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Abstract

Background: Evidence shows that computerized self-help interventions are effective for reducing symptoms of depression.
Onesuch intervention, SPARX, isagamified mobile computerized cognitive behavioral therapy (cCBT) devel oped for adolescents
in New Zealand, which was shown to be as effective asusua carefor young people with mild-to-moderate symptoms of depression.
However, gamified cCBT has not yet been tested in Japan.

Objective: Thistrial isdesigned to investigate whether a Japanese-adapted version of SPARX improves depressive symptoms
in Japanese university students with mild-to-moderate depressive symptoms.

Methods: In this 7-week, multicenter, stratified, parallel-group, superiority randomized trial, participants will be allocated to
either a treatment condition (SPARX) or a wait-list control condition. SPARX is a fully automated program, which will be
delivered to the mobile phone or tablet device of the participants. SPARX is designed as an interactive fantasy game to guide the
user through seven modules that teach key CBT strategies. All participants will be recruited from universities via advertisements
on online bulletin boards, the campus newspaper, and posters. Participantsin the treatment condition will usethe SPARX program
weekly. The primary outcome is the reduction of depressive symptoms (using Patient Health Questionnaires-9) measured at
baseline and weekly: once after the 7-week intervention and once at a 1-month follow-up. Secondary outcomesinclude satisfaction
with the program and satisfaction with life, measured by the Satisfaction With Life Scale; positive and negative moods, measured
by the Profile of Mood States Second Edition; social functioning, measured by the EuroQol Instrument; rumination, measured
by the Ruminative Responses Scale; and coping, measured by the Brief Coping Orientation to Problem Experienced Inventory.

Results. This study received funding from The Research Institute of Personalized Health Sciences, Health Sciences University
of Hokkaido, and obtained institutional review board approval in September 2019. Data collection began in April 2019.

Conclusions: Resultsof thistrial may provide further evidence for the efficacy of gamified cCBT for the treatment of depression
and, specifically, provide support for using SPARX with Japanese university students.

Trial Registration: Japan Primary Registries Network UMIN000034354; https://tinyurl.com/uu7xd77
International Registered Report Identifier (IRRID): DERR1-10.2196/15164

(JMIR Res Protoc 2020;9(4):€15164) doi:10.2196/15164
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Introduction

Background

Depression isamental health problem commonly experienced
by university students. A systematic review examining rates of
depression among university studentsfrom arange of countries,
including North American, European Union, East Asian, and
Middle Eastern countries, reveded the weighted mean
prevalence rate of depressive disorders of 30.6% [1], which is
considerably higher than that reported for the general population
(6.6%) [2]. Depression and other mental health concerns such
as anxiety and stress negatively impact academic performance
[3-5], which may result in students dropping out of university
[6] and potentially affect their future career prospects. For
example, in Japan, only 1.7% of individuals that dropped out
of university reported eventually working asfull-time permanent
employees for three or more years, whereas 60% of university
and graduate school graduates obtained regular employment
[7]. Therefore, the mental well-being of tertiary studentsis not
only a health care issue but also an issue that influences the
overall socioeconomic welfare of a society.

In Japan, 126 of the 135 universities (93%) have some
established support systemsto address the mental health needs
of university students[8]. However, reaching out to professional
mental health services among studentsisrelatively uncommon
[9,210] owing to several factors, including skepticism about
treatment effectiveness, lack of awareness of help options, and
lack of perceived need [11,12]. Therefore, accessto university
mental health services should be adjusted so that it isboth easier
and more acceptable[13]. Outside Japan, there have been many
trials of internet-based and computer-delivered interventionsin
recent years, demonstrating significant improvements in
depression compared to an inactive control (pooled standardized
mean difference —0.43, 95% CI —0.63 to —0.22) [14]. Digital
interventions offer important advantages. they are accessible
from various locations, they can be a form of outreach to
individuals who might not otherwise access traditional
face-to-face services [15,16] and are more cost-effective than
face-to-facetreatment [17]. Moreover, digital interventions can
facilitate learning and retention because users can return to the
program at their convenience to practice the content more than
once[18]. Giventhat gamesarefamiliar and particularly popular
with young peoplein Japan [19,20], game-based interventions
have the potential to be engaging and valuable self-help tools
to support university students’ mental health [21,22].

In earlier studies, a variety of game-based interventions for
mental health suggested potential benefits for mental and
physical symptoms [23-25]. At present, the Smart, Positive,
Active, Realigtic, X-factor thoughts (SPARX) program [26] is
the only available game-based intervention developed to
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specifically deliver cognitive behavioral therapy (CBT) for
adolescent users with depressive symptoms [22,27]. SPARX
was created, evaluated, and implemented nationally in New
Zealand for use by adolescentswith mild-to-moderate depressive
symptoms[26]. Furthermore, SPARX was used asadepression
prevention intervention in a large Australian school trial to
reduce depressive symptoms in adolescents prior to final year
examinations[28]. In Japan, asmartphone-based CBT program
(Kokoro-app) was demonstrated to be effective for depression
inaclinical sample [29]; however, there have been no trials of
game-based CBT for depression in Japanese university students
conducted to date. It is anticipated that SPARX may be well
received by university students experiencing depressive
symptoms who do not have contact with professional services.
However, a formal randomized controlled trial (RCT) is
warranted to establish whether SPARX is effective in this
population.

Objectives

The primary objective of thistrial isto examinewhether SPARX
improves depressive symptomsin Japanese university students
who present mild-to-moderate symptoms. We hypothesize that
SPARX will be more effective for improving depressive
symptoms than a wait-list condition. In the systematic review
of trials of internet-based and computer-delivered interventions
for university students[14], although half of theincluded trials
used an inactive control group (wait-list or no treatment), the
other half used an active control (eg, attention training or
providing educational information on anxiety and depressive
disorders). This will be the first clinical trial of SPARX for
university students in Japan. Therefore, we will examine the
difference between a SPARX group and a wait-list control
group.

The secondary objectives are to determine whether SPARX
delivered to Japanese students with mild-to-moderate depressive
symptoms leads to (1) enhanced positive mood and reduced
negative mood, (2) improved satisfaction with life, (3) improved
health-related quality of life, (4) reduced depressive rumination,
and (5) improved coping skills.

Methods

Study Design

Thisis amulticenter trial and follows a stratified randomized,
parallel-group superiority design. Participants will be
randomized 1:1 to an intervention arm, which will consist of
the game-based computerized CBT program SPARX or a
wait-list control condition. Postintervention assessments will
be carried out 7 weeks after baseline assessment. The participant
flow through thetrial is shown in Figure 1.
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Figure 1. Participant flow of thistrial. CES-D: Center for Epidemiological Studies Depression; SPARX: Smart, Positive, Active, Redlistic, X-factor

Exclusion:
« At high risk of self-harm or suicide at baseline

- Depressive symptoms are severe (CES-D = 24)

» Current manic episode or current schizophrenia or other
psychotic disorder at baseline reported from participants
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+ Involvement in manualized psychotherapy at baseline
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Setting

This multicenter study will be conducted at three universities:
Health Sciences University of Hokkaido, Hokusho University,
and Ritsumeikan University. We plan to recruit participants
from April 2019 through March 2020.

Participants

A total of 100 participants will be sought to take part in this
trial. Participants will be included in the tria if they meet the
following inclusion criteria at the face-to-face or telephone
digibility interview: (1) mild-to-moderate depressive symptoms
on the Center for Epidemiological Studies Depression Scale
(CES-D) [30] with scores between 16 and 24 [31,32], (2) age
of 18-30 years, (3) attending one of the participating universities,
and (4) owning and being able to use asmartphone/tablet device.
These inclusion criteria differ from those of the first SPARX
study [26]. Namely, we include university students aged 18-30
years instead of high school students, who were recruited for
thefirst SPARX study [26], because when the Japanese version
of SPARX wasfirst devel oped, this app was designed with adult
users in mind, including university students, rather than high
school students. In addition, we decided to conduct the current
study based on the contemporary reality of Japanese university
students, because a study conducted by the Ministry of
Education, Culture, Sports, Science and Technology of Japan
in 2018 [33] found that Japanese university students aged 18-30
years accounted for approximately 99.9% of thetotal university
students in Japan.

Participants will be excluded if they have: (1) high risk of
self-harm or suicide at study entry based on a self-report; (2)
severe depressive symptoms, asindicated by a CES-D score>24
[31,32]; (3) current manic episodes or current schizophrenia or

https://www.researchprotocol s.org/2020/4/€15164
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other psychoatic disordersat baseline asreported by a participant;
(4) previous experience of using SPARX; and (5) involvement
in manualized psychotherapy at baseline. These exclusion
criteriaare the same as those adopted in the first SPARX study
[26] as reference. Merry et a [26] suggested that people
exhibiting severe depressive symptoms or at high risk of
self-harm or suicide should be excluded because they could not
provide a self-help resource as a viable option. In addition,
individual s experiencing current manic episodes, schizophrenia,
or other psychotic disorders, or are involved in manualized
psychotherapy at baseline were excluded because they require
medical and psychiatric treatment suitable for their symptoms
rather than SPARX or are already receiving suitable psychiatric
treatment. If we do not reach the sample size required to test
the primary hypothesis of this study, we will extend recruitment
to other interested universities and will consider using online
recruitment.

Clinical Safety Procedures

For participants indicating a high risk of self-harm or suicide
at screening and at any time during this trial, the researchers
will provideinformation on available mental health care services
that the participants can access and will ask the participant to
cease participation in this trial. However, participants will be
provided with ongoing accessto SPARX even if they decideto
withdraw from the trial. In relation to ancillary care, the
participants will be allowed to contact the researchers at any
point during the trial. If any event requiring additional care
occurs, a researcher will inform the individual at the contact
address or telephone number of the appropriate medical or
psychological care and mental health service as provided by the
participant’s health insurance.
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Study Procedure

All participants will be recruited from the abovementioned
universitiesviaadvertisements on online bulletin boards, campus
newspapers, and posters. Interested students who contact the
researchersviaemail will be provided with further information
related to the study and will be given time to consider their
participation. If interested, they will be screened using Google
forms (developed by the authors for this study) for eligibility
using the Japanese version of the CES-D [30]. The cutoff score
of CES-D was verified in Japanese samples [30]. If the score
is 16-24, the researcher will continue with the eligibility
interview to confirm that all other criteria are met. At the end
of the interview, written consent will be obtained. Those who
score less than 15 or above 25 will be excluded from the tria
but will be provided with free access to SPARX, according to
the needs of the participant. Those whose score is 25 or more,
indicating severe depressive symptoms[31,32], will be provided
with information about available mental health care services.

For participants in the treatment condition, SPARX will be
delivered on their mobile phone or tablet device. They will be
asked to play the SPARX program weekly at a designated
university location (eg, avacant laboratory or conference room)
with one of the researchers (or a research assistant) present in
another room (eg, a neighboring laboratory) for the purpose of
checking SPARX use and being available to answer any
questions from the participant. Each weekly session with
SPARX is expected to take about 30 min.

Participantsin the wait-list condition group will receive access
to SPARX after a 1-month foll ow-up assessment of the treatment
condition group. They will be asked to fill out assessments at
the same time as the assessments of the treatment condition
group at experimental laboratories, in conference roomsat each
university, or on online Google forms. They will not be granted
access to SPARX until all assessments have been completed.

To address potential issues of contamination, we forbid
participants from talking about any theme of SPARX, such as
the use of SPARX and any impressions of this study, during
trial participation because other students in their university
campus are participating in the current trial.

Ethics

This study protocol was reviewed and approved by the
institutional review board of Hokusho University (2017-021,
February 20, 2018), Ritsumeikan University (2018-028;
September 19, 2018), and Health Sciences University of
Hokkaido (18-006, December 8, 2018). Furthermore, this study
has been registered with UMIN (000034354). Details of this
trial will be explained by the researchers to the participants
before study participation. Written informed consent will be
obtained from participants prior to entering them into the trial.
All outcome data, including written informed consent, will be
securely stored at the participating university (eg, Ritsumeikan
University) in alocked cabinet. All identifying information will
be removed, and the participants will only be identified by a
unique participant number.
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Randomization

Participants (N=100) who fulfil al eigibility criteria will be
randomized at a 1:1 ratio to either the SPARX intervention
group or the wait-list control condition. The randomization
sequencewill be generated by thetrial statistician and stratified
by site. Thefinal randomization listswill be computer-generated
and concealed in a secure study database until the end of data
collection/data lock.

Sample Size

A meta-analysis of RCTs examining the effects of CBT in
comparison to wait-list on depression in university students
showed an effect size of 1.13 [34]. However, the effect sizes
were smaller (0.56 [35] and 0.64 [36]) for studies in adults
compared to those of internet-based and other computerized
psychological treatments with wait lists. A meta-analysis of
RCTs to examine the effectiveness of game-based digital
interventions showed an overall effect size of 0.66 (against a
wait-list control condition), 0.47 (with a target population of
adolescent users), and 0.41 (type of game: psychoeducation and
training, including the SPARX study) [22]. Additionaly, a
meta-analysis of RCTs to examine the effectiveness of
technology-delivered interventions for depression and anxiety
in children and adolescents showed an effect size of 0.45
compared to thewait-list group [37]. Considering these findings,
we assumed asimilar effect size (0.60) to that of internet-based
and other computerized psychological treatments or game-based
digital interventions against wait-list [22,35,36] for thereduction
of primary outcomes assessed using Patient Health
Questionnaire-9 (PHQ-9).

A power analysis showed that a target sample size of 90 was
needed to detect an effect size of 0.60 with alpha=.05 and a
power of 0.80 for atwo-tailed test. Considering an anticipated
10% dropout [38], we will aim to recruit at least 100 (50 per
group) participants to test the primary hypothesis of this study.

Intervention

The treatment condition in this study consists of a game-based
computerized CBT program called SPARX. It takes the form
of aninteractive fantasy game designed to take the user through
seven modules that teach key CBT strategies. When the user
begins SPARX, they meet the character of the Guide who
introduces them to the “ game world” and the challenges ahead,
after which the user selects their avatar and begins the quest.
Each module finishes with the avatar returning to the Guide
who then explains how the “game skills’ can be used in “real
life". The first module includes brief psychoeducation related
to depression, with a brief introduction of relaxation (slow and
controlled breathing) and hope. The remaining modules cover
the following: activity scheduling/behavioral activation,
interpersonal  skills  (communication, assertiveness, and
negotiation), problem solving, cognitive restructuring
(identifying common cognitive distortions and challenging
negative thoughts), mindfulness, and relapse prevention
(Textbox 1). Each module is designed to take about 20-30 min
and the user is encouraged to practice the skillsin the interim
(the equivalent of homework).
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Textbox 1. Outline of content and core skills covered in each level of Smart, Positive, Active, Redlistic, X-factor thoughts (SPARX).

« Level 1 (finding hope): psychoeducation about depression, introduction to the cognitive behavioral therapy model, introducing gloomy negative
automatic thoughts and “hope” (people recover from depression), relaxation (controlled breathing)

o  Leve 2 (being active): activity scheduling, behavioral activation, relaxation (progressive muscle relaxation), basic communication, and interpersonal

skills

o Level 3 (dealing with emotions): dealing with anger and hurt feelings, interpersonal skills (assertiveness, listening, and negotiation)

« Level 4 (overcoming problems): problem solving, cognitive restructuring (identifying smart, positive, active, realistic, X-factor thoughts)

« Level 5 (recognizing unhelpful thoughts): cognitive restructuring (recognizing different types of gloomy negative automatic thoughts)

. Level 6(chalenging unhelpful thoughts): cognitive restructuring (learning to challenge or swap negative thoughts for hel pful ones), interpersonal

skills continued (negotiation skills)

o Level 7 (bringing it all together): recap of all skills, mindfulness (tolerating distress), relapse prevention

The Japanese version of SPARX was devel oped by the Japanese
companies HIKARI Lab, Inc, and SmileBoom Co, Ltd, with
approval of the developers of the original version. The original
English language was translated into Japanese by the fourth
author (AS) who has a master’s degree in clinical psychology
and isanative Japanese speaker and afluent speaker of English.
A key difference between the origina and Japanese versions
was the change of the Guide character’s gender from male to
female. Inthe original version, the Guide was male, stylized to
look likeaMaori (theindigenous people of New Zealand) chief
to give a powerful impression. However, the developers in the
Japanese version were concerned that this might not suit
Japanese audiences and instead adopted a female character
wearing a white national costume, with a more gentle and
maternal expression (Figure 2). Other modificationsincludethe
following: for all SPARX characters, the face and eyes were
slightly rounded and the color schemes were made brighter to

be more reminiscent of the Japanese anime esthetic; login and
menu screens were dlightly changed to facilitate use; by using
anotification function, the user can obtain information related
to mental health once a week; how to process SPARX is
displayed; and asthe user playsthe game and proceeds through
the stages, the sky color becomes brighter. There were also
some necessary content changes to make the program more
applicable to Japanese adult and university students as users
(eg, original version: assignment/homework anxiety; Japanese
version: work presentation anxiety). With the exception of these
minor and complementary fixes in developing the Japanese
version of SPARX, no major changesto the original were made,
such as a change of the main story of SPARX. The original
version was delivered on a user’s personal computer, whereas
the Japanese version is delivered on a mobile phone or tablet
device.

Figure 2. Guide charactersin the SPARX original (left) and Japanese (right) versions.

Wait-List Control

Participants randomized to the control group will be placed on
await list for 11 weeks; that is, until after the 1-month follow-up
assessment of the group assigned to the intervention. The
participants on the wait list will then be offered the opportunity
to take part in the SPARX program in the same way as those
in the intervention group.

Measures

The primary outcome (Japanese version of PHQ-9) will be
measured at baseline (T1), weekly throughout the interventions

https://www.researchprotocol s.org/2020/4/€15164
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(T2-T7), at postassessment 1 week after the 7 intervention weeks
(T8), and at 1-month follow-up (T9). Other assessments will
be conducted at preassessment (T1), postassessment (T8), and
1-month follow-up (T9). Table 1 shows the schedule of
assessments at various time points. At baseline (T1),
demographics data will be collected, including gender, age,
major in university, year of study, residence status; presence or
absence of visits to psychiatric and counseling services; and
presence or absence of the use of a gamified psychological
program.
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Table 1. Overview of measurements.
Outcome Scale T12 To.T7? T8 Tod
Demographics Developed by the authors O
Depressive symptoms PHQ-9¢ O O O g
Satisfaction with life swLs O 0 O
Negative and positive moods POMS-29 ad o o
Socia functions EQ-5D" ] | |
Rumination RSS ad o a
Coping Brief COPE! O o o
Stressor DLSSK O 0 O
Satisfaction and acceptability Developed by the authors O

8T1: baseline assessment (preassessment).

BT2-T7: assessment at each level.

©T8: assessment 1 week after the program.

T9: assessment at 1-month follow-up.

€PHQ-9: Japanese version of Patient Health Questionnaire-9.
fSWLS: satisfaction With Life Scale.

9POM S-2: Profile of Mood Scale, second edition.

hEQ-5D: Japanese EuroQol instrument.

IRSS: Japanese version of the Ruminative Responses Scale.

IBrief COPE: Brief Coping Orientation to Problem Experienced inventory.

KDLSS: Dai ly Life Stress Scale for undergraduates.

Primary Outcome Measure

The primary outcome measureisthe Japanese version of PHQ-9.
The PHQ-9 is a self-reported questionnaire for assessing
depressive symptoms of the preceding 2 weeks [39]. The
guestionnaire consists of nine items evaluated using a 4-point
Likert scaleto indicate the extent to which the participant agrees
with the values expressed in each item (0, not at al; 3, nearly
every day). Higher scores indicate more severe depressive
symptoms. In an earlier study [39], this scale demonstrated good
internal consistency (alpha=.93) and good convergent validity
(correlation coefficient with the Kessler Psychological Distress
Scale: r=.81) in a Japanese clinical population.

Secondary Outcome Measures

The following sections will discuss the secondary measures
used.

Japanese Version of the Profile of Mood States Second
Edition (POMS-2)

Thisis a self-reported questionnaire for assessing positive and
negative moods during the preceding week [40]. The
guestionnaire consists of 35 items evaluated on a5-point Likert
scale (0-4). For this study, we will use total mood disturbance;
higher scoresindicate more negative mood states. Thereliahility
and validity of POMS-2 for a Japanese population have been
reported [40].

https://www.researchprotocol s.org/2020/4/€15164

The Satisfaction With Life Scale (SWLS)

Thisis a self-reported questionnaire for assessing satisfaction
withlife[41]. The questionnaire consists of fiveitems eval uated
ona7-point Likert-type scae (1-7). Higher scoresindicate more
satisfaction with life. Its reliability and validity for a Japanese
population have been reported [41].

The Japanese EuroQol I nstrument (EuroQoal)

Thisisaself-reported questionnaire for assessing health-related
quality of life [42]. The questionnaire consists of five items
evaluated on a 5-point Likert-type scale (1-5). Higher scores
indicate worse health-related quality of life. Its reliability and
validity for a Japanese population have been reported [43].

The Japanese Version of the Ruminative Responses Scale
(RSS)

Thisisaself-reported questionnaire for assessing the frequency
of depressive rumination [44]. The questionnaire consists of 22
items evaluated on a 7-point Likert-type scale (1-7). Higher
scores indicate more frequent depressive rumination. Its
reliability and validity for a Japanese population have been
reported [45].

TheBrief Coping Orientation to Problem Experienced
Inventory (Brief COPE)

This is a self-rated questionnaire for assessing coping skills
[46]. The questionnaire consists of 28 items evaluated on a
4-point Likert-type scale (1-4). Higher scores represent high
levels of coping skills. Itsreliability and validity for a Japanese
population have been reported [47].
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The Daily Life Stress Scale for Under graduates (DL SS)

This is a self-reported questionnaire for ng daily life
stressors for undergraduates[48]. The questionnaire consists of
23 items evaluated on a 5-point Likert-type scale (1-5). Higher
scoresindicate more frequent stressors. Itsréliability and validity
for a Japanese population have been reported [48].

The fina secondary outcome will be a measure of the
satisfaction and acceptability of theintervention. All participants
will be asked to rate four statements related to the perceived
hel pful ness, satisfaction with use, and the depth of understanding
of the content of SPARX on an 1l1-point scale (0-10).
Participants will also be able to write free text comments. The
following questions will be asked: “How useful was this
program for you [0 (not at all), 10 (very useful)]? Specificaly,
which components of this program were useful for you (write
freetext comments)?’ “How satisfied are you with this program
[O (not at all), 10 (very satisfied)]?" “Please tell me about the
pros and cons of this program (write free text comments)?’
“How fun was this program for you [0 (not at al), 10 (very
fun)]?’ These itemswere devel oped specifically for the current
trial.

Statistical Analyses

The analysis for primary outcome measures will be conducted
using a linear mixed model (LMM). The LMM approach was
selected because of its strength in accommodating missing data
and its ability to incorporate random effects into analyses. In
these analyses, the dependent variable is the PHQ-9 score, and
the independent variables are assignment (treatment condition,
wait-list condition) and time [ preassessment (T1), each session
assessment (T2-T7), post-assessment (T8), and follow-up
assessment (T9)], with interaction of the assignment and time
as fixed-effect variables and participants as a random-effects
variable. Secondary outcomes (outcome measures, process
measures, and evaluation of the program) will be analyzed in
the same way as the primary outcome. Subgroup analyses are
not planned. For all analyses, P<.05 will be inferred as
statistically significant. Up-to-date versions of R software (R
Foundation for Statistical Computing, Vienna, Austria) will be
used to analyze the quantitative data.

In the satisfaction/acceptability measure, free comments will
be analyzed using thematic analysis.

Results

The primary outcome is the presence of depressive symptoms
at 1-month follow-up. Several secondary outcomes will be
measured, such as positive and negative mood, satisfaction with
life, health-related quality of life, depressive rumination, and

Authors Contributions
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coping skills. In addition, satisfaction and acceptability of the
intervention will be measured, such asthe perceived helpfulness,
satisfaction with use, and the depth of understanding of the
content of SPARX. Dropout rateswill be measured to study the
feasibility of SPARX.

This study received funding from The Research Ingtitute of
Personalized Health Sciences, Health Sciences University of
Hokkaido, and obtained institutional review board approval in
September 2019. Data collection began in April 2019. Study
enrollment is still ongoing. As of April 2019, 60 subjects have
been recruited and baseline data were collected. Moreover, 24
subjects have aready been allocated to the treatment group and
have begun the intervention. We expect to complete the study
by March 2020, followed by data analysis and submission of
the final report by the end of 2020.

Irrespective of the results, the results of this trial will be
publishedin apeer-reviewed journal and communicated through
presentations at national and international conferences. Study
participants will be informed about the trial results via a
plain-language summary of the resultsthat will be sent to them.
Academic papers and summary reports will be provided to the
funders.

Discussion

SPARX is a game-based intervention that was developed to
deliver CBT for adolescents with depressive symptoms[22,27].
This program has been demonstrated to be effective for high
school studentswith mild-to-moderate symptoms of depression
in New Zealand [26]. The aim of thistrial isto investigate the
efficacy of the program in Japanese university students using
a superiority RCT comparing SPARX with await-list control.
Thefindings of thistrial are expected to add to evidence of the
efficacy of the game-based computerized CBT for young people
with depressive symptoms. These resultswill provideimportant
knowledge for implementation of computerized CBT into
existing health support services for university students in the
future. However, in this tria, for the purpose of checking
SPARX use and being able to answer any questions from a
participant, participants in the treatment condition play the
SPARX program at a designated university location with one
of the researchers present in another room. Therefore, we are
not examining the pure effect of SPARX as a self-help tool.
Thisprocedure could influence theintervention effect or dropout
ratio. In addition, to clarify the benefits and limitations of the
effect of SPARX on the university students depressive
symptoms, the effects of SPARX in comparison to an active
control will need to be assessed in the future.

All authors contributed equally to the study design by providing relevant intellectual input on all aspects of the study within
several detailed discussions and meetings. MS and HM raised the research funding. AS devel oped the Japanese version of SPARX.
MSand HM devel oped the original version of SPARX. KY drafted the manuscript. All authorsrevised the manuscript. All authors

approved the version to be published.
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Abstract

Background: As the management of type 2 diabetes remains suboptimal in primary care, the Road to Hierarchical Diabetes
Management at Primary Care (ROADMAP) study was designed and conducted in diverse primary care settings to test the
effectiveness of athree-tiered diabetes management model of care in China.

Objective: This paper aimsto predetermine the detailed analytical methods for the ROADMAP study before the database lock
to reduce potential bias and facilitate transparent analyses.

Methods: The ROADMAP study adopts a community-based, cluster randomized controlled trial design that compares the
effectiveness of a tiered diabetes management model on diabetes control with usual care among patients with diabetes over a
1-year study period. The primary outcomeisthe control rate of glycated hemoglobin (HbA ) <7% at 1 year. Secondary outcomes
include the control rates of ABC (HbA ., blood pressure, and low-density lipoprotein cholesterol [LDL-C], individual and
combined) and fasting blood glucose, and the change in each outcome. The primary analysiswill be the log-binomial regression
with generalized estimating equation (GEE), which accounts for the clustering within communities, for binary outcomes and
linear regression with GEE for continuous outcomes. For both, the baseline value of the analyzed outcome will be the covariate.
The other covariate further adjusted model s and the repetitive model s after multipleimputation (when morethan 10% of observations
in HbA . after 1 year are missing) will be used for sensitivity analysis. Five prespecified subgroup analyses have al so been planned
to explore the heterogeneity of the intervention effects by adding the subgroup variable and its interaction with the intervention
to the primary model.

Results. This plan has been finalized, approved, and signed off by the principle investigator, co-principle investigator, and lead
statisticians as of November 22, 2019, and made public on the institutional website without any knowledge of intervention
allocation. Templates for the main figure and tables are presented.

Conclusions: This statistical analysis protocol was devel oped for the main results of the ROADMAP study by authors blinded
to group alocation and with no access to study data, which will guarantee the transparency and reduce potential bias during
statistical analysis.

Trial Registration: Chinese Clinical Tria Registry ChiCTR-10C-17011325; https://tinyurl.com/ybproxrqg
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Introduction

Study Background

Being home to the largest diabetic population, China has been
encountering challenges in managing diabetes adequately in
primary care [1-3]. Currently, patients with type 2 diabetes
(T2D) are entitled to four or more yearly free blood glucose
testsand treatment consultations at primary care clinicsthrough
a publicly funded essential public health service package [4].
Despite the provision of the universal access and increasing
subsidiesto community health care services[4,5], outcomes of
the current management remain suboptimal . It has been reported
that among service recipients only 40% have reached the
adequate blood glucose control target (glycated hemoglobin
[HbA ] <7.0%) [6], while less than a tenth have achieved
optimal control of composite cardiometabolic “ABC” (HbA .,
blood pressure [BP], and low-density lipoprotein cholesterol
[LDL-C]) targets [7]. In July 2017, a cluster randomized
controlled trial, Road to Hierarchical Diabetes Management at
Primary Care (ROADMAP) study, was launched to determine
the effectiveness of a strengthened version of the previously
mentioned essential public heath service on diabetes
management through a mobile hedth-based, tiered
service-ddlivery intervention in diverse primary care settings
in China

Study Overview

The ROADMAP study is designed as a community-based,
cluster randomized controlled trial, aiming to compare the
effectiveness of ahierarchical diabetes management intervention
to usual care on blood glucose control. The usual care is the
routine diabetes and hypertension management required by the
national essential public health service. [4] The intervention
delivery isperformed by contracted service teams; each of them
are composed of one primary care doctor at the community or
village level asteam leader, one township hospital doctor, and
onedistrict or county doctor. Theintervention lasted for 1 year.
Thisstudy isprospectively registered (ChiCTR-1OC-17011325)
and ethically approved. A complete study description has been
published elsawhere [8].

Participant Recruitment and Randomization

Participants are adult patients with established T2D who have
registered for the essential public health service within the
community at the time of recruitment. To be dligible,
participantswere 18-75 yearsold, resided in the community for
the previous 6 months with no plan of relocating, and provided
informed consent. Potential participants were excluded if they
had severe physical or psychological injury or illness, were
unable to attend the site visit or consciously answer questions,
were women in the process of or planning for pregnancy or

http://www.researchprotocols.org/2020/4/e18333/

breastfeeding, or had participated in any other clinical tria
within the previous 6 months.

The trial recruited a total of 19,601 participants from 864
communities or villages in 144 districts or counties in 25
provinces. Generally, for each participating province, 6 districts
and 6 of its subordinate communities from each district were
selected. The same principle applied to counties and villagesin
rura areas. Following the completion of baseline assessments,
communities or villages (clusters) were centrally randomized.

Intervention

Besidesastandard training workshop for the contracted service
providers (community, township, and county level doctors) in
the intervention arm, the key components of intervention were
one BP measurement and two blood glucose monitoring tests
(at least onefasting blood glucose [FBG]) monthly, instruction
for lifestyle change and medication accordingly, timely referral
if anindicator is present, and quarterly performance review for
the contracted serviceteam. A mobile health-based information
system, Graded ROADMAP, was developed and employed to
support the contracted doctor team delivering the intervention.
Another smartphone app, Your Doctor, was available for
participantsin theintervention arm to facilitate health education
and communi cation between the designated doctors and patients.
The use of Your Doctor depended on participants’ willingness
and capability of using the smartphone app. At the end of this
study, all the participants in the intervention arm were divided
into two subgroups based on the actual use of Your Doctor: a
basi c intervention subgroup in which participants have logged
in less than 4 times to the app throughout the 1-year follow-up
and an intensiveintervention subgroup in which the participants
have at least 4 log-ins within 1 year.

Outcomes

The primary outcome is the HbA ;. control rate (percentage of
patients achieving HbA,. <7.0%; target A) a 1 year. The
secondary outcomesincludethe percentage of patientsachieving
both systolic blood pressure <140 mmHg and diastolic blood
pressure <80 mmHg (target B); the percentage of patients
achieving LDL-C <2.6 mmol/L (target C); the optimal control
rate of the combined ABC targets as previously defined; the
percentage of patientsachieving FBG <7.0 mmol/L ; the changes
in levels of HbA,, BP LDL-C, and FBG; and the
subtype-specific and overall hypoglycemia episodes[9]. Other
outcomes are health-related quality of life measured by the
EuroQol questionnaire EQ-5D-3L (3-level version of EQ-5D)
[10,11], the mean change in the scores of the summary of
diabetes self-care activities questionnaire [12], the devel opment
of any self-reported onset of new comorbidities and diabetic
complications during follow-up, concomitant medications, and
direct medical cost.
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Sample Size

A sample size of 16,416 participants (19 patients per
community) at 1 year provided an 89% power (2-sided a=.05)
to detect a =5% absolute increase in the primary outcome for
the intervention group. The sample size calculation assumes
that 40% of participantswill have well-controlled HbA ;. levels
(<7%) at the end of the study in the control group [6], with an
intraclass correlation coefficient of 0.15 based on our previous
Observational Registry of Basal Insulin Treatment (ORBIT)
study [13]. Furthermore, assuming that 50% of participants(ie,
576 clusters with a smaller average cluster size of 9-10
participants) in theintervention group will receivetheintensive
intervention (at the patients’ discretion), it will need 93% to
detect absolute increases of 5% HbA ;. control, when compared
to the basic intervention group (576 clusters with an average
cluster size of 9-10 patients). Accounting for a potential lossto
follow-up of 14% of patients, the study aimed to recruit 19,008

Lietd

patients with T2D from 864 communities or villages (576 in
intervention and 288 in control, with a2:1 ratio) in 24 provinces
in mainland China, which equates to an average of 22 patients
from each community or village.

Objectives
The purpose of this study is to outline the predetermined
analytical methods in detail before completion of the database

lock to reduce the potential bias and facilitate transparent
analyses.

Methods

Patient Disposition

The flow of patients through the study will be displayed in a
CONSORT (Consolidated Standards of Reporting Trials)
diagram (figure shell is shown in Figure 1).

Figure 1. CONSORT diagram for the randomized control trial. BP: blood pressure; EOS: end of study; FBG: fasting blood glucose; HbA 1: glycated
hemoglobin; ITT: intention-to-treat; LDL-C: low-density lipoprotein cholesterol.
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Population for Analysis

The main analysis will be performed at the patient level
following an intention-to-treat (ITT) principle (ie, patients and
clusters will be included for analysis as their assigned group,
regardless of treatment adherence). All randomized patientsthat
have given consent and are not missing key variables (including
gender, age, and HbA ;. level) at the baseline assessment will

form the ITT population.

General Analysis Principles

Analyses will adjust for clustering at the village level. The
intracluster correlation coefficients will be calculated and
tabulated. The primary comparison will be made between the
intervention population and the usual care population. As a
secondary comparison, the effects of the intensive intervention
(no less than 4 logins to the Your Doctor app in addition to the
basic intervention) will be explored by estimating the effects
of intensiveintervention vsbasicintervention. No formal interim
analysis will be performed. The primary analysis will use all
available datawith no imputation. Imputation will be performed
as a sensitivity analysis when missing observations in HbA
levels after 1 year exceed 10%.

Hypothesis tests will be 2-tailed with a 5% significance level
maintained throughout the analyses. No adjustment will be
applied for multiplicity, given that most of the effectiveness
outcomes are correlated or consist in different versions of
common variables. Outcomeswill be presented in order of their
priority (primary vs secondary), and only a limited number of
subgroup analyses are prespecified. Subgroup analyseswill be
carried out irrespective of whether asignificant treatment effect
on the primary outcomeisobserved. Analyseswill be performed
in SAS, version 9.4 or later (SAS Institute).

Patient Characteristics and Baseline Comparison

Discrete baseline variables will be summarized by frequencies
and percentages. Percentages will be calculated using the
number of patients for whom data is available. Continuous
variables will be summarized by using mean and SD, and
median and interquartile range (Q1-Q3). No adjustment for
clustering will be applied when comparing baseline
characteristics. Standardized differences between groups in
baseline characteristicswill bereported. A lessthan 0.1 standard
difference will be used to indicate anegligible differencein the
mean or proportion of a baseline variable between treatment
groups[14].

Variables for baseline measures will be tabulated, including
demographic (age, sex, ethnicity), socioeconomic status
(education level, household income, health insurance),
anthropometric  measurements  (weight, BMI, waist
circumference, BP), smoking status, diabetic complications,
laboratory data (HbA ., FBG, LDL-C, serum creatinine), and

score of the summary of diabetes self-care activities.

Cluster characteristics will be summarized in stratified and
overall randomization groups. The cluster characteristics at
baseline are age of the community or village doctors,
smartphone operation system (iOS or Android) that the
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community or village doctorswere using, and number of patients
with T2D registered.

Complianceto Basic Intervention Service

Data on the receipt of intervention provided for standardized
diabetes management services have been routinely collected by
the app Graded ROADMAP, including the frequencies and the
results of FBG or postprandial blood glucose tests, BP
measurements, and patient referrals from primary care clinics
to the upstream hospitals at the county or district level.
According to the protocol, each patient is dueto receive at |east
two blood glucose tests (FBG, postprandial blood glucose, or
both) and one BP measurement per month. Although necessary
referral is encouraged when indicators are present, there is no
requirement for the referral rate.

Among theintervention group, the mean times of health services
received per patient per month; the percentage of patients
achieving the protocol-required measurement frequency; and
the mean values of FBG, postprandial blood glucose, and BP
will beillustrated in separate figures with a double y-axis.

Exposureto Intensive I ntervention

Within the intervention group, the frequency of patient’slog-ins
to the Your Doctor app will be described in numbers and
percentages of frequency from 0 to >12 over the 1-year study
period, and as a categorical variable in frequency =4 or <4. A
patient with the frequency >4 times per year (referring to the
essential public health service recommendation) will be defined
as a complier to intensive intervention and, thus, form the
intensive intervention subset for further comparison between
basic and intensive intervention.

Analysis of the Primary Outcome

Primary Analyses

The primary endpoint, control rate of HbA . at 1 year, will be
first compared between al intervention groups and all control
groups. The primary analysis of the intervention effect will be
conducted using a log-binomial regression with generalized
estimating equations (GEE) to account for clustering within
communities and with adjustment for baseline HbA,. as a
continuous covariate (model 1). The raw number and percentage
of patients with adequate control of HbA,. at 1 year will be
reported. The effect of the intervention will be presented asthe
relative risk (RR) of the proportion of HbA . levels <7% along
with its 95% CI and corresponding P value. In cases of a
convergence issue, the logistic regression with GEE and the
Poi sson regression with GEE will be both used asthe alternative
methods, with the Poisson regression asthe sensitivity analysis.
The odds ratio along with the indirectly derived RR will be
reported for the logistic regression.

Covariates-Adjusted Analyses

The primary model (model 1) previously described will bererun
after further adjusting for the following covariates (model 2):
economic development level; locality; and other baseline
covariates that have shown a significant difference (P<.01)
between the intervention and control groups in a univariate
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comparison, including al the baseline variables previoudly listed
(see " Patient Characteristics and Baseline Comparison”).

I mputed Data Analyses

Multiple imputation using fully conditional specification [15]
will be performed as asensitivity analysiswhen morethan 10%
of observations in HbA . is missing at 1 year. The imputation
model will include the levels of HbA ., FBG, BP, and LDL-C
at 1 year and at baseline; a cluster indicator; a group indicator;
and other baseline variables including age, sex, education,
duration of diabetes, comorbidities, economic development
level, and locality (urban or rural). Ten sets of imputed data
will be created and analyzed using the model 1 (described in
“Primary Anayses’). HbA,., FBG, BP, and LDL-C will first
be imputed as continuous variables using linear regression and
subsequently converted into binary variables. Estimates of the
intervention effect after imputation (B in model 1) and its
standard errors will be combined to obtain a pooled common
RR and 95% ClI.

