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ABSTRACT

Introduction Suboptimal asthma control is associated
with incorrect inhaler use and poor medication adherence,
which could lead to unfavourable clinical and economic
outcomes. Smart inhaler programmes using electronic
monitoring devices (EMDs) could support self-management
and increase medication adherence and asthma control.
However, evidence on long-term benefits and acceptability
is scarce. This study aims to investigate the effectiveness
of a smart inhaler asthma self-management programme
on medication adherence and clinical outcomes in adults
with uncontrolled asthma, to evaluate its acceptability and
to identify subgroups who would benefit most based on
patient characteristics.

Methods and analysis This open-label cluster
randomised controlled trial of 12 months will be
conducted in primary care in the Netherlands.

General practices will be randomly assigned to either
intervention or control group. We aim to include

242 patients. The intervention consists of (1) an

EMD attached to the patient’s inhaler that measures
medication use; (2) a smartphone application to set
medication reminders, receive motivational messages
and track asthma symptoms; and (3) a portal for
healthcare professionals to view data on medication
use. The control group is passively monitored by the
EMD but cannot view their inhaler data or receive
feedback. Eligible patients are adults with suboptimal
controlled asthma (Asthma Control Questionnaire
score 20.75) with evidence of non-adherence
established by the EMD during a 6-week run-in period.
Primary outcome is the difference in mean medication
adherence between intervention and control group.
Secondary outcomes include asthma control, asthma-
related quality of life, exacerbations, acceptance, cost-
effectiveness and whether the effect of the intervention
on medication adherence and asthma control is
modified by patient characteristics (eg, self-efficacy,
medication beliefs and eHealth literacy).

Trial registration number

NL7854.

2,3,6,8

WHAT IS ALREADY KNOWN ON THIS TOPIC

= Smart inhaler programmes using electronic moni-
toring devices could support self-management and
increase medication adherence and asthma control.
However, evidence on long-term benefits and ac-
ceptability of smart inhaler programmes is scarce.

WHAT THIS STUDY ADDS

= Our cluster randomised controlled trial will evaluate
the long-term effectiveness and cost-effectiveness
of a smart asthma inhaler programme in a real-
world primary care setting.

HOW THIS STUDY MIGHT AFFECT RESEARCH,
PRACTICE OR POLICY

= The outcomes of this pragmatic trial will provide
evidence on the long-term effectiveness of smart
inhalers in the treatment of asthma. Additionally,
the study will contribute to the existing knowledge
regarding the role of patient characteristics on med-
ication adherence and the use of eHealth-based
self-management interventions.

INTRODUCTION

Background and rationale

Asthma is characterised by chronic inflam-
mation of the airways and affects more than
300 million adults and children worldwide.'
Despite the availability of effective treatment,
nearly half of all patients with asthma remain
inadequately controlled.” Suboptimal control
is associated with increased symptom burden,
increased risk of exacerbations and reduced
quality of life, and may lead to short-acting 3-2
agonist (SABA) over-reliance.*” Furthermore,
an increased economic burden in terms of
direct costs (healthcare use and medication)
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and indirect costs (loss of productivity and absenteeism)
is associated with poor control.*” Poor medication adher-
ence and incorrect inhaler use could lead to subop-
timal asthma control.'™"® Globally, medication adher-
ence ranges from 13% to 52%."* ¥ Numerous factors
contribute to poor medication adherence, including
illness perceptions, medication beliefs (eg, concerns
about side effects), forgetfulness, difficulty under-
standing specifics of the regimen (ie, inhaler technique),
attitude towards the illness (ie, the patient’s willingness
to work with physicians to manage the disease) and self-
efficacy (ie, the patient’s confidence in his or her ability
to contribute to the management of the disease).' 17
As such, medication adherence interventions ask for a
comprehensive and personalised approach, one that is
tailored towards reasons of non-adherence.'®

Having objective data on medication adherence is
essential to inform interventions. Electronic monitoring
devices (EMDs) can provide real-time data on medication
adherence to both patients and healthcare professionals
(HCPs). Insight on adherence data can support clinical
decision making, for example, by being able to identify
suboptimal adherence as reason for poor treatment
response.19 By combining the EMD with an application
on the patient’s smartphone, there is increasing poten-
tial for use in selfmanagement of asthma.”” *' These
so called ‘smart inhalers’ are able to upload real-time
data to the patient’s smartphone. As such, patients can
receive tailored audiovisual medication reminders and
motivational messages, and gain insight on inhaler use.
The use of an app makes it possible to integrate multiple
self-management components such as the possibility to
track symptoms and triggers over time. In addition, it is
possible to provide tailored self-management care that
can be delivered outside of office hours and scheduled
appointments on a more timely manner.

Various studies have found that smart inhalers increase
medication adherence,19 2% byt an improvement in
asthma control is only shown in children.?” However,
those studies only evaluated the short-term effects (< 6
months) of smart inhalers. Also, evidence on the cost-
effectiveness of smart inhaler-based self-management
programmes is lacking. Furthermore, acceptance and
eHealth usage have not been evaluated in prior studies
on smart inhalers, whereas it is known that the effective-
ness of an asthma smart inhaler based selfmanagement
programme may be compromised by adoption failure
and poor adherence to the intervention.”® Acceptance
and eHealth usage depend on multiple patient char-
acteristics, including illness perception, beliefs about
medication and eHealth literacy. ** By evaluating how
these factors interact in affecting medication adherence
and clinical outcomes, we will be able to identify which
patients would benefit most from the use of a smart
inhaler-based self-management programme. To our
knowledge, this is the first pragmatic randomised trial to
evaluate the long-term effects of a smart inhaler based
asthma self-management programme on medication

adherence and clinical outcomes, to collect data on
patient characteristics and acceptance, and to perform a
cost-effective analysis.

