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Abstract: The most common reasons seen for lack of asthma control include misconceptions
about disease control, low controller treatment adherence, poor inhaler technique, and

the resulting underuse of controllers and overuse of short-acting beta2 agonists (SABAs).
Narrowing these care gaps may be achieved through well-designed patient education that
considers the patient’s motivation, beliefs, and capabilities regarding their asthma and

its management and empowers the patient to become an active participant in treatment
decisions. Digital health technologies (DHTs) and digital therapeutic (DT) devices provide new
opportunities to monitor treatment behaviors, improve communication between healthcare
providers and patients, and generate data that inform educational interactions. DHT and DT
have been proven effective in enhancing patient self-management in other chronic conditions,
particularly diabetes. Accelerated integration of DHT and DT into the management of asthma
patients is facilitated by the use of digital inhalers that employ sensor technology (“smart”
inhalers). These devices efficiently provide real-time feedback on controller adherence, SABA
use, and inhaler technique that have the strong potential to optimize asthma control.
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Introduction

Despite advances in asthma classification, diagno-
sis, and inhalation therapy for both maintenance
and exacerbations, asthma remains a significant
global burden to the patient, healthcare providers
(HCPs), and the healthcare system.!»?2 The persis-
tently high burden of asthma reflects poor control,
which is an important risk factor for asthma exac-
erbations.>”> Between 30% and 62% of patients in
Europe and North America have uncontrolled
asthma, as defined by guidelines criteria.6-!!
Compounding the high frequency of uncontrolled
asthma is the common perception among patients,
general practitioners, and even respiratory special-
ists that asthma is controlled to a much greater
degree than is actually the case (Figure 1).%10

A 2018 survey gathered feedback from online
responses and semi-structured interviews with

234 Canadian healthcare professionals (HCPs)
across four provinces (Alberta, British Columbia,
Ontario, and Quebec). The responses provided
insight into the factors underlying common gaps
and challenges in asthma care within Canada
(Table 1).12 There were high levels of agreement
with the statements that “Most patients with
asthma do not proactively help themselves” and
“HCPs believe they should be doing more to
point out important gaps in both patient self-care
and management.”

Asthma control is influenced by a host of factors,
including comorbidities, environment, medication,
asthma status, and patient- and physician-related
issues (Table 2).13-3! Guidelines from the Global
Initiative for Asthma (GINA), the United States
(US) National Asthma Education and Prevention
Program, and Canadian Thoracic Society identify
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Figure 1. Real and perceived asthma control.?

Table 1. Canadian healthcare professional statements on asthma care.'?

Level of agreement % (n) of participants who reported agreement with the statement=
with. . .
GP/FPs Specialists CREs (n=21) Nurses Pharms Total (n=190)  Significant
(n=79) (n=18) (n=18) (n=54) differences®
| believe there are 41% (n=32) 72% (n=13) 43% (n=9) 72% (n=13) 50% (n=27) 49% (n=94) p=0.035

discrepancies between the
Canadian guidelines and
the international guidelines
which create confusion of
what to do in practice

Asthma spirometry test is 43%¢ (n=34) 44% (n=8) 14% (n=3) 17% (n=3) 17% (n=9) 30% (n=57) p=0.002
not necessary to diagnose

asthma

Asthma can be diagnosed 75% (n=59) 72% (n=13) 71% (n=15) 50% (n=9) 63% (n=34) 68% (n=130) NS

based on patient history,
and response to a
medication trial

Most patients with asthma 56% (n=44) 67% (n=12) 48% (n=10) 33% (n=6) 61% (n=33) 55% (n=105) NS
do not proactively help

themselves

Managing adult patients 35% (n=28) 72% (n=13) 33% (n=7) 39% (n=7) 39% (n=21) 40% (n=76) NS

with asthma is time-
consuming and frustrating

| suspect there is more | 72% (n=57) 67% (n=12) 81% (n=17) 89% (n=16) 87% (n=47) 78% (n=149) NV
should be doing in the care
of patients with asthma

Source: Murray et al.'? Reproduced with permission from the authors according to the terms of the Creative Commons Attribution 4.0 International
License (http://creativecommons.org/licenses/by/4.0/).

aParticipants were asked to indicate their level of agreement with the following statements. Data are the % of participants that selected 3 or 4 on a
four-point scale (1=completely disagree, 2=slightly disagree, 3=slightly agree, 4=completely agree).

bSignificant differences between professions using chi square (p <0.05).

Post hoc test indicated for statistical difference.

CRE, certified respiratory educator; FP, family physician; GP, general practitioner; NS, not significant; NV, Chi square not valid due to distribution;

Pharm, community pharmacist.
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Table 2. Factors influencing asthma control.