Subgroup Analyses

Five prespecified subgroup analyseswill be carried out between
the overall intervention group and the control group. The
subgroups are economic development level (developed vs
less-devel oped), locality (urban vsrural), age group (<60 years
of age vs =60 years of age), duration of diabetes (=6 years vs
<6 years, around the median), and diabetic complication (yes
Vs no; yes is defined as presence of any diagnosed diabetic
nephropathy, diabetic retinopathy, peripheral neuropathy, carotid
artery disease, lower extremity artery disease, diabetic foot
damage, peripheral vascular disease, coronary stenosis,
myocardial infarction, postcoronary artery surgery, cerebral
infarction, or cerebral hemorrhage).

The analysis for each subgroup analysis will be performed by
adding the subgroup variable along with itsinteraction with the
intervention as fixed effects to the primary model (model 1).
Within each subgroup, the raw counts and percentages within
each treatment arm will be presented, as well as the RRs and
their 95% Clsfor theintervention effect from the primary model.
The results will be displayed on a forest plot including the P
value for heterogeneity corresponding to the interaction term
between the intervention and the subgroup variable.

Comparison Between Basic and I ntensive I ntervention

To explore the possible additional effect from intensive
intervention, we will compare the intensive intervention to the
basic intervention using similar models, regardless of whether
the difference between the overall intervention group and control
group is statistically significant. Considering the potential
imbalance in the baseline characteristics between patients
following the intensive intervention and those following the
basic intervention, two propensity score methodswill be applied.
Both the propensity score adjusted regression based on a
log-binomial model with GEE and the inverse probability of
treatment weighting method will be used to evaluate the
intervention effect [16,17] as the sensitivity to seek the
consistency of the conclusion. The propensity score model will
consist in asimple logistic regression with baseline covariates
including age, sex, the baseline value of the analyzed outcome,
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education, duration of diabetes, comorbidities, economic
development level, and locality (urban or rural). Baseline
characteristics of participants will be described in a table
separately before and after propensity score adjustments.

Analysis of Secondary Outcomes

Analysis for Binary Categorical Outcomes

A similar analytic strategy as for the primary outcome will be
followed for other binary outcomes. These include the
proportion of FBG<7.0 mmol/L, BP<140/80 mmHg, and that
of LDL-C<2.6 mmoal/L, and the optimal control rate of combined
ABC targets. A log-binomial regression with GEE and including
baseline continuous val ues of the analyzed outcome variable as
covariate (model 1) will be used. Other further adjusted analysis
(model 2) and subgroup analysis will also be conducted, and
the imputed analysis as well, if applicable.

Analysis for Continuous Outcomes

HbA,, FBG, BP, and LDL-C will aso be anayzed as
continuous variables. A similar analytic strategy asthe one used
for binary outcomes will be followed but using a linear
regression (ie, assuming a normal distribution and an identity
link, instead of alog-binomial regression). The raw mean (SD)
of the changes will be reported. The effect of the intervention
will be presented asthe adjusted mean difference and associated
95% Cls. Further covariates-adjusted analyses (see model 2)
and subgroup analysis will also be conducted, and the imputed
analysis aswell, if applicable.

Analysis of Hypoglycemia

Episodes of hypoglycemia (each subtype and overall) will be
analyzed with the same approach as before; this time using
Poisson regression adjusted for the baseline count of
hypoglycemia. The effect of the intervention will be estimated
astheincidencerate of hypoglycemia episodesand its 95% ClI.
Thenumber of patients experiencing at least one hypoglycemia
episode and the total number of episodes will be tabulated by
group. Adjusted analysis and subgroup analysis will also be
conducted. No imputation will be performed on hypoglycemia.

Analysis of Other Outcomes

No subgroup and imputed analysis will be performed on the
following endpoints.

EQ-5D

The EQ-5D index value and EuroQol-visua analogue scale
(EQ-VAS) score at baseline and at end-of-study will be
described using mean and SD by treatment groups. For changes
in EQ-5D index valuesand VA S scores, alinear regression with
GEE accounting for clustering will be used to test the difference
between groups. The baseline values of the outcome variable
will beincluded as covariates. The raw mean (SD) of the score
changes will be reported by treatment groups; the effect of the
intervention will be presented as the mean differences of the
changes and associated 95% Cls.

The Summary of Diabetes Self-Care Activities

The scores of the summary of diabetes self-care activities
guestionnaire will be described at baseline and 1 year. For their
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changes from baseline, alinear regression with GEE and with
adjustment of the baseline values of analyzed outcome variables
will be used to compare the difference between treatment
groups. Other covariateswith further adjusted modelswill also
be conducted. The raw mean (SD) of the score changes will be
reported by treatment groups; the effect of the intervention will
be presented as the mean differences and associated 95% Cls
from the two previously mentioned models.

Other Variables

The following outcomes will be analyzed using descriptive
statistics without any adjustment for clustering.

1. Concomitant medications. Insulin injection and oral
antidiabetic drug intake at baseline and at end-of-study
assessments. The combination of different oral antidiabetic
drug regimens or the combination of insulin injection and
oral antidiabetic drugs, or their single use will also be
summarized.

2. New-onset comorbidities and diabetic complications will
be described as the numbers and percentages of patients
with each new onset complication by treatment groups.

3. Direct medical cost is the self-reported direct cost on
medication and medical expense for health care services
(inpatient or outpatient cost, medication cost), including
total cost and out-of-pocket cost.
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Results

This study was funded in January 2017. Ethics approval was
obtained from the I nstitutional Review Board at Shanghai Sixth
People's Hospital, where the lead Pl is affiliated with, before
the study commenced. Written approval from each participating
sitewas granted by thelocal hospital research ethics committee,
and other relevant regional regulatory bodies. Signed informed
consent was obtained from al trial participating doctors and
patients prior to participant recruitment. Recruitment
commenced in June 2017 and closed after completed baseline
assessment in December 2018 for al 864 trial participating
communities in 144 districts or counties in 25 provincial sites
(1 more province than the scheduled 24 because of a shortage
ineligibledistrict or county hospitals). Asof October 2019, the
last 1-year end-of-study assessment ended. The internal
statistical plan was reviewed, approved, and signed off in
November 2019 and made public on the institutional internal
website prior to the database lock in January 2020.

Templates of maintables (ie, baseline characteristicsasin Table
1, estimated intervention effectsfor binary outcomesasin Table
2, estimated intervention effects for continuous outcomes asin
Table 3, and hypoglycemia incidence as in Table 4) were
produced prior to the previously mentioned anal ytical methods.
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Table 1. Baseline characteristics of participants by treatment arms in the road to hierarchical diabetes management at primary care study.

Characteristics Control (Xxxx) Intervention (Xxxx) Standardized differences
Region by economic development, n (%) X XXX
Developed XXX (XX.X) XXX (XX.X)
L ess devel oped XXX (XX.X) XXX (XX.X)
Locality, n (%) X XXX
Urban XXX (XX.X) XXX (XX.X)
Rural XXX (XX.X) XXX (XX.X)
Demographics
Age (years), mean (SD) XX (XX) XX (XX) X XXX
Gender (male), n (%) XXX (XX.X) XXX (XX.X) X XXX
BMI (kg/mz), mean (SD) XXX (XXX) XXX (XXX) X XXX
Highest level of education, n (%) X.XXX
Primary school or lower XXX (XX.X) XXX (XX.X)
Junior high school XXX (XX.X) XXX (XX.X)
Senior high school XXX (XX.X) XXX (XX.X)
Junior college and above XXX (XX.X) XXX (XX.X)
Annual income per capita (CNY), mean (SD) XXX (XXX) XXX (XXX) X XXX
Health insurance coverage (Yes), n (%) XXX (XX.X) XXX (XX.X) X XXX
I nsurance reimbursement rates, n (%) X XXX
70%-100% XXX (XX.X) XXX (XX.X)
50%-70% XXX (XX.X) XXX (XX.X)
<50% XXX (XX.X) XXX (XX.X)

Self-reported medical history and complications

Duration of diabetes (years), median (Q1, Q3) XXX (XXX, XXX) XXX (XXX, XXX) X.XXX
Current smoker, n (%) XXX (XX.X) XXX (XX.X) X XXX
Hypertension, n (%) XXX (XX.X) XXX (XX.X) X.XXX
Dysdlipidemia, n (%) XXX (XX.X) XXX (XX.X) X XXX
Diabetic nephropathy, n (%) XXX (XX.X) XXX (XX.X) X XXX
Diabetic retinopathy, n (%) XXX (XX.X) XXX (XX.X) X XXX
Peripheral neuropathy, n (%) XXX (XX.X) XXX (XX.X) X.XXX
Lower extremity, n (%) XXX (XX.X) XXX (XX.X) X XXX
Macro-vascular, n (%) XXX (XX.X) XXX (XX.X) X XXX

Lab characteristics

HbA 1.2 (%), mean (SD) XXX (X.XX) XXX (X.XX) X XXX
HbA 1.<7%, n (%) XXX (XX.X) XXX (XX.X) X XXX
EBGP (mmol/L), mean (SD) XXX (X.XX) XXX (X.XX) X XXX
FBG<7.0 mmol/L, n (%) XXX (XX.X) XXX (XX.X) X XXX
SBP® (mmHg), mean (SD) XXX (X.XX) XXX (X.XX) X XXX
pepd (mmHg), mean (SD) XXX (X.XX) XXX (X.XX) X XXX
LDL-C® (mmol/L), mean (SD) XXX (XXX) XXX (XXX) X XXX
LDL-C<2.6 mmol/L, n (%) XXX (XX.X) XXX (XX.X) X XXX
Serum creatinine (umol/L), median (Q1, Q3) XXX (XXX, XXX) XXX (XXX, XXX) X XXX
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8HbA ¢ glycated hemoglobin.

PEBG: fasti ng blood glucose.

CSBP: systolic blood pressure.

dDBP: diastolic blood pressure.

€ DL-C: low-density lipoprotein cholesterol.

Table 2. Estimated effects of intervention compared to control on primary and secondary binary outcomes at end of study.

Outcomes Control, n (%) Intervention, n (%) Primary model®

RRP (95% Cl) P value

Primary outcome

HbA ;£ < 7.0% XXX (XX.X) XXX (XX.X) XXX (X.XX-X.XX) XX

Secondary outcomes

FBGY < 7.0 mmol/L XXX (XX.X) XXX (XX.X) XXX (X XX-X.XX) XX
BP® < 140/80 mmHg XXX (XX.X) XXX (XX.X) XXX (X XX-X.XX) XX
LDL-CY < 2.6 mmol/L XXX (XX.X) XXX (XX.X) XXX (X XX-X.XX) XX
Composite diabetes control hi XXX (XX.X) XXX (XX.X) XXX (X.XX-X.XX) XX

3Primary model: log-binomial regression with generalized estimating equation (GEE) with adjustment of the baseline value of the analyzed outcome
and clustering. Thelogistic regression with GEE will be employed as the alternative method in case of non-convergence, with indirectly derived relative
risk reported.

bRR: relative risk.

®HbA ¢ glycated hemoglobin.

9FBG: fasti ng blood glucose.

®BP: blood pressure.

fOnly systolic blood pressure at baseline and clustering were adjusted in the primary model for BP control.
9LDL-C: low-density lipoprotein cholesterol.

hComposite diabetes control: defined as HbA 1 level <7.0%, BP <140/80 mmHg and LDL-C <2.6 mmol/L.
INo baseline variable was adjusted in the primary model for the composite diabetes control.

Table 3. Estimated effects of intervention compared to control on the change from baseline of continuous outcomes.

Secondary continuous outcome Control, mean (SD)  Intervention, mean (SD)  primary model®
Mean differences P value
(95% ClI)
The change from baseline of:
HbA 1cb level, % XXX (X.XX) XXX (X.XX) XXX (X XX-X.XX) XX
FBGE level, mmol/L XXX (X.XX) XXX (X.XX) XXX (X.XX-X.XX) XX
Systolic blood pressure, mmHg XXX (X.XX) XXX (X.XX) XXX (X XX-X.XX) XX
Diastolic blood pressure, mmHg XXX (X.XX) XXX (X.XX) XXX (X.XX-X.XX) XX
LDL-CY level, mmol/L XXX (X.XX) XXX (X.XX) XXX (X.XX-X.XX) XX

8Primary model: linear regression with generalized estimating equation and with adjustment of baseline value of the analyzed outcome and clustering.
PHbA 1¢: glycated hemoglobin.

°FBG: fasting blood glucose.

dLDL-C: low-densi ty lipoprotein cholesterol.
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Table4. Incidence and events rate of hypoglycemia by treatment arms.
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Hypoglycemia® Control (n=xxxx) Intervention (N=xxxx) P value®
Patients Events Events/100 Patients Events Events/100
patients patients
Symptomatic hypoglycemia XXXX XXXX XX XXXX XXXX XX XX
Asymptomatic hypoglycemia XXXX XXXX XX XXXX XXXX XX XX
Probable symptomatic hypoglycemia XXXX XXXX XX XXXX XXXX XX XX
Relative hypoglycemia XXXX XXXX XX XXXX XXXX XX XX
Overdl hypoglycemia XXXX XXXX XX XXXX XXXX XX XX

@Hypoglycemia subtypes followed the American Diabetes Association and The Endocrine Society suggested classifications[9].
bp values will be reported from Poisson regression with generalized estimating equation and with adjustment of baseline count of each hypoglycemia

category.

Discussion

Summaries

Thisarticle presentsthe detailed statistical analysisplan for the
ROADMAP study, which is a clustered randomized controlled
trial conducted in diverse areas of China with the purpose of
testing the effectiveness of a mobile health platform named
Graded Roadmap on diabetes control.

The clustered randomized controlled trial design is useful for
assessing community-based interventions like the ROADMAP
study yet requires careful attention to conduct valid analyses.
As such, clustering of outcomes was accounted for when
designing the study and, as previously mentioned, will be
accounted for in the analysis of the study outcomes. In the study
design, the intraclass correlation coefficient was estimated to
be 0.15 based on our previous ORBIT study. ORBIT recruited
patientswho wereinitiating basal insulin treatment at secondary
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Abstract

Background: Fecal occult blood testing has been offered for many years in the German health care system, but participation
rates have been notorioudly low.

Objective:  The aim of this study is to evaluate the effect of various personal invitation schemes on the use of fecal
immunochemical tests (FITs) in persons aged 50-54 years.

Methods: Thisstudy consists of athree-armed randomized controlled trial: (1) arm A: aninvitation letter from ahealth insurance
planincluding aFIT test kit, (2) arm B: an invitation |etter from a health insurance plan including an offer to receive afree FIT
test kit by mail upon easy-to-handle request (ie, by internet, fax, or reply mail), and (3) arm C: aninformation | etter on an existing
colonoscopy offer (ie, control). Within arms A and B, a random selection of 50% of the study population will receive reminder
letters, the effects of which are to be evaluated in a substudy.

Results: A total of 17,532 persons aged 50-54 years in a statutory health insurance plan in the southwest of Germany—AOK
Baden-Wuerttemberg—were sent an initial invitation, and 5825 reminder |etters were sent out. The primary end point is FIT
usage within 1 year from receipt of invitation or information letter. The main secondary end points include gender-specific FI T
usage within 1 year, rates of positive test results, rates of colonoscopies following a positive test result, and detection rates of
advanced neoplasms. The study was launched in September 2017. Data collection and workup were completed in fall 2019.
Conclusions:  This randomized controlled trial will provide important empirical evidence for enhancing colorectal cancer
screening offersin the German health care system.

Trial Registration: German Clinical Trials Register (DRKS) DRK S00011858; https://bit.ly/2UBTIdt
International Registered Report Identifier (IRRID): DERR1-10.2196/16413

(JMIR Res Protoc 2020;9(4):€16413) doi:10.2196/16413
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Introduction

Background

Annual or biennid screening by feca occult blood tests (FOBTS)
has been shown by randomized clinicdl trialsto reduce colorectal
cancer (CRC) mortality by up to 30% [1]. These effects were
achieved even with guaiac-based FOBTs (gFOBTSs), which had
limited sensitivity in detecting CRC and its precursors. Even
stronger effects are to be expected by screening with
immunochemical FOBTs (iFOBTs), often called feca
immunochemical tests (FITs), which have substantially higher
sensitivity than gFOBTs [2]. FITs are now commonly
recommended for CRC screening by national and international
guidelines[2-4], and areincreasingly offered for CRC screening
in many countries [5,6]. However, participation rates in
screening have remained low in countries where screening is
offered in an opportunistic manner without targeted invitation
of the eligible population [5]. This particularly applies to
Germany, where gFOBT screening had been offered from 1977
to March 2017; FIT-based screening has been offered from age
50 years on since April 2017. For conducting FITs that are
covered by the health insurance system, people have to pick up
and return the tests at medical practices. Although personal
information letters on CRC screening offers have been sent to
the eligible population since July 2019 [3], they do not include
FITsor specific low-threshold accessto FITs, which are deemed
to be crucia to achieve high participation rates [7,8]. Theam
of thistrial isto assess the effect of various invitation schemes
on use of FITs for CRC screening in routine practice in the
German health care system.

Objectives
The primary outcome that will be investigated is as follows:
determine the proportion of people completing a FIT within 1

year after receiving apersonal invitation letter within each trial
arm.

Secondary outcomes are to determine the following:

Therate of positive test results.

Therate of performing a colonoscopy after a positive test.
Therate of performing a colonoscopy after a negative test.
The rate of discovered advanced colorectal neoplasia (ie,
advanced adenomas and cance).

The positive predictive value of the test.

6. Therate of performing ascreening colonoscopy, in general,
within 1 year.

MwbhE

Gender-specific analyses will be conducted.

Methods

Setting and Design

This protocol follows the Standard Protocol Items:
Recommendations for Interventional Trials (SPIRIT) 2013

https://www.researchprotocol s.org/2020/4/€16413

Gruner et d

Statement for clinical tria protocols [9] and the Fecal
Immunochemical TesTsfor Hemoglobin Evaluation Reporting
(FITTER) guidelines[10].

The study is being conducted by the German Cancer Research
Center (DKFZ) in cooperation with astatutory health insurance
plan in the southwest of Germany: AOK Baden-Wuerttemberg
(AOK BW).

The study is designed as a three-armed randomized controlled
trial, in which 17,532 people aged 50-54 years are randomly
selected to receive aletter from their health insurance plan (ie,
AOK BW) with the following: (1) arm A: an invitation letter
including aFIT test kit, (2) arm B: an invitation letter including
an offer to receive a free FIT test kit by mail upon
easy-to-handle request (ie, via Internet, fax, or reply mail), or
(3) arm C: aninformation letter on CRC screening in the form
of acolonoscopy; the control group represents routine practice
with no study-related adaption of the letter. There are about
5844 insurants per arm. In addition, a reminder letter is being
sent by random selection to 50% of the population in arms A
and B. Prior to the recruitment of participants, the study, which
was launched in 2017, was approved by the ethics committee
of the Medical Faculty of the University of Heidelberg,
Germany. It was registered in the German Clinical Trials
Register (DRKS) on March 20, 2017 (DRKSID:
DRK S00011858) with thefollowing title: Increase of the usage
and effectiveness of colorectal cancer screening by means of
targeted invitations with and without providing fecal
immunochemical tests. Written informed consent is being
obtained from all participants.

Regardless of the FITs offered to participantsin arms A and B
within the intervention groups, the entire targeted population
has accessto CRC screening offersin routine practice according
to law. However, only the opportunistic screening program is
avalable at the time of study recruitment: CRC screening
comprises annual testing for blood in the stool using the FIT or
by performing a screening colonoscopy from age 50 years for
men and women within aspecific health insurance plan of AOK
BW called AOK-FacharztProgramm (AOK Specialist Program);
screening colonoscopy is otherwise offered from age 55 years
in Germany during the recruitment period.

The study consists of two parts: (1) the mailing of different
personal invitation lettersfor CRC screening, with low-threshold
accessto a FIT in the intervention arms, and (2) the follow-up
of the use and outcome of a colonoscopy after a positive FIT,
aswell asthe assessment of conducted FITs and colonoscopies
in routine practice within 1 year after the initial invitation.
Routine FIT and colonoscopy usage is derived from AOK BW
claims data, which is being aggregated and pseudonymized
where consent was obtained. All collected information isbeing
stored and monitored in a study database by trained staff. The
study design and the study assessments are shown in Figure 1
and Table 1, respectively.
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Figure 1. Study design. Total expected fecal immunochemical test (FIT) use per study arm: A=35%, B=17.5%, and C=10%. Participants in arms A
and B may receive aFIT as part of the intervention or can additionally request it in routine practice. Participantsin arm C (ie, control) can only use the
FIT inroutine practice. Dataon the use of screening methods until 1 year after theinitial invitation will be collected. AOK BW: AOK Baden-Wuerttemberg;
Al and A2: subgroups of arm A; and B1 and B2: subgroups of arm B.

Randomization of insured persons aged 50-54 (N=17,532
Inclusion: Insured (age 50-54) in AOK. BW Family Doctor Program. who did not receive an invitation in previous AQK BW
model projects.
Exclusion: Records of colonoscopies within the past 5 vears, previous cancer diagnosis, being deceased, and being dependent on

Care.
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Expectation = 93% negative FITs: No further contact

1 vear after the initial invitation

A, B, C: Aggregated use of colorectal cancer screening (FI1T/colonoscopy) in the routine practice.
derived from msurant accounts (N=17,532)

Part 2: Follow-up

A, B: Pseudonymized use of colorectal cancer screening (FIT/colonoscopy) in the routing practice, for
A and B where consented (n=7)

— A, B, C: Anonymized colonoscopy reports per group where consented (n=")
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Table 1. Overview of study assessments at relevant time points.

Gruner et d

TO T1
(O wk)

Assessments

2wk 4wk 6wk

8wk

T2 (6 months after

positive FIT3) (1 year)

10wk 12wk 14wk >14°Pwk

Randomization and initial invitations
Randomization® u - - - -

Subrandomization®
Tranche 1 ad - - - -
Reminder 1 - - | - -
Tranche 2 - O - - -
Reminder 2 - - - O -
Tranche 3 - - ad - -
Reminder 3 - - - - O
Tranche 4 - - - O —
Reminder 4 - - - - -
Tranche 5 - - - - O
Reminder 5 - - - - -
Tranche 6 - - - - -

Reminder 6 - - - - -

Laboratory analysis of the provided FITsand natification about results

Laboratory analysis - O O O O
Notification - O g O ad

Follow-up of colonoscopy use aftera — - - - -
positive FIT: request reports

Use of colorectal cancer screeningin routine practice within 1 year
Useof FITS - - - - -
Use of col onoscopyf

Colonoscopy reports?

8FIT: fecal immunochemical test.
bDuration depends on how long insurants are sending back the FITs.

CArm A: invitation + FIT; arm B: invitation + order; and arm C: information only (ie, control).

dNot applicable.
eSubrandomization in arms A and B: 50% receive reminder.

nggregated for al arms and additionally pseudonymized for arms A and B where consent was given.

9Anonymized for all arms where consent was given.

Inclusion and Exclusion Criteria

Inclusion criteriafor receiving a letter are as follows: (1) aged
50-54 years, (2) enrolled in the AOK Family Doctor Program
(HausarztProgramm) of AOK BW (Hausarztzentrierte
Versorgung [HZV] contract: § 73b SGB V), and (3) did not
receive an invitation in previous rounds of AOK BW model
projects in previous years. Exclusion criteria for receiving a
letter are asfollows: (1) had an insurance-recorded colonoscopy
within the past 5 years, (2) had aprevious cancer diagnosis, (3)
being deceased, and (4) being dependent on care.

https://www.researchprotocol s.org/2020/4/€16413

Participantswith apositive FIT result detected with the provided
test kit are contacted by the DKFZ during the second part of
the study to follow up on usage and outcome of colonoscopies.

Part 1; Personal Invitation for Colorectal Cancer
Screening

The intervention is a personal invitation letter to perform a
commercialy available and validated FIT for quantitative
detection of human hemoglobin (Hb); the test used is the
OC-Sensor FIT (Eiken Chemical, Tokyo, Japan). Study
information isbeing embedded in amandatory, insurance-related
information letter about the offer to undergo colonoscopiesfrom
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age 50 years, within the AOK Specialist Program. Suitable
insured persons are being randomized into three arms—A, B,
and C (ie, control)—by AOK BW (randomization was
performed using arandom number generator: structured query
language [SQL] statement, database management system
[DBMS]_RANDOM). Letters are being sent out biweekly in
six tranches—one-sixth of each arm per tranche. A second
randomization is dividing arms A and B into two respective
subgroups—arm A: Al and A2; arm B: B1 and B2. Subgroups
A1l and B1 get areminder letter after 4 weeks. No additional
FIT kit is attached to the reminder letter and it states that the
reminder isinvalidif the FIT offer was already taken or ordered.

Within intervention arm A, insured persons receive a personal
invitation letter, which describes CRC screening methods and
includesafree FIT in aprepacked test kit. Thiskit contains one
FIT, written and graphical instructions, two stool sample
collectors, arecord sheet for date of sample taking and year of
birth, and a return envelope for mailing the test to the study
center at DKFZ. Furthermore, the study information sheet, with
optional email or phone consultation by the DKFZ, and the
consent form are included.

Within intervention arm B, insured persons are also sent a
personal invitation letter describing CRC screening methods,
with the additional offer to order aFIT for free from the DKFZ
viareply mail, fax, email, or onlineform. The study information
sheet is added, but the consent form is only sent with the
prepacked test kit upon FIT request.

Within control arm C, insured persons receive the
insurance-rel ated information letter mentioning a col onoscopy
but do not receive the FIT itself nor the offer to order a FIT
from the DKFZ. They may, however, make use of the FIT in
routine practice: aggregated data on routine use is being
provided by AOK BW.

Insurants randomized to arms A and B, who decide to take the
FIT offer, are asked to sign the informed consent form. By
signing this, they agreeto the FIT analysis; to receive awritten
test result, which will also be sent to the family physician if not
contradicted; to data storage and evaluation (ie, FIT result, age,
gender, and first three digits of postal code); and to be
recontacted during follow-up in case of a positive result.
Optionally, they can allow the DKFZ to receive pseudonymized
claimsdatafrom CRC screening participation in routine practice
within 1 year after theinitial invitation.

As proposed by the FIT manufacturer, participants are being
instructed to spread the tip of the test stick over the freshly
passed wholefeces at various points until thetip’s grooveswere
filled with feces, and then to reinsert the probe into the device.
The serrated probe that is attached to the device cap collects 10
mg fecesinto 2 mL of buffer. The FIT and theinformed consent
sheet are mailed to the DKFZ in a postpaid envelope. Upon
arrival at the DKFZ, the FITsare stored in afridge and separated
from person-identifying information (ie, pseudonymized). The
FITs are then sent by cooled transport to an external certified
laboratory: Labor Limbach, Heidelberg, Germany, DIN EN 1SO
15189 accredited. Trained laboratory personnel blinded to the
randomization arm perform the analysis in a fully automated
manner using the original OC-Sensor Pledia FIT device.

https://www.researchprotocol s.org/2020/4/€16413
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Samples are disposed of after the analysis. As recommended
by the manufacturer, the cutoff for atest result to be positiveis
50 ng Hb/mL buffer (equal to 10 pg Hb/g feces). Results above
the upper analytical limit of 1000 ng Hb/mL buffer are not
diluted and not retested. Collection, arrival, and analysis dates
of fecal samplesarerecorded. The DKFZ receivesthelaboratory
reports, each checked and signed by a certified medical doctor.
Additionally, the quantitative test results of the FITs are
transferred electronically to the DKFZ, using DocNet plus,
version 4 (DocNet Systems GmbH), where they are integrated
into the study database.

Missing informed consent forms are being requested before any
test analysis starts. Participants with failed tests receive a new
test kit (eg, due to failed sampling or if the difference between
the day of sample taking and arrival at the DKFZ is more than
7 days without cooling, followed by a negative test result).

The DKFZ sends a notification about the qualitative test result
(ie, positive or negative, based on the manufacturer's
recommended threshol d) to the participantsin an understandable
manner. With a positive result, a consultation with the general
practitioner is recommended to consider a colonoscopy for
further examination. A copy of the laboratory report is sent to
the family physician, unless participants did not wish so.

Part 2: Follow-Up of the Use of Screening M ethods

A total of 6 months after a positive test result, the DKFZ
contacts the respective participants in arms A and B to request
permission for obtaining the reports of any subsequently
conducted colonoscopies. Separate information sheets and
consent forms are being used and the name of the treating
gastroenterologist is requested. Relevant information from
colonoscopy reports are being extracted and entered into an
electronic database by two independent, trained data extractors
and checked for inconsistencies.

Claims data of screening colonoscopies and FITs conducted
within 1 year after the initial invitation or information letter is
being provided by AOK BW in an aggregated manner per study
arm (ie, A, B, and C) and gender. Individual pseudonymized
claims data regarding the usage of FITs and colonoscopies is
availablefor participantsin theintervention arms upon specific
informed consent.

In addition, results of screening colonoscopiesin the age group
of 50-54 yearsis being documented by the gastroenterol ogists
in standardized survey forms, which are mandatory for billing.
The billing company MEDIVERBUND AG captures the data
electronically, anonymizesit, and sendsit to the DKFZ for the
analysis. Assignment to theinitial study arms—A, B, or C—is
possible only after consent.

Sample Size Calculation

The study population can be drawn in a very efficient manner
from AOK BW. Approximately 17,532 insured persons met the
inclusion criteriaand received an initial |etter: 5844 persons per
arm—A, B, and C. A reminder is being sent out to 50% of the
peoplein arms A and B—2922 persons per subgroups A1 and
Bl—after 4 weeks.
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The following expectations are based on experiences from a
previous model project [8], taking into account changesin this
study’s conditions. The expected usage of aFI T for both genders
combined is about 10% for the peoplein the contral group (ie,
FIT useinroutine practice). Ininterventionarm A (ie, invitation
with FIT), a 3.5-fold increase to 35% (ie, about 30% after the
first letter plus about 5% after the reminder) is expected. In
intervention arm B (ie, invitation with offer to order a FIT), a
1.75-fold increase to about 17.5% is expected (ie, about 15%
after the first letter plus about 2.5% after the reminder). The
sample size—approximately 5844 per arm—allows a
high-precision estimation of the expected relative increase in
FIT usage; the expected 95% Cls for relative FIT usage are
3.22-3.81 and 1.59-1.92 in intervention arms A and B,
respectively, compared to the control arm. The statistical power
to detect an effect within the expected range is close to 100%
for both types of intervention: SAS, version 9.4 (SAS Institute)
POWER procedure, two-sided Pearson chi-square test with
significance level alpha=.017. For the comparison of the three
arms—A, B, and C—we adjusted for multipletesting according
to the Bonferroni-Holm method. For the most stringent
adjustment with alpha=.017 (ie, baseline alpha=.05 with three
tests), thereis still excellent power.

In the randomized substudy, theincrease in FIT usage dueto a
reminder |etter in comparison to the one-time invitation will be
analyzed. The expected FIT usage in arm A is approximately
40% with the reminder compared to 30% without the reminder;
the expected FIT usage in arm B is approximately 20% with
the reminder compared to 15% without the reminder. The
included sample size of the randomized substudy (ie, 2922 per
arm) allows for a precise estimation of the impact of sending a
reminder. The expected relative FIT use (95% CI) in subgroups
AlandB1 (ie, received areminder) compared to the respective
subcontrol groups A2 and B2 (ie, one-time invitation only)
would be 1.33 (1.24-1.43) and 1.33 (1.19-1.49), respectively.
The statistical power to detect an effect of the expected order
of magnitudeiscloseto 100%: SAS, version 9.4 (SASInstitute)
POWER procedure, two-sided Pearson chi-square test with
significance level apha=.025. For the two comparisons (ie, A1
vs A2 and Bl vs B2), multiple testing was adjusted for,
according to the Bonferroni-Holm method. For the most
stringent adjustment with apha=.025 (ie, baseline apha=.05
with two tests) thereis still excellent power.

Statistical Analysis

The dtatistical analysis of this confirmatory study primarily
involves comparing the use of FITs in the intervention arms
and the control arm within 1 year after the initia letter. In
addition, within the intervention arms, the effect of a one-time
invitation will be compared to an invitation with a reminder
letter.

Comparisons will be done by two-sided chi-square tests for
differencesin the participation rates. Secondary outcomes will
be addressed by descriptive and exploratory analyses. Data for
the primary outcome analysis are expected to be complete, as
complete information on FITs conducted in routine practice is
obtained through insurance claims data (ie, billing codes for
laboratory analysis of the FIT), and complete information on
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FITs conducted through the special offersis directly available
from the study center.

Results

Intotal, 17,532 invitation letters and 5825 reminder |etterswere
sent out; the study was launched in September 2017. Data
collection and workup were completed in fall 2019.

Discussion

We initiated this three-armed randomized controlled tria in
order to evaluate, with the highest possible evidence [11,12],
the effect of low-threshold invitation schemes on the usage of
CRC screening—with focus on FITs—in the 50-54-year-old
population.

CRC remains one of the most frequent causes of cancer and
reasonsfor cancer-related death in Germany [13] and worldwide
[14]. Participation rates of CRC screening need to beincreased;
various approaches have recently been investigated in different
countries in a rising number of population-based [7] and
randomized trials [8,15-17]. Among those are results of a
nationwide, FIT-based screening program in the Netherlands
[7], as well as from a previously conducted model project in
Germany [8]; these studies have consistently shown that the
usage of astool test increases after the target popul ation receives
personal invitations including the test. Despite that, the
nationwide organized invitation procedure, which was
introduced in Germany in 2019 to improve CRC screening, only
comprises a personal invitation sent out by health insurance
plans, with an enclosed gender-specific information brochure
but no direct provision of, or low-threshold accessto, aFIT [3].
Moreover, first trends indicate that the use of a stool test has
further declined since the change from gFOBT to the more
sensitive and widely recommended FITsin 2017 [18-20].

Usage of the available screening methods for CRC reduces the
incidence and the mortality of CRC by removal of precursors
and detection of cancer at an early stage [1,21] and, thereby,
reduces the costs associated with CRC-related therapies.
Furthermore, colonoscopies following a positive FIT result
might be more effective compared to col onoscopies without a
previous FIT, due to a higher chance of detecting relevant
findings, such as advanced adenomas. Thus, an invitation
procedure with low-threshold FIT provision could not only
increase the usage of thetest, but also improve the effectiveness
of subsequent colonoscopies, thereby avoiding potential adverse
outcomes and costsarising in the case of later detection of CRC.

The concept of this study allows for monitoring and
investigating the usage rate of FITsfollowing aonce-only CRC
screening information letter in routine practice and after
invitation with provision of the FIT; whether a colonoscopy
was conducted after the FIT, no matter if there was a positive
or negative FIT outcome; as well as the outcome of such a
colonoscopy. This might lead to a better understanding of the
screening-related and possibly gender-specific actions taken as
well as the needs in the targeted population. Findings from
colonoscopy reports might further help to point out the relevance
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for screening, due to the prevalence of advanced adenomasin
this age group.

All invited persons are between 50 and 54 years of age,
representing the age group for whom the FIT is covered in the
national screening program. Nevertheless, selection biasdueto
the focus of our study on AOK-insured persons enrolled in the
AOK Family Doctor Program cannot be ruled out, which may

Gruner et d

To our knowledge, this is the first study that examines a
low-threshold order option of the FIT, in addition to direct
provision of aFIT, included in theinvitation | etter. The concept
of personal invitations being sent out by ahealth insurance plan
is currently implemented in Germany [3]; however, it includes
neither direct provision of aFIT with the invitation letter nor a
low-threshold order option. The results of this randomized
controlled trial will, therefore, provide important empirical

limit external validity of the study. evidence for potential further enhancement of CRC screening

inroutine practice in the German health care system and beyond.
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Abstract

Background: Antineutrophil cytoplasmic antibody (ANCA)—associated vasculitis is a serious, often life-threatening disease.
In new-onset disease or arelapse, the standard treatment is immunosuppressive therapy with glucocorticoids; these therapies are
associated with substantial short- and long-term toxicity. Complement component 5a (C5a) binding to C5areceptor (C5aR) may
play a central role in the pathogenesis of ANCA-associated vasculitis. Avacopan is a novel, orally bioavailable, and highly
selective antagonist of human C5aR. Avacopan does not interfere with the production of C5b or the membrane attack complex
(ie, terminal complement complex) and does not block C5a binding to a second receptor, C5L2 (also called C5aR2), shown to
be protective in antimyeloperoxidase glomerulonephritis. This trial will evaluate if avacopan replaces the need for chronic
glucocorticoids in the treatment of ANCA-associated vasculitis.

Objective: Theaim of thisstudy isto determine the proportions of patientsin remission at week 26 and with sustained remission
at week 52, defined as Birmingham Vasculitis Activity Score=0, and not taking glucocorticoids within the 4 weeks before week
26 and week 52, respectively.

Methods: The Avacopan Development in Vasculitis to Obtain Corticosteroid elimination and Therapeutic Efficacy study is a
randomized, double-blind, active-comparator (prednisone), 2-arm study evaluating the safety and efficacy of avacopan versus
prednisone, administered in combination with other immunosuppressive therapy. Eligible subjects will have active disease
requiring induction of remission. Subjects are stratified based on the type of immunosuppressive therapy, ANCA subtype, and
new or relapsing disease. Target sample size is 300 patients, enrolled at over 200 sites globally. All authors and local ethics
committees approved the study design. All patients will provide informed consent.

Results: Enrollment of patients was completed in Q4 2018. Topline results are anticipated to be published by Q3 2020.
Conclusions: Resultswill be released irrespective of whether the findings are positive or negative.

Trial Registration: ClinicalTrials.gov NCT02994927; https.//clinicaltrials.gov/ct2/show/NCT02994927
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Introduction

Background

Antineutrophil cytoplasmic antibody (ANCA)—associated
vasculitisisaserious, often life-threatening disease that includes
three related forms of small-vessel vasculitis: granulomatosis
with polyangiitis (GPA), microscopic polyangiitis (MPA), and
eosinophilic granulomatosiswith polyangiitis (Churg-Strauss).
GPA and MPA are thought to be triggered by the production
of circulating autoantibodies against the neutrophil-expressed
antigens myeloperoxidase (MPQO) or proteinase 3 (PR3). The
disease may present with a wide spectrum of clinica
manifestations of varying degrees of severity including but not
limited to skin lesions, sinonasal, pulmonary inflammation or
hemorrhage, and glomerul onephritis.

The proinflammatory complement C5a ligand and its receptor
C5aR (also referred to as CD88) appear to play a central role
in the pathogenesis of ANCA-associated vasculitis[1-4]. When
stimulated by inflammatory cytokines, activation of theterminal
Cha/ChaR axis generates an autoamplification loop that drives
the acute necrotizing vasculitic process from primed neutrophils
resulting from their interaction with ANCAs. Cba acting on
C5aR is a potent neutrophil chemoattractant and agonist [5],
which increases neutrophil adhesion, induces neutrophil
degranulation, and produces reactive oxygen intermediates.
Activation of C5aR also decreases neutrophils’ deformability,
slowing their ability to traverse small blood vessels particularly
in the presence of ANCA [6]. Moreover, C5a activates vascular
endothelial cells through C5aR, promoting their retraction and
increased vascular permeability [7,8].

The current standard treatments for induction of remission for
GPA and MPA rely on substantial immunosuppression and
consist primarily of glucocorticoids combined with either
cyclophosphamide (intravenous or ora) followed by oral
azathioprine, or rituximab [9-11]. Despite these available
therapies, patients with ANCA-associated vasculitis have a
9-fold increased risk of mortality inthefirst year compared with
healthy controls, attributed to infection, active vasculitis, and
the effects of renal insufficiency [12,13]. More than 50% of the
1-year mortality isattributed to treatment-rel ated adverse events
rather than active vasculitis [12,13]. Furthermore, substantial
accumulated permanent damage can occur when the disease is
insufficiently controlled; for example, 15% to 38% of patients
develop end-stage renal disease within 5 years [14-19].