Aims

The primary objective of our study is to evaluate the
effectiveness of a smart inhaler programme on medi-
cation adherence in adults with uncontrolled asthma
compared with control (ie, passive monitoring with an
EMD) over 12 months. Secondary objectives are to eval-
uate clinical outcomes (ie, asthma control, reliever use,
exacerbations and asthma-related quality of life); to
evaluate which patient groups would benefit most based
on baseline patient characteristics (ie, self-efficacy and
attitude, beliefs about medicine, illness perception and
eHealth literacy); to evaluate usability and acceptability
of the programme by patients and HCPs; and to evaluate
the cost-effectiveness of a smart inhaler programme. The
purpose of this paper is to describe the rationale and
design of the trial.

METHODS

Study design

This is a pragmatic, multicentre, open-label cluster
randomised controlled trial (RCT) of 12 months in
primary care in the Netherlands. Primary care prac-
tices are eligible if they have access to a computer and
internet. Eligible primary care practices that provided
consent are randomised to either intervention (smart
inhaler programme) or control (usual care+passive
electronic monitoring). Participating patients receive
either intervention or control, depending on the allo-
cation of the cluster. Each patient is screened for eligi-
bility and has follow-up measurements at 3, 6, 9 and
12 months from baseline. The baseline is preceded by
a 6-week run-in period to assess whether patients are
non-adherent. The study is run by three centres in the
Netherlands (Leiden University Medical Centre, General
Practitioners Research Institute and University Medical
Centre Groningen). Practices and patients are recruited
throughout the Netherlands. Since inclusion is ongoing
during the COVID-19 pandemic, a number of amend-
ments were made to continue inclusion, warrant the
safety of the patients and the research team, and increase
recruitment pace. All protocol amendments with reason
are enlisted in online supplemental table E1. The design
of the study and flow of practices and patients is depicted
in figure 1. The protocol is reported according to the
Standard Protocol Items: Recommendations for Inter-
ventional Trials (SPIRIT) guidelines.” The SPIRIT
checklist is provided in online supplemental table E2.

Practice recruitment

Practices are identified via a database search of all primary
care practices in the Netherlands. Practices are invited to
participate via a letter containing study information and
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Route B

Recruitment via
public channels

Patient expresses
interest

Contactwith
general practice

(discuss 3 options)

Invite and include
general practices

Screening of GP database to
identify potentially eligible patients
(Ashtma, use of Symbicort Turbuhaler,
no SMART regimen, no other respiratory

Invite and include
pharmacies

Screening of pharmacy database
to identify eligible patients
(Use of Symbicort Turbuhaler, no

SMART regimen, >18years)

conditions, >18years)

Invitation of potentially
eligible patients

Invitation of potentially
eligible patients

Screening for eligibility by phone
Asthma control, compatible phone,
comorbidities, use of systemic corticosteroids

Visit 1 (T-1part 1and 2)
Informed consent
Confirmation eligibility
Patient demographicsand history
Provide EMD and start run-in

Randomisation on cluster level

Visit 2 (TO)

Confirmation inclusion (based on EMD data)

Provide reliever EMD if suitable
Administrations of baseline questionnaires

Smart inhaler
programme group

Control group

Administration of questionnaires

Participation in the study as participating healthcare professional(i.e. accessto online healthcare
portal and complete questionnaires in case of randomizationto intervention)

No participation in the study- GPs are only askedto confirmthe eligibility criteria of the potentially
eligible participant for which the participant provides informed consent.

Figure 1
and reliever therapy.

an information folder. Practices are followed up via tele-
phone contact and email. In addition to invitations, indi-
rect approaches such as presentations at conferences,
professional development events for HCPs and word of
mouth are used to recruit practices. Before enrolment,
practices sign a data processing agreement which allows
selection and invitation of potentially eligible patients on
behalf of the practice by research staff. This approach
allows us to keep the burden for general practices to a

Study flow diagram. EMD, electronic monitoring device; GP, general practice; SMART, Symbicort as maintenance

minimum, and at the same time to reach an adequate
patient sample.

Patient recruitment

Initially, patients are recruited only from enrolled prac-
tices. However, due to low inclusion numbers, mainly
caused by the increased workload in primary care prac-
tices during the COVID-19 pandemic, we broadened the
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recruitment strategy with recruitment via public chan-
nels (ie, social media and newspaper advertisement) and
recruitment via pharmacies. Adding these two alterna-
tive recruitment strategies means that eligible patients
recruited via these routes do not need to be registered
at participating practices but do need to meet all further
eligibility criteria. Also, inclusion criteria are checked by
the general practitioner in each route. As such, patients
can be recruited via the following three routes (partly
overlapping at some stages).

Route A (recruitment via general practices)

Eligible patients are selected through electronic record
screening by a research assistant or by the practice
following an instruction sheet. Invitation letters with
an expression of interest form and a reply envelope are
sent on behalf of the general practitioner to all eligible
patients. Patients can also express their interest via the
study website with an identification code included in the
letter. Non-responders are sent a reminder letter after
2-3 weeks. Furthermore, general practices are asked to
contact non-responders.