Patient related

Adherence?.14-18
Inadequate knowledge about asthma and its management
© Mixing maintenance and rescue inhalers
° Forced inhaler changes
° Patient inertia
= Low acceptance of asthma diagnosis or severity
= Clinical fatigue/frustration over lack of improvement
= Apathy to treat preventively
Inhaler technique3-15.17.19.20
© Education and reinforcement of proper technique
© Type of inhaler
© Motivation to master technique
Older age?!:22
Duration of asthma?'.22
Asthma severity!421
Smoking history'415.22.23
Female sex?223
Low socioeconomic status'3.14.16
Stress'4
Medication access/cost?425

Physician related

Lack of specialist care'”.26

Suboptimal adherence to asthma guidelines?’-2?

Underestimation of asthma severity!".27.30

Poor communication of asthma and its management to patients and caregivers
Clinical fatigue/frustration over lack of improvement

Apathy to treat preventively

Respiratory related

Low FEV, (especially < 60% predicted)'3.14.15.23
Elevated blood eosinophils?
Elevated FeNO'™

Other medical conditions

Obesity'3-15.2223
Chronic obstructive pulmonary disease??
Chronic rhinosinusitis'15

Allergic rhinoconjunctivitis'é17
Cardiovascular disease'®22
Gastroesophageal reflux disease’s s
Allergies’s 14

Major psychological issues'3'4

Alcohol or other substance abuse'®
Pregnancy'?

Environmental

Air pollution?

Weather3!

Exposure to dust, gas, vapor, fumes, or other allergens'23
Second-hand tobacco smoke, including e-cigarettes’.1¢-18

FeNO, fractional concentration of exhaled nitric oxide; FEV;, forced expiratory volume in 1s.

non-adherence and poor inhaler technique as two
of the principal associations.!3:1%32 High short-act-
ing beta2 agonist (SABA) use and misconception
of asthma control must also be addressed to signifi-
cantly improve patients’ asthma status.

Rates of non-adherence to asthma therapy have
been shown to range between 30% and 70%,
irrespective of the metric used to measure adher-
ence, and several studies show the significant
impact of non-adherence on asthma control.33-35
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Non-adherence is defined in the GINA guide-
lines as the failure to take medication as agreed
upon between the patient and HCP;!3 in actual-
ity, patients leaving their physician’s office with
a prescription for asthma medication do not nec-
essarily understand or agree to its usage, even if
they have been instructed about the importance
of taking it as prescribed. Adherence may be
considered with respect to treatment initiation,
implementation, and/or persistence and discon-
tinuation. Causes of non-adherence are multi-
factorial (Table 2) and adherence can vary
within the same patient across therapies for dif-
ferent conditions.33:3% Non-adherence may be
intentional or unintentional.!?37 Intentional non-
adherence refers to when patients actively decide
to disregard treatment recommendations, aris-
ing from factors such as concern about treat-
ment, perceived lack of efficacy, beliefs about
illness, treatment fatigue, perceived need, or a
lack of resources. Unintentional non-adherence is
characterized by patients who cannot follow
their prescribed treatment regimen due to fac-
tors beyond their control. Examples of these fac-
tors are forgetfulness, complex dosing, or
incorrect administration. Poor communication
between the HCP and the patient is a significant
contributor to unintentional non-adherence,
leading to the patient misunderstanding instruc-
tions. Miscommunication is multifactorial and
often involves family and belief systems.

Improper inhaler technique is another principal
factor in poor asthma control. According to a sys-
tematic review (IN =144 articles), the rate of cor-
rect technique was 31% (28-35%) and another
31% (27-36%) had poor technique, and there
has been no significant improvement in technique
over the past 40 years.3® The most common errors
identified for both metered-dose and dry-powder
inhalers include inadequate inhaler preparation,
incorrect tilting of the head, failure to empty
lungs prior to inhalation of medication, insuffi-
cient inspiratory effort, and breath not held for at
least 3 s following inhalation.19:38:39

Principles of asthma education

To address the factors reducing asthma control —
notably non-adherence, poor inhaler technique,
SABA overuse, and misconception of asthma
control — proper patient education tailored to the
patient’s age and health literacy level is essential.
The GINA guidelines stress the importance of

patient education that focuses on self-monitoring
of symptoms and/or peak flow, a written asthma
action plan, and regular review of asthma control,
treatment, and skills in inhaler use, which has
been shown to reduce asthma morbidity in adults
and children.!?

To bring about lasting behavior change, patient
education should follow the principles of adult
learning, accounting for the patient’s level of
knowledge about asthma, literacy and education
levels, desire to learn about and/or address their
conditions, and ethnic/cultural perspectives.
Effective patient education can be provided by
the treating physician, nurses, pharmacists, and
trained asthma educators.!?> All HCPs involved in
asthma education must be capable of providing
information in a way that considers the patient’s
motivation, beliefs, and capabilities. HCPs must
remain updated about the most recent develop-
ments in asthma diagnosis, classification, moni-
toring, and management, including daily care and
response to exacerbations, and be prepared to
change their management strategies according to
new information and guidance. Readiness to
change clinical practice behavior applies to HCPs
as well as patients. HCP education should also
include the use of enhanced patient engagement
strategies focused on behavior change, such as
motivational interviewing and shared decision-
making, particularly among those who are inten-
tionally non-adherent.4%42 The key principles of
motivational interviewing are to guide and
empower patients who are ambivalent to behavior
change by helping them discover both their needs
and capacity to change.*? Shared decision-mak-
ing entails ensuring that patients feel well
informed and part of the treatment team, helping
them to identify their preference among the ther-
apeutic options and offering professional guid-
ance as needed.#?