Although glucocorticoids have arelatively rapid onset of action,
their use is associated with an overall negative impact on the
patient’s health and health-related quality of life (HRQoL),
attributable to known acute and chronic effects of these
medications [20]. In the treatment of ANCA-associated
vasculitis, these include increased risks of infection [21-23],

https://www.researchprotocol s.org/2020/4/e16664

diabetes mellitus, fractures, gastrointestina bleeding,
hypertension, cataracts, and progressive organ damage [24].
Weight gain, deep disturbance, lipodystrophy, and
neuropsychiatric disturbances (including irritability, anxiety,
depression, and hyperactivity) have also been reported [25,26].
Moreover, an analysis of data from patients enrolled in several
trials conducted by the European Vasculitis Study Group showed
that the level of damage associated with the use of
glucocorticoids in ANCA-associated vasculitis increased with
length of exposure [24]. In relapsing disease, the repeated use
of glucocorticoids leads to even further damage. Collectively,
the data indicate a need for effective glucocorticoid-sparing
treatments that can help avoid complications associated with
exposure to glucocorticoids and limit organ damage through
more rapid and sustained disease control.

Avacopan (previousy known as CCX168) is a novel, oraly
bioavailable, highly selective human C5aR antagonist that lacks
any other known pharmacology [27]. Importantly, avacopan
does not inhibit the interaction of C5awith the related receptor
C5L2 (also referred to as CbaR2), thought to have
anti-inflammatory properties [27] and aso shown to impart
protective effects in a mouse model of anti-MPO-induced
glomerulonephritis [28]. As a specific C5aR antagonist,
avacopan does not interfere with the formation of the terminal
complement complex or membrane attack complex C5b-9,
which is necessary for clearance of pathogenic encapsulated
bacteria such as Neisseria meningitidis.

Prior Work

Along with afavorable safety profilein aphase 1 dose escalation
clinical trial in healthy volunteers, 30 mg of avacopan
administered twice daily was shown to produce plasma
concentrationsthat provided near completeinactivation of C5aR
on blood neutrophilsthroughout the day, including =90% C5aR
blockade at trough levels of the drug [27]. This exposure was
sufficient to achieve optimal blockade of C5a-induced CD11b
upregulation, as well as Cba-induced degranulation, reactive
oxygen intermediate production, and C5a-directed migration
of neutrophils ex vivo, forming the basis for the dose selected
for avacopan in subsequent clinical studies of ANCA-associated
vasculitis.

In a phase 2 clinical trial (NCT01363388) conducted in
ANCA-associated vasculitis, 67 patients received one of the
three treatments. avacopan with no prednisone, avacopan with
low-dose (20 mg/day) prednisone (with taper), or placebo
control with standard dose (60 mg/day) prednisone (with taper);
treatment was administered al ong with either cyclophosphamide
followed by azathioprine or rituximab. Avacopan was shown
to replace glucocorticoids without compromising efficacy.
Clinical response at week 12, defined as a 50% reduction in
Birmingham Vasculitis Activity Score (BVAS) from baseline,
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was observed in 70% of the standard treatment group (placebo),
86% of the avacopan plus low-dose prednisone group (P=.002
for noninferiority, compared with standard care), 81% of the
avacopan without prednisone group (P=.01 for noninferiority,
compared with standard care), with atrend for faster control of
disease in the avacopan groups relative to control [29]. Patients
in the avacopan groups aso had a rapid improvement in
albuminuria(an indicator of preserved renal function), whereas
the estimated glomerular filtration rate and hematuriaimproved
inall treatment groups. Fewer glucocorticoid-associated adverse
effects (primarily driven by a lower incidence of new-onset or
worsening diabetes mellitus and psychiatric disorders) along
with improvements in HRQoL (Medical Outcomes Study
Short-Form 36 [ SF-36] version 2, and EuroQOL [EQ-5D-5L1])
were also associated with avacopan.

A second phase 2 trial of 12-week duration in 42 patients with
ANCA-associated vasculitis (NCT02222155) was designed to
examine the safety of avacopan when combined with standard
of care therapy including glucocorticoids. Comparison of the
avacopan versus placebo groups reveal ed that avacopan therapy
when added to standard of care added no new safety signals
beyond those associated with standard of care [30].

Goals and Objectives of This Study

These phase 2 studies suggest that avacopan is well tolerated
and that specific inhibition of the C5a/C5aR interaction on
inflammatory cellsmay improve outcomesin ANCA -associated
vasculitis, while reducing glucocorticoid exposure and their
associated side effects observed with the standard of care. On
the basis of these results, the underlying hypothesisfor the phase
3 clinical trial protocol presented here (NCT02994927) is that
avacopan is at least as effective as glucocorticoids in rapidly
inducing and sustaining remission of signs and symptoms of
ANCA-associated vasculitis when combined with either
cyclophosphamide followed by azathioprine or with rituximab.

Textbox 1. Major inclusion criteria for the randomization study.

Merkel et a

Asasdlective anti-inflammatory agent, avacopan may also have
safety advantages compared with glucocorticoids.

The primary objective of the tria is to evaluate the efficacy of
avacopan to induce and sustain remission in patients with
ANCA-associated vasculitis, when used in combination with
immunosuppressive therapy, rituximab, or cyclophosphamide
followed by azathioprine (or mycophenolate mofetil), but in
the absence of months of treatment with glucocorticoids. As
many patientsinthetrial are expected to have renal involvement
due their vasculitis and methotrexate would be contraindicated
in such patients, methotrexate was not an option for use
following cyclophosphamide; this stipulation also aimed to
reduce variation in the treatment groups. Disease remission is
defined as achieving a BVAS score [31,32] of 0 (nho evidence
of active vasculitis) and no use of glucocorticoids for the
treatment of ANCA -associated vasculitiswithin 4 weeks before
week 26. Sustained remission is defined as remission at week
26 without relapse to week 52 (BVAS=0) and no use of
glucocorticoidsfor ANCA-associated vasculitiswithin 4 weeks
before week 52.

Secondary objectives include evaluation of the effect of
treatment with avacopan versus standard of care on overall
safety, glucocorticoid-related toxicity, rapidity of response,
changes in HRQoL, changes in renal disease, and cumulative
organ damage (vasculitis damage index).

Methods

Study Design

Enrollment of 300 patients is planned across more than 200
sites in 20 countries on 4 continents. Patients who drop out
following randomization are not replaced. Briefly, after an
explanation of the study and obtaining written informed consent,
potentially eligible patients are screened against the inclusion
and exclusion criteria (Textboxes 1 and 2) to confirm eligibility
including review of their medical history.

« Age=12years

«  Newly diagnosed or relapsing antineutrophil cytoplasmic antibody (ANCA)—associated vasculitis with granulomatosis with polyangiitis or

microscopic polyangiitis

« Positive for antiproteinase 3 or antimyeloperoxidase ANCA

« Active disease, as assessed by =1 magjor item and =3 nonmajor items, or =2 renal items on Birmingham Vasculitis Activity Score (Multimedia

Appendix 1) [31,32]

*  Estimated glomerular filtration rate =15 mL/min/1.73 m?

Patients are required to fast for at least 9 hours before the first
dose of study drug to alow for baseline low-density
lipoprotein—cholesterol measurements. Upon arriving at the
study site, patients undergo baseline assessments including
sample collections to test for autoimmune serologies,

https://www.researchprotocol s.org/2020/4/e16664

hematologic parameters, a comprehensive chemistry panel,
urinalysis, and additional blood and urine sampling for research
purposes, HRQoL questionnaires (SF-36 and EQ-5D-5L) and
glucocorticoid toxicity index [33] are completed.
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Textbox 2. Major exclusion criteria for the randomization study.

Any of the following conditions: alveolar hemorrhage requiring invasive pulmonary ventilation support, other multisystem autoimmune disease
(including eosinophilic granulomatosis with polyangiitis, lupus, IgA vasculitis (Henoch-Schonlein), rheumatoid vasculitis, Sjogren’'s syndrome,
antiglomerular basement membrane disease, or cryoglobulinemic vasculitis)

Requires dialysis or plasma exchange within 12 weeks before screening
History of kidney transplant
Immunosuppressive therapies:. received cyclophosphamide <12 weeks before screening

On azathioprine, methotrexate, or mycophenolate mofetil at screening and unwilling to discontinue use and switch to cyclophosphamide or
rituximab on day 1

Received intravenous glucocorticoids, >3000 mg methyl prednisolone equivalent, within 4 weeks before screening or oral glucocorticoid >10 mg
prednisone-equivalent within 6 weeks continuously before screening

Received rituximab or other B-cell antibody <52 weeks before screening, or <26 weeks before screening provided B cell reconstitution has
occurred, that is, CD19 count >0.01 x 109/L)

Received antitumor necrosis factor treatment <12 weeks before screening

For patients scheduled to receive cyclophosphamide: urinary outflow obstruction, active infection, or platelet count <50,000/uL before start of
dosing

Previous receipt of avacopan

History of cancer within last 5 years, with the exception of excised basal cell or squamous cell carcinoma of the skin, or carcinomain situ such
as cervical or breast carcinomain situ that has been excised or resected completely and is without evidence of local recurrence or metastasis

«  Evidence of hepatic disease (transaminases, alkaline phosphatase >3 times upper limit of normal)
«  Known active infection with tuberculosis, hepatitis B or C virus, or human immunodeficiency virus

«  Whiteblood cell count <3500/puL or neutrophil count <1500/pL, or lymphocyte count <500/uL at baseline

Stratification and Treatment Groups

Eligible patients with ANCA-associated vasculitis are stratified
according to 3 parameters: (1) baseline immunosuppressive
therapy (oral cyclophosphamide, intravenous cyclophosphamide,
or rituximab), (2) type of ANCA (anti-PR3 or anti-MPO), and
(3) whether the patient is newly diagnosed or has relapsing
disease (Figure 1). Following stratification, patients are
randomized in a 1:1 ratio to 2 treatment groups receiving
baseline immunosuppressive therapy plus either (A) blinded
avacopan 30mg twice daily plus placebo that matches
prednisone or (B) blinded placebo that matches avacopan plus
prednisone starting at 60 mg/day (or adjusted for weight). In
the (B) group (standard of care), study-supplied prednisone is
tapered to zero by day 140 (Table 1). Additiona (nonstudy
supplied) glucocorticoids are allowed before enrollment and

https://www.researchprotocol s.org/2020/4/e16664

during the first 4 weeksiif required for initial control of disease
as outlined later (Additional Glucocorticoids). In addition, the
protocol allows for the use of low-dose glucocorticoids (up to
10 mg/day prednisone or equivalent) to treat adrenal
insufficiency or to treat worsening or relapsing disease. A
minimization algorithm is used to dynamically assign patients
to atreatment group, which seeks to balance treatment groups
with respect to each stratification factor. In adolescents (aged
12-17 years), the initia dose of avacopan can be adjusted
downward (to 10 or 20 mg twice daily) depending on body
weight with potential refinement based on plasma levels of
avacopan. Any dose changes are determined by an unblinded
reviewer, not otherwise associated with study, following the
first dose of study drug; to maintain the blind, some patients
receiving placebo will also have their dose modified.

JMIR Res Protoc 2020 | vol. 9 | iss. 4 |e16664 | p.38
(page number not for citation purposes)


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

JMIR RESEARCH PROTOCOLS Merkel et a

Figure 1. Avacopan Development in Vasculitisto Obtain Corticosteroid Elimination and Therapeutic Efficacy trial design. AZA: azathioprine; BVAS:
Birmingham Vasculitis Activity Score; CY C: cyclophosphamide; GC: glucocorticoids; 1V: intravenous, MPO: myeloperoxidase; PR3: proteinase 3;

RTX: rituximab.
Primary Efficacy Endpoints: BVAS = 0 at Week 26 BVAS = 0 at Week 52
(No GC in Prior 4 Weeks) (No GC in Prior 4 Weeks)
~300 patients: 1:1 Randomization "' '_'

>

1 Year Treatment Period

Stranbeation A Avacopan: 30 mg Twice Daily
1. Baseline Therapy: Active N :
Oral/lV CYC or Drug Placebo Prednisone Taper

RTX GroUP IRTX 4 weeks or CYC 12 weeks followed by AZA at week 15 |
2. ANCA Type:

Anti-MPO or ' .

Anti-PR3 B i wice Dally ‘

Stanaard '
3. New or Relapsing of Care ‘ Prednisone Taper: 60 to O mg/day*

Disease GroUP [RTX 4 weeks or CYC 12 weeks followed by AZA at week 15 |
*over 20 weeks
Table 1. Glucocorticoid and matching placebo tapering schedule.
Study day Group A: avacopan (prednisone dose, mg per day) Group B: prednisone (control; prednisone dose, mg per day)
All patients Adults Adolescents (aged 12-17 years)
=55 kg <55kg >37 kg <37kg

1-7 0 60 45 45 30
8-14 0 45 45 45 30
15-21 0 30 30 30 30
22-42 0 25 25 25 25
43-56 0 20 20 20 20
57-70 0 15 15 15 15
71-98 0 10 10 10 10
99-140 0 5 5 5 5
2141 0 0 0 0 0

| mmunosuppressive Therapy Dose reductions or adjustments in cyclophosphamide,
azathioprine, and mycophenolate are allowed to conform to
All patients in both treatment groups also receive one of the  standard approaches to maximize safety of these medications.
following 3 investigator-selected baseline immunosuppressive . o
therapy (standard-of-care) regimens: Additional Glucocorticoids
o 5 . ) Use of additional glucocorticoids (eg, nonstudy supplied
Intravenous rituximab: 375 mg/m” weekly x 4infusions.  g1cocorticoidsin excess of dose and schedule outlined in Table
2. Intravenous cyclophosphamide: 15mg/kg upto 1.2 gevery 1y jsto be avoided during the study, except for cases of adrenal
2 to 3 weeks for 13 weeks, and then starting on week 15, jng fficiency. Patients currently on glucocorticoids may enroll
oral azathioprine 1 mg/kg daily withtitrationupto2mg/kg  hrovided they meet the following criteria: before and during
daily (mycophenolate mofetil 2 g daily isalowed inplace  the goreening visit, the use of intravenous glucocorticoids does
of azathioprine). _ not exceed a cumulative dose equivalent of 3 g of
3. Oral cyclophosphamide: 2 mg/kg daily for 14 weeks meihynrednisolonein the 4 weeks before screening or the use
followed by oral azathioprine or mycophenolate mofetil ¢ org glucocorti coids does not exceed 10 mg once daily (QD)
starting at week 15 (same dosing regimen as intravenous ot orgl prednisone for up to 6 weeks before screening. During

1

cyclophosphamide). the screening period (<14 days), patients will be allowed oral
glucocorticoids (tapered to <20 mg QD prednisone equivalent

by day 1). If a patient enrolls in the study while on oral
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glucocorticoids, this dose must be tapered to 0 mg by the end
of week 4.

Patients who experience worsening of disease during the study
that involves a major item in the BVAS may be treated with
intravenous glucocorticoids (typicaly 0.5-1 g
methylprednisolone per day for 3 days) or oral glucocorticoids,
tapered according to the patient's condition, or both. Worsening
not involving a major item in the BVAS may be treated with a
short burst (<2 weeks) of oral glucocorticoids, at a maximum
daily dose of 20 mg prednisone equivalent. The use of other
medications, such as additional rituximab or cyclophosphamide,
is discussed with the medical monitor before implementing.
The use of plasma exchangeis not permitted.

Patients experiencing a relapse or worsening of disease may
continue study drug treatment and should continuein the study.
In patients experiencing a relapse, the study-supplied
predni sone/matching placebo will be temporarily halted during
the course of glucocorticoids, and if the patient’s condition
stabilizes, the study-supplied prednisone/matching placebo may
be restarted according to the original study visit schedule. At
thediscretion of theinvestigator, the avacopan/matching placebo
may be continued during and following the treatment for the
relapse.

Textbox 3. Main clinical endpoints of this study.

Merkel et a

Assessments, Endpoints, and Outcomes

BVAS assessments are performed at screening and weeks 4,
10, 16, 26, 39, 52, and 60. Vasculitis damage index assessments
[34] are performed at screening and weeks 26, 52, and 60.
HRQoL assessments are completed on day 1 and weeks 4, 10,
16, 26, 39, 52, and 60. Glucocorticoid toxicity index assessments
are performed on day 1 and at weeks 13 and 26. If a patient
consents, optional renal biopsies for histology are collected at
baseline if not already on file, and at week 52 or at the time of
treatment discontinuation. Physical examinations, vital sign
assessments, and electrocardiogram measurements  are
performed throughout the study. Concomitant medication and
adverse events are assessed at every study visit (Multimedia
Appendix 1). Determination of whether a patient enters
remission and sustains remission, as well as al relapses, is
assessed by an independent blinded adjudication committee.

The key clinica endpoints and outcome measures are
summarized in Textboxes 3 and 4. The overal efficacy
hypothesis in this study is that avacopan, in combination with
immunosuppressive therapy, will be at least as effective for
treatment of ANCA -associated vasculitis when compared with
prednisone with immunosuppressive therapy, and may reduce
the overall burden of disease by achieving remission with less
exposure to glucocorticoids, fewer glucocorticoid-associated
adverse effects, and improved quality of life.

«  Proportion of patientsin remission at week 26; defined as Birmingham Vasculitis Activity Score=0 and not taking glucocorticoids for antineutrophil
cytoplasmic antibody (ANCA)—associated vasculitis within 4 weeks before week 26

«  Proportion of patients achieving sustained remission at week 52; defined as remission at week 26 and week 52, without relapse through week
52, and not taking glucocorticoids for ANCA-associated vasculitis within 4 weeks before week 52

Textbox 4. Key outcome measures of the study.

o  Sdfety: adverse events, physical exam, vita signs, serum chemistry, hematology, urinalysis, and electrocardiogram

Change in glucocorticoid-induced toxicity measured using the change from baseline in the glucocorticoid toxicity index version 2 cumulative
worsening score and aggregate improvement score; cumulative use of glucocorticoids will also be analyzed. Rapidity of response based on early
remission (Birmingham Vasculitis Activity Score [BVAS]=0) at week 4

Change from baseline in health-related quality of life scores over 52 weeks based on the short form 36 version 2 and the Euro Quality of Life

Proportion of patients and time to disease relapse after previously having achieved remission at week 26; relapse is defined as =1 magjor itemin

BVAS, =3 minor itemsin BVAS, or 1 or 2 minor itemsin BVAS at 2 consecutive visits
«  Changein damage from baseline over 52 weeks, as measured by the Vasculitis Damage Index

« In patients with renal disease at baseline, change over 52 weeks in estimated glomerular filtration rate, urinary albumin: creatinine ratio, and

urinary monocyte chemoattractant protein-1:creatinine ratio

Statistical Analysis

A minimization algorithmisused to assign patients dynamically
to atreatment group, which seeks to balance treatment groups
with respect to each stratification factor. Statistical analysisfor
categorical endpoints will be expressed as the nhumber and
percentage of unique patientsfor each category. For continuous
variables, numbers, means, medians, ranges, SDs, and standard
error of means will be calculated. Geometric means will be
calculated for data that are not normally distributed. Results
will be presented by treatment group and by stratum for each

https://www.researchprotocol s.org/2020/4/e16664

of the 3 dtratification factors. Results will be presented for
patients with and without renal involvement of disease at
baseline.

To estimate sample size, a noninferiority margin of —20% was
based on a thorough review and meta-analysis of al previous
trials conducted in patients with ANCA-associated vasculitis
aswell as precedent. The proportion of patients with remission
inthe control group at week 26 was estimated to be 60%, which
is based on a blended proportion of 64% and 53% observed in
the rituximab and cyclophosphamide/azathioprine groups,
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respectively, in the RAVE study [10]. On the basis of these
assumptions and a 2-sided significance level of 0.05, a sample
size of 150 patients per group provides >90% power for the
noninferiority analysis. For the determination of the primary
efficacy endpoints, the proportion of patients achieving disease
remission at week 26 and sustained disease remission at week
52, the 2-sided 95% ClIs for the difference in proportions
(avacopan group minus prednisone group) will be estimated.
For the noninferiority testsat week 26 and week 52, if the lower
bound of the 95% ClI is greater than —0.20, the avacopan group
will be considered not inferior to the control group. For the
superiority test, if thelower bound of the 95% CI isgreater than
0.0, the avacopan group will be considered superior to the
control group.

The two primary endpoints will be tested sequentially using a
gatekeeping procedure to preserve the type | error rate at 0.05.
The sequence of testing will be as follows:

1. Test for noninferiority of the avacopan group compared
with the control group regarding remission at week 26; if
the P value for noninferiority is P<.05, proceed to step 2.

2. Test for noninferiority of the avacopan group compared
with the control group regarding sustained remission at
week 52; if the P valuefor noninferiority isP<.05, proceed
to step 3.

3. Test for superiority of the avacopan group compared with
the control group regarding sustained remission at week
52; if the P value for superiority is P<.05, proceed to step
4.

4. Test for superiority of the avacopan group compared with
the control group regarding remission at week 26.

Continuous variables of the secondary efficacy endpoints will
be analyzed using a mixed effect model for repeated measures
with treatment group, visit, treatment-by-visit interaction, and
randomization strata as factors, and baseline as the covariate.
Patientswill be considered as repeated measure unitsover visits.

Ethics and Dissemination

Each study site is required to obtain prior approval from an
Ingtitutional Review Board on both the protocol and patient
informed consent before study initiation and in accordance with
International Council for Harmonisation of Technical
Requirements for Pharmaceuticals for Human Use guidelines
and the Declaration of Helsinki (amended by the 59th World
Medical Association General Assembly, October 2008). Safety
data and efficacy outcomes data are summarized and reviewed
by an unblinded Data Monitoring Committee, regularly over
the course of the study.

Patient and Public I nvolvement

Patients or the public were not involved in the design of this
trial. However, patients, through a collaboration with the
Vasculitis Foundation, the leading international vasculitis patient
advocacy group, were involved in increasing awareness of the
trial (dissemination) within the vasculitis patient community.
It isanticipated that patientswill beinvolved disseminating the
results of this research to other patients with vasculitis, once
thetrial is complete and the results are made public.

https://www.researchprotocol s.org/2020/4/e16664
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Results

The last patient was enrolled in this trial in Q4 2018. Topline
results are anticipated to be published by Q3 2020.

Discussion

Overview

The current therapy for ANCA-associated vasculitis improves
patients' outcomes in terms of signs and symptoms of active
vasculitis, but the burden of disease remains high with
significant comorbidity and damage because of both
glucocorticoids and disease. Thereisarolefor targeted and less
toxic treatment regimens[35]. Thereisincreasing evidence that
complement activation appears to play an important rolein the
pathogenesis of ANCA-associated vasculitis whereby C5aR
activation augments neutrophil priming by ANCA, and directly
actsasakey mediator of organ damage[4,36]. Promising results
from two phase 2 studies of 12-week duration in anti-MPO-
and anti-PR3-positive ANCA-associated vasculitis suggest that
avacopaniswell tolerated [29,30] and that its usein combination
with either cyclophosphamide or rituximab may result in
comparable clinical effectiveness (as assessed by the BVAYS)
with that of the standard-of-care glucocorticoid-containing
regimen, with more rapid onset of disease control measured at
week 4, aswell asimproved renal outcomes and quality of life
[29]. Building on these observations, this larger phase 3 trial,
with 1-year trestment duration and observation, aimsto provide
evidence for the effectiveness of C5aR inhibition for the
treatment of ANCA-associated vasculitis, with potential to
fundamentally change the treatment paradigm of MPA and
GPA.

Study Design Features

Given the heterogeneous clinical presentation of patients with
ANCA-associated vasculitis, alarge sasmple sizeis planned for
this study to provide an adequate number of subjects across
subgroups. Moreover, the 2 treatment groups are further
balanced through stratification according to three key factors
that could potentialy influence patient outcomes, including
ANCA subtype, new or relapsing disease, and baseline
immunosuppressive therapy.

This study includes a broad range of newly diagnosed or
relapsing patients with ANCA-associated vasculitis. The use,
if warranted, in both treatment groups, of a limited amount of
nonprotocol-specified glucocorticoids is allowed at baseline,
as is the use of rescue glucocorticoids during the study.
However, the protocol specifies the indication, dose, duration,
and tapering schedul e for nonprotocol-supplied glucocorticoids
to limit the impact of their use on the study results.

The study incorporates frequent monitoring over the 1-year
treatment period, along with a pharmacodynamic sampling
program. Exploratory analyses may provide information on
factorsthat impact rates and timing to disease remission, aswell
as the risk of relapse among the two treatment arms.
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Outcome M easur es Selection

Disease Activity

This study will evaluate outcome measures at both 26 and 52
weeks along with changes over that period. The primary
outcome measure of disease activity (remission) will be assessed
using the BVAS version 3, the most widely accepted validated
measure of disease activity and part of the Outcome Measures
in Rheumatology core set of outcome measures for use in
clinical trialsof ANCA-associated vasculitis[37]. In thisstudy,
ateam of blinded expertswill adjudicate BVASresultsreported
by the investigators to determine if remission and sustained
remission, as defined in the protocol, are attained. Slight
modifications were made to the BVAS scoring criteria to suit
thistrial. Firgt, al itemswill be scored as* new/worse” whenever
they appear during the trial. Second, chronic active items will
not be scored as “persistent” (persistent option removed) but
are scored as per other items of activity. Third, “red blood cell
casts and/or glomerulonephritis’ were specified as “Other” to
prompt the investigator. Fourth, for only the week 4 BVAS
assessments, items active in the previous 7 dayswill be scored,
not the usual 28 days.
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A major objective of this study will be to show the benefit of a
treatment regimen for ANCA -associated vasculitiswith greatly
reduced cumulative dose of glucocorticoids. To assess the
impact of reducing glucocorticoids, a glucocorticoid toxicity
index will be used [33]. The Vasculitis Damage Index is used
to document damage arising from disease and from treatment
[37]. Activity of renal disease and preservation of renal function
will be assessed by renal function measurements (glomerular
filtration rate, urinary albumin:creatinine ratio, and urinary
MCP-1:creatinine ratio).

Both clinical practice and trial data consistently demonstrate
that HRQoL isimpaired among patientswith ANCA-associated
vasculitis [37]. In aphase 2 study, HRQoL, including physical
and mental health, was improved with avacopan use versus
control [29]. The same instruments are used in this phase 3
study to ascertain any potential treatment differencesin HRQoL.
It is anticipated that the results from this study will contribute
significantly to the understanding of HRQoL in relation to
treatment for this patient population.
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Abstract

Background: Studentsin the United States spend a meaningful portion of their developmental livesin school. In recent years,
researchers and educators have begun to focus explicitly on social and emotional learning (SEL) in the school setting. Initial
evidence from meta-anal yses suggeststhat curriculadesigned to promote SEL likely produce benefitsin terms of social-emotional
competence (SEC) and numerous related behavioral and affective outcomes. At the same time, there are often barriers to
implementing such curricula as intended, and some researchers have questioned the strength of the evaluation data from SEL
programs. As part of the effort to improve programming in SEL, this paper describes the protocol for a cluster randomized trial
of the ACT OUT! Social Issue Theater program, a brief psychodramatic intervention to build SEC and reduce bullying behavior
in students.

Objective: Theobjective of thistrial isto examineif ashort dose of interactive psychodrama can affect SEC metrics and bullying
experiencesin schoolchildren in either the short (2-week) or medium (6-month) term.

Methods: The ACT OUT! tria isacluster randomized superiority trial with 2 parallel groups. The unit of measurement is the
student, and the unit of randomization isthe classroom. For each grade (fourth, seventh, and 10th), an even number of classrooms
will be selected from each school—half will be assigned to the intervention arm and half will be assigned to the control arm. The
intervention will consist of 3 moderated psychodramatic performances by trained actors, and the control condition will be the
usual school day. Outcome datawill be collected at baseline (preintervention), 2-week postintervention (short term), and 6-month
postintervention (medium term). Outcomes will include social-emotional competency; self-reported bullying and experiences of
being bullied; receptivity to the program; and school-level data on truancy, absenteeism, and referrals to school displinary action
for bullying. A power analysis adjusted for clustering effect, design effect, and potential attrition yielded aneed for approximately
1594 students, consisting of an estimated 80 classrooms split evenly into intervention and control arms.

Results: This study was funded in June 2019; approved by the Indiana University Institutional review board on September 17,
2019; began subject recruitment on November 5, 2019; and prospectively registered with Clinical Trials.gov.

Conclusions. Many states have issued recommendations for the integration of SEL into schools. The proposed study uses a
rigorous methodology to determine if the ACT OUT! psychodramatic intervention is a cost-effective means of bolstering SEC
and reducing bullying incidence in schools.
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Introduction

Social-Emotional Learning and Bullying

In the United States, students typically spend 1224 hours each
year at school (6.8 hours per day for 180 days/year) [1], which
is a substantial portion of their developmental lives. In this
context, the past 25 years have seen renewed calls for the US
education system to focus on halistic child development and
social and emotional learning (SEL) in addition to standardized
academic metrics[2]. SEL iswidely considered to beimportant
for improving students' academic and nonacademic outcomes
[3]. The implementation of SEL curricula, and even the core
definition of SEL, does vary somewhat [4], and researchers
continue to design and test SEL programs and implementation
approachesin educational settings, typically using aframework
advanced by the Collaborative for Academic, Social, and
Emotional Learning (CASEL), which focuses on 5 domains:
self-awareness, self-management, social awareness, relationship
skills, and responsible decision making [5]. Learning in these
domains is expected to foster corresponding social-emotional
competence (SEC) [6]. A model from arecent study (Conceptual
Model for Advancing SEL in Schools) by Greenberg et al [7]
proposed that an overall interaction between SEL and SEC
domainsand program implementation leads to theimprovement
of various short-term and long-term outcomes for students.
Although individua study results have varied considerably, an
examination of 4 meta-analyses of hundreds of SEL studiesin
the US education system found substantive evidence for
short-term benefits across a wide spectrum of outcomes,
including targeted SEC outcomes, improved academic
performance, reduced problematic conduct frequency, and lower
emotional distress. Longer-term outcomes were significant in
2 meta-analyses for academic achievement [8].

Importantly, these positive outcomes appear in some cases to
extend to serious school-related behavioral issues, such as
bullying. Bullying is relatively ubiquitous in US schools. The
prevalence of school bullying reported in a 2014 meta-analysis
of 80 studiesthat included data on youth aged 12-18 years was
35% for traditional bullying and 15% for cyberbullying [9].
Thus, it is notable that several studies have observed an
association between SEL programs and/or constructs and the
attenuation of bullying or aggressive behavior [10-12], and an
inverse relationship exists between perceptions that SEL
instruction isbeing offered and perceptions of bullying at school
[13].

Although best practicesfor SEL education have been proposed
and are being refined, there remain many barriers to
implementation. These include costs related to training and
teachers timetolearn about and teach SEL curricula, perceived

http://www.researchprotocols.org/2020/4/e17900/

inability to divert instructional time to SEL, potential lack of
fidelity due to selective use of manualized elements, and
competition with academic testing time[14,15]. For some SEL
curricula, teacher time comprises a large fraction of the
measured cost [16], although accurate measurement of costs
and benefits of agiven SEL curriculum is complex and subject
to meaningful variability [17]. In addition, some scholars have
been critical of the level of rigor of many SEL and SEC studies
[18], asserting that the positive findings from meta-analyses
may be overestimated or that the speed of SEL program adoption
may exceed the generation of knowledge and understanding of
how to maintain positive outcomes [19]. The current state of
knowledge suggests the continued importance of research into
SEL programming, both as an outcome (ie, development of
SEC through SEL) and as a mediator of problem behavior (eg,
bullying). To advance what is known, SEL research should
prioritize methodological rigor and approaches that minimize
school resource costs.

The Proposed Study

This study will be an assessment of the ACT OUT! social issue
theater program as a universal SEL intervention targeting SEC
and bullying in elementary, middle, and high school students.
ACT OUT! is an existing program that has been performed in
various forms by professionally trained members of an acting
ensemble since 1995 [20]. The present iteration consists of 3
distinct 15-min scenarios per grade range (elementary, middle,
and high) that present age-appropriate improvisational dramas
that illustrate issues related to SEL and bullying, including
facilitated discussion between the actors—who remain in
character—and the students. The program lasts approximately
1 hour to fit within atypical class period within the school day,
including introductions, performance, and engagement.

ACT OUT! may be contrasted with typical SEL curricula. SEL
curricula tend to consist of manualized, structured classroom
or multicomponent programs involving multiple sessions over
time. The median number of sessions within an SEL program
inameta-analysisof 213 SEL studieswas 24 [21]. Being 1 hour
induration, ACT OUT! issubstantially shorter and is performed
by third party, professional actors, thus meeting the goal of
reduced school resource costs for SEL programming but
potentially raising concerns about if such arelatively brief dose
could reasonably be expected to produce an effect. Underlying
this study is a supposition that unique properties of a dramatic
performance may specificaly trigger SEL responses. In
Aristotle’s Poetics, which is the first known work on dramatic
theory, it iswritten that a dramatic tragedy (in the Aristotelian
sense) is designed to arouse certain feelings, “wherewith to
accomplish catharsis of...emotions’ (as cited in an academic
essay by Rosenstein [22] from a trandation by Richard
McKeon). This precise mechanism underlies the development
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of psychodrama as a psychotherapeutic intervention, as
combined action and verbalization can present a situation that
elicits an emotiona response “freed from the restricting
stereotyped residues of past experience” [23]. Recent studies
and meta-analyses have examined psychodrama as a means of
prevention and/or behavior change with generally positive
findings [24-30]. Researchers have also found that youth are
receptive to psychodramatic elements as part of a larger
prevention curriculum [31]. However, no published studieshave
measured any outcomes of a single-session psychodramatic
SEL experience.

This will be the first study to examine if a short dose of
interactive psychodrama can affect SEC metrics and bullying
experiences in schoolchildren in either the short (2 weeks) or
medium (6 months) term. To respond to recent criticism of SEL
studies, we have chosen to utilizethe SPIRIT 2013 clinical trial
guidelines in developing this protocol to promote rigor,
reproducibility, and transparency [32].

Figure 1. Hypotheses and objectives.
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Methods

Ethics Approval and Consent to Participate

This study was granted approva by the Indiana University
institutional review board (IRB; #1908563296).

Trial Design

The ACT OUT! trial is designed as a proof-of-concept cluster
randomized superiority trial with 2 parallel groups. Although
the unit of measurement isthe student, the unit of randomization
is the classroom, stratified by school. For each grade (fourth,
seventh, and 10th), an even number of classrooms will be
selected from each school; half of the selected classrooms will
be randomly assigned to theintervention arm and the other half
will be assigned to the control arm. If there is an odd number
of classrooms for a given grade and school, the excluded
classroom will be determined randomly. The use of this
approach will better ensure comparabl e sociodemographic and
school-level factors between intervention and control arms.
Study hypotheses and objectives are shown in Figure 1.
Participant flow, including measurement points, is shown in
Figure 2.

1.1 Research Inpothesis A

1.2 Research Inpothesis B

2.1 Primary objectived

- 2-week posttest

2.2 Primary objective B

- self-reported bullying behavior;

- self-reported observation of bullying;

- 2-week posttest({selected varables);

2.1 Secondary objectives

in improving school-related vanables,

ACT OUT! Social Issue Theateris supenor to TAU for development of social-emotional competence in Manon
County, IN, school students enrolledin elementary, middle, and high schools.

ACT OUT! Social Issue Theateris superior to TAU in reducing incidences of bullying in Marion County, IN. school
students enrolledin elementary, middle, andhigh schools.

To determine if ACT OUT! Social Issue Theater (1-hour exposure) is superior to TAU in developing social and
emotional competence in hMarion County, IN, school students enrolledin elementary, middle, andhigh schools, at

- posttest 6 months after the intervention (allowing for 2-week vanability in timing).

To determine if ACT OUT! Social [ssue Theater (1-hour exposure) is supenor to TAU in reducing bullying,
- asmeasured by referrals to discipline for bullying;

in Marion County, IN, school students enrolledin elementary, middle, and high schools, at

- posttest 6 months after the intervention (allowing for 2-week vanability in timing).

3.1.1 To assess student receptivity to ACT OUT! Social Issue Theater {1-hour exposure) as
measured by a response scale from Dent et al (1998). and to determine whether receptivity
moderates the impact of the intervention on social-emotional competence.

3.12 To assess targeted areas of social emotional competence for seventhand 10M_grade students
(social awareness, emotion regulation, relationship skills, andresponsible decision making).

3.13 To conduct subanalyses of all other study outcomes by grade level (fourth, seventh, and 10th).
3.14 To determine if ACT OUT! Social Issue Theater {1-hour exposure) is supenor to TAU

- Truancy or absenteeism;
- Overall academic performance as measured by nommalized GPA.
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Figure 2. Participant timeline. GPA: grade point average; TAU: treatment as usual.

Solicitation of schools |

Classrooms pairs selected |

Randomization |

Complete baseline surveys (day of program)

| Materials sent home to parents (2-week review)

'—'i Excluded: No baseline survey §

| Allocated to ACT OUT! | | Allocated to control |

i

i

Complete posttest
(2-weeks after)

Complete posttest
(2-weeks after)

!

i

Complete 6-month
follow-up posttest

Complete 6-month
follow-up posttest

I !

Extraction of aggregate
data by schools

Extraction of aggregate
data by schools

Choice of Comparators

The comparator in thisstudy istreatment asusual (TAU), which
in this case reflects continued school activity as would have
otherwise occurred. This study uses a novel and low-dose
intervention in a protocol that would, in a clinical setting,
approximate an early phase |l stage. As a result, the core
questions revolve around if the intervention works at all versus
if it is superior to other mechanisms that may impact the same
metrics. Thisis consistent with recent recommendations from
an expert panel from the National Institutes of Health [33].

Study Setting

The ACT OUT! trial will be conducted in public and charter
schoolsin Marion County, Indiana, an urban county of 954,670
people who are 54.8% non-Hispanic white, 28.9% African
American, and 10.6% Hispanic, with a median household
income of US $44,689 [34]. The trial will recruit schools until
meeting a threshold of 80 classrooms, 40 randomized to the
intervention condition and 40 parallel classrooms randomized
to the control condition.

Eligibility Criteria
Inclusion Criteria

Participating classrooms must comprise fourth-grade
(elementary), seventh-grade (middle), or 10th-grade (high)
students. Single grades within each academic level were chosen
to reduce variability that might be introduced by different age
and maturity rangeswhen interpreting effectswithin levels. For
elementary and middle school levels, the second-highest grade
level was selected. For high school, 10th grade was selected
because mandatory school attendance in Indiana ends at age
16, potentialy introducing bias at the level of school enrollment
for grades 11 and 12.

Exclusion Criteria

If a given grade within a school has an odd number of
classrooms, 1 classroom will randomly be excluded from
participation. Participants and their parents or legal guardians
will review the study procedures. Thisstudy will utilize awaiver
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of active parental consent (see Recruitment section), and so
parents or guardians may opt out on behalf of their dependents,
and participants may opt out themselves.

Intervention Delivery Qualifications

All individuals delivering the psychodrama interventions will
be professional actorstrained to the standards of Claude McNeal
Productions, a professional theater company.

Intervention

Eligible classroomswill be randomized to attend a 1-hour ACT
OUT! interactive, semi-improvisational  psychodrama
performance or to continue with their school day as normal
(TAU). Interventions will be delivered within the standard
school day as defined for each classroom and school. The ACT
OUT! production will include 3 vignettes paired with moderated
discussions between the audience and the actors, and the latter
will remain in character for the duration of the intervention.
Intervention guidelines will be made available aongside the
published study.