Route B (recruitment via public channels)

Potentially eligible patients are recruited via public chan-
nels including (local) newspapers, social media channels
and patient organisations by using a visual advertise-
ment including a link to the study website containing
more details on the study. Potentially eligible patients
expressing their interest to participate are contacted and
screened telephonically on eligibility. The general prac-
tice where the potential patient is registered is contacted
to discuss participation of the general practice (ie,
inviting all eligible patients from the practice following
‘route A’). Practices that are not interested in study
enrolment are asked to check the inclusion criteria only.

Route C (recruitment via pharmacies)

Pharmacies are identified via a database search of all
pharmacies in the Netherlands. Pharmacies are invited to
participate via email and are followed up via telephone or
email. Pharmacies are also recruited via word of mouth.
Potentially eligible patients are identified via pharmacy
records. Pharmacies are asked to select and invite these
patients following the steps outlined in route A. Patients
who express their interest are screened on eligibility.
Since pharmacies cannot identify patients by asthma diag-
nosis, the inclusion criterion ‘doctor-diagnosed asthma’
is checked by the general practice. The general practice
is not asked to participate as a cluster, as we want to alle-
viate the burden that general practitioners face due to
the COVID-19 pandemic (ie, an increase in absenteeism
due to illness and a postponement of care due to several
lockdowns). For the same reason, the inclusion criterion
doctor-diagnosed asthma will be checked at 12 months of
follow-up instead of at inclusion.

Inclusion and exclusion criteria

On expression of interest, all potentially eligible patients
are screened by a research assistant telephonically for
further eligibility. Patients aged 18 years and older, who
have uncontrolled asthma (defined as an Asthma Control
Questionnaire (ACQ)-5 score of >0.75), use budeso-
nide/formoterol Symbicort Turbuhaler as maintenance
therapy for at least 8 weeks before entering the run-in
period, have a doctor-diagnosed asthma and are in the
possession of a Turbu+ Insights application-compatible
smartphone (ie, Android or iOS as mobile operating
system) are eligible for inclusion. Patients can receive
asthma treatment in primary care or (temporarily) in
secondary care, and must provide digital (ie, via Docu-
Sign) or written informed consent. Furthermore, patients
should be classified as ‘non-adherent’, as observed during
the run-in period, during which inhalation actuations are
electronically monitored. Non-adherent is defined as an
adherence rate of below 80% over the third and fourth
weeks of the 6-week run-in period. The adherence rate
is defined as the number of adherent days as a propor-
tion of the total number of days. An adherent day is
considered a day on which the patient takes at least the
number of inhalations prescribed (less inhalations than
prescribed means a non-adherent day). Validity of inha-
lation data can be compromised by change in adherence
behaviour due to the knowledge on participating in a
trial. To minimise impact, inhalation actuations from the
first, second, fifth and sixth weeks of the run-in period
are disregarded.

Patients who meet one or more of the exclusion criteria
are excluded. Exclusion criteriaare (1) use of Symbicortas
Symbicort Maintenance and Reliever Therapy (SMART)
(to be able to draw valid conclusions on the effect on the
primary outcome medication adherence); (2) change in
inhaled corticosteroids (ICSs) dose in the 4 weeks prior
to the run-in period; (3) use of systemic corticosteroids in
the 4 weeks prior to the run-in period, including mainte-
nance therapy (ie, to exclude patients recovering from an
exacerbation at study start); (4) current use of biologics,
including anti-interleukin (IL)-5, anti-IL-4Ro or anti-IgE;
(5) diagnosis of chronic obstructive pulmonary disease,
interstitial lung diseases, bronchiectasis or other signif-
icant respiratory conditions; (6) malignancy with life
expectancy of <1 year; (7) pregnancy; and (8) inability
to understand Dutch. Patients with any other condition
which, at the general practitioner’s and/or investigator’s
discretion, is believed to potentially present a safety risk
or impact the study results are also excluded from study
participation.

Randomisation, sequence generation and allocation
concealment

Primary care practices are block-randomised using
a computer-generated permuted block scheme with
random block sizes of 4 and 6, stratified by practice size
(<2500 patients or >2500 patients). The randomisation
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code is recorded in the randomisation database, which
is accessible only to the coordinating researcher and
research assistants. Randomisation at practice level
minimises the risk of contamination across intervention
and control groups, as patients from the same practice
are managed by the same HCPs. Randomisation takes
place when the first patient of the general practice has
finished the run-in period and will start the smart inhaler
programme or enter the control group. Subsequently,
practice staff are notified of the allocation of their prac-
tice. From this point, no additional patients from the
same practice can be recruited. This minimises the risk
of recruitment bias by practices based on knowledge on
allocation. All patient participants that are registered
to a participating practice receive the intervention or
control, depending on the allocation of the practice.
Each individual patient participant who is not regis-
tered in a participating practice (ie, part of the patients
recruited via route B and all patients recruited via route
C) is considered a separate cluster. The cluster will be
randomised using the same randomisation scheme and
procedures. Randomisation takes place after the 6-weeks
run-in period when patients fulfil all inclusion criteria.

Study groups
All patients receive usual care according to the Dutch
National Primary Care Asthma Guidelines.”

