4) consider reducing therapy if the patient has both 
good control and PEF >80%. Results of the decision tool are shown and indicate that after the monitored adherence program, 40 (27%) patients needed additional 
medication as the next step. This material has not been reviewed prior to release; therefore the European Respiratory Society may not be responsible for any errors, 
omissions or inaccuracies, or for any consequences arising there from, in the content. Reproduced with permission of the ©ERS 2022. European Respiratory Journal 
Jan 2018, 51(1):1701,126; DOI: 10.1183/13993003.01126–2017.11
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these initial models represent first steps in the development of predictive systems capable of causing a meaningful shift 
from reactive to proactive care within respiratory medicine.

Support Patient Empowerment and Shared Decision-Making
Shared decision-making is increasingly becoming an important part of clinical practice, representing a profound shift in 
medical culture. Involving patients in the clinical decision-making process may be associated with increased patient 
satisfaction and improved disease outcomes.72 Research confirms that the benefits of shared decision-making may be 
enhanced by the provision of useful information on a patient’s disease status and management, particularly if this can be 
sourced from objective data.31,73 Smart inhalers have clear potential to provide valuable insights here; however, there are 
important additional considerations around their use. For instance, some can provide feedback immediately, whereas 
others require data to be downloaded. Different devices may be convenient for a particular patient. Indeed, shared 
decision-making involves engaging the patient according to their individual preferences.72 Limited studies have indicated 
that patients welcome the use of smart inhalers with feedback;74–76 however, their usefulness has been doubted in 
patients who used their inhalers only when they had symptoms.76 Clearly, more studies are needed in this area.

Where to from Here?
The Need for a Consensus Framework for Implementation of Digital Systems
Technological innovation is already enabling many patients with chronic conditions to take more control of their disease 
management and achieve better disease outcomes. However, while these products are becoming increasingly available, 
they differ and population-level infrastructure capable of interpreting the volume of patient data captured and supporting 
widespread use of digital devices within health services is lacking.77 Lessons from other therapy areas could provide 
invaluable insights into the facilitators of and barriers to integrating digital technologies/inhalers into clinical practice. 
For example, after acknowledging the considerable benefits of digital glucose monitoring in diabetes care, focus groups 
with practicing endocrinologists highlighted that the data generated increased provider workload and responsibilities 
more than anticipated. In particular, insurance and reimbursement coverage of the devices and associated visits were 
considered burdensome.78 Similarly, in asthma care, Kan et al reported concerns from healthcare providers regarding the 
anticipated additional workload that is likely to accompany the use of digital device data in routine practice, and that 
extra employees would be required to manage this increase.79

Other reports have emphasized the need for sound cybersecurity within digital systems.80 In diabetes care, this has 
been addressed through the development of DTSec, a cybersecurity standard, containing both performance and assurance 
requirements, for connected diabetes devices.80,81 The need to streamline data and reports from a variety of digital 
systems is also important for successful application.78,82 The integration of data into electronic medical records would 
likely also improve the efficiency of associated medical appointments for both patients and clinicians alike.79,82 Thus, 
digital solutions have great potential to offer advanced and targeted care should a consensus framework for implementa-
tion be established.

Knowledge and Practice Gaps – Will Improvements in Adherence and Technique 
Translate to Clinical and Economic Outcomes?
While digital devices may improve patient adherence to inhaler medication and their inhalation technique, there are 
conflicting reports of whether such changes could translate into clinical and economic outcomes. One study in pediatric 
patients with asthma32 and another in patients with COPD,73 reported conflicting results. Each study investigated the 
clinical and economic outcomes of an adherence-enhancing intervention involving real-time dose alerts. Although both 
interventions resulted in improved adherence, only Alshabani et al reported an improvement in clinical and economic 
outcomes, through a reduction in COPD-related healthcare utilization.73 Whereas, Vasbinder et al reported numerically 
higher costs but no identifiable improvement in clinical outcomes in the asthma population.32 The latter outcome may in 
part be due to incorrect inhaler technique, highlighting the need for future studies to focus on novel interventions that not 
only consider adherence, but also other clinically meaningful factors.
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Evidence on the effect of digital devices on clinical outcomes is currently lacking; however, some potentially 
insightful studies are ongoing. These include the Maximizing Adherence and Gaining New Information for Your 
COPD (MAGNIFY) primary care cluster randomized trial in COPD, designed to investigate whether adherence support 
can improve COPD outcomes in real life in the UK (https://opri.sg/magnify/).83 In children with asthma, ongoing studies 
include the Improving Adherence by Guiding Inhalation via Electronic Monitoring (IMAGINE) I trial using the Respiro® 

add-on sensor,84 and a pilot study of the HeroTracker electronic monitoring device linked to BreatheSmart mobile app.85 

