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Abstract

Background: An increase in sexually transmitted infections (STIs) as well as an increase in the use of new information and
communication technol ogies among young people in Cataloniais the inspiration behind the idea of designing a smartphone app
to promote partner notification of STIs.

Objective: The main objective of this study is to design a Web-based tool adapted to smartphones for partner notification of
STls among youth who are 16 to 24 years old. Additionally, the objective is to evaluate the Web-based tool’s role in increasing
the patient referral partner notification.

Methods: Thisisamulticenter randomized controlled trial with a proportional stratification of the sample by center and random
allocation of participantsto the 3 arms of the study (simple Web-based intervention, game Web-based intervention, and control).
This study is being conducted by midwives, gynecologists, and physicians in the sexual and reproductive areas of the primary
health care centers.

Results: The primary outcome measure is the number and proportion of partner notifications. Additional outcome measures
are the yield of early diagnosis and treatment of those exposed and infected, acceptability, barriers, and preferences for partner
notification. Expected resultsinclude an increase in the yield of partner notification, early diagnosis and treatment among youth
using Web-based interventions compared with those receiving the traditional adviceto notify, and a description of sexual networks
among those participating in the study.

Conclusions: The Notijoves is expected to have a sustainable positive impact in the partner notification practice among youth
and contribute to increasing the awareness of STI prevention.
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Introduction

Background and Study Rationale

Prevalence of sexualy transmitted infections (STIs) among
young people has increased over the years. In Catalonia,
prevalence of Chlamydia trachomatis among those below 25
years increased from 5.8% in 2008 to 8.5% in 2013 [1]. The
most affected age group isthe 16 to 18 years old.

Themainruleto control communicable diseasesis guaranteeing
an early detection of the infected to treat them and alert the
exposed [2]. Therefore, sexual partner notification is crucial to
reach awareness of the exposed and facilitate testing for potential
diagnosis. Scientific evidence highlights the need to improve
partner notification and early testing [3-5], and in the case of
Chlamydia trachomatis, partner notification is proved to be
more cost effective than systematic screening [6,7]. Partner
notification isrecognized to be crucia for reducing transmission
and preventing reinfection at an individual level [3].

In our country, as well as in most of the other European
countries, the most frequently used models of partner
notification are the ones done by the patient itself (patient
referral), and the one done by the health professional after
obtaining the patient’s approval (provider referral) [8].

An internet-based system of partner notification allows the
anonymous practice through aWeb-based notification, an email,
or short messaging system. This tool may help in getting in
touch with previous sexual partners with whom there is no
interest to revisit in person.

In addition, the introduction of a gamified approach of partner
notification among youngsters is an innovative way to involve
those who otherwise would not be interested in notifying. By
discovering through gamification the main aspects of the STI
that the youngsters were diagnosed with and the importance of
notifying partners for the prevention of further transmission,
the youngsters are more likely to notify their partners about a
potential infection, and they are more likely to advise them to
get tested for the potential infection.

Provided that youngsters are prone to using new technologies
and video games and that previous studies prove the utility of
gamification as an important tool to promote behavior changes
[9-12], we propose to include this gamification as a third arm
of thetrial.

https://www.researchprotocols.org/2019/6/€12896/

This study also includesthe socia network analysisthat allows
for adeep study of the relationships among young people. It is
based on the evidence that transmission of sexual infectionsin
asocial group isdetermined by the existence of central members
within the social structure [13]. Therefore, we aim to conduct
a randomized controlled trial to assess the effectiveness of
partner notification through the use of new information and
communication technologies (ICTs). Our hypothesisisthat the
percentage of partners informed by their index cases will be
higher when the index cases can use new technologies
(personally or anonymously) compared with the use of paper
notification card to do aface-to-face partner notification, without
any specific guidance.

Development of an App to Promote Patient Referral
Partner Notification

According to the Report of the Spanish Digital Society, 2017,
86% of the youngsters aged 15 to 24 years own a smartphone,
and this has become their main means of communication. It is
expected that in 2018, 50% of these youngsterswill exclusively
use smartphones to be on the Web [14]. In addition, these
youngsters are heavy users of smartphone apps. Making
available a responsive smartphone app that helps to do partner
notification, either personally or anonymously, may increase
partner notification practice. New and innovative ways of
addressing partner notification in a sustainable way that can
benefit youngsters and reduce transmission are a high priority.
That iswhy we proposed the development of a smartphone app
in Spanish and in Catalan (see Figure 1 for app icon in Spanish).
Experts in gamification and Web app contributed to its
development, drawing on the gamification-information-
motivation-behavioral skills approach to behavioral change
[15].

A total of 3 workshopswith youngsters of different social levels
were conducted by a psychologist, anthropol ogists, and nurses
to identify the best way to design the game.

The app contains different story games that are sensitive to
sexual orientation of youngsters, adapted information to the ST
that was diagnosed to the patient, and choice of different
methodsto do partner notification (short message service, email,
WhatsApp, or face to face), either anonymously or by
identifying himself or herself. At the end of the game, the
youngsterswill have learned preventive features of theinfection,
and they should be motivated to inform all sexual partners
exposed to the STI; in addition, they will choose a method to
send them the message or inform them personally.
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Figurel. Appicon‘“in Spanish”.
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Aims and Objectives

The aim of this study is to describe the protocol for the
randomized controlled trial of the Notijoves Web-based tool,
adapted to smartphones for partner notification of STls among
youngsters aged 16 to 24 years.

Thefirst objective of the study isto design thetool and evaluate
its role in increasing partner notification done by the patient
(patient referral partner notification) for al eligible sexual
partners.

The specific objectives are the following;:

+  Describe sociodemographic characteristics of index cases
and consecutive sexual partners

+  Describe coinfections within the group

+ Describe acceptability, barriers, and preferences for
executing partner notification using ICTs

+ Evaluatethe utility to apply the game theory (gamification
to promote behavior change) in the design of a Web app
for partner notification of STls

+ Evauatetheyield of ICTsfor partner notification of STIs
among sexual partners

+ Assesstheimpact of ICTsin primary transmission of STls

»  Describethe characteristics of the social and sexua network
among youngsters

Methods

Design

This is an unblinded 3-armed randomized controlled trial,
assigning patients to each arm of the study through the
proportionally stratified sample of patients by health center,
which will test the primary hypothesisthat a greater proportion
of partners will be informed about their exposure to STIs
(syphilis, chlamydia, or gonococcus) in theintervention groups
compared with the control group. We will randomize 416 young
and recently diagnosed index casesin 1 of the 7 centers of the
study. The researcher responsible for analyzing the datawill be
blind to group allocation.

https://www.researchprotocols.org/2019/6/€12896/
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Strategic Plan 2016-2020 of the Catalan Government
(ID:SLT002/16/00197).

Participants

This tria is being conducted in 7 public-based primary health
care centers for sexual and reproductive health of Cataloniain
the cities of Matar6, Badalona, Santa. Coloma de Gramanet,
Granollers, Mollet, Cerdanyola-Ripollet, and Sabadell.
Participants to the study are being recruited in each of the
primary health care centers according to the followinginclusion
criteria: Young people 16 to 24 years old, diagnosed with at
least 1 of the curable STIs (syphilis, gonococcus, or chlamydia).
Partners who have had sexual contact within the previous 6
months since the diagnosis of index case.

Exclusion criteria are the following: diagnosis of other STls
(trichomonas, HIV, Hepatitis C, and Hepatitis B), which,
although partner notification is advisable, will not be included
to prevent complexity in the study. Under the diagnosis of 1 of
these STls, health professionals will perform according to the
current clinical guidelines.

Study Period

The study will be conducted within a 3-year period. A total of
1 year to prepare the Web app, 18 months for the field work,
and 6 months for the evaluation and dissemination of results.

Groups of the Study

Control Group

Those receiving the recommendation to inform their partners
about exposure to STIs by the standard procedure currently
availablein the Catalan guidelines, use of aPartner notification
paper card.
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Game | ntervention Group

Those advised to enter the Notijoves Web app with a code and
follow the steps of the game to finally choose among different
ways to notify their partners.

Web App Direct I ntervention Group

Those advised to enter the Notijoves Web app with a code and
directly choose among different ways to notify their partners.

Main Outcome Variable

The main outcome variable of the study is the percentage of
partners informed of their exposure to a STI from their index
cases, according to the assigned study group.

Sample Size

Young population accessing all centers of study within a year
isaround 400. They have been randomly distributed in 3 arms,
according to the Bonferroni correction, to allow multiple
comparisons of outcomes with a significance level of P=.016.
The trial is expected to have 10% of withdrawals after
recruitment within the intervention groups and 20% of
withdrawals after recruitment within the control group.
Therefore, to have at least 120 participants in each 1 of the
groups, 133 are recruited in each 1 of the intervention groups
and 150 arerecruited in the control group. Therandom list ratio
is 1:1:1.28. To achieve this sample, participant recruitment is
allowed for a period ranging from 13 to 18 months.

Randomization and | nformed Consent Procedure

The sample is proportionally being assigned to each of the 7
centers, according to their regular activity (see Table 1).

The health professional proposes that the young patient index
case should participatein the study, and once verbal acceptance
is obtained, he gets into the Web app (see Figure 1) to obtain a
random code that assigns the patient to 1 of the 3 arms of the

Carnicer-Pont et al

study. He also prints the informed consent to be signed by the
patient and explains al the procedures to him/her, according to
the arm assigned (control, direct Web app, and game Web app).
A copy of the Informed consent is given to the patient, and the
original is kept under the custody of the health professional in
the participating center.

Participation Procedure

All the candidates who accept to participate in the study are
given information about the study, both verbaly and by
receiving an Information sheet. The candidates refusing
participation are also asked to complete a quick survey (2
guestions) to provide reasons for not participating. (see Figure
2)

Control Group

The control group receives usua partner notification advice,
and the health professional prints as many partner notification
paper cards as the patient index case mentions to be able to
provide partner notification paper cards to exposed partners.
Therefore, exposed partners are expected to receive a partner
notification paper card and a letter that are to be given to their
health professional. Theletter informs of the potential diagnosis
and advised treatment. The card hasinformation of the ST1 and
thelist of Sexual and Reproductive Health Centers and primary
health care centers for sexual and reproductive health, where
the recipient of the notification can go for diagnosis and
potential treatment.

The random code given to the index case patient appearsin the
informed consent and in a short paper questionnaire (12
guestions). Each 1 of the partner notification paper cards has a
code in line with the study arm of the index case. This means
that partners receiving a partner notification paper card from
an index case assigned to the control arm are kept in the control
arm themselves.

Table 1. Sample size distribution for each primary health care center for sexua and reproductive health.

Location of health care centres® Control® N1 Intervention game® N2 Intervention Web® N3 Total N
Badalona 30 26 26 82
Sabadell 27 24 24 76
Granollers 27 24 24 74
Mollet 20 18 18 57
Matar6é 20 17 17 55
Santa Coloma 14 13 13 40
Cerdanyola 12 11 11 34
Total 150 133 133 416

3Primary Health Care Centres for Sexual and Reproductive Health.
bControl group.

CGame intervention group.

HWeb app direct intervention group.

https://www.researchprotocols.org/2019/6/€12896/
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Figure 2. Algorithm of participation.STI: sexually transmitted infection.
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Patient comesto primary health care center for sexual and reproductive health

Patient is diagnosed of an 5TI

Patient is proposed to participate in the study

Participates

1
Does not participate

Health

RAMD O IZATION

Health professional entersinto the Web app to obtain the random code
Printsthe informed consent to be signed by patient

professional
registers why the
patient does not
want to
participate

Webh Game
Intervention Group

Control Group

Web Direct
Intervention Group

Web App Game Intervention Group

Individuals assigned to this group receive an Information sheet
explaining the objectives and procedures of the study. After
providing a signature of their informed consent, they receive a
paper copy of this informed consent that has a specific code
through which they enter the game by connecting to the
Notijoves Web address. A paper card with the “Notijoves’ Web
address is given to the patients. Once they enter the Web app,
they are asked to feed the given code into the field of Young
PANDORA screen.

By entering the code, they start playing the game, and they are
directed through different screens and situations. A Web-based
guestionnaire is inserted in the game. At the end of the game,
they are also asked to respond to a satisfaction questionnaire.

The game is expected to motivate the youngster to notify
partners of their exposure to an STI. While playing the game,
the youngsters are asked to answer questions related to the
clinical symptoms, prevention, and control of their recently
diagnosed STI. Likethis, they learn by playing. Another feature
of the Web appisthelink to advisory videos on how to approach
the face-to-face notification of exposure to an STI. Finally, the
game ends with ascreen, where the youngsters can choose from
among the different electronic tools to notify (short message
service, email, or WhatsApp) either anonymously or by
identifying themselves.

https://www.researchprotocols.org/2019/6/€12896/
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The electronic partner notification card has the following: (1)
a code automatically assigned by the electronic system that is
concordant with the arm where the index case patient entered
the study, (2) the informative message advising the partner to
visit a health center for diagnosis and potential treatment, and
(3) alink to alist of health centers of the study and the Web
app address, where the partner could go and where theinformed
partner could enter and participate in the study by introducing
the code. Along with the notification card, the partner receives
an electronic letter to be given to the health professional for
him to be aware of the STI diagnosed to the sender of this
notification and the advised treatment.

Web App Direct Notification I ntervention Group

Individuals assigned to this group receive an Information sheet
explaining the objectives and procedures of the study. After
providing a signature of their informed consent, they receive a
paper copy of this informed consent that has a specific code
through which they enter the Notijoves Web address. A paper
card with the Notijoves Web address is given to the patients.
Once they enter the Web app, they are asked to feed the given
code into the field of Young PANDORA screen (see Figure 3).
By entering the code, they are directed to a Web-based
guestionnaire and are offered an option to choose from among
the different electronic tools (short message service, email, or
WhatsApp) to notify either anonymously or by identifying
themselves. Finally, they are also asked to respond to a
satisfaction questionnaire.
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Figure 3. Entranceto game“in Catalan”.
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PANDORA,

L'illa on tot esta permés.

T'atreveixes a passar?

Introdueix el teu codi

No tinc codi.

What Happensto the Partners Receiving the
Notification Card?

Partners visiting participating centers are easily linked to the
study by their code, and they are also offered participation to
the study. Once accepted, they also sign the informed consent,
and they are asked to respond to a recipients’ questionnaire.
After receiving the test results, if they areinfected, they initiate
the same procedure as an index case, with their given code, in
concordance with the branch of the study that their index case
was assigned. If they are not infected, the health professional
registers results linked to the receptors questionnaire.

There may be partners visiting participating centers but not
bringing the letter for the health professional and not having
the code. These partners cannot be linked to any partner
notification card, and therefore they are lost to follow-up for
the system. Nevertheless, if they turn out to be infected, they
arerecruited as new index cases, with anew randomly assigned
code. Moreover, those partnersvisiting acenter out of the study
areaare lost to follow-up for the study.

Data Collection

The Web app has 2 entries: the entry of health professional and
the entry of the youngster.

The health professional entering the Web system activates the
random assignment of the code to 1 of the 3 arms of the study
and registers the information on the diagnosed ST1.

The involvement of the youngsters with the study givesrise to
different situations among candidates:

1. Theindex case wanting to participate
2. Therecipient of the notification wanting to participate
3. Theindex case or the recipient not wanting to participate

https://www.researchprotocol s.org/2019/6/€12896/
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4. Participants assigned to 1 of the intervention groups who
finalized the experience of partner notification after using
the Web app

For each 1 of the situations, there is a specific questionnaire:

1. Thequestionnaire given to index cases collects data on the
recruiting health care center, date of interview, date of birth,
sex (boy, girl, transgender born as man, and transgender
born aswoman), country of birth, mother’s country of birth,
education (without studies, primary studies, secondary
studies, and university), with whom they have sex (boys,
girls, or indistinctly boysor girls), number of sexual partners
6 months before the diagnosis, whether they look at
webpages to obtain information about STIs (yes, no),
whether they look for partners on the Web (yes, no),
currently diagnosed with STI, positioning toward partner
notification (will inform all partners, only some, none, and
do not know), and reasons for not notifying.

2. The questionnaire given to recipients of a partner
notification card collects the same data as above and
substitutes the last 3 questionswith to which STI have you
been exposed? How did you get to know your exposure
(face to face, partner notification card, WhatsApp, short
message service, email, and other)? Did you receive the
notification anonymously (yes, no)?

3. Those not wanting to participate are asked about their
reasonsin an open question. They are al so recorded asindex
case or recipient of a notification.

The opinion or satisfaction questionnaire collects data on
whether the Web app hel ped its usersto solve doubtsrel ated
to STlIs (not at all, a few, normal, quite alot, and a lot),
usefulness of the Web app to notify partners (not at all, a
few, normal, quite alot, and alot), use of the anonymous
option to notify (yes, no), easiness to choose from among
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the options to notify (yes, no, and if not, why not?), wish
to recommend the Web app to friends (yes, no, and if not,
why not?), and how can we improve the Web app? (open
guestion)

Data Analysis

Descriptive analysis of index cases visiting health centers will
be baselined to further assess differences in yield by groups.
Chi-sguare test and Student t test for categorical and continuous
variables will be used to assess differences in baseline
characteristicsamong groups. Regression analysisand adjusting
for confounding variables will be used to evaluate the primary
outcome and relative risk, and its 95% Cls will be calculated.
Significancewill be set at .05. The multiple imputation method
will be used to generate possible valuesfor missing values. This
isconsidered the gold standard for dealing with missing val ues.
Datawill be analyzed in Statav12 (StataCorp LLC).

The methodol ogy of analysis of the social and sexual networks
will be used from an egocentric perspective. Structural measures
of the network will be calculated, such as the size of the
network, number of direct links, density, the geodesic average
distance, diameter of ego’snetwork, and measures of centrality,
such asthe degree of intermediation of a contact or index case.
Furthermore, we will compare social network, density, and
structure. Network measurements will be done using the R
statistical package.

Confidentiality, Storage, and Archiving

Data will be archived in a safe environment, according to the
European Data protection law.

Ethical Aspects

Theinvestigators are committed to respect the prevailing norms
of Good Clinical Practice, the requisites of the Declaration of
Helsinki, and the clauses of general and particular ethical
conditions related to the right to privacy, anonymity, and
confidentiality. Neither the first name nor surname or any other
type of dataindicating the identification of the young population
will be registered. Therefore, identification will be made by
alphanumeric codes. Youngsters participating in the study will
sign an Informed Consent by paper, and when they are enrolled
through the Web, they will confirm acceptance to participate
by clicking on the confirmatory cell.

Results

The Web app was available to the health professional toinitiate
recruitment by early April 2018. From April 1 to May 30, we
expected to recruit 83 index cases, but difficulties on
accreditation of new health professionals and on entry to the
study environment in the Web prevented recruitment. In early
June 2018, there were 32 young people who accepted to
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participate in the study. They were assigned randomly to control
group (n=15), game intervention group (n=9), and Web direct
intervention group (n=8).

The project is currently recruiting with arate of approximately
6 recruitments per month. Recruitment is slower than expected.
Mainly because of the difficulties in the implementation of the
Web app. Our confidence isthat within the last 6 months of the
field study, recruitment pace will be doubled, and the expected
sample size will be achieved. To improve recruitment, since
September 2018, we have allocated 3 more professionalsto the
task.

Discussion

Summary

During thetria period, the Web app isonly availableto research
participants; therefore, source coding and App content have
been preserved.

Limitations

Firgt, the study relies on an assumed independence of the groups.
This means that young participants randomly assigned to 1 of
the intervention groups will not share information with those
falling in the control group. However, it can happen that some
controls have friends assigned to the game or Web app directly
and that they visit it with them. This can generate aclassification
bias, underestimating thereal effect of the intervention. Second,
information biasto assess primary transmission can occur when
not all expected partners to be notified are the ones who visit
health centers for testing. Third, those partners receiving a
notification but visiting a health center out of the study area
will belost to follow-up if they are assigned to the control group.
Thiswill generate a participation bias, overestimating the partner
notification yield of the other arms of the study. Fourth, a
malicious use of the Web app could occur, when anonymous
partner notification is sent by some youngsters to other
youngsters who were not even exposed. This may generate
overestimation of the partner notification yield. Finally, we
cannot fully ascertain the network across experimental
conditions because of the anonymous condition of our
experiment. It may happen, although very rarely, that partners
receive a notification from 2 index cases assigned to different
arms of thetrial. In that case, the system assumes that the first
notification received by the youngster is the one that will be
followed-up and the one that will contributeto network analysis.

Conclusions

Few studies have examined the yield of partner notification
among young people, especialy by the use of Web apps. The
Notijoves smartphone app is an intervention that, if shown to
be effective, may be implemented for al of Catalonia.

The authors wish to thank Anna Sort for her work in creating the app, as well as providing outstanding expertise in gamification
development, and the authors wish to thank Angels Medrano for her design of the orientating videos to guide partner notification.
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Abstract

Background: Many countries are witnessing a trend of growth in the number and proportion of older adults within the total
population. In Europe, population aging has had and will continue to have major social and economic consequences. Thisis a
fundamentally positive development where the added life span is of great benefit for both the individual and the society. Yet, the
risk for the individual to contract noncommunicable diseases and disability increases with age. This may adversely affect the
individual’s ability to live his or her life in the way that is desired. Cognitive conditions constitute a group of chronic diseases
that predominantly affects older people. Recent technology advancements can help support the day-to-day living activities at
home for people with cognitive impairments.

Objective: A digital platform (Support Monitoring and Reminder for Mild Dementia; SMART4MD) is created to improve or
maintain the quality of life for people with mild cognitive impairment (PwMCI) and their carers. The platform will provide
reminders, information, and memory support in everyday life, with the purpose of giving structure and lowering stress. In the
trial, we will include participants with a diagnosed neurocognitive disorder as well as persons with an undiagnosed subjective
memory problem and cognitive impairment, that is, 20 to 28 points on the Mini-Mental State Examination.

Methods: A pragmatic, multicenter RCT is being conducted in Spain, Sweden, and Belgium. The targets for recruitment are
1200 dyads—split into an intervention group and a control group that are in usual care. Intervention group participants will be
provided with a data-enabled computer tablet with the SMART4MD app. Its core functionalities, intended to be used daily at
home, are based on reminders, cognitive supporting activities, and sharing health information.

Results: Inclusion of participants started in December 2017, and recruitment is expected to end in February 2019. Furthermore,
there will be 3 follow-up visits at 6, 12, and 18 months after the baseline visit.

Conclusions: This RCT is expected to offer benefits at severa levels including in-depth knowledge of the possibilities of
introducing a holistic multilayered information and communication technology solution for this group. SMART4MD has been
developed in a process involving the structured participation of PwWMCI, their informal carers, and clinicians. The adoption of
SMART4MD faces the challenge of this age group’s relative unfamiliarity with digital devices and services. However, this
challenge can also be an opportunity for developing adigital device tailored to agroup at risk of digital exclusion. Thisresearch
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responds to the wider call for the development of digital devices which are accessible and affordable to older people and this full
scale RCT can hopefully serve asamodel for further studiesin thisfield.

Trial Registration:
International Registered Report Identifier (IRRID):

(JMIR Res Protoc 2019;8(6):€13711) doi:10.2196/13711

Clinical Trials.gov NCT03325699; https://clinicaltrials.gov/ct2/show/NCT03325699
DERR1-10.2196/13711

KEYWORDS

dementia; mild cognitive impairment; tablet; app; carer; eHealth; mHeath

Introduction

Background

The number of older adults in the population as well as their
proportion within the total population are increasing in many
partsof theworld. In Europe, population aging has had and will
continueto have major social and economic consequences. This
is a fundamentally positive development where the added life
span is of great benefit for both the individual and the society.
Many older people are able to support themselves and continue
to make important contributionsto society. Yet, therisk for the
individual to contract noncommunicable diseases and disability
increaseswith age. Thismay impair the ability of theindividual
to live hig’lher life in the way that is desired. It aso exerts
pressure on health services and support systemsfor older people.

Cognitive conditions such as mild cognitive impairment (MCI)
and dementia constitute a group of chronic diseases that
predominantly affects older people[1]. The general increasein
life span causes the number of peoplewith MCI [2] to increase;
peoplewith dementiain Europe aoneisestimated to reach 13.4
million by 2030. The challenge of ensuring a good life for all
is likely to remain formidable [3]. Health care policies are
focused on extending the ability of older people to continue to
live independently as one way of meeting these challenges. As
medical treatment options currently remain centered on
symptomatic treatment, the use of technology [4] and
specifically information and communication technologies (ICTS)
is suggested as away to support function and maintain a good
life [5,6]. For people with neurocognitive disorders, a good
quality of life (QoL) means that they experience a certain level
of independence and self-management of daily-life activities,
which may be promoted by using technology.

It is important to be aware of the heterogeneity in technology
use abilities [7-9]. Involving end users in design and
development of technology is especially important for the
development of usable technology [10-12].

Cognitive problems affect both the individual as well as their
surroundings [13,14]. Living together with and/or caring for a
PWMCI or dementia can compromise theinformal carer's own
well-being and health because of afeeling of being overloaded
in the caregiving role [15-17].

The central role the informal carers play also accentuates the
importance of thewell-being of theinformal carersthemselves,
and provision of support to the informal carers is therefore
essential [18]. This is aso an important target for the
development of new supportive technologies. For example,

http://www.researchprotocols.org/2019/6/e13711/

people with dementia often experience disorientation and thus
tend to get lost while they are outside on their own, causing
stress for the caregiver. According to a pilot study by Pot et a
[19], global positioning system tracking reduces feelings of
worry when being alone outside, both in people with dementia
aswell astheir caregivers. The Rosetta system integrated 31CT
systemsto support daily functioning (eg, socia contact, memory,
and activities) and to detect changes in daily behavior and
identify emergency situations. Using this system, feelings of
safety and security improved QoL in people with dementiaand
their carers[12].

Many devices and digital apps to support the day-to-day living
activitiesat homefor peoplewith neurocognitive disorders have
been devel oped during the recent years. However, most solutions
focused on cognitive impairment training or support and safety
for peopleliving aone. Most of them are single apps or devices,
but few wereintegrated into asingle solution or product [20,21].

A recent study by Yousaf et a [22] categorized mobile health
apps for dementia into apps for cognitive training and daily
living (eg, word games, videos, and music), screening (eg, clock
drawing), health and safety monitoring (eg, fall detection using
installed cameras, alarms, and emergency help), leisure and
socialization (eg, media for reminiscence therapy), and
navigation (eg, tracking). Similarly, Meiland et al [11] looked
at 3 fields of technologies for this group: (1) support with
managing everyday life, (2) support with participating in
pleasurable and meaningful activities, and (3) support with
dementiahealth and social care provision. The study highlighted
theimportance of both inclusion of the group in the devel opment
of technology as well as the need for more comprehensive
studies and higher quality evaluation of technology usability.
Furthermore, the early introduction of technology in a
degenerative cognitive process, or preferably before, may be
an important factor [23,24].

The importance of including QoL as an outcome measure in
dementia trials has been identified by the World Federation of
Biologica Psychiatry’sOld Age Taskforce[25] aswell asothers
in the field. QoL is multifactorial; therefore, besides “the
individual’s perception of their position in lifein the context of
culture and value systemsin which they live, and in relation to
their goals, standards, and concerns’ [26,27], QoL also
encompasses physical and mental health, social relationships,
and participating in activities. In thistrial, we therefore aim to
analyze QoL in abroad sense.

Few systematic reviews are available that investigate the
effectiveness of interventions on the QoL of people with
dementia [11]. Among those available, 1 systematic review
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found preliminary evidence that nonpharmacological
interventions targeting both patients and their carersimproved
the QoL of persons with dementia living at home [28]. In
contrast, a systematic review of pharmacological interventions
toimprove QoL and well-being in personswith dementiafound
that these interventions failed to show positive results in these
domains[25]. Other relevant systematic reviewsfocused on the
use of assistive technologies to improve QoL in older people
in general [29,30]. These covered technologies, including the
computer and the internet (ie, general 1CT), robotics, sensors,
telemedicine, medication management apps, mobile tracking
devices, and video games. Regarding QoL in older people with
dementia specifically, the review [29] identified 3 studies
investigating general ICT and sensors. These studies suggested
that the investigated technol ogies have the capacity to enhance
QoL not only in people with dementia but also in those caring
for them. It is important to note that most studies included in
these reviews were small, not randomized, did not include or
report QoL as a primary outcome measure, or did not include
avalid QoL measure [29]. Altogether, they state a current lack
of high-quality evidence that these interventions improve the
QoL of persons with neurocognitive disorders and underline
the need of large randomized controlled trials (RCTS).