Regular reinforcement of correct technique is
essential to optimize patients’ proper self-admin-
istration.1%20 Rather than “testing” technique,
which patients may perceive as judgmental, edu-
cational reinforcement should be encouraging
and motivating. Contributors to incorrect inhaler
technique include improper instruction by the
HCP, physical limitations, and changes in device
type. Although teaching inhaler device technique
is a core competency in asthma management,
HCPs may lack the skills to correctly demonstrate
inhaler techniques.3%%%%> This instruction is a
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shared responsibility of all HCPs involved in care
of the patient with asthma, and detailed commu-
nication is necessary to ensure that it is performed

properly.

Asthma educators play an important role in help-
ing patients and their caregivers manage asthma,
reduce the risk of exacerbations, respond appropri-
ately to exacerbations, and improve their overall
quality of life.#6:47 Educators will optimally engage
with the rest of the HCP team to ensure that these
messages are reinforced at all points of care.

Roles of digital health technology

For approximately 30years, digital health technol-
ogy (DHT) has been growing in use throughout
healthcare systems and transforming patient
care.®50 DHT comprises the spectrum of elec-
tronically delivered care, from online patient docu-
ments and telemedicine to wearable devices and
artificial intelligence (AI)-based systems. Beyond
improving healthcare systems and delivery of care,
DHT has a prominent and growing role in HCP
and patient education. Patient education has tradi-
tionally comprised general information about the
patient’s condition and its management; however,
advances in the ability of DHT to monitor disease
markers are increasingly providing individualized
education about their current health and self-man-
agement.’® DHT is frequently discussed as a homo-
geneous entity, even in studies. It is a broad term
that covers generalized, patient-specific non-inter-
active, and patient-specific interactive elements.>!

e Generalized DHT represents content that
is provided to patients that is not patient
specific or bidirectional. Examples include
reminders for prescription refills or appoint-
ments and non-interactive educational/
motivational content such as brochures or
pamphlets.

e DPatient-specific non-interactive content
involves data that are collected from
patients or shared with them that is not
intended to facilitate self-management,
support tools that do not provide feedback,
and static patient education.

e Interactive patient-specific activities are
bidirectional, including data collection that
provides feedback to patients, interactive
telemedicine, digital therapeutics (DTs)
devices, and platforms.

DT is an emerging category of DHT including
regulatory-approved devices and software that
have been demonstrated with clinical and real-
world evidence to prevent, manage, or treat a
medical condition.52:53

Discussion about DHT must recognize the wide
spectrum of what it encompasses and to what
degree the user is interacting with the content.
Digitally mediated models of care are intended to
contribute to improved health outcomes through
the encouragement of consistent evidence-based
management. They also enable patients and their
caregivers by helping to provide more timely,
accessible, and appropriate care, whether from an
HCP or via self-management.

The adoption of DHT is facilitated by the wide-
spread global use of portable digital technology
such as smartphones. There are an estimated
5.29billion unique mobile phone wusers, or
67.1% ofthe world’s population.>* Approximately
30.74 million Canadians (81.8%) were smart-
phone users in 2019.55:56¢ Digital health apps
remain a growing market. Between 350,000 and
500,000 medical, health, and fitness apps are
available for download around the world,>7-58 up
from 325,000 in 2017.5° More than 91,000 new
apps were introduced in 2020 alone.3” Apps that
support health condition management have
grown in relative number, from 27% of all health
apps in 2015 to 47% in 2020.57 Among the 2580
health condition management apps, those deal-
ing with mental health and behavioral disorders
were the most common (22% of total), followed
by diabetes (15%), heart and circulatory system
(10%), digestive system (8%), and respiratory
system (7%).>” While the number of apps con-
tinues to increase, their quality is less certain as
no standardized evaluation has been established.
A project to develop guidance that will effec-
tively assess the quality and reliability of health
apps was initiated by the European Committee
for Standardization with collaboration from
the International Organization for Standard-
ization and the International Electrotechnical
Commission. %0

There are several challenges to the continued pro-
gress of DHT in healthcare systems. Increasing
reliance on DHT for patient information and self-
management risks the expansion of social and
economic digital divisions.61-65
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e Internet access can be considered critical to
health literacy. In Canada, limited access to
reliable Internet, due to remote geography
and/or lower socioeconomic and marginal-
ized community status, has created a digital
divide. DHT, therefore, should be devel-
oped with the goals of maximum accessibil-
ity, meaningful interaction, and lasting
behavior change.