Intervention Adherence

Adherence to the ACT OUT! intervention protocol will be
measured at each delivery point using afidelity checklist by a
part-time employee of Claude McNeal Productions who is not
a member of the acting ensemble. The fidelity checklist will
contain scenario-specific items for al potential scenarios and
will be made available as a multimedia appendix attached to
the primary outcomes paper. Given the nature of improvisational
psychodrama, the checklist will identify core areas and themes
that must be addressed for the specific intervention to be
considered to have been delivered with fidelity to the model.
Each content area or procedure will be identified as
delivered/complete or undelivered/incomplete, and the ratio will
be used to generate a fidelity percentage for each delivery
instance. To establish reliability, a second individual from the
research team will attend 15% (6/40) of performances and
complete fidelity checklists to compute interrater reliability
(free-margina kappa).
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Outcomes
Primary Outcomes

Overall Social-Emotional Competence at the 2-Week and
6-Month Posttests

SEC will be measured using the scaled variable generated by
the Delaware Social-Emational Competency Scale [35]. This
scalereflects 4 of CASEL’s 5 core domains of SEC and has an
established internal consistency coefficient of 0.84 in alarge
representative sample of youth. Furthermore, its developers
demonstrated measurement invariance across grade levels, race,
ethnicity, and gender [35]. This instrument provides an
aggregaterating for overall SEC but cannot be used to generate
separate scales by CASEL domains.

Self-Reported Bullying Behavior and Self-Reported
Experiences of Being Bullied at the 2-Week and 6-Month
Posttests

Bullying behavior and experiences of being bullied will be
measured using the Bullying and Cyberbullying Scale for
Adolescents (BCS-A), which uses 2 parallel 13-item scales[36].
This instrument includes items assessing physical, verbal,
relational, and cyber bullying and was found in the devel opment
study to explain variance in adolescent problems beyond
previously established tools—the Olweus Global Bullying Scale
[37] and the Forms of Bullying Scale [38]—while displaying
concurrent validity. The BCS-A also collects ratio rather than
ordinal measures of bullying, which allows for face-valid use
of the instrument for different time frames. As such, although
the original BCS-A asked about a time frame in the past 3
months, this study will ask about a time frame in the past 2
weeks to match study protocols.

Referralsto Disciplinefor Bullying at the 6-M onth Posttest

Referralsto discipline related to bullying will be obtained from
school recordsin aggregate by cluster.

Secondary Outcomes

Student Receptivity tothe ACT OUT! Intervention

This will be measured at the 2-week posttests using an
instrument based on work published by Dent et al [39], which
measures the degree to which adolescents find the event to be
enjoyable, interesting, awaste of time, boring, understandable,
difficult to understand, believable, important, and helpful, each
on a4-point ordinal scale.

Social-Emational Competence Subdomainsfor Seventh-
and 10th-Grade Students

The SEC subdomains of social awareness, emotion regulation,
relationship skills, and responsible decision making will be
measured using scal esfrom the Washoe County School District
Social-Emotional Competency Assessment [40]. These scales
have established reliability and validity demonstrated through
a unique multiyear, multimethod study, although the methods
utilized did not produce traditional reliability values[40]. These
itemswill not be collected from fourth-grade students because
they would substantially increase the length of the survey
instrument.
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Truancy/Absenteeism and Academic Performance at
6-M onths Postinter vention

These will be assessed using objective data obtained from school
records in aggregate by cluster.

Sample Size

The sample size was calculated based on the primary outcome
(changein SEC). Notably, there are no extant studies examining
the effects of professionally acted interactive psychodrama on
SEC outcomes and, hence, no directly applicable effect size
estimates. However, several studies have utilized
psychodramalthester as an intervention component for non-SEC
outcomes, including health promotion, sexual abuse prevention,
HIV prevention, violence prevention, and nutrition education.
Those studies found widely varying, significant effect sizes
ranging from small to large, and, in cases where effect size
calculations were not included, significant improvements in
outcome metrics were found. The interventions varied
substantially in quality, scope, and relationship with the
measured outcomes [24-29]. An earlier Cochrane review
covering the years 1990 to 2006 found only 9 studies of
inconsistent quality, with generally modest but positive results
[30]. Separately, arobust 2012 meta-analysisby Sklad et al [41]
related to SEC identified 31 universal school-based programs
that addressed social learning with an aggregated Cohen d of
0.70 (SE of d 0.10), alarge effect size, but those programs were
longer than the ACT OUT! intervention.

On the basis of this information, we have powered thistrial to
detect a moderate difference in SEC (Cohen d=0.30). For a
baseline sample with aparallel superiority tria, with a 2-sided
significance of .05, power of 0.80, and location of the mean in
1 group as a percentile of the other group set at 62%
(corresponding to Cohen d=0.30), we cal culated a need for 340
participants. Asthisisacluster trial, we adjusted for similarities
within the groups (clustering effect) using previousresearch on
smoking prevention [42] asaconservative metric in the absence
of similar datafor SEL. Thisyielded an intracluster correlation
(ICC) value of 0.153. The design effect, assuming 20 students
per classroom (M), was calculated as[1+(m-1)xICC], yielding
3.907. The design effect multiplied by the number of participants
was 1328, but we also wanted to plan for approximately 20%
loss to issues related to matching and attrition. Thus, we
calculated afinal sample need of 1594 students, constituting an
estimated 80 classrooms evenly split into intervention and
control arms.

Recruitment

Each school involved in the ACT OUT! tria will be chosen
based on its receptiveness and interest in participating in the
project. Only schools that have provided a signed letter of
agreement from an authorized official will be alowed to
participate in the study. This study will utilize a waiver of
parental consent (opt out), which was approved as part of the
IRB submission. Neither the intervention nor the questionnaire
poses more than minimal risk to participants or anyone else
secondarily connected with the study (eg, their families and
teachers). Surveys will be grouped by classroom and
administered in a confidential manner. As part of this protocol,
a notification letter and copy of the complete posttest survey
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instrument will be sent home to parents a minimum of 2 weeks
before initial subject interaction (parent letter included as
Multimedia Appendix 1). Parents and/or guardianswill be able
to opt their child out of the study simply by returning the second
page of the letter to the school. Students will be provided with
a brief summary of the study at the top of each survey form.
They will be informed that they may also opt out of the study
by simply not completing the instrument or by selectively
skipping items based on comfort level.

The practical purpose of using awaiver of parental consent in
recruitment is the substantial difference in participation
prevalence as well as potential ethical concerns resulting from
the probable exclusion of underrepresented minorities and
high-risk populations, asin the study by Whiteet a [43]. Indeed,
several recent studies have suggested that active parental consent
and opt-in methods produce smaller student samples with
different characteristics, including some related to this study
(such as bullying) [43-45]. Theseissues mirror similar findings
related to sociodemographics, risk behaviors, and study
participation reported in the previous several decades of
school-based research [46-49]. In general, these studies imply
that active parental consent may reduce sample size, introduce
bias, and thus limit the generalizability of studieswith youth.

Assignment of I nterventions

Allocation Sequence Generation

This trial is a cluster randomized trial; for each pair of
classrooms (eg, 2 seventh-grade classrooms at the same school),
a computerized random number generator will assign the
classrooms to intervention (O) or control (1).

Allocation Concealment

The opt-out processwill occur before the assignment. Allocation
sequence will be concealed to the member of the research team
who will assigh each classroom to either the intervention or
control group, until the moment of assignment.

Allocation | mplementation

Allocation sequence generation will be completed by the
research team, and datawill be provided to participating schools
after consent/assent has been finalized.

Blinding

Due to the nature of the ACT OUT! trial, blinding of the trial
participants, school officials, and members of Claude McNeal
Productions is not possible. Furthermore, as data management
will occur viathe primary research team, group identity cannot
realistically be masked. However, we have included 2
statistical/methodological consultants in the project team who
will be asked to verify al analyses using masked group
assignment.

Participant Timeline

Recruitment for the study will begin in the fall of 2019, and
interventions are expected to conclude in December 2019. A
visual participant timelineisincluded in Figure 2.

http://www.researchprotocols.org/2020/4/e17900/

Agley et a

Data Collection M ethods

Survey Collection Procedures

Each classroom will be assigned arandom cluster 1D with fixed
leading valuesfor grade level and arm (eg, 4C-12345678). Each
classroom will be given a study packet that contains the
appropriate number of survey and response forms, a manila
envelope, awhite envelope, and an administrator checklist, the
latter of which is available as Multimedia Appendix 2. All
survey forms and manila envel opeswill also be imprinted with
the appropriate cluster ID.

A classroom teacher will oversee survey administration after
reviewing the administrator checklist. The voluntary and
confidential nature of the survey will repeatedly be emphasized
per the checklist. The administrator will record the number of
individuals present in the classroom on the manila envelope
(serving asadenominator for the cluster response rate). Absence
for the 2-week postsurvey will not prevent a participant from
completing the 6-month postsurvey. All surveys distributed to
students will be placed by students into the manila envelope
upon completion, evenif left blank, which will allow calculation
of the numerator of the cluster response rate. Survey formsthat
were never handed out at all (extras) will be placed into the
white envel ope by the administrator.

Quality Control

Datawill be collected using aform designed in Scantron Design
Expert and scanned directly into a database using an Insight
700c scanner (Scantron) to avoid data entry errors associated
with manual transcription.

Intervention fidelity will be recorded at each instance by an
employee of Claude McNeal Productionswho isnot amember
of the ACT OUT! ensemble. This individual will use a form
generated by theresearchersthat documents congruence between
the observed performance and a checklist of planned elements
(element present/element absent). To establish reliability, a
second individual from Prevention Insights will attend 15%
(6/40) of performances and complete fidelity checklists to
compute interrater reliability (freeemarginal kappa). The
checklist will be published as a multimedia appendix to the
study results.

Retention

To increase individual-level participation in the study,
researchers will utilize an assent procedure approved by the
appropriate IRB. Asnoted previoudly, thisprocedure, as opposed
to active parental consent, is appropriate when the risks
associated with the study are minimal. Participants may,
however, withdraw from the study for any reason at any time,
either via parental or participant request.

As hypotheses will be tested at 2 points in time, individuals
who drop out of the study after providing dataat thefirst posttest
will not be excluded from hypothesis testing for proximal
(2-week) outcomes.

Data Matching

To facilitate confidentiality, researchers will need to establish
longitudinal linkages between surveys without collecting
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identifying information. This presents a risk of potential data
loss. Meta-analytic research published within several months
of trial protocol development asserts that there is no currently
accepted best-practice standard for how to accomplish this most
effectively inaway that preserves confidentiality and maximizes
accurate matching of data between waves of collection [50].
However, these researchers found numerous benefits to
accomplishing thisgoal using self-generated i dentification codes
(SGICs) versus alternate methods, including true anonymity,
improved response quality, utility, and maxima compliance
with regulatory requirements. Researchers have also noted that
SGICs are more effective when applied within smaller units or
clusters[51], asisthe case here.

The primary disadvantage of using an SGIC isthat participants
must accurately remember and report the sameinformation [50].
The most common protocol used in longitudinal matching has
been to use a combination of gender, race, and various snippets
of persona information that are theoretically memorable (eg,
middleinitial, birth month, and mother’sinitial), asin the study
by Kearney et al [52]. However, athough such a method is
generally asecureway of matching surveyswithout identifying
individual participants, it may cause concern among parents or
youth [53].

For this protocol, we opted to generate an SGIC using
procedures drawn from computer science and informatics
literature related to password security questions. These questions
are used by both children and adults to retrieve lost passwords
and are intended to be both secure and memorable [54], meeting
the needs of the SGIC as identified in the survey research
literature. In Rabkin’s review [54] of security questions from
banking institutions, questions designated as weak included
those that are inapplicable to large segments of the target
population (eg, a question about spouses), those that are not
memorable (eg, last name of kindergarten teacher), and those
that are ambiguous (eg, multiple truthful answers are possible,
or a response is not static, such as favorite food) [54]. Later
research on thistopic al so found that memorability of responses
is greater for personal questions than for numbers and that
memorability for al items declines over time, athough
high-success questions will experience minimal decline in
successful recall, even after ayear [55].

Using this evidence, the project will generate an SGIC with the
following elements:

+ Classroom ID

- Gender

+  Race

- Ethnicity

«  “How many older brothers and sisters do you have?’ (0, 1,
2, 3 0r more)

«  “What color isyour backpack? (if it is several colors, what
color is it mostly?; black, red, green, blue, brown, purple,
pink, a different color, | do not have a backpack)

«  “What was the name of your first pet? (If you have never
had a pet before, write the word “None” here;handwritten
entry)
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«  Seventh and 10th grades only “What are the last two digits
in your school locker combination? (for example, if your
combination is 5-13-27, you would put 27)” (digit entry, |
do not have alock)

Computerized matching will occur within cluster ID. First,
direct matches will be identified, and then 1-off matches (eg,
all questionssimilar but 1) will beidentified per well-established
recommendations [50]. Any multiple matches (eg, more than
2 posttests matching a pretest SGIC) will be partitioned along
with nonmatched data for manual inspection. Importantly, the
first pet question includes handwritten entry, and so obvious
similaritiesin handwriting can be used as a secondary matching
tool.

Analytic Methods

General | ssues

Missing data may result from nonresponse to specific items or
attrition following the baseline survey (eg, dropout following
pretest but before any other analyses), and the type of
missingness will be analyzed. Potential types include missing
completely at random (MCAR; missingness is not related to
the scores of any measured variable), missing at random (MAR;
missingness is related to values of other measured variables,
but not to the scores of that variable itself), or missing not at
random (MNAR; missingnessisrelated to scores of that variable
itself). Data that are MCAR and MAR will be managed using
multiple imputation [56]. As we expect some uncertainty in
matching students acrosstime points, each baseline survey will
be considered a primary key, and surveys at postintervention
will only be matched with each students' baseline survey if
researchers are reasonably certain that the ID code is a match
from prespecified criteria. Surveys from postintervention that
cannot be matched will not beincluded inthe analysis. Students
missing postintervention surveys will be considered missing
due to attrition, and they will be included in the multiple
imputation analysis as intention to treat.

Sensitivity analyses will be performed for plausible cases of
dataMNAR to examinethe consistency of results across models.
If the results are consistent, we will conclude that the
conclusions are not compromised. We will aso evaluate all
appropriate statistical assumptions, such as outliers, variance
heterogeneity, specification error, and nonnormality, before
analysis.

Statistical Analysis

The intervention arm (ACT OUT! participation) will be
compared against the control arm (TAU) in testing the primary
hypotheses using an intention-to-treat model. This means that
all individualswho are randomized will beincluded inthe main
analyses. Asshown in Table 1, linear mixed models (LMM) or
generalized LMM will be used to test all hypotheses. Baseline
values will be included as covariates in each LMM, and al
outcome values except receptivity and school-level data
(truancy, absenteeism, and referrals to discipline for bullying)
will be captured at baseline. Both fixed and random effects will
be evaluated.
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Table 1. Hypotheses, measures, and methods of analysis.
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Outcome type and hypothesis Time frame Outcome measure Method of analysis
Primary
Intervention improves short-term SEC? long-term SEC ~ 2-Week follow-up; - pgecs P (continuous) LMMS GLMMY i

I ntervention reduces incidence of bullying others

I ntervention reduces incidence of being bullied

I ntervention reducesincidence of referralsto disciplinefor
bullying

Secondary

Intervention improves social awareness (seventh and 10th
grades only)

I ntervention improves emotion regulation (seventh and
10th grades only)

I ntervention improves rel ationship skills (seventh and 10th
grades only)

I ntervention improves responsible decision making (seventh
and 10th grades only)

Receptivity to ACT OUT! will moderate impact of thein-
tervention

Explore outcome differences by grade level (fourth, sev-
enth, and 10th grades)

Intervention will improve truancy and absenteeism

Intervention will improve academic performance

month follow-up
2-week follow-up; 6-
month follow-up

2-week follow-up; 6-
month follow-up

6-month follow-up

2-week follow-up; 6-
month follow-up

2-week follow-up; 6-
month follow-up

2-week follow-up; 6-
month follow-up

2-week follow-up; 6-
month follow-up

2-week follow-up; 6-
month follow-up

2-week follow-up; 6-
month follow-up

6-month follow-up

6-month follow-up

Thomas et a [36] 13-item bullying
others scale (continuous)

Thomas et a [36] 13-item bullying
scale (continuous)

Objective count data (continuous)

WCSD® social-emotional competen-
cy assessment (continuous)

WCSD social-emotional competen-
cy assessment (continuous)

WCSD social-emotional competen-
cy assessment (continuous)

WCSD social-emotional competen-
cy assessment (continuous)

Dent et al [39] instrument (continu-
ous)

Four outcome measuresfrom prima-
ry objectives (all continuous)

Objective count data (continuous)

GPA standardized to a 4.0 scale

nonnormal data

LMM; GLMM if non-
normal data

LMM; GLMM if non-
normal data

GLMM

LMM; GLMM if non-
normal data

LMM; GLMM if non-
normal data

LMM; GLMM if
nonormal data

LMM; GLMM if non-
normal data

LMM; GLMM if non-
normal data

LMM; GLMM if non-
normal data

GLMM

LMM; GLMM if non-
normal data

(continuous)

8SEC: social-emotional competence.

bDSECS-S: Delaware Social-Emotiond Competency Scale.
“LMM: linear mixed model.

dGLMM: generalized linear mixed model.

SWCSD: Washoe County School District.

fGPa: grade point average.

Results

This study was funded in June 2019; approved by the Indiana
University IRB on September 17, 2019; began subject
recruitment and data collection on November 5, 2019; and
prospectively registered with Clinical Trials.gov. This protocol
paper, except this paragraph, was submitted as prepared in
September 2019 to maintain transparency regarding changes
between the proposed protocol and the finished study.

Discussion

Significance of the Study

SEL, SEC, and bullying potentialy affect all schoolchildren;
in recognition of this, states such as Indiana have convened
bodies (eg, Indiana Commission on Improving the Status of
Children in Indiana) and issued recommendations for the
integration of SEL into schools [57]. At the same time, many
barriers to effective program implementation remain [14-16],
and therigor of existing eval uation studies has been questioned

http://www.researchprotocols.org/2020/4/e17900/

RenderX

[18]. Given the importance of these issues, this proposed study
tests a novel, cost-effective intervention structure using a
rigorous methodol ogy, including this study protocol, which has
been completed and registered before any subject enrollment.

Data Monitoring, Interim Analyses, and Auditing

This study will not have a data monitoring committee because
the anticipated risks are minimal, and the active duration of the
intervention is short within each cluster. Harmswill nonetheless
be evaluated in the highly unlikely event that they accruein a
manner attributable to thisintervention. In addition, no interim
analyses are planned other than following the 2 planned
analytical timepoints indicated in Table 1. Data and analyses
will beaudited by multiple project consultants who are members
of the project team but who are not part of Prevention Insights,
the unit directly funded to support Claude McNeal Productions.

Limitations

The proposed study has several potential limitations. The
protocol is designed to test outcomes from a low-dose
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intervention, which, being 1 hour inlength, fitswithin astandard
class period and does not unduly burden school personnel.
However, it is likely that multiple doses would provide a more
robust effect (if an effect exists), and so, the pragmatic decision
to test a single iteration of ACT OUT! for this study may
contributeto apotential typell error. Furthermore, it ispossible
that an unexpectedly large percentage of studentswill be unable
to be matched over time, especially at the 6-month posttest, due
to the confidentiality requirements of the study. Use of an SGIC
is a best-practice matching technique, but results from studies
using thistechnique have disagreed about how to operationalize
it and have produced afairly wide range of matched percentages.
However, collection of identifying data would require active
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parental consent, which itself has been shown to substantially
reduce participation rates and to bias samplesin waysthat could
meaningfully affect this study. Hence, use of the confidential
SGIC to enable assent proceduresis likely more robust than an
identified matching protocol. Finally, it is possible that the
treatment and control classeswill display cross contamination,
inwhich control subjects are informed by intervention subjects
about the program. This can be identified at follow-up, and,
more importantly, given that the emotional response to ACT
OUT! ishypothesized to be an important mechanism of change,
this threat is likely minimal because the control subjects will
not have been exposed to the actual ACT OUT! experience.
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Abstract

Background: Thereis ahigh prevalence of work-related musculoskeletal disorders among health care professionals. Posture
isan essentia point to be addressed for health care professionals with muscul oskeletal disorders. Cervical pain can result from
severa conditions. Treatment should include posture modification and home exercise.

Objective: This study aimsto compare a new postural garment (Posture Plus Force; Medi, Bayreuth, Germany) with exercises
for women with nonspecific cervical pain. Theinvestigatorsfocus on nurses and allied health professional s due to the importance
of posture in work-related musculoskeletal disorders.

Methods: Thisrandomized crossover clinical trial hasa3-month treatment sequence and a 3-month washout period. Participants
will include nurses and allied health professionals 21 to 55 years of age with cervical pain. Participants are allocated at random
to two intervention groups: a postural garment (Posture Plus Force) to be worn for 2 to 4 hours per day for 90 days (P+ group)
and five physiotherapy sessions (20 minutes each) to learn stretching and strengthening exercises with instructions to continue
at home on a daily basis for 90 days (Ex group). The participants in each group will crossover interventions after a 3-month
washout period. The primary outcomes are postural control and pain intensity. A static posturography will be performed with a
scan (SpinalMouse; Idiag AG, Fehraltorf, Switzerland). The visual analogue scale is a psychometric measuring instrument
designed to document cervical pain severity inindividual participants. The secondary outcomesare cervical pain-related disability,
catastrophizing, the global perceived effect of treatment, and the evaluation of garment comfort. Physical activity is assessed
with the International Physical Activity Questionnaire. Assessment of primary and secondary outcomes is performed at TO
(pre-intervention), T1 (immediately after garment fitting for P+ group), T30, T60, and T90. The same measurements are recorded
after the washout period and during the second intervention following the same sequence. All patients are provided with alogbook
for compliance recording, over the counter drug use, pain evaluation, and sick leave. Statistical analysis is conducted following
intention-to-treat principles and the treatment effects cal culated using linear mixed models.

Results: The study design has been approved by the Ethics Commission of Hospital N Sra de Meritxell, Andorrain March
2017. A total of 32 participants are already enrolled in the study. An extension of the study is planned in a Spanish university
hospital to achieve alarger sample. Study results are expected to be published during 2020.

Conclusions: The Postural garment is expected to improve cervical pain by enhancing posture.
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Introduction

Cervical Pain

There is a high prevalence of work-related musculoskeletal
disorders among health care professionals. For instance, dental
practitioners have reported a high prevalence of painin the neck
and shoulder region with rates in 2009 as high as 83% [1]. In
our environment, and more concretely in our hospital, we found
that during a 1-year period, 18% of the hospital staff were
treated in the rehabilitation department, with more than 50% of
cases caused by pain in the neck and back [2].

According to the Occupational Safety and Heath
Administration, musculoskeletal disorders affect the muscles,
nerves, blood vessels, ligaments, and tendons [ 3]. Workers can
be exposed to risk factors at work, such aslifting heavy items,
bending, reaching overhead, pushing and pulling heavy loads,
working in awkward body postures, and performing the same
or similar tasks repetitively. In general, the more extreme the
posture, the greater force required to complete the task.

In arecent study on dentists, a kinematic analysis underlined
the posture in the area of the cervical and thoracic spine [4]. In
addition, Freitag et a [5] demonstrated that sagittal trunk
inclinations are an important factor in the eval uation of physical
strain in nursing staff. All in all, posture is an essential point to
be addressed for musculoskeletal disorders in heath care
professionals.

Cervical pain can result from several conditions. Disordersthat
cause axial neck pain include cervical strain, internal disc
disruption syndrome, cervical facet-mediated pain, cervical
“whiplash” syndrome, and myofascial pain. Treatment for neck
painisdistinct from treatment for extremity pain or symptoms.
Most patients with mild to moderate axial pain improvein 2 to

https://www.researchprotocol s.org/2020/4/€14807

3 weeks. Treatment should include posture modification and
home exercise [6-8].

Postural Gar ment

The Posture Plus System adopts advanced solutions focusing
on the abdomen, shoulders, and dorsal areas. The Posture Plus
Force (Medi, Bayreuth, Germany) is based on the lessons
learned from the devel opment of the spinal orthosis Spinomed
(Medi, Bayreuth, Germany) regarding strength and posture [9].
The Posture Plus Force is a T-shirt that includes tensional
inelastic bands exercising traction for postural realignment.
There are different garments available with this aim in the
market. However, the Posture Plus Force is unique due to its
design. Enhancement of postureis centered using an anatomical
and physiological approach that focuses on abdominal and
periscapular muscles.

We have tested the garment in a few patients with dorsal
hyperkyphosis. We have noticed that participants reported
improvementsin dorsal symptomsand cervical well-being. The
abdominal inelastic bands enhance core muscle contractions
that facilitate a correct upright position and realign the cervical
segment as well. Moreover, the dorsal bands are positioned in
afunctional anatomical direction following interscapular forces
and enhancing perivertebral contractionsinstead of pulling back
shoulders as other garments tend to do. Both tensional bands
improve spine alignment from the abdominal zone to the
cephalic position, including dorsal and cervical areas (see Figure
1). People, who do not usually remain consistent in their
exercises, improved their posture and maintained abetter posture
during and after wearing the postural garment.

Given the high prevalence of cervica pain in hedth
professionals previously mentioned, we hypothesized that the
use of this garment can be useful for this pathol ogy.
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Figure 1. Posture Plus Force garment.

Hypothesis

The postural garment will improve cervical pain by enhancing
posture.

Methods

Inclusion and exclusion criteria for our study include the
following.

Inclusion Criteria

»  Nurses and health allied professionals with cervical pain
>3 on the visual analogue scale (VAS)

»  Women 21 to 55 years of age

»  Voluntarily signed informed consent

«  Abletowear the garment and perform exercises, and attend
follow-up assessments

Exclusion Criteria

»  Pregnancy

» Malignancy or other severe disease

+ Cervica pan with significant extremity symptoms or
neurological dysfunctions (cervical radiculopathy and
cervical spondylotic myelopathy)

»  Unableto perform exercises

»  Unwilling to do follow-up assessments

»  Psychiatric disorders

Participantswill beallocated at random to receive interventions
in two groups based on a randomization plan.

One group will wear the postura garment (P+ group). The
postural garment (Posture Plus Force) isprovided to participants.

https://www.researchprotocol s.org/2020/4/e14807
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It hasto beworn for 2 to 4 hours per day for 90 days. See Figure
1

Theexercise group (Ex group) will do 5 physiotherapy sessions
(20 minutes each) to learn stretching and strengthening exercises
for the cervical and dorsal areas, with instructions to continue
at home on a daily basis for 90 days. The precise explanation
of exercisesisshownin MultimediaAppendix 1. Home exercise
maintains range of motion and helps patients become active
participantsin their care.

After a3-month washout period to reverse any change that may
have occurred with the first intervention, the participants will
crossover the intervention for another 3-month period.

Collected Variables

The following factors will be assessed for al participants: age,
weight, height, BMI, work experience, part-time employment,
education, managerial position, pharmacological treatment,
global perceived effect of treatment, trestment compliance, and
garment comfort.

Thelevel of physical activity isevaluated with the International
Physical Activity Questionnaire (IPAQ).

Education will be divided into registered nurse, nonregistered
nurse, and allied health professional. Managerial positionswill
include ward managers and group managers. Pharmacol ogical
treatment and sick leave will be recorded when necessary. Other
variables will include main and secondary outcome measures.

Outcome M easures
The primary outcomes will be postural control and pain
intensity.
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Posture can be eval uated with pictures on the sagittal and frontal
plane. Objective measurements of static posturography will be
performed with a scan (SpinalMouse; Idiag AG, Fehraltorf,
Switzerland). SpinalMouse is a device that, when combined
with aPC program, assessesthe curvatures of the spine without
applying radiation. The device is guided manually on the skin
along the spinous process apophysis from C7 to S3. The
measuring head follows the contour in the sagittal plane and
records clinically relevant data. A software program using a
highly sophisticated algorithm usesthisinformation to calculate
the clinical parameters. The data obtained have been proven
reliable and accurate [10,11] in different population groups
[12-14]. The standardization and validated protocol do not
include the cervical region, but dorsal kyphosis and lumbar
lordosis angles influence the cervical position.

To blind the assessment of posture, the investigator that
performs the SpinalMouse scan will not be aware of the
participants’ current intervention at each follow-up.

All other outcomes will be recorded by the other investigators.

Pain will be measured by the VAS. The VASis apsychometric
measuring instrument designed to document cervical pain
severity in individual participants. It achieves a rapid
(statistically measurable and reproducible) classification of
symptom severity. A 100 mm horizontal line with verbal
descriptors will be used to grade the amount of pain that a
patient feels from no pain (Ieft 0 mm) to an extreme amount of
pain (right 200 mm).

Secondary outcomeswill include cervical pain-related disability,
catastrophizing, the global perceived effect of treatment, and
the evaluation of garment comfort for the P+ group. Days out
of work will be recorded in cases of sick |leave.

Cervical pain-related disability will be assessed with the
validated Spanish version of the Neck Disability Index
(Multimedia Appendix 2). The scale includes 10 questions on
different aspects of disability dueto cervical pain [15].

Psychosocial factors are significant in predicting the duration
and severity of symptoms. A significant relation between
catastrophizing and pain-related outcomes has been observed
in numerous pain samples [16]. Sullivan et a [17] defined
catastrophizing as* an exaggerated negative mental set brought
to bear during actual or anticipated painful experience’.
Individual swho score high on measures of pain catastrophizing
report more intense pain. To assess this dimension related to
pain, we will use the Pain Catastrophizing Scale (PCS)
(Multimedia Appendix 3). The PCSiscurrently one of the most
widely used measures of catastrophic thinking related to pain.
It is a 13-item instrument that yields a total score and three
subscale scores assessing rumination, magnification, and
hel plessness.

Assessment of the global perceived effect of treatment will be
performed with a VAS (Multimedia Appendix 4). Garment
comfort will be evaluated with a 5-point Likert scale question,
an open question, and free comments (Multimedia Appendix
5).

https://www.researchprotocol s.org/2020/4/€14807
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Physical activity will be assessed with a self-reported physical
activity questionnaire, the Spanish version of the IPAQ short
form [18,19].

The assessment of primary and secondary outcomes will be
performed at T1, T30, T60, and T90. The same measurements
will be recorded after the washout period during the crossover
period treatment (TOb, T30b, T60b, T90b). As previously
mentioned, the same investigators will follow up with
participants except for the Spinal Mouse measurement, which
will be performed by a blind collaborator.

All patients will be provided with a logbook for compliance
recording, over the counter drug use, pain evaluation, and sick
leave.

Statistical Analysis

Statistical analyseswill be conducted following intention-to-treat
principles, and the treatment effects will be calculated using
linear mixed models. Sample size is determined with a 2 point
expected difference in the VAS for pain and a sample standard
deviation of 2.5.

Results

The study design has been approved by the Ethics Commission
of Hospital N Srade Meritxell, Andorrain March 2017. A total
of 32 participants are already enrolled in the study. An extension
of the study is planned in a Spanish university hospital to obtain
a larger sample. Study results are expected to be published
during 2020.

Discussion

Cervical Pain and Posture

The main component of cervical pain management is exercise.
A correct posture is maintained with core muscle contractions.
The Posture Plus Force postural garment may enhance posture
by muscle activation. Both exercise and postural improvement
are expected to improve cervical pain.

Potential Risks
No significant risks can emerge from this protocol study.

All patients will be assessed before being included and during
the follow-up by a physica medicine and rehabilitation
physician. Exerciseswill betaught by acertified physiotherapist.

Regarding the suitability of interventions, it has been stated that
usua physiotherapy may be only marginally better than brief
physiotherapy intervention (1-3 sessions) for neck pain [20].
According to our clinica practice, any patient will be free to
schedule an earlier appointment if warranted during the study
period.

Ethical | ssues

The study design has been approved by the Ethics Commission
of Hospital N Sra de Meritxell, Andorra. The standards of the
CONSORT (Consolidated Standards of Reporting Trials)
statement of 1996, as revised in 2010, will be followed.
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Prior to being enrolled in the study, al patientswill beinformed
about the study objectives, measurements and pictures to be
taken. All participants have to give their consent to being
photographed in advance. All the participants have to sign the
informed consent before enrollment.

Financial Disclosure
No funding is received by investigators or participants.

Medi (Bayreuth, Germany) provides the logbook and postural
garments for all participants.
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Abstract

Background: Point of care devices for performing targeted coagulation substitution in patients who are bleeding have become
increasingly important in recent years. New on the market isthe Quantra. It isadevicethat uses sonorheometry, a sonic estimation
of elasticity via resonance, which is a novel ultrasound-based technology that measures viscoel astic properties of whole blood.
Several studies have aready shown the comparability of the Quantrawith devices already established on the market, such asthe
rotational thromboel astometry (ROTEM) device.

Objective: In contrast to existing studies, this study is the first prospective interventional study using this new system in a
cardiac surgical patient cohort. We will investigate the noninferiority between an already existing coagulation algorithm based
on the ROTEM/Multiplate system and a new algorithm based on the Quantra system for the treatment of coagulopathic cardiac
surgical patients.

Methods: The study is divided into two phases. In an initial observation phase, whole blood samples of 20 patients obtained at
three defined time points (prior to surgery, after completion of cardiopulmonary bypass, and on arrival in the intensive care unit)
will be analyzed using both the ROTEM/M uultiplate and Quantra systems. The obtained threshold values will be used to develop
anovel algorithm for hemotherapy. In a second intervention phase, the new algorithm will be tested for noninferiority against an
algorithm used routinely for yearsin our department.

Results: The main objective of the examination is the cumulative loss of blood within 24 hours after surgery. Statistical
calculations based on the literature and in-house data suggest that the new algorithm isnot inferior if the differencein cumulative
blood lossis <150 mL/24 hours.

Conclusions: Because of the comparability of the Quantra sonorheometry system with the ROTEM measurement methods, the
existing hemotherapy treatment algorithm can be adapted to the Quantra device with proof of noninferiority.

Trial Registration: Clinical Trials.gov NCT03902275; https://clinicaltrials.gov/ct2/show/NCT03902275
International Registered Report Identifier (IRRID): DERR1-10.2196/17206

(JMIR Res Protoc 2020;9(4):€17206) doi:10.2196/17206

KEYWORDS
Quantra; cardiothoracic surgery; bypass; coagulopathy; point of care; algorithm; rotational thromboel astometry; Multiplate
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Introduction

Background

A targeted coagulation therapy during intra- and postoperative
care for cardiac surgical patients needs an accurate knowledge
of their hemostatic conditions. For the purpose of coagulation
diagnosis, many institutions take blood samples and send them
to the central clinical chemist. After analysis and validation,
results are transmitted electronically, which might prolong the
time required to derive therapeutic interventions.

In recent years, point-of-care testing (POCT) devices for the
diagnosis of patients who are coagulopathic have become
increasingly important. In a neurosurgical trial, Beynon et a
[1] showed that the use of POCT markedly reduced the time to
receive clotting parameter resultsin comparison to conventional
laboratory analyses. Moreover, the quality of the results (eg,
the international normalized ratio and conventional |aboratory
results) in POCT also showed a high correlation in values[2].

POCT devices have been routinely used for guiding intra- and
postoperative targeted coagul ation therapy for yearsin our clinic.
The devices in use include the rotational thromboel astometry
(ROTEM) delta and Multiplate. For the purpose of analysis, a
whole blood sample is pipetted and mixed with test reagents.
Depending on the selected reagents, different steps of the
coagulation cascade can be evaluated, and, according to each
parameter result, an appropriate therapy can be derived.

A coagulation algorithm based on those measurements has been
developed in our clinic, and a modified version for cardiac
surgery has been used successfully for years in perioperative
coagulation management [ 3]. The algorithm requires additional
information on the platelet function, which is also carried out
asastandard practice on the bedside using the M ultiplate device.

The QuantraAnalyzer system from HemoSonics, anew system
for hemostasis analysis, has recently become available on the
market [4]. The Quantra system also allows the analysis of a
whole blood sample on the bedside. Moreover, dueto the fully
sealed cartridge system of the Quantra, pipetting of a whole
blood sample is no longer necessary and hence avoids the

http://www.researchprotocols.org/2020/4/e17206/
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time-consuming and potentially error-prone procedure. In
addition, the risk of infection for the examiner is smaller. An
evaluation of the platelet activity for the Quantradevice system
inacardiac surgical patient trial, [5] aswell asthe comparability
procedures with ROTEM measures has already been assessed
[5,6].

Objectives

In thisfirst interventional study, our main objective is to show
the noninferiority of a new Quantra-based hemotherapy
algorithm in comparison to an existing algorithm based on the
ROTEM delta and Multiplate used in our clinical routine. We
expect comparable results in the effects of stabilizing
coagulation after cardiosurgical interventions and postoperative
blood loss.

Methods

Materials

To guarantee effective coagulation management during
cardiosurgical interventions, we already use a coagulation
algorithm adapted to the results of point-of-care measurements
for coagulation and platel et function.

Inour clinicthe ROTEM deviceisused to analyze clotting time,
clot formation, clot stiffness, and the dissolution of the clot
(fibrinolysis). In addition to ROTEM, we use the Multiplate
system to obtain information about the platelet function and to
detect a possible presence of adenosine-diphosphate (ADP)
antagonists like Clopidogrel (ADPtest) or
cyclooxygenase-inhibitors (arachiconic acid test). Based onthe
results of the ROTEM and Multiplate system, we administer a
systematic coagulation therapy in accordance with an already
existing algorithm.

A new system, the Quantra Hemostasis Analyzer (Figure 1) is
based on sonic estimation of elasticity via resonance.
Sonorheometric technology uses high-frequency ultrasound for
analyzing changes in viscoelastic properties of whole blood
samples (Figure 2). For this purpose, a cartridge with four
channels, containing different reagentsin every channel, isused
(see Table 1).

JMIR Res Protoc 2020 | vol. 9 | iss. 4 |e17206 | p.66
(page number not for citation purposes)


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

JMIR RESEARCH PROTOCOLS Michel et &

Figure 1. Quantra Analyzer. CS: clot stiffness; CT: clot time; CTH: heparinase clot time; CTR: clot time ratio; FCS: fibrinogen contributions to clot
stiffness; PCS: platelet contributions to clot stiffness.

Figure 2. Principle of SEER Sonorheometry.
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Table 1. Design and assignment of theindividual channels of the measuring cartridge.

Cartridge channel Reagents Possible measurements
1 «  Kaolin (intrinsic coagulation) Clot time
2 « Kaolin Clot time with heparinase

«  Heparinase (heparin neutralization)

3 «  Thromboplastin (extrinsic coagulation, tissue factor activation) Clot stiffness
«  Polybrene (heparin neutralization)

4 «  Thromboplastin (tissue factor activation) Fibrinogen contribution
«  Polybrene (heparin neutralization)
«  Abciximab (platelet inhibition)

1-2 N/AR Clot timeratio

34 N/A Platelet contribution

3N/A: not applicable.

The user inserts a whole blood sample (collected in a2.7 ml  resonance generated by the displacement of a developing clot
sodium citrate tube) into the cartridge (QPlus cartridge, Figure  in the blood sample is recorded. A series of ultrasound pulses
3). The four tests run simultaneously and in a self-contained is necessary to estimate the sample's motion. The generated
system. An ultrasound pulse, whichistransmitted intotheblood  shear wave modulus (stiffness) of the blood is then measured
sample chamber, generates a shear wave as it clots. Thus, the at precise time points[7].

Figure 3. QPlus cartridge.
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The Quantra system has already been used for evaluation of
hemostatic function in critical care and operative settings, and
was compared with laboratory parameters and ROTEM [5,7].

Michel et a

Study Phases

The study is divided into two phases (see Figure 4). Recruiting
started in September 2019. It is planned to include 20 patients
in phase one and 144 patients in phase two. The estimated end
of the study is calculated to be December 2020.

Figure 4. Study flow chart. ICU: intensive care unit; ROTEM: rotational thromboelastometry; SLT: standard |aboratory test.

20 Patients
Pre-op SLT + ROTEM + Quantra + Multiplate
—i
@
@ After bypass SLT + ROTEM + Quantra+ Multiplate
=
= IcU SLT + ROTEM + Quantra + Multiplate
Thresholds evaluation and algorithm adaption
144 Patients
/ \ Randomization
o~ 72 ROTEM 72 Quantra
Q
o
o Pre-op SLT SLT
After bypass SLT + ROTEM + Multiplate SLT + Quantra + Multiplate
ICU SLT + ROTEM + Multiplate SLT + Quantra + Multiplate

Patient Population

Inclusion criteria will be patients 18 years of age or older
undergoing elective cardiac surgery on cardiopulmonary bypass.