Intervention (smart inhaler programme)

Patients randomised to the smart inhaler programme
will use an EMD, Turbu+ device (medical device class I,
manufactured by Adherium (NZ), CE marked), which
is a small battery-powered electronic data logger. This
EMD has previously been used in a research context in
the Netherlands.” The EMD is attached to the patient’s
inhaler (Symbicort Turbuhaler). The device automat-
ically logs inhaler actuation data including an event
stamp and a time-and-date stamp. A validation study on
the detection of inhaler events as recorded by the Turbu+
device found an accuracy of 99.9% by bench testing over
a 12-week period.” Logged actuation data are sent to
an application on a smartphone (Turbu+ Insights). To
enable upload of stored actuation data, the app needs
to be installed on a smartphone and the device must be
paired with the phone using a Bluetooth connection
(instructions provided in the app). The upload of new
data from the device to the app occurs automatically if
the device is within range (<5 m) of the phone. When the
phone is out of range, data will be stored on the device
and uploaded to the app when the phone is within range.
Itis also possible to manually upload data to the app. The
battery light-emitting diode (LED) on the device indi-
cates the battery level. Battery life of the device is approx-
imately 1 year. The app consists of several features which
are detailed further. Patients in the intervention group
receive instructions on how to use the EMD and how to
download, log-in and navigate within the app. No specific

instructions on the interaction with the device and appli-
cation are given (ie, patients decide which features of the
application they use and do not use and the frequency of
interacting with the app) because we aim to mimic a real-
world situation in which a wide range of user interactions
is possible.

Logging and visualisation of actuation events

The app receives and stores inhaler actuation events
recorded by the EMD and visualises inhaler use over
time. Patients randomised to the intervention group are
registered in the Turbu+ system. Registration includes
medication regimen (eg, two inhalations two times a
day). Changes in medication regimen are updated in
real time and are visible for the patient in the app. Actua-
tion events are plotted against the prescribed medication
regimen on a timeline. In addition, patients can view the
actuation events over a certain period (eg, last week or
month).

Automatic reminder and messaging

The patient can opt in to receive medication reminder
messages as push notifications that pop up on the screen.
The application also provides preconfigured missed dose-
engaging voice messages (30 min after a ‘missed dose’).
These short messages are based on known drivers and
barriers of treatment engagement and treatment percep-
tions.* The application also sends overuse messages and
weekly targeted motivational messages (eg, ‘Great week.
You’ve been following your prescription this week! Keep
itup!’).

Symptom and triggers

Patients can record their symptoms and triggers daily
in the app by indicating the severity or presence of the
symptom or trigger on a 5-point scale. The separate items
are projected in the form of a flower (ie, a full flower is
analogous to a happy flower, meaning a minimal pres-
ence of symptoms and triggers). The data can be viewed
over time.

Web-based HCP portal

Inhaler actuation data are uploaded to the smartphone
application and electronically linked to an online
webportal (Turbu+ webportal), which can be accessed by
the patient’s HCP. Within the portal, HCPs can view real-
time actuation data, including a date and time stamp.
HCPs from participating practices receive a log in code
to be able to set and change the medication regimen and
to view the adherence data of their patients participating
in the study. Furthermore, they receive instructions on
how to access the online healthcare portal and navigate
within the portal, but they do not receive specific instruc-
tions on the interaction with the healthcare portal and
on the use of EMD data during or before patient consul-
tations. Patients who are not registered in a participating
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practice (ie, part of the patients recruited via route B and
all patients recruited via route C) can use the app without
participation of the HCP.

Control group (passive electronic monitoring)

Patients in the control group attach the same EMD
(Turbu+) to their inhaler (Symbicort Turbuhaler) as the
intervention group. However, the EMD is connected to
a different smartphone application (Hailie Lite). Actu-
ation data are not visible to patients in this app; the app
only shows when the EMD last synchronised data with
the smartphone (ie, ‘Last synced: (date), (time)’). Inha-
lation data uploaded to the smartphone application will
automatically be uploaded to an online portal (Hailie
web portal) which is only accessible to the research team.
As inhaler actuations are objectively monitored, without
patients and HCPs being able to view their inhaler data,
this is called ‘passive electronic monitoring’.

EMD for reliever inhalers

A subgroup of patients, regardless of study arm, are
provided with an EMD which is compatible with their
reliever inhaler (Hailie sensor, medical device class I,
manufactured by Adherium (NZ), CE marked). Compat-
ible relievers are Bricanyl Turbuhaler (containing terbu-
taline) or Ventolin aerosol (containing salbutamol). As
in the control group, the EMD will be attached to the
patient’s inhaler and passively monitor inhaler actuation
data using the Hailie Lite smartphone application. Again,
actuation data uploaded to the online Hailie portal will
only be accessible to the research team.

Data collection and follow-up

Practices

Baseline data from the participating practices are
collected at the time of enrolment using a standard data
collection form. Data include information on practice
size, number of patients and number of staff.

Patients

Considering the pragmatic nature of the study, data are
collected during study visits at baseline and at 6 and 12
months after randomisation. At 3 and 9 months, data are
collected via questionnaires sent to the patients. Initially,
the study visits took place at the patient’s home. Due to
the COVID-19 pandemic, we decided to change to remote
study visits using video consulting software to be able to
continue the study and avert the risk of COVID-19 infec-
tion. As remote study visits allow a large flexibility and
are perceived as useful by patients (ie, remote study visits
could be easily combined with work), the remote study
set-up is continued after social distancing measurements
are lifted. In case of technical difficulties (eg, synchro-
nisation problems) which cannot be solved remotely or
when it is impossible for the patient to videocall, the visit

proceeds via a home visit (only when COVID-19 measure-
ments allow for home visits).