e There is a high level of mistrust of healthcare
and DHT, particularly among ethnic minori-
ties and other marginalized populations.5-67

e Alarge proportion of DHT is incomplete or
not integrated into current medical record-
keeping, limiting its usefulness.

e Rapid facilitation of data collection and
sharing allows unprecedented big-data
analysis that enhances medical research and
provision of care; however, the ethics of
data transfer remains unclear with respect
to privacy, data protection, and informed
consent.%8-70

e The roles of Al continue to expand in diag-
nosis, treatment, and prediction of clinical
outcomes; however, biomedical Al technol-
ogies are subject to bias,”! few established
standards exist for Al validation and several
Al systems operate as “black box” tech-
niques; that is, inputs and outputs may be
observed but not the internal workings.”2

e Al is associated with multiple medicolegal
implications. Physicians may depend too
much on technology and defer to it rather
than their own clinical decision-making.
Other potential factors that may increase a
healthcare professional’s legal liability
include the temptation to copy and paste
patient information rather than conducting
a full examination at each visit, claims of
negligence if the physician overlooks a
patient email or does not reply promptly,
and not acting on the additional quantity of
available patient data.”® App-specific barri-
ers include a lack of physician compensa-
tion and no model for reimbursement of
staff time to support patients using data-
gathering apps nor insurance coverage for
costs related to the technology.*

Optimal expansion of DHT solutions in clinical
use must continue to build on the advantages
while addressing the real and potential barriers.

Impact of digital solutions on chronic

disease management

DHT has been successfully incorporated into the
routine care of patients with several chronic dis-
eases. Diabetes requires daily patient self-man-
agement coordinated among the patient,
caregivers, and the healthcare team to reduce the
risks of short- and long-term complications.
Proper glycemic control to avoid both hyper- and
hypoglycemia necessitates regular measurement
of blood glucose and appropriate response if the
glucose levels are outside of the desired range.
Fear of hypoglycemia can be so profound that
some patients intentionally remain hyperglycemic
by reducing or skipping administration of their
insulin or oral agents.”>7% Continuous glucose
monitoring (CGM) is gradually replacing capil-
lary blood glucose monitoring as a convenient
and accurate glucose measurement. Key to the
increased use of CGM has been the development
of DTs, hardware, and software that measure,
analyze, and display feedback as well as consen-
sus documents on the interpretation of large
amounts of data through ambulatory glucose
profiles and time-in-range evaluation.?7-8!
Significantly lower Alc levels were achieved with
CGM wersus traditional self-monitoring and
among patients with more wversus less frequent
scan rates.82-8¢ CGM was also associated with sig-
nificant reductions in the incidence of severe
hypoglycemia,8* and patients reported higher lev-
els of satisfaction with their glucose monitoring.8>
Smart insulin pens work with associated smart-
phone apps to measure and store glucose levels,
track active insulin, calculate personalized doses,
and give dose reminders. Randomized trials and
real-world studies have shown that smart insulin
pens are associated with improvements in glyce-
mic control, adherence, life expectancy, and
increased confidence in the ability to self-manage
among patients with TIDM and T2DM.86-89

Beyond diabetes, DHT and DT are increasingly
being integrated into clinical practice for many
other chronic conditions, such as cardiovascular
disease,?0-93 chronic kidney disease,’* ophthal-
mology,®>° and mental health.*7°8 DHT is also
able to improve healthcare in developing
nations.%6:99-103 Ag one example, a team of eye
care professionals used a Peek Retina attachment
on a smartphone to take images of the lens and
fundus of 1460 participants in the Nakuru Eye
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Disease Cohort in Kenya, which were shared with
Moorfields Eye Hospital Reading Centre
(London, UK).? No observable difference was
found between images taken by an experienced
retinal photographer and a lay photographer with
no healthcare experience. A survey of mobile
health information access in 10 Asian countries
(N=9086) found that smartphones are effective
in bridging the digital divide between countries
with varying health expenditures; however, these
devices also expanded the divide among individu-
als by socioeconomic status.104

Future of DHT in asthma in the primary care
setting

Acceptability, impact, design features: what we
have learned to date?

As with other chronic diseases, DHT has the capa-
bility to transform the management of the patients
with asthma by providing data and patient educa-
tion that can improve adherence, inhaler technique,
and an overall ability to self~manage. A machine
learning tool for the prediction of exacerbations
was developed using data generated from 360
patients with poorly controlled asthma over
12weeks.195 According to this model, the mean
number of daily inhalations over 4days had the
highest predictive weight of all features that were
assessed. DHT employing motivational interview-
ing techniques on a mobile or electronic health

platform was reported in a systematic review to
achieve improvements in targeted health behaviors
among patients with chronic diseases, and increased
engagement in health behaviors or improvements
in health outcomes were reported among patients
from marginalized racial or ethnic groups in several
studies.!% DHT-delivered motivational interview-
ing was also found to be accepted positively by
patients, who expressed the belief that they were
supported through this approach.!9?” To achieve
optimal wusage and outcomes among asthma
patients and HCPs, key learnings to date about
DHT must be implemented in terms of acceptabil-
ity, impact, and design features (Table 3).