Resultsfrom arandomized controlled pilot study were published
using acomputerized platform entitled “A technology platform
for the Assisted living of Dementiaelderly Individualsand their
informal carers” (ALADDIN) [31]. The authors demonstrated
that the use of ALADDIN enhanced the carers’ ability to care
for aperson with dementiaby improving the QoL and reducing
distress and carer burden.

MCI and dementia are used mostly astermsin thistext. Today,
these conditions are more correctly referred to as neurocognitive
disorders, classified according to diagnostic criteriain the fifth
edition of the Diagnostic and Statistical Manual of Mental
Disorders. However, as the earlier concepts, to a large extent,
aretill used intheliterature, we have chosen not to continually
change terms at all instances in this paper.

Aim

In this trial, we aim to create a digital platform (Support
Monitoring and Reminder for Mild Dementia, SMART4MD)
to improve or maintain the QoL for people with mild
neurocognitive disorders and their carers. The platform will
provide theindividua with reminders, information, and memory
support in everyday life with the purpose of giving structure
and lowering stress. In the trial, we will include participants
with a diagnosed neurocognitive disorder as well as persons
with an undiagnosed subjective memory problem and cognitive
impairment, that is, 20 to 28 points on the Mini-Mental State
Examination (MMSE). We will refer to this group as persons
with mild cognitiveimpairment (PwMCI) in thefollowing text.

Primary Objective
The research hypothesis is that use of the SMART4MD app

over aperiod of 18 months can result in an improvement in the
QoL of PWMCI.

The statistical null hypothesisisthat the use of the SMART4AMD
platform produces no change in the mean total Health-related
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quality of life Alzheimer's disease QoL-AD score of PWMCI
over 18 months.

The statistical alternative hypothesis is that the use of the
SMART4MD platform produces a change in the mean total
QoL-AD score of PWMCI over 18 months.

Secondary Objectives

The secondary objectives also apply to the intervention group
using the app over aperiod of 18 months. The objectivesare as
follows:

« To increase adherence to prescribed medication by 10%
(all documented prescriptions)

« To reduce functiona decline in PWMCI by 10% (as
measured by Instrumental Activities of Daily Living)

« To monitor PwWMCl's attendance a hedth care
appointments and admission to health care institutions

« To monitor the informal carers mental well-being as a
strong determinant of caregiver burden and in turn of QoL
of informal carersin the control and intervention group

Methods

Study Design
This is a pragmatic, multicenter RCT, and the Consolidated

Standards of Reporting Trials (CONSORT) [32] guidelineswill
befollowed. The Clinical Trials.gov identifier isNCT03325699.

Setting

This study will be performed in 3 European countries: Spain,
Sweden, and Belgium and 4 participant centers, which are as
follows: Consorci Sanitari de Terrassa (Catalonia, Spain),
Servicio Andauz de Salud (Andalusia, Spain), Blekinge Institute

of Technology (Sweden), and University College
Leuven-Limburg (Belgium).

Participants

Intotal, 1200 participant dyadsin 3 European countries (Spain,
Sweden, and Belgium) will be included in the study. The
participant dyadswill comprisethe PwMCl and his’her informal
carer, with the PwMCI being the main participant. The
participant will be selected by a nonprobabilistic consecutive
sampling method. All participants will receive their treatment
as usual (TAU) in their respective site, but the care of the
intervention group will be improved with the support of the
SMART4MD app.

Sample Size

A tota of 1200 dyads (PwMCl+carers) is the target for
recruitment, divided over 2 groups: an intervention group, using
the SMART4AMD app, and a control group, not using the
SMART4AMD app. In this clinical trial, QoL is the primary
outcome measure, measured by the QoL-AD total score [33].
This scoreisbased on 13 four-point (1 to 4) items on a discrete
visual analog scale. Recent papers [34] show the standard
deviation (SD) of the total QoL-AD score approaches 7.

To detect a small effect size of 0.2 comparing 2 groups
(intervention and control), using a 2-sided t test with a 5%
gtatistical significancelevel, with apower of 80%, the minimum
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number of PWMCI required in each group is 394 (788 overall).
If there would be adropout rate of 20%, the number of PwMCl
registered on the study would need to be 493 in each group (thus
986 overall).

On the other hand, one of our secondary objectivesisto increase
adherence to prescribed medication by 10% in the intervention
group. If we consider that in people with dementia, the treatment
adherence is between 44% and 99% [ 35,36], and assuming the
less preval ence (44%), which wewant to increase by 10%, with
a power of 0.8 and a significance level of .05, we need 1174
subjects (20% dropouts included). Therefore, the sample size
of this study is adequate to detect statistical and clinical
differences between groupsfor the QoL -AD (primary outcome)
and treatment adherence (a secondary outcome).

Inclusion Criteria

A participant will be digible for inclusion in this trial only if
all of the following criteria are met:

«  Participants score 20 to 28 points on the MM SE whether
or not a diagnosed neurodegenerative disease is present;

« A professional assessment of the patient's own experience
of memory problemsover asubstantial period of time (more
than 6 months);

«  Participants are older than 55 years;

«  Participants are home care recipients;

«  Participants have an informal carer;

«  Participants take prescribed medication and are in charge
of their own medication use;

« Participants have no specific conditions reducing their
physical ability to usethe app, for example, visual, hearing,
or motor impairments.

Exclusion Criteria (Persons With Mild Cognitive
Impair ment Only)

A participant will not be eligiblefor inclusioninthistrial if any
of the following criteria apply:

«  Participants have a terminal illness with less than 3 years
of expected survival;

« Participants score above 11 on the Geriatric Depression
Scale (GDS-15) [37] or have another known significant
cause of disease asan explanation for cognitive impairment
such as abuse and other psychiatric diagnoses such as
bipolar disorders, schizophrenia, and developmental
disorders.

Recruitment

Participants will be identified from a cohort of people with
cognitive impairment that has been present for more than 6
months and who meet al the study eligibility criteria
Participants can be under primary care services as well as
secondary care services, such as those who are being followed
up in memory clinics, outpatient clinics, day hospitals or other
components of specialist mental health care, geriatric medicine,
and neurology services. Participantswill aso beidentified from
patient databases such as those integrated in the centers
networks. The identification process will consist of screening
using information gathered from medical notes, clinic records,
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and/or clinical consultations for initial eligibility based on
inclusion criteria

Each country will have a country specific recruitment plan that
will be revised by the trial steering committee.

After abrief explanation of the study design and research goals,
participants will be invited to participate in the study, and an
appointment with the researchers will be made. Participants
will be provided with all the information they need to make an
informed decision viaa participant information sheet. They will
be given a cooling-off period of at least 24 hours between
informally agreeing to participatein the study and being invited
to formally consent in a meeting with the research team.

At the first visit, the researcher will explain the study in detail
and answer any questions the patient or caregiver may have.
The patient’s eligibility will be confirmed and their ability to
consent will be assessed. Once consent is officially given by
signing an informed consent form by all parties, the dyad will
be randomized into either the intervention or the control group.

Randomization

Enrolled dyads will undergo 1:1 block randomization by each
study clinic performed by the Anglia Ruskin Clinical Trials
Unit (ARCTU) to assign them to the intervention group or the
control group. Randomization will be undertaken using an
internet-based randomization system setup by ARCTU on the
TENALEA system provided by FormsVision BV. The system
stores the predetermined sequence of randomization; thislistis
not available to the investigators.

Intervention: the Support Monitoring and Reminder
Technology for Mild Dementia Platform

Our intervention strategy, which aims to improve the QoL of
PwMCI, isbased on the use of asingle or multiplefunction that
the SMARTAMD app enables. The rationale behind and
description of the functionalities of the SMART4MD app are
presented in detail in a separate document (Multimedia
Appendix 1). Briefly, participantsin theintervention group will
be provided with a data-enabled computer tablet preinstalled
with the SMART4AMD app. The tablet will be configured in
such away that it is not possible for participants to download
any other app or software onto the tablet.

SMART4MD is a general electronic health app that has been
adapted specifically for MCI through a structured process
involving the participation of PwMCI and their informal carers
and health care professionals. Focus groups were conducted
with PwWMCI and their informal carers, and interviews were
conducted with health care professionals. The app can run both
on tablet and mobile phone devices adopting the Android
operating system but is specifically optimized for tablet devices
as opposed to smaller screen mobile phone devices.

The core functionalities of the app are based on reminders
(medication, appointments with health care providers, and
meeting up with family and friends), cognitive supporting
activities (clock, calendar, brain games, and photos) and optional
status and health information sharing with family and informal
carers (including mood and specific health problems such as
headaches).
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The app alows the participant to share health information to
other people of their choice (relatives or research team) by email.
The participant can select what kind of information he/she can
share and to whom he/she wants to send this information.

An important feature of SMART4AMD is its personalization
facility: main users (PwMCI and informal carers) will be able
to switch on/off or change various features and
information-sharing possihilities.

The app is intended to be used daily at home, mainly by the
PwMCI themselves, with the help of their informal carerswhen
needed.

Training and Support for App Users

The SMART4MD user training across the trial sites will be
delivered in the most uniform way possible, minimizing bias.
Support during the trial regarding the use of the app will be
provided, and each center will nominate 1 individual to lead
the support for participants recruited and assigned to the
intervention group, helping usersin their own language. On the
day of delivery of the tablet, atraining session is held for both
the subject and the caregiver, with explanations of how the
tablet and the app works.

In addition, a paper-based manua is delivered on the
introductory meeting as acomplement to the verbal introduction.
The manua has been developed with an emphasis on the parts
of the tablet and app, where users in the feasibility study
experienced difficulties.

Finally, throughout the clinical trial, participants have a contact
person in each site with whom they can consult regarding their
doubts and technical problems.

The hours and limits of responsibility of this support will be
standardized acrosstria sites. The support will be delivered at
clinical visits or viaemail or phone calls.

Control Group

The control group will only receive their TAU. There are
different conditions and diseases and the treatment can vary
widely among the participants. In addition, there are different
health care systems among study centers. In any case, the
participantsin the control group will receive the TAU that they
would receive at their care center regardless of the study.

Outcomesin PersonsWith Mild Cognitive | mpair ment
Primary Outcome

Health Related Quality of Life

Health related quality of life of PwMCI will be measured using
the total score of the QoL-AD questionnaire [33,38,39]. This
is a 13-item measure, which has been specifically designed to
measure QoL inindividualswith dementiafrom the perspective
of both the PwMCl and theinformal carer. It includes questions
related to theinterpersonal, environmental, functional, physical,
and psychological status of the person with dementia, and thus,
it is a global measure for QoL. QoL-AD will be assessed via
an interview with PwMCI and via self-completion by informal
carers.
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Secondary Outcomes:

Adherenceto Prescribed Medication: Doses and Pill Count

Adherence to prescribed medication will be assessed by
comparing the PwMCI's documented prescription for
medications with the number of pillstaken (or if medicationis
not in pill form, pill equivalents) in the 30 days before the
assessment day.

This assessment will be undertaken by a Principal Investigator
Pl or delegate at the 6-, 12- and 18-month visits. PWMCI and
informal carer dyads will be asked to bring any documentation
related to their prescription history for al medications and all
the remaining pills (or pill equivalents) and empty medication
packaging they have from the previous 30 days so that the
researcher can undertake the medication count.

Thedose/pill count isthe number of pills or dosestaken divided
by the number of pills or doses prescribed, multiplied by 100
(expressed as a percentage) [40,41]. According to Haynes et al
recommendations, a good adherence is considered when the
result of counting is between 80% (a 20% of doses/pills missed)
and 110% (the patient takes 10% more doses/pills) of doses/pills
prescribed. We will select a maximum of 2 drugs for each
participant in the pill count.

Cognitive Function

It will be measured by the MM SE [42]. It isalso used to estimate
the severity and progression of cognitive impairment and to
follow the course of cognitive changes in an individual over
time. To beincludedin thetrial, individuals must score between
20 and 28 pointson the scale. The use of an MM SE cutoff value
of 28 is not common and has some risks but has been used in
other studies [43]. O'Bryant et al [44] showed that an MM SE
cutoff score of 28 gave the best sensitivity and specificity for
detecting mild dementia in a population with self-reported
memory complaints.

Functional Decline

The EuroQol-5D (EQ-5D) is a self-completion questionnaire
that consists of 5 questions plus a scale where the participant
rates their health state on a scale of 0 to 100. EQ-5D has been
shown to correlate well with QoL-AD, indicating that the 2
measures are compatible and can be used side by side [38].

Service Utilization

Attendance at health care appointments and admissionsto health
care institutions will be collected from health management
systemsin the participating regions.

I ndependent Variables-Covariables

Sociodemogr aphic Data

Age, gender, education, whether participant livesaone, marital
status, and relationship with the informal carer are the
sociodemographic variables.

M edical History of PersonsWith Mild Cognitivel mpair ment

These include family antecedents such as Alzheimer disease,
Parkinson disease, other dementing illness; Comorbidity
International Classification of Diseases-10; Current Treatment
according to The Anatomical Therapeutic Chemical
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Classification System Information about dementia: diagnosis
of dementia, type of dementia, if they have undergone a
magnetic resonance imaging scan, and if they are using any
pharmacological treatment for their dementia.

Depression

The GDS-15 [37] will be used as an exclusion criterion,

screening for depression. If participants score above 11, they
will be excluded from the trial.

The GDSiscommonly used asaroutine part of acomprehensive
geriatric assessment. The grid setsarange of 0to 4 as“normal,”
5to8as“mildly depressed,” 9to 11 as“moderately depressed,”
and 12 to 15 as “severely depressed.”

Familiarity With Comparable Technological Devices

Thiswill be assessed viaaquestionnaire of 6 questionstailored
to thisstudy, covering both prior and current experience of using
internet and mobile technology in general and, specifically,
apps with particular relevance to SMART4AMD functionality
(Multimedia Appendix 2). It will also include an instrument to
measure general attitudes and feelings toward technology [45].

User Behavior

In the intervention group, the following data will be collected
from the platform: date and time of any interaction with the
SMART4MD app, length of interaction, and the functions used
during the interaction.

Table 1. Schedule of events.

Anderberg et a

Outcomesin Carers

Secondary Outcomes

Carer Burden

The Zarit Caregiver Burden Interview (ZBI-12) [46,47] will be
used to evaluate informal carers burden. The ZBI-12 is a
12-item scale with each answer chosen from a 5-point Likert
scale. It is a shortened version of the original scale that was
devel oped specifically for informal carers of PWMCI and covers
issues such as carer stress and the degree to which caring is
affecting their health and social life. It will be administered via
interview with the informal carer.

I ndependent Variables-Covariables

Sociodemogr aphic Data

Age, gender, education, whether participant lives alone, marital
status, and familiarity with comparable technological devices
are the sociodemographic variables.

Follow-Up Visits

There will be 3 follow-up visits at 6, 12, and 18 months after
baseline interview. A summary of visits' assessmentsis shown
in Table 1. In addition, to measure medication adherence, there
will be a preadherence phone call in each follow-up visit (30
days before the visit).

Events, assessments, and data collection

Basdline Tablet

delivery

Month 6
+18 days

Month 12
+18 days

Month 18
+18 days

Screening

Informed consent (PwMCl2 and informal carer)
Review of inclusion and exclusion criteria (PwMCI)
Demography (PwMCI and informal carer) and medical history (PwMCI)

Introduction and training for Support Monitoring and Reminder for Mild
Dementia (intervention group only, PWMCI and informal carer)

Geriatric Depression Scale (PwMClI)

Mini-Mental State Examination (PwMCI)

Quiality of Lifein Alzheimer's Disease scale (PWMCI)
Instrumental Activities of Daily Living (PwMCI)
Adherence to prescribed medication (PwMCI)
EuroQol-5D (PwMCI and informal carer)

Attendance at appointments and admissions (PwMCI)
Familiarity with tech survey (PwMCI and informal carer)
QoL-AD on behaf of PwMCI (informal carer)

Zarit Caregiver Burden Interview (informal carer)

User satisfaction survey (intervention group only, PWMCI, and informal
carer)

User behavior (intervention group only, informal carer, and PWMCI)

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 X

X X X
xX X X
xX X X

3PwMCl: persons with mild cognitive impairment.
BThe instrument is used at this time point.
®The instrument is not used at this time point.
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Statistical Analysis

All analyses will be performed with the SPSS 25+ program
(IBM Caorp) [48].

Summary of Baseline Data and Persons With Mild
Cognitive | mpairment Progress Through the Trial

For continuous variables we will collect the mean, median,
minima and maxima, lower and upper quartiles, and SD.
Categorical variables will be summarized using counts and
percentages. The progress of the PwMCI will be shown
schematically with counts and percentages in a CONSORT
diagram. The analysiswill adopt the intention-to-treat principle.

Primary Outcome Analysis

The primary analysis will be the comparison of total QoL-AD
score mean changes (at 18 months) between intervention group
and control group using a 2-sample, 2-sided Monte Carlo
permutation t test. The use of a permutation test will avoid the
need for strong assumptions about the distribution of the data.
Similarly, a bootstrap approach will be used to obtain the 95%
confidence limits for the difference between the group means.

Secondary Outcome Analyses

The comparison between intervention group and control group
for continuous variableswill be analyzed with the same method
described above, and categorical variables will be analyzed
using Fisher exact test.

Regression analysis will be used to assess the relationship
between the primary and secondary outcome measures and the
Technology Familiarity Score to analyze whether prior
experience of technology has an effect on the outcomes.
Furthermore, a regression analysis will be used to assess the
relationship between the primary and secondary outcome
variables and the usage variables to indicate which aspects of
the computer tablet use most affected the outcomes.

A user-behavior analysiswill be performed to assess how users
interact with the platform and how their behavior affects its
efficacy. Specifically, we will assess and analyze the frequency
of accessto the SMART4MD app, the length of thisinteraction,
and the quality of the inputs provided. These data will be
correlated with users' reminder schedulesto explore differences
between proactive and reactive use of the platform and will be
followed over time to understand how increasing familiarity
with the platform affects user behavior. In addition, the data
will be used to improve the SMARTA4AMD app, if necessary, to
optimize user interaction. The results of the usability testswill
be analyzed using statistical methods to quantify the error rate,
effectiveness, and learning curve of the SMART4MD app and
functions. For this, the intervention group will be asked to
perform specific tasks with the app, and different interaction
parameters will be measured such as number of taps, reaction
time, time to target, time to accomplish, etc.

Subgroup Outcome Analyses

Checks for the consistency of the intervention effects across
sites will be done using a 2-way analysis of variance with the
2 factors being group (intervention/control) and site. Similarly,
asubgroup analysiswill be carried out according to the severity
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of cognitiveimpairment. These subgroupswill be formed based
on the MM SE score corrected by educational level and age.

Adjusted Analyses

A secondary analysis will be an analysis of covariance to
compare the 18-month total QoL-AD score means, where the
response variablewill be the 18-month total QoL -AD scoreand
the covariate will be the baseline total QoL-AD score. This
analysis will provide a comparison of the 18-month total
QoL-AD score means adjusted for the baseline total QoL-AD
score. Again, the P value will be obtained using aMonte Carlo
permutation method, and the 95% confidence limits for the
adjusted difference between the means will be obtained using
a bootstrap approach.

Proceduresto Account for Missing or Spurious Data

For analyses involving multiple regression analysis, amultiple
imputation approach will be considered and used, if statistically
sound, depending on the proportion and pattern of missing
values.

Methods to Ensure Validity and Quality of Data

Accurate and reliable data collection will be assured by
verification and cross-check of the electronic case report form
(eCRF) against the investigator’s records (source document
verification). Source document verification will be conducted
for 5% of datain subjects.

A comprehensive validation check program using front-end
checks in the eCRF will verify these data. Discrepancies and
queries will be generated accordingly in the eCRF for
Web-based resolution by theinvestigator at the site. In addition,
the eCRF datawill bereviewed on an ongoing basisfor medical
and scientific plausibility.

Ethical Considerations

This study will conform to the principles of the declaration of
Helsinki. Ethical approval for this trial was granted by the
regional ethical review boards at each participating site ensuring
full compliance with all research and legislative regulationsin
the respective countries. The major ethical considerations for
this study with respect to the group with PwMCIl have been
analyzed in depth (Multimedia Appendix 3).

The database used for the unidentified clinical datais located
physically at Blekinge Institute of Technology and is used for
several other clinical studies including the Swedish National
Study of Aging and Care following all relevant protocols for
data security and integrity. The code key containing the
identifier are kept in alocked cupboard on acomputer/Universal
Serial Bus memory not connected to the internet.

Results

Inclusion of participants started in December 2017, and
recruitment is expected to end in February 2019. Furthermore,
therewill be 3 follow-up visitsat 6, 12, and 18 months after the
baseline visit.

JMIR Res Protoc 2019 | vol. 8 | iss. 6 [e13711 | p.20
(page number not for citation purposes)


http://www.w3.org/Style/XSL
http://www.renderx.com/

JMIR RESEARCH PROTOCOLS

Discussion

The benefits of this RCT will be at severa levels including
in-depth knowledge of the possibilities of introducing aholistic
multilayered ICT solution for this particular group. Support for
the hypothesis that particular SMART4AMD functions may
improve QoL In PwMCI can be found in other studies. For
example, SMART4MD enables users to record a list of their
medication, to receive reminders to take their medication, and
to record that they have done so. In this way, it encourages
treatment adherence. An association between treatment
adherencein Alzheimer disease and improved QoL for persons
with dementiais claimed in anonsystematic review of literature
on factors affecting adherence to cholinesterase inhibitors, the
main class of therapeutic drugs [35]. More specifically, 1 study
[49] (the first to address this specific issue) found that people
taking acetylcholinesterase inhibitors rated their QoL (using
the total QoL-AD score) more highly than those who did not.
Similarly, the control of dementia risk factors has consistent
evidence for dementia prevention, especially in those at risk of
developing dementia because of memory claims and/or MCI.
Therefore, the adequate control of chronic diseases, such as
hypertension, diabetes, and hypercholesteremia, for which an
adequate adherence to pharmacol ogical treatment is necessary,
could imply an improvement in the QoL [50].

SMART4MD also enables users to access information about
dementia and MCI. A systematic review of literature on
information services for persons with dementia and informal
carers[51] found that 2 out of the 3 RCTs measuring the QoL
of the person with dementiaunder these circumstancesindicated
benefit. A systematic review of literature on social support group
interventions for person with dementia identified 2 studies, 1
of which showed the QoL benefit of a support group providing
educational seminars and supportive discussion on medical
causes and treatments and future planning and strategies for
enhancing communication and daily living [52,53].

The secondary objectives of the trial comprise establishing
possible improvements in medication adherence, functional
status, and informal carers well-being as a result of using
SMART4MD.

The proposition that particular SMART4AMD functions may
promote these outcomesis also supported in literature. Reviews
demonstrating that oral acetylcholinesterase inhibitorsimprove
performance in activities of daily living [54,55] mean that the
medication reminder function is well placed to support
functional status. Other studies have shown that digital games
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can support communication and a sense of well-being in persons
with dementia [56] and that multimedia memory aids can
promoterecall [57]. A recent systematic review has also shown
some positive results for computerized cognitive training in
population with MCI or dementia [58]. Providing information
about dementia to informal carers as well as supporting them
in mobilizing social support networks have been shown to
reduce informal carers” burden [59]. Thereis also asignificant
burden in informal caregivers of individuals with MCI [60].
Assistance with medication regimes not only has the capacity
toimprove QoL in person with dementia’s or MCI but also that
of informal carers[61].

SMART4MD has been developed from an existing general
health management app in a process involving the structured
participation of PwMCI, their informal carers, and clinicians.
The adoption of SMART4AMD by older people faces the
challenge of this age group’s relative unfamiliarity with digital
devices and services. However, this challenge can also be seen
as an opportunity. This research entails developing a digital
device, which is specifically tailored to a group of people who
are particularly at risk of digital exclusion. In this respect, the
research respondsto thewider call for the development of digital
devicesthat are accessible and affordableto older people, rather
than a source of anxiety [62].

SMART4MD’s combination of a number of functions
distinguishes it from other comparable products and services,
making it the kind of innovative nonpharmacological
intervention that expertsin the field have called for [56].

The occurrence of dementia and MCI is a common problem
across Europe, but its management varies between countries
and even regions. Variations in the commitment of member
states to national dementia strategies naturally tranglates into
variationsin clinical practice through differencesin both funding
and priority given to dementia in different countries. More
generaly, health care systems vary widely between member
states and regions, with differing emphasis placed on home,
community, primary, and secondary care. These differencesare
further amplified by varying practicein reimbursement of health
care costs between private health care insurers and public
authorities; and by different levels of funding available for
health care. Asaresult, the support and treatment available for
PwMCI acrossthe European Union varieswidely. By including
PwWMCI, informal carers, and health care professionals from
various European countries in this study, we can ascertain
whether SMART4MD can support PwM Cl and informal carers
irrespective of these differencesin services and treatments.
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Abstract

Background: Approximately 13% of the total Australian midwifery workforce is internationally qualified. Although the
internationally qualified midwives (IQMs) play asignificant rolein the Australian midwifery system, thereislimited understanding
of their transitional experiences.

Objective: The objective of this study protocol is to explore the transitional experiences and views of IQMs practicing in
Austraia, through the investigation of demographic profiles and key challenges that influence a smooth transition.

Methods: This paper presents an explanatory sequential mixed methods study protocol. This protocol incorporates an e-survey
and individual interviews. The e-survey in the first phase will be distributed to IQMs in Australia via the website e-bulletins of
the Australian Nursing and Midwifery Federation and the Australian College of Midwives. Additionally, potential respondents
will be recruited via social media (ie, Twitter and Facebook) and associated snowball sampling. Data from the e-survey will be
statistically analyzed. At the end of the e-survey, respondents will be asked whether they are willing to take part in an interview.
The results of the e-survey and relevant literature review will help to develop a guideline for interview questions for the second
phase. In phase two, a purposeful sample of participants will be recruited using the same selection criteria as for the e-survey.
Semistructured interviews will provide a deeper insight into the transitional experiences of IQMs. Data from the interviews will
then be thematically analyzed.

Results: An integration of the e-survey results (phase one) and interview findings (phase two) will be synthesized to explore
and better understand the transitional experiences of this group of midwives. It is anticipated that data collection and analysis
will be completed by June 2019 and results will be disseminated through peer-reviewed publicationsin late 2019.

Conclusions: This research protocol may generate new knowledge about the transition of IQMs in Australia. These findings
could be used to formulate recommendations to inform the transition of future IQMsin Australia.

International Registered Report Identifier (IRRID): DERR1-10.2196/13406
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Introduction

Background

Australiaisamulticultural country with 49% of the Australian
population (24.77 million) either born overseas or having at
least one parent who was born overseas [1]. Asin many other
fields, multiculturalism affectsthe health professional workforce
[2]. For example, the 4244 internationally qualified midwives
(IQMs) who received their midwifery qualification in countries
other than Australia and are currently practicing in Australia
represent 12.99% of all registered midwives (4244/32,669) in
the country [3]. Globally, there has been increasing reliance on
IQMs and internationally qualified nurses (IQNs) within the
health workforce of some devel oped countries[4-6]. A shortage
of nurses and midwives, coupled with increased demands for
health care, may be two of thefactorsdriving thisincrease[7,8].
However, the transition of this group of health professionals
into the Australian health care system has been accompanied
by various challenges [8-11]. Pilette [12] explains that the
process of adjustment into a foreign health care system may
take about one year and is comprised of four different phases,
including acquaintance, indignation, conflict resolution, and
integration. He noted that each phase is associated with unique
challenges [12]. Furthermore, it is possible that IQNs from
culturally and linguistically diverse backgrounds may find it
takes longer to adjust [13].

Differencesin nursing practices, along with alack of familiarity
with local technologies, policies, and guidelines, are reported
as major challenges for IQNs [11,14,15]. IQNs from different
educational backgrounds may face stressful situations due to
different ways of undertaking clinical procedures [16], which
can result in frustration and anxiety [17]. Deskilling and lack
of recognition of IQNS’ capabilities, skills, and experiences can
cultivatefeelings of invisibility and marginalization, which may
have a negative effect on self-esteem, confidence, and
well-being [14,18]. These factors areimportant to consider and
acknowledge as these may be similar for IQMs. The literature
also highlighted multidimensiona discrimination and cultural
impositions experienced by IQNs in some health care systems
of destination countries[11,15]. Diversity inrace, color, culture,
or language can be atrigger of inequality of opportunities and
racism in the form of bullying by staff or rejection of care by
some patients [13]. For IQMs and IQNs, racial discrimination
can lead to intimidation, public humiliation, social exclusion,
and loss of confidence and professional authority [6,15,19].