Patients without written consent or missing data will be
excluded.

Observational Phase

In an initial phase, 20 patients undergoing elective cardiac
surgery will be examined at the following three time points,
using the ROTEM and Multiplate, as well as the Quantra.

1. Directly prior to surgery

2. After completion of the bypass and before reversal of
heparin with protamine

3. On arrival in the intensive care unit

http://www.researchprotocols.org/2020/4/e17206/

The data obtained will be used to evaluate results and threshold
valuesfor therapy. Those resultswill serve to review and adapt
the already existing algorithm used in our clinic. All therapeutic
decisions at this time will still be made based on the existing
coagul ation algorithm using the ROTEM and M ultiplate results.

Interventional Phase

After adapting the existing algorithm to the Quantra POCT
results, the second phase will follow to evaluate the use of the
new algorithm. For thispurpose, 144 patientswill be randomized
into two groups. Patients of the Quantra group (QG) will be
treated according to the new algorithm, while the comparison,
or standard group (SG), will be treated using the existing
algorithm. All relevant data will be entered in a case report
form. Table 2 gives an overview of the tests within the various
phases of the study compared with the measurements commonly
used in our clinic before, during, and after surgery.
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Table 2. Planned tests during the study compared to the previous standard in our clinic.

Phase Standard care Study procedures
Quantra group Standard group
Phase 1
Presurgery *  Standard laboratory test® «  Standard laboratory test «  Standard laboratory test
*  Quantra/ROTEM bMulti plate o QuantrayROTEM/Multiplate
During surgery « ROTEM/Multiplate only whenby- «  Standard laboratory test «  Standard laboratory test
pass >120 min e QuantradROTEM/Multiplate o QuantradROTEM/Multiplate
Postsurgery «  Standard laboratory test o  Standard laboratory test o  Standard laboratory test
. ROTEM/Multiplate only if persiss «  Quantrad ROTEM/Multiplate o Quantra/ROTEM/Multiplate
tent bleeding
Phase 2
Presurgery «  Standard laboratory test «  Standard laboratory test o  Standard laboratory test
During surgery « ROTEM/Multiplate only whenby- «  Standard laboratory test «  Standard laboratory test
pass >120 min e Quantra/Multiplate « ROTEM/Multiplate
Postsurgery »  Standard laboratory test «  Standard laboratory test «  Standard laboratory test
« ROTEM/Multiplateonlyincaseof «  Quantra/Multiplate « ROTEM/Multiplate

persistent bleeding

8Standard |aboratory testsinclude hemoglobin, thrombocytes, international normalized ratio, Quick test, activated partial thromboplastin time, antithrombine

111, fibrinogen, creatinine, and electrolytes.
PROTEM: rotational thromboelastometry.

Statistical Analysis

Asthisisapilot study, sample size was cal cul ated based on the
existing literature and our own clinical data. Our own data
suggest that moderate blood loss of 650 mL is expected within
24 hours after surgery.

Sample Size Consideration

To determine the required number of casesfor astatistical power
of 80%, it was assumed that the blood lossin both groupswould
be normally distributed. In-house data showsthat blood lossis,
for obvious reasons, not normally distributed, and a difference
of 150 mL correspondsto a Mann-Whitney estimator of 0.363.
Therefore, the one-sided noninferiority test requires a total of
140 evaluable patients (70 in each group) to obtain a statistical
power of 80%. To compensate for 2 patients per group being
lost to follow-up each groups’ target size is 72 patients. This
resultsin atotal population of 144 patients.

Primary Outcome Analysis

A one-sided significance level of apha 2.5% will be used in
proving the noninferiority of the QG compared to the SG. The

http://www.researchprotocols.org/2020/4/e17206/

noninferiority limit has been set to 150 mL. For testing, a
nonparametric Wilcoxon-Mann-Whitney U test will be used
for one-sided tests of superiority. In the initial Quantra group
150 mL will be subtracted from the primary target test, as this
corresponds to anonparametric variant of ausual noninferiority
test with the Wilcoxon-Mann-Whitney U test.

Conversions

Quantra clot stiffness values are expressed in hectopascals,
whereas corresponding ROTEM values are expressed as an
amplitude (A) in mm. The relationship between A in mm and
shear modulus (G) in pascals is not linear. For a proper
comparison, the ROTEM A (mm) needs to be converted to
pascals by using the following formula: G (pascals) = (500 x
A) /(100 —A), as described by Solomon C et a [8].

Results

The main and secondary outcomes are shown in Textbox 1.

The primary outcome will be the cumulative blood loss after
cardiac surgery (coronary bypass, valve, and aortic operations)
within 24 hours.
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Textbox 1. Main and Secondary Outcomes.
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Primary outcome

o  Cumulative blood loss after cardiac surgery (24 hours)

Secondary outcomes

fibrinogen)

«  Platelet function with Multiplate-Analysis

o Thromboembolic events

«  Comorbidities

o  Typeof surgery procedure
«  Demographic data

«  Correlation between laboratory and point-of-care testing results (Quick test, international normalized ratio, activated partial thromboplastin time,

«  Time until results are obtained (ie, time until therapy can be established)
« Useof blood products (packed red blood cells, fresh frozen plasma, platelets)

«  Useof procoagulants (fibrinogen, desmopressin, tranexamic acid, prothrombin complex concentrate, recombinant enabled factor V1la, calcium)

We expect to receive comparable results regarding the named
main and secondary outcomes, both in the SG aswell asin the
QG. According to this assumption, we want to show the
noninferiority of a Quantra-based hemotherapy algorithm
compared to the ROTEM and Multiplate system.

This study is approved by the local ethica committee (ID:
42/19) and was started in September 2019. Results will be
published soon after completion.

Discussion

Thisisthefirst prospectiveinterventional study comparing the
Quantra system with the ROTEM and Multiplate system
regarding blood lossin 24 hours after implementing an adapted
coagulation algorithm for cardiac surgical patients. Huffmeyer
et a [5] showed a significant correlation between the Quantra
system and the ROTEM and Multiplate system with respect to
clot stiffness and fibrinogen contribution [5].
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Abstract

Background: Systemic sclerosis (SSc), or scleroderma, is arare disease that often resultsin significant disruptions to activities
of daily living and can negatively affect physical and psychological well-being. Because there is no known cure, SSc treatment
focuses on reducing symptoms and disability and improving health-related quality of life (HRQoL ). Self-management programs
areknownto increase self-efficacy for disease management in many chronic diseases. The Scleroderma Patient-centered I ntervention
Network (SPIN) devel oped aWeb-based self-management program (SPIN self-management; SPIN-SELF) to increase self-efficacy
for disease management and to improve HRQoL for patients with SSc.

Objective: The proposed study aims to assess the feasibility of conducting a full-scale randomized controlled trial (RCT) of
the SPIN-SEL F program by evaluating thetrial implementation processes, required resources and management, scientific aspects,
and participant acceptability and usage of the SPIN-SELF program.

Methods: The SPIN-SELF feasibility trial will be conducted via the SPIN Cohort. The SPIN Cohort was developed as a
framework for embedded pragmatic trials using the cohort multiple RCT design. In total, 40 English-speaking SPIN Cohort
participants with low disease management self-efficacy (Self-Efficacy for Managing Chronic Disease Scale score <7), who have
indicated interest in using a Web-based self-management program, will be randomized with a 3:2 ratio into the SPIN-SELF
program or usual care for 3 months. Feasibility outcomes include trial implementation processes, required resources and
management, scientific aspects, and patient acceptability and usage of the SPIN-SELF program.

Results: Enrollment of the 40 participants occurred between July 5, 2019, and July 27, 2019. By November 25, 2019, data
collection of trial outcomes was completed. Data analysis is underway, and results are expected to be published in 2020.

Conclusions: The SPIN-SELF program is a self-help tool that may improve disease-management self-efficacy and improve
HRQoL in patientswith SSc. The SPIN-SEL Ffeasibility trial will ensurethat trial methodology isrobust, feasible, and consistent
withtrial participant expectations. The resultswill guide adjustments that need to be implemented before undertaking afull-scale

RCT of the SPIN-SELF program.
International Registered Report Identifier (IRRID):

(JMIR Res Protoc 2020;9(4):€16799) doi:10.2196/16799

DERR1-10.2196/16799

KEYWORDS

feasibility studies; scleroderma, systemic; self-management; trial protocols

Introduction

Background

Rare diseases are chronic, disabling, and often life-threatening
medical conditions. Individually, rare diseases affect fewer than
1 in 2000 people, but altogether, more than 1 in 15 people
(6%-8%) have arare disease [1,2]. The burden and impact on
health-related quality of life (HRQoL) of most rare diseasesare
high, and in most cases, there is no therapy that cures or
modifies the disease itself [3,4]. Psychological, educational,
and rehabilitation interventions could contribute to improving
function and aleviating distress for patients, and international
rare disease plans have emphasi zed the need for effective disease
management tools to complement basic medical care[5,6].

Self-management programs are widely disseminated and are
known to increase patient self-efficacy for disease management
and HRQoL in many common chronic diseases [7,8]. In rare
diseases, patients must address unique challenges that are not
part of generic self-management programs [9]. It is difficult,
however, to develop, test, and disseminate self-management

http://www.researchprotocols.org/2020/4/e16799/

programsthat meet the needs of patients with rare disease[10].
Onereason isthat the small number of patients makesit difficult
to conduct robust clinical trials and effectively disseminate
patient tools [10].

Systemic sclerosis (SSc, or scleroderma) is arare autoimmune
disease that affects the skin and interna organs, including the
lungs, gastrointestinal tract, and cardiovascular system [11,12].
SScisnotable for the range of problems faced by peopleliving
with the disease, including limitationsin physical mobility and
hand function, pain, fatigue, sleep disturbance, depression,
sexua dysfunction, and body image distress from disfiguring
changesin appearance[10,13-16]. Self-management iscomplex
in SSc and must address awide range of concerns, such asskin
care, gastrointestina symptoms, and disfiguring changes in
appearance, which are typically not part of generic
self-management programs or self-management programs for
more common rheumatic diseases [17,18].

One randomized controlled tria (RCT) comparing the
effectiveness of an internet self-management program with an
educational book was published recently, and two pre-post
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intervention studies of SSc self-management programs have
been conducted [19-21]. Of the two pre-post studies, one
described a mail-delivered program provided to 49 patients,
and the other was a pilot study of an internet-based
self-management program with 16 patients [19,20]. The small
sample sizes and lack of control groups, however, did not allow
conclusions to be drawn about effectiveness. Furthermore, the
small number of patients involved in these studies underline
the difficulty of conducting adequately powered research in a
rare disease context. The published RCT compared the effects
on self-efficacy of the same internet self-management program
as described in the pilot study [20] with those of an educational
book in a sample of patients with SSc from the United States
(n=267). There were no statistically significant differences
between the two groups, but patients were enthusiastic about
the Wed-based program and its content [21]. Thus, robust
evidence on the effectiveness and availability of accessible
self-management tools for patients with SSc remains limited.

The Scleroderma Patient-centered Intervention Network (SPIN)
[22], a collaboration of SSc research centers, clinicians, and
patient organizations from Canada, the United States of
America, Europe, Mexico, and Australia, was created to address
this problem [10]. SPIN has assembled a large multinational
patient cohort to collect longitudinal data on patient-reported
outcomes in SSc and as a framework for embedding RCTs of
electronic health interventions on an ongoing basis. To date,
more than 2000 patients with SSc from 47 centers have been
enrolled in SPIN’s Web-based cohort (currently approximately
1800 active participants).

SPIN’s Patient Advisory Board has prioritized the need for an
SSc-specific disease management program. As such, the SPIN
self-management (SPIN-SELF) program was designed by SPIN
investigators based on successful self-management programs
for more common diseases, informed by data on SSc-specific
patient concerns and coping challenges, patient input obtained
through a series of focus groups [9], and direct input from
patients. The program includes multiple modules that focus on
self-efficacy enhancing strategies and provide the knowledge,
skills, and confidence essential to managing the physical,
emotional, and social consequences of SSc. The SPIN-SELF
program utilizes social modeling through educational videos of
patients with SSc who describe their own challenges and what
they have done to cope with living with SSc, as well as videos
of patients and health professionas who teach key
self-management techniques [23].

Objective

Wewill conduct afull-scale RCT to assess the effectiveness of
SPIN-SELF on improving self-efficacy and HRQoL. Before
this, a feasibility trial of SPIN-SELF is being conducted to
ensure the feasibility of the planned trial methodology and that
the Web-based intervention is user-friendly and acceptable to
trial participants[24-27]. The outcomes of thisstudy will inform
and guide adjustments to the Web-based SPIN-SELF program
and thetrial proceduresthat may need to beimplemented before
undertaking the full-scale RCT of SPIN-SELF.

http://www.researchprotocols.org/2020/4/e16799/
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Methods

Design and Setting

The SPIN-SELF feasibility trial is a paralel, two-arm,
multicenter RCT that will be conducted via the SPIN Cohort
(Clinical Trials.gov number NCT03914781). The SPIN-SELF
feasibility study is not meant for hypothesis testing or effect
size estimation, as the sample size is not appropriate to do so,
and testing hypotheses about effectivenessis discouraged in the
context of feasibility trials [24-27].

The Scleroder ma Patient-Centered | ntervention Network
Cohort Participants

The SPIN Cohort was devel oped as aframework for embedded
pragmatic trials using the cohort multiple RCT (cmRCT) design.
InthecmRCT design [28], participantsenroll in an observational
cohort with regular outcome measurement. Participants consent
to (1) alow their data to be used for observational studies; (2)
alow their datato be used to assessinterventiontrial eligibility
and, if eligible, be randomized; (3) if eligible and randomized
to the intervention arm of thetrial, to be contacted and offered
access to the intervention, and if eligible and randomized to
usua care, to not notify them that they are involved in thetrial
usual care group and to usetheir regularly collected cohort data
to evaluate trial outcomes. Trial eligibility can be assessed
during regular SPIN Cohort assessments, which occur every 3
months, and trial outcomes can be obtained at the subsequent
SPIN Cohort assessment 3 months later.

To be eligible for the SPIN Cohort, patients must be classified
as having SSc based on 2013 American College of
Rheumatol ogy/European L eague Against Rheumatism criteria
[29] confirmed by a SPIN physician; be >18 years old; be able
to give informed consent; be fluent in English, French, or
Spanish; and be able to respond to questionnaires via the
internet. The SPIN Cohort is a convenience sample. Eligible
SPIN Cohort patients are recruited at SPIN sites [22] during
regular medical visits, and written informed consent is obtained.
A medical data form is submitted on the Web by the site to
enroll participants.

Scleroderma Patient-Centered | ntervention Networ k-Self
Feasibility Participants

For the SPIN-SEL F feasibility trial, 40 English-speaking SPIN
Cohort participants will be randomized with a 3:2 ratio to be
offered to use the SPIN-SELF program or usua care for 3
months. Cohort participants will be eligible for the feasibility
trial if they complete their SPIN Cohort measures in English,
have low disease management self-efficacy (Self-Efficacy for
Managing Chronic Disease Scale score[SEMCD]<7[30]), and
have indicated high interest in using a Web-based
self-management intervention (=6 on 0-10 scale). Assessments
of disease management self-efficacy and interest will occur as
part of participants’ regular SPIN Cohort assessments.

Procedure: Randomization, Allocation Concealment,
Consent, and Blinding

Randomization to be offered vs not offered to the SPIN-SELF
intervention will occur at the time of cohort participants’ regular
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SPIN Cohort assessments. Eligible cohort participants, based
on questionnaire responses, will be randomized automatically
as they complete their regular SPIN Cohort assessments using
a feature in the SPIN Cohort platform, which provides
immediate centralized randomization and thus complete
allocation sequence concealment. Participants randomized to
be offered the intervention will receive an automated email
invitation including alink to the SPIN-SELF program site and
the SPIN-SEL F feasibility study consent form. At initial log-in,
they will be prompted to provide written consent to participate
in the SPIN-SELF feasibility trial by verifying agreement with
consent elements and providing their email address as the
signature. Participants who consent will be automatically
redirected to the introduction page of the SPIN-SELF program.
Patientswho log out before agreeing to the terms of the consent
form will return to the consent page upon subsequent log-ins.
Participantswho accept the offer to use the SPIN-SELF program

Carrier et d

can use the weblink to enter the secure intervention site. SPIN
personnel will also contact participants by phone, usually within
48 hours of sending the invitation email, to describe the study,
review the consent form, and answer questions. Within thefirst
10 days, after the SPIN-SELF invitation email is sent, SPIN
personnel will attempt to contact participants, up to amaximum
of five times, to offer them more information about the study,
to answer any questions they may have, and to help them
consent or log in to the program. If a participant is still
unreachable, asixth and last attempt will be conducted by SPIN
personnel to complete the call protocol at approximately 20
days postinvite. Email and phone technical support will be
available to help participants with the consent process and to
access and use the intervention site. See Figure 1 for SPIN
Cohort participants flow through the SPIN-SELF feasibility
trial.

Figure 1. Scleroderma Patient-centered Intervention Network Cohort and feasibility trial flow diagram.
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In pragmatic trials, participants are typicaly not blinded to
intervention status, and possible biases are accepted as part of
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the response to being offered an intervention, as may occur in

practice [31,32]. Disappointment bias, however, can occur in
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conventional trial designs when a participant enrollsin a trial
to receive an intervention but is allocated to usual care [28,31].
For thisreason, inthe cmRCT design [28], participantswho are
not offered an intervention are not notified that they have not
been offered the intervention. This replicates actual practice,
where patients are not typically advised about treatments that
are not options, and reduces the risk of disappointment bias
[28,31,32]. All participants in the SPIN Cohort are aware that
SPIN will conduct intervention trials and are routinely asked
about potential interest in nine possible interventions as part of
their regular cohort assessments but are not informed that any
particular intervention may be available unlessthey are offered
to try the intervention. Thus, participants who are offered the
intervention are not blind to their status, whereas participants
assigned to usual careareblind to their participationinthetrial.

I ntervention and Compar ator

The SPIN-SELF program was designed based on key tenets of
behavior change that have been incorporated in successful
self-management programs for chronic diseases[17,23,33,34],
as well as input from focus groups of patients with SSc and
SPIN’s Patient Advisory Board. Most self-management

Carrier et d

programs follow a similar format. They include multiple
modules that focus on self-efficacy enhancing strategies and
provide the knowledge, skills, and confidence essential for
managing the physical, emotional, and social consequences of
a disease. Patients are not given direct solutions to problems,
but rather are taught problem-solving and management skills.
Each module includes an educational component, teaching of
sKills, and agoal-setting component [17,33,34]. The SPIN-SELF
program utilizes social modeling through educational videos of
patients with SSc who describe their own challenges and what
they have done to cope with living with SSc, as well as videos
of patients and health professionas who teach key
self-management techniques [23].

After an introduction to self-management by a physician with
expertisein the treatment of SSc (Figure 2), apatient shares her
experience with learning how to become an efficient
self-manager (Figure 3). Instructions on how to navigate the
program are provided in a website tour video. Participants are
then directed to a nine-item quiz that provides guidance to
modules that are most relevant to a patient’s symptoms and
disease management challenges (Figure 4).

Figure 2. Scleroderma Patient-centered I ntervention Network health care provider discussing SPIN-self-management Program.
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Figure 3. Patient discussing her experience with self-management.
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Figure 4. Nine-item quiz provides guidance to modules that are most relevant to a patients' symptoms and disease management challenges.

Take the Quiz!

gN) @ INTRODUCTION EE MY MODULES @ MY GOALS K MORE INFO = MY WORKSHEETS R MY BOOKMARKS o

After taking the quiz, you will receive module recommendations.

Navigation

On ascale from 0 to 9, over the last two weeks, how much were you bothered by:

= 1. Bodily pain v
- [ |
: 2ltch 0 ~

N [ —

3. Difficulty falling asleep or waking up during the night

Not at Al HE—

4. Tiredness, feeling fatigued

NotatAn [ E—
5. Intestinal problems ~
Not At Al [ —

6. Problems with your skin, such as tightness or ulcers? v

Not At Al (THE—

C eee——
Cee—
V_ Severely
v B ] Seve rely
Cee—
Cee——

With your answers provided above, we will recommend self-improvement modules on your Dashboard.

The program’s nine modules focus on (1) coping with pain; (2)
skincare, finger ulcers and Raynaud's; (3) sleep problems; (4)
fatigue; (5) gastrointestinal symptoms; (6) itch; (7) managing
emotions and stress; (8) coping with body image concerns due
to disfigurement; and (9) effective communication with health
careproviders. Onthe basis of the quiz score, the three modules
that are most relevant for the patient will appear on top. Patients
may access any modules, including the three identified as most
relevant and all other modules; the other modules are shown
undernesth the three most relevant ones. Access to the nine
modules in the program is unrestricted for the duration of the
trial (Figure5).

In addition to core modules, the SPIN-SELF program includes
toolsto support key components of successful self-management
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programs, including goal-setting strategies, goal forms, and
worksheets to learn how to integrate newly learned skills and
techniques into a daily routine [35] (Figure 6). For each goal
that patients set, it ispossible to input weekly progress, to share
goals and progress with friends and family, and receive email
reminders (Figure 7). Under the More Info section, general
information on SSc can be found, in addition to patient stories
of experiences with tips to improve self-management (Figure
8).

The program utilizes an engaging and easy-to-navigate Web
interface. Favourite pages can be bookmarked for easy access,
and text can be enlarged on every page. Scripts are available
for each video.
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Figure5. Menu of Scleroderma Patient-centered Intervention Network self-management modules.
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Figure 6. Toolsto support key components of successful self-management programs, including goal -setting strategies, goal forms, and worksheets to
learn how to integrate newly learned skills and techniques into adaily routine.
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Figure 8. Patient stories page.
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Outcomes and M easur ement

The primary aim of the SPIN-SELF feasibility trial isto collect
data related to the study’s process to assess the feasibility of
the steps that need to take place as part of the full-scale RCT;
required resources and management (eg, personnel and data
management issues); and scientific aspects (outcome
assessments). Data will be used to determine whether it is
feasible to conduct the main study or whether changes need to
be made before conducting afull-scale RCT of the SPIN-SELF
program. The feasibility trial outcomes related to the process
and resources will be assessed throughout the feasibility trial,
and patient feedback will be obtained a 3 months
postrandomization.

Process and Resources

Information to be collected includes (1) the proportion of SPIN
Cohort participants who meet eligibility criteria, (2) proper

http://www.researchprotocols.org/2020/4/e16799/

RenderX

functioning of automated eligibility and randomization
procedures, (3) the proportion of €ligible participants
randomized to be offered the SPIN-SELF intervention who
accept the offer and consent to participate, (4) compl eteness of
Web-based data collection for each trial arm at 3-month
follow-up, (5) completeness of the intervention usage log data,
(6) ability to successfully link data coming from the SPIN
Cohort and SPIN-SELF platforms, (7) rate of completion of
trial outcome variables; (8) personnel requirements to call
enrolled participants and help them to consent and use the
SPIN-SEL F program, (9) other challengesfor study personnel,
and (10) technological performance of the Web-based
SPIN-SELF program.

Participant Use and Acceptability of Scleroderma
Patient-Centered I ntervention Network-Self Program

Usage of the SPIN-SEL F program modul es among participants
intheintervention arm will be examined viaintervention usage
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data. Thesedatawill provide detailed information on the number
of log-ins, the number of modules accessed, goals set, as well
as time spent on each webpage. In addition, at 3 months
postrandomization, qualitative interviews will be conducted
with participants in the intervention arm to assess user
acceptability and satisfaction. The semistructured interview will
be guided by items of the Patient Education Materials
Assessment Tool for audiovisual materials[36] and will address
topics related to usability, understandability, organization, and
clarity. Participant feedback from these interviews will inform
any changes necessary to improve the SPIN-SELF program
before conducting afull-scale RCT. See Multimedia Appendix
1

Full-Scale Trial Measures

The objective of the SPIN-SELF full-scale RCT isto evaluate
the effect of being offered access to SPIN's Web-based
self-management program, in addition to usual care, on disease
management self-efficacy and functional health outcomes for
patients with SSc with low disease management self-efficacy,
compared with usual care alone. In this feasibility study and
thefull-scale RCT, outcome measuresthat are routinely assessed
as part of the SPIN Cohort assessments every 3 monthswill be
evaluated. For the present feasibility study, we will assess
variability in outcome measures and completion rates of
outcome variables.

The primary outcome for the full-scale SPIN-SELF trial is
disease management self-efficacy, which will be evaluated using
the SEMCD [30]. The 6-item SEMCD scae measures
confidence in the ability to manage fatigue, pain, emotional
distress, and other symptoms, to do things to reduce illness
impact other than taking medication and to carry out tasks and
activities that may reduce the need to see a doctor. Items are
rated on a1 (not confident at all) to 10 (totally confident) scale.
Thetotal scoreisthe mean of all items[30]. The SEMCD has
been validated for measuring self-efficacy in patients with SSc
through the SPIN Cohort [37]. Mean SEMCD scores of current
SPIN Cohort patients who meet SPIN-SELF eligibility criteria
is5.1, whichissimilar to baseline scoresin previous successful
trials of self-management programsin other diseases[30].

Patient-reported health status will be measured using the
29-item Patient-Reported Outcomes Measurement Information
System (PROMS-29) profileversion 2.0 scale. The PROMI1S-29
measures eight domains of health status with 4 items for each
of seven domains (physical function, anxiety, depression,
fatigue, sleep disturbance, social roles and activities, pain
interference) plus a single item for pain intensity. Items are
scored on a 5-point scale (range 1-5), with different response
optionsfor different domains, and the single painintensity item
ismeasured on an 11-point rating scale. Higher scores represent
more of the domain being measured, that is, better physical
function and ability to participate in social roles and activities,
but higher levels of anxiety, depression, fatigue, sleep
disturbance, pain interference, and pain intensity. Total raw
scores are obtained by summing item scores for each domain,
which are converted into T-scores standardized from the general
US population (mean 50, SD 10). The PROMIS-29 version 2.0
has been validated in SSc[38,39]

http://www.researchprotocols.org/2020/4/e16799/
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Sample Size

Guidance on the appropriate sample size for feasibility trials
varies substantially in the published literature, with
rules-of-thumb varying from 12 to 30 or more per tria arm
[40,41]. To ensure that we collect sufficient quantitative and
gualitative outcome data to meet our feasibility objectives and
guide the next study phase, we will include atotal of 40 SPIN
Cohort participants in this feasibility trial. We will randomize
using a 3:2 ratio to get a sufficiently large number of patients
in the intervention arm. In aprevious feasibility trial of a SPIN
hand exercises intervention, the rate of acceptance of the offer
was approximately 60% [42].

Data Collection, Storage and Sharing

Outcome measures are completed through the participants
regular SPIN Cohort assessments. The SPIN Cohort uses a
secure electronic data management platform designed and
managed by the Information Management Services of the Centre
for Clinical Epidemiology, Jewish General Hospital, Montreal.
Separate from the SPIN Cohort portal, an encrypted database
has been created for the SPIN-SELF program, which includes
an identification number for intervention participantsto link to
SPIN Cohort data and their usage log information.

Data Analysis

The primary dataanalysiswill present adescription of feasibility
outcomes, including participants’ digibility and recruitment
and numbers and percentages of participants who respond to
follow-up measures. Use of the internet intervention will be
described by presenting the frequency of log-ins and the time
spent on the SPIN-SELF program. Analysis of outcome
measureswill include the compl eteness of dataand the presence
of floor or ceiling effects. Descriptive statistics will be used to
provide means and SDs for the measures. Quadlitative
information on participants’ experience using the SPIN-SELF
intervention will be used to interpret acceptability related to the
content, webpage visuals, and navigation and make any
necessary changes to the intervention. Information related to
the required resources and management of the program during
feasibility will inform any necessary changesto intervention or
trial procedures.

Data Monitoring

The feasibility trial will be overseen by the SPIN Steering
Committee, along with the trial investigators. The Steering
Committee will provide scientific direction for the feasibility
of the RCT. Routine monitoring of data quality will be handled
by the SPIN director, in conjunction with trial investigators.
The Steering Committee will be updated on progress during
and after thetrial.

Adver se Events

The risk of adverse events occurring as a consequence of the
SPIN-SELF programisvery low. The only risks of participation
in the SPIN-SELF feasibility study may be the possible unease
or discomfort that some may experienceresulting from viewing
videos of others living with SSc, from answering questions
about their SSc, or from reading the content about SSc in the
program. Nonetheless, adverse events will be assessed via
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interviews and open-ended questions. Any events reported will
be discussed with clinical members of the team, and referrals
tolocal SPIN physicianswill be made as necessary. Any serious
adverse events that occur will also be reported to the ethics

Carrier et d

Results

Enrollment of the target number of 40 participants occurred
between July 5, 2019, and July 27, 2019. By November 25,

committee.

Ethicsand Trial Registration

Ethics approval for the SPIN-SELF feasibility trial has been
obtained from the research ethics committee of the Jewish
Genera Hospital, Montreal, Canada. The SPIN-SEL F feasibility
study was registered before participant enrollment
(NCT03914781) and will be reported in accordance with
standards arti culated in the Consolidated Standards of Reporting
Trials (CONSORT) extensions for randomized pilot and
feasibility trials [27] and the draft CONSORT extension for
trials using cohorts and routinely collected health data, which
is forthcoming [43].

2019, data collection of trial outcomes was completed. Data
analysis is underway, and results are expected to be published
in 2020.

Discussion

The SPIN-SELF program may improve self-efficacy for disease
management and HRQoL in patients with SSc. Thisfeasibility
study will ensure that trial methodology isrobust, feasible, and
consistent with participant expectations [24-27]. Results will
guide any changes that need to be implemented before
conducting a full-scale RCT to test the effectiveness of the
SPIN-SELF program. If effective, it will be made available
through patient organi zations around the world to support people
in their efforts to cope with living with SSc.
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RCT: randomized controlled tria

SEMCD: Self-Efficacy for Managing Chronic Disease Scale score
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Abstract

Background: Despite the known health benefits of physical activity (PA), less than half and less than one-third of older adults
in Germany reach the PA recommendations for endurance training and strength training, respectively, of the World Health
Organization. The aim of this study is to investigate the implementation and effectiveness over the course of 9 months of two
interventions (information technology [IT]-based vs print-based) for PA promotion among initially inactive older adults in a
randomized, crossover trial. This study is part of a large research consortium (2015-2021) investigating different aspects of PA
promotion. The IT-based intervention was previously developed and refined, while the print-based intervention was newly
developed during this funding phase.

Objective:  We aim to compare the effectiveness and examine the preferences of study participants regarding both delivery
modes.

Methods: Our target sample sizewas 390 initially inactive community-dwelling ol der adults aged =60 years at baseline (3-month
follow-up [T1]: expected n=300; 9-month follow-up [T2]: expected n=240) who were randomized to one of two interventions
for self-monitoring PA: I T-based (50%) or print-based (50%) intervention. In addition, 30% of the I T-based intervention group
received a PA tracker. At T1, participants in both groups could choose whether they prefered to keep their assigned intervention
or cross over to the other group for the following 6 months (T2). Participants’ intervention preferences at baseline were collected
retrospectively to run apost hoc matched-mismatched analysis. During theinitial 3-month intervention period, both intervention
groups were offered weekly group sessions that were continued monthly between T1 and T2. A self-administered questionnaire
and 3D accel erometerswere empl oyed to assess changesin PA between baseline, T1, and T2. Adherence to PA recommendations,
attendance at group sessions, and acceptance of the interventions were also tracked.

Results: Thefunding period started in February 2018 and endsin January 2021. We obtained institutional review board approval

for the study from the Medical Association in Bremen on July 3, 2018. Data collection was completed on January 31, 2020, and
data cleaning and analysis started in February 2020. We expect to publish the first results by the end of the funding period.
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Conclusions: Strategies to promote active aging are of particular relevance in Germany, as 29% of the population is projected
to be =65 years old by 2030. Regular PA isakey contributor to healthy aging. This study will provide insightsinto the acceptance
and effectiveness of 1 T-based vs print-based interventions to promote PA in initially inactive individual s aged =60 years. Results
obtained in this study will improve the existing evidence base on the effectiveness of community-based PA interventions in
Germany and will inform efforts to anchor evidence-based PA interventions in community structures and organizations via an

allocation of permanent health insurance funds.
Trial Registration:
International Registered Report Identifier (IRRID):

(JMIR Res Protoc 2020;9(4):€15168) doi:10.2196/15168

German Registry of Clinical Trials DRKS00016073; https.//tinyurl.com/y983586m
DERR1-10.2196/15168

KEYWORDS

physical activity; older adults, eHealth; print intervention; IT-based intervention; physical activity promotion; healthy aging;

preferences; randomized trial

Introduction

In Germany, approximately 91% of all deaths are attributable
to noncommunicable diseases [1]. Physical inactivity is the
fourth leading risk factor contributing to the development of
noncommunicable diseases and overall mortaity [2].
Conversely, regular physical activity (PA) and the reduction of
an inactive lifestyle [3] are associated with improvements in
physical, cognitive, and functional health over thelifespan [3,4].

The World Health Organization (WHO) and American College
of Sports Medicine recommend that adults aged 18 to 64 years,
as well as those 65 years and older, should perform
moderate-to-vigorous endurancetraining for at least 150 minutes
per week (in bouts of at least 10 minutes) [2]. In addition, adults
aged 65 years and older should perform flexibility, strength,
and balance training twice per week [5,6]. Furthermore, Riitten
and Pfeiffer [7] state in the German national recommendations
for PA that adults should generally avoid extended periods of
ditting and, where possible, take PA breaks from sitting.
According to the authors, “a major health benefit of PA can
already be observed when personswho were entirely physically
inactive start becoming active to a small extent meaning that
every increase in PA is associated with a health benefit. Every
single step away from sedentary behavior is important and
promotes health” [7].

In Germany, only 42% of adults aged 65 years and older
currently meet the recommendationsfor endurance (at least 150
minutes per week of moderate activity, at least 75 minutes of
intense activity, or a combination of both, in bouts of at least
10 minutes), and 29% meet the recommendations for strength
training [6], indicating aneed for interventionsfor PA promation
targeting the general population of older adults. An earlier
survey spanning the years 2008 to 2011 reported that merely
18% of German adults aged 60 to 69 years and 14% of adults
aged 70 to 79 years exercised moderately to vigorously for at
least 150 minutes per week [8]. To tackle this public health
issue in Germany and facilitate PA promotion, the Federal
Ministry of Health recommends the development and
implementation of population-based informational intervention
approaches or campaigns, community-based interventions, and
policy and environmental approaches for PA promotion [7].
According to the current state of research, results of severa

https://www.researchprotocol s.org/2020/4/€15168

reviews suggest that interventions for PA promotion, including
mass media campaigns, motivational decision aids,
community-based  multicomponent interventions, and
environmental approaches, can effectively increase PA in the
genera population [7]. Evidence regarding the benefit of using
theory during intervention development to achieve greater
impact on behavior changeisstill contradictory [9]. Onthe one
hand, there is some evidence suggesting that interventions based
on behavior change techniques rooted in theory are effectivein
altering behavior [9]. On the other hand, results of one
meta-analysis indicate that a theoretical basis leads to no
differencein intervention effectiveness[10], maybe also dueto
thefact that the behavior preferences of study participantswere
not sufficiently taken into account [11]. Theoriesand theoretical
assumptions about mechanisms, processes, and techniques are
needed to better understand individuals and their needs and to
avoid aways reinventing the wheel when developing
interventions but rather building on previous evidence[3,9,10].

Multiple studies have investigated the role of different
modalities of delivering these interventions to older adults.
Evidence suggests that participation in interventions providing
information on PA either in a face-to-face setting or as print
versions leads to increased PA levels in older adults [12-14].
Information technology (1T)-based PA interventions have the
advantage of potentially reaching a large number of peoplein
a cost-effective manner [15]. In addition, intervention material
can be easily accessed, and instantaneous feedback on behavior
change can be provided [10,15]. They aso appear to have a
positive impact on PA [3,16]. Results of a systematic review
comparing the effectiveness of electronic health (eHealth)
interventions promoting PA in older adults aged 55 years and
older with either no intervention or anon-eHealth intervention
indicate that eHealth interventions can effectively promote PA
in this population in the short-term, while evidence regarding
long-term effects is still lacking [3,9,17]. The results of this
review are inconclusive regarding the question of whether
eHealth interventions have a greater impact on PA behavior
among older adults than non-eHealth (eg, print-based)
interventions [17]. Also, the effects of combining various
eHealth intervention components are still unclear.

Two studies investigated the added benefit of using Fitbit
activity trackersin addition to awebsite to monitor PA on total
weekly PA levels and moderate-to-vigorous PA (MVPA)
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[18,19]. In a sample of overweight adults, Vandelanotte et al
[18] demonstrated a significant increasein total weekly PA and
MV PA after 3 months for agroup of participants using a Fitbit
compared with a group of participants not using a Fitbit.
Although sitting time decreased over time, this effect was not
significant [18]. With a sample of older adults, Muellmann et
al [19] found no significant differencesin PA levels between a
group using a Fitbit compared with a group not using a Fitbit.
However, participants in the Fitbit group had dlightly greater
increases in MVPA and decreases in sedentary time than
participants in the non-Fitbit group after 3 months [19]. While
more participants in the non-Fitbit group did not complete the
follow-up after 3 months than in the Fitbit group (63% vs 36%)
in the first study [18], the reverse was true in the second study
[19]. More participantsin the Fitbit group did not complete the
3-month follow-up than in the non-Fitbit group (40% vs 31%)
[19]. It is conceivable that individual preferences for
interventions may have influenced dropout and possibly
adherenceto theinterventions[10,11,13]. Participants may have
been randomized to an intervention that they would not have
picked had they been given a choice and that they may have
found difficult to interact with.

The effects of study participants preferences on treatment or
intervention outcomes in randomized controlled trials are still
not well understood [20,21]. There is some indication that the
preferences for delivery mode vary by the sociodemographic
characteristics of participants, such as age, gender, and living
environment, or by weight status [13,22]. For example,
preference for an 1T-based intervention was positively related
with being 35 years or older (compared to younger ages) and
high levels of internet use and was negatively associated with
female gender. Preference for a print-based intervention was
associated with older age and negatively associated with female
gender and obesity [22]. Further, evidence suggests that
sociodemographic variables may explain variations in the use
of PA trackers[23] and that use of trackersin PA interventions
should be aligned with preferences of different target groups
[13].

Therefore, the main aim of this study wasto comparethe effects
of 2 interventions using different modalities (IT-based vs
print-based) among initially inactive older adults aged at least
60 years living in 14 community districts in 2 geographically
different regions (northwest and northeast) of the city of
Bremen, Germany. Further, participants’ preferences regarding
the intervention modality were addressed by conducting a
randomized trial with a crossover design. At baseline,
participants were randomized to either a 10-week 1 T-based or
print-based intervention. A random subsample of the | T-based
intervention group (30%) also received a PA tracker. After the
3-month follow-up, participants could choose whether they
wanted to remain in the same intervention group and keep their
assigned material or switch to the other group for the following
6 months. They could also choose to use a PA tracker at this

stage.
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Methods

The study isembedded in thelarger Physical Activity and Health
Equity: Primary Prevention for Healthy Ageing (AEQUIPA)
research network that is funded by the Federal Ministry of
Education and Research (BMBF) [24]. The AEQUIPA research
network is comprised of six subprojects and conducts
theory-based and participatory empirical research on different
aspects of PA and healthy aging in the northwestern part of
Germany [24]. One of the aims of the network is to develop,
implement, and evaluate PA interventions for the primary
prevention of chronic diseases in adults aged at least 65 years.
Thefirst 3-year funding phase was completed in January 2018
[25]. The topic of the research remains the same in the second
funding phase (2018-2021); however, in this phase, additional
aimsaretointensify community participation to reach physically
inactive adults, use appropriate technology for PA promotion
in the population of older adults, and disseminate and transfer
PA interventions aswell asresults of both funding phases. This
study (PROMOTE Il) is one of the 6 subprojects of the entire
network and builds on knowledge gained during the preceding
study (PROMOTE I) [19,25,26].