Impact of DHT on asthma adherence and out-
comes. Several studies have demonstrated the
benefits of DHT in the improvement of asthma
control and adherence. A systematic review and
network meta-analysis including 35 trials (N=5195
patients) found that behavioral support using high-
frequency (i.e. more than once monthly) DHT
was found to be associated with significant
improvement in asthma control in relation to low-
frequency HCP-directed behavioral or educational
support or usual care, and the probability of high-
frequency DHT being the best option for asthma
control was determined by surface under the
cumulative ranking curve to be 97.6%.108 A
Cochrane review of 40 parallel randomized con-
trolled trials involving adults and children with
asthma (N=15 207) found low-certainty evidence

Table 3. Key findings for DHT in management of the patient with asthma.

Adherence and outcomes

e Significant improvement in asthma control with high-frequency [more often than once monthly)
behavioral support using DHT versus low-frequency (less often or equal to once monthly) HCP-
directed behavioral support, HCP-directed educational support, or usual care'08

e Higher achievement of clinically meaningful asthma improvement versus standard of care inhaler'?

e Increase in HCP-reported patient interactions'?

e Improved adherence'0.11
Environmental scan and quality review

e Several asthma management apps have demonstrated the ability to change user behaviour'?

User-specific perspectives

e Patients and physicians generally have a positive view of DHT5"113

User-centered design
e Most important design criteria:5!
[e]

Simplicity of use for both inhaler device and software

O O O o©o

6-7 reading level'4

Interface similar to smartphone technology with which users are already accustomed
Software should inform, engage, and motivate users

Device should be unobtrusive, affordable, and provide accurate and objective measurements
Interface language/terminology should be concrete and understandable by persons at a Grade

DHT, Digital health technology; HCP, healthcare provider.
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https://journals.sagepub.com/home/taj

THERAPEUTIC ADVANCES in

Chronic Disease

Volume 14

of increased adherence to maintenance medication
among patients receiving digital interventions,
which the investigators found likely to be clinically
significant among patients with poor baseline
adherence levels.!15 Significantly better adherence
was observed for electronic monitoring devices
[+23% wersus control; 95% confidence interval
(CI) 10.84-34.16%; seven studies] and with short
message services (+12% wersus control; 95% CI
6.22-18.03%; four studies). A community-based
Italian study investigated the impact of the
Turbu+ program on adherence to budesonide
and formoterol (Symbicort® AstraZeneca plc,
Cambridge, England) Turbuhaler® in 661 patients
with physician-diagnosed asthma.!l® This pro-
gram uploaded inhaler use data to a smartphone
app and provided reminders, a display of medica-
tion use, and motivational nudge messages. The
average medication adherence for maintenance (1
or 2 inhalations bid) or maintenance + reliever
use was 70.2% and the proportion of adherent
days was 56.6%.

The CONNECT1 feasibility study (N=333 US
participants aged =13years with suboptimal
asthma control) determined that the use of an
albuterol digital inhaler — which included a mobile
app, cloud-based digital health platform, and a
web interface — was associated with a higher
achievement of clinically meaningful improve-
ment in asthma control versus standard of care
(SoC) albuterol reliever inhalers.!%® A Bayesian
statistical analytical approach determined that the
albuterol digital inhaler had an 85.3% probability
of greater odds of achieving a clinically meaningful
response than those treated with SoC. The
CONNECTT1 group also found that the albuterol
digital inhaler was effective in prompting interac-
tions between patients and HCPs, particularly
regarding inhaler technique and/or adherence
(107 wversus 44 discussions; difference in mean
number of events 0.95; 95% CI 0.476-1.634).10°
Parallel studies assessed the effect of a Breezhaler®
(Novartis AG, Basel, Switzerland) digital compan-
ion (sensor and smartphone app) in adult European
and Japanese patients with asthma.!1%111 Mean daily
adherence levels — number of puffs taken/number of
puffs prescribed X 100% (maximum 100%) — in
the European cohorts were 85.1% and 85.6% at
lmonth and 78.9% and 74.5% at 3 months.
Mean (SD) adherence was lower in the Japanese
cohort: 69.0% (39.3%) and 62.0% (42.8%) at 1
and 3months, respectively. In the first study, the

proportion of patients with well-controlled asthma
[Asthma Control Test (ACT) score > 19] rose from
22.7 to 43.7%, while those with very poorly con-
trolled asthma (ACT score<15) declined from
53.4% at baseline to 32.0% at follow-up.

It should be noted that nearly all studies of digital
inhalers were conducted in specialty practices.
Data from use in primary care are essential to
demonstrate benefits in routine clinical care.