Proceeding on the basis of Cooper's Taxonomy [20], astructured
literature search was conducted by the authors [21]. The five
steps that guided the literature review included formulate the
problem, search theliterature and gather information, evaluate
study quality, analyze, and interpret the data [20]. Only two
studies reported the experiences of midwives practicing in a
foreign country; one study examined UK midwives experiences
of working in Australia [6] and another in New Zealand [10].
The literature appears to focus mainly on internationally
qualified nurses and doctors, with midwives usualy included
within the broader category of nurse migration. However, the
International Confederation of Midwives has stated that
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“midwifery should be recognised as an autonomous profession
globally” [22].

Although midwifery is an internationally mobile profession,
there appears to be a global gap in literature that explores the
transition experiences of IQMsmoving between countries[23].
Hence, this lack of research, as well as the need to investigate
and explore the transitional experiences of IQMs as they
transition into Australian maternity services, isclear justification
for undertaking this doctoral study. Understanding the
transitional experiences of this group of midwives into the
Australian midwifery system, as well as disseminating the
findings, will increase awareness of challenges that IQMs may
experience.

Study Aim and Objectives

Given the identified gap in the literature, this study aims to
explore the transitional experiences and views of IQMs
practicing in Australia. The objectives of this study are to
investigate demographic profiles of IQMs in Australia and to
explore the key challenges that promote or hinder a smooth
transition into this workforce. The research questions for this
study are asfollows:

1. What are the demographic characteristics of 1QMs
practicing midwifery in Australia?

2. What challenges do 1QMs face during their transitional
process into the Australian midwifery workforce?

3. How do IQMs practicing midwifery in Australia perceive
the level of:
a peer support?
b.  peer respect?
C.  peer acceptance?

Methods

Study Design

The researchers will use an explanatory, sequential, mixed
methods design, incorporating two phases to provide valid and
credible outcomes [24]. This mixed methods design is
underpinned by the philosophical assumptions of pragmatism,
which guides both phases[24-26]. The research emphasizesthe
use of the pluralistic approaches in order to achieve a deeper
understanding of the transitional experiences of individual
IQMs, as well as the challenges they confront during their
transition into the Australian midwifery workforce [24-27].
Regarding pragmatism, the criterion of “what works?’ will be
used to select the best methodologies to address the research
guestions and, ultimately, to find some strategies to solve any
challenges, asrequired [26].

This research protocol incorporates an e-survey and individual
interviews. Phase oneincludes an e-survey study that is currently
being undertaken to capture IQM<s demographic profiles, their
transitional experiences, and positive and negative factors
contributing to their transition during the first year of their
practicein Australia. The exploratory nature of the second phase
requires a qualitative approach to identify and describe the
transitional experiences and views of individual IQMs. Hence,
qualitative descriptive design based on semistructured interviews
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will be used for phase two to provide a detailed description of
the experiences and views of IQMsin language similar to their
own forms of expression [28,29].

Theresultsfrom the e-survey will assist in determining questions
for theinterviewsto explore, clarify, and affirm the experiences
and perspectives of IQMs [26]. The findings of the interviews
will provide further explanations for unexpected results that
may emerge during the e-survey study [24-26]. The final
inferenceswill be presented on the basis of integrated datafrom
both phases of the study [27].

Study Population

The target population for this study is a sample of midwives
who obtained their midwifery qualificationsoutside of Australia,
who practiced for aminimum of 12 months in the countriesin
which they obtained their midwifery qualifications, and who
are presently practicing as midwives in Australia. In order to
maximize recruitment opportunities, a specific length of time
of employment in Australiawill not specified. It is beyond the
scope of thisresearch to consider the experiences of midwives
who obtained their midwifery qualifications within Australia.

Data Collection and Setting

IQMswill beinvited to participatein this study nationally within
Australia.

E-Survey

IQMs practicing in Australia are being accessed via a
nonprobability sample design, which also incorporates factors
such as convenience and snowball sampling. The Nursing and
Midwifery Board of Australiawas approached at the beginning
of respondent recruitment, with a request made to access the
contact details of all registered IQMsin Australia. Thisrequest
was denied dueto the Board's privacy policy. There are no other
official organizations or bodies that collect contact details of
IQMsin Australia. A nonprobability sampling framework and
an opt-in e-survey are being used, as a random sample cannot
be accessed.

As such, the most effective method to recruit as many 1QM
respondents as possible is via the Australian Nursing and
Midwifery Federation and Australian College of Midwives
websites. The e-bulletins of these midwifery professional bodies
are advertising and distributing the e-survey, whichislinked to
SurveyMonkey, aWeb-based survey platform. Other approaches
being used to recruit potential respondents include snowball
sampling and social media platforms, such as Facebook and
Twitter.

Calculation of the potential sample size is not feasible for this
e-survey study, due to using a nonprobability sampling
framework and undertaking an opt-in e-survey, and this is
acknowledged asacurrent limitation of the study. Furthermore,
a response rate cannot be calculated due to the inability to
identify the contact details of IQMs and the associated absence
of asampling frame [30,31]. Finally, apower calculation is not
appropriate for this descriptive e-survey study, as a hypothesis
isnot being tested [32].
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Thedata collection tool was devel oped by adapting pre-existing
and relevant questionnaires used by Giegerich [33] and the
Australian Midwifery Workforce Survey [34].

The adapted descriptive questionnaire is comprised of the
following elements:

1 A tota of 26 closed-ended questions designed to collect
IQMs  demographic characteristics and their current
working arrangementsin Australia.

2. A total of 12 7-point Likert-scale questions to capture the
multidimensional perspectives of the IQMS' transitioning
experiences during their first 12 months of working in
Australia.

3. Two open-ended questions to offer IQMs the opportunity
to further share their experiences.

Prior to administration of the e-survey, the adapted questionnaire
was assessed for content and face validity by a panel of three
experts who had survey development expertise or experience
of working with IQMsin Australia. The e-survey is hosted via
SurveyMonkey and presented over 10 pages; it will allow
respondents to review and change their answers prior to
compl etion. Oncethe e-survey has been completed, respondents
will not be able to change their responses nor will they be able
to complete the e-survey again. The esurvey will be
administered in English; the estimated time to complete the
guestionnaireis approximately 15-20 minutes (see Multimedia
Appendix 1).

I nterviews

The consolidated criteria for reporting qualitative studies
(COREQ), a 32-item checklist, will be followed in this phase
to ensure all aspects of the study methods, analysis, findings,
and interpretations are considered [35]. Participants will be
recruited nationally within Australia. To recruit participants, a
purposeful sample using the same selection criteria as for the
e-survey study will be used [36]. Therefore, the sample will be
a subset of the e-survey study. At the end of the e-survey,
respondents will be asked whether they are willing to take part
in an interview and, if so, they will be encouraged to contact
the primary researcher voluntarily.

The interview guidelines will be developed based on the
e-survey results and relevant literature and will then bereviewed
by al authors, three of whom are experienced researchers (MS,
RV, and MC). Questions will be open-ended with abroad focus
to explorethetransitional experiences of IQMs. Semistructured
interviews—face-to-face or telephone interviews—will be
digitally audio recorded with the prior consent of the participants
and each will last approximately 30-45 minutes. All interviews
will be professionally transcribed for analysis by using a
consistent templateto obtain consistency between the transcripts.

Although we are not able to specify the sample size needed to
reach data saturation, it is estimated that we will need to
interview approximately 6-12 participants, based on evidence
published by Guest et a [37]; however, it may depend on the
richness and depth of gathered data [38]. Data collection will
continue until saturation isachieved: that is, when we no longer
identify new data or when confirming or disconfirming data
can be reached with respect to the research questions [37-39].
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Transcripts will be returned to al participants and they will be
invited to review them for accuracy.

Data Analysis

E-Survey

The aim of this e-survey study isto provide descriptive results
for the research questions by analyzing the e-survey responses
[40]. All responses will be analyzed even where they are
incomplete. Statistical analysis will be conducted using SPSS
Statistics for Windows, version 22.0 (IBM Corp). Descriptive
statistics will be used to determine sample characteristics, such
as frequencies, percentages, means, and standard deviations of
the total sample of ordinal outcomes [26]. Ordina outcomes
from Likert scales will be analyzed using the nonparametric
Mann-Whitney U test to compare the transitioning experiences
of IQMs from English-speaking backgrounds and
non-English-speaking backgrounds, if required. Statistical
significance will be identified as P<.05, if necessitated.

Qualitative analysis of the two open-ended questions in the
e-survey will be conducted manually. Summative content
analysis[41] will beused to identify categoriesthat best describe
the respondents’ views. Thiswill involve counting of common
words or phrasesto analyze similarities and differences between
participants' responses [41]. Significant phrases will be
identified and findings will be formulated. The final analysis
will be agreed upon by consensus to assure consistency and
confirmation of results.

I nterviews

Interviewswill be analyzed thematically, following the six-step
approach explained by Braun and Clarke [42]. This systematic
approach includes data familiarization, generation of initial
codes, thematic search, thematic review, thematic definition,
and reporting. Analysis will commence by first entering the
transcribed interviews into a Microsoft Excel worksheet to
manage and summarize the corpus of data and to generate
columns consisting of al comments. Multiple readings of the
transcripts will be undertaken to understand participants
meanings and to find similarities and differences of their
experiences. Words or phrasesrelevant to the research questions
will be coded and relevant data will be collated to each code.
Codes will then be sorted into potential themes, while the
relevant coded data extracts will be collated within these
identified themes. Once coding iscomplete, al researcherswill
compare findings. Codes that express similar meanings will be
highlighted with the same color. The concepts and categories
will be reviewed multiple times to ensure a coherent pattern.
Following this, the validity of individual themes will be
considered. Finally, as part of the refinement process, themes
containing subthemeswill be identified. Thefinal analysiswill
be agreed upon by consensus to assure consistency and
confirmation of findings.

Results

Overview

Findings from the e-survey study and interviewswill be drawn
together and compared in order to synthesize the fina results
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and to reach an overal interpretation. To integrate data,
triangulation protocol will be followed, a technique that has
been explained by O'Cathain et a [43]. For this technique,
findings from each phase of the study will belisted on the same
page, helping toidentify findingsthat are potentially convergent,
complementary, or discrepant. In order to interpret the datafrom
a multidimensional perspective, the datasets will first be
separately analyzed deductively and inductively; we will then
move back and forth between the datasets, with knowledge
produced by each one, and will finally bring them together [44].
It is anticipated that data collection and analysis will be
completed by June 2019 and resultswill be disseminated through
peer-reviewed publications in late 2019.

Rigor

To promote integrity and quality in this mixed methods study,
appropriate strategies will be applied during each phase of the
study as follows [24,26]. Regarding the e-survey, content and
face validity were conducted for the adapted questionnaire prior
to administration of the e-survey. Regarding the interviews,
credibility, transferability, dependability, and confirmability
will be considered to ensure trustworthiness of the study [45,46].
Consistent use of interview guidelines will ensure consistent
data collection [39]. Participants views will be accurately
reflected viathe use of audio recording; to maintain consistency
between the transcripts, a consistent template will be used for
each transcript [35]. Moreover, participant validation will occur
in which participants will review and verify the interpretations
[47]. Confirmability will be ensured through the use of an audit
trail, where the activities exercised in the study, both in the
collection of data and its analysis, will be accurately detailed
and recorded [46]. Furthermore, the researchers will achieve
confirmability through the use of participant quotes to support
the findings. A reflexive process will be documented to reduce
subjectivity bias. This will be supported by a clear audit trait
of decision making throughout the study [48]. Publication and
presentation of findings for target readers, such as the study
participants, researchers, and other IQMs, will provide
opportunities to enhance credibility [46]. In addition, a mixed
methods design has been employed for this study, which will
enable data triangulation to take place [24-26].

Ethical Considerations

This study has obtained ethical approval from the University
of South Australia Human Research Ethics Committee on July
4, 2017 (protocol number: 0000036397). All information about
the nature and aim of the study, confidentiality, anonymity,
voluntary nature of participation and withdrawal, potential
benefits and risks of the study, contact details of a person
designated to receive complaints, and contact details of the
research team will be provided to participants of this study,
according to ethical guidelines [49,50]. Consent to participate
in the e-survey is implied by the respondent’s voluntary
completion of the SurveyM onkey questionnaire. Written consent
will be obtained from all participants who agree to be involved
in phase two interviews. Phase one responses will be collected
anonymously in SurveyMonkey. Participants who agree to be
involved in phase two will be interviewed, either face-to-face
or by telephone, at amutually convenient date, time, and place.

JMIR Res Protoc 2019 | vol. 8 | iss. 6 [€13406 | p.29
(page number not for citation purposes)


http://www.w3.org/Style/XSL
http://www.renderx.com/

JMIR RESEARCH PROTOCOLS

All datacollected will be stored securely for 5 years. Participants
will not receive any incentive for agreeing to be involved in
this study.

Discussion

Motivational factors underpinning the migration of
internationally qualified health professionals (IQHPs) to
developed nations have been highlighted in the literature, with
these factors including the desire for an increased standard of
living, higher education, professional experiences, and
opportunities to achieve better pay [4,8,17]. However, the
literature al so highlights contradictions between the expectations
of IQHPs before commencing work in their host countries and
their actual experiences[13,18].

Migrating to a new country with differences in midwifery and
nursing practices, different workplace cultures, and the presence
of bullying and discrimination may be confronting for IQMs
and IQNs. This could create further challenges during the
process of their integration into aforeign midwifery and nursing
clinica workforce [21]. Different educational backgrounds,
different ways of undertaking clinical procedures, and different
guidelines and policies may negatively influence the adjustment
of IQMs and IQNs into a new health care workforce [16].
Consequently, the experience of such stressful situations may
lead to frustration and anxiety [17]. Lack of recognition of the
capabilities, skills, and experiences of IQNs may result in
feelings of invisibility and marginalization. This, in turn, may
negatively affect their confidence, self-esteem, and well-being
[14,18,51,52].
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Anintrinsic barrier for IQNs attempting to adjust to anew health
care system is a lack of familiarity with the culture of local
health practice [14,16,52-54]. The literature broadly discusses
the culture clash experienced due to feelings of not fitting in
and isolation [52-54]. Moreover, migrants from culturally and
linguistically diverse backgrounds can find these challenges
more problematic [55].

The literature highlights that IQNs face cultural impositions
and multidimensional discriminationin some health care systems
of their host countries [11,15,56] and, markedly, that bullying
may stem from racism towards IQNs and 1QMs [21]. Racial
discrimination may give rise to intimidation, social exclusion,
and public humiliation, resulting in 1IQMs and IQNs
experiencing aloss of professional authority [6,15,19,57].

The process of migrating to Australiaand working asamidwife
can be a complex and challenging one [14,58]. To gain insight
into how to best support the needs of IQMs, such challenges
need to be explored and understood [13,18]. Midwives have
long migrated and worked across borders, but their needs and
perspectives have been paid relatively minimal attention,
especially during their adjustment into the Australian midwifery
workforce. With aprediction of continuing recruitment of IQMs
and thelack of studies undertaken on this cohort, the challenges
of their professional integration need to be explored. Thisisan
area essential to advancing research and practice. Currently the
first of its kind in Australia, this study protocol has been
designed to address this priority through exploring the
experiences and views of 1QMs practicing in Australia. The
insight gained from the understanding of IQMs’ enablers, as
well astheir barriers, may be of great value.
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Abstract

Background: The harm of smoking results mainly from long-term exposure to harmful and potentialy harmful constituents
(HPHCs) generated by tobacco combustion. Smoking cessation (SC) engenders favorable changes of clinical signs,
pathomechanisms, and metabolic processes that together could reduce the harm of smoking-related diseases to a relative risk
level approximating that of never-smokers over time. In most SC studies, the main focusis on the quitting rate of the SC program
being tested. As there is limited information in the literature on short to multiple long-term functional or biological changes
following SC, more data on short to mid-term favorable impacts of SC are needed.

Objective: The overall aim of the study was to assess the reversibility of the harm related to smoking over 1 year of continuous
smoking abstinence (SA). This has been verified by assessing a set of biomarkers of exposure to HPHCs and a set of biomarkers
of effect indicative of multiple pathophysiological pathways underlying the development of smoking-related diseases.

Methods: This multiregional (United States, Japan, and Europe), multicenter (42 sites) cohort study consisting of a 1-year SA
period in an ambulatory setting was conducted from May 2015 to May 2017. A total of 1184 male and female adult healthy
smokers, willing to quit smoking, were enrolled in the study. Nicotine replacement therapy (NRT) was provided for up to 3
months upon the subject’s request. SC counseling and behavioral support were continuously provided. Biomarkers of exposure
to HPHCs and biomarkers of effect were assessed in urine and blood at baseline, Month 3, Month 6, and Month 12. Cardiovascular
biomarkers of effect included parameters reflecting inflammation (white blood cell), lipid metabolism (high-density lipoprotein
cholesteral), endothelial function (soluble intercellular adhesion molecule-1), platelet function (11-dehydrothromboxane B2),
oxidative stress (8-epi-prostaglandin F2 alpha), and carbon monoxide exposure (carboxyhemoglobin). Respiratory biomarkers
of effect included lung function parameters and cough symptoms. The biomarkers of effect to evaluate genotoxicity (total
4-(methylnitrosamino)-1-(3-pyridyl)-1-butanol) and xenobiotic metabolism (cytochrome P450 2A6 activity) were al so assessed.
Continuous SA was verified at each visit following the actual quit date using self-reporting and chemical verification. Safety
assessments included adverse events and serious adverse events, body weight, vital signs, spirometry, electrocardiogram, clinical
chemistry, hematology and urine analysis safety panel, physical examination, and concomitant medications.

Results: Intotal, 1184 subjects (50.1% male) were enrolled; 30% of them quit smoking successfully for 1 year. Data analyses
of the study results are ongoing and will be published after study completion.

Conclusions: This study provides insights into biological and functional changes and health effects, after continuous SA over
1year. Study resultswill beinstrumental in ng novel alternative productsto cigarettes considered for tobacco harm reduction
strategies.

Trial Registration: ClinicalTrials.gov NCT02432729; http://clinicaltrial s.gov/ct2/show/NCT02432729 (Archived by WebCite
at http://www.webcitation.org/78QxovZrr)

International Registered Report Identifier (IRRID): DERR1-10.2196/12138
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Introduction

Cigarette smoking is the leading cause of preventable deaths
worldwide and is associated with increased risk of pulmonary
disease, cardiovascular disease (CVD), and other serious
diseases, such as cancer [1]. The World Health Organization
(WHO) has estimated that there will be 1.5 billion smokers
globally by 2050 [2]. Preventing smoking initiation and
increasing smoking cessation (SC) can reduce the number of
deaths and is a public health priority. However, complete and
permanent SC is challenging for many current smokers. Most
smokers (55%) do not try to quit, and those who do try often
relapse to smoking. Only about 5% are able to quit smoking for
1 year or longer [1].

It iswidely recognized that the harm associated with smoking
results mainly from long-term exposure to the harmful and
potentially harmful constituents (HPHCSs) contained in cigarette
smoke, generated by combustion of tobacco and not from
nicotineitself [3], as stated by the Royal College of Physicians
“most of the harm caused by smoking arises not from nicotine
but from other components of tobacco smoke” [4]. Exposure
to HPHCs leads to molecular changes causing perturbationsin
biological mechanisms, which in turn cause cell and tissue
damage, physiological changes, and disease manifestation to
theindividual, ultimately leading to population burden. Smoking
affects multiple organ systems, disease pathways, and
mechanisms, such as inflammation, oxidative stress, platelet
activation, and lipid metabolism, simultaneously [5].

Owing to the abundant concurrent processes in disease
pathways, there is no single biomarker that is considered as a
validated surrogate measure reflecting the biol ogical processes,
physiological system, and/or a mechanism of action that is
associated with, or actually known to contribute to,
smoking-related diseases. Numerous epidemiological studies
have shown that most of the smokers who quit smoking benefit
from a gradual and significant reduction of harm and risk of
smoking-related diseases over time, as SC favorably reverses
many of the adverse functiona and biological changes
associated with smoking [6-8]. It has been demonstrated that
long-term smoking abstinence (SA) results in reduced blood
levels of hemostatic and inflammatory markers, such as white
blood cell (WBC) or fibrinogen, which are important
determinants in the subsegquent devel opment of cardiovascular
or chronic obstructive pulmonary disease, reverting to levels of
never-smokers [9]. Furthermore, SC curtails the decline in
forced expiratory volume in 1 second (FEV,) predicted and
improvesrespiratory function [5,10]. Additional health benefits
have also been described, including favorable changes in
oxidative stress (eg, 8-epi-prostaglandin F2 a pha [8-epi-PGF,,])
[11], lipid metabolism (high-density lipoprotein [HDL]
cholesterol) [12], endothelia function (eg, solubleintercellular
adhesion molecule-1 [sICAM-1]) [13], and platelet function
(eg, 11-dehydrothromboxane B2 [11-dehydro-TXB2]) [14].

https://www.researchprotocols.org/2019/6/€12138/

Degspite the substantial amount of SC studies in the literature,
the main focus of these studies has been the successful quitting
ratesasaresult of SC treatment rather than on evaluating short-
and long-term (up to 1 year and beyond) functional and
biological changesin the body upon continuous SA. Given the
need for additional data to bridge this evidence gap, providing
broader and deeper insights into the clinical benefits upon SC,
we conducted a study in adult healthy smokers who were
continuously abstinent from smoking for 1 year. The overall
am of our study was to assess the reversibility of
smoking-related harm after continuous SA.

Using available epidemiological data reporting quantitative
estimates of the association with CV D, respiratory diseasesand
cancer in smokers and reversibility upon SC within a 1-year
time frame, a set of biological and functional parameters,
identified as biomarkers of effect and biomarkers of exposure
to HPHCs, were selected based on predefined criteria and
assessed in this study. Covering multiple pathways involved in
the pathogenesis of smoking-related diseases, the selected
parameters will provide an overall understanding of how SC
triggers favorable changes and the time frame of reversibility
from mechanistic pathways that are commonly involved in the
onset and progression of smoking-related diseases.

Offering smokers nicotine delivery products, with the potential
to reducetherisk of smoking-related diseases, asareplacement
for cigarettes is an emerging approach for smoking harm
reduction strategy [15].

To assess reduced risk potential, the Institute of Medicine of
the Nationa Academies recommends the use of appropriately
designed studies to establish whether the use of novel
alternativesto cigarettes, such as heat-not-burn tobacco products
or nicotine-containing e-vapor products, reduces exposure to
toxicants or induces positive changesin surrogate markers[16].
If the magnitude and time frame of positive changesin surrogate
markers approximate those observed of SC, then that would
provide pivotal scientific evidence to demonstrate the reduced
risk potential of the alternative products. This study will provide
a comprehensive assessment of the favorable health effects of
SC on multiple short- and long-term biological and functional
endpoints evaluated over 1 year and could serve as abenchmark
to assess novel aternativesto cigarettes considered for tobacco
harm reduction strategies for smokers who would otherwise
continue to smoke.

Methods

Study Design

This 56-week, multiregional, multicenter, ambulatory study
was conducted at 42 sites in the United States, Japan, and
Europe, and it is registered at ClinicalTrials.gov (identifier
NCT02432729). Theingtitutional review boards or independent
ethics committees for each participating ingtitution granted
ethical approval. The study followed the principles defined by
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the International Conference on Harmonization Good Clinical
Practice, the Declaration of Helsinki, and other applicable
regulations [17,18]. No smoking control arm was included, as
the endpoints were analyzed before and after SC and numerous
studies have aready documented such aspects in smokers
[19-21]. The first subject was enrolled in the study on May 5,
2015, and the last subject completed the study on May 30, 2017.
The study design is illustrated in Figure 1. Samples were
collected during the baseline visit for baseline biomarker
analysis. During this visit, participants were asked to define
their target quit date, the date from which they would stop
smoking. Thetarget quit date had to be within 14 days after the
baselinevisit. The next visit, scheduled 24 to 48 hours after the
target quit date, was used to determine whether the subject had
stopped smoking and to provide SC support. A grace period of
up to 14 days was alowed after the target quit date, during
which occasional use of nicotine and/or tobacco-containing
products was tolerated. Starting from the actual quit date,
participants had to abstain completely from smoking and from

Tranetd

using any nicotine or tobacco-based products other than nicotine
replacement therapy (NRT; allowed for up to 3 months and 2
weeks). The period from baseline visit to the actual quit date
has been established to identify participants with a higher
likelihood of successful SA for 1 year.

Participants recorded their own actual quit date and provided
the information to their study clinic. Visits were scheduled on
amonthly basisfor the duration of the 52-week study (1 year),
with biomarker sample collections scheduled for the Month 3,
Month 6, and Month 12 visits. The study ended after a 28-day
safety follow-up period. SC support, including counseling and
behavioral support, was provided throughout the study at
scheduled visits and between visits as requested by the subject.
Participantswere allowed to use NRT to support SCif requested
by the subjects. NRT was started any time between the target
quit date and 1 week after the actual quit date and was permitted
for up to 3 months and 2 weeks. Adverse events were collected
at each visit. Participants who smoked after the actual quit date
were discontinued from the study.

Figure 1. Study design and timeline. Target quit date (TQD) was within 1-14 days after check out of Visit 2; actua quit date (AQD) was within 14
days after the TQD (grace period with occasional tobacco/nicotine use). Nicotine replacement therapy (NRT) was only permitted for up to three months
+ two weeks after the start date of NRT, which occurred at any time between the TQD and one week after the AQD. CC: cigarettes, SA: smoking

abstinence; V: visit; W: week.
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Participants

All participants provided written informed consent. The study
enrolled healthy adult smokers who were motivated to quit
smoking within the next 30 days. Their motivation was assessed
using a questionnaire based on the Prochaska stages of change
[22]. Themaininclusion and exclusion criteriaare summarized
in Textbox 1. Participants had at least 10 years of smoking
history and had smoked at |east 10 cigarettes per day over the
last 12 months. Participantswith FEV ; and forced vital capacity

(FVC) <0.7 and FEV; <80% predicted vaue at

https://www.researchprotocols.org/2019/6/€12138/

RenderX

postbronchodilator spirometry and those with FEV,; and FVC
<0.75 (postbronchodilator) and reversibility in FEV ; (both >12%
and >200 mL from pre- to postbronchodilator values) were
excluded from the study. There were no limitations on race or
ethnicity. Stratified sampling was used to ensure adequate
representation of genders (at least 40% of each sex at
enrollment).

A total of 1035 participants who successfully abstained from
smoking for at least 2 weeks after the actual quit date were
remaining in the study, meaning the study was completed with
at least 190 successful quitters.

JIMIR Res Protoc 2019 | vol. 8 | iss. 6 [e12138 | p.36
(page number not for citation purposes)


http://www.w3.org/Style/XSL
http://www.renderx.com/

JMIR RESEARCH PROTOCOLS

Textbox 1. Inclusion and exclusion criteria of participants.
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Inclusion criteria
« Informed consent form(s) signed
o Age30to 65 years (inclusive)

o Smoking history of at least 10 years before screening

o Willingness to quit smoking within the next 30 days

Exclusion criteria

study results

(as per the common terminology criteriafor adverse events)

contraceptives, and hormone replacement therapy)

«  Pregnancy or breastfeeding

«  Positive urine cotinine test at both screening and Visit 2 (cut-off =200 ng/mL)

«  Smoking history of at least 10 cigarettes/day on average in the 12 months preceding screening (as reported by the subject)

« Clinicaly relevant gastrointestinal, renal, hepatic, neurological, hematological, endocrine, oncological, urological, pulmonary, immunological,
psychiatric, or cardiovascular disorders or any other conditions that would jeopardize the safety of the participant or affect the validity of the

« Abnormal findings on physical examination, in the medical history, or in clinical laboratory results deemed clinicaly relevant by investigators

« Acuteillness (eg, upper-respiratory tract infection and viral infection) requiring treatment within 42 days before enrollment in the study

o Use of any prohibited, prescribed, or over-the-counter systemic medications within 42 days of enrollment (except for vitamins, hormona

«  Forced expiratory volumein one second (FEV p)/forced vital capacity (FVC) <0.7 and FEV 1 <80% predicted val ue at postbronchodilator spirometry

«  FEV41/FVC <0.75 (postbronchodilator) and reversibility in FEV, >12% and >200 mL from pre- to postbronchodilator values

Study Objectives and Endpoints

The main objective of the study was to describe the biological
and functional changes in smokers who are continuously
abstinent from smoking. The biomarkers of effect, including
those associated with CVD, respiratory diseases, xenobiotic
metabolism, and genotoxicity, are provided in Table 1. This
broad range of biomarkers of effect were selected based on the
predefined criteria according to the epidemiological evidence
that the biomarkers of effect were associated with
smoking-related diseases, sensitive to smoking status, and
reversible upon SC over a period of time that was compatible
with the study duration.

https://www.researchprotocols.org/2019/6/€12138/

The biomarkers of exposure to HPHCs in smokers who
continuously abstained from smoking (Table 2) were derived
from published guidelinesfrom the WHO and the US Food and
Drug Administration [23,24] and according to predefined
criteria, as reported previously [25].