In the previous study, the research aims were to develop and
test 2 individualy tailored 1T-based interventions for the
promotion of a physically active lifestyle in adults aged 65-75
yearsin acommunity-based intervention trial [25]. Intervention
effects on physical, psychological, and cognitive indicators for
healthy aging were examined by comparing 2 intervention
groups to a delayed-intervention control group [26]. Results of
thistrial are reported elsewhere [19,26]. Briefly, the proportion
of aready active intervention participants at baseline was
relatively high. At follow-up, they reported increased
social-cognitive predictors for behavior change, but no
significant increases in the primary outcome of MVPA when
compared with the control group. Also, the dropout rate was
higher in the group invited to use PA trackersin addition to the
I T-based intervention compared with the IT-only intervention
suggesting that individuals with little technological experience
might have been randomized to an intervention that they found
too difficult to use. In addition, participantsin both intervention
groups requested printed diaries to track their PA during times
that they had limited access to computers. Thus, reactions of
the target population during the first funding phase suggested
that a proportion of participants prefers a print-based
intervention or would appreciate an app for accessing aPA diary
on their smartphone or tablet.

Study Aims

Hence, based on previous findings of the literature and
knowledge gained during the preceding trial, this study aimed
to adapt and simplify the IT-based intervention of the first
funding phase further to improve usability and develop asimple
print-based intervention that initially inactive participants with
little affinity to technology find easy to interact with; investigate
the implementation, feasibility, and use of 2 interventions
(I'T-based vs print-based) aswell as changesin PA among older
adults (aged =60 years) in arandomized trial with a crossover
design over the course of 9 months; examinetherole of personal
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preferences for different delivery modes with regard to
intervention effectiveness; and explore associations between
changes in PA and possible changes in physical fithess and
cognitive capacity in apooled sample of participants from both
phases of funding.

Selection of Communitiesfor the Study, Participants,
and Procedures

We sdlected 14 community districtsin 2 geographically different
regions (northwest and northeast) of the city of Bremen,
Germany: Burgdamm, Lesum, St. Magnus, Vegesack,
Schonebeck, Aumund-Hammersbeck, Ronnebeck, Radio
Bremen, Riensberg, Gartenstadt Vahr, Neue Vahr Sldwest,
Oberneuland, Ellener Feld, and Blockdiek. They were chosen
because there are study centers in these districts that can be
easily reached by the target group and the project team had
already established prior liaisons with stakeholders in these
areas of the city who could facilitate community involvement
in the implementation of the intervention.

Names and addresses of men and women aged =60 years
residing in the chosen community districts were drawn from
the records of the residents’ registration office. Subsequently,
they wereinvited to participatein the study viamail. Reminders
were sent out in case of no response after 2 weeks. The study
was also publicized in local newspaper articles and mentioned
during talksthat targeted older adults by researchersin theteam.
Individuals made aware of the study through this channel could
contact the research team directly to be screened for eligibility.
Eligibility for study participation was determined during
computer-assisted telephoneinterviewswith trained study nurses
based on the inclusion and exclusion criteria

Inclusion and Exclusion Criteria

Men and women were eligible for study participation if they
were aged =60 years (there was no upper age limit), lived
independently (ie, in own apartment or room without assisted
living or regular home nursing), and provided informed consent
to participate in the study. Additional inclusion criteria were
basic knowledge of German, the ability to walk without a
walking aid and participate in study assessments and weekly
group meetings without external assistance, and no planned
long absence (ie, for morethan 2 weeks). Another precondition
was the availability of a device with internet access in the
household, regular access to the device, and the ability to use
it.

Individuals were excluded from the study if they reported that
they had already been regularly physically active for more than
1 year and had reached the intervention target (ie, the
recommended 150 minutes of moderate-intensity endurance
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training per week). They were also excluded if they reported
having participated in the preceding study (PROMOTE 1), had
planned a vacation lasting longer than 2 weeks during the
intervention period, had been medically prohibited to be
physicaly active, displayed severe visual or cognitive
impairment (Mini-Mental-State Examination Score <14) or
other impairments (eg, dueto astroke, transient ischemic attack,
brain surgery, or neurological diseases, such as Alzheimer's
disease, multiple sclerosis, or Parkinson's disease), had an
implanted device (eg, pacemaker, implanted hearing aid), or
experienced occasional syncope. Additional exclusion criteria
were a lack of medical clearance because of fractures or
surgeries in the past 6 months that could potentially constrain
study participation; report of severe diseases of the
cardiovascular system (eg, cardiac arrhythmia, heart failure, or
nonmedicated hypertension) or respiratory system (eg, COPD,
severe asthma); or severe limitations due to arthritis or
osteoarthritisin thelegs or severe osteoporosisor acuteinjuries
of the spine. Individuals with diabetes diagnosed less than 6
months prior and without medical clearance were al so excluded
from the study.

Study Design

After determination of €ligibility, study participants were
randomized to either an 1 T-based intervention or a print-based
intervention (see Figure 1). In the first group, 30% were
randomly selected to receive a PA tracker in addition to access
to the website. Weekly time dots were randomly assigned to
both intervention groups. Then, we had participants choose
appointments according to their personal time constraints
without knowing which intervention group they were assigned
to. All intervention groups were offered weekly group sessions,
and participants were encouraged to attend each of them. Two
weeks before the intervention started, participantsin all groups
attended an introductory event where they wereinformed about
the study background and procedures. On this day, data
collection also started, and participants received the activity
tracker and questionnaires for the first time (T0). They were
also briefed about their randomi zation to one of theintervention
groups and the existence of the other groups. Therefore, they
were not blinded. Participants were given the choice to remain
in their intervention group or to cross over to the other group
after 3 months (and a 10-week intervention period). With that,
a crossover design with the following possible combinations
was generated: IT-IT, print-print (matched), or IT-print and
print-1T. Preferences regarding theintervention material assessed
retrospectively at the 9-month follow-up will be taken into
account when analyzing intervention effects later in the study.
Research staff members conducting the study were not blinded,
and the statistician will not be blinded when analyzing the data.
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Figurel. Study design.
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6-month intervention

9-month follow-up
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* 30% will receive a PA tracker in addition to access to the simplified IT-based intervention

Analytic Strategy

Effects of time and group (main outcomes: subjective and
objective measures of PA) will be examined in multivariate
analyses. In addition, covariates, such as gender, age, and
preferences regarding intervention material, and individual
contextual factors (eg, living or social environment) will be
taken into account. Furthermore, we will analyze how the
intervention enabl es study participantsto changetheir behavior
by running mediation analyses. The estimated target sample
size of 390 participants for this study is based on the results of
2 recently published studies on PA in adults[27,28] that reported
a mean 111 weekly minutes (SD 116.8 weekly minutes) of
MVPA and an intervention effect of an increase in MVPA of
77 minutes per week. However, in a conservative (or realistic)
approach, we assumed that the mean increasein MVPA in our
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study will reach only 40 minutes/week. To detect such a
difference between the intervention and control groups with a
power of 80% at an alphaof .05 (two-sided), anet sample size
of 150 subjects for each group is required. Assuming alossto
follow-up from TOto T1 of 20-25% (ie, ca. 23%), it is necessary
to initially recruit 390 study participants (ie, 195 per group at
baseline). Assuming another 20% lossto follow-up from T1to
T2, we expect that approximately 240 individuals at T2 will
self-select to one of the 4 groups: IT-IT, print-print, 1 T-print,
or print-IT. Should participants self-select equally into each
group (n=60), wewill still be ableto detect the mean difference
of 77 minutes/week [28] between each group, by means of an
appropriate post hoc test that is adjusted for multiple
comparisons.
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M easures

The primary outcome is change in PA, which is assessed at
baseline, 3 months, and 9 months using triaxial accelerometers
worn at the right hip during the day over the course of 7 days
and a self-administered questionnaire. Participantsreceived the
self-administered questionnaire and accelerometer at their
introductory event at baseline (TO0), after 3 months (T1) at their
tenth group meeting, and after 9 months (T2) at their last
monthly meeting. Further, due to cost issues, a random
subsample of 114 participants (equally distributed across the
intervention groups) underwent additional anthropometric,
physical fitness, and cognitive tests to assess secondary
outcomes at all 3 time points. Physical fitness was assessed
using gait speed viaa4-meter walk test [29], handgrip strength
using adynamometer [30], and cardiovascular fitness using the
2-minute step test [31]. Additionally, participants’ weight was
assessed using a scale. Attention and inhibition were assessed
using a cognitive test (Simon task) [32].
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Data from the objective measures of physical fitness and
cognitive performance (Mini Mental State Examination and
executive function test) will be preprocessed using customized
MATLAB routines and analyzed using multivariate generalized
linear models. Data for physical fithess and cognitive
performance assessed at baseline and after the 10-week
intervention during thefirst funding phase and in the subsample
of participants during the second funding phase will be pooled
to increase power for data analysis and to meet sample
heterogeneity. Further, the larger sample size will enable usto
conduct subgroup analyses with respect to motivational stage,
activity behavior, and social engagement.

All participants underwent a short version of the Mini Mental
State Examination during their first weekly group meeting [33].
Motivational stagesto engage in recommended PA (endurance,
strength, flexibility, and balance training), social-cognitive
predictors for behavior change, and psychosocial factors (eg,
quality of life, depression) were assessed in the self-administered
questionnaire (for further detail on the instrumentsincluded in
the questionnaire, see Table 1).
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Table 1. Measures assessed in the self-administered study questionnaire.

Qutcome measure Instrument/scale Time of assessment

Physical activity

Physical activity Fot]:ii n Leisure-Time Exercise Questionnaire (modified) g2 110 1¢
34

Recommended endurance, strength, balance, and flexibility ~ Self-generated items T1, T2

training at follow-up

Stage of change regarding physical activity (endurance, HAPAY, stage of change, 3 items|[35,36] TO,T1, T2

strength, and balance + flexibility training, respectively)

Intention to engage in physical activity HAPA, intention, 2 items [36-38] TO, T1, T2

Self-efficacy regarding physical activity HAPA, self-efficacy, 5 items[36,38] TO, T1, T2

Po;i t_ive and negative outcome expectanciesregarding physical HAPA, outcome expectancies, 4 items [36,38,39] T0,T1, T2

activity

Planning for physical activity HAPA, planning, 6 items [38,40] TO, T1, T2

Habit strength regarding physical activity Self-Report Habit Index, 2 items[41] TO, T1, T2

Physical self-description PSDQ®[42] T0,T1, T2
Physical environment

Physical activity and neighborhood environment Physical Activity Neighborhood Environment Scale [43] TO

Walking environment Neighborhood Scales, walking environment [44] TO

Social support, social activities

Socia support for engaging in physical activity Activity-related support by family and friends (modified) TO, T1, T2
[45,46]
Social activities Florida Cognitive Activities Scale (modified) [47,48] TO, T1,T2

Health behaviors

Subjective age Difference score (perceived physical age - chronological  TO, T1, T2
age = subjective physical age) [49]

Subjective health status WHOQOL-BREF', 1 item [50,51]; SF-369, 1item[52] ~ 10, T1, T2
Health-related quality of life EQ-5D-3L"[53,54] TO, T1,T2
Objective health Diseases and medication use (modified) [55] TO

Falls EFST' (modified) [56] TO,T1, T2
Fear of falling GFFMI [57] T0, T1, T2
Diet FFQ* (modified) [58] T0,T1, T2
Alcohol consumption AUDIT-C' [59] T0, T1, T2
Smoking behavior Smoking Behavior Questionnaire, 1 item [60] TO, T1, T2
Stage assessment of smoking behavior HAPA, stage of change [35,36] TO, T1, T2

Quality of life and well-being

Quality of life WHOQOL-BREF, 1 item [50,51] TO, T1, T2
Depr on CES—Dm [61] TO, T1, T2

Previous experiences with technology
Use of computers/smartphones/apps Self-generated items TO, T1, T2
Technology commitment Technology Commitment Scale [62] TO, T1, T2
Use of, acceptance of, and satisfaction with interventions

Use and acceptance of various componentsof theinterventions  Self-generated items T1,T2
(website and printed materid), attendance of the offered group
sessions, and overall satisfaction with the interventions
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Outcome measure Instrument/scale Time of assessment
Preference regarding intervention material at baseline (retro-  Self-generated item T2
Spective)
Reasons for crossing over or not crossing over after 3 months ~ Self-generated items T2
Basdline.

b3-month follow-up.

€9-month follow-up.

9HAPA: Health Action Process Approach.

€PSDQ: Physical Self-Description Questionnaire.
fWHOQOL—BREF: World Health Organization Quality of Life-BREF.
9SF-36: Short Form 36.

PEQ-5D-3L: 3-level version of the EQ-5D.

IEFST: Elderly Fall Screening Test.

IGFFM: Geriatric Fear of Falling Measurement.

KFFQ: Food Frequency Questionnaire.

|AUDIT-C: Alcohol Use Disorders | dentification Test Short Version.
MCES-D: Centers for Epidemiologic Studies Depression Scale.

Anthropometric information, as self-reported in the
questionnaire, included height in cm (only TO) and weight in
kg (all time points). Sociodemographic information was assessed
at baseline only, using items of the German Health Interview
and Examination Survey for Adults [63] for date and country
of birth, gender, native language, family and relationship status,
living situation, education, employment status, and monthly net
household income. Employment was assessed using one item
of a questionnaire for assessing seniors demographic and
sociostructural data in Germany [64]. In addition, the
self-administered questionnaire at T1 and T2 includes
self-generated items regarding adherence to the PA
recommendations (weekly minutes of endurance, balance, and
flexibility training and weekly units of muscle strength training
per muscle group) and attendance of the offered group sessions.
Furthermore, use and satisfaction with the intervention material
and content are assessed with the following self-generated items:
frequency of general use; use of different intervention
componentsreporting using a5-point Likert scalefrom “ never”
to “daily”; perceived helpfulness of intervention components,
intervention content, and structure of weekly meetingsrated on
a5-point Likert scale ranging from “not helpful at all” to “very
helpful”; potential knowledge gained and perceived benefits of
PA using “yes’ and “no” response options, and whether
participants would recommend the intervention to family and
friends, answered using open-ended questions. Data on the
reasons for dropping out of the study and the reasons for
crossing over or not crossing over to the respective other
intervention group were also collected.

I nterventions

To simplify and further develop the IT-based intervention
implemented during the first funding phase and to trandlate it
into a print-based intervention, 9 focus groups consisting of
former participants of the previous intervention (n=1), other
members of the target group (n=32), and stakeholders in
communities such as members of senior citizen organizations
and advisory boards (n=12) were held in May and June 2018.
Participants of these focus groups were recruited via a press
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release and already established contacts to the stakeholders.
Focus group discussions consisted of two parts. First,
intervention materials used in the previous study and materials
and health brochures for PA promotion developed by other
researchers; federal agencies, such as the Federal Ministry of
Health (BMG); or hedlth insurance agencies were discussed
with regard to their suitability for PA promotion in inactive
older adults. In this context, the participants were invited to
votefor the material they liked most and to justify their decision.
Second, using the World Café method, participants were asked
to discuss the following questions in small groups of 4-5
participants:

1 Fromyour perspective, what are the key aspects of healthy
aging?

2. Which topics related to healthy aging should be addressed
inaninterventionin order to reach physically inactive older
adults?

3. What doinactive older adults need to be abl e to successfully
participate in a PA intervention?

4. Which barriers need to be overcome and what would be
helpful to these participants?

5. What would be motivating for inactive older adults for
maintaining a healthy lifestyle?

The focus group discussions and votes for or against certain
intervention materials were protocolled by the moderating
researchers, and the resulting recommendations and
requirements for the intervention material were applied when
refining the existing | T-based intervention and when trandating
the I T-based intervention into a print-based intervention. Results
consisted of recommendations regarding font size and color,
amount of text to read, appropriateness of content (eg, inclusion
of recommendations regarding diet, sleep hygiene, or pain
management), and considerationswith regard to the target group
(eg, mohility, physical limitations, and the role of social support,
loneliness, and wellbeing).

Both interventions are based on self-regulation theory [65,66]
and principles of behavior change (eg, shaping knowledge,
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feedback and monitoring, goals and planning, socia support,
comparison of behavior, rewards) [67] and are designed to
facilitate a physically active lifestyle by promoting regular
self-monitoring of PA. Participants of both the 1T-based and
print-based interventions received PA recommendations based
on WHO recommendations for this age group regarding
endurance training (at least 150 minutes per week of moderate
exercise, at least 75 minutes of intensive exercise, or a
combination of both, in bouts of at least 10 minutes), strength
training (at least 2 units per week for the 8 main muscle groups
on non-consecutive days), and balance and flexibility training
(at least 4 units per week for 5 minutes) [2]. Depending on
gender, participants were provided with different brochures
(online and offline) outlining exercises for different difficulty
levels and displaying pictures of male or female older adults
modeling these exercises.

They also received aweekly PA diary in the form of apyramid
to subjectively track their PA behavior. Intervention material
was printed for the print-based intervention group, while
participantsin the | T-based group received accessto the exercise
brochure and diary on a website and were provided the
opportunity to download a smartphone app containing similar
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features. Onthewebsite or Android app, aswell asinthe printed
diary, weekly feedback on whether participants reached PA
goals was provided by displaying the amount of minutes or
units exercised in the according week, aswell as units required
to reach the goa (ie, WHO recommendations for moderate
exercise time, flexibility, and strength training). In addition to
the weekly feedback, the website and Android app also provided
participants a daily overview of PA. In the daily overview,
participants had access to more detailed information about the
exercises for the individual muscle groups, whereas in the
weekly overview (in the | T-based and print-based interventions),
only information about the progress towards the weekly goals
was provided (see Figure 2). The app also allowed participants
to record exercises without an active internet connection and
synchronized recordings with the website, once the device was
connected to the internet again. Participants in the IT-based
intervention group who used the PA tracker in addition to the
website or app also monitored their PA behavior objectively
via synchronization of data regarding daily steps with the
website. Data from the PA trackers will be analyzed based on
methods presented in Meyer et a [68] to gain insights into
participants PA behavior in everyday life during the time
between assessments.
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Figure 2. Weekly overview of physical activity performed, as provided to participantsin the | T-based intervention group.
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Paralleling the 10-week | T-based and print-based interventions,
weekly group sessionswith up to 25 participants per group were
offered separately to both intervention groups. Trained student
assistants led these sessions in which participants performed
endurance, strength, balance, and flexibility exercisesin groups
or went for walks in the communities. Each session was 90
minutes long and designed to include 60 minutes of exercise,
10 minutes of answering questions, and 20 minutes of discussion
of topics surrounding healthy aging that changed every week
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(eg, socia support, relaxation, pain management). During their
first weekly group meeting, participants received the necessary
equipment (printed material or information to accessthewebsite
and/or a Fitbit) and a comprehensive introduction on how to
use the equipment and materials. After the first follow-up,
interventions continued for another 6 months. After the initial
10 weeks of the interventions, the weekly group meetings were
replaced with monthly events held over the course of the
following 6 months. During these events, participants of all
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intervention groups were offered workshops and lectures on
lifestyle-related topics, such as healthy nutrition in older age,
overcoming loneliness, and strategies for developing healthy
habits.

We will develop atoolbox during this project that will include
both 1T-based and print-based interventions and all related
intervention materials that can be used later for long-term
implementation and dissemination via different stakeholder
groups (for further detail, please see the Discussion).

Ethics Statement and Consent

Ethical approval was obtained from the Medical Associationin
Bremen (RA/RE-635, on July 3, 2018). The study wasregistered
with the German Clinical Trials Register on January 10, 2019
— number DRKS00016073. All study participants were fully
informed about the study and were requested to give informed
consent.

Results

In this study, we refined the previously developed 1 T-based
intervention and trandated it into a simple print-based
intervention during the devel opment phase from February 2018
to December 2018. The results of the qualitative focus groups
held in May and June 2018 were analyzed and used to refine
the existing intervention and to develop the print-based
intervention. During the implementation phase of the study
(basdline: January to April 2019; 3-month follow-up: April to
July 2019; 9-month follow-up: September 2019 to January
2020), we expect to observe significant increasesin PA at the
3-month follow-up after participation in both the print-based
and 1 T-based interventions, in comparison with baseline, and a
larger increase in PA in the 2 intervention groups than in the
delayed-intervention control group of the preceding study
(PROMOTE I).

We further expect that by providing some degree of choice to
study participants 3 months into this study, we will be able to
reduce loss to follow-up and improve long-term program
adherence, when compared with the previous study. Further,
we assume that participants with a >25% increase in PA level
from baseline to the end of the follow-up period in the pooled
sample across the 2 funding phases (ie, PROMOTE | sample
and the subsample in PROMOTE I1) will display significant
improvementsin indicatorsfor healthy aging, such as cognitive
function. Data collection was completed on January 31, 2020.
Datacleaning and analysis started in February 2020. We expect
to publish thefirst results of the study by the end of the funding
period (January 2021).

Discussion

This study will provide answers regarding the acceptance and
effectiveness of 1T-based vs print-based interventions for
promoting uptake and maintenance of regular PA in initially
inactive individuals aged 60 years and older. Further, we hope
to generate the first results regarding the role of individual
preferencesfor variousintervention delivery modesin this study
and the potential of a preference-based crossover design. In
addition, this study will provide insights into the needs and
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demands of vulnerable groups (ie, inactive older adults). We
will be ableto identify “user groups’ with regard to an affinity
for specific intervention components.

Thistopicis of particular relevance in Germany, as 29% of the
population is projected to be older than 65 years by 2030 [69].
Regular PA is a key contributor to healthy aging. Results
regarding the effects of theinterventions on PA and other health
outcomes, such asquality of life, ininitially inactive older adults
over arelatively long period and their preferences for different
intervention modes will be valuable to various stakeholder
groups. For example, thework of stakeholdersactively involved
in community-based networks and senior citizen associations
promoting population-based strategies for active aging will be
informed by our results and implementation experiences.
Further, the Prevention Law, which was passed in 2016 in
Germany [70], mandated that health insurance agencies invest
in health promotion and primary prevention in various contexts,
including communities. Thus, our results will improve the
existing evidence base on the effectiveness and implementation
of community-based interventionsin Germany and will support
effortsto anchor evidence-based PA interventionsin community
structures and organizations via an allocation of permanent
health insurance funds. To facilitate the rollout of the
interventions, a toolbox for these stakeholder groups will be
developed that includes PA assessment and monitoring tools
allowing individuals to track their PA and helping health care
professionals support their clients' behavior change. We will
also provide strategies to facilitate behavior adoption and
maintenance and instructions to use personalized digital tools
as standal one interventions without face-to-face assistance.

Last, complementing existing health and preventive care with
eHealth intervention approaches, such as maobile apps for PA
promotion, isin line with the current eHealth initiative of the
Federal Ministry of Health [71]. The project is embedded in
multidisciplinary research aimed at better understanding how
changes in individual behavior and the environment and
technology can help promote healthy aging. Our findings will
inform the future development of complex interventions
combining both local and regional policy changes aimed at
promoting environmental changes and technology-based
interventions targeting individual behavior change. Our
experiencesregarding this population’s data protection concerns
will be communicated to policy makers currently involved in
the eHealth initiative and will support the identification of
suitable approaches to deal with these concerns.

Degspite the advantages of the study design and objective PA
measurement, several limitations can be identified. First, this
study design does not include a control group, which might
limit the interpretations that can be drawn from the potentially
positive intervention effects. Second, the target population
consists of inactive older adults, which are difficult to recruit.
Third, the retrospective assessment of the preference for a
certain intervention delivery mode, which could result in recall
bias. However, we chose to retrospectively assess preferences
because we anticipated disappoi ntment (and possibly dropouts)
if a person was not randomized to their preferred intervention
group at baseline.
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To conclude, this study will provideinsightsinto the acceptance
and effectiveness of an I T-based vs a print-based intervention
for the promotion of PA in initially inactive individuals aged
>60 years. In addition to answering the main research questions,
we expect to obtain a better understanding of the interactions
between numerous contextual factorsand PA in this popul ation.

Pischke et al

Results from this study will inform the work of various
stakeholder groups actively involved in PA promotion at the
population level and in different contexts and will support the
shaping of new policies regulating the future design and
implementation of preventive eHealth interventions for active

aging.
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Abstract

Background: Chronicinflammatory demyelinating polyradiculoneuropathy (CIDP) isanimmune-mediated peripheral neuropathy
that is currently classified into several clinical subtypes, which are presumed to have different pathogenic mechanisms. Recently,
studies identified a subgroup of patients with CIDP who were positive for |gG4 autoantibodies against paranodal proteins, such
as neurofascin-155 and contactin-1, who respond poorly to first-line therapies for typical CIDP, including intravenous
immunoglobulin therapy.

Objective: This study aimsto evaluate the efficacy and safety of intravenous rituximab according to 1gG4 autoantibody status
in patients with refractory CIDP.

Methods: The Evaluation of the Efficacy and Safety of Rituximab in Refractory CIDP Patients with 1gG4 Autoantibodies in
the Exploratory Clinical (RECIPE) trial consists of 2 cohorts: a multicenter, placebo-controlled, randomized study cohort of 15
patients with 1gG4 autoantibody-positive CIDP (rituximab:placebo = 2:1) and an open-label trial cohort of 10 patients with
antibody-negative CIDP. The primary endpoint isimprovement in functional outcome assessed using the adjusted I nflammatory
Neuropathy Cause and Treatment Disability Scale score at 26, 38, or 52 weeks after the start of treatment with rituximab in
patients with CIDP and anti-paranodal protein antibodies. Secondary outcome measures include grip strength, manual muscle
testing sum scores, results of nerve conduction studies, and other functional scales.

Results: We plan to enroll 25 cases for the full analysis set. Recruitment is ongoing, with 14 patients enrolled as of January
2020. Enrollment will close in September 2020, and the study is planned to end in December 2021.

Conclusions; This randomized controlled trial will determineif rituximab is safe and effective in patients with anti-paranodal
antibodies. An open-label study will provide additional data on the effects of rituximab in patients with antibody-negative CIDP.
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The results of the RECIPE trial are expected to provide evidence for the positioning of rituximab as a pathogenesis-based

therapeutic for refractory CIDP.
Trial Registration:

Clinical Trials.gov NCT03864185, https./clinicaltrials.gov/ct2/show/NCT03864185 ; The Japan Registry

of Clinical TrialsjRCT2041180037, https://jrct.niph.go.jp/en-latest-detail/jRCT2041180037

International Registered Report Identifier (IRRID):

(JMIR Res Protoc 2020;9(4):€17117) doi:10.2196/17117

DERR1-10.2196/17117

KEYWORDS

chronic inflammatory demyelinating polyradiculoneuropathy; rituximab; immunoglobulin G4 autoantibodies; clinical study;

partially randomized controlled trial

Introduction

Chronic inflammatory demyelinating polyradiculoneuropathy
(CIDP) is an acquired demyelinating peripheral neuropathy
characterized by weakness and sensory disturbance in the
extremitiesthat developsover aperiod of at least 2 months. The
current diagnostic criteria for CIDP were published by the
European Federation of Neurological Societies/Periphera Nerve
Society (EFNS/PNS) and include clinica and
electrophysiological findings with supporting features that
strengthen the diagnosis [1-4]. The global prevalence of CIDP
diagnosed using these criteria is around 3 per 100,000
population, and it is considered an orphan disease. However,
the etiology of CIDP has not been fully clarified, and a
biomarker reflecting its pathogenesis is lacking, so the exact
prevalence remains uncertain [5-10]. One of the reasons why
the etiology remains unclear might be the diagnostic
vulnerability of CIDP. Although the EFNS/PNS criteriaidentify
thetypical form and 5 atypical forms by phenotype, thereisno
biomarker that explains each phenotype. Moreover, although a
wide range of cellular and humoral autoimmunity factors are
associated with CIDP onset, there is no specific immune
mechanism that corresponds to each atypical CIDP subtype,
although macrophages are assumed to be the main effector in
typical CIDP.

Autoantibodies targeting myelin components, inflammatory
cytokines, and the complement pathway are assumed to be the
humoral factors modifying immune status in CIDP. Although
many autoantibodies against various myelin antigens, such as
PO, PMP22, Cx32, beta-tubulin, LM 1, and sulfatide, have been
investigated, none has been implicated in the pathogenesis of
CIDP[11,12]. Autoantibodiesthat target contactin-1 (CNTN1),
neurofascin-155 (NF155), and contactin-associated protein 1
(CASPR 1) have been identified in patients with sowly
progressing CIDP phenotypes. The anti-CNTN1 antibody has
beenidentified in only asmall percentage of patientswith CIDP,
the anti-NF155 antibody has been identified in approximately
10%, and the anti-CASPR 1 antibody appears to be very rare
[13-15]. Most anti-NF155 antibody—positive patients tend to
develop tremor and sensory ataxia with distal weakness and
muscle atrophy. They also have extremely high cerebrospinal
fluid protein levels (usually >200 mg/dL), and
gadolinium-enhanced magnetic resonance imaging shows severe
swelling of the nerve roots or plexus. CIDP with anti-NF155
and anti-CNTN1 antibodies have several clinically similar
characteristics. However, compared with anti-NF155-positive

https://www.researchprotocol s.org/2020/4/€17117

patients, anti-CNTN1—positive patients are relatively older at
disease onset and have more rapid disease development.
Approximately 70% of patients with these immunoglobulin
(1g)G4 autoantibodies are resistant to first-line therapies, such
asintravenousimmunoglobulin (1V1g) [13,14,16-18]. IVIg has
immunomodulatory activity viaseveral mechanisms, including
immune regul ation by macrophages or antigen-presenting cells
via Fc receptors and idiotypic antibodies, suppression of
activating cytokines, and the complement pathway. However,
it would be inappropriate to induce Igs to inhibit
complement-associated pathogenesis in patients with 1gG4
autoantibody—positive CIDP  because 19gG4 lacks a
complement-binding siteand hasno or limited ability to activate
the classical complement pathway. Moreover, 1V1g has been
found ineffective as initia treatment for 1gG4
autoantibody—positive CIDP. Long-term use of corticosteroids
is chalenging because of adverse reactions, including
susceptibility to infection, osteoporosis, abnormal glucose
tolerance, hyperlipidemia, and, possibly, psychiatric symptoms
and insomnia. Plasmapheresis is a first- or second-line
therapeutic strategy for CIDP but is difficult to implement as
maintenance therapy because of high costs and safety issues
associated with vascular access and fluctuations in plasma
circulation. Therefore, novel therapeutics that can achieve
long-term suppression of pathogenic antibodies are needed for
1gG4 autoantibody—positive CIDP. Rituximab, a chimeric
anti-CD20 monoclonal antibody, selectively depletes B cells
and might suppress production of antibodies by inhibiting their
differentiation into plasmacells. Also, some case reports suggest
that rituximab is effectivein refractory CIDP[19-29]. However,
all these reports were retrospective and uncontrolled, and there
islittle evidence to suggest that rituximab is effective for 1gG4
autoantibody—positive CIDP [30-32]. Moreover, the efficacy
of rituximab has been proven in other 1gG4 diseases such as
anti-muscle-specific tyrosine kinase (MuSK) myastheniagravis
[33,34].

Therefore, we planned this prospective clinical tria to
investigate the efficacy of rituximab in refractory 1gG4
autoantibody—positive CIDP by comparing with placeboin 1gG4
autoantibody—positive patients and with rituximab in 1gG4
autoantibody—negative patients as a reference. This
investigator-initiated clinical trial has been named “The
Evaluation of Efficacy and Safety of Rituximab (Genetical
Recombination) in Refractory Chronic Inflammatory
Demyelinating Polyneuropathy (CIDP) Patients with
Immunoglobulin G4 (1gG4) Autoantibodies in the Exploratory
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Clinical Trial” (RECIPE trial). The design of the trial was
developed in consultation with and approved by the
Pharmaceuticals and Medical Device Agency (PMDA), which
isresponsible for reviewing new pharmaceuticalsin Japan.

Here, we providethe detailed design of thisinvestigator-initiated
clinical tria in refractory CIDP patients with or without 1gG4
autoantibodies as an exploratory study in Japan (the RECIPE
trid).

Shimizu et al

Methods

Objectives and Endpoints

The primary objectives of the RECIPE trial are to evaluate the
efficacy and safety of intravenous rituximab in patients with
refractory CIDP according to their IgG4 autoantibody status.
This trial consists of a multicenter, placebo-controlled,
randomized, double-blind, parallel-group, comparative study
in 15 patients with CIDP and |gG4 autoantibodies (CNTN1 or
NF155) who will be allocated to a rituximab group (n=10) or
a placebo group (n=5) and an open-label study in 10 patients
with 1gG4 autoantibody—negative CIDP. The outline of this
study is shownin Figure 1.

Figure 1. Measurement schedule. CNTN!: Contactin-1; CSF: cerebrospinal fluid; 1gG4-Ab: immunoglobulin G4 antibodies; INCAT: Inflammatory
Neuropathy Cause and Treatment; MRC: Medical Research Council; NF155: Neurofascin-155; R-ODS: Rasch-built Overall Disability Scale.
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i .- Registration
registration =
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INCAT scale INCAT scale IgG4-Ab
Positive
Informed IgG4-Ab (NF155,
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Grip power (L/R) Negative
R-0ODS
MRC sum score
Nerve conduction study

Safety follow-up period (52 weeks)

Efficacy evaluation period (52 weeks)

l l l l
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—35 —7 1 4 26 38 52
Baseline 1¢ 2ud 3rd
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point point point

The primary endpoint is improvement in the adjusted
Inflammatory Neuropathy Cause and Treatment (INCAT)
Disability Scale score at 26, 38, or 52 weeks after the start of
treatment. Efficacy is based on the effectiveness rate, which is
the proportion of patients who achieve the primary endpoint of
>1-point improvement in the INCAT Disability Scale score
compared with baseline. Our specific hypothesis is that the
effectiveness rate will exceed a prespecified threshold of 15%
in patents with 1gG4 autoantibody—positive CIDP in the
rituximab-treated group. The data from patients with 1gG4
autoantibody—negative CIDP will serve as areference.

Study Population

The RECIPE trial will investigate the efficacy of rituximab in
patients with refractory 1gG4 autoantibody—positive and 1gG4
autoantibody—negative CIDP. Anti-NF155 and anti-CNTN1

https://www.researchprotocols.org/2020/4/€17117

RenderX

autoantibody status will be confirmed by enzyme-linked
immunosorbent assay as described in the literature [17,35].

Inclusion Criteria

Patients who meet the following criteria are eligible to
participate:

1. CIDP diagnosed according to the modified EFNS/PNS
criteria[1-4] prior to enrollment

2. Positive or negative serum 1gG4 autoantibody (CNTN1 or
NF155) status confirmed prior to enrollment

3. CIDP refractory to treatment with corticosteroids for 12
weeks and 1V1g for 8 weeks prior to enrollment or unable
to receive or continue treatment with corticosteroids and
IVig

4. Tota adjusted INCAT Disability Scale scores of 2 to 8 at
both preliminary enrollment and enrollment, with no
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decreaseintotal score between preliminary enrollment and
enrollment

5. Age=12years

6. Able to provide voluntary written consent after receiving
adequate information about the study (for children aged 12
to 15 years, consent will be obtained from an acceptable
representative, and informed assent will be obtained from
the patient)

Exclusion Criteria
Patients are excluded for any of the following reasons:

1. Any differential diagnosis defined in the modified
EFNS/PNS diagnostic criteria[1-4]

2. Initiation or an increased dose of corticosteroids within 12
weeks before enrolIment

3. Initiation or an increased dose of 1VIg within 8 weeks
before enrollment

4. Plasmapheresiswithin 8 weeks before enrollment or disease
refractory to 8 weeks of plasma exchange or
double-filtration plasmapheresis

5 Initiation or an increased dose of an immunosuppressant
(ie, azathioprine, cyclophosphamide, cyclosporine,
mycophenolate mofetil, interferon-alpha, interferon-beta,
etanercept, methotrexate, mitoxantrone, alemtuzumab,
cladribine, tacrolimus, or fingolimod) within 12 weeks
before enrollment

6. History of hematopoietic stem cell transplantation

7. Previous treatment with rituximab

8. Participation in another clinical study within 3 months
before enrollment or current participation in another study

9. Poorly controlled diabetes (hemoglobin A, =7%)

10. Suspected or confirmed infection requiring systemic
treatment with an antimicrobial, antifungal, or antiviral
agent at enrollment

11. Positivefor hepatitis B surface antigen or antibody, hepatitis

B core antibody, hepatitis C virus antibody, or HIV or

human T-cell lymphotropic virus-1 antibody positivity at

enrollment

L eukopenia (<2000/mm®), neutropenia (<1000/mmq), or

lymphopenia (<500/mm°) at enrollment

13. History of severe hypersensitivity or anaphylactic reaction
to any of the ingredients in the investigational drug or
murine protein-containing products

14. Severe comorbidity (eg, hepatic, rena, cardiac, lung,
hematologic, or brain disease)

15. Pregnancy or potential for pregnancy, lactation, or
unwillingness to use contraception during the study period

16. Deemed unsuitable for participation by an investigator or
sub-investigator

12.

Regarding item 11, patients with positive hepatitis B surface
antibody or core antibody can be enrolled when a hepatitis B
virus-DNA test is negative (below the limit of detection), and
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hepatitis B virus-DNA and aspartate/alanine transaminaselevels
are monitored at fixed intervals.

Registration and Randomization

The investigators obtain written informed consent from all
patients who are potentialy eligible for the study. After
confirmation of inclusion criteria 4 to 6 and exclusion criteria
1, 6, 7, and 13 to 16, patients are preliminarily enrolled viaan
electronic data capture system (Viedoc™, PCG Solutions Ab.
Uppsala, Sweden). At the second screening, the investigators
check all theinclusion and exclusion criteria. Patients confirmed
to have |gG4 autoantibody—positive CIDP arerandomly assigned
to the rituximab group or the placebo group at a ratio of 2:1
using the stratified permuted block method according to their
adjusted INCAT Disability Scale score (2to 4 or 5to 8). Patients
with 1gG4 autoantibody—negative CIDP are automatically
allocated to the rituximab group.

I nvestigational Treatment

Rituximab 375 mg/m? or placebo is administered intravenously
once weekly for 4 weeks. This is the same dosage as used in
previous studiesinvolving CIDP patientstreated with rituximab
[20-25,27,30,31]. This dosage is also the same as that used in
aphase /1l trial that showed peripheral B cells (CD20-positive)
were adequately decreased in patientswith B-cell non-Hodgkin's
lymphoma or nephrotic syndrome. The time taken for these
cellsto return to their baseline level was at least 5-7 monthsin
that study.

Hematopoietic stem cell transplantation, plasma exchange
therapy (simple plasma exchange or double membrane
filtration), and any drug that could affect immune status is
prohibited during thetrial in view of their potential to affect the
efficacy of rituximab. For the same reason, starting or increasing
the dose of corticosteroid, 1V1g, or immunosuppressant therapy
is not permitted for the duration of the study.

Primary Endpoint

All participants are followed for 52 weeks after the first dose
of investigational medication (Table 1). All data are collected
viaan electronic data capture system and checked according to
the data management and monitoring plan. Adjusted INCAT
Disahility Scale scoreisused to evaluate lower (gait) and upper
extremity disorders; this tool has been used as an efficacy
endpoint in clinical investigations of IVIg as a treatment for
CIDP[36,37]. A change of =1 point in any of theitemson this
scale is considered clinically significant in terms of the ability
to perform activities of daily living. Therefore, we selected a
change of =1 pointin the adjusted INCAT Disability Scale score
asthe primary endpoint. The primary analysiswill comparethe
adjusted INCAT Disability Scale scores recorded before
treatment (at enrollment) and those recorded at week 26, 38, or
52.
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Table 1. Protocol for data collection from each patient enrolled in the RECIPE trial.