Environmental scan and quality review. In a 2019
systematic evaluation, asthma management apps
were assessed for their ability to change user
behavior.!’2 The investigators identified 23
asthma apps according to the definition of behav-
ior change technique (BCT) and determined
quality ratings for each according to the Mobile
App Rating Scale (MARS).!!7 Abraham and
Michie defined 26 BCTs to reflect theoretical
aspects of behavior change; examples of tech-
niques include providing information on conse-
quences, providing general encouragement,
setting graded tasks, and prompting self-monitor-
ing of behavior.!'® The 23 selected apps were
reviewed by raters trained in Abraham and Mich-
ie’s coding of BCT taxonomy. Quality ratings
were determined based on the MARS, which
comprises 23 items in 5 domain areas — engage-
ment, functionality, aesthetics, information qual-
ity, and subjective quality — rated on a five-point
scale (1=inadequate; 5=excellent). The mean
number of BCTs used in these apps was four
(range 1-11), and three apps used =8 BCTs. The
most commonly used BCTs were instruction,
behavior-health links, self-monitoring, feedback,
teaching to use prompts/cues, consequences, and
others’ approval. The average MARS score for
app quality was 3.32 out of 5 (range 2.45-4.50):
four apps scored above 4.0 and five had a score
between 3.5 and 4.0.

User-specific perspectives for all asthma stake-
holders. A recent literature search and scoping
review of digital interventions in asthma found
that patients and physicians had a positive view of
DHT, including digital inhaler technology.>!
Recruitment packages for the MAGNIFY trial of
Breezhaler with adherence support technology
were accepted by 96.1% of patients aged 40 years
with chronic obstructive pulmonary disease and
=<50% adherence to mono/dual therapy.!''?> The
majority of those who declined did so for practical
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Table 4. Factors to consider in the use of DHT for all asthma stakeholders.

Patients

e Typically assume incorrectly that they have excellent control

e Adherence is less than optimal

e Comfort and desire to use this technology

e Costand insurance coverage for asthma DHT
Physicians

e Have the most patient-specific information

e Time and comfort with technology

e Are generally reluctant to seek assistance with aspects of DHT use

Asthma educators
e Most comfortable with education

e Have the least amount of patient-specific information
e DHT may help to address the information gap with other HCPs

Pharmacists

e Moderate amount of patient-specific information

e Focus on device and monitoring

e Monitoring with the DHT can improve and simplify patient education

DHT, digital health technology; HCP, healthcare provider.

reasons, including a small proportion of individu-
als who did not own a smartphone.

Several key considerations should be taken into
account for all stakeholders involved in asthma
management from a “what’s in it for me?” per-
spective (Table 4).

Patients and caregivers. Although patients are
generally open to DHT, not all technology will
produce a positive result for each individual. It
must be sufficiently engaging for the patient to
want to use it consistently. Developers of edu-
cational content have increasingly employed
“gamification,” which incorporates elements of
gameplay — for example, point scoring, attractive
graphics, and competition with others — to engage
the user and increase use. Data must also be
actionable, so the patient is motivated to respond
to results in the maintenance of positive or altera-
tion of negative behaviors. It should not be puni-
tive — that is, patients feel as though they are “in
trouble” with the physician — or the patient will
be demotivated to use the technology. Rather, the
technology should be perceived by the patient as
supportive of their communication with HCPs,
their overall care, and their ability to self-manage.
As with any proposed change in the patient’s life-
style, the HCP should assess the patient’s phase
of readiness to change — pre-contemplation, con-
templation, preparation, action, and maintenance
— and tailor communication to that phase. A

randomized controlled trial of an educational Alz-
heimer’s disease-related mobile phone app (Gray
Matters) based on the stages of behavior change
found positive impacts on behavior among
healthy subjects aged 40—64 years and significant
improvements in anthropometric measures and
blood-based biomarkers.!1°

Healthcare providers. For physicians and other
HCPs, DHT should provide clear, accurate, evi-
dence-based clinical information that contributes
to therapeutic decision-making for the individual
patient. It should not add to their workload for
the same level of care. It should be easily inte-
grated into the HCP’s current workflow and read-
ily shared with the healthcare and administrative
team, without the need to learn or incorporate
additional systems. This can be a challenge with
the continuous introduction of new technologies
and in the absence of established DHT standards.
The interpretation of results should be under-
standable by the HCP, which raises concerns
regarding the training necessary to understand
and interpret new technologies. Having a patient
present with data readings that are not read-
ily interpretable will likely lead to the physician
discontinuing the use of the technology. Consid-
eration must be given to who will train both the
patient and HCP on this new technology. HCPs
can also benefit from DHT and often require
behavior change toward adopting DHT as an
integral part of their daily clinical practice.
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Table 5. Common barriers to incorporating DHT into clinical practice.

Time
Training

Adherence to the technology
Resistance to change

No compensation for potentially more work
Overwhelmed with technology

Medicolegal concerns

Interpretation of information obtained from the device
Lack of consensus or standards for interpretation of DHT data

Fear of being watched, monitored, and/or reprimanded
Lack of perceived need for technology as the belief that patient is well controlled

Cost and insurance coverage for the device and technology

DHT, digital health technology.