The rate of continuous SA was determined at each visit
following the actual quit date.

Safety was established by monitoring adverse events, body
weight, vital signs, spirometry, electrocardiogram, hematology
and clinical chemistry marker panels, urine analysis, physical
examination, and concomitant medications. Adverse events
were coded according to MedDRA terminol ogy.
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Table 1. Biomarkers of effect.
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Variable, effect category

Effect

Associated with cardiovascular disease

Lipid metabolism

Inflammation

Platelet function

Oxidative stress

Endothelia dysfunction

Acute cardiovascular effect
Metabolic syndrome

Associated with respiratory diseases

Spirometry

Lung volume

Cough

Lung sounds analysis
Gas transfer

Associated with xenobiotic metabolism

a

Associated with genotoxicity

High-density lipoprotein cholesterol
Low-density lipoprotein cholesterol
Apolipoprotein A1 (Apo Al)
Apolipoprotein B (Apo B)

Apo B/Apo Al

White blood cell count
High-sensitivity C-reactive protein
Homocysteine

Platelet cell count
Fibrinogen
11-dehydrothromboxane B2 (urine)

8-epi-prostaglandin F2 alpha (urine)
Myeloperoxidase

Soluble intercellular adhesion molecule-1
Albumin (urine)

Carboxyhemoglobin

Glycosylated hemoglobin

Forced expiratory volume in one second (FEV 1)

Forced vital capacity (FVC)

FEV./FVC

Forced expiratory flow at 25-75% of the pulmonary volume (FEF25-75)
Vital capacity

Total lung capacity

Functional residual capacity

Inspiratory capacity

Residual volume

Cough symptoms (intensity and frequency)
Sputum production and bothersome cough symptoms reported in cough questionnaire

Computerized multichannel Stethographics and Stethos

Carbon monoxide lung diffusion capacity and rate constant

Cytochrome P450 2A6 activity

Total 4-(methylnitrosamino)-1-(3-pyridyl)-1-butanol (Total NNAL; urine)

3ot applicable.
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Table 2. Biomarkers of exposure endpoints.
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Harmful and potentially harmful constituents

Biomarkers of exposure

Carbon monoxide
Nicotine
1,3-butadiene
Acrolein
Acrylonitrile
Benzo(a)pyrene
Pyrene
Crotonaldehyde
N-nitrosonornicotine
4-aminobiphenyl
Benzene
1-aminonaphthalene
2-aminonaphthalene
o-toluidine

Ethylene oxide

Toluene

Carbon monoxide in exhaled breath
Cotinine and nicotine in plasma and nicotine equivalentsin urine
Monohydroxybutenylmercapturic acid
3-hydroxypropylmercapturic acid
2-cyanoethylmercapturic acid
3-hydroxybenzo(a)pyrene

Total 1-hydroxypyrene
3-hydroxy-1-methyl propylmercapturic acid
N-nitrosonornicotine

4-aminobiphenyl

S-phenylmercapturic acid
1-aminonaphthalene

2-aminonaphthalene

o-toluidine

2-hydroxyethylmercapturic acid
S-benzylmercapturic acid

Study Measurements

Full lung function assessments, blood and urine samples for
biomarkers of effect, and biomarkers of exposure analyseswere
conducted at baseline (Visit 2) and at 3 time points during the
study (Month 3, Month 6, and Month 12 visits). Cough
assessment by visual analog scale and Likert scales (intensity
of cough, frequency of cough, and amount of sputum collection)
were conducted at baseline (Visit 2) and at 3 time points during
the study (Month 3, Month 6, and Month 12 visits).
Noncompliance with continuous SA was verified as follows:

- At each visit, participants were asked to confirm their
continued abstinence from smoking from the actual quit
date onward (ie, free from tobacco product use [eg,
cigarettes, pipes, cigars, and snus] or any
nicotine-containing  products [including electronic
cigarettes] other than NRT) or continued NRT use after the
allowed time frame (ie, 3 months and 2 weeks after the
NRT start date).

«  CO breath test (>10 pm) from Visit 4 onward.

« Urine cotinine test at each visit from Visit 10 onward
(cotinine test =100 ng/ml).

«  Free cotinine concentration (part of nicotine equivalents)
in24-h urine collected at Visit 11 (free cotinine =50 ng/mL ).

Socioeconomic status, lifestyle, stage of change [22], and
nicotine dependence [26] were assessed as baseline
characteristics. One central laboratory was used for sample
management and several |aboratories were used for the blood
and urine analyses (Covance Central Laboratory Services Inc;
Celerion, Lincoln, United States; and Celerion Switzerland AG,
Switzerland) using validated and fit-for-purpose methods.

https://www.researchprotocols.org/2019/6/€12138/

Statistical Consider ations

On the basis of the results of the Lung Health Study and on the
1-year abstinence rates from English smoking treatment services
[27], at least 950 smokers were required to have approximately
190 participantswho successfully abstain from smoking for the
duration of the study [28]. Sample size was driven by FEV,,
whichisexpected to have thelowest effect size. Approximately
190 participants were needed to estimate the mean increase
from baseline of 1.98 (% predicted) in FEV; at Month 12, with
a 90% probability of obtaining a margin of error (95% CI) of
at most +1 (% predicted). Enrolled participants who failed to
abstain for at least 2 weeks were discontinued from the study.

Changes from baseline were summarized for the main anaysis
population, defined by quitterswith no mgjor protocol deviations
impacting subject availability. Data collected after evidence of
noncompliance with continuous abstinence were not included
intheanalysis. For analysis purposes, the concentrations of free
cotinine (=50 ng/mL) [29] and total NNAL (=75.9 pg/mL) [30]
in 24-hour urine collected at Visit 11 were included in the list
of toolsfor continuous SA verification. This study had no formal
prespecified hypothesesto be tested for statistical significance.
However, a 95% Cl accompanied al effect estimates.

Results

A total of 2090 subjects were screened for the study (Figure 2);
1206 subjectswereincluded in the Full Safety Population, 1184
subjectswere enrolled, and of these, 358 subjectswere abstinent
from smoking for 1 year. The mean age of the enrolled subjects
was 43.8 years, and 50.1% were male.

The study was completedin May 2017. Theresults of thisstudy
are under evaluation and will be published upon completion of
analysis.
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Figure 2. Flow chart of study participants.

2090 Subjects screened for eligibility
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1 No authorization to use/disclose protected health information

883 Excluded

38 Other

1 Adverse event
35 Withdrawal of consent
24 Unable to contact
735 Inclusionfexclusion criteria not met
44 Site terminated by sponsor
6 Physician decision

h 4

1206 Subjects enrolled

—l| 22 Site terminated

k

1184 Enrolled population

L J

43 Other

748 Premature discontinuations
6 Adverse event
6 Pregnancy
88 Withdrawal of consent
121 Unable to contact
26 Physician decision
458 Noncompliance with smoking abstinence

¥

436 End of study

Discussion

Overview

The approach of our study is unlike other SC studies whose
primary objective was to test the efficacy of an SC treatment
(ie, drug or behavioral cessation support) [31-33]. This dataset
will supplement the existing literature data on the effects of SC
while providing prospective and comprehensive perspective on

https://www.researchprotocols.org/2019/6/€12138/

favorable health effects that occur following SC. Although
severa papers report favorable changes in biomarkers of effect
with SC[34,35], there are very little dataon 1-year observations
and none with such an extensive set of endpoints for clinical
risk and exposure. Changes in inflammatory markers with SC
have been evaluated in previous studies. SCisreported to reduce
oxidant stress and inflammation. This is evidenced by an
improved urinary F, isoprostane:creatinine [F,:Cr] ratio and
decreases in WBC counts [36]. Time-dependent changes in
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LDL levels have been reported with cessation. LDL levelswere
measured in 50 smokers before cessation and at 3 months and
1 year after cessation. At 1 year after cessation, LDL levels
were reported by Komiyama et a to decrease significantly,
although levels did not change at 3 months [37]. For a long
time, it has also been known that smokers have lower HDL
levels than nonsmokers. Past studies have shown that HDL
levelsincrease following cessation, and that thisincrease occurs
rapidly, inlessthan 3 weeks, but with no clear pattern of change
thereafter [6]. SC is also reported to be accompanied by arapid
reduction in tobacco smoke carcinogen and toxicant biomarkers.
After 3 days of cessation, an >80% reduction has been reported
for monohydroxybutyl mercapturic acid, 3-hydroxypropyl
mercapturic acid, 4-hydroxybut-2-yl mercapturic acid, S-phenyl
mercapturic acid, and 2-hydroxyethyl mercapturic acid. Gradual
reduction has been reported for some biomarkers, including a
92% reduction in total NNAL after 42 days [38]. Variable
dose-response change in biomarkers of exposure following a
reduction in cigarettes smoked per day has also been reported.
Some biomarkers, such as plasma nicotine, show a strong
dose-response reduction, whereas others, such as plasma
thiocyanate, show weaker dose-response reductions [39].

In this study, the list of biological and functional parameters
and biomarkers of exposure to be tested was extensive. This
list was carefully selected to provide high-quality evidence for
the effect of SA on a variety of HPHCs and the health-related
effects of smoking that are reversible upon SC. These endpoints
will provide further insights into the risk profile of a smoker
following abstention from smoking within a short time frame
by examining a collection of logical, empirically coherent, and
mutually supportive datafrom multipleclinical risk components
across several biological processes, physiological systems, and
mechanisms that are known to contribute to the pathogenesis
of smoking-related diseases.

The results of thisstudy may offer avaluable point of reference
for future assessments of alternative products in the context of

Acknowledgments
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tobacco harm reduction, providing scientific evidence of the
potential of alternative products to reduce the risk of harm in
smokers within a 1-year time frame when compared with
continuing to smoke cigarettes. With this aim, cross-study
analyses need to be designed carefully to ensure baseline
comparability of quitters with the population of smokers
switching to the alternative product. Such a comparative
approach is valuable for obtaining data on the risk reduction
potential of a product alternative to cigarettes earlier than
epidemiological studies, which require long-term assessment
to provide data.

Limitations

The design and approach used in the present study should be
considered in light of itslimitations. One limitation wasrelated
to the difficulty of recruiting smokers who were both willing
and motivated to quit smoking, completely and continuously,
for 1 year. In addition, the uncontrolled before and after study
design and the lack of a control arm with no intervention might
require careful interpretation of the outcomes of this study. The
results of this study should be interpreted with caution owing
to the lack of control of potential confounding factors. Factors
such as concomitant medications, lifestyle, and weight increase
can cause changes in lipid metabolism and other biochemical
processes following SC [40].

Conclusions

This study was designed to provide an extensive dataset on
changes in biomarkers of effect and biomarkers of exposure
after 12 months of continuous SA. Therefore, it will provide a
comprehensive overview of the beneficial short-term health
effects that occur over the course of 1 year in a smoker who
ceases smoking. The results from this study will complement
existing evidence for the benefits of cessation. In the context
of smoking harm reduction, these results may be used as a
benchmark for the future evaluation of alternative products to
cigarettes and to supplement the existing literature on the
biological and functional health effects of SC.
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Abstract

Background: Health outcomes for people treated for type 2 diabetes could be substantially improved in sub-Saharan Africa.
Failure to take medicine regularly to treat diabetes has been identified as a major problem. Resources to identify and support
patients who are not making the best use of medicine in low- and middle-income settings are scarce. Mabile phones are widely
availablein these settings, including among people with diabetes; linked technologies, such as short message service (SMS) text
messaging, have shown promisein delivering low-cost i nterventions efficiently. However, evidence showing that these interventions
will work when carried out at alarger scale and measuring the extent to which they will improve health outcomes when added
to usual careislimited.

Objective: The objective of thistrial isto test the effectiveness of sending brief, automated SM S text messages for improving
health outcomes and medication adherence in patients with type 2 diabetes compared to an active control.

Methods: We will carry out a randomized trial recruiting from clinicsin two contrasting settings in sub-Saharan Africa: Cape
Town, South Africa, and Lilongwe, Ma awi. | ntervention messageswill advise people about the benefits of their diabetestreatment
and offer motivation and encouragement around lifestyle and use of medication. We allocated patients, using randomization with
aminimization algorithm, to receive either three to four intervention messages per week or non-health-related messages every 6
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weeks. We will follow up with participants for 12 months, measuring important risk factors for poor health outcomes and
complicationsin diabetes. Thiswill enable usto estimate potential health benefits, including the primary outcome of hemoglobin
A4 (HbA,.) levels as amarker for long-term blood glucose control and a secondary outcome of blood pressure control. We will
record the costs of performing these activities and estimate cost-effectiveness. We will also use process eval uation to capture the
collection of medication and assess the reception of the intervention by participants and health care workers.

Results: Recruitment to the trial began in September 2016 and follow-up of participants was completed in October 2018. Data
collection from electronic health records and other routinely collected sources is continuing. The database lock is anticipated in
June 2019, followed by analysis and disclosing of group allocation.

Conclusions: The knowledge gained from this study will have wide applications and advance the evidence base for effectiveness
of mobile phone-based, brief text messaging on clinical outcomesand in large-scale, operational settings. It will provide evidence
for cost-effectiveness and acceptability that will further inform policy development and decision making. We will work with a
wide network that includes patients, clinicians, academics, industry, and policy makers to help us identify opportunities for

informing people about the work and raise awareness of what is being developed and studied.

Trial Registration:
at http://www.webcitation.org/786316Zgk)

International Registered Report Identifier (IRRID):

(JMIR Res Protoc 2019;8(6):€12377) doi:10.2196/12377

KEYWORDS

ISRCTN Registry ISRCTN70768808; http://www.isrctn.com/I SRCTN70768808 (Archived by WebCite

DERR1-10.2196/12377

randomized controlled trial; diabetes mellitus; type 2 diabetes; mobile health; treatment adherence

Introduction

The Global Health Importance of Diabetes Mellitus

Diabetes mellitus, specifically type 2 diabetes, isamajor burden
to individuals and health care systems globally, including in
low-resource settings. Estimates of the prevalence of diabetes
in Southern Africa vary. A 2009 survey across South Africa
placed the incidence at 9% [1], but a survey in Cape Town
identified a rising prevalence with an age-adjusted prevalence
of 13.1% [2] in black Africans. The prevalence of diabetesis
also rising in Malawi with an incidence of 6% [3]. As the
prevalence of diabetesisrising, it is likely that the impact of
the associated premature mortality and morbidity through, for
example, visual impairment, renal dysfunction, neuropathy, and
cardiovascular disease will increase. However, failure to take
medicine as prescribed, often referred to as nonadherence, can
result in a failure to deliver the benefits of effective medical
treatments into better outcomes for individual patients. For
example, there is an association between better adherence to
treatment and better control and fewer complicationsfor people
with type 2 diabetes [4,5].

The Need for Further Research and I nterventionsto
Improve Regular and Sustained Use of M edication

Reasons for not collecting or taking medications as intended
arewell documented and include psychological factors, lack of
socia support, low levels of health literacy, and interactions
with the health care system that do not support self-management
[6]. Medication adherence in sub-Saharan Africa is estimated
at around 64% [7]. Better understanding of treatments and
helping people deal with day-to-day challenges can improve
the collection and taking of medicines [8]. Interventions
delivered by short message service (SMS) text messaging have
been effective in increasing adherence to antiretroviral therapy
and other conditions[9,10]. Moreresearch isneeded to devel op

https://www.researchprotocols.org/2019/6/€12377/

and test better ways to leverage widely used new technologies
to help people to improve their use of medicine.

M obile Health-Based Support for People With
Long-Term Conditions

Inaprimary care setting in the Western Cape[11], we devel oped
alow-cost system of registering patients and regularly sending
health messages via SM S text messages. A randomized trial of
the intervention for people with high blood pressure—the
SMS-Text Adherence Support-Blood Pressure (StAR-BP) trial
[12]—showed better adherence and improved blood pressure
control for people receiving the SMS text messages compared
to those who received active control messages (ie, usua care
supplemented by noninformational text messaging). Our system
of sending text messages complies with the principles of the
information and communicationstechnology policy frameworks
now being established in sub-Saharan countries, including the
South African mHealth Strategy [13]. For example, our system
aimsto beintegrated into routine care and simplein design. As
part of our work to understand the broader applicability of the
intervention for peoplewith other chronic diseases, we are now
exploring its use for people with type 2 diabetes.

Our own recent focus group work and interviews alongside the
StAR-BP trial [14] confirm the importance of offering
evidence-based information to help with self-management of
long-term conditions. For example, lack of knowledge and
mixed feelings toward regular use of medicine to treat chronic
conditions, as well as difficulty in remembering to take them,
can lead to missing clinic appointments for medicine collection
and missing out on taking the tablets. Participants in the
StAR-BPtrial told ushow helpful the system wasin reminding
them to collect and use their medication. They also told us it
encouraged them to make greater efforts to maintain their
genera health [14].
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A systematic review of SMS text messaging in supporting
medication usein type 2 diabetes suggested significant benefits,
but there was substantial heterogeneity. A recent study in New
Zealand that included people with type 1 diabetes and type 2
diabetes with insulin treatment also suggested a benefit in
glycemic control. Other work has been carried out to evaluate
diabetes-focused SM S systems in low-resource settings where
very low rates of medication use offer potential for substantial
benefit. In a two-center comparison study in Senegal, text
messages were sent to people with diabetes over 3 months. A
6-month randomized trial in Bangladesh consisting of 256
patientsidentified asmall but significant fall in hemoglobin A4
(HbA ) [15]. However, a longer study duration, the use of

structured message devel opment, and studies in sub-Saharan
Africaare needed to reduce uncertainty.

We therefore adapted the message content for the StAR-BP
system to be appropriate for people with type 2 diabetesin two
sub-Saharan settings. Content was based on devel opment work
to identify messages that could provide support through
behavior-change techniques as proposed by the Capability,
Opportunity, Moativation-Behavior (COM-B) framework, which
focuses on capability, opportunity, and motivation factors for
changing behavior [16-18]. We followed recommended
guidelines on SM Stext message devel opment, including testing
and adapting for local applicability as well as usefulness and
field-testing the intervention. Feedback was dlicited from a
range of stakeholders, including diabetes patients, diabetes
health care staff, and experts, concerning promotion of ahealthy
lifestyle, diet, and exercise in order to understand relevance,
usefulness, and acceptability of message content. The system
offers a new approach to improving access to care through
providing support to patients with diabetes alongside usual care.

In doing this development work, we followed the Medical
Research Council framework for developing and evaluating
complex interventions [16]. We have aso used theory- and
evidence-informed behavior-change constructs to guide the
content and delivery mechanisms of the SMS text message
intervention in this setting [19]. The explicit use of thisapproach
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for diabetes messaging in this context isnovel [20]. We planned
to test effectiveness and cost-effectiveness of the system in
improving glycemic control using an individually randomized
controlled design with an embedded process evaluation.

Methods

Trial Aimsand Objectives

The overal aim of the SMS-Text Adherence Support for Type
2 Diabetes (StAR2D) trial isto test the effectiveness of sending
SMS text messages in improving health outcomes and
medication adherencein patients with type 2 diabetes compared
to an active control. A secondary aim is to examine the
incremental cost and cost-effectiveness of the intervention. A
process evaluation using qualitative research methods will be
carried out dongside thetrial to investigate participant responses
and acceptability.

Ethical | ssues

The University of Oxford Tropical Research Ethics Committee
(OXTREC) approved the research protocol (reference number
22-15). Additionally, the University of Cape Town Human
Research Ethics Committee (UCT HREC) (reference number
126/2015) and the Malawi National Health Services Research
Committee (NHSRC) (reference number 15/7/1425) aso
approved the protocol. The sponsor of this study—University
of Oxford—has put in place insurance in the event that any
participant suffers harm as a result of their involvement in the
research. Thisprotocol refersto version 2.0 of the StAR2D trial
protocol, dated September 16, 2016, that was submitted
following formative work but before recruitment to the tria
began.

Trial Design

The tria is a 12-month, multicenter, two-parallel-arm,
individually randomized controlled trial. A flowchart showing
the sequence of recruitment, assessment, and intervention is

shown in Figure 1. A checklist of trial proceduresis given in
Table 1.
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Figurel. Tria flowchart. SMS: short message service.
Information about the study

Eligibility check

Consent procedures
Register phone
Clinical measurement

Participant randomization 12-month measurements

y |

Usual care

Recruitment Follow-up
Active SMS intervention

Monitoring collection of prescriptions and using data to inform text
message content

| ] ] | J

0 months 3 months 6 months 9 months 12 months

Table 1. Visits and procedures to be performed during the trial.

Procedures Visits

Eligibility check Baseline Follow-up sessionwithrou- 12-month visit
tine data and nonschedul ed
research contacts

Eligibility assessment X
Duration of diabetes

Demographics: age, gender, language preference, and work status
Medical history: comorbid conditions and duration of diabetes

Current medication, including current oral glucose medication, doses, X X X
use of insulin, and other medications

Tobacco use X

Changesin medication X
Physical examination: height and weight
Hemoglobin A1 measurement

Total and HDL @ cholesterol

Blood pressure measurement

Medication pickup

X X X X X X

Adherence score
Purchase of drugs during stock-out (ie, out of stock at clinic)

EuroQol 5-Dimension 3-Level

X X X X X X X X X X X

Satisfaction with care

Self-reported measures of eating and physical activity
Nonscheduled research contact

Adverse event assessment X X

Failure to receive message

8HDL : high-density lipoprotein.
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Setting

Participants were recruited from publicly funded outpatient
facilities that treat people with type 2 diabetes. We identified
sites in Cape Town, South Africa, and Lilongwe, Malawi,
serving patientsliving in low- and middle-income settings. Both
are urban sites with a high burden of type 2 diabetes. In Cape
Town, recruitment was from two clinics serving townships to
the north of the city, and Lilongweisthe capital city of Malawi.
A high proportion of the population livein low-incomeinformal
settlements where one clinic was involved in recruitment. In
both settings, patients received health care and medication from
alocally appropriate health care facility. Care is provided free
of charge and alimited range of essential medicinesareavailable
at no cost to patientsto reduce blood glucose and blood pressure.

Participant Eligibility, Recruitment, and Screening

Eligible patients were those with type 2 diabetes, aged 18 years
or greater, and taking an ora glucose-lowering medication.
Other inclusion criteria included the following: ability to
communicate in one of the predominant official languages
spoken in the Western Cape province in South Africa (English,
Afrikaans, or isiXhosa) and in Maawi (English or Chichewa
language); access to a mobile phone, where shared access is
allowed with permission of the phone owner; ability to use, or
be helped to use, the SM S text messaging feature on a mobile
phone, including knowing that atext message had been received
and reading it; and current and planned future residence in the
communities served by the participating clinics. The following
patientswereineligible for recruitment: patients who have been
admitted to hospital for hyperglycemiaor hypoglycemiawithin
the previous 3 months; patients who are pregnant or within 3
months postpartum by self-report or with plans to become
pregnant in the next 12 months; patientswith aterminal medical
condition; patients with another member of the household
already recruited to the trial; or patients who participated in
formative work for the intervention development.

Patients attending the clinic for their regular diabetes care were
provided with information about thetrial at the regular education
ons, on posters, and in leaflets. Clinic patientswho attended
for routine diabetes care or to pick up diabetes medicine and
who have received information about the trial were asked if
they wereinterested in joining the trial.

Potential trial participants received verbal and written
information about the trial in their preferred language and had
the opportunity to speak to trained study research staff and ask
them questions. If they agreed to participate, they provided
verbal assent to screening procedures. If eligible, they then
provided written consent for enrolment and to enter the trial.
Copies of the consent forms were given to participants and
randomization was not carried out until confirmation that a
“welcome” text message had been received.

Datawere transmitted using alow-cost, advanced-feature mobile
phone (ie, smartphone) acting asthetrial data collection system.
A secure implementation of Sana (MIT), which ran on the
mobile phone, was linked to a secure server running Open
Medica Records System (OpenMRS) [21] using secure
information exchange protocols. This allowed errors in data
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entry to be checked and enabled immediate upload of data to
thetrial server.

Randomization

We used aremote Web-based randomization program, Sortition
(Oxford), minimizing for time since diagnosis, age, sex, and
trial site. Adults with type 2 diabetes were alocated in a 1:1
ratio to receive automated text message support or usual care
supplemented by active control. Allocations were directly
uploaded into the OpenMRS database to avoid creation of
locally held records. Randomization was carried out remotely
and independently of the clinic and local research staff. No
arrangements for unblinding during the trial were made.

Trial Outcomes and Other M easures

The primary outcome of the trial is the change in HbA ;. from
baseline to 1 year. Secondary clinica outcomes are the
proportion of patients collecting 80% or more of their
agreed-upon, diabetes-related medication derived from routine
clinic data [22]; change in systolic blood pressure; change in
lipids; a combined measure of cardiovascular risk based on
HbA,., lipids, and systolic blood pressure [23]; and the
proportion of the participants reaching treatment goals (ie,
HDbA ;. <8% and systolic blood pressure <140 mmHg).

The EuroQol 5-Dimension 3-Level (EQ-5D-3L) instrument
[24] and alocally adapted questionnaire to establish satisfaction
with treatment and delivery of treatment [25,26] were used and
availablein all of the study languages. In addition, self-reported
medication-taking was recorded [27]. Basic demographic data
collected included age, sex, language preference, and work
status. Anthropometric measures were collected, including
measurement of height and weight using standard procedures
and self-reports of eating and physical activity, with a 7-day
recall.

Measurement and collection of datawere carried out by ateam
of research assistants trained and supervised to ensure
consistency between and within study sites with standard
operating procedures for clinical measurement.

Follow-Up Assessment

Annual follow-up isintegrated with routine health care review.
At 12 months, areminder text will be sent to invite participants
to attend their annual health care review and a final tria
assessment. Participants who do not attend the 12-month
follow-up clinic appointment will be followed up using the
mobile phone and other contact details, if the cause of
nonattendance is hospital admission or death, then hospital
records will be obtained.

Intervention

Trial participants allocated to the intervention group received
specifically designed text messages, including motivational and
educational messages. They aso received prompts (ie,
reminders) about medication collection with timing personalized
by theinformation collected about all participants at the baseline
visit, from the clinic and pharmacy attendance. M essages were
sent threeto four timesaweek for aperiod of 1 year. A message
was sent giving optionsto change the delivery time or language
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of messages. M essages were randomly selected from alibrary,
using rulesthat ensured individual messageswere not repeated.
Messages were also personalized by information given about
smoking and use of alcohol. Full details of the intervention are
given in Multimedia Appendix 1. The intervention included
information intended to encourage peopleto take their medicine
regularly as prescribed. The intervention also prompted
participants when an anticipated attendance has not occurred
and informed them when an out-of-stock medicinewas received
in the pharmacy and patients needed to return to obtain it. The
intervention is summarized in the Template for Intervention
Description and Replication (TIDieR) statement uploaded as
Multimedia Appendix 2.

Trial participants alocated to the usual care group received an
active control protocol: only noninformational text messages
were sent (eg, messages thanking the participant for taking part
in the study and a message on their birthday), aongside usual
care every 6 weeks. At both study sites, usual care consisted of
attendanceto collect medication supplies at 2-monthly intervals
with review appointments where clinically indicated. Health
material on type 2 diabetes were available at al sites, which
included information about the importance of taking medicine
regularly, alongside other health information. Attendance at all
appointments by trial participantswastracked through routinely
implemented electronic and manual registers. Messages were
stopped at participant request.