In adults and adolescents with asthma, the CONNECT study program (NCT03890666 and NCT04677959) is exploring 
the effects of the albuterol and (in CONNECT2) the fluticasone/salmeterol Digihaler on asthma control.

The cost-effectiveness of an adherence-enhancing intervention in patients with COPD was assessed using a health- 
economic model with data from INCA trials, and Irish national economic and epidemiological information.86 Using 
digital device data, patients were separated into four clusters of inhaler adherence behavior: 1) regular use, good 
technique; 2) regular use, frequent critical technique errors; 3) irregular use, good technique; and 4) irregular use, 
frequent critical technique errors. Compared with Cluster 1, patients in Cluster 3 were significantly more likely to visit 
the emergency department during the 12-month follow-up period, and significantly greater death rates were seen in 
Cluster 4 during this period (Figure 3). Post-intervention, Clusters 2 and 4 gained one QALY per €6520 and €3935 
invested, respectively – values substantially lower than the Irish threshold of €45,000/QALY. Notably, rather than 
incurring additional costs, the adherence-enhancing intervention in Cluster 3 resulted in annual cost-savings of 
€845 per person86 suggesting that identifying patients most likely to benefit from adherence-enhancing interventions 

Figure 3 Proportional contributions to all-cause clinical outcomes according to adherence cluster over a 12-month follow-up period. Proportional contribution of each 
adherence cluster to all-cause clinical outcomes over the 12-month follow-up period (adjusted for the number of participants per cluster). Reported differences are the 
absolute differences in the proportion of events attributable to cluster 3 vs cluster 1 for emergency department and hospital admission and cluster 4 vs cluster 1 for death. ^ 
denotes P = 0.05, *P < 0.05. 
Notes: Reproduced from van Boven JFM, Cushen B, Sulaiman I 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):24. Creative commons license is https://creativecommons.org/licenses/by/4.0/.86
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could be fundamental in maintaining treatment cost-effectiveness. However, translating such reports to real-world 
implementation is challenging because reimbursement incentives for HCPs to engage with the technologies are currently 
lacking – this issue is one deserving of the time and effort required to reach a solution.

Conclusions
The terms “adherence” and “inhaler technique” are widely used when discussing inhaler use by patients with asthma and 
COPD. In fact, these terms are facades for what are highly complex and individualized patient behaviors, attitudes, and 
approaches to disease management, which for decades have not been addressed satisfactorily. Major advances in 
technology have been successfully incorporated into inhaler devices, providing a suite of digital solutions with the 
potential to revolutionize disease management and outcomes. Digital inhaler devices linked to mobile apps can help bring 
about changes in patients’ behaviors and attitudes towards the management of their asthma or COPD, particularly when 
they build in elements of interactivity and gamification. They can also support ongoing technique education, empowering 
patients and helping providers maximize the value of consultations and develop effective action plans informed by 
objective insights into the patient’s inhaler use patterns and their respiratory health. And, when combined with innovative 
techniques such as machine learning, they have the potential to predict exacerbations and prompt pre-emptive interven-
tion. Finally, digital inhalers have the potential to support an advanced precision-medicine approach to respiratory disease 
management and drive shared decision-making. However, there is a risk that consumers and health care providers may 
feel bombarded by the abundance of choice and capabilities of these technologies. To overcome this barrier and realize 
the potential of digital inhalers, an informed, strategic approach that respects user preferences is needed. Integration into 
management guidelines, suitable reports and strategies, and support for uptake in real-life practice are all needed. Only 
then will we be able to use data captured by digital devices to deliver personalized disease management.
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