T-1 (first visit) and run-in period

During the first visit, electronic or handwritten informed
consent will be provided. Electronic signature was initi-
ated during the COVID-19 pandemic and proceeds via
DocusSign, an electronic signature software that meets
all legal requirements for eSignatures according to
the European Union (EU) law ‘electronic identifica-
tion, authentication and trust services’. After signing
the informed consent, initial eligibility is confirmed
according to the inclusion and exclusion criteria. Subse-
quently, demographics (date of birth, sex, education
level, smoking history and pack years), medical history
(age of asthma onset, number of exacerbations, asthma-
related hospital admissions and emergency department
visits in the prior year, and other comorbidities) and
self-reported asthma medication use will be collected.
Patients are provided the EMD (Turbu+ device), instal
the app (Hailie Lite) on their smartphone following
instructions from the researcher and then enter the
6-week run-in period in which inhaler actuations are
objectively monitored.

T0 (baseline visit)

After the run-in period, final eligibility will be confirmed
based on the actuation data collected with the EMD during
the run-in period. Patients who are classified as non-
adherent (see the Inclusion and exclusion criteria section
for definition) will continue study participation. Before
giving informed consent, patients are informed that an
additional selection takes place after the run-in period, but
they are not informed about what the additional selection
entails (ie, selection based on the level of medication adher-
ence). Awareness of patients hereof probably affects the
adherence behaviour of patients and could lead to biased
results, especially because the primary outcome measure
of this study is medication adherence. During the baseline
visit, baseline data are collected through questionnaires and
structured interviews (see table 1). Furthermore, patients
are informed of their assigned randomised condition (ie,
intervention or control). The EMD of patients in the inter-
vention group is replaced to ensure data collected in the
run-in period are not visible in the intervention app, and
instructions on how to download and use the intervention
app are provided.

Follow-up visits (T6 and T12)

At visits T6 and T12, data are collected through structured
interviews and questionnaires (see table 1), as this helps to
keep patients involved, retain participation and reduce the
amount of missing data. All patients receive a new EMD
prior to visit T6 to ensure sufficient battery throughout the
study.
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Table 1 Overview of measurements

Run-in Intervention

Contact moment 1 2 3 4 5 6
Month T-1 TO T3 T6 T9 T12
Remote visit Remote visit Remote visit Remote visit
Patient assessments
Informed consent
Eligibility assessment
Demographic characteristics
Medical history
Provide EMD

Confirmation inclusion

X X X X X

Randomisation
Asthma medication regimen X
Healthcare use*

Exacerbations X

X X X X X X
X X X X
X X X X

(Severe) adverse events
Paper administered questionnaires
Health use assessment*
ACQ-5 X
Mini-AQLQ
WPAI Questionnaire
Electronic administered questionnaires
KASE-AQ
BMQ-Specific
Brief IPQ
eHLQ
TAQT X
SUSt X
Non-patient assessments
Log data X
Inhaler actuations (EMD) Data collected over time interval T-1-T12

x

x

X X X X
x

X X X X
x X

x
x

X X X X
X X X X X X

Reliever inhalation actuations (EMD)% Data collected over time interval TO-T12
Medication use§ X
Healthcare professional assessments

TAQT X X
SUSTS X X

*At TO, T6, T12 structured interview, at T3 and T9 paper questionnaires (same questions). Healthcare use data covering the study period will be
retrieved from the patient’s general practice electronic health record system at study end.

TQuestionnaires only administered to the intervention group.

1Only patients that use an EMD compatible reliever inhaler.

§Medication use data during the study and the year prior to the study will be retrieved from the patient’s main pharmacist dispense system.
{|Only for HCPs that participate in the study (option A, option B1 and B2).

ACQ, Asthma Control Questionnaire; BMQ-Specific, Beliefs about Medicine Questionnaire-Specific; eHLQ, eHealth Literacy Questionnaire; EMD,
electronic monitoring device; IPQ, lliness Perception Questionnaire; KASE-AQ, Knowledge Attitude Self Efficacy-Asthma Questionnaire; Mini-
AQLQ, Mini Asthma-Related Quality of Life Questionnaire; SUS, System Usability Scale; TAQ, Technology Acceptance Questionnaire; WPAI, Work
Productivity and Activity Impairment.

Study outcomes effect will be expressed as the mean absolute difference
Primary outcome in medication adherence between the smart inhaler
The primary outcome of this study is medication adher-  programme group and the control group. Medica-
ence over 12 months, as measured objectively by elec-  tion adherence is defined as the percentage of daily

tronic monitoring of inhaler actuations. The treatment  inhalations taken as prescribed (number of recorded
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inhalations per day/number of maintenance inhalations
prescribed per dayx100), corrected for dose dumping.
Dose dumping is defined as 26 actuations within a 5 min
period. Daily adherence will be capped at 100% (ie, to
avoid falsely increased values).

Secondary outcomes

Asthma control

Asthma control is measured with the ACQ-5." The ACQ-5
is developed as a self-report measure to assess asthma
control. The five items of the ACQ are each rated on a
7-point scale (0-6 points). The items assess sleep depri-
vation, symptoms on waking, activity impairment, dysp-
noea and wheezing during the previous week. Patients
with a score of <0.75 are considered as having controlled
asthma; patients with a score of >1.5 are considered
as having uncontrolled asthma.® A change of >0.5 is
considered the minimal clinically important difference
(MCID).”’

Asthma-related quality of life

Asthma-related quality of life is assessed with the self-
administered Mini Asthma-Related Quality of Life Ques-
tionnaire. Each of the 15 items is rated on a 7-point scale
(1-7 points), and the questions cover four domains
(symptoms, activities, emotions and environment).” A
higher score indicates better asthma-related quality of
life. The MCID is considered to be 0.5.”