Sample Size Estimation

We consider a minimum reduction in HbA ., from baseline to
12 months, of 0.5% in this population clinically important and
feasible. A total of 814 participants (407 per group) across all
sites would be reguired to show a 0.5% reduction—assuming,
conservatively, astandard deviation of 2.2%—in this population
with 5%, two-sided significance level and power of 90% using
PASS software version 12 (NCSS). We have increased the
number to account for potentia clustering between sites and
loss to follow-up of up to 20% to a total of 1066 (ie, 533 per
group). We will also have 90% power to detect a 10%-point
increase in adherence rate in the intervention group (ie, from
50% to 60%), including adjustment for clustering effects. We
plan to recruit half of the participantsin each setting.

Analyses

The primary analysis will be carried out on the basis of
intention-to-treat (ITT) analysis. We will endeavor to obtain
full follow-up data on every participant to allow full ITT
analysis, but we expect missing data due to withdrawal, lossto
follow-up, or failureto attend clinic visits. Theresults from the
trial will be prepared as comparative summary statistics with
95% confidence intervals. All the tests will be done at a 5%,
two-sided significance level. The study resultswill be reported
in accordance with the Consolidated Standards of Reporting
Trials (CONSORT) 2010 statement. A full, detailed, statistical
analysis plan will be prepared and finalized before participant
follow-up is completed.

A linear regression model will be used to compare the primary
outcome (ie, changein HbA ;. from baselineto 1 year) between

groups, adjusting for baseline HbA ;. and minimizing variables.
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Similar methods will be used to analyze blood pressure data
and other continuous outcomes. The proportion of people with
more than 80% proportion of days covered with medication
will be compared using adjusted logistic regression. We will
carry out aprespecified secondary analysisto compare outcomes
in individuals with uncontrolled diabetes (ie, HbA . >8%) at

baseline.

Missing datawill be reported with reasons given where available
and the missing data pattern and mechanism will be explored.
We will also carry out various sensitivity analyses using
alternative imputation methods to examine the robustness of
the results. Finally, we will use the regression method to
determine the factorsinfluencing theimpact of the intervention.

We will carry out subgroup analyses of the primary outcome
and adherence outcomesfor the following subgroups: age (<55
years or =55 years); site (Cape Town or Lilongwe); sex (male
or female); number of years with type 2 diabetes (<7 years or
>7 years); presence of one or more comorbidity (none, one, or
more); diabetes control at baseline (HbA ;. <8% or >8%); and

self-reported adherence rating score at baseline (25 or <25).

Economic Analysis

The costing study will be based on data collected during the
trial and by using the trial findings. The costing study will
provide a descriptive account of the different cost components
annualized to take into account development and capital costs
in the form of a percentage increase in costs, the
cost-effectiveness study will model the system in terms of cost
per disability-adjusted life year (DALY averted.

To assess the added cost per patient-year, the one-off design
costs will be excluded. Setup costs will be annualized over a
period of 10 years to reflect their potential for use in scale-up
and other applications and added to 1-year delivery costs.
Capital costs will be calculated by the replacement value of
each item and the estimated useful life and then annualized with
adiscount rate of 3%. Costswill be adjusted for time using the
consumer price index. We will carry out a descriptive analysis
of the observed costs using standard methodol ogies. To assess
additional costs as a proportion of nonintervention delivery
costs per patient-year, total costs per treatment per patient-year
will be calculated.

Economic costs will include provider and patient costs.
Facility-level expenditure will include clinical staff, supplies,
and overhead (ie, capital, support staff, utilities, administration,
and management). Overhead will be calculated based on the
level of diabetes clinical activity as a share of the facility
activity. Number of visits, laboratory tests, and medication will
be collected from the project database. Besides facility costs,
costs associated with the SM S text messaging will beincluded.
One-off costs of the initial design of the system (ie, equipment
capital costs, staff, and supplies) will be identified. Research
costs, apart from that component of the formative research that
would be required if the intervention were rolled out to new
districts, will be excluded. Data sourceswill includeinterviews
with staff, facilities' financial records (ie, staff packages and
unit costs of drugs, laboratory tests and other supplies, and
overheads), and financial records of the SMS organization.
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Patient costs will include recording the time spent in clinic and
asking about time spent travelling and costs of transport to the
clinic. These questions will only be asked once. The study
project manager and local coordinators will be interviewed to
validate the information.

The costing outcome will be the cost per patient-year and the
cost-effectiveness outcome will be incremental cost per DALY
averted [28,29].

Process Evaluation

The process evaluation is amed a understanding
implementation of the intervention and contextual factors that
may explain the effects and applicability of the intervention. In
particular, we will explore the reach of and patient responses
to the intervention, including acceptability, in order to enhance
our understanding of why and how the intervention worked or
not and how it can be optimized in the future. Process measures
on theintervention reach and fidelity will be collected from the
SMSS text message system where numbers of participants and
numbers of text messages sent and received are stored. At each
site, sources of datawill be used to measure activity intheclinic
(eg, numbers attending the clinic) and the pharmacy. We will
also use these measures during the period of the study to identify
where problems might develop and to explore differences
between sites.

To explore how the intervention was received and responded
to, wewill use semistructured interviews and focus groupswith
purposive and convenience sampling of stakeholders, mainly
patient participants, but also clinic staff and representatives
from the relevant department of health involved with the study.
We will aso conduct document reviews relating to the
implementation of thetrial. Purposive sampling aimsto explore
variation in response by variables, including age, gender, and
language group of patient participants. Patient participant
interviewswill exploretheir experiences and views of receiving
SM S text messages; their responses (ie, thoughts, feeling, and
behaviors, especialy in relation to the COM-B behavior-change
constructs); and other patient, environmental, and contextual
factors that may help us understand the trial outcomes and the
experience of participants.

The patient perception and experience component of the process
evauation will be conducted at baseline, after enrolment and
before a participant is randomized, and at the end of the trial,
but before trial outcomes are known. We aim to interview the
same participants at baseline and at the end of the tria.
Allocation status of participants will be made known to only
the process evaluation researchers, with measures to avoid
unblinding thetrial staff to individual allocation status. Wewill
also conduct two focus groups per site—one male and one
female—with a convenience sample of trial participants. Focus
groups will be used to achieve a better understanding of
experience by allowing a moderated exchange of views among
participants. A trained qualitative researcher using atopic guide
will carry out the in-depth interviews and focus groups; data
will be captured with field notes and through digital voice
recording and will be transcribed with anonymization. Notes
or transcripts will be coded and themes developed. Standard
approaches to ensuring the quality of the methodology will be
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used, including dual review of transcripts, use of a coding
framework, and assessment of samples of dual-coded data.

Laboratory Measurement

HbA ;. was measured using International Federation of Clinical
Chemistry calibrated analyzerslinked to an international quality
assurance scheme at both sites. Total and high-density
lipoprotein (HDL) cholesterol was analyzed using an enzymatic
colorimetric method, again with an international quality
assurance scheme.

Data M anagement

Electronic data capture was be carried out using Sana (MIT)
utilizing low-cost Android mobile phones and a real-time,
mobile Internet connection to a server where the data will be
stored using OpenMRS [21]. Final locked versions of
deidentified datawill be stored in SPSS Statisticsfor Windows,
version 25.0 (IBM Corp). Datarecordswill be available for the
1066 patients recruited to the trial and, we estimate, a further
200 records containing data relating to assessed but ineligible
patients. All eligible patients will have two study visits. Data
management procedures will follow the detailed data
management plan submitted to the funders.

Quality Assurance Procedures: Bias, Concealment of
Allocation, and Attrition

A standardized presentation was delivered to participants
emphasizing the importance of lifestyle modification and
medicinein treating diabetes. We asked participants not to share
the content of their text messages and we did not recruit more
than one participant from the same household. Clinic staff do
not have access to information about allocated groups and will
not have the facility to send text messagesto individual sthrough
the study system. Study procedureswill be carried out by trained
research staff blinded to participant alocation group. Medication
dispensing data were collected blind to participant allocation.
Study outcomes will be assessed by laboratory staff with no
knowledge of treatment allocation or will be assessed by
research staff trained not to ask questionsthat would elicit group
allocation.

The study may be monitored or audited in accordance with the
current approved protocol—the International Conference on
Harmonisation of Technical Requirements for Registration of
Pharmaceuticals for Human Use-Good Clinical Practice (ICH
GCP)—relevant regulations, and standard operating procedures
by the sponsor or funder. The StAR2D Trial Steering Committee
and Data Monitoring Committee members are listed in the
Multimedia Appendix 3. The sponsor and funder will have no
rolein interpretation of data or reporting of the trial.

Publication

The investigators will be involved in reviewing drafts of the
manuscripts, abstracts, press releases, and any other publications
arising from the study. Authorswill acknowledge that the study
was funded by the UK Medica Research Council and the Global
Alliance for Chronic Disease. Authorship will be determined
in accordance with the International Committee of Medica
Journal Editors (ICMJE) guidelines and other contributors will
be acknowledged.
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Availability of Data and Materials

Thereare no datarelating to thisprotocol publication; however,
following completion, datasets generated during the trial will
be available upon reasonable request.

Results

Recruitment to thetrial began in September 2016 and follow-up
of participantswas completed in October 2018. Data collection
from electronic health records and other routinely collected
sources is continuing. The database lock is anticipated in June
2019, followed by analysis and disclosing of group allocation.
Follow-up of participants at 1 year is complete and data
collection from routine sourcesis continuing. The database has
not been locked and tria allocation conceal ment remainsintact.

Discussion

Type 2 diabetesis amajor global health problem, including in
sub-Saharan Africa. Thisis putting additional strain on health
services that are often ill-equipped to deal with people with
diabetes and other noncommunicable diseases. Thus, thereisa
need for novel approachesto support health servicesfor people
in managing this and other chronic, lifestyle-associated
conditions. Digital technology has the potential to deliver
interventions at a low cost and at a wide scale. Small effects
have been observed in previous work [20,30]. Since this tria
was originally funded, further studies have confirmed the
potential for using SM S text messaging. A trial among people
with type 1 and type 2 diabetes in New Zealand has
demonstrated efficacy in reducing HbA . [31]; in addition, a
study using a before-and-after design has demonstrated the
feasibility of text messaging in Senegal [32]. However, another
study in three countries did not identify a benefit from using
SM S text messages in its intervention [33].

Farmer et d

This study allows us to explore the impact of SMS text
messaging for people with type 2 diabetes in two sub-Saharan
sites. The evaluation of effectiveness will provide information
about the potential impact of this strategy and its wider
cost-effectiveness. The formative work for thistrial, along with
the process evaluation, will be published separately from the
effectiveness and cost-effectiveness evaluations. This study
builds on previous work [12], with an increased frequency of
messages and a message library utilizing a wide range of
behavior-change techniques and an increased number of content
domains[18]. SM Stext messaging to deliver brief health-related
messages is a technology that is already expanding, as access
to Internet-based messaging becomes more widely adopted.
Nevertheless, the principle of sending brief messages has the
potential to be integrated, using a wide range of messaging
platforms, into routine care or implemented as add-on programs,
these could be particularly helpful for between-clinic visit
communication and support from health services.

This study focuses on the use of brief messages that could, if
necessary, be read by a friend or relative. We have, therefore,
not focused on literacy as a potential mediator of impact of the
intervention. Future work may need to be carried out to explore
the extent to which literacy is needed for this type of brief
intervention, although it will clearly be of importance where
more extensive use of digital devicesis made.

Although this study targets people with type 2 diabetes, the
inclusion criteriaarewide and do not exclude either participants
with comorbid conditions or those with a varied degree of
glycemic control. This study provides a further opportunity to
explore the potential for delivering care to people with awider
range of cardiometabolic conditions [34], to look at the extent
to which the messages meet the different needs of individuals,
[35] and the extent to which thistechnology could beintegrated
with other aspects of self-management and care delivery.
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Abstract

Background: Asthmaisan important focus for pediatric health research as management of asthma symptoms is a significant
challenge, and morbidity and mortality among youthswith asthmaremain prevalent. Treatment guidelinesfor asthmarecommend
awritten asthma action plan (WAAP) that summarizes individualized instructions for daily medication use. However, WAAPs
are typicaly written at a seventh- to ninth-grade reading level, which can be a barrier to young people in understanding their
treatment, having confidence in using a WAAP, and engaging with asthma education.

Objective: Utilizing afeasibility and pilot randomized controlled trial (RCT) design, the objective of the Take Action for Asthma
Control study isto test asymptom-based, computer-generated pictorial asthmaaction plan (PAAP) in comparison with astandard
WAAP and assess the feasibility and acceptability of the asthmaaction plan (AAP) intervention and study procedures. The study
has 3 aims: (1) estimate the effect sizes of PAAPs compared with WAAPs on outcomes (eg, AAP knowledge and medication
adherence), (2) evaluate feasibility and acceptability of AAP intervention and RCT procedures from the perspectives of key
stakeholders, and (3) establish whether parent and youth literacy levels are associated with treatment outcomes.

Methods: Thisfeasibility and pilot RCT isablock randomized, 2-arm, parallel-group clinical trial, lasting 6 monthsin duration.
At baseline, participants will be randomly assigned to receive a PAAP or WAAP generated for them and reviewed with them by
their asthma physician. Study procedures will take place over 4 separate time points; a baseline clinic appointment, 1-month
telephone follow-up, and 3- and 6-month clinic-based follow-ups. At each time point, data will be collected related to the main
outcomes. AAP knowledge, AAP satisfaction, asthma control, pulmonary function, and adherence to daily asthma medication.
A sample size of up to 60 participants (aged 8-17 years) will be recruited. Feasibility and acceptability datawill be collected via
one-to-one qualitative interviews with providers involved in the study and a subgroup of families that participate in the study.

Results: Recruitment and data collection began in May 2017 and were completed in October 2018.

Conclusions: Thispilot and feasihility study will test the potential efficacy, feasibility, and acceptability of an AAP intervention
and study procedures. The findingswill inform the design and delivery of afuture definitive trial to assess the efficacy of PAAPs
versus WAAPs in supporting asthma self-management among children and adol escents.

International Registered Report Identifier (IRRID): DERR1-10.2196/11733
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Introduction

Background

Asthma affects over 10 million children and adolescentsin the
United States[1]. Suboptimal asthmamanagement isassociated
with morbidity (eg, school absences and asthma attacks) [2]
and even mortality [1]. Effective asthma management requires
that both preventive and rescue medications are taken at the
appropriate times and a clear understanding of when to seek
emergency care. Current best practicesfor asthmamanagement
include administration of an asthma action plan (AAP), and
providing specific, individualized instruction to people with
asthma and caregivers regarding their daily treatment regimen
[3]. The use of written asthma action plans (WAAPs) can be
associated with a number of improved health outcomes,
including fewer hospitalizations and improved adherence to
medications [4,5]. However, possible literacy deficits[6], lack
of self-efficacy inrelation to using an AAP[7], and insufficient
asthma education [8,9] areimportant and significant barriersto
both providers and families accepting and using AAPs
effectively.

Given that most WAAPs consist of densely presented text
typically written at a seventh- to ninth-grade reading level [10],
their utility could be reduced for people with literacy concerns.
Low parental literacy, which is often reported in rura
populations [11-13], is associated with significantly poorer
outcomesin children with asthma, such as an increased number
of emergency department visits and school absences [13].
Moreover, although children as young as 9 years old are
principaly responsible for their asthma medication use [14],
young people may not be engaged in asthma education during
clinic visits, negatively impacting the development of their
asthmaliteracy and self-management skills[8]. A recent report
found that in the United States, only 50.8% of young people
under the age of 18 yearsreceivean AAP[7]. Concernsrelated
to the accessibility of AAPs, the literacy levels, and the
responsibility placed on young people to manage their asthma
provide a rationde for developing a simplified and
individualized AAP that can facilitate engaging young people
and families in asthma education and in daily asthma
management.

Visua toolsfor communicating health-related information (eg,
details about a diagnosis and instructions for treatment) can
improve comprehension, satisfaction with information,
self-management, and provider-patient engagement [15-17].
Recent AAP research has integrated the use of images with
different amounts of supporting text [18,19] or mobile apps[20]
to communicate asthmatreatment plans. However, the focus of
this AAP research has been to develop pictorial asthma action
plans (PAAPs) and electronic AAPs[21,22] and to evaluate the
feasibility and acceptability of their use [20,23]. Existing
research has focused on the perspectives and behaviors of
parentswith littleintegration of the perspectives of young people
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[19]. The impact of PAAPs or electronic AAPs on the
comprehension of asthma treatment among children has not
been investigated to date, nor hastheimpact of PAAPs on parent
or youth asthma management behavior.

Study Objective

This protocol describesthefinal phasein a2-phase study, called
the Take Action for Asthma Control (TAAC) study, which aims
to assess the feasibility, acceptability, and preliminary efficacy
of asymptom-based, computer-generated PAAP for supporting
pediatric asthma management relative to a standard text-based
WAAP. In the first phase, PAAP software was developed in
consultation with young people with asthma, their parents and
asthma providers, and a health technology company [24]. This
software enables providers to generate simplified and tailored
PAAPs that reflect the patient’s asthma treatment regimen.
PAAPs primarily comprise graphics and images, with minimal
words or phrases.

Assessing feasibility and acceptability of interventionsin health
care settings will ensure that important factors related to
intervention design and study procedures are explored and
optimized before implementing a definitive randomized
controlled trial (RCT) [25]. Moreover, this focus during the
intervention development and pilot testing phases is now
generdly considered a prerequisite  for  successful
implementation of interventions into clinical practice [26]. On
the basis of guidance for conducting pilot and feasibility studies
[27,25], the approach to data collection in this study was
designed to answer pertinent questions ahead of a future
definitivetrial. Thus, feasibility-related questions are concerned
with understanding whether or not afuturetrial and routine use
of PAAPs in practice may be possible. For example, fit of the
study activities within the flow of asthma clinicsis one of our
feasibility outcomes. Acceptability-related questionswill address
the asthma education preferences of providersand families, and
the appea and usability of PAAPs from the perspectives of
families are among the acceptability outcomesin this study.

A mixed-methods approach to data collection and analysis will
be used based on the current guidelines for the devel opment of
effective behavior changeinterventions[28]. Using apilot RCT
design, the aims of this study are threefold: (1) assess initial
evidencefor the efficacy of PAAPsin comparison with WAAPs
for improving pediatric asthma management and outcomes (ie,
child and caregiver knowledge of treatment plan, AAP
satisfaction, adherenceto daily controller medication, symptom
control, and lung function), resulting in robust effect size
estimates ahead of a future definitive RCT; (2) evaluate the
feasibility and acceptability of the PAAP software, PAAPs, and
study procedures; and (3) identify whether parent health literacy
and youth literacy levels are associated with outcomes.
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Methods

The study protocol, personnel, and materials have been reviewed
and approved by the Institutional Review Board at West Virginia
University (WVU).

Study Design and Sample

This study is taking place in subspecialty clinics
(asthma/allergy/pulmonol ogy) across 3 locations affiliated with
WVU Medicine, Department of Pediatrics. A sample of 60
children and adolescents with asthma (aged 8-17 years) and
parents or caregivers or legal guardian (hereon referred to as
parent) will be recruited. Participantswill be block randomized
(age: 8-12 and 13-17 years, physician-determined asthma
severity: mild or moderate to severe) to 1 of the 2 groups. a
PAAP group or a WAAP group. Random group assignment is
identified through selection of an envelope from sets of
envelopes arranged into the randomization blocks. Group
assignment is concealed until the family has completed the
informed consent process. Data will be collected at baseline
(enrollment and intervention), with follow-up 1, 3, and 6 months
later.

The inclusion criteria for the participants are as follows: (1)
aged 8-17 years, (2) have a clinical diagnosis of persistent
asthma, (3) have a prescription for a daily controller inhaler
compatible with an adherence monitoring el ectronic sensor (ie,
Qvar HFA (TEVA), Dulera HFA (Merck), Advair [HFA and
Diskus] (GSK), or Flovent [HFA and Diskus] (GSK), (4) have
never received an AAP in the past, and (5) do not have a
disability or cognitiveimpairment that would prevent them from
completing the study procedures. Eligible participants must also
match at least one of the following supplemental criteria: (1)
newly diagnosed with persistent asthma, (2) asthma control is
suboptimal (eg, child is using his or her rescue inhaler often),
or (3) physician plansto make a change to the patient’s asthma
treatment plan.

Potentialy eligible families will be identified through 2
pathways: (1) clinic staff will identify potential participants
through the electronic medical record (EMR) system and share
clinic appointment detail swith the research team or (2) through
a filter based on digibility criteria applied to EMR lists
associated with clinics. Familiesidentified thisway will receive
a brief email message through the EMR system, introducing
them to the study and providing contact details for the research
team. Families who do not have an active email account as part
of the EMR system will receive aphonecall. Interested families
who are not aready receiving carein one of the study’s allergy
or asthma specialty clinics can be referred by their physician if
areferral is deemed appropriate.

A research team member will call al families in advance of
their clinic appointment to introduce or reintroduce the study
so that they can plan to have enough time to stay to complete
the baseline appointment, which lasts approximately 90 min.

Study Intervention

The TAAC intervention involves an individually tailored AAP
(WAAP or PAAP) summarizing each participant’s asthma
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treatment plan. On the basis of the National Health, Lung &
Blood Institute (NHLBI) guidelines for managing persistent
asthma [3] and the patient’s prescribed asthma treatment,
physicians will populate AAPs according to 3 colored zones
that describe treatment instructions in response to asthma
symptoms characteristic of each zone: (1) green zone comprises
daily management options when no symptoms are present; (2)
yellow zone presents options for managing distressing asthma
symptoms, including wheezing and chest tightness; and (3) red
zone outlines options for managing highly distressing, even
life-threatening asthma symptoms, such as severe shortness of
breath. PAAPs will be generated using the PAAP software and
printed onto a single page with a color printer, whereas the
NHLBI WAAP template [29] will be completed by hand and
photocopied for participants. Multiple copies of the AAP will
be given to each family, and families will be encouraged to
place the copies in convenient locations (eg, refrigerator) for
prompting asthmamanagement. The sameindividually tailored
asthma management guidance (via AAP) is delivered to
participants, regardless of the assigned intervention group. To
ensure AAP review sessions are uniform across participants,
physicians are encouraged to maintain consistency in reviewing
details of asthma care plans, regardless of participant group
assignment, thereby delivering sessions that are equivalent in
length. All AAP review sessions are audio recorded, and 20%
(approximately 12 recordings) of them will berandomly selected
for evaluation by an independent researcher to assess
intervention fidelity and uniformity across groups.

The PAAP software is designed to enable providers to quickly
and easily generatea PAAPthat istailored to the characteristics
(ie, gender and ethnicity) and asthmatreatment plans (eg, daily
controller inhaler type) of each participant. Physicians will
generate the PAAP by responding to questions organized by
zone (green, yellow, and red), and each question isfollowed by
a drop-down menu of options. PAAPs comprise 3 horizontal
banners for the green, yellow, and red zone treatment
instructions (see Figure 1). Each zone begins with an avatar
representing the particular child (ie, gender and race and
ethnicity) and provides avisual cuefor thelevel of distressand
types of symptoms associated with each zone. A child sfavorite
sport or physical activity is incorporated into the PAAP to
communicate a pre-exercise prescription, if relevant. PAAPs
contain variousimages (eg, inhalers, aspacer, and acell phone)
and symbols (eg, sun to denote the time of day) for prompts as
well asasmall amount of basic text and numerical information
to communicate treatment instructions. The PAAP software
program was designed so that it does not have the capability to
store any Protected Health Information datarel ated to individual
participants.

Physician training to generate AAPs using the PAAP software
will occur over a30-minute session with the project coordinator.
During these sessions, a written step-by-step guide will be
provided to the physicians and they will be introduced to the
software, several sample PAAPs will be generated, and issues
or questions will be discussed.
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Figure 1. Example of personalized pictoria asthma action plan.
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Asthma Action Plan - Patient Study #000
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Nearest emergency
X 6 puffs , every 20 minutes for &' 55| X1 tablet center
one hour. PH
J

The NHLBI WAAP template [30] was chosen because the
NHLBI isthe principal source of up-to-date and evidence-based
guidelines related to asthma management in the United States.
The treatment options available to providers in the PAAP
software were selected based on the NHLBI guidelines[3]. In
addition, the horizontal format of the NHLBI WAAP mirrors
theformat of the PAAP. The WA AP templ ate enables providers
to communicate the same information asthat provided through

https://www.researchprotocol s.org/2019/6/€11733/
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the PAAP software. However, the WAAP consists of text and
numerical content only, with no images included.

I ntervention Components

The TAAC intervention comprises5 behavior changetechniques
(BCTs), asdefined inthe BCT Taxonomy version 1 [31]. Table
1 lists the BCTs that are delivered to participants in both the
PAAP and WAAP groups, the definition of each BCT according
to the BCT Taxonomy, and the operationalization of each BCT
in the intervention.

JMIR Res Protoc 2019 | vol. 8 | iss. 6 [e11733 | p.59
(page number not for citation purposes)


http://www.w3.org/Style/XSL
http://www.renderx.com/

JMIR RESEARCH PROTOCOLS

Hyneset d

Table 1. Behavior change techniques within the Take Action for Asthma Control intervention (pictorial asthma action plan and written asthma action

plan).

Behavior change techniques Definition

Operationalization

Action planning

Habit formation

elicits the behavior

Adding objects to the environment

booklet)

Goal setting (behavior)
behavior to be achieved

Credible source

To prompt detailed planning of performance of the
behavior (must include at |east one of the following:
context, frequency, duration, and intensity)

To prompt rehearsal and repetition of the behavior
in the same context repeatedly so that the context

To add objects to the environment to facilitate per-
formance of the behavior (more than an information

To set or agree on agoal defined in terms of the

To present verbal or visual communication from a
credible source in favor of or against the behavior

The AAP? provides step-by step details of prescription for
asthma medications (eg, 2 puffs twice aday) and help-
seeking steps (eg, call physician).

The AAP prompts taking medication in the morning and
evening, before exercise (green zone), or in response to
certain symptoms in the yellow and red zones. It also
promptsto call the clinic or hospital or 911 in response to
lack of symptom improvement.

The intervention adds an AAP to the family’s home envi-
ronment. Families are encouraged to place the AAP
somewhere easily visible.

The AAP provides step-by step details of prescription for
asthma medication and hel p-seeking steps to follow for
daily asthma management.

In both the written asthma action plan and pictorial asthma
action plan groups, the physician reviews the AAP during
the clinic appointment.

8AAP; asthma action plan.

Procedure

Baseline Visit

Physicianswill assessfamiliesfor study eligibility during their
consultation and invite aresearcher to discuss the study further
with interested families. Families who agree to participate will
provide informed consent (parent) and assent (child) and be
randomized to the PAAP or WAAP groups. Group assignment
will then be communicated to the physician, who will generate
aWAAP or aPAAP and deliver the AAP review session with
the family.

Table 2. Summary of study appointment procedures.

Following the AAP review session, the participant and parent
will separately complete brief structured interviews to assess
their comprehension of the new AAP. Participants and parents
will complete a number of questionnaires (see Table 2), and
questions and response optionswill beread aloud to individuals,
if preferred. Trained researchers will also administer a
standardized measure of reading comprehension and a
pulmonary function test with the participant. All study
documents, including the PAAP and WAAP, will be coded with
the participant’'s study ID number to omit identifying
information.

Appointment information Baseline 1 month 3 month 6 month
Location Clinic Telephone Clinic Clinic
Duration (min) 90 30 45 60

Gift card value US $30 Us $20 US $30 US $45
Participant information 02 _b — —
Asthma Control Test O O O

Spirometry d — |
Reading comprehension and health literacy ad — — —
AAFF knowledge 0 — 0 U

AAP satisfaction — O — O

Daily controller adherence? 0 0 U

8 ndicates time points at which data were collected.