Asthma educators are the best-equipped HCPs to
assist patients with how DHT can improve their
understanding of their asthma and its manage-
ment. This typically leads to a favorable impact
on adherence and technique. The educator’s role
is likewise assisted by DHT through more accu-
rate dosing data — frequency, technique, etc. —
than what a patient will self-report. The greatest
barrier to effective educator interaction is the lim-
ited access to asthma educators.

Pharmacists have a perceived responsibility to pro-
vide education about their asthma devices, espe-
cially for the initial prescription. As such, they are
also in the position to monitor the patient’s SABA
use, which can make them feel like the “asthma
police.” Pharmacists more commonly and consist-
ently use DHT than other healthcare professionals,
and they are generally willing to train patients on
the use of new devices as long as they have received
training on the salient points of use and interpreta-
tion beforehand. Pharmacists are commonly called
upon to assist with understanding DHT from both
medication and technological perspectives.

Table 5 lists the most common barriers to the use
of DHT or incorporating it into clinical practice.
Adherence refers to not only the medication but
also the technology.

User-centered design

In the literature search and scoping review by
Mosnaim ez al.,>! the most important design crite-
ria included simplicity of use for both inhaler
device and software, with an interface similar to
smartphone technology with which users are

already accustomed. The software should inform,
engage, and motivate users to develop and main-
tain healthy behaviors that help to control asthma
and be customizable to integrate into the user’s
daily routine. The device should be unobtrusive,
affordable to patients across the spectrum of
health insurance coverage, and provide accurate
and objective measurements. The language/ter-
minology of the interface must be concrete and
understandable by persons at a Grade 6—7 read-
ing level.11* All components should work together
seamlessly to evaluate symptoms and asthma
control.’! The only intervention type that resulted
in improvements in both adherence and asthma
burden was interactive with two-way responsive
patient communication.’! General interventions
involving non-individualized content sent to
patients were able to increase adherence to
inhaled corticosteroids but did not improve
asthma burden, and data-gathering interventions
had no effect on either component. One limita-
tion in this review was that the majority of patients
in the studies included for analysis were moni-
tored for <12months, and most commonly for
3—6 months, so it is impossible to interpret the
long-term effects of these interventions. Few
studies accounted for seasonality or provided
contextual environment information. A 2017 sys-
tematic review concluded that DHT interven-
tions — including mobile health, telemedicine,
electronic health records, and digital app inter-
ventions — were associated with improved asthma
management and control as well as patient accept-
ance and satisfaction with their treatment regi-
men in both adults and children.!?° There was,
however, a high degree of heterogeneity in study
design and endpoints.
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DTs - smart inhalers

Although inhaler devices with the capability to
objectively monitor patient usage have been
evolving over the past 40years, digital inhalers
whose sensor technology is connected to an exter-
nal device for data capture and analysis — or
“smart” inhalers — are only now becoming avail-
able to asthma patients. Smart inhalers are
equipped to collect data on the administration of
doses and transmit them to a smartphone or other
device by Bluetooth® (Bluetooth Special Interest
Group Inc., Kirkland, Washington, United
States) or near-field wireless technology. Most
smart inhalers are paired with smartphone apps
that effectively share gathered data on dashboards
intended to make the information understandable
and actionable for the patient. Data may also be
stored on the cloud for ease of remote access by
physicians and other HCPs. Flow sensors, either
built into the smart inhaler or as a clip-on, are
able to assess technique by measurement of peak
inspiratory flow rate and inhaled volume.!?!

The key advantage of smart inhalers is patient-
directed feedback on adherence and inhalation
technique. Several studies have shown that smart
inhalers are effective in improving patient adher-
ence.'?2 They can address components of
both intentional non-adherence (perceived lack
of efficacy) and unintentional non-adherence
(forgetfulness, complex dosing, and incorrect
administration) and increase patient learning
about their condition and its management. Smart
inhalers also provide the opportunity to address
the two key issues identified by Canadian HCPs:
assist asthma patients to proactively help them-
selves and do more in the care of their patients
with asthma.l2 The Symbicort Given as Needed in
Mild Asthma (SYGMA) one trial comparing effi-
cacy and safety of as-needed budesonide—formo-
terol with as-needed terbutaline and twice-daily
budesonide plus as-needed terbutaline in patients
with mild asthma employed an inhaler monitor to
track use and an electronic diary to remind patients
about taking their medications and to record
morning and evening peak expiratory flow, asthma
symptoms, and nocturnal awakenings due to
asthma.!?3 Patient adherence was 79.0% across the
three treatment groups over 52 weeks of treatment.
The SYGMA two trial comparing as-needed
budesonide—formoterol with twice-daily budeson-
ide plus as-needed terbutaline also used a smart
inhaler but not the electronic diary and medication
reminder.!?* Mean 52-week adherence was 63.4%.