Reliever use

Reliever use (SABA) is electronically monitored in a
subgroup of patients who are in possession of a reliever
inhaler which is compatible with an EMD. Reliever
prescription data are retrieved from the patient’s phar-
macy at study end for all participating patients.

Exacerbations

The total number of severe exacerbations is collected
through self-report (interview during visits and question-
naires at T3 and T9) and through the patient’s pharma-
cist and general practice electronic health record system.
The definition of a severe exacerbation is either the use
of systemic corticosteroids or an increase from a stable
inhaler maintenance dose for at least 3 days, or hospi-
talisation or an emergency department visit because of
asthma requiring systemic corticosteroids.

Acceptance and usability of the smart inhaler programme

The wusability and acceptance of the smart inhaler
programme are assessed among patients and practices
allocated to the intervention group using two question-
naires. Acceptance is measured with the Technology
Acceptance Questionnaire, which consists of 22 items (eg,
‘using Turbu+ makes it easier to manage my asthma’ and
‘I find Turbu+ easy to use’) which are scored on a 5-point

Likertscale. The items are based on the technologyaccept-
ance model and the unified theory of acceptance and use
of technology and address the intended use and different
factors determining the behavioural intention to use the
smart inhaler programme.* *' Usability is assessed using
the System Usability Scale.* This is a generic instrument
to measure the usability of a technology or service and
contains 10 items which are adapted to the specific tech-
nology or service. The items are rated on a 5-point Likert
scale from 1 (‘strongly disagree’) to 5 (‘strongly agree’).
An additional free-text field allows for commenting on
usability.

Patient characteristics

Asthma attitude and self-efficacy

The Knowledge, Attitude and Self Efficacy-Asthma Ques-
tionnaire (KASE-AQ) is used as a comprehensive tool
to measure various aspects of attitude and self-efficacy
regarding controlling asthma symptoms and disease."’
Each domain consists of 20 questions with scores ranging
from 20 to 100. Higher scores on the Self-efficacy Scale
indicate more confidence in managing and controlling
asthma. Higher scores on the Attitude Scale indicate a
more positive attitude towards asthma. The Knowledge
Scale will be omitted as it is oriented to the USA and is
not in line with the current Dutch medical guidelines on
asthma management. The KASE-AQ without the knowl-
edge domain has successfully been used in previous
studies.** *

Medication beliefs

The Beliefs about Medicine Questionnaire—Specific
(BMQ-Specific) is used to measure beliefs about asthma
medication.*® The BMQ-Specific consists of 10 items
about the necessity and concerns of a patient’s prescribed
medication. The items are rated on a 5-point Likert scale
from 1 (strongly disagree) to b (strongly agree).

Illness perception

Illness perception specific to asthma will be meas-
ured using the Brief Illness Perception Questionnaire
(Brief-IPQ). The Brief-IPQ assesses the emotional and
cognitive representation of illness and consists of nine
items rated on an 11-point scale. ™™

eHealth literacy

eHealth literacy is assessed using the eHealth Literacy
Questionnaire, which is based on the eHealth Literacy
Framework.”” This framework consists of seven domains
which include individual factors that are necessary to use
eHealth (eg, engagement in own health), system factors
(eg, access to digital services that work) and user—system
interaction factors (eg, motivation to engage with digital
services). The questionnaire consists of 35 items which
are rated on a 5-point Likert scale from 1 (strongly disa-
gree) to 5 (strongly agree). The eHLQ has been used in
international research to help understand people’s inter-
action with eHealth devices and has been translated into
seven different languages. As validation studies of the
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eHLQ into Dutch were ongoing at study start, the initial
translated and culturally adapted version was used.

Healthcare use

Healthcare use is assessed at baseline (T0) and during
all follow-up moments. Self-report data will be comple-
mented with healthcare use data covering the study
period, retrieved from the patients’ general practice
electronic health record system at study end. Use data
include asthma-specific hospital admissions including
intensive care unit days and length of stay, emergency
department visits because of asthma, asthma-related visits
and phone calls to the general practice, and medical
specialist visits because of asthma. Data on medication
use will be retrieved from the patients’ main pharmacist
dispense system at T12.

Absenteeism and presenteeism

The Work Productivity and Activity Impairment instru-
ment will be completed by patients to measure absen-
teeism and presenteeism. The questionnaire consists
of nine questions in three domains (work impair-
ment, school impairment and activity impairment).”" **
Outcomes on absenteeism, presenteeism, work produc-
tivity loss and activity impairment are expressed as
percentages, with higher numbers indicating greater
impairment and/or less productivity.

Cost-effectiveness analysis

The cost-effectiveness of the smart inhaler programme
will be assessed by comparing the costs and benefits of
the programme (ie, intervention group) with usual care
(ie, control group) in a cost-effectiveness analysis.

Sample size

The power calculation is based on the primary outcome:
medication adherence over 12 months, as measured by
electronic monitoring of inhaler actuations. The treat-
ment effect is expressed as the absolute difference in
mean medication adherence between the intervention
group and the control group. The sample size is based
on an absolute difference in mean medication adher-
ence between the groups of 15% (effect size), based
on an expected adherence rate of 656% in the control
group,””*** and the target of a mean adherence of 80%
in the intervention group. An SD of 0.30 is used.” A
design effect of 1.075 is used, which is based on an intra-
cluster correlation coefficient of 0.025°” and a cluster size

of 4. The cluster size is based on (1) the average number
of patients with asthma in a Dutch general practice; (2)
data on age, asthma control level and medication use™;
(3) the assumption that 40% of the patients are non-
adherent; and (4) recruitment rates in previous primary
care asthma trials.