BIndicatestime points at which datawere not collected in relation to avariable, eg, spirometry was not measured at 1 month follow-up as that appointment

was conducted by phone.
CAAP; asthma action plan.

dDaily controller inhaler adherence is monitored continuously through the sensor attached to each participant’sinhaler. Syncing of adherence datawith
the sensor dashboard will be checked at 4 time points, but the datawill only be discussed with families at the 6-month follow-up appointment.
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To enable the collection of objective adherence data for daily
controller medication, a small electronic sensor will be fitted
to the participant’s inhaler. The sensor is connected to an app
that is downloaded to the participant’s or their parent’s cell
phone or to a device called a hub that can be plugged in at the
family’s home, with individual participant data transferred to
a Web-based dashboard that will be monitored by the research
team. A complimentary canister or diskus (circular, rather than
cylindrical inhaler device) of their daily controller inhaler will
be provided to each participant to allow the research team to fit
the sensor onto the inhaler and to show the family how thisis
done for refill medication.

Follow-Up Visits

Table 2 summarizes the procedure and measures at each of the
1-, 3-, and 6-month follow-up visits. In addition to the
procedures outlined in Table 2, during the final study visit, the
data gathered by the adherence sensor will be discussed with
the family. Sensors and hubs will be collected from families,

Table 3. Overview of quantitative measures.

Hyneset d

and each participant will be entered into alottery for 1 of 6 US
$50 gift cardsiif the sensor isin working order. See Table 2 for
participant payment information. Finally, familieswill beinvited
to take part in a qualitative interview to provide feedback on
being part of the study and on their AAP.

M easures

To address aims 1 and 3 of this study, validated measures of
health literacy (Short Test of Functional Health Literacy in
Adults [STOFHLA]) and numeracy (Asthma Numeracy
Questionnaire [ANQ]), reading comprehension (Wechsler
Individual Achievement Test-IIl [WIAT-111]), and asthma
symptom control (Asthma Control Test [ACT]) will be used.
Details of the quantitative measurement tools that will be used
are summarized in Table 3. AAP knowledge and AAP
satisfaction will be assessed using a participant and parent
structured interview devel oped for this study. Asthmasymptom
control and adherence to daily controller inhaer will be
measured using objective methods, as described bel ow.

Measure Length Vaidation status Cronbach alpha Response options Range possible  Respondents
according to
previousre-
search
Literacy assessments
Short Test of Functional Health ~ 36items Validated for use Youth=.90-.92; Fill intheblanksto 0-36 Parentsand partic-
Literacy in Adults with young peo-  adults=.97 complete sentences ipantsaged 13-17
ple and adults years
aged 13+
Asthma Numeracy Questionnaire 4 items Vaidated for use 72 Question-specific,  0-4 Parents
with adults freetext or list of
possible answers
Wechsler Individual Achievement Varies  Validated for use >.08 _b Variesby grade  Youth
Test-111 by based on current
grade grade
Asthma control
Asthma Control Test — Validated for use — Version and quess  — —
with ages 4-11 tion specific, for ex-
years and >12 ample, 4-point Lik-
ert scale from very
bad to very good
Age 4-11 yearsversion 7items — .76 — 0-27 Parent and youth
Age >12 yearsversion S5items — .84 — 5-25 Youth

3For measures with less than 10 items, an alpha value greater than .05 indicates satisfactory reliability.

b__: not applicable.

Literacy Assessment

Short Test of Functional Health Literacy in Adults

The S TOFHLA [32] is a measure of arespondent’s ability to
read and understand health-rel ated information. Total raw scores
<16 arereflective of inadequateliteracy. The measure will only
be administered to parents and participants aged 13to 17 years,
asthe measure has been validated in this age group but not with
younger children [29].
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Asthma Numeracy Questionnaire

The ANQ [33] is avalidated measure assessing understanding
of numerical conceptsincluding risk and percentagesin asthma
self-management instructions. This 4-item measure will be
completed by parents at baseline.

Wechdler Individual Achievement Test-111 Reading
Comprehension Subtest

The Wechsler Individual Achievement Test-111 [34]—Reading
Comprehension Subtest isameasure of reading comprehension
that is widely validated for use in children and adolescents. It
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will be used as a proxy for health literacy with the full sample
of young people in this study because there are no
comprehension-based health literacy measures for youth aged
lessthan 13 years. Participants’ raw score on the WIAT-I11 will
be converted to age-based and grade-based standard scores for
data analyses, and age-based and grade-based percentile rank.

Asthma Symptom Control

The ACT [35] is ameasure of asthma health status, including
asthma symptom activity. Both versions of the ACT (aged 4-11
yearsand >12 years) use the same cutoff score of 19, with lower
scores indicating problems with asthma symptoms. An average
item scorewill be computed for statistical analyses. Total scores
will be reported for descriptive purposes only.

Asthma Action Plan Knowledge

A structured interview (AAP Knowl edge I nterview) was designed
for this study and will assess participants and parents
understanding of prescribed AAPsat 3 time points, face-to-face
(baseline and 3 and 6 months). Two versions of this interview
have been created (parent and participant), with 3 parallel forms
of each version (A, B, and C) to reduce practice effects across
assessments. Respondents can refer to their AAP to answer
questions. The first 7 items describe different scenarios
involving asthma symptoms commonly experienced by young
people, and respondents are asked to identify the relevant zone
for each scenario. Each of these items are scored for accuracy
(1=correct, O=incorrect). The final 3 items ask about details of
the child's green, yellow, and red zone instructions. Responses
to these final 3 questions are coded for accuracy using the
following categories: 2=correct, 1=correct but vague,
O=incorrect. A total of 3 scores are calculated: (1) zone
identification, (2) treatment plan knowledge, and (3) total score.

Asthma Action Plan Satisfaction

Devised for this study, the AAP Satisfaction Interview consists
of parallel forms (parent and young person), each consisting of
11 items to assess the perception of the content, clarity, appeal,
and utility of AAPs. For example, “How clearly doesyour (your
child’s) asthma action plan explain medicines that you (your
child) need(s) to take every day?’. Respondents will answer
itemsusing 4-point Likert scalesrelevant to the wording of each
item (eg, Very helpful to Not helpful at all or Very clear to Not
clear at all), and items are summed to yield atotal score. After
each question, respondents will be invited to share feedback or
experiences related to that question.

Pulmonary Function

Pulmonary function will be assessed using spirometry,
administered by atrained member of the research team during
clinic-based appointments. After maximal inhalation, spirometry
measures the volume of air exhaled during a forceful and
complete exhalation, aswell asthe flow of air at different time
points. The 4 primary endpoints derived and focused on for the
purposes of this study will be (1) the total exhaled volume
known as forced vital capacity (FVC; both absolute and
percentage of predicted values), (2) the volume exhaled in the
first second known as forced expiratory volume in 1 second
(FEV 1, both absolute and percentage of predicted values), (3)
their ratio (FEV1/FVC), and (4) the forced expiratory flow
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between 25% and 75% of the forced vital capacity (FEF 25-75;
percentage of predicted values), which may provideinformation
regarding the small airways.

Medication Adherence

Objective adherence data will be collected using an electronic
sensor provided by Propeller Health (Madison, WI), acompany
specializing in mobile self-management technology for
respiratory conditions, including asthma. The Propeller Health
sensor provides areliable and objective record of each actuated
dose from participants’ inhaler [36,37]. During enroliment, the
participant’streatment plan information will be entered into the
Propeller Health online dashboard, including the type of daily
controller medication, number of puffs per administration (eg,
1 or 2 puffs), frequency of administrations (eg, once or twice
per day), and approximate times per day when they expect to
use the inhaler. Data from the Propeller Health sensor will be
stored on the device and automatically uploaded to the study’s
secure dashboard via a mobile phone app or hub, as previously
described. The dashboard can only be viewed by research and
Propeller Health team members. Participants will not be able
to access their adherence data.

The sensor contains a battery that can last up to 18 months and
can hold up to 1000 pieces of data. Therefore, if the sensor and
app or hub through which it communicates with the Propeller
Health dashboard are not in close proximity for several days, a
sync between the sensor and app or hub will effectively bring
the adherence dataup to date. Asaresult, time away from home
for participants (eg, during vacations or intermittent i ssueswith
Wi-Fi connection) will not detrimentally affect the accurate
collection of adherence data. Once it istime to replace or refill
their inhaler prescription, the family will transfer the sensor to
the participant’s next daily controller inhaler. Thistransfer can
occur without any disruption to the collection of adherence data.
Before each study visit, the adherence monitoring dashboard
will be checked, and the family will be asked to sync their sensor
with their smartphone app or hub if a sync has not occurred in
recent days.

Families will be asked to have their child use only the inhaler
with the device attached for the duration of the study and that
this device will track particular aspects of medication use.
Reactive effects, if they occur, should be equally distributed
across groups. The outcome of mean daily adherence will be
calculated as the total number of puffs actuated divided by the
total number of puffs prescribed and multiplied by 100. Episodes
of 10 or more actuationsin less than aminute will be classified
as dumps (ie, participant’s intentional attempt to appear more
adherent) or device error; such data will be excluded from the
analyses[38].

Feasibility and Acceptability Assessment

To assess the feasibility and acceptability of this pilot RCT,
qualitative data will be collected by reviewing study records,
through interviews with service providersinvolved in the study
and via exit interviews with a subgroup of participants and
parents. Interviews will be conducted with providers involved

in the study at the beginning and toward the end of the course
of the pilot RCT, either face-to-face or by telephone. Finally,
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semistructured interviews will be conducted with a subgroup
of participants and parents following completion of their
involvement in the study. Exit interviews will be conducted
either face-to-face or by telephone, depending on the availability
and preferences of the interviewees.

Theinterviews will be conducted by a member of the research
team who is not involved with the day-to-day running of the

Table 4. Feasibility and acceptability outcomes and data collection plan.

Hyneset d

study to facilitate openness among the families and providers
to share their study experiences and feedback. Table 4
summarizes the feasibility- and acceptability-related variables
that will be examined in this study, the data collection method
that will be used to gather information related to each variable,
and the schedule for data collection.

Variable

Data collection method

Schedule

Feasibility: Isa definitivetrial possible? Isit possible to integrate PAAP? within routine care?

Provider engagement (eg, facilitating and participating  Study records and provider interviews

in study meetings)

Recruitment and retention rates
and families

Fit of study activities within clinic workflow
Integrity of data collection (eg, missing data)

Family views of study activities (eg, schedule, time
involved, and types of measures)

Adequacy of participant payments

Acceptability: Does a PAAP meet the needs of physicians and families?

Perceptions of value added to consultationsand asthma  Interviews with providers and families

management

Adequacy of PAAP (eg, accessibility, clarity, usability,
tailoring, liking, and influence)

Impact of group assignment on retention

Study recordsand interviewswith providers

Provider interviews
Study records

Interviews with families

Interviews with families

Interviews with providers and families

Interviews with providers and families

Ongoing and 3-month intervals

Ongoing and 3-month intervals

3-month intervals
Ongoing

Exit interview

Exit interview

Providers: 3-month intervals;, Families: 1-
month phone interview and exit interview

Providers: 3-month intervals; Families: exit
interview

Providers: 3-month intervals; Families: exit
interview

3PAAP: pictorial asthma action plan.

Statistical Analyses

Power Analysis

The aims of the primary quantitative analysesin this pilot RCT
are to assess initial evidence for the efficacy of PAAPs in
comparison with WAAPs for improving pediatric asthma
management and outcomes and to produce robust effect size
estimates ahead of a future definitive RCT. A power analysis
was run for the primary outcome of the ACT using PASS
software version 13 (NCSS, 2019) [39]. Effectswere estimated
based on a previous study [40], using WAAP compared with
verbal instruction. Power in this study was cal cul ated for effect
sizes between 0.50 and 1 SD unit increase in the effect size of
the outcome in the treatment group. The group by time
interaction effect (0=2.21, effect size om/o ranged from 0.226
to 0.452) wastested in this power calculation, with alpha set to
.05. Inthis study, equivalencetests of means (using 2 one-sided
tests on data from a parallel-group design with sample sizes of
25 in the WAAP group and 25 in the PAAP group) will result
in 82% power at a 5.0% significance level when the true
difference between the means is 0.0, the SD is 3.5, and the
equivalence limits are —3.0 and 3.0. Therefore, results that fall
within an SD unit difference would indicate that PAAP is as
good as guideline-recommended care (WAAP) with sufficient
power.

https://www.researchprotocols.org/2019/6/€11733/

On the basis of our previous research of similar duration, we
anticipate a<20% attrition rate. Thus, we will recruit up to 60
participants from the specialist asthmaand pulmonology clinics
within WVU Medicine, with sufficient power to test for
equivalence even with attrition and not accounting for missing
data. In the event of a lower-than-anticipated attrition rate or
data missing completely at random, asample size of 50 (25 per
group) will maintain high power for detecting equivalence.

Quantitative Data

Preliminary evidence of between-group differences will be
examined in relation to the following outcome variables: AAP
knowledge, AAP satisfaction, ACT scores, mean adherence to
daily controller medication, and pulmonary function using
spirometry. The hypothesis tests of interest will involve the
fixed effects of the time-by-group interaction for all study
outcomes, with covariatesincluded provided they are significant
and improve model fit. Specifically, to account for the
correlation among the repeated measurements on each
participant, general linear mixed models will be the main tools
of analysisfor the primary outcomes. These modelsare designed
to model correlations among observations on subjects (over
time and within groups) and arevalid in the presence of missing
a random (MAR) data [41]. Various random effects and
covariance estimates will be compared using the Akaike
Information Criterion to determine the best fitting model.
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Random effects, considering the individual level (rather than
just population) parameters, will be included and may aso be
examined in the event of assessing best treatment practices.
Accurate model parameter estimation will be ensured by the
use of the residual maximum likelihood (REML) approach to
estimation (appropriate for use with MAR missing data), and
the Kenward-Roger approximation of the degrees of freedom
will alow for accurate inference.

Given our power to estimate effect sizes for a subsequent
definitive RCT, we will demonstrate the overall stability of the
effect of the treatment response utilizing the F test for
equivalence of the effect of psi-squared, astandardized measure
of difference between groups/time point means and an overall
(across groups and time points) mean. This will be assessed
utilizing output from the best-fitting general linear mixed model
and by testing whether this psi-squared effect size measurefalls
in the critical region, following the method outlined by Wang
and Amrhein [42].

SPSS version 24 will be used for data management and basic
analyses; SAS version 9.4 (primarily PROC MIXED) will be
used for all advanced statistical analyses. Every attempt will be
made to minimize attrition and missing data; however, we
recognize that some degree of missing data is inevitable. The
REML method involved in mixed modeling is generaly
appropriate for use under the MAR assumption. Moreover, we
will carry out model s under missing not at random assumptions
to assess the sensitivity of our conclusions to the missing data
(eg, viaselection models or pattern-mixture models, as needed
or appropriate).

Qualitative Data

Thematic analysis will be used to organize and anayze the
qualitative data gathered from providers, participants, and
parents, including AAP satisfaction survey and exit interview
data [43]. The aim of thematic analysis is to facilitate the
identification of patterns of meaning across aqualitative dataset.
Thematic analysis can be used to address a wide range of
research questions and is widely used, increasingly as part of
the processes of development, pilot testing, and evaluation of
behavioral trials [43,44]. Data from interviews with providers
and exit interviews with participants and parents will be
transcribed verbatim and entered into Atlasti software for
analysis. Datafrom the AAP satisfaction survey (1- and 6-month
follow-up) will be transcribed and entered into a Microsoft
Excel database for analysis.

In this study, atheoretical thematic analysis will be conducted
with the aim of addressing the research questionsrelated to the
feasibility and acceptability of the TAAC intervention and study
procedures, as opposed to approaching the data with a more
exploratory aim. Analysis will progress through the phases
recommended by Braun and Clarke [43], including cycles of
repeated reading of transcripts, assigning descriptive codes to
the data, categorizing codes under representative themes,
defining and editing themes, and presenting the report of
findings. All data from provider and exit interviews will be
coded by one member of the research team (LH). A research
assistant will independently code 20% of the provider and exit
interview data, and agreement between coders will be assessed
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and discussed. Data from the AAP satisfaction structured
interviews will be analyzed by a research assistant, once a
coding framework is agreed upon between 2 coders (LH and
research assistant).

Results

Recruitment and data collection began in May 2017 and were
completed in October 2018. Results are expected by March
2019.

Discussion

According to the literature, many barriers exist to asthma
self-management among young people, including inadequate
asthma education and knowledge [13]. Although WAAPs are
an evidence-based intervention [3] designed to address these
concerns, many peoplewith asthmaare not receiving or utilizing
WAAPs [45] despite national guideline directives[3]. Barriers
to effective asthma self-management may be addressed by the
introduction of more accessible and personalized PAAPs. This
study aims to assess the feasihility and acceptability of the
TAAC intervention and study procedures, for example, the
usability of the PAAP software and appeal of the PAAPs
generated by the software. We also aim to assess whether
literacy and health literacy among children and adolescents and
health literacy in caregivers are associated with asthma
knowledge and health outcomes. We hypothesize that relative
to WAAPs, PAAPs will produce significantly greater
improvements in asthma care knowledge of children and
adolescentsand their caregivers, their satisfaction with education
regarding the child’s asthma care and subsequent self-efficacy
for managing symptoms accordingly, asthma health outcomes
(ie, asthma symptom control and pulmonary function), and
adherence to the prescribed medical regimen. It is aso
hypothesized that these improvements will occur as a function
of PAAPs having preferred features, such as simplified and
reduced text, lower literacy demand, appealing appearance, and
accessible format and content.

Strengths and Limitations

Notable strengths of this protocol include the mixed-methods
approach to data collection and analysis, integration of
technology in the intervention; use of objective outcomes
measures; identification of BCTs; and the approach of adapting
the standard WAAP, an existing guideline-based tool. The
findings of this study will inform the design of the next phase
of this research, which will be a definitive RCT. Potential
limitations of the protocol are mainly a function of the pilot
nature of the study, including data collection from a small
number of sites, implementation of the intervention by a small
number of physicians, and reliance on Wi-Fi in arural location
in the United States. Nevertheless, this study will produce
valuable pilot data for a future large-scale definitive tria that
will aim to recruit a large sample from multiple sites and have
substantial potential for national application.

Future Research
The planned feasibility and pilot trial, aspart of alarger program
of research, builds on a growing body of innovative AAP
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literature[19-23]. In particular, patient education materialsusing  first language other than English. We will draw on
alargely pictorial format may also be applicableto peoplewith  implementation science frameworks to design and conduct this
other complex conditions, such as type 1 diabetes and cystic  research with a view to the adoption of the use of PAAPs in
fibrosis. Our future research will include the development of  routine practice.

pictoria tools for diverse populations, including people with a
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Abstract

Background: Kidney transplant recipients’ poor medication adherence and poor control of comorbidities, particularly hypertension,
arerisk factorsfor graft rejection, graft |oss, and death. Few randomized controlled trials (RCTS) have been successful inimproving
sustained medication adherence and blood pressure control among kidney transplantation recipients. We provide rationale for an
RCT evaluating a mobile health medical self-management system for kidney transplantation recipients called Smartphone
Medication Adherence Saves Kidneys (SMASK).

Objective: Our objective is to determine whether SMASK is efficacious in improving medication adherence and sustaining
blood pressure control among kidney transplantation recipients with uncontrolled hypertension and poor medication adherence
compared to an enhanced standard care.

Methods: Thistwo-arm, 6-month, phase Il single-site efficacy RCT will involve 80 kidney transpl antation recipients. Participants
will be randomly assigned to the SMASK intervention arm or control arm. SMASK includes multilevel components: automated
reminders from an el ectronic medication tray; tailored text messages and motivational feedback, guided by the self-determination
theory; and automated summary reports for providers. Evaluations will be conducted preintervention, at 3 and 6 months, and
posttria at 12 months. Specific aimsareto test the hypotheses that compared to standard care, the SMASK cohort will demonstrate
significantly improved changes at 3, 6, and 12 months in the primary outcome variables medication adherence (proportion with
electronic monitor-derived score >0.90) and blood pressure control (proportion meeting and sustaining adherence to the Kidney
Disease Improving Global Outcomes [KDIGO] guidelinesfor blood pressure control); the secondary outcome variables provider
adherence to KDIGO guidelines, measured by timing of medication changes and changesin self-determination theory constructs,
and the exploratory outcome variables estimated glomerular filtration rate, variability in calcineurin inhibitor trough levels, and
proportion of patients meeting and sustaining the 24-hour ambulatory blood pressure below 130/80 mm Hg. After the 6-month
evaluation, interviews with a random sample of SMASK subjects (n=20) and health care providers (n=3-5) will assess user
reactionsincluding acceptability, usability, and aids/barriersto sustainability. Datafrom the RCT and interviewswill be triangul ated
to further refine and optimize SMASK and prepare for a multisite effectiveness RCT.

Results: The SMASK project received funding from National Institute of Diabetes and Digestive and Kidney Diseases in June
2016, obtained institutional review board approval in April 2016, and began data collection in July 2016. As of July 2018, we
completed enrollment with atotal of 80 participants.

Conclusions:  This study will provide data regarding the efficacy of SMASK to improve medication adherence and blood
pressure control in a cohort of hypertensive kidney transplant recipients. An efficacious SMASK intervention will pave the way
for alarger, multicenter, effectiveness RCT powered sufficiently to evaluate clinical events in areal-world setting and with the
potential to demonstrate improved outcomes at lower cost than standard care.
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Introduction

End-stage renal disease (ESRD) affects more than 700,000
people living in the United States; of these, approximately
95,000 are currently awaiting kidney transplantation [1,2].
Kidney transplantation is the treatment of choice for eligible
patients with ESRD, as it offers superior quality of life,
improved life expectancy, and better psychosocial functioning,
all at alower cost than maintenance hemodialysis [3-6].

Advances in the medica and surgical care of transplant
recipients have not resulted in optimal long-term graft survival.
The current 5-year graft survival rate is only 78% [2], and the
average graft half-life is only ~9 years [7]. Poor medication
adherence and poor control of comorbid medical conditions,
particularly hypertension, are major drivers of suboptimal kidney
transplantation outcomes [8-13]. Nonadherence to prescribed
medical regimens has been identified as a primary risk factor
for graft rejection, graft loss, and death [14-18]. Even small
degrees of nonadherence to immunosuppressant medications
confer a significantly increased risk of graft rejection or graft
loss [16,18]. In a meta-analysis published in 2007,
approximately 35% of American kidney transplantation
recipients demonstrated nonadherence to medications
posttransplantion [19], with other more recent studiesreporting
values of 20%-40% [20-22].

Although medication adherence is critical for optimal kidney
transplantation outcomes, until relatively recently, there was a
paucity of research examining interventions directed at
improving adherence. Our formative research has shown that
kidney transplantation recipients have a high rate of smart
mobile phone ownership, are comfortable being monitored using
mobile health (mHealth) technology, and have an overall
positive attitude toward mHeath [23,24]. We previously
conducted a small, 3-month, two-arm randomized controlled
trial with 20 kidney transplant recipients that involved a
patient-centered, behavioral theory—guided mHealth intervention
(Smartphone M edication Adherence SavesKidneys[ SMASK]).
SMASK included tailored motivational/social reinforcement
short message service (SMS) messages, an electronic medication
tray with cellular connectivity and reminder alerts, and
Bluetooth-enabled blood pressure (BP) self-monitoring,
designed to improve both medi cation adherence and BP control
[25]. The recruitment process included confirmation of poor
medication adherence using an €l ectronic medication tray (<80%
over 1-month monitoring) and documented uncontrolled
hypertension prior to and following the 1-month screening
process. The SMASK group demonstrated significantly greater
improvementsin electronically cal culated medication adherence
(average of 0.92 vs 0.56, P<.50) and guideline-based systolic
BP (SBP) control (90% vs 10%, P<.50) acrossthe 3-month trial
compared to the standard care (SC) control group. A recent
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12-month posthoc follow-up of the subjects clinic SBPs
demonstrated persistence of the SBP difference between the
groups (132 mm Hg vs 154 mm Hg), suggesting that the
improvement in medication adherence was sustained in the
intervention group [26].

Investigation on this topic has dramatically increased. A 2017
review of medication adherence intervention trials performed
in solid organ transplant recipients identified 21 randomized
controlled trials (RCTs), with 15 involving kidney transplant
recipients. Two of the studiesidentified were our 3-month RCT
[25] and the subsequent 12-month post trial follow-up study
[27]. Intervention approaches in kidney transplant recipient
studies varied widely and included cognitive behavioral therapy
amed a improving medication adherence [28,29];
psychoeducation [30]; intensified pharmaceutical care [31];
financial assistance programs [32]; electronic monitoring and
reminders [33-35]; and our mHealth system that provides
reminders, tracks medication taking, and delivers tailored
motivational/social reinforcement messages based on the level
of adherence.

Although approximately half of these RCTs involving kidney
transplant recipients demonstrated a significant improvement
in medication adherence, and the methodol ogies and measures
of adherence varied widely. Most either did not examine drug
blood levels or could not demonstrate an improvement in the
examined levels related to medications(s) taken. None of the
five RCTs in kidney transplant recipients that examined
transplant outcomes (ie, estimated glomerular filtration rate
[eGFR], graft rejection, graft survival, and serum creatinine)
demonstrated significant improvement. None of these RCTs
lasted >12 months, and theincidence rates of rejection and other
relevant parameters were too infreguent to allow comparisons.
Importantly, although poorly controlled hypertension is highly
prevalent (70%-93%) [8,10,11] and a leading contributor to
posttransplant reductions in kidney function, changes in
associated physiological function (eg, BP) were not measured
inany RCT except ours [26].

The authors concluded that research on medication adherence
programs in the transplant population is misguided in that it
often does not include patients verified as having poor
medication adherence, lacks the use of programs that are
engaging and foster sustained regimen adherence, and does not
evaluate clinically relevant transplant-specific outcomes. Our
work has addressed several of these issues including
identification and recruitment of kidney transplant recipients
with verified poor medication adherence using multipleindices.
We chose to employ atwo-part screening processincluding BP
measurement and one-time medication adherence viamedication
possession ratio screening followed by a 1-month screening to
determine medication nonadherence via a Bluetooth-enabled
electronic pill box with audio and visua aerts disabled. In a
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pilot study, we found that 70% of otherwise eligible kidney
transplant recipients were medication nonadherent [25], and
thusfar, we haveidentified a higher (~82%) proportion of such
recipients in this RCT. Although medication nonadherence is
on a continuum, it has been well demonstrated that even small
degrees of medication nonadherence have negative effects on
kidney transplant recipient outcomes [16-18]. We have
employed a patient-centered, theory-guided, iterative design
processto devel op amedical regimen self-management program
aimed at fostering self-efficacy and autonomous motivation to
help ensure regimen adherence is sustained. In light of the
expense and length of follow-up necessary to demonstrate
significant clinical outcome improvements (eg, reduced acute
rejection, graft loss, and death), we have adopted a strategy to
investigate surrogate markers that are shown to be strongly
predictive of worsened long-term outcomes (ie, BP and percent
coefficient of variation [%cv]) [36-44]. A recent review of the
literature on hypertension management in kidney transplant
recipients concluded that posttransplant hypertension is
prevalent (70%-90%), multifactorial, and rarely controlled
(~33%) [8]. Specifically, among kidney transplant recipients at
our transplant center, we found the prevalence of hypertension
to be 95%, with only 34% having met the Kidney Disease
Improving Globa Outcomes (KDIGO) guidelines for
hypertension control at amean follow-up of 7.3 (SD 4.5) years
after transplant [45]. Uncontrolled hypertension remains a
significant problem in kidney transplant recipients; thus,
efficacious intervention programs are warranted.
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This paper describes a 6-month efficacy RCT with a 6-month
posttrial follow-up, utilizing afurther refined SMASK mHealth
system in kidney transplant recipients verified to be medication
nonadherent with poorly controlled hypertension. The aims of
this study are twofold: (1) to assess the efficacy of our mHealth
system for monitoring and enhancing medication adherence
and BP control during the 6-month active trial and the 6-month
post-trial  follow-up period and (2) to evaluate provider
adherence to BP management guidelines and changes in
participants’ levels of self-efficacy and autonomous motivation
to sustain engagement in the medical regimen over time.
Exploratory outcome variables will include changes in eGFR
and variability of calcineurin inhibitor (CNI) trough levels
(%ocv).