Visit Screening
Prelimi- Registraa  Adminiss Weeks1, Week4  Week12 Week26 Wek38  Week52o0r
nary regis- tion tration 2,and 3 withdrawal
tration

Allowance (days) upto-35 -34to-7 -3 -3 +3 +14 +14 +14 +28

Informed consent

Administration of investigational drug X X
Hospitalization X X X
Basic information X X

(eg, birth date, sex, body weight)

Eligibility X X

Pregnancy test X X

Vital signs® X X X X X X X X
Oxygen saturation X0 X0 X

Hematology® X X X X X X X X
Blood chemistry® X X X X X X X X
Other blood tests® X

Urinalysis’ X X X X X X X X
Chest X-ray X X X X
Adjusted INCATY Disability Scale ~ x x" X X X X X
Grip power (vigorimeter) Left/Right X X X X X X
Rasch-built Overall Disability Scale X X X X X X
MRC-SS X X X X X X
Nerve conduction study X X X X X
CSF protein X X X X
Serum autoantibodyX X! X X X
Serum neurofilament light X X X X
B cell/T cell (whole blood, %)™ X X X X X X
HACA™" X X X
Pharmacokinetics™ X x° x° X X X X X
Concomitant medication X X X X X X X X X
Adverse event(s) X X X X X X X

3Blood pressure, pulse rate, and body temperature.

bM easured within 30 minutes before the start of dose administration; immedi ately before a change in dosing rate, dose interruption, or dose reduction;
before dose administration is resumed; and within 10 minutes and 1 hour after the end dose administration.

®Red blood cell count, hemoglobin, hematocrit, white blood cell count, differential white blood count (basophils, eosinophils, neutraphils, lymphocytes,
and monocytes), and platelet count.

9Blood urea nitrogen, creatinine, lactate dehydrogenase, aspartate/alkaline transaminase, alkaline phosphatase, gamma glutamy! transpeptidase, total
bilirubin, direct bilirubin, creatine kinase, and C-reactive protein.

€Glycated hemoglobin, hepatitis B surface antigen, hepatitis B surface antibody, hepatitis B virus-DNA if needed, hepatitis B core antibody, hepatitis
C virus antibody, HIV antibody, and human T-cell lymphotropic virus-1.

fUrine protein, urine occult blood, urine glucose, and pH.
9INCAT: Inflammatory Neuropathy Cause and Treatment.
PIf more than 28 days has passed between provisional enrollment and enrollment.
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IMRC-SS: Medical Research Council Sum-Score.

Icsk: cerebrospinal fluid.

KFurther measurement is not required if not detected at screening.
!Measured only once during the screening period.

MTest results are not disclosed during the study period.

"HACA: human anti-chimeric antibody.

Shimizu et al

®Blood is collected within 15 minutes before the start and after the end of dose administration.

Secondary, Exploratory, and Safety Endpoints

Secondary endpoints include grip strength, as measured using
a vigorimeter (left/right); the Rasch-built Overall Disability
Scale; Medical Research Council sum score; median, ulnar,
tibial, and peroneal motor nerve conduction studies, including
motor nerve conduction vel ocity and distal and proximal latency,
amplitude, and duration of the compound muscle action potential
after distal and proximal stimulation; protein levels in the
cerebrospinal fluid; B cell (CD19-positive and CD20-positive)
counts and T-cell (CD3-positive, CD4-positive, and
CD8-positive) counts; expression of human anti-chimeric
antibodies; and serum rituximab level.

The exploratory endpoints include serum antibody titers of
1gG4, serum antibody titers of anti-CNTN1 and anti-NF155
IgG subclasses, and serum neurofilament level.

The safety endpointsinclude adverse events and vital signsand
laboratory tests.

Sample Size

The trial includes patients with CIDP that is refractory to both
IVIg and corticosteroids or patients who are unable to receive
or continue these therapies. Most dligible patients would be
unlikely to achieve an improvement of =1 point on the adjusted
INCAT Disability Scale even if conventional therapies were
continued. An immunosuppressant (eg, cyclophosphamide,
azathioprine, or cyclosporine) is generally considered to be an
effective second-line treatment in about 30% of patients with
refractory CIDP [19]. However, no superiority has been
demonstrated for any specific agent, and no immunosuppressant
isapproved for CIDP in Japan. Currently, no feasible treatment
approach can be recommended for patientsenrolledin thisstudy.
Therefore, the threshold effectiveness rate for the proportion of
patients achieving the primary endpoint of =1 point
improvement in the adjusted INCAT Disability Scale score was
conservatively assumed to be 15%, and the clinically expected
effectiveness rate was assumed to be 60% in patientswith 1gG4
autoantibody—positive CIDP in the rituximab group. Using
two-sided testing with P<0.05 regarded as statisticaly
significant, we estimated that 8 cases would be needed to
achieve 80% power. Accordingly, 10 patients with 1gG4
autoantibody—positive CIDP will be enrolled for the rituximab
group, allowing for a 20% dropout rate.

The PMDA suggested inclusion of a placebo control group for
the patients who are 1gG4 autoantibody—positive. We agreed
to include a placebo group of 5 patients for reference purposes
rather than for strict statistical comparison, given the rarity of
CIDP and feasibility considerations. The placebo group has
been designated as a reference group to confirm that the
estimated values do not deviate markedly from the defined

https://www.researchprotocol s.org/2020/4/€17117

threshol ds. Patients with 1gG4 autoantibody—negative CIDP are
included in another reference group to compare their response
to rituximab treatment with that of patients with 1gG4
autoantibody—positive CIDP. This reference group will consist
of 10 patients, which isthe same asthe number of patients with
|gG4 autoantibody—positive CIDP.

Statistical Analysis

All statistical analyseswill be performed on an intention-to-treat
basis. The primary analysis will compare the adjusted INCAT
Disability Scale scoresrecorded beforetreatment (at enrollment)
with those recorded at 26, 38, or 52 weeks after the start of
treatment. Wewill cal cul ate the proportion and 95% Cl of IgG4
autoantibody—positive patients in the rituximab group who
achieve an improvement of >1 point at any of evaluation point
after 26 weeks, from baseline. The 95% CI will be calculated
using the Clopper-Pearson method. Continuous variables will
be analyzed using descriptive statistics, and categorical variables
will be calculated asthe frequency and proportion. All statitical
analyseswill be performed using SASversion 9.4 (SAS|ngtitute
Inc, Cary, NC). All statistical tests will be two-sided. P values
<0.05 will be considered statistically significant.

Monitoring and Auditing

Monitoring and auditing will include systematic independent
examination according to the study protocol, applicable
regulatory requirements, and standard operating procedures.

Results

Ethics Approval, Trial Registration, and Current
Enrollment Status

The study protocol complies with the Declaration of Helsinki
[38] and the Pharmaceutical Affairs Act in Japan. This protocol
was also approved by the ingtitutional review boards at the
following sites. Nagoya University Hospital (No. 302010),
ChibaUniversity Hospital (No. 030033), Yamaguchi University
Hospital (No. 201901), and Kyushu University Hospital (No.
2018312).

The necessary information for the RECIPE trial has been
uploaded to Clinical Trias.gov (NCT03864185, registered March
6, 2019) and the Japan Registry of Clinica Trias
(jRC2041180037, registered January 31, 2019).

The first patient completed registration in April 2019 and
received an investigational treatment in May 2019. Recruitment
of patients for the RECIPE trial is ongoing at the four
participating hospitals. As of January 2020, 14 cases have been
enrolled. The targeted accrual is 25 cases for the full analysis
set. Enrollment will close in September 2020, and the study is
scheduled to end in December 2021.
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: : anti-CNTN1—positive patients and anti-NF155 patients;
Discussion however, patients with |gG4 autoantibody—positive CIDP have
Overview severd clinically common characteristics. Given its mechanism

. . of action, rituximab is likely to be effective in patients with
There have been some reports on the epidemiology of 19G4 4G4 aytoantibody (anti-CNTNL and anti-NF155)—positive

antibody—positive CIDP [14,16,17]. This phenotypic subtype  cipp Accordingly, we are planning to develop rituximab for
presents as subacute or slowly progressive disease. Theinitia | o1 in these patients and present here the protocol for the
disability tends to be distal acquired demyelinating symmetric exploratory study intended to secure approval of rituximab in
neuropathy, which sometimes progresses to the typical CIDP 5505 e have attended aconsultation mesting with the PMDA,

phenotype. 1gG4 antibody—positive CIDPis also characterized |\ hich has agreed to the devel opment strategy and initial design
by gait disturbance with sensory ataxia and fine tremor of the ¢ ihe RECIPE trial.

hands. The protein level in cerebrospinal fluid is markedly _
higher in 1gG4 antibody—positive CIDP than in typical CIDP.  Conclusion

Furthermore, a relatively large proportion of patients with  This article has described the design and protocol being used
antibody—positive CIDP present at a younger age. However, in the RECIPE trial. We outlined the characteristics of patients
they are resistant to conventional therapies, such as IVlg and  wijth 1gG4 autoantibody—positive CIDP and discussed some
corticosteroids. Therefore, new therapies that can inhibit critical considerations for these patients. The RECIPE tridl is
production of pathogenic antibodies in the long term are the first randomized controlled trial of rituximab for 1gG4
essential. autoanti body—positive CIDP. It is anticipated that the results
Rituximab can be expected to be effectivein casesof refractory Wil 1€ad to a pathogenesis-oriented therapeutic strategy that

CIDP [19-32]. Some of the phenotypic characteristics, for ~Can trget specific phenotypes of CIDP and confirm the efficacy
example onset time, ae different from those in Of ritiximabinrefractory 9G4 autoantibody—negative CIDP.
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Abstract

Background: Saltintakein Chinais over twice the maximum recommendation of the World Health Organization. Unlike most
developed countries where salt intake is mainly derived from prepackaged foods, around 80% of the salt consumed in Chinais
added during cooking.

Objective: Action on Salt China (ASC), initiated in 2017, aims to develop, implement, and evaluate a comprehensive and
tailored salt reduction program for national scaling-up.

Methods: ASC consists of six programs working in synergy to increase salt awareness and to reduce the amount of salt used
during cooking at home and in restaurants, aswell asin processed foods. Since September 2018, two health campaigns on health
education and processed foods have respectively started, in parallel with four open-label cluster randomized controlled trials
(RCT9) in six provinces across China: (1) app-based intervention study (AlS), in which a mobile app is used to achieve and
sustain salt reduction in school children and their families; (2) home cook-based intervention study (HIS), in which family cooks
receive support in using less salt; (3) restaurant-based intervention study (RIS) targeting restaurant consumers, cooks, and
managers, and (4) comprehensive intervention study (CIS), which is areal-world implementation and evaluation of al available
interventions in the three other RCTs. To explore the barriers, facilitators, and effectiveness of delivering a comprehensive salt
reduction intervention, these RCTs will last for 1 year (stage 1), followed by nationwide implementation (stage 2). In AIS, HIS,
and CIS, the primary outcome of salt reduction will be evaluated by 24-hour urinary sodium excretion in 6030 participants,
including 5436 adults and 594 school children around 8-9 yearsold. In RIS, the salt content of mealswill be measured by laboratory
food analysis of the 5 best-selling dishes from 192 restaurants. Secondary outcomes will include process evaluation; changesin
knowledge, attitude, and practice on salt intake; and economic evaluation.
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Results:
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All RCTs have been approved by Queen Mary Research Ethics Committee and the Institutional Review Boards of

leading institutes in China. The research started in June 2017 and is expected to be completed around March 2021. The baseline

investigations of the four RCTs were completed in May 2019.

Conclusions: The ASC project is progressing smoothly. The intervention packages and tailored components will be promoted
for salt reduction in China, and could be adopted by other countries.

Trial Registration:
ChiCTR1800016804;  https://tinyurl.com/w8c7x3w.
ChiCTR1800018119; https://tinyurl.com/s3ajldw.

International Registered Report Identifier (IRRID):

RIS

(JMIR Res Protoc 2020;9(4):€15933) doi:10.2196/15933

KEYWORDS

Chinese Clinical Trial Registry. AlS: ChiCTR1800017553; https://tinyurl.com/vdr8rpr. HIS:

ChiCTR1800019694; https://tinyurl.com/ugkjgfw.  CIS:

DERR1-10.2196/15933

sodium; dietary; 24-hour urinary sodium; salt reduction; randomized controlled trials; scaling-up; China

Introduction

Humans only require a very small amount of salt (ie, around 1
g/day) to maintain physiological function[1-3]. High salt intake
isthe major cause of raised blood pressure[4] and istheleading
risk factor of total death and disability-adjusted life years in
China [5]. Compelling evidence has shown that a lower salt
intakeisassociated with areduced risk of cardiovascular disease
(CVvD) and total mortality [6,7]. Salt reduction is one of the
most cost-effective measuresto prevent hypertension and CVD
[4,8]. The World Health Organization (WHO) has recommended
a 30% reduction in population salt intake by 2025, and also set
atarget of <5 g/day for al adults with even lower levels for
children [1]. Accordingly, many developed countries have
started salt reduction initiatives [9]. Salt intake has been
successfully reduced in Finland and the United Kingdom,
accompanied by falls in population blood pressure and
CVD-related mortality [10]; however, devel oping countries are
lagging behind.

Chinaisthe largest devel oping country, accounting for onefifth
of the globa population. Salt intake in China is among the
highest in the world, with adults consuming on average above
10 g/day [11,12], which is more than twice the WHO
recommended limit [1]. Approximately 80% of the salt in the
Chinese diet is added by consumers during cooking [13]. With
rapid and sustained urbanization, the amount of salt intakefrom
restaurants and prepackaged foodsis also increasing. A recent
study showed that the major sources of salt intake for urban
adults of working age are home cooking (50.1%, 40.8% of
which is derived from cooking salt and 9.3% from various
condiments), food prepared by restaurants (43.3%), and
prepackaged food (6.6%) [14].

In most developed countries, where 80% of salt intakeisderived
from prepackaged food, the major strategy of salt reduction is
to set salt targets; that is, to encourage food producers to
gradually reduce the amount of salt used in their food products
[15]. However, salt reduction is more challenging in Chinaand
many other developing countries owing to the difficulty in
changing individuals dietary behavior. It is of paramount
importance to develop strategies and specific solutions to
improve: (1) the environment, so that it encourages and
facilitates salt reduction; (2) consumer knowledge, attitude, and

https://www.researchprotocol s.org/2020/4/€15933

practice (KAP) of eating food with reduced salt content; (3)
family or restaurant cooks' knowledge and skills in reducing
salt use during cooking; and (4) motivation of the food industry
to reduce salt use in processed foods.

The central government of China has set a target of a 20%
reduction in mean population salt intake by 2030 as one of the
key componentsof China's health development agenda“ Healthy
China 2030" [16]. The government-led initiative “Healthy
Lifestylefor All” hasalso identified salt reduction as one of the
most important strategiesto prevent noncommunicabl e diseases.
Responding to the national call for salt reduction, severa
regional salt reduction projects have been undertaken in various
regions of Chinaas part of routine work in disease control and
prevention systems. However, none of these existing programs
has been properly evaluated for effectiveness and sustainability,
and it is not known whether they can be rolled out across the
whole country.

To overcome the above challenges, a collaboration unit called
“Action on Salt China’ (ASC) was established in June 2017,
funded by the UK Nationa Institute for Heath Research
(NIHR). ASC was built upon an existing collaboration between
Queen Mary University of London in the United Kingdom, and
The George Institute for Global Health (TGI) in China, as well
as previous research and implementation experience on salt
reduction [17]. In addition, ASC has included almost all of the
key national organizations related to salt reduction, including
the Chinese Center for Disease Control and Prevention (China
CDC), Chinese Center for Health Education (CCHE), and China
National Center for Food Safety Risk Assessment (CFSA), as
well aslocal health and education authorities. The program aims
to design several standardized, effective, and sustainable salt
reduction packages targeting the major challenges in salt
reduction in China, and to scale them up after appropriate
eva uation.

ASC is running two national health campaigns and four
randomized controlled trials (RCTS) testing interventions on
major sources of salt intake. Although the protocol and results
of each RCT will be published separately, it is worthwhile to
report the overall design of ASC so as to improve public
understanding of its rationale and design as awhole. With this
aim, this paper introduces ASC's overall goals and strategies,
governance, proposed solutions to main challenges in salt
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reduction, uniformed design of intervention packages and
evaluations, plan for scaling-up, aswell as other ancillary work.

Methods

Goalsand Objectives

The goal of ASC isto reduce salt intake by 15% by 2021 in the
Six target provinces in China. The specific objectives are to
reduce salt intake by at least 1 g/day (about 17 mmol/day) at
home, and to reduce salt use by at least 0.5 g (about 8.5 mmol)
per 100 g in restaurant dishes. To reach these goals, severd
programs targeting the major sources of salt intake in China
have been developed and are being implemented.

Strategy and Overall Design

To achieve these goals and objectives, the ASC project
developed six programstargeting the low health literacy related
to salt reduction and the three sources of salt intake in China:
home cooking, restaurant foods, and prepackaged foods.
Program 1 is a salt reduction education campaign, which will
form the basis of all the other programs. Program 2, app-based
intervention study (AlS), is a primary school-based program
delivering salt reduction activities for the homes of school
children, based on the assumption that parents and grandparents
are more likely to change their habit of high salt intake for the
sake of the health of their children and grandchildren [18,19].
Program 3, home cook-based intervention study (HIS), will
establish acommunity-level training and support system to help
family cooks reduce salt use in home cooking. Program 4,
restaurant-based intervention study (RIS), aims to create an
environment in restaurantsthat is conducive to consumers opting
for reduced-salt dishes, and to train cooks to use less salt while
cooking. Program 5, comprehensive intervention study (CIS),
simulates the real-world implementation of al of the

Zhang et a

intervention packages or components developed in Programs
1-4 with the purpose of identifying barriersand facilitatorswhen
scaling up. Program 6 is atwo-fold campaign with the aims of
educating and supporting consumers choosing less salted
prepackaged foods (Program 6.1), and convincing food
manufacturers to reformulate their food products by gradually
reducing the amount of salt added (Program 6.2).

Governance of the Action on Salt China Unit and
Programs

The governance and management structure of the ASC unit and
programs are illustrated in Figure 1. The governing council
consists of 10 members, 5 of whom arethetop leadersfrom the
5 member organizations of the ASC unit. The other 5 members
are academics from independent organizations, including the
National Preventive Medicine Association (2 members with
Chairman), China Nutrition Society, Chinese Hypertension
League, and Peking University Health Science Center. The
governing council provides guidance by (1) reviewing ASC's
goals and strategies, (2) setting the tone for cooperation and
communication, and (3) evaluating ASC’s overall performance
and achievement every year. The technica committee is
composed of the leading principal investigators of all programs
and independent experts in salt reduction. The committee
memberswill work together to finalize documents (eg, research
protocols and education materials), provide support in program
implementation, and act as the ultimate decision maker in
handling any practical issues. Supervised and supported by the
governing council and technical committee, the ASC office,
located in TGI China, will be responsible for coordinating all
of the partners to implement the proposed programs, and to
ensure the smooth running of the whole unit and its programs
to achieve quality outputsin atimely manner.

Figurel. Governance and specific programsof Action on Salt China (ASC) program. Pl: principal investigator; ChinaCDC: China Centersfor Disease
Control; CCHE: Chinese Center for Health Education; NINH: National Institute for Nutrition and Health, China CDC; TGI China: The George Institute

for Global Health China; QMUL: Queen Mary University of London; NCD

Division: Division of NCD Control and Community Health, China CDC;

NCD Center: Nationa Center for Chronic and Non-communicable Disease Control and Prevention, China CDC; CFSA: China National Center for
Food Safety Risk Assessment; Beihang: Beihang University (Or Beijing University of Aeronautics and Astronautics).

Governing Council
Leaders and academics from main ASC organizations and third parties

Leading Pls for each program and experts from third parties

Technical Committee

ASC Office

Located in TGI China; led by China director of ASC; composed of leading Pls from all
partners in China and the United Kingdom. Office staff include a program lead, a project
manager, 2-3 research fellows, a communication specialist and a project assistant

NINH . NCD Division NCD Center .
CCHE China CDC TGI China QmMmuL China CDC China CDC CFSA Beihang
Program 4: Project design and Program 5: Pro n!m 6.1:
Program 1: Restaurants intervention monitoring; Project design Program 3: Com ?ehensi.ve Nutritﬁ)n Iabe.lir-'n Information
Health education Program 6.2: Program 2: and monitoring Home cook (family inten?entions of improvemeant an?i management
and promotion Setting salt target for school-based family chefs) intervention P 14 P " platform
prepackaged food intervention rogram promotion

Program Implementation

A two-stage strategy is adopted to ensure that the proposed salt
reduction programs are well prepared, evaluated, and tailored.
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At stage 1 (first 2 years), the intervention packages in each
programwill be developed and eva uated, before being scal ed-up
and integrated as policies at stage 2.
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At stage 1, the different intervention packages of Programs 2-5
will be evaluated with open-label cluster RCTs in various
settings. Thefour RCTswill be conducted collaboratively under
the same governance and time frame. Evauation will be
performed using standardized questionnaires, physical
examinations, laboratory tests, and data collection systemsthat
are asidentical as possible so that the data collected across the
RCTs can be pooled together for overall salt intake estimation
and overal| effectiveness evaluation.

The key features of the six programs of ASC at stage 1,
including the theories and key intervention components of the
four RCTs (Programs 2-5 at stage 1), are summarized in Table
1. Separate protocols for each of the four RCTs describing the
study setting and participants, randomization, intervention,
sample size calculation, outcomes, and data collection and
analysis will be published before the end of stage 1. These
results (especially those related to effectiveness and process
evaluation) will also be published separately after theRCTsare
completed.

The study participants are grade 3 primary school students (8-9
yearsold) and their parents/grandparents (1 student and 2 adults
for each family) in AlS, home cooks and their family members
(1 home cook and one other adult member for each family) in
HIS, and adults (1 adult from each participating family) in CIS.
Although the participant recruitment may vary among AlS, HIS,
and CIS, in all cases, these will be local residents with no plan
to move out of the city or village within 24 months, and agree
to participate in the studies. The exclusion criteria are (1)
pregnant women and those actively lactating; (2) individuals
who are currently participating in any other clinical trials; (3)
those with severe psychiatric or physical diseases that might
impact intervention and follow-up; (4) individuals who are
unable or not suitable to collect 24-hour urine due to the

https://www.researchprotocol s.org/2020/4/€15933
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following conditions: aconuresis; acute/chronic urinary tract
infection, vaginal infection and periana infection; acute
hemorrhagic diseases in the urinary tract, vagina, and digestive
tract; and severe vomiting and diarrheic symptoms. In RIS, the
study subjects are restaurants with dish salt content as the
primary outcome, which will be evaluated using the average
sodium content of the 5 best-selling dishes.

At the end of stage 1, the education materials and the effective
intervention packages or components will be combined as a
scale-up intervention package on salt reduction (SIPS) for broad
use at stage 2. A final evaluation to assess the impact of the
scaling-up and the lasting effectiveness of the intervention
packages will be carried out at the end of 1 year of scale-up.
The SIPS will subsequently be further promoted over a larger
scale across China using existing platforms and resources such
asChina sHealthy Lifestylefor All Initiative of the ChinaCDC
and the Chinese Center for Health Education.

To avoid contamination in control groups, all RCTs are being
conducted in different counties or districts of the six provinces:
Heilongjiang, Hebei, Hunan, Jiangxi, Sichuan, and Qinghai,
which cover the north, south, central, east, and west part of
China(Figure 2). HIS, RIS, and CIS are carried out in the above
six provinces, whereas AlSis conducted in only three provinces:
Hebei (north), Sichuan (central), and Hunan (south).

To facilitate implementation, ASCloud, a cloud-based
information system, has been designed and developed by
Beihang University to support health education and promotion
to the public, restaurants, and food industry; intervention
delivery; and project and data management for all programs.
Thisis based on our experience in delivering research projects
[24], and on systematic reviews rel ated to nutrition improvement
[25] and salt reduction [26] using mHealth technology. The
structure of ASCloud isillustrated in Multimedia Appendix 1.
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Table 1. Key features of the six programsin Action on Salt China (ASC) at stage 1.

Zhang et a

Programs Purposes Rationale/design Coverageat stagel Output by the end of stage 1
Program 1. health 1o improveKAPPonsalt Varioustypes of education materialswere  Within study sitesof - Materials (eg, manuals, fact
educationandpromo-  yeqyction in the public,  developed toimprove the KAP targeting the intervention sheets, ledflets, stickers, pub-
tion major barriers to salt reduction and sources  gmsof all 4 RCTS  lic advertisements, short

Program 2: applica-
tion-based interven-
tion study (AlS)

Program 3: home
cook-based interven-
tion study (HIS)

Program 4: restau-
rant-based interven-
tion study (RIS)

Program 5: compre-
hensive intervention
study (CIS)

Program 6: prepack-
aged food salt reduc-
tion

restaurants, and food in-
dustry; to provide abasis
for the other programs

To achieve and sustain
salt reduction in school
children and their fami-
lies

To support families,
mainly through family
cooks, to reduce salt use
in home cooking

To reduce salt intake
when eating out by reduc-
ing salt use by restaurant
cooks

To explore the experi-
ence, barriers, facilita-
tors, and effectiveness of
delivering a comprehen-
sive salt reduction inter-
vention

To encourage and sup-
port consumersto choose
prepackaged foods with
lower salt content (P6.1),
and to work with the
food industry to reduce
salt usein prepackaged
foods (P6.2)

of salt intake using evidence-based key mes-
sages

A cRCT to test the feasibility and effective-
ness of an app-based platform (AppSalt) for
salt reduction. Goal setting, self-monitoring,
and self-reward are the magjor components
(20]

A cRCT to test the effectiveness and accept-
ability of acommunity-based intervention
package. Standardized education, salt intake
evaluation, individualized recommendations,
and reminders are the major components of
intervention based on a health belief model
[21]

A cRCT to test the feasibility and effective-
ness of arestaurant salt reduction package.
Socia cognitivetheory [22] has been adopted
to develop interventions, which include (1)
a standardized environment encouraging
consumers to order reduced-salt dishes, (2)
reminders from waiters, and (3) training
cooks to reduce salt use by 10% for all, and
greater reduction per consumer requirements

A cRCT at thetownship/ street level to simu-
late the scale-up of the intervention clusters
and to test its effectiveness. The World
Health Organization conceptual framework
[23] was adopted to instruct the delivery of
all availableinterventionswith close engage-
ment of local government and different sec-
tors.

Besides setting voluntary salt targets®, con-
sumers are encouraged to choose foods with
lesssalt, and food manufacturers are persuad-
ed to reformulate the products that are high
in salt. A health belief model [21] has been
used to encourage the consumers to select
food with less salt, while convincing food
producersthat foods highin salt will negative-
ly impact sales.

in 6 Chinese
provinces’

54 primary schools
in3of the6
provinces

60 communities
from the 6 provinces

192 restaurantsin
the 6 provinces

48 towns /streetsin
the 6 provinces

Participating con-
sumers and food
producers

videos, and loudspeaker audio
messages) targeted at various
populations and settings

Finalized AppSalt platform;
report on effectiveness of salt
reduction as measured by re-
peated 24-hour urinary sodi-
um excretion; report on feasi-
bility from the perspective of
the schools, students, and
families

Intervention package; report
on effectiveness of salt reduc-
tion measured by 24-hour uri-
nary sodium excretion; report
on feasibility

Restaurant intervention pack-
age; report on the effective-
ness of salt reduction as mea-
sured by whole food sodium
analysis for each of the
restaurants’ 5 best-selling
dishes; report on feasibility.

Process eval uation report; re-
port of effectiveness of salt
reduction as measured by 24-
hour urinary sodium excre-
tion.

The FoodSwitch' app (already
downloaded by more than 1
million users); awebsite de-
signed to rai se food manufac-
turers’ awareness of the high
salt content of their products
and display ranking by salt
content in product categories;
by late 2019, more than 100
products have already been
reformulated to contain less
salt

3 AP: knowledge, attitude, and practice.
BPRCT: randomized controlled trial.
®The6 provinces are Heilongjiang, Hebei, Hunan, Jiangxi, Sichuan, and Qinghai, which cover the north, south, central, east, and west part of China.

4eRCT: cluster randomized controlled trial.
©Setting incremental targets for the salt content of major contributors to salt intake (eg, sauces).

fFoodSwitchis asmartphone app that can provide consumers with the nutrition information of a prepackaged food product (including sodium; in China,
food products are labeled with sodium rather than salt in which 1 g sodium = 2.5 g salt) and alist of similar food products for making healthier choices,
especially with respect to sodium reduction.
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Figure 2. The study sites of the Action on Salt China (ASC) cluster of randomized controlled trials.

% Beijing, the capital of China

Program Evaluation

The evaluation method of the effectiveness or impact of the
proposed interventions has been specifically designed for each
program. In all RCTs, the 1-year effectiveness of the
intervention will be assessed by comparing the salt reduction
achieved between the intervention and control arms from
baseline to the end of stage 1, and the sustained effectiveness
over the following year will be assessed by comparing the salt
reduction achieved between the intervention and control arms
of AIS, HIS, and CISfrom baselineto the end of stage 2. Figure
3 shows the design, sample size, and evaluation of primary
outcomes for RCTsin Programs 2-5.

The sample sizesindicated in Figure 3 are equal to or dightly
larger than the cal culated numbersfor the RCTsbased on target
populations (children and adultsin AlS, home cooks and family
members in HIS, community adults in CIS, and restaurantsin
RIS), primary outcomes (24-hour sodium excretionin AlS, HIS,
and CIS; average sodium content of the 5 best-selling dishes
for arestaurant in RIS), standard deviations of primary outcomes
(85 mmol/day for 24-hour sodium excretion [19], and 1 ¢
salt/100 g dish [27]), expected minimum salt reduction (25
mmol/day in AlS and CIS; 20 mmol/day for HIS; 0.5 g/100 g

https://www.researchprotocol s.org/2020/4/€15933

dish for RIS [27]), intraclass correlation coefficient (0.05 for
AIS, HIS, and CIS[19], and no cluster effect for RIS), drop-out
rate (<20%) for individuals/clusters, type | error (5%), and
power (>80%), as well as reasonable cluster size (11 students
and familiesin each school in AIS, 13 familiesin each village
in HIS, and 30 adultsin each village in CIS).

Secondary outcomeswill consist of process evaluation, changes
in KAP on salt intake, and economic evaluation. Overall KAP
on salt, and overall sat intake levels will also be estimated by
pooling the data collected in AIS, HIS, and CIS at baseline, at
the end of stage 1, and at the end of stage 2.

Statisticians will be blinded to the intervention assignments
during data analysis. An intention-to-trest approach will be
adopted for analysis of the primary outcomes. The effect of the
intervention on the outcomes will be tested using linear mixed
models. For AIS, HIS, and CIS, participants will be nested
within family unitsand families nested within clusters (schools,
villages, or towns). Group (intervention, control), time (baseline,
end of trial), and time-by-group interaction will be included in
the model, with the interaction effect indicating differential
change according to group from baseline to the end of thetrial.
We will adjust for the stratification and potential confounding
variables at randomization.
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Figure 3. Design for the evaluation of the four cluster randomized controlled trialsin Action on Salt China (ASC) Programs 2-5.

Programs Participants Primary outcomes Results of two arms at RCT stage Results of two arms at scale-up stage
Program 2: 2 arms * 27 schools * 11
g . AIS1_0 Intervention arm (AIS1) AIS1_1 AlS1_2
AppSalt families * (2 adults +1 24-h uri di
Intervention child)=2 arms * (594 adults ~h urine sodium AISD 0 Control AISD AISO 1 HET. 7
Study (AIS) +297 children) - ontrol arm (AlS0) = —
P 3:
H:’::a:;Dk 2 arms * 30 communities * HIS1_O Intervention arm (HIS1) HIS1_1 HIS1_2
. 26 adults=2 arms * 780 24-h urine sodium
Intervention adults HISO0  Controlarm (HISO)  HISO_1 HIS0_2
Study (HIS) _ ontrol arm » ).
Program 4: Average sodium | 1o\) 0 Intervention arm (RIS1) RIS1_1 RIS1_2
Restaurant content of the 5
. 2 arms * 96 restaurants N N
Intervention best-selling dishes RISO O c | - RISO 1 o
Study (RIS) of each restaurant = ontrolarm ) = =
Program : 2 arms * 24 towns/streets CIS1_0 Intervention arm (CIS1) CIs1_1 cis1_2
Comprehensive ) i
. * 56 adults=2 arms * 1344 24-h urine sodium
Intervention adults CIS00  Controlarm (CIS0)  CISO_1 CIs0_2
Study (CIS) )_| ontrol arm _ ) .
Baseline Year1 Year 2
results results results
Effectiveness evaluation at stage 1 (Red): Sustainable effectiveness evaluation at stage 2 (Yellow):
Effectiveness of AlS=(AIS1_1- AlS1_0)- (AISO_1- AISO_0) Sustainable effectiveness of AIS=(AI51_2- AIS1_0) - (AISO_2 - AISO_0)
Effectiveness of HIS=(HIS1_1- HIS1_0)- (HISO_1 - HISO_0) Sustainable effectiveness of HIS=(HIS1_2- HIS1_0) - (HISO_2 - HISO_0)
Effectivenessof RIS=(RIS1_1-RIS1_0) - (RISO_1- RISO_D) Sustainable effectiveness of RIS=(RIS1_2 - RIS1_0) - (RISO_2 - RISO_0)
Effectiveness of CIS=(CIS1_1- CIS1 0)- (CIS0_1-CISO_0) Sustainable effectiveness of CIS=(CIS1_2- CIS1_0)- (CISO_2 - CIS0_0)
Effectiveness of Scale-up (Green) measured amongadult participants in control arms of AlS, HIS and CIS during stage 2:
= (AISO 2. HISO_2. CISO_2) - (AISO_1. HISO 1. CIS0_1)

Data Collecti dM t to certain features through different kinds of front ends, Web
alato ec lonan ar'1agemen _ portals, and mobile apps. The mEDC has an improved process
Our study will have three major data outputs: (1) dataobtained  and quality control feature compared with a traditional EDC,

from the evaluation of each RCT’s effectiveness (Table 2); (2)  and has been validated and widely used in other clinical trials
dataobtained from the process monitoring and evaluation, which - [24,2g].

will consist of quantitative data automatically generated by the
smartphone apps used asintervention toolsinthe RCTs, aswell
as qualitative data collected for process evaluation; and (3)
monitoring and evaluation data on the coverage and usage of
the salt reduction materials and tools, which will be recorded
by ASCloud during the scaling-up phase. With the exception
of the routine work log and qualitative data collected for process
evaluation, most of the data will be collected using specially
designed electronic systems, including a mobile device-based
electronic data capture system (mEDC) and the ASCloud server,
which can capture activities such as log in/log out and access

All cleaned and locked datasets for each RCT, together with
the study design, questionnaires, code lists, and definitions of
databases and variables, will be stored in TGl China, with a
unique | D number attached but no personal identifiers, following
an established standard operating procedure for data security.
To guarantee data security, the mobile app developer (ie, the
Information Technology team at Beihang University) will follow
the“Mobile Application Information Service Regulation” issued
by the Cyberspace Administration of China in 2016 [30].
Although personal datawill be accessible to the app devel oper,
disclosure of such information is prohibited.
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Table 2. Datacollection in the four randomized controlled trialsin Action on Salt China (ASC) Programs 2-5.

Questionnaires Baseline Year 1 and 2 follow-up
AIS? HISP RIS cls®
Demographics
Sex 0 0 0 O _f
Age 0 0 0 O —
Education O O O O —
Marriage O O O O —
Income g g g g —
Medical Insurance O O O O —

Knowledge, attitude, and practice (KAP)

Preference for salt O O O O As baseline
Awareness of salt recommendation O O 0 O Asbaseline
Awareness of salt and hypertension d O 0 d As baseline
Awareness of low-sodium salt O O 0 O Asbaseline
Awareness of salt labeling d O 0 d As baseline
Attitude to low-salt diet O O 0 O Asbaseline
Attitude to low-salt behavior O O O O As baseline
Salt use during cooking ad O ad ad As baseline
Frequency of eating out d O 0 d As baseline
Ordering dishes with reduced salt when eating out ad O ad ad As baseline
Lifestyle
Smoking ad O — ad As baseline
Drinking d O — d As baseline
Physical activity ad O — ad As baseline
Disease history
Hypertension ad O — ad As baseline
Anti-hypertensive medication use d O — d As baseline
Other chronic diseases O O — O Asbaseline
Physical examination
Height g g — g As baseline?
Weight O O — O Asbaseline
Waist circumference O O — O As baseline
Blood pressure O O — O Asbaseline
Heart rate O O — O As baseline
24-hour urinary excretion”
Sodium O O — O As baseline
Potassium O O — O As baseline
Crestinine O O — O As baseline
Albumin d d — g As baseline
Calcium O O — O As baseline
Restaurants
Salt-specific environmental factors — — O — As baseline
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Questionnaires Baseline Year 1 and 2 follow-up
Al HIS RIS®d cIs?
Recipe of the 50 best-selling dishes — — ad — —
Percentage of consumers who choose lower salt foods — — 0 — —
Usage of salt and highly salted foods — — ad — As baseline
Provision of salt reduction services — — O — As baseline
Whole food laboratory test
Sodium content of the 5 best-selling dishes — — 0 — As baseline

83A1S: app-based intervention study.
PH1S: home cook-based intervention study.
CRIS: restaurant-based intervention study.

Hhe primary outcome of RIS isthe change of salt use among the study restaurants measured by whole food sodium analysis for the 5 best-selling dishes
in each restaurant. Twenty consumers will be invited to take part in asimple survey at baseline and at the end of 2 follow-ups.

€CIS: comprehensive intervention studly.
Not applicable.

90nly the height of children in AlISwill be measured during the follow-up visit at year 1 and year 2.
Mhe quality control for 24-hour urine collection refers to the protocol of AIS[29].

Patient and Public I nvolvement

During development of the overall design of ASC and the
specific protocols for each RCT, people from the target
populations and those involved in the implementation of the
interventions were consulted at least once through meetings,
teleconference, and site visits. The consulted individuals
included primary school teachers, parents of primary school
children, family cooks, consumers of prepackaged food, food
producers, restaurant staff, community residents, and policy
makers. All ideas on new interventions, opinions on the
feasibility of specific interventions, and suggestionsto improve
their design and implementation were carefully considered. All
participants will be informed of the study progress by regular
communication viathe ASC newsletter, WeChat, and website.
Upon completion of the study, we will disseminate the results
to al participants and discuss the trandation of our study
findingsto practice.

Results

The duration of ASC isfrom June 1, 2017 to March 31, 2021,
with March 31, 2020 as the split point for stage 1 and stage 2.
The preparation of the 4 RCTsand their baseline investigations
were completed at the end of March 2019. Protocols of the
intervention packages or intervention components that proved
to be effective at stage 1 will be made available and scaled up

https://www.researchprotocol s.org/2020/4/€15933

by combining them into an existing national initiative such as
Healthy Lifestyle Campaign for All [31] for stage 2. The status
of al ASC programsis summarized in Textbox 1.

All trials have been approved by Queen Mary Research Ethics
Committee in the United Kingdom (QMERC2018/13 for AIS,
QMERC2018/15 for HIS, QMERC2018/16 for CIS, and
QMERC2018/14 for RIS) and the Institutional Review Boards
of Peking University (IRB00001052-18051 for AlS), Chinese
CDC (No. 201801 for HIS), National Center for Chronic and
Noncommunicable Disease Control and Prevention, ChinaCDC
(No. 201807 for CIS), and National Institute for Nutrition and
Health, China CDC (20180314 for RIS). Written informed
consent forms have been obtained from al participants
according to well-established practices. For children, participant
assent and parental written consent have been obtained. All
participants are free to discontinue their participation at any
time with no explanation required.