To detect an absolute difference of 15% in mean medi-
cation adherence with 90% power and a 5% significance
level, a sample size of 242 patients (121 per arm) across
approximately 30 clusters in each arm is needed. Given
the COVID-19 circumstances and the substantial impact
on recruitment pace and strain on healthcare, it is diffi-
cult to predict recruitment and drop-out rates. There-
fore, we explored different scenarios based on a power
of 80% and varying drop-out rates based on literature
(table 2).

Statistical analysis

The statistical analysis plan is presented in online supple-
mental file E3. Data will be analysed using the intention-
to-treat principle. In addition, a per-protocol analysis
will be performed for the primary outcome. Baseline
demographic and clinical characteristics will be summa-
rised using means and SD, or medians and IQRs, where
appropriate. To test the effect of intervention condition
on medication adherence and on changes in medication
adherence over time, a multilevel linear mixed-model
analysis will be performed. The model will include
weekly adherence rates per patient from baseline to
TI12 (ie, recorded as a percentage). A precise definition
and of medication adherence and how it is calculated is
provided in the statistical analysis plan (online supple-
mental file E3). Medication adherence data around visits
will be disregarded to minimise bias. The mixed model
will include a random intercept per general practice.
A correlation structure will be chosen for the repeated
measurements on the level of patients by selecting the
best fitting variance—covariance matrix. The model will
include fixed effects for treatment (intervention or
control), time, their interaction, age and baseline adher-
ence. Assumptions for mixed models will be investigated
beforehand to check that these are met. The mixed-effect
model will provide valid statistical inferences in the pres-
ence of missing outcome data, which can be explained by
covariates in the model (ie, treatment, age and time). To
analyse the effect of intervention on secondary outcomes
over time, a similar approach as for the primary outcome
will be used. A linear mixed model will be used to assess
whether the effect of the intervention on medication

Table 2 Scenario power calculations

Drop-out rate

25% 18%° 16%°° 10%%
Power 90% 121 per arm 111 per arm 108 per arm 101 per arm
Power 80% 91 per arm 83 per arm 81 per arm 76 per arm
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adherence and asthma control at 12 months is modified
by patient characteristics (ie, self-efficacy, attitude, medi-
cation beliefs, illness perception and eHealth literacy).
Sensitivity analysis will be performed using all medica-
tion adherence data (ie, including medication adher-
ence data measured around follow-up moments) and
including patients with doctor diagnosed asthma only
(see the Route C (recruitment via pharmacies) section).
No interim analysis will be performed. Statistical anal-
yses will be carried out using R V.4.1.1°" and the R Studio
IDE V.1.3.1073 (or higher versions of the programs).” P
values below 0.05 are considered statistically significant.

Cost-effectiveness analysis

A cost-effectiveness analysis will be performed along-
side the trial to compare the costs and outcomes of the
smart inhaler programme with the control group. A cost-
effectiveness model will be used to explore long-term
effects. Cost-effectiveness will be assessed following the
Dutch Guideline for Economic Evaluations in Health-

Care.59

Blinding (performance and outcome assessment)

Due to the nature of the study, patients cannot be blinded
to allocation. As unblinding may introduce perfor-
mance bias (ie, a change in patient’s behaviour caused
by awareness of participation in a trial, especially around
visits), the medication adherence data of 1 week before
and 1 week after follow-up moments are disregarded to
minimise the risk of bias. Outcome assessors cannot be
blinded as it is important to carefully instruct patients on
how to download and use the intervention app and to
provide training to intervention practices on use of the
online portal. The statistician who performs the data
analyses and validates the results will be blinded to group
allocation to avoid bias.

Data management

Datawill be pseudonymised by using a code list during data
collection. Collection of indirect and direct identifiable
information will be minimised and will be only collected
for the purpose of this study. Identifiable information will
be stored separately from pseudonymised data. All data
collected on paper are stored in locked filling cabinets at
the study sites. Electronic data are collected using Castor
EDC, an electronic data capture and management appli-
cation.” Only investigators and research staff involved in
the trial have access to participant data. For the logistic
management of participants and the trial, asecured access
database is used. Data handling and storage comply with
the General Data Protection Regulation. Source docu-
ments, informed consent forms and investigator files are
archived for 15 years at the study sites, according to the
Dutch Medical Treatment Act. Video consulting software
used during remote visits comply with security standards
set by the study sites and applicable laws and features

two-factor authentication and encrypted data. Data that
are stored in the apps used in this study are encrypted,
as well as data that are stored in a local database on the
phone. This prevents other apps on the phone from
accessing the data. Data are also encrypted when data are
in transit to protect personal information. All the infor-
mation supplied through the Turbu+ Insights application
will be stored on secure servers in the EU (Ireland) and
managed by the Turbu+ Insights program administra-
tors. Data are pseudonymised when exported from the
system. All data collected by Hailie Sensors and trans-
mitted by Hailie Lite app, as well as data entered into
the Hailie web portal in the course of the ACCEPTANCE
study (Asthma Control through Cost Effective Primary
care Treatment: AdhereNCe and E-Health feedback) by
the study site personnel, are stored on secure servers in
the USA: (1) on AWS servers, from study start date to 17
December 2020 and (2) on MS Azure SQL servers, from
17 December 2020 to the present, under data processing
addendums including standard contractual clauses.
Further data management procedures and operational
details are specified in the data management plan.