Improvements in adherence have been shown
with smart inhalers through data provision to
both patients and physicians as well as electronic
reminders.122:125-128 Qther advantages offered by
smart inhalers include the following:

e Accuracies of dose counts and timing were
found to be above 95% in most studies.!?2

e Understanding patterns of medication use
is important in the evaluation of short- and
long-term usage.!?2 Patients frequently
increase their inhaler use immediately
before and/or after a physician visit but then
taper off over time.

e Poor technique may be identified through a
second administration within 15-30s of the
initial dose.129130 Patients may have inhaled
too quickly and/or did not hold their breath
post-administration for a sufficient amount
of time.

e Multiple uses prior to appointments in
rapid succession may signal “dose dump-
ing” where the patient activates the inhaler
in an attempt to show adherence.

e Although most randomized, controlled tri-
als showed no significant difference in
symptom scores between smart inhaler
users and controls, some studies reported
improvements in symptom-free days com-
pared with baseline.!22

e DPatient-reported outcomes improved in
most studies conducted with smart inhalers
in both children and adults.51:125,128,131-134

A number of challenges remain for optimal adop-
tion and use of smart inhalers.

e Although ease of use is expected to be
improved from traditional to smart inhal-
ers, patients are required to perform addi-
tional tasks with these new devices, such
as downloading the app, pairing the app
to the device, setting dates, times, and
reminders, as well as maintaining and
charging the device, and sometimes trans-
ferring data.122

e Ease of use among physicians may be
impaired by access to data, particularly when
patients fail to bring their devices with
them.!22 As previously stated, physicians are
also concerned with the time and workload
required to understand device usage and to
download and examine data, consensus rec-
ommendations on data reporting and
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interpretation, and the potential medicolegal
issues associated with data gathering.

e Few current smart inhalers integrate or syn-
chronize with electronic medical records,
which reduces ease of use for health
systems. 122

e There is a paucity of data regarding the
accuracy of the assessment of inhaler tech-
nique by smart inhalers.!22 A few devices
that use acoustic measurement or detection
of inspiratory flow rates have demonstrated
good assessment ability.

Cost and coverage of DHT in asthma

Several studies have found that increases in asthma
symptom control and adherence to asthma thera-
pies are associated with reductions in healthcare
costs.13%136 While the ability of DHT to improve
these factors points toward their cost-effectiveness,
additional clinical data are necessary to support
this association. A systematic review of telemedi-
cine and mobile digital applications toward
improved access to asthma care found that the lim-
ited evidence was favorable for the cost-effective-
ness of these strategies.!37 In their narrative review,
Jansen et al. anticipated that smart inhalers would
be particularly cost-effective in asthma subgroups,
such as those with severe asthma and/or are eligible
for additional therapy (i.e. oral corticosteroids or
biologics), patients who experience frequent exac-
erbations, working-age patients, and those who
overuse beta2 agonists.138

Nevertheless, economic factors may be a barrier
to the implementation of DHT, particularly in
the primary-care setting. Asthma DHT is pres-
ently not covered by Canadian public or private
insurers, and there is currently no payor coverage
for DHT in Canada and no remuneration for the
time spent by HCPs learning and incorporating
this technology into their practices.

Limitations

For this review, the authors applied a narra-
tivel39 approach to synthesize key findings from
the literature and evidence in asthma treatment,
and specifically to provide a synopsis of the
issues and challenges for the integration of DHT
into asthma management. The approach was
guided by the experience and expertise of the

authors, not by a systematic search process or by
a rigorous inclusion/exclusion procedure. As
such, this review and its findings may not be
reproducible, and the citations that are selected
are subject to the authors’ bias.140:141 T'o mitigate
the risk of bias, this review is collaborative in
nature and incorporates input from multiple
domains of expertise, including family medicine,
respirology, pharmacy, health education, and
behavioral sciences. A systematic review of the
literature on asthma treatment and implications
for DHT, including explicitly identified search
criteria, is recommended.

Conclusion

Asthma control remains low despite improve-
ments in management over the past several dec-
ades. Lack of asthma control is primarily a
consequence of widespread treatment non-adher-
ence and poor inhaler technique, with significant
contributions from high SABA use and miscon-
ception of asthma control. Improved education
among patients, their caregivers, and healthcare
professionals is an important step in addressing
non-adherence and poor technique. Education
initiatives should follow principles of adult learn-
ing and be adapted to the individual patient,
including age, desire, literacy and educational lev-
els, and ethnic/cultural identity.

DHT has been shown to improve patient out-
comes and satisfaction in a number of disease
states. The widespread accessibility and use of
devices such as smartphones can be leveraged to
provide important healthcare information,
either on its own or paired with DHT devices.
DHT is also key to resolving enduring asthma
care challenges and improving disease control.
Smart inhalers have shown the ability to improve
adherence, and a growing number are equipped
with sensors to assess inhaler technique.
Additional study data are required to more fully
understand the role of smart inhalers in improv-
ing markers of asthma control and to optimize
ease of use for patients, physicians, and the
healthcare system.
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