Methods

Trial Design

Thisis atwo-arm, phase Il efficacy RCT involving 80 kidney
transplant recipients with poor medication adherence and
uncontrolled hypertension, with subjects as the unit of
randomization (ClinicalTrials.gov: NCT02827695). Each of
the subjects was recruited and randomly assigned to the
intervention or control arm by a statistician (who isnot involved
in subject recruitment or data collection) using a
computer-generated random sequence. A flow chart of the study
designis presented in Figure 1.
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Figure 1. SMASK clinical triad flowchart. SMASK: Smartphone Medication Adherence Saves Kidneys; SBP: systolic blood pressure; BP: blood

pressure; SMS: short message service; KTR: kidney transplant recipient.
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Statistical Analyses &
Dissemination of Findings

Study Setting

This study is conducted at the Medical University of South
Carolina (MUSC) in the Kidney Transplant Clinic. MUSC isa
tertiary referral academic center in Charleston, SC, and the only
transplant center in the state.

Study Participants

The participants are adult kidney transplant recipients with
uncontrolled hypertension who have met theinclusion/exclusion
criteria. Potentially eligible study patients were identified
through weekly data extractions from the appointment database.

Theinclusion criteriafor participantswere age >18 years (male
or female), first- or second-time recipient of a functioning
solitary kidney transplantation performed 6 weeksto 60 months
earlier, legaly competent, assent provided by the transplant
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physician so that the patient is able to participate, patient
prescribed =3 medications for immunosuppression and
hypertension, electronic pill tray—based medication adherence
score <0.85 across a 1-month screening period, uncontrolled
systolic hypertension (SBP =130 mm Hg) at the screening visit
and baseline evaluation (following 1-month medication
monitoring period), and 24-hour ambulatory SBP >130 mm Hg
following the medication monitoring period.

The exclusion criteria were  severe  cognitive
impairment/dementia; inability to self-administer medications,
self-measure BP, or use amobile phone; poor cellular coverage
at home; inability to speak, hear, or understand English; history
of psychiatric illness or substance abuse; planned pregnancy;
and vulnerabl e popul ations such as pregnant or nursing women,
prisoners, and ingtitutionalized individuals.
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Prototype of the Mobile Health Smartphone
M edication Adherence Saves Kidneys System

The SMASK mHealth system characterized in Figure 2 consists
of awirdessglobal system for mobile communication electronic
medication tray (Vaica, Tel Aviv, Isragl), a wireless validated
Bluetooth low energy—enabled BP monitor (UA-767 Plus BT
device [46]), and a smartphone (Android running Lollipop or
newer operating system or iPhone 4 or newer). The medication
tray plugsinto an ordinary 110 V outlet, has 28 compartments
(up to 4 doses per day for 7 days), time stamps compartment
use, and is capable of providing reminder signals. At the
prescribed dosing day and time, ablinking bluelight isactivated.
If, after 30 minutes, the compartment lid has not been opened
and closed, a loud intermittent chime automatically activates
for 30 minutes. If, a the end of those 30 minutes, the
compartment lid still has not been opened, an automated
reminder phone call or SMSisdelivered to the subject’smobile
phone. Microelectronic circuitry in each compartment on the
tray date and time stamps the opening of the compartment lid.
These signals are relayed via an internal modem to the Viaca
server for processing. Datawill then be sent directly toaHIPAA
(Hedth Insurance Portability and Accountability Act of
1996)-compliant relational database housed at MUSC.
Personalized motivational and positive reinforcement SMS
messages will be automatically delivered initially based on the
previous day’s calculated medication adherence. After 2
consecutive weeks of a calculated adherence score of 1.0,
message delivery will be tapered from daily to severa times
per week on a 3-day average variable interval schedule. The
schedule will revert to daily delivery when and if a subject’s
calculated weekly adherence score is <0.9. The library of
motivational/social reinforcement SM S messageswas devel oped
by enhancing thelibrary of messages used in the earlier mHealth
medication adherence studies [25,26]. This step was guided by
underlying tenants of competency (akin to self-efficacy) and
autonomous motivation from the self-determination theory
[47,48], tailored to the subject based on their responses to a
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guestionnaire designed to identify underlying motivating themes
for consistently engaging in the medical regimen.

Participants will be sent SMS messages every 3 days as a
reminder to measure their BP with the Bluetooth-enabled A& D
UA-767 Plus BP monitor (A& D Medical, San Jose, CA). They
will be instructed to measure their BP in the morning and
evening every third day by using our resting BP protocol
(described under Clinic Resting Blood Pressure). They will also
receive atailored positive reinforcement SM'S message the day
after successful completion of their BP measurements. An app
will beinstalled on their smartphone, which will securely receive
and transmit the BP data to the MUSC-housed server. The app
will also provide text instructions throughout the BP protocol
and a video clip module demonstrating use of the app and the
BP monitor.

A weekly SMASK dashboard summary report, tailored to the
treating physician’s preferences, will be delivered via email
(Figure 3). Thereport will summarize each subject’smedication
adherence and adherence to the BP self-monitoring schedule
for the prior 2 weeks. Color coding will be used to indicate
wherethe subject liesrelative to the desired goals (ie, SBP <130
mm Hg and adherence score >0.90). In addition, a breakdown
of the BP readings obtained over the 2 weeks will be provided
with systolic and diastolic pressures. Thetreating physician will
make adjustments to the medical regimen, as indicated and
guided by the KDIGO guidelines[49]. The physician will notify
the study coordinator of the changesviaemail. Any medication
changes made by the treating physician will be mirrored in the
programming of the medication tray after the study coordinator
confirms with the patient that the changes have been enacted.
Theresearch manager and staff will be contacted viaemail, and
the SMASK participants will be contacted via their preferred
mode (SMS, email, or phone) when they fail to measure BP or
when the measured BP is outside of the threshold ranges
established by the treating physician, or they will be contacted
viaan SMS text when the SimpleMed+ tray identifies lack of
medi cation adherence.
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Figure 2. “Smartphone Medication Adherence Saves Kidneys' schematic.
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Calculation of Adherence Score

A detailed description of the medication adherence score
calculation by Russell et a isavailable elsewhere [50]. We will
employ a modification of the algorithm to allow for dosing
schedules other than the twice daily schedule. Our subjectswill
be instructed that to be considered fully adherent, their
medications have to be taken within a 3-hour window of the
prescribed dosing time. A dose taken within the 3-hour window
will be assigned a full score for that dosing time, a dose taken
outside the 3-hour window but within a 6-hour window will be
assigned a half score for that dosing time, and a missed dose
will be assigned a score of 0. Each subject will be assigned a
score from 0.0 to 1.0 for each day. The scores for each subject
will be averaged over each week.

I dentification of M edication Nonadherent Patients
with Uncontrolled Hypertension

Patients who meet the initial eligibility criteria, including a
resting BP evaluation (SBP>130 mm Hg), and provideinformed
consent will be enrolled in a30-day screening period using the
SimpleMed+ with its reminder functions disabled. Subjectswill
be given ademonstration of how to properly use the medication
tray and will be required to demonstrate successful use of the
tray before completion of the visit. They will receive written
and oral instructions explaining that to be considered fully
adherent, they must take their medications within 90 minutes
of the prescribed dosing time. After confirming successful
connection with the server, the tray will be programmed by the
study manager to accurately reflect the subjects medication
dosing schedule. At the conclusion of the 1-month screening
period, our modification [25] of the adherence equation by
Russell et a will be used to calculate a medication adherence
score for each subject. Only subjects with a cumulative
adherence score <0.85 across the 1-month screening period will
beeligiblefor randomization to either the mHealth intervention
group or the attention control SC group.

Attention Control Standard Care Group

The enhanced attention control SC group will receive SC at the
MUSC Kidney Transplant clinic. SC includes clinic visits as
deemed appropriate, education on al matters related to
posttransplantation medical care, and 24-hour phone availability
of transplant coordinators. Participants randomized to the SC
group will continue to use their SimpleMed+ medication tray,
with its reminder functions still disabled, for an additional 6
months. To control for attention exposure, the subjects in the
SC group will receive SM'S messages on health-related topics
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excluding medication adherence. These messages include
healthy lifestyletips related to physical activity, dietary intake,
nonexposureto first- or second-hand smoke, and limited al cohol
intake. The SMS messages will be delivered every 3 days to
approximate the schedule of the mHealth intervention group.
SMS messages will include links to video or PDF content that
require 3-5 minutes to review.

M obile Health I ntervention

The participants randomized to theintervention arm will receive
the SMASK mHealth system, described in detail above, for the
6-month active trial. Subjects will be provided and instructed
on use of the previously validated A&D BP device, and the
SMASK app will be installed on their smartphone. The
escalating reminder functions of the SimpleMed+ will be
enabled. The SMASK subjects will again receive written and
oral instructions on adherence criteria (ie, al medications are
to be taken within a 180-min window centered on the dosing
time; BP isto be measured every 3 days).

SMASK subjects will complete a questionnaire on beliefs,
va ues, and life goal swith the responses used in atree-structured
algorithm to generate tailored motivational and positive
reinforcement messages that are delivered to promote
self-efficacy for medication adherence and autonomous
regulation for sustained behavior change.

A technical support phone number will be provided in severa
forms (paper copy, refrigerator magnet, and SMASK app) for
assistance. At the conclusion of the study, subjects will return
the SimpleMed+, A&D BP monitor, and smartphone (if one
was borrowed) and complete a brief questionnaire assessing
their opinions of the mHealth system.

Active Trial Evaluations and Follow-Up Phase

All subjects will be followed up for an additional 6 months
following the 6-month active trial. Patients will continue to
attend the clinic at a frequency determined by the provider. At
1, 3, 6, and 12 months after randomization into the SMASK or
SC group, subjects will be assessed on medication adherence
using medication possession ratio checks, clinic resting BPs,
and completion of a brief set of questionnaires including
measures to assess self-determination theory tenants of
autonomous self-regulation and self-efficacy (Table 1).
Providers are assessed on adherence to BP management
protocols and goals. The timeliness and appropriateness of
medication changes will be evaluated according to KDIGO
guidelines across both groups at the conclusion of the study.
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Table 1. List of measures and evaluation time points.

Outcome variables Measurements/instruments used Screening Baseline 1month 3 months 6 months 12 months

Primary outcomes

Medication adher-  Vaica (time-stamped) O O O O O
ence
BP? Clinic resting SBP? O O 0 0 O O

Secondary outcomes

Thergpeutic Inertia  provider adherenceto KDIGO® godls: Timely ~ Weekly®  Weekly®  Weekly®  Weekly®  Weekly®  Weekly®
medication changes (date of medication change
following medication adherence) and BP feed-
back (biweekly SMASKY reports for SMASK
participants) and from clinic visits for all sub-
jects (Figure 2)

'Srﬁf Detgrmination TSRQ' autonomous self-regulation [51,52] 0 U U U
eory Constructs (0=0.81-0.84; correlation with GCOS%: r=0.38,
P<.001; correlation with HCCQh: r=0.38,
P<.001), weight loss attendance (r=0.34,
P<.001), body massindex (r=-0.11, P<.05), 18-
month test-retest autonomous (r=0.47), con-
trolled items (rs=0.34]) [53], correlation with

medication adherence (r=0.58, P<.001)] [54]

Exploratory outcomes

eGFR! GFR/ estimation equations [55,56] 0 0 0 0 0 U
Ambulatory BP 24-h ambulatory BP with Spacel abs 90207 a g ]
Methodological parameters

Recruitment and retention rates: patient/provider d

satisfaction and usefulness scale (TSUQK) [57]
(satisfaction: 0=0.96; usefulness: a=0.92; 1-
week test-retest r=0.98 [58])

Fidelity checklists: patient level (eg, connec-
tion/reloads of Vaica, BP uploads viaphone, and
opening of messages/education information) and
provider level (eg, opening of patient summary
reports and phone alerts)

Ancillary medica=  Medication possession rate O O d O O O
tion adherence mea-
sures

Potential moder ator s’/mediators

Demographics Age, education level, income, typeof hedlthcare [0 d O O O
insurance

Anthropometrics Height, weight, girth O O d O O O

Health literacy Health Literacy Scale [59-62], correlated with [

short test of functional health literacy in adults.
Three questions compared to those in the Short
Test of Functional Health Literacy in Adultsto
detect inadequate health literacy: areas under
the receiver operating characteristic curve were
0.76, 0.80, and 0.87.

When correlated with Short Form-36 (r=0.86-
0.87), it differentiates between healthy status
and various types of illnesses (eg, migraine vs
healthy using components: physical and mental
quality of life; all P<.001)

Adver se events
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QOutcome variables M easurements/instruments used

Medication Side Ef- O
fects Scale [63,64]

Hypertension/im- ad
munosuppression
knowledge [59,65]
(a=0.70, high-low
correlation: P<.01)

Short Form-8 0
(0=0.87)

Perceived Stress O
Scale (a=0.84-0.86;
2-day test-retest

r=0.85) [64]

Screening Baseline  1month 3 months 6 months 12 months
O O O O O
O O O O O
O O O O O

3BP: blood pressure.

bsBP: systolic blood pressure.

®KDIGO: Kidney Disease Improving Global Outcomes.
dSMASK: Smartphone Medication Adherence Saves Kidneys.
SWeekly SMASK reports and from clinic visits for all subjects.
fTSRQ: Treatment Self-Regulation Questionnaire.

9GCOS: General Causality Orientations Scale.

hHCCQ: Health Care Communication Questionnaire.

I6GFR: estimated glomerular filtration rate.

IGFR: glomerular filtration rate.

kTSUQ: Telemedicine Satisfaction and Usefulness Questionnaire.

Clinic Resting Blood Pressure

BP evaluationswill be conducted at enrollment; randomization;
and 1, 3, 6, and 12 months. Patients will be seated upright with
right arm resting on atable at heart level and a proper cuff size
will be fitted. A Dinamap Pro-Care 200 BP device (GE
Healthcare, Buckinghamshire, United Kingdom) will be used
to take the clinic BP measurements. The Dinamap has been
validated following standard auscultatory methods from the
British Hypertension Society and the Association for
Advancement of Medical Instrumentation [66]. The Dinamap,
as well as all other BP devices used in the tria, are calibrated
according to the manufacturers' specifications. A reading will
be taken immediately, after 5 minutes of rest, and following a
2-minute interval. The average of the last two readings will be
used in the analyses. Subjectsinthe SMASK group will usethe
same protocoal (ie, aseriesof 3 BPreadingswith 5and 2 minutes
in between thefirst and second readings and between the second
and third readings, respectively) at homefor BP self-monitoring.
This functionality will be embedded within the SMASK app
and automatically guide the participants through the protocol
with audio guides, timer count downs, and chimes when each
waiting period is complete.

Outcome M easures

Primary Outcome Measures

These include proportion of participants achieving success in
meeting and sustaining adherence to the KDIGO guidelinesfor
SBP control (resting SBP <130 mm Hg) and proportion of
participants meeting and sustaining monthly medication
adherence scores >0.90.
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Secondary Outcome Measures

These include provider adherence to KDIGO guidelines, as
measured by the appropriateness and timeliness of BP
medication changes, and subjects’ self-report of changes in
self-determination theory tenants (ie, self-efficacy and
autonomous motivation).

Exploratory Outcome Measures

These will include changes in estimated glomerular filtration
rate (eGFR) and variability of CNI trough levels (%cv). CNIs
have awell-described high inter- and intrapatient variability as
well as a narrow therapeutic index. For these reasons, among
others, therapeutic drug monitoring of CNI is the standard of
carein solid organ transplantation and guides al CNI titrations
[67,68]. Changes in the 24-hour ambulatory BP will aso be
examined.

Participant Timeline

A timeline for participant recruitment, intervention, and
follow-up assessments is shown in Figure 1.

Proposed Sample Size

To evaluate SMASK treatment efficacy, 80 patients will be
recruited and randomly assigned to either SMASK or SC. The
primary outcomes of aim 1 include the proportion of patients
with >0.90 medication adherence scores (based on the date/time
stamped scores from the electronic trays) and proportion of
patients meeting and sustaining adherence the KDIGO
guidelines for clinic-based SBP control (<130 mm Hg). In
intent-to-treat (ITT) analysis, with 40 patients per group, a
two-sided Chi-square test (0=0.05) will have >90% power to
detect a difference of 35% in proportions of those who are
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medication adherent (or meeting and sustaining adherence to
the KDIGO BP guidelines) in the SMASK group compared to
those in the SC group at the 3-month time point. A difference
of 35% in medication adherence between the groups would be
considered clinically relevant and warrant changes in clinical
practice. Conservative estimates for medication adherence and
expected BP control proportions will be used for power
calculations. This approach was taken with asmall pilot study,
and Cls on effect sizes were quite large. Medication adherence
observed in the SMASK 3-month feasibility study was 89%
(versus 0% in control group; N=19). For the clinic resting BP
control, we observed that 90% versus 10% of the participants
controlled BP in the SMASK and control groups, respectively.
Overall attrition was 10% in the intervention group [69].

Recruitment

Eligible patients were identified from hospital medical records
by a research assistant. A research coordinator approached
potential subjects in the kidney transplant clinic and obtained
voluntary informed consent from patients who were interested
in participating. After obtaining informed consent, the clinic
resting BP protocol was conducted (see Clinic Resting Blood
Pressure) and if SBP =130 mm Hg, the subject completed a set
of questionnaires (Table 1) and was instructed to wear a
Spacel.abs 90207 ambulatory BP monitor (Spacelabs, Inc,
Issaquah, WA) for 24 hours. The subject then began the 1-month
screening period, as described above. The study site performs
approximately 20 kidney transplants per month. We provide a
smartphone and an internet data plan for the SMASK subjects
who do not own a smartphone compatible with the SMASK

app.
Allocation and Concealment

Subject randomization will be stratified by race and gender and
will be conducted by a statistician using a computer-generated
random sequence of numbers. Participants who consent to the
study and are eligible for randomization at the conclusion of
the 1-month medication intake screening period are allocated
to either the intervention (SMASK) or SC arm using the
computer-generated randomization sequence. Each random
sequenceis kept concealed in an envelope that is opened by the
research coordinator at the time of randomization.

Blinding

The research assistants responsible for ng primary and
secondary outcomes will remain blinded to the patients’ group
assignment throughout the study. The physician responsiblefor
making clinical management decisionsfor thoseinthe SMASK
intervention arm will remain blinded to which patients are
enrolled in the trial as enhanced attention SC subjects, as they
are merely providing SC. However, the participants will not be
blinded to their group assignment, as we provide a BP monitor
and smartphone as needed to those in the intervention group.

Data Collection and M anagement

Instruments for data collection are listed in Table 1. Data
captured electronically will be transmitted using secure
encrypted algorithms and housed on site in a secure
HIPAA-compliant relational database.
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Statistical Analyses

Primary Outcome Measures

ThelTT analysis set will be determined in accordance with the
International Conference on Harmonization E9 Guideline
“Statistical Principlesfor Clinical Trials’ [70] and will include
all randomized subjects. For al subjects included in the ITT
analysis set, al available data points will be included in the
model. We chose a mixed-effects model approach because this
method is a standard method in RCTs and can handle missing
data and account for correlated data such as repeated
measurements within patients or patients clustered within
providers[71-73].

We propose atwo-level analysis strategy: Our primary analysis
will include the simple mixed-effects model containing the fixed
time and intervention group, time, and time-by-intervention as
primary independent variables (fixed effects) and MD as a
random effect to account for clustering. The main analysiswill
compare the two intervention groups (SMASK vs SC) at the
primary time point outcome at 3 months. We will estimate
medication adherence score changes and changesin resting and
24-hour BP for each subject over the trial (preintervention and
1, 3, 6, and 12 months) and the within-subject longitudinal
trajectories (eg, slopes) and summarize the mean longitudinal
trgjectory within each group. I ntraclass correlations and variance
estimates will be obtained for the efficacy outcomes and
covariance structure of the longitudinal scoresto determinethe
sample size (and hence adequate power) for a future
effectiveness RCT.

In secondary/exploratory analysis for aim 1 outcomes, the
potential influence of a priori specified covariates on these
models will be explored, including self-determination theory
tenants, demographic and clinical characteristics, and
comorbidities. In an additional exploratory analysis, effect
modifications of covariateswill be examined through inclusion
of covariate-by-group interaction terms in the multivariable
models.

Secondary Outcome Measures

Secondary outcome measures of changesin self-determination
theory tenants (self-efficacy and autonomous self-regulation)
and provider adherence to KDIGO guidelines (timing of
medication changes) will be investigated using mixed effects
models with these outcomes as separate dependent variables,
group (SMASK vs SC) as primary independent variable, and
the primary outcomes (medication adherence and clinic SBP)
and clinical and demographic characteristics as adjustment
variables.

Exploratory Outcomes Measures

In exploratory anayses, change in eGFR, variability of
calcineurin trough levels, and 24-hour ambulatory BP will be
compared between the two groups using pooled t tests (or
nonparametric tests, as appropriate). If the end-of study
outcomes for eGFR and 24-hour BP are missing, they will be
imputed using multipleimputation methods. Further, frequency
distributions of adverse events and serious adverse events will
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be determined, and proportions for the SMASK versus SC
groups will be compared using Chi-sgquare analyses.

Qualitative Studies

After the conclusion of the 6-month activetrial evaluation, each
member of the SMASK group will be approached to participate
in akey informant interview of “lived experiences’ during the
trial. Topic areas with probes will cover expectations,
experiences, adherence, mativation, and advice from family
and friends. The SMASK lead physician, the transplant nurse
coordinator, and other involved staff will be invited to
participate in individual interviews to assess the SMASK
program from the providers' point of view. Topics of assessment
will include attitudes, barriers and facilitators for use, fidelity,
and impact on therapeutic inertia. We will use the constant
comparative method of qualitative analysis to code the
interviews' transcript data using NVivo 10.0. Transcripts will
be independently reviewed and coded by two reviewers. Once
no new themes emerge, thematic saturation will have been
reached. We will compare/contrast themes from participants
and providers. We will synthesize and integrate the multiple
guantitative and qualitative data sources using a triangulation
approach. These collective findings will guide further
refinementsinthe SMASK system prior to our effortsto acquire
external funding to enable a multisite effectiveness RCT.

Results

The SMASK project received funding from NIDDK in June
2016, obtained institutional review board approval in April
2016, and began data collection in July 2016. As of July 2018,
we have completed enrollment with a total sample size of 80
participants. Currently, we are analyzing baseline dataand upon
completion of analysis of the final participant in the 6-month
active trial, we will begin analyzing preliminary data to be
submitted for peer-review publication.

Approva for important protocol modifications will be sought
from the ingtitutional review board. Written informed consent
was obtained from all patients before enrollment by a trained
research coordinator. There are no anticipated risks associated
with participation in the study. Patients are free to withdraw at
any time. Data will be kept confidential and anonymized for
analyses.

Discussion

Despite evidence that medication nonadherence is a major
contributor to suboptimal outcomes in kidney transplantation,
little progress has been made toward improving medication
adherence. To date, research aimed at improving medication
adherence in this patient population has been hampered by the
use of convenience samples, indirect measures of medication
adherence, and ineffective strategies. We aim to address some
of these shortcomings in this trial. mHealth technology offers
an opportunity to unobtrusively monitor patients, to react in
real timeto indicators of patient nonadherence, and to tailor the
intervention to foster likelihood of sustained adherence to the
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regimen. Our previous research suggests that the use of an
mHealth intervention in this patient population is promising.

This study is novel in both in its design and implementation.
To our knowledge, this is the first RCT involving kidney
transplant recipients that aimed to evaluate the efficacy of an
mHealth medical regimen self-management system (SMA SK),
which was developed using an iterative design process guided
by synergistic tenants from behaviora and technology
application theories and direct guidance from kidney transplant
recipients, transplant physicians, and associated health care
team members. Importantly, the SMASK program utilizestimely
regimen reminder tacticswith immediate feedback of the results
to the patient and real-time relay of patients regimen
engagement to a HIPPA-compliant server. This allows for the
use of automated, patient-tailored, motivational, and social
reinforcement messages framed upon their degree of adherence.
Importantly, the health care provider isintimately involved via
weekly tailored emailed subject summary reports that allow
moretimely medical management decisionsaimed at improved
medication adherence, earlier BP control, and avoidance of
unnecessary escalation of care. Collectively, these strategies
are directed at enhancing patients' self-efficacy to perform the
medical regimen behaviors and improving the levels of
autonomous, self-directed motivation to sustain these behaviors
across time with the ultimate aim of improving long-term graft
survival.

There are several limitations to this study that need to be
addressed. First, although the study recruits from a single
transplant center, limiting its generalizability, the center is the
sole transplant provider for the state of South Carolina and has
a catchment population of over 4.6 million persons that
encompass a wide range of ethnic, educational, and
socioeconomic backgrounds. Second, whileit cannot be assumed
that the subjects’ willingnessto use the SMASK system can be
divorced entirely from the appeal of thefinancial compensation,
we targeted the compensation at alevel that would only cover
theinconvenience and cost of otherwise unnecessary travel and
time spent waiting. Finally, while the current study duration of
only 12 months is long enough to demonstrate improvements
in medication adherence and BP contral, it will not be long
enough to demonstrate significant improvements in graft
function or graft survival. However, these outcomes will be the
focus of subsequent longitudinal studies, and participants in
this study will be asked to continue providing relevant data to
assess longer-term outcomes.

In conclusion, this study will provide important and novel data
regarding the efficacy of the mHeath SMASK system to
improve medication adherence and BP control in a
medication-nonadherent cohort of uncontrolled hypertensive
kidney transplant recipients. An efficacious SMASK
intervention would lead to a larger, multicenter, effectiveness
RCT powered to evaluate clinical eventsin areal-world setting
and with the potential to demonstrate improved outcomes at
lower cost than the standard of care.
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Abstract

Background: Persistent or chronic pain isacommon health problem among adolescents. Thus, it isimportant that they receive
evidence-based strategies for symptom management. iCanCope with Pain is a mobile phone app designed to help adolescents
cope with chronic pain. The app comprises 5 evidence- and theory-based features: (1) symptom trackers for pain, sleep, mood,
physical function, and energy; (I1) goal setting to improve pain and function; (I11) a coping toolbox of pain self-management
strategies; (1V) social support; and (V) age-appropriate pain education. TheiCanCope with Pain app isbased on theory, identified
health care needs, and current best practices for pain self-management.

Objective: The objectives of this study were to describe the trandation and cultural adaptation of the app into the Norwegian
context and evaluate the app’s usability using a phased approach.

Methods: Phase 1 included translation and cultural adaptation of the app into the Norwegian context. This process used an
expert panel of researchers and target group representatives who were responsible for the linguistic quality assurance and
assessment. In phases 2 and 3 the app’s usability was tested. For phase 2, the assessments of usability and user experiences
included observation, the think aloud method, audiovisual recordings, questionnaires, and individual interviews in a laboratory
setting. For phase 3, the assessment of usability and user experience over a 2-week home-based test included questionnaires and
individual end-user interviews. Overall, app usability was determined based on ease of use, efficiency, and user satisfaction.
Qualitative data were analyzed using deductive content analysis. Descriptive statistics were calculated for quantitative data.

Results: End users did not report any misunderstandings or discrepancies with the words or phrasing of the transated and
culturally adapted app. Participants in both the laboratory- and home-based usability tests found the app self-explanatory and
reported that all 5 of its features were easy to use. All tasks were completed within the allocated time frame (ie, efficiency), with
few errors. Overall System Usability Scale scores were high, with average scores of 82 and 89 out of 100 from laboratory- and
field-based tests, respectively. Participants liked the idea of asocial support function (feature IV), although qualitative and internet
server data revealed that this feature was rarely used.

Conclusions: This study described the cultural and linguistic adaptation and usability testing of the Norwegian version of the
iCanCope with Pain app. High user satisfaction, ease of use, efficiency, and only minor errors cumulatively indicated that no
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changesto the app were needed, with the exception of facilitating user interaction within the social support feature. The app will
be used in an upcoming randomized controlled trial with alarger sample.

(JMIR Res Protoc 2019;8(6):€12940) doi:10.2196/12940
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Introduction

Background

The prevalence of persistent or chronic pain in nonclinical
adol escent populationsisincreasing and has become recognized
as agrowing health problem [1-3]. Chronic pain is commonly
defined as pain lasting more than 3 months[4]. Previous studies
have reveal ed high preva ence rates (approximately 15% to 35%
[5-7]) of chronic pain among adol escents, which increaseswith
age and can negatively impact all aspects of their lives. The
consequences include reduced health-related quality of lifeand
physical activity and higher risk for psychosocia problemssuch
as stress, anxiety, and depression [8-11]. Thus, interventions
focused on coping and symptom management strategies are
needed to prevent adolescents’ pain conditions from continuing
into their young adulthoods [12,13].