Monitoring and quality assurance

The study will be monitored on annual basis according
to a monitor plan by a monitor of the Leiden University
Medical Centre who works in a department different from
the research staff. A structured risk analysis is performed,
whereby the risk of this study is considered negligible.
Based on this risk, a data monitoring committee is not
deemed necessary.

Trial status
The trial is in the recruitment phase at the time of manu-
script submission. The first patient was enrolled on 16

December 2019. End of data collection is expected in
March 2023.

Dissemination

Results of the trial will be submitted to peer-reviewed
journals and presented at both national and interna-
tional conferences, where possible. In addition, we plan
to disseminate during public events for patients with
asthma and caregivers.

Public and patient involvement

We set up a patient advisory panel consisting of four
trained patient representatives with diverse backgrounds
and experience as representatives. The patient advisory
panel gives advice during several stages of the research.
We received input from the advisory panel on study
design, study materials, patient information, recruitment
plans and burden to the patient. Alle study materials
involving patients, such as the smart inhaler programme
and videoconference systems, were checked and tested by
the panel members. Regular meetings are held with the
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advisory panel to inform, seek advice and evaluate the
collaboration. No patients were involved in setting the
research question or the outcome measures. We plan to
disseminate the results of the research to all study partici-
pants and to interested audience during public events for
people with asthma.

DISCUSSION

This study protocol details the evaluation of the effec-
tiveness and cost-effectiveness of a smart asthma inhaler
programme in primary care in the Netherlands. With
a follow-up of 12 montbhs, it is the first study to provide
evidence on and insight in the effectiveness of a smart
inhaler programme on the long term. To our knowledge,
this is also the first RCT that longitudinally assesses the
use of a smart inhaler programme in a real-world setting.
It becomes increasingly acknowledged that eHealth and
health innovations should be investigated in a real-world
setting, meaning that the study resembles real practice
as much as possible. In this trial, that means that study
inclusion is inclusive and patients and participating
HCPs do not receive instructions on how often to use the
smart inhaler programme, allowing patients and HCPs to
interact with the programme in a way it suits their needs.
The outcomes of this large multicentre trial will add to the
evidence on the effectiveness of EMDs in the treatment of
asthma. Because of the pragmatic trial design, it will give
important insights in the practical use and acceptability
of a smart inhaler programme in clinical practice from
the perspective of patients and HCPs. The study will also
contribute to the existing knowledge regarding the role
of patient characteristics in medication adherence and
the use of eHealth based self-management interventions.

In the early months of the COVID-19 pandemic, study
inclusion was paused for 6 months. In order to proceed
with study activities and continue study inclusion, the
study continued as remote research. Remote research
methods, including video conference systems and postal
delivery of questionnaires and devices, are innovative
ways of performing research. As such, this study provides
insight in how remote studies can be performed in an
efficient way and how they may benefit participants and
the research as a whole (eg, remote visits allow more flex-
ibility and can easily fit into the participant’s daily sched-
ules), thereby adding to limited evidence on remote or
decentralised trials.”!

This study has some methodological challenges.
First, due to the nature of the intervention, blinding of
patients and participating practices is not possible, intro-
ducing the possibility of performance bias (ie, improved
adherence behaviour due to knowledge on allocation).
This challenge is often encountered in adherence trials.
Changes in behaviour are mostly seen at study start and
around study visits and result in increased medication
adherence in both intervention and control groups.
EMD data from the SYGMA two study showed an average
improvement in adherence 1-2 weeks before and after a

study visit, which normalised after a visit.”> Consequently,
frequent study visits may increase medication adherence,
which can subsequently improve asthma control over
a longer period of time (ie, more than 6 months). In
order to reduce the impact of bias and improve internal
validity, the study has a follow-up of 12 months and has
a minimal number of research visits (ie, every 6 months
resembling the check-up frequency of patients with
suboptimal controlled asthma in the Netherlands). In
addition, medication adherence data around visits will
be excluded from the analysis to minimise the potential
impact of performance bias.

Second, different modes of recruitment and study
participation may have an influence on intervention
compliance and delivery of the intervention (ie, deliv-
ered to one patient and delivered to all patients of the
practice). However, having multiple recruitment strate-
gies increases the reach and enhances the recruitment
rate, which is necessary to reach the required study power.
Sensitivity analysis will be performed where possible to
identify any effects of recruitment ways on outcomes.

Finally, it is uncertain what proportion of patients will
fulfil all inclusion criteria, especially the inclusion criteria
‘having uncontrolled asthma’ and ‘being non-adherent’.
In general, people with limited health literacy and/or
a lower socioeconomic position are known to be less
adherent to their medication and at higher risk of having
suboptimal controlled asthma.®* However, this patient
population is also known to be less willing to participate
in research, have difficulties understanding study content
and be anxious towards research or the research team.*
Hence, while patients with asthma with lower socioeco-
nomic positions would probably benefit most from the
intervention, people with lower socioeconomic positions
are less likely to participate and complete participation in
a clinical trial.”” We attempt to deal with this by providing
financial compensation for their time spent by involving
the practice nurse, whom patients are familiar with, in
recruitment, by creating a familiar face for the patients
(ie, having the same research assistant perform all study
visits with one patient) and through public recruitment
channels which the target group interacts with on a daily
basis.
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