An increasing number of self-management interventions have
been developed and are associated with reduced chronic pain
among both children and adolescents [14]. Self-management
interventions often comprise behavioral therapies and types of
cognitive behavioral therapy (CBT), which may include coping
skillstraining, imagery techniques, biofeedback, relaxation, and
other symptom management strategies [15]. CBT is effective
among chronic pain patients and is thus the preferred
intervention for adolescents with different health disorders
[16,17]. Intheir systematic review of the literaturein this area,
Fisher et a showed that self-management interventions are
accessible through computer-based programs or mobile phone
apps, and that such interventions may reduce chronic pain
intensity among children and adolescents [15].

Adolescents are comfortable using computerized technologies
and have reported that internet-delivered self-management
interventionsaretheir preferred methodsfor gaining information
about chronic pain and pain coping skills [18,19]. However,
many of the available Web-based interventions and apps have
not undergone scientific evaluation. For instance, Lalloo et &
[20] found a total of 279 apps that focused on pain
self-management; only 8% of these had included health care
professionals during their development and only 1 had
undergone scientific evaluation. Thus, it is important to
emphasize that adolescents should receive evidence-based
content, including strategiesto manage chronic pain conditions,
from apps.

TheiCanCope With Pain App

TheiCanCope with Pain app is an evidence- and theory-based
pain self-management app [21] that was developed by Dr

https://www.researchprotocols.org/2019/6/€12940/

Stinson and Lalloo, in collaboration with the Centre for Global
eHealth Innovation at University Health Network in Toronto,
Canada. Theapp’s content was devel oped by an interdisciplinary
team of pediatric chronic pain experts and is based on
empiricaly identified heath care needs and current best
practices for pain self-management [21]. The app is currently
part of an ongoing randomized controlled trial and is thus not
publicly available.

Theoretical Framewor k

The iCanCope with Pain app comprises 5 evidence- and
theory-based features: (I) symptom trackers for pain, sleep,
mood, physical function, and social function; (I1) goal setting
to improve pain and function; (I11) a coping toolbox of pain
self-management strategies; (IV) social support; and (V)
age-appropriate pain education. Features | to |V were based on
psychological theories and psychotherapies; component V isa
pain education library (Figure 1).

Component | is based on behavioral activation therapy, which
was originally developed to treat mood disorders and is
efficacious for reinforcing engagement with, and motivation
for, meaningful activity [22,23]. Allowing adolescents to track
and self-monitor their daily symptomsin real time helps them
to better recognize their pain patterns and set goals to improve
their symptoms. It may also help them identify and be aware
of their pain triggers; by tracking symptoms over time,
adol escents can also monitor fluctuationsin their pain [21,24].
My trackers are integrated as a daily check-in functionality in
the app, wherein the adolescents can rate their level of pain
intensity, pain interference, mood, physical activity, sleep
quality, and energy.

Component 1l is based on social cognitive theory, originally
called socia learning theory developed by Albert Bandura,
which has influenced our understanding of human behavior
[25]. The theory suggests that adolescents’ performance or
behavior is influenced by their beliefs (cognition) and support
by their peers, parents, and teachers. Bandura argues that
salf-efficacy isthe most suitable approach to affecting cognition
[26]. Self-efficacy refersto “how well one can execute courses
of action required to deal with prospective situations’ [27].
Thus, component 11 was designed to enhance self-efficacy and
thereby improve pain and functioning [19]. The devel opment
of the app’s goals feature was consistent with the SMART
framework—specific, measurable, achievable, redistic, and
timed [28,29]. Thorough formulation and evaluation of a goal
is necessary for success; thus, this method provides a useful
standardized tool for usersto write and expresstheir own goals
in the app.
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Figure 1. Conceptual framework showing the theories underlying the Norwegian iCanCope with Pain app for adolescents with persistent pain. Published
asthe original Canadian illustration. Source: Stinson et a. Used with permission by the original publishers[21].
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Component 11l is based on CBT, with a focus on the

interrelations among thoughts, feelings, and behaviors [30].
Consistent with this, adolescents can focus on developing
personal coping strategiesto solve current problemsand change
unhelpful cognitive patterns (eg, thoughts, beliefs, and attitudes),
behaviors, and emotion regulation [30]. Thus, the aim of
component |11 is personalized self-management instruction in
termsof coping skillstraining and rehearsal, to promote positive
changesin mood, behavior, and ultimately painitself [21]. This
component provides severa coping strategies to manage pain,
including muscle relaxation, guided imagery, mindfulness, and
abdominal breathing. In other words, the CBT component of
the app aims to provide pain management strategies that help
adolescents during everyday life, despite their pain [31].

Component 1V, social support, includes both quantitative (eg,
number of friends) and subjective (eg, network appraisal)
dimensions [32], both of which affect mental health, physical
health, and mortality risk, and thusinfluence health throughout
the lifespan [33]. Socia support theory and peer support are
strongly related to self-efficacy (component 1) and healthy
activities promotion [34]. Although numerous self-efficacy
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promotion methods exist, Ashford et a’s review [35] showed
that vicarious experience (ie, social modeling) and feedback
from peers (ie, peer support) are most effective. In the socia
support feature in the app, the adol escents receive questions of
the day in monitored discussion boards. Finally, component V
is a pain education library, which is integrated together with
the coping skillstraining (component 111) in the app.

The primary objectives of this paper are to describe the
trandation and cultural adaptation of the app into the Norwegian
context and to evaluate its usability using a phased approach.
The phased approach assessed the trandated and culturally
adapted app’s usability and users experiences with its ease of
use, efficiency, satisfaction, and sociability. An additional
objective was to identify the users' needs and technical issues,
to refine the app for use in a planned prospective randomized
controlled trial with alarger adolescent sample.
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Methods

Design
During phase 1, theiCanCope with Pain app wastrand ated and
culturally adapted into the Norwegian language and cultural

Grasaas et a

context. Thisrequired a multistep approach, including input by
an interdisciplinary group to ensure thorough translation and
adaptation. During phases 2 and 3, the app’s usability was
evaluated. Phase 2 was conducted in a laboratory setting and
phase 3 in participants homes during a 2-week period. Figure
2 illustrates the overall protocol.

Figure 2. Norwegian iCanCope with Pain app translation and usability testing.

Phase | Phase 2

Translation and

cultural adaptation

Usability in
laboratory

Phase 3

Usability 1n field

Participants

Participants were recruited from a high school in Southern
Norway. During phase 1, 2 representativesfrom thetarget group
(both aged 17 years) participated to ensure that the app
trandation and cultural adaptation were appropriate for their
age group. During phase 2, 6 adolescents (aged 17 to 18 years)
wererecruited for alaboratory-based usability test. During phase
3, 5 adolescents (aged 16 to 18 years) were recruited for a
2-week home-based test to evaluate user experiences with the
app over time and to identify additional user needs. Both
usability testswere gender-balanced and included users of both
Android and iOS operating systems to best represent the target
group for an upcoming clinical trial. Theinclusion and exclusion
criteriafor the phase 3 end-user group were also consistent with
those planned for the upcoming clinical trial. We included 16-
to 19-year-old adolescents with persistent pain (weekly pain
lasting 3 or more months based on subjective reporting) who
were able to read and understand Norwegian and owned a
mobile phone. Adolescentswith cognitive disability or diseases
were excluded because of their inability to correctly understand
the iCanCope with Pain app, goa setting, or library readings.
Adolescents with painful health conditions from a pathol ogical
or medical origin (eg, hematology/oncology patients) were
excluded asthe program was not specifically designed for these
patient groups.

Phase 1: Trandlation and Cultural Adaptation

A 2-stage approach was used for language and cultural
adaptation of the origina Canadian iCanCope with Pain app
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RenderX

[21] to the Norwegian context, based on the principles of good
practice for trandlation and cultural adaptation explained by
Wild et al [36]. The first stage addressed the age-appropriate
pain education library and the second stage addressed the
software interface text of al features.

Pain Education Library

Thefirst stage was a10-step processto ensure quality trandation
and adaptation of the age-appropriate pain education library to
a Norwegian context, asillustrated in Figure 3. The first steps
(1 to 4) were conducted by the project group and first author;
these steps comprised preparation and forward-translation to
Norwegian, followed by cultural adaptation, in which typical
Canadian names, sports, and sayings were replaced with
Norwegian versions (eg, dragon boat racing is not well-known
in Norway). Quality assurance (step 5) was carried out by native
Norwegian and English speakers at the linguistic service center
at the University of Agder (UiA). In this step, the origina
Canadian English version was compared with the translated
Norwegian version to assess linguistic equivalency and correct
spelling. In addition, an expert panel of researchers within the
field of pain ensured (step 6) that the 2 versions were
conceptually equivalent. Furthermore, 2 adolescents assessed
the pain education library (step 7) to ensure that its content was
clear and easy to understand by their age group. A final
proofreading (step 8) was conducted before formatting (step 9)
each articlein the pain education library as HTML to be added
(step 10) to the Norwegian iCanCope with Pain app.
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Figure 3. The 10 steps of translation and cultural adaptation of the iCanCope with Pain app’s pain education library.
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The second stage a so followed the principles set forth by Wild
et al to ensure credibility and understanding [36] and included
another 10 steps: (step 1) preparation; (step 2) forward
tranglation; (step 3) reconciliation; (step 4) back trandlation;
(step 5) back trandlation review; (step 6) harmonization; (step
7) cognitive debriefing; (step 8) review of cognitive debriefing
results and finalization; (step 9) proofreading; and (step 10)
final report. The software interface text was prepared and
translated into Norwegian by the authors (steps 1 and 2,
respectively), then merged into acommon version (step 3), and
translated and validated back into English by personnel at the
linguistic service center (steps 4 and 5, respectively). A

Norwegian version

comparison of multiple language versions was not possible as
theiCanCopewith Pain app was only availablein the Canadian
English language of the original version (step 6). A cognitive
debriefing was conducted with the end users after the usability
field test (phase 3) to check its understandability and cultural
relevance (step 7). Review of the cognitive debriefing,
proofreading, and final report were assessed by the project group
(steps 8, 9, and 10, respectively). The Norwegian software
interface text was then integrated into the iCanCope withPain
app by the Centrefor Global eHealth Innovation (Canada), with
adjustments to user interface size and layout to accommodate
different word lengths for various screen sizes and forms. See
Figure 4 for example comparisons of the Norwegian and
Canadian software interfaces.

Figure 4. Screenshots of the Norwegian and Canadian user interface versions of the iCanCope with Pain app. Published with permission from the

Centre for Global eHealth Innovation (Canada).
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Phase 2: Usability Test in Laboratory Setting
Before the laboratory usability test, 2 pretests were used to

assess the protocol, logistics, and technology, and to determine

the amount of time the tests would take, the number of
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participants needed, the number of tasks, and the level of app
complexity. The 10 resulting predefined tasks had a stipulated
time frame of approximately 1 min per task.
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The task tests were carried out at the UiA laboratory facilities
over 2 days with 6 adolescent participants. The laboratory
facilities house control and test rooms are separated with a
1-way mirror (facility details have been previously reported by
Gerdes et al) [37]. Each participant participated individually
and spent approximately 60 min on research team—administered
tests. Each test was conducted according to the pretested
protocol, in order of: (1) 10 predefined tasks; (2) System
Usahility Scale (SUS) questionnaire [38]; and (3) interview.
We have followed the definition by the Internationa
Organization for Standardization (ISO) by evaluating the
usability in terms of the ease of use (effectiveness), efficiency,
and satisfaction. The official 1SO 9241-11 definition of usability
is: “the extent to which aproduct can be used by specified users
to achieve specified goals with effectiveness, efficiency, and
satisfaction in a specified context of use” [39].

Ten Predefined Tasks

Each participant completed 10 predefined tasks corresponding
tothe 5 app components (Figure 1): (1) conduct adaily check-in;
(2) create agoal; (3) coping skill training; (4) change goal; (5)
library search; (6) create a post in the social support group; (7)
complete a goal; (8) change user profile; (9) change pain area
and symptoms; and (10) view history of daily check-in. The
tasks were presented to each participant on a sheet of paper.

Grasaas et a

Participants could ask for help at any time, in which case help
was interpreted as a moderator intervention, tabulated, and
annotated. Participants also performed the think aloud (TA)
method [40] while solving tasks. In the TA, participants
verbalize what they are thinking as they perform a task. This
method is frequently used to gain insight into users' thoughts
during a usability test [40]. Observations and audio and visual
recordings were collected using a set of cameras and
microphones that recorded the user interface, running
commentary, and physical interactionswith the app. A minimum
of 2 researchers were present during each test. The ease of use
and technical errors were evaluated based on the number of
completed tasks and total errors. A completed task was defined
asatask successfully achieved by the participant [41]. An error
was defined as an incorrect selection, gesture, or landing on a
screen triggered by a participant. The app efficiency was
evaluated based on the time needed to achieve the tasks,
expressed as the mean task completion time [41].

System Usability Scale Questionnaire

The SUS questionnaire was used to evaluate user satisfaction
and comprised 10 open-ended pol arity-balanced questionswith
a 5-point Likert scale for responses. The average scores were
categorized based on the adjective ratings [42], as shown in
Figure5.

Figure 5. Adjective ratings, acceptability ranges, and school grading scales, in relation to the average System Usability Scale (SUS) score. Source:

Bangor et a. Used with permission by the original publishers [42].
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| nterview inclusion criteria (eg, the Lilbeck Pain questionnaire [7] for

Finally, individual posttest semistructured interviews were
conducted to assess user experienceswith the app. Theinterview
guide included 14 open-ended questions based on the 5 app
components (Figure 1) and 3 additional categoriesfor potential
improvements, usage considerations, and coping. These
predefined categories were considered ideal for ensuring a
systematic assessment of the app and thus created a basis for
the structured categorization matrix.

Phase 3: Field Usability Test

A total of 5 adolescents with persistent pain tested the
Norwegian iCanCope with Pain app continuously over aperiod
of 2 weeks to assess user experience over time and to identify
any need for further assistance while using the app. The
participants answered an electronic survey that was equival ent
to the baseline questionnaires (which will also be included in
the upcoming clinical trial) to ensure that they fulfilled the

https://www.researchprotocols.org/2019/6/€12940/

assuring the presence of pain and pain experiencefor 3 or more
months). A detailed description of each questionnaire is
available at ClinicalTrials.gov using ID NCT03551977. Each
participant received an email with their username and password
and an accompanying brief written introduction to the app’s
features. Participants were also given a researcher’s phone
number and email address, in case they needed technical
assistance at any time during their 2-week participation.
Participants were asked to downl oad the app from the App Store
or Google Play for their iOS- or Android-based mobile phone,
respectively, after which they were to start the app and log in.
User experience was assessed at the end of the 2 weeks using
the SUS questionnaire and individual semistructured interviews.

Data Analysis

The data collected (eg, internet server data, observation,
audiovisua recordings, and interviews) corresponded to the 5
app components. Quantitative laboratory usability test (eg, task
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completion, time, errors) measures were evaluated based on
users’ interactions with the app and to assess the app’s ease of
use and efficiency. In both usability tests, quantitative datafrom
the SUS questionnaire (10 questions, each scored from 0 to 4
points) weretransformed by multiplying by 2.5 to convert scores
to a 0 to 100 range and were categorized adjectivally [42].
Descriptive statisticswere analyzed using IBM SPSS Statistics
for Windows, version 25.0 (IBM Corp). Both usability tests
followed the same semistructured interview guide, comprising
14 open-ended questions. The 5 predefined theory-based app
components (ie, self-monitoring, goal setting, coping skills
training, social support, and pain education library) were the
basis for developing a structured categorization matrix using
deductive content analysis [43]. The collected data were coded
according to 8 predefined categories, including the 5
components, potential improvements, usage considerations, and
coping. Interview responses were transcribed verbatim using
NVivo for Windows (QSR International Pty Ltd, version 12,
2018).

Ethics

The study was approved by the Norwegian Regional Committee
for Medical Research Ethics South-East-B (REK reference
2017/350). Participants were informed verbally and in writing
that their participation was voluntary, that they could withdraw
at any time without areason (in which case their datawould be
deleted and destroyed), and that confidentiality and anonymity
of their data were ensured at all times. Participants signed
informed consent forms before participating.

Results

Phase 1. Trandlation and Cultural Adaptation

The participants did not report having any misunderstanding
about or finding discrepancies with the words or phrasing (eg,
meaning or activities) of the translated and culturally adapted
pain education library, in either usability test. In addition,
participant interviews and debriefingsin the field usability test
(phase 3) were conducted to ensure credibility and understanding
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of the software interface text. Overall, the participants found
the software interface text, which comprised single words and
short sentences, easy to understand and interpret, and found the
phrasing suitable for their age group.

Phase 2: Laboratory Usability Test

Participants successfully downloaded the Norwegian version
of theiCanCopewith Pain app and logged in using their mobile
phones. After logging in, participants created a mock user
profile. They reported finding it easy to perform adaily check-in
and liked the idea of monitoring pain patterns, which could
contribute to a better understanding of their pain experience.
The continuous presence of the avatar figure that changed both
face and body expressions according to a numeric scale during
registration and feedback made the app easy to use and
self-explanatory. However, there were also comments that the
profile's avatar looked a bit childish. These participants found
it motivating to set goals and read articlesin the library section
based on those goals. All participants reported that they would
recommend the app to others and appreciated the range of pain
coping strategies. One participant said:

Hmm, actually it seems like it [the app] has control.

So, thereisalot of information. | did not understand

at first how an app may help with pain when | first

heard about it, but | get it now when | seewhat it is,

yes.
Participants in the laboratory usability test did not make any
suggestions regarding how the app could be improved; thus, no
adjustments were made before the home-based usability test.

User Satisfaction

User satisfaction scores (0 to 100) in the laboratory usability
test are shown in Table 1. The average score was 82 out of 100,
categorized as good and just below excellent [42]. The
color-based visualization scheme is a modified version of that
recommended by Smaradottir et a [44], wherein green
represents a positive response, yellow a neutral response, and
red a negative response.
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Table 1. System Usability Scale questionnaire scores from the laboratory usability test.

Questions P12 P2 P3 P4 P5 P6 Mean (SD)
I think that I would like to use this app frequently 3b 3b 3P 3P 4 4° 3.3(0.5)
I found this app unnecessarily complex o€ o€ o€ 1¢ o 1¢ 16(0.5)
| thought this app was easy to use 5¢ 4° 4C 4° 4° 5¢ 4.3(0.5)
| think | would need assistance to be able to use this app 1¢ 3b 1¢ 1¢ o€ 4d 2(1.3)
| found the various functions in this app to be well integrated 5¢ 5C 4° 4° 3p 5¢ 4.3(0.8)
I thought there was too much inconsistency in this app o€ oC o€ 1€ 1€ 16 15(0.5)
I imagine that most people would learn to use this app very quickly — 4¢ 5¢ 3P 5¢ 5¢ 4° 4.3(0.8)
I found this app very cumbersome/awkward to use 1¢ o€ o€ 1¢ 1¢ 1¢ 13(0.5)
| felt very confident using this app 5¢ 4° 3b 5¢ 5¢ 4° 4.3(0.8)
| needed to learn alot before | could get going with this app 1¢ 3b 1¢ 1¢ o€ 1¢ 1.5(0.8)
Scores 875 725 75 90 825 85 _e
Average 82 — — — — — —

3px: participant x.

ONeutral response: neither agree nor disagree.

CPositive response: agree or strongly agree for positive questions; disagree or strongly disagree for negative questions.
dNegative response: agree or strongly agree for negative questions; disagree or strongly disagree for positive questions.

®Not applicable.

Ease of Use and Efficiency

Each participant completed al 10 predefined tasks. As
participants progressed through the tasks, some unwanted screen
landings or touches were registered as errors. The predefined
tasks were completed within the stipulated time frame. Task 3
was expected to be more time consuming as it required the

participantsto first find a specific article about coping, read the
article quietly to themselves, and then read the preferred
information bullet points aloud. Efficiency scoresare presented
in Figure 6 as the mean time in seconds for the completion of
each of the 10 predefined tasks related to the 5 app components
(Ito V).

Figure 6. Mean completion time in seconds (0 to 100) for each laboratory usability test task (N=6).
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Phase 3: Field Usability Test

The daily check-in (ie, self-registration) feature is intended to
giveusersinsight into, and an overview of, how they are coping
with pain. Intotal, 4 of the 5 participants used the daily check-in
almost every day, primarily after school, with an average of
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Task

10.5 check-ins during the 14 testing days. One participant
commented, “It [check-in functionality] was areason for using
the app every day” and that “I will missdoing it” However, 1
participant only used the daily check-in twice and explained in
the interview that this was because the app became a reminder
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of the pain; even positive feedback from the avatar figure Copey
after a daily check-in was interpreted as negative by this
participant, as it was either too positive or just a reminder that
| struggled. Participants created an average of 2.2 goals during
the test period. Most goals were related to physical activities,
such as participation in soccer practice or burning 200 kcal by
running. They also created goals regarding sleep and energy.
The participants reported that they appreciated the ability to set
godls, said it was a motivating feature, and found it easier to
achieve goas when they were written down. The library
provided age-appropriate information and pain coping strategies,
the participants found this easy to use and interesting, as it
offered articles and exercises. One participant reported, “ There
wasalot of variationin thearticles, and | even read about things

Grasaas et a

that | had not related to with my type of pain..” Another
participant mentioned that he/she liked using the app in private
settings, as he/she did not want to go to a psychologist.
Participants favored articles related to CBT, distraction
techniques, and help with developing a treatment plan. None
of the participants asked for additional help or experienced any
technical issuesduring thetest period; thus, no technical issues,
help, or user training needs were identified.

User Satisfaction

The average user satisfaction score (0 to 100) for the field
usability test is shown in Table 2. Participants average score
was 89, categorized as excellent and below best imaginable
[42].

Table 2. System Usability Scale questionnaire scores from the field usability test.

Questions P12 P2 P3 P4 P5 Mean (SD)
I think that | would like to use this app frequently 4P o€ gP 3d 4P 36(1.1
| found this app unnecessarily complex 1P ob 1b 1b ob 14 (0.5
| thought this app was easy to use 5o 50 b b 5b 5(0)
I think that | would need assistance to be able to use this app 10 10 1b 1b 1b 1(0)
| found the various functions in this app were well integrated 5b 4b 5b 5P 5P 4.8 (0.4)
| thought there was too much inconsistency in this app ob qd 1b 1b ob 1.8(0.8)
I would imagine that most people would learn to use this app very quickly 5b gb gP 5P 5P 5(0)
I found this app very cumbersome/awkward to use 1P 10 1b 1b 1P 1(0)
| felt very confident using this app qd o€ 5P 40 sb 3.8(1.3)
| needed to learn alot of things before | could get going with this app 10 ob 1b ob 1b 1.4(0.5)
Scores 90 725 100 90 925 _e
Average 89 — — — — —

3px; participant x.

bpositive response: agree or strongly agree for positive questions; disagree or strongly disagree for negative questions.
®Negative response: agree or strongly agree for negative questions; disagree or strongly disagree for positive questions.

INeutral response: neither agree nor disagree.
®Not applicable.

Sociability

Sociability refersto the app’sability to facilitate user interactions
with peers [45]. All participants reported that, in theory, this
was a promising idea that would allow them to share their
experiences and motivate each other within a social support
group. However, only one of the participants made poststo this
functionality. This participant explained how this feature could
have been improved, including switching to asingle chat option
with a health care professional (ie, physical therapist), options
to create groups with other adolescents who experience similar
types of pain, and that questions in the community function
should focus on pain coping strategies. No changes were made
to refine the app for the upcoming clinical trial on this basis,
except to facilitate interaction with peers in the community
function.

https://www.researchprotocols.org/2019/6/€12940/

Discussion

Principal Findings

Here, we have described the process of trandation and cultural
adaptation of the iCanCope with Pain app into a Norwegian
context, and outcomes of 2 usability tests. Our adol escent study
participants did not report having any misunderstanding of or
finding discrepancies within the words or phrasing of the
translated and culturally adapted app. The laboratory usability
tests showed that all 10 predefined tasks were completed within
the allocated time frame (ie, were efficient) and were reported
to be easy to use. Furthermore, both usahility tests showed that
the app was self-explanatory, with high satisfaction scores. One
home-based usability test participant reported that the app
became areminder of their pain. The community functionality
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(social support) inthe app wasrarely used. No technical issues,
help, or user training needs were identified.

A 2-stage multistep approach was considered necessary to
culturally adapt the app content. The thorough approach used
herein may explain why participants found the Norwegian
iCanCope with Pain app text suitable for their age group, with
no discrepancies in phrasing or words. Although several
trandlation and cultural adaptation techniques have been
previously described, with different strengths and weaknesses,
a transparent and thoroughly described procedure is essential
[46]. Nevertheless, 8 steps have been recommended as a
minimum when conducting a stepwise transl ation and adapting
instrumentsintended for aclinical context [47]. In addition, the
concept of functional equivalence in cross-cultural research
involving adolescents[48] is particularly important; for example,
adol escents might engage in different behaviors and understand
meanings differently across diverse cultures. Nevertheless, no
misunderstandings regarding activities or meanings were
reported in this study.

The original Canadian iCanCope with Pain app underwent
rigorous devel opment and testing through a user-centered design
for adolescents with chronic pain, based on their unique health
care needs [21]. Furthermore, the iCanCope with Pain app is
currently under evaluation for use by those with other health
conditions, such as arthritis and sickle cells disease [49]. Such
preparatory work should be highlighted as it may explain why
we failed to identify any technical issues or the need for any
additional user assistance or training in either of our usability
tests. In addition, this may explain why we found high user
satisfaction in both usability tests, with the highest scoresamong
the participants who interacted with the app over time in their
natural home environments. These participants reported that
they were able to relate specifically to the different app
components and thus provided the most val uable feedback from
an end-user perspective [50,51].

Despite the participants' reports that they liked the idea of an
app component that would alow them to seek social or peer
support, this functionality was rarely used. Nevertheless,
research has shown the advantages of peer support delivered
viaapps, which may provide effectiveinterventionsand aleviate
stress within other health care systems [52]. Forgeron et al
concluded their systematic review by noting that adolescents
with chronic pain have peer relationship deficiencies [53];
however, we expect that the rare use of socia support in this
study was more likely because of our low number of
participants. Regardless, social (or peer) support plays a
protectiverolefor adolescents with chronic pain and isimportant
for their social development [54].

The app was designed for ageneric target group of adolescents
with persistent pain originating from different etiologies. Our
participants reported appreciating that they were able to access
the app from home after school and learn from psychological
strategies in the app, which were the most popular articles.
Given the free time of adolescents may be limited, measures
such as high efficiency (tasks completed within the allocated
time frame) and ease of use might be of great importance, by
not taking much of the adolescents’ free time. Accessibility of
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the internet, with options for what, when, and where to read,
and creating their own goal s could be beneficial for adol escents
who might be in a stressful stage of life with school and
everyday activities, and for those who may find traditional
psychological therapies delivered by adults more difficult [55].
One participant in our study mentioned that he/she did not want
to go to a psychologist, possibly reflecting adolescents
perceived stigma with psychotherapy that has been previously
reported [21,55,56]. Mobile phones may have several advantages
compared with traditional face-to-face treatments, including
their 24/7 availability, pocket size, interactive nature, and
flexible programming [57]. However, 1 participant in our study
also stated that the app served as a pain reminder and thus was
anonpreferred coping approach. Consistent with thiscomment,
technology and apps for coping may not be suitable methods
for empowering all adolescents who experience persistent pain
[21].

Limitations

Several study limitations must be considered. TA was used
during tasks to confirm when participants started and ended
each of the predefined tasks, providing valuable insight into
users thoughts and actions [40]. However, not al participants
found it natural to verbalize the task as they were performing
it, which may have influenced task efficiency because of higher
cognitive loads. Thismay call into question the reliability and
validity of these data [58]. Another limitation is that we used
convenience sampling of the adolescents, who conducted the
trandation and cultural adaptation procedure (phase 1) and who
served as participants in the laboratory usability test (phase 2).
Furthermore, only 2 adolescentswereincluded in phase 1. These
adolescents might have related their use of the app in a more
hypothetical manner. Ideally, al participants should have been
end users, who are known to provide the most val uabl e feedback
[40]. However, recruiting end users was only possible in the
final study phase (phase 3) asthefirst 2 phases were conducted
before recruitment for the randomized c