By the end of 2019, three steering committee meetings have
been convened. Nine presentations have been made in
international (four) and national (five) meetings. The Chinese
National Health Commission, especially thedivisions of disease
control, food safety, and health education, is looking forward
to adopting the evidence-based salt reduction packagesin ASC
in 2020, which could help support the Healthy Chinalnitiatives
launched in July 2019 [33].
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Textbox 1. Status of the programs of Action on Salt China (ASC).

Program 1: Health education and promotion

. KAP (knowledge, attitude, and practice) questionnaire: pilot tested and now in use by all RCTs (randomized controlled trial).

o  Education materials: 1 manual, 3 leaflets, 2 public advertisements (15 s and 30 s), 3 short videos targeting 3 major settings for salt intake
(home cooking, eating out, and groceries), 8 loudspeaker audio messages for rural village use, and several others; ready for usein RCTSs.

Programs 2-5: app-based intervention study (AlS), home cook-based intervention study (HIS), restaurant-based intervention study (RIS),

comprehensive intervention study (CIS)

o Intervention package development for all 4 RCTs: completed.

«  Participant recruitment: 592 children and 1184 adults recruited for AlS, 1576 home cooks recruited for HIS, 2694 residents recruited for
CIS, and 192 restaurants recruited for RIS.

«  Basdlinesurveys: completed, including 24-hour urine collectionin AlS, HIS, and CI'S, and whole food sodium analysisfor the 5 best-selling
dishes of each participating restaurant in RIS.

«  Randomization: Schools/communities/restaurants randomly assigned to intervention and control arms after completion of baseline surveys.

o Intervention implementation: Ongoing

«  RCT follow-up assessment: completed by the end of January 2020 for AIS, HIS, and CIS, and will be completed by the end of May 2020
for RIS.

Program 6: Prepackaged food salt reduction

«  FoodSwitch was released June 16, 2019 and has been downloaded by over 10,000 users as of November 2019. It can be found by searching
“Shi Xian Zhi” in most app markets and WeChat (a popular communication app in China), and can be used by consumersto choose lower-salt
prepackaged foods. Shi Xian Zhi is Chinese pinyin, with Shi indicating food, and Xian Zhi for prophet.

. ASC'sofficia website now provides a purpose-built page for food producers, based on the data collected through FoodSwitch.

The information system (ASCloud)

« ASC'sofficial website[32] waslaunched in September 2018. To avoid contamination of the RCTS' control arms, it will remain open mainly
for internal use and for food producers during stage 1.

«  Several smartphone apps and WeChat applets (ie, very small apps) have also been developed to help consumers choose foods with less salt
(FoodSwitch, Shi Xian Zhi in Chinese pinyin), to help families estimate their salt intake (KnowSdlt, Jia Ting Yong Yan Ce Liang in Chinese
pinyin, used in HIS and CIS), to help deliver a series of health education and activities on salt reduction in schools for the school children
and their families (AppSalt, Jian Yan, used in AlS), and to help project implementation and quality control (one app per RCT). Jian Yan is

Chinese pinyin, with Jian meaning health and Yan meaning salt.

«  Laboratory tests

«  Onetop-level central laboratory has been contracted for the assay of al urine samples collected in AlS, HIS, and CIS, and the whole food

sodium analysisin RIS.

Discussion

Expected Outputs and Potential | mpact

ASC is aresearch unit led by a strong multidisciplinary team
with membersfrominternational and nationa institutes engaging
innearly all relevant areas on salt reductionin China. The ASC
program iscomprehensive, including a salt awareness campaign,
legislation support, and RCTs evaluating the strategies dealing
with key chalenges on salt reduction in China. ASC uses
innovative digital health technologies to support the delivery
of interventions as well as project and data management. The
real-time monitoring and process evaluation can help toincrease
the fidelity of complex interventions.

As aunit, the six programs of ASC will provide a set of novel
approachesto reduce salt intake in China. The expected outputs
of ASC include: (1) several evidence-based intervention
packages addressing major sources of salt intake; (2)

https://www.researchprotocol s.org/2020/4/€15933

evidence-based salt reduction strategies and experience on policy
advocacy along with scaling-up in different regions and
populations; and (3) study reports and publicationsto highlight
the gaps, needs, barriers and facilitators, and strategies in salt
reduction among different populations. All these major outputs
will make significant contributions to the national policies,
programs, and initiatives on the prevention and control of
noncommunicable diseases aswell as the promotion of healthy
diets and healthy lifestyle in China. Owing to the strong policy
support, multidisciplinary research team, and close partnership
with all key national agencies, ASC is most likely to succeed
in achieving its intended objectives.

Todate, ASC has already made significant progressin achieving
its academic impact. Asshown in Textbox 1, ASC has attracted
the attention of key departments of the Chinese centra
government. With the support of relevant government agencies,
the development of detailed scaling-up plans is underway. If
the program isimplemented and sustained across China, it will

JMIR Res Protoc 2020 | vol. 9| iss. 4 |e15933 | p.123
(page number not for citation purposes)


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

JMIR RESEARCH PROTOCOLS

reduce population salt intake and thereby prevent hundreds of
thousands of strokes, heart attacks, and heart failure each year,
leading to major cost-savingsto individuals, their families, and
the health service. Although our study will be carried out in
China, the outcomes could potentially be adopted by many other
countries. Additionally, our model on salt reduction could
possibly be adapted for other dietary and lifestyle changes to
prevent CV D and other noncommunicable diseases, which will
have major public health implications.

Future Dissemination

Thefindings of this study will be disseminated widely through
conference presentations, peer-reviewed publications, press
releases, and social media. In China, the results and effective
interventions will be disseminated nationwide through the
existing system of health education, disease control, and
prevention. Furthermore, the results will be disseminated

Zhang et a

countries with the mission to improve the health of populations
by reducing salt intake.

Potential Limitations and Risks

Theinterventions for each program of ASC are complex. Low
compliance to the intervention may lead to negative results for
the primary outcomes. In addition, the implementation of
collecting 24-hour urine is very demanding. Fidelity to
interventions and quality control for effectiveness evaluation
are both critical to the success of the programs. With the
widespread implementation of Healthy China 2030 initiatives,
salt reduction is being promoted by many other programs.
Therefore, it might be very difficult to distinguish the
contributions of ASC from those of other programs.

Conclusion
The ASC project is progressing smoothly. The intervention

packages and components evaluated at stage 1 will provide
strong support for salt reduction in China, and could potentially
be adopted by many other countries worldwide.

worldwide through World Action on Salt and Health [34], which
is a global nonprofit organization of 600 members from 100
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Abstract

Background: People with hearing loss, particularly those who lose their hearing in adulthood, are at an increased risk of social
isolation, mental health difficulties, unemployment, loss of independence, risk of accidents, and impaired quality of life. In the
United Kingdom, a single third-sector organization provides hearing dogs, a specific type of assistance dog trained to provide
sound support to people with hearing loss. These dogs may also deliver numerous psychosocia benefits to recipients. This has
not previously been fully investigated.

Objective: The study aimsto evaluate the impact of a hearing dog partnership on thelives of individua swith severe or profound
hearing loss.

Methods: A 2-arm, randomized controlled trial will be conducted within the United Kingdom with 162 hearing dog applicants,
aged 18 years and older. Participants will be randomized 1:1 using a matched-pairs design to receive a hearing dog sooner than
usua (intervention arm: arm B) or to receive a hearing dog within the usual timeframe (comparator arm: arm A). In the effectiveness
analysis, the primary outcome is a comparison of mental well-being 6 months after participantsin arm B have received a hearing
dog (arm A have not yet received a hearing dog), measured using the Short Warwick Edinburgh Mental Well-Being Scale.
Secondary outcome measuresinclude the Patient Health Questionnaire-9, Generalized Anxiety Disorder-7, and Work and Social
Adjustments Scale. An economic eval uation will assessthe cost-effectiveness, including health-related quality-adjusted life years
using the EuroQol 5 Dimensions and social care—related quality-adjusted life years. Participants will be followed up for up to 2
years. A nested qualitative study will investigate the impacts of having a hearing dog and how these impacts occur.

Results: The study is funded by the National Institute for Health Research’s School for Social Care Research. Recruitment
commenced in March 2017 and is now complete. A total of 165 participants were randomized. Data collection will continue until
January 2020. Results will be published in peer-reviewed journals and at conferences. A summary of the findings will be made
available to participants. Ethical approval was received from the University of York’s Department of Social Policy and Social
Work Research Ethics Committee (reference SPSW/S/17/1).

Conclusions: The findings from this study will provide, for the first time, strong and reliable evidence on the impact of having
ahearing dog on peopl€e’s livesin terms of their quality of life, well-being, and mental health.

Trial Registration: International Standard Randomised Controlled Trial Number Registry 1SRCTN36452009;
http://www.isrctn.com/I SRCTN 36452009

International Registered Report Identifier (IRRID): DERR1-10.2196/15452
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Introduction

Background and Rationale

Around 5% of the world’'s population currently experience
disabling hearing loss, and thisis estimated to nearly double by
2050[1]. Inthe United Kingdom (UK), 1in 6 adults are affected
by hearing | oss, and about 1% of the adult population is severely
or profoundly deaf. For thislatter population, hearing ai ds offer
little benefit [2]. Adults with hearing loss, particularly those
who acquired hearing lossin adulthood, are at arisk of adverse
outcomes, including social isolation, emotional distress, mental
health difficulties, unemployment, dependence, increased risk
of accidents, and impaired quality of life [3-10]. Hearing loss
is also associated with cognitive decline and an increased risk
of dementia [11,12]. People experiencing hearing loss would
like accessto services, equipment, and assistive techniques that
support mental well-being [13], activities of daily living, and
the best quality of life [4]. In cases where people are unable to
benefit from hearing aids [2], the focus shifts to adaptation of
hearing loss and the prevention (or minimization) of adverse
outcomes. A hearing dog is one of the support optionsavailable
[14].

About Hearing Dogs

In the United Kingdom, just one organization, Hearing Dogs
for Deaf People [15] trains and provides hearing dogs to UK
accredited assistance dog standards [16]. A hearing dog's
specialist training meansthat it can alert adeaf personto arange
of everyday sounds (eg, cooker timers and alarm clocks), some
of which support communication with others (eg, telephone
calls, doorbells, and their name being called) and personal safety
(eg, smoke alarms and baby cry monitors). A hearing dog lives
with its deaf recipient and, in contrast to a pet dog, is legally
permitted (under the Equality Act 2010) to accompany the
recipient into service settings (eg, shops, pubs, and aircraft).

Once an application to Hearing Dogs for Deaf People is
accepted, a client advisor liaises with the applicant over 3to 6
months to create a detailed understanding and written profile
of their lifestyle and hearing dog—relevant needs. This profile
isthen released to the hearing dog training staff who liaise with
the client advisor to identify matches between an applicant and
the pool of hearing dogs coming toward the end of their training
(aged approximately 18 months old). It can take between 1 and
3 years for a hearing dog to be provided to an applicant
depending on the complexity of their needs. During the period
of introducing the hearing dog to the recipient and the dog
settling in their home, a series of strategies ensure the hearing
dog attaches exclusively to the recipient. Apart from when the
recipient is exercising the dog, the hearing dog wears a
distinctive hearing dog jacket when taken outside the home.
Hearing Dogs for Deaf People refers to the arrangement of a
hearing dog and recipient as a hearing dog partnership. Each
recipient is allocated a partnership instructor for ongoing

https://www.researchprotocol s.org/2020/4/€15452

partnership support in their local community. Initialy,
partnership instructors visit regularly to offer bespoke advice
and support, tapering to a minimum annua visit once the
partnership is established, although recipients can till contact
them for support at any time and attend community activities,
events, and workshops. Routine visits ensure the recipient is
maintaining the dog’'s welfare, standard of general behavior,
and sound work skills training, thus providing an opportunity
for the recipient to request advice and support on these issues
or other areas of concern. A hearing dog partnership can last
up to 10 years, after which the dog is retired.

Hearing Dogs for Deaf People report that the cost of training a
dog and creating and supporting a partnership throughout the
dog’s working lifeis around UK £40,000 (US $52,000) [17].

Although Hearing Dogs for Deaf People retain ownership of
their hearing dogs and cover the costs described above,
recipients are responsiblefor covering day-to-day costs such as
food, routine veterinary care, and insurance.

Existing Evidence

A literature review of evaluations of assistance dogs was
conducted to make the case for thisresearch (internal report by
Baxter and Beresford [18]). Thisreview identified three studies
that had eval uated hearing dog partnerships[19-21] and afurther
two with mixed samples of individuals with a hearing or
mobility impairment [22,23]. These studiesindicated that there
could be psychological, social, and heath benefits of an
assistance dog, but the study designs were weak, eg, beforeand
after studies and nonrandomized comparative studies, often
with small samples. Only two studies, both mixed samples of
individuals with a hearing or mobility impairment, considered
the cost implications of a hearing dog. All studies apart from
one[19] were conducted in the United States and Canada, where
the findings may not be directly transferable to the UK setting.
Sincethe publication of thisreview, two further studieslooking
at the impact of hearing dogs on quality of life have been
published [24,25]. One of them was a UK study employing a
nonrandomized design to compare outcomes for recipients of
hearing dogs and mobility dogs to those waiting to receive one
[24]. Some improvements in quality of life were reported, but
the study had a poor response rate, and the representativeness
of the surveyed sample with respect to the popul ation of hearing
dog applicants was unclear. The other was alongitudinal study
conducted in Sweden of outcomes for 55 dog owners before
and after their companion dog was trained to perform as an
assistance dog [25]. The mgjority of these dogs were trained to
become mobility (n=30) or diabetes assistance dogs (n=20),
with only 3 of them being trained to become hearing dogs.
Improvements in quality of life, well-being, and levels of
physical activity were reported, but there was no comparator

group.
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Design

The study will comprise asingle-center, superiority randomized
controlled trial (RCT) with nested economic and qualitative
evaluations. In developing the protocol, the research team
worked closely with Hearing Dogs for Deaf People to ensure
the design fitswith standard processes for creating hearing dog
partnerships, the highly variable time it takes to match an
applicant with a dog, and Hearing Dogs for Deaf People's
commitment to create apartnership within 3 years of application.

Objectives
The overall aim of the study is to evaluate the impact of a

hearing dog partnership on the lives of individuals with severe
or profound hearing loss.

The study objectives are as follows:

- To determine the impact of a hearing dog partnership on
mental well-being, as measured by the Short
Warwick-Edinburgh Mental Well-Being Scale
(SWEMWABYS) [26], 6 months post receipt of ahearing dog,
compared with applicants who have not yet received their
hearing dog.

- To determine the impact of a hearing dog partnership on
secondary outcomes of impairment in functioning, anxiety,
depression, and hedth-related and socia care-related
quality of life 6 months postreceipt of a hearing dog.

«  Toconduct a nested economic evaluation to investigate the
cost-effectiveness of hearing dogs.

« To conduct a nested longitudinal qualitative study to
describe the impacts of a hearing dog on recipients’ lives,
and the mechanisms by which these impacts occur.

« Togather initial data on the long-term outcomes of having
a hearing dog.

Methods

Study Setting

The setting is Hearing Dogs for Deaf People, the only
organization accredited to provide hearing dogsto UK residents.
Research participants arefirst-time applicantsfor ahearing dog
who may reside anywhere in the United Kingdom.

Inclusion Criterion

Theinclusion criterion isfirst-time applicantsfor ahearing dog,
aged 18 years and older.

Exclusion Criteria
The exclusion criteriainclude the following:

« Individuals aged 17 years or younger.

« Individuals requiring a dog who can provide sound and
vision support.

« Individuals who are replacing aretiring hearing dog.

« Individuals with alearning disability (indicated by the use
of aproxy during the application process).

« Individuals till awaiting a hearing dog but whose
applicationisat astage past the point where randomization
could take place. These applicantswill have the opportunity

https://www.researchprotocol s.org/2020/4/€15452
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to complete the research materials and form a part of an
exploratory longitudinal cohort study.

Intervention

The intervention includes the receipt of a hearing dog
specifically matched and trained to support the needs of the
applicant. The comparator includes not having a hearing dog.
Practicesregarding cessation of a hearing dog partnership should
align with the standard Hearing Dogsfor Deaf People protocols.
Outside of the intervention, participants should receive care as
usual.

Recruitment

Recruitment to the trial took place between March 2017 and
March 2018. Hearing Dogs for Deaf People will screen all
applications during this period. Typically, the charity receives
over 200 applications annually. For those fulfilling the study
eligibility criteria, Hearing Dogs for Deaf People will post a
study recruitment pack (including a participant information
sheet, consent form, contact preferences form, study
questionnaire, and reply-paid envel ope). Applicants wishing to
participate can choose to compl ete the study material s on paper
or on the Web in either English or British Sign Language (BSL)
via Qualtrics, a Web-based survey platform. These will be
returned directly to the research team. In the case of
nonresponse, Hearing Dogsfor Deaf Peoplewill send up to two
reminders (text message and email or post). Where possible,
reasons for decline will be obtained. Applicants not recruited
to the study will follow standard Hearing Dogs for Deaf People
procedures and timelines.

Randomization

Randomization will be conducted centrally by the York Trias
Unit (YTU), using an allocation schedule generated in Stata
v15. During their hearing dog assessment, study participants
will be categorized by asenior practitioner within Hearing Dogs
for Deaf People, with regard to their presenting needs, as
follows:

«  None: no remarkable or particular needs.

«  Personal: predominantly personal needs, thismight include
particular health concerns or mobility.

«  Environmental: predominantly environmental needs, this
might include an inner city location or the presence of cats
in the home.

« Both: significant personal and environmental needs.

When the profile of 2 individuals with the same categorization
of need is completed, they will form apair and be randomized
together, one to each group using block randomization with a
block size of 2:

« Arm A: matching with a hearing dog occurs within usual
timelines or

«  Arm B: matching accelerated, receive ahearing dog at least
six months earlier than thosein arm A.

Thealocation sequencewill be generated by thetria statistician
(CF) who hasno involvement in the recruitment of participants.
As parwise randomization is being employed, ie, the
randomization of 2 participantsat atime, allocation isconceal ed.
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Participants will be blinded to their group allocation. Study
team members who are actively involved in the administration
of thetrial will not be blinded.

Follow-Up Data Collection

Follow-up questionnaires will be administered by the research
team via post or email according to participants’ preferences.
Postal, email, and text reminders and an incentive (£20 per data
collection time point) will support retention to the study.

Figure 1 presentsthe flow of study participantsthrough thetrial.
T1 (6 months after the arm B participant has received their

Stuttard et &

hearing dog) is the primary outcome time point. Arm B
participants will also be followed up at 12 (T2), 18 (T3), and
24 (T4) months post receipt of ahearing dog. Arm A participants
will only be followed up at T2 if they have not yet received
their dog. Participants who withdraw their application or return
their dog will continue to be contacted according to this
schedule. In the case of arm B participants withdrawing, a
dummy date of partnership will be created. Given the
personalized nature of theintervention, somearm A participants
may receive their dog before their arm B partner.

Figure 1. Flow of tria participants through partnerships between deaf people and hearing dogs.
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Outcome M easures

The selection of outcome measureswasinformed by the existing
literature and in consultation with Hearing Dogsfor Deaf People
and hearing dog recipients. All standardized measures are
available in BSL, and these versions have satisfactory
psychometric properties [27-29].

Primary Outcome for the Effectiveness Analysis

The SWEMWBS[26] comprises seven positively worded items
related to psychological functioning with five response
categories (none of the time to all of the time). Respondents
indicate the response that best describes their experience over
the last 2 weeks.

Primary Outcome for the Cost-Effectiveness Analysis

The EuroQol 5 Dimensions (EQ-5D-5L) is a measure of
health-related quality of life capturing five domains. mobility,
self-care, usual activities, pain/discomfort, and
anxiety/depression [30]. Each domain is captured on a 5-point
scale, with respondents reporting how they feel today.

Secondary Outcomes

The Work and Social Adjustments Scale (WSAS) measures
impairment in functioning and comprisesfiveitems, onerelated
to work and the remainder to social functioning [31].
Respondents rate their impairment on a 9-point scale (not at all
to very severely).

Two measures of mental health will be used: the Patient Health
Questionnaire (PHQ-9) and the Generalized Anxiety Disorder
Assessment (GAD-7) [32,33]. Respondentsrate how often they
have experienced numerous mental health problems over the
previous 2 weeks. Each item provides a 4-point response scale
(not at all to nearly every day). Clinical cutoffsfor BSL versions
have been established [34].

Descriptive outcomes include the status of the hearing dog
partnership (intact vs ceased); use of statutory, third sector, and
private health and social care services in the past 4 weeks; and
employment status.

The Hearing Dog Questionnaire [19] will be used to capture
reports of problems associated with hearing impairment that a
hearing dog is meant to aleviate: awareness of sounds (eg,
smoke alarm and doorbell), concerns about security (in and
outside the home), dependency on others, and being
misunderstood when out in public. It comprises 11 items, and
a5-point scale capturesthe frequency at which these difficulties
are experienced.

Study participants who receive a hearing dog during the trial
will also be asked about the benefits and challenges of their
hearing dog partnership using fixed response (eg, “How
challenging did you find adjusting to having a hearing dog?’
with four response options from not at all challenging to very
challenging) and free-text response formats (eg, Please tell us
briefly how your life hasimproved since having ahearing dog).

Data M anagement

Data will be entered into SPSS 23 by someone who is
independent of the dataanalysis. A random sample of 10% will
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be double entered to assessdata quality. An error rate exceeding
5% will require investigation including an examination of the
type of errors, eg, random vs systematic and potentially adouble
entry of the whole data set. Missing data from a scale will be
managed using guidance from scale developers. For the
SWEMWBSand WSAS, up to onemissing item and, for GAD-7
and PHQ-9, up to two missing items will be replaced with the
scale mean.

Statistical M ethods

Sample Size

Therearelimited published dataon which to base asamplesize
for this trial. Therefore, we have taken a pragmatic approach
and calculated a sample size that should be achievable within
the study timescale. We will aim to approach at least 200
applicants, of which we expect approximately 180 to beeligible
and of which 90.0% (162/180) will opt to join the study.
Allowing for 20% attrition at T1, thiswill resultinatrial sample
at T1 of 128. This pragmatic sample size will provide 80%
power at 5% significance to detect an effect size of 0.5 of a
standard deviation on our primary outcome measure, the
SWEMWBS. Thisis a moderate-to-large effect size.

Effectiveness Analysis

Trial analyses on the effectiveness of hearing dogs will be
conducted on an intention-to-treat basis, including all
participantsin the arm to which they were randomized. Analyses
will be conducted in SPSS 23 or later, using 2-sided statistical
tests at the 5% significance level. The flow of participants
through each stage of the tria will be presented in a
Consolidated Standards of Reporting Trials diagram. The
primary analysiswill estimate the differenceinthe SWEMWBS
scores at T1 between arms A and B using linear regression,
adjusting for the baseline measure and the individua’s
presenting needs (identified before randomization). The
difference between arms in the SWEMWBS score at T1 and
corresponding 95% CI will be presented. Model assumptions
will be checked, and if they are in doubt, data transformations,
alternative distributions, or nonparametric alternatives will be
considered. The secondary outcomes (WSAS, PHQ-9, and
GAD-7) will be analyzed in the same way.

Sensitivity analyses will investigate the robustness of the
findings given any nonadherence to the protocol. Application
withdrawals, placement cessations, and adverse events will be
summarized for each group.

An exploratory analysisof outcomesat T2 will analyzethe data
using the same model as for the T1 with the caveat that there
will be systematic missing data as T2 data are not collected
from arm A participants who have received a hearing dog by
this point. Further exploratory analyses will examine the
longer-term outcomes collected for study participants where
data collection at 18 (T3) and 24 (T4) months post receipt of a
hearing dog is achieved. For these analyses, time will be added
as avariable to the regression model.

To date, the properties of the Hearing Dog Questionnaire have
not been tested to determine whether the items perform as a
scale. Wewill useclassical test theory [35] to determine whether
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it isappropriate to calculate atotal or subscale scores. If thisis
not possible, we will present responses to the individual items.

The Statistical Analytical Plan will be uploaded to the trial
registry.
Economic Evaluation

An economic evaluation will be conducted to determine whether
hearing dogs are value for money. It will be undertaken from
multiple perspectivesto inform value for money considerations
for different potentia decision makers. Perspectiveswill include
(1) avoluntary sector perspective (including costs to Hearing
Dogs for Deaf People and of volunteers); (2) a socia care
perspective (considering that costs of hearing dogs could fall
on social care budgets); (3) a hedth care perspective
(considering the costs of hearing dogs could fall on health care
budgets); (4) a public sector perspective (considering impact
on both socia and hedth care budgets); and (5) a broader
perspective considering costs to the voluntary sector, social
care, health care, and costsincurred by the recipients of hearing
dogs. The choice of outcome will be perspective dependent,
choosing the most rel evant outcome(s) for each decision maker,
with social care quality-adjusted life years (SC-QALY's) and
health quality-adjusted life years (H-QALYsS) being key
outcomes to consider. To determine cost-effectiveness,
incremental costs and units of effect will be compared with
relevant cost-effectivenessthreshol ds[36-38] using incremental
cost-effective ratio decision rules and net benefit decision rules
where appropriate [39].

Data on costs and resource use will be collected from Hearing
Dogsfor Deaf People (viastructured interview and documentary
analysis) and study participants at each data collection point
(using a previousy developed service and resource use
questionnaire that will be updated specifically for this project).
Costs will be calculated by applying unit costs to resource use.
National unit costs (eg, the Personal Social Service Research
Unit's unit costs of health and social care) [40] will be used,
where available, to aid the generalizability of findings. The cost
of the service will be calculated and reported as an average cost
of ahearing dog user.

For outcomes, data on health-related quality of life will be
collected using the EQ-5D-5L questionnaire at multiple time
points. SC- and H-QALY s will be estimated using these data.
H-QALY s will be calculated using the EQ-5D-5L score [41]
and the area under the curve (AUC) method [39]. The
SC-QALYs will be derived by converting the EQ-5D-5L's
answers into EQ-5D-3L's [42], as per the current
recommendation by the National Institute for Health and Care
Excellence [43], and then by applying the exchange rate
proposed by Stevens et a [44] to obtain A Severity
Characterization of Trauma (ASCOT) score to be used for the
AUC method.

A regression analysis will be undertaken to account for any
baseline differencesin study participants between thetrial arms
using appropriate techniques to account for non-normality of
outcomes and costs data [45]. Decision uncertainty will be
addressed using probabilistic sensitivity anaysis, and
deterministic sensitivity analysis will be used to examine the
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impact on results of varying relevant parameters and
assumptions.

Nested Qualitative Study

The qualitative study seeksto understand the active ingredients
of ahearing dog partnership, outcomes of partnerships (positive
and negative, expected and unanticipated), the processes by
which changesin outcomes (or not) are perceived to occur, and
views on the process by which partnerships are created and
supported.

It will include alongitudinal study of 15 study participantswho
have received their hearing dog. This number provides pragmatic
balance, allowing both for (1) recruitment to cover the range of
variables in the purposive sampling frame (see below) and (2)
the capacity and resource demands of the longitudinal approach.
A purposive sampling frame will be used (based on, eg, age,
gender, age at onset of hearing impairment, presenting health
and social needs, family composition, and previous experience
of adog as apet) to ensure arange of factors and circumstances
are represented. Face-to-face interviews will take place
approximately 4 and 10 months post receipt of a hearing dog.
Participants will be able to participate in English or BSL.
Depending on the language used, we will seek permission to
audio or video record the interview. For interviews conducted
in BSL, a detailed summary of the interview will be produced
by the interviewer, an approach we have used successfully in
the past [46]. Interviews will explore experiences of the
introduction of the hearing dog into the household, perceived
impacts on self and wider family, views on factors that have
supported or hindered the development of the partnership and
its potentia impact, and views and experiences of the application
and matching process. During their second interview, recipients
with aresident partner will be asked for permission to approach
them regarding participation in a study interview. Thus, up to
15 partners (permanently living in the same household) will be
recruited. Telephone or face-to-face interviews will be used to
explore experiences of the introduction of the hearing dog into
the household, perceived impacts (positive and negative) on
self and hearing dog recipients and on the wider family, views
on factors that have supported or hindered the devel opment of
the partnership and its potential impact, and experiences of the
application and matching process.

A cross-sectional qualitative study will explore the views and
experiences of Hearing Dogs for Deaf People staff regarding
factorsthat hinder or facilitate positive outcomes of the hearing
dog partnership. Focus groups (n=7; 5-10 partici pants per group)
will be used to gather views and experiences of the three groups
of staff most involved with hearing dog applicants and
recipients: Client advisors (who support an applicant through
to their match with ahearing dog, n=1 focus group); dog trainers
(involved in matching and handover of the hearing dog to anew
recipient, n=2 focus groups), and partnership instructors
(responsible for ongoing recipient support, n=4 focus groups).
The focus group with client advisors will explore preparation
of applicants for a hearing dog, applicants' expectations and
concerns, and factors affecting efficiency and quality of the
matching process. Focus groups with trainers will explore dog
and person characteristics, early indicators of asuccessful match
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and the active ingredients of the intervention. Focus groups
with partnership instructors will explore factors that hinder or
facilitate positive outcomes of hearing dog partnerships, the
maintenance of the partnership, what congtitute the active
ingredients of the intervention, and experiences of interfacing
or collaborating with statutory services. The number of focus
groups per staff group reflects differences in size of each
workforce. Focus groupsfor trainers and partnership instructors
will take place in both of Hearing Dogs for Deaf People's
training bases (South and North England). Overall, the number
and location of groups will allow the research team to collect
data of sufficient breadth and depth.

The datawill be analyzed in two ways. First, for theinterviews
with recipients, we will create a narrative account that records
their experiences of ahearing dog partnership and traces changes
inoutcomes and life situations of interviewees' lives, which are
in some way attributed to the partnership, and the factors that
were perceived to precipitate, support, or hinder those changes.
These narratives will then be collectively interrogated using
thematic analytical techniquestoidentify and describethe active
ingredients of a hearing dog partnership and the factors that
support and hinder the effectiveness of that partnership. We
have used this approach to analyzing longitudinal interviewsin
the past and found it a very effective and efficient tool [47].

Second, thematic analysis [48] of interviews with recipients,
their partners, and Hearing Dogs for Deaf People staff will be
used to identify and describe views and experiences regarding
the process of creating and supporting partnerships, impacts
and consequences, factors perceived to facilitate or hinder
positive outcomes, and views regarding the active ingredients
of ahearing dog partnership. An additional theme—perceived
impacts on the self—will be explored for the partner interviews.
For the analysis, we will use the Framework approach [49],
which facilitates systematic data management and an audit trail
of the analytical process.

Patient and Public I nvolvement

A user advisory panel (UAP) comprising 10 individuals with a
hearing dog has been formed. The panel will meet virtually
using an online forum and group email. We will seek the views
of the UAP on all aspects of the project, particularly the design
and content of study information and consent materials, analysis
of qualitative data, interpretation and synthesis of findings, and
the dissemination strategy. Discussions with the UAP will be
shared with the study steering committee. Hearing Dogs for
Deaf People will also be consulted about dissemination and
impact pathways, and we will advise them regarding their own
dissemination of study findings.

Independent Oversight of the Study

A study steering committee has been appointed comprising
academics, researchers, and hearing dog recipients. The steering
group will meet on four occasions over the course of the study.

Ethics and Dissemination

The study protocol (v3 12/02/2019) included the origina
application and subsegquent amendments (as required) received
a favorable ethical opinion from the University of York
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Department of Social Policy and Social Work Research Ethics
Committee (SPSW/S/17/1).

The study has been designed so that no participant will wait
longer to receive a hearing dog than is usually expected. The
nature of the two arms and the process of randomization will
be made clear in study information materials as will the fact
that participation is voluntary and choosing not to participate
will not affect their application to Hearing Dogsfor Deaf People
or the service they receive. Study information materialswill be
developed in consultation with the user advisory panel.

Consent

All participants will be required to provide written, informed
consent on joining the study. Separate consent will be obtained
for the nested qualitative study. Participants will be informed
they can withdraw from the study at any time without this
influencing their application.

Confidentiality

All study-related information will be stored securely at the
University of York. Participant information will be stored in
locked filing cabinetsin areas with limited access. All outcomes
data will be anonymized and given a coded ID. Records that
contain names or other personal identifiers such as address and
consent forms will be stored separately from outcomes data.
Electronic data will be saved on a secure university filespace,
access restricted to members of the research team that have a
role analysis. Following the study, all datawill be archived and
stored in accordance with the University of York guidelines.

Protocol Amendments

All amendmentsto the protocol will be approved by theresearch
ethics committee.

Dissemination Policy

A summary of the findings will be published by the National
Ingtitute of Health Research’s (NIHR) School for Social Care
Research. Study findings will also be reported in open access,
peer-reviewed journalsand at relevant conferences. Participants
will be sent a summary of the findings.

Monitoring

Data Monitoring

Given the nature of the trial, the trial does not have a data
monitoring committee.

Adverse Events

The study will record and report any details of serious adverse
events.

Auditing

Thistrial does not have an audit procedure in place.
Accessto Data

Thetrial manager (LS) will oversee accessto data. Cleaned data
sets will be shared with the PI (BB), supervising statisticians
(CF and CH), and economic team (HW, SW, and FL). Data
dispersed to the research team will be blinded of any identifying
participant information.
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Ancillary and Posttrial Care
Not applicable for this study.

Results

The study is funded by an NIHR School for Social Care grant,
and recruitment commenced in March 2017. Recruitment is
now complete, and 165 participants were randomized. Data
collection is ongoing.

Discussion

Thisisthefirst time an RCT design has been used to evaluate
the impacts of the hearing dog partnership. The findings from
this study will provide, for the first time, strong and reliable
evidence on the impact of having a hearing dog on people’s

Stuttard et &

lives in terms of their quality of life, well-being, and mental
health.

In addition, we have shown that it is possible to do research that
collects robust data on the impacts of assistance dogs on
people's lives. We think this study will encourage further
research in this area, including for other types of assistance
dogs.

The study findings will be of relevance to people with hearing
impairment, Hearing Dogs for Deaf People and its supporters,
and statutory services responsible for the care and support of
people with hearing impairments (eg, audiology services and
social work or social care services). Findings will support
evidence-informed policy making, service development, and
practice. Study findings will also be relevant to assistance dog
organizations, in the United Kingdom and el sewhere.
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Abstract

Background: Stuttering isacomplex speech disorder that affects speech fluency. Recently, it has been shown that noninvasive
brain stimulation may be useful to enhance the results of fluency interventions in adults who stutter. Delayed auditory feedback
(DAF) is amethod to enhance speech fluency in individuals who stutter. Adjunctive interventions are warranted to enhance the
efficacy of thisintervention.

Objective: Individualswho stutter have pathological activation patternsin the primary and secondary auditory areas. Consequently,
in this study, we hypothesize that stimulation of these areas might be promising as an adjunctive method to fluency training via
DAF to enhance speech therapy success in individuals with a stutter. We will systematically test this hypothesisin this study.

Methods: This study is designed as a randomized, double-blind, sham-controlled clinical trial. All participants will receive
DAF. The intervention group will additionally receive real transcranial direct current stimulation, while the control group will
be exposed to sham stimulation. The assignment of the participants to one of these groups will be randomized. Before starting
the treatment program, 2 preintervention assessments will be conducted to determine the severity of stuttering. Once these
assessments are completed, each subject will participate in 6 intervention sessions. Postintervention assessments will be carried
out immediately and 1 week after the last intervention session. Subsequently, to explore the long-term stability of the treatment
results, the outcome parameters will be obtained in follow-up assessments 6 weeks after the treatment. The primary outcome
measurement—the percentage of stuttered syllables—will be calculated in pre-, post-, and follow-up assessments; the secondary
outcomes will be the scores of the following questionnaires: the Stuttering Severity Instrument—Fourth Edition and the Overall
Assessment of the Speaker’s Experience of Stuttering.

Results: This protocol was funded in 2019 and approved by the Research Ethics Committee of the Iran University of Medical
Sciencesin June 2019. Data collection started in October 2019. As of February 2020, we have enrolled 30 parti cipants. We expect
data analysis to be completed in April 2020, and results will be published in summer 2020.
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Conclusions:

Moein et d

We anticipate that this study will show an adjunctive effect of transcranial direct current stimulation, when

combined with DAF, on stuttering. This should include not only a reduction in the percentage of stuttered syllables but also
improved physical behavior and quality of life in adults who stutter.

Trial Registration:
International Registered Report Identifier (IRRID):

(JMIR Res Protoc 2020;9(4):€16646) doi:10.2196/16646

Clinical Trial.gov NCT03990168; https://clinicaltrials.gov/ct2/show/NCT03990168
DERR1-10.2196/16646

KEYWORDS

delayed auditory feedback; stuttering; transcranial direct current stimulation; speech fluency

Introduction

Stuttering is a complex speech disorder that affects speech
fluency, as defined by repetitions, prolongations, and blocksin
speech sound [1]. It is prevalent in 1% of the population [2].
Despite advancesin thetreatment of stuttering, major limitations
such asinstability of treatment outcomes and lack of long-term
results have yet to be addressed [ 3]. Recently, it has been shown
that noninvasive brain stimulation may be useful to enhance
the results of fluency interventions in adults who stutter [4].
One of these tools is transcranial direct current stimulation
(tDCS), a noninvasive brain stimulation technique that uses a
weak, constant current of 1-2 mA that passes through the scalp
and resultsin alterationsin cortical excitability and activity [5].

Structural and functional neuroimaging in individuals who
stutter show bilateral underactivation of the primary and
secondary auditory areas as compared to adults who do not
stutter [6]. Delayed auditory feedback (DAF) is a method to
enhance speech fluency in individuals who stutter. In this
method, alteration of the timing feedback affects speech rate
and consequently resultsinincreased fluency [7]. A recent study
has shown that in individuals who undergo DAF, enhanced
speech fluency is associated with increased activity in the
primary and secondary auditory areas of the superior temporal
gyrus [8]. DAF is, however, time-consuming, and long-term
reductions in stuttering are dtill restricted [9]. Adjunctive
interventions are thus warranted to enhance the efficacy of this
intervention. Thus, to increase speech fluency, wewill combine
DAF as a speech fluency intervention with tDCS applied over
the superior temporal gyrus (electrode position T3 of the 10-20
international system) to enhance efficacy of the fluency
intervention. Given past evidence that tDCS is capable of
inducing plasticity-like changes in cortical functions that can
outlast the stimul ation period, we anticipate that tDCSwill help
stabilize intervention-related improvements in speech fluency
[10].

In tDCS, electrical current flows between 2 or more
electrodes—apositively charged anode and anegatively charged
cathode—which are positioned at specified locations on the
scalp. The current produced by tDCS results in subtle changes
in the resting membrane potential of cortical neurons in the
underlying brain tissue[5]. Specifically, with standard protocols,
changes under the anode (referred to as anodal stimulation)
result in the depolarization of critical neuronal compartments,
thus increasing neuronal excitability, while changes under the
cathode (cathodal stimulation) result in the hyperpolarization

http://www.researchprotocols.org/2020/4/e16646/

of respective compartments and decrease excitability at the
macroscopic level [11]. Neuroplastic effects emerge after some
minutes of stimulation, depending on alterationsto glutamatergic
and GABAergic activities [12,13]. Similar to the acute
membrane polarization effects, anodal tDCS and cathodal tDCS
result in excitability-enhancing and excitability-reducing
plasticity, respectively [10,14,15].

In recent years, studies have shown that tDCS enhances speech
fluency in adults who stutter when applied during a fluency
intervention [4,16]. Since, in addition to the temporal auditory
areas, the frontal cortex shows abnormalities during stuttering,
tDCS was applied over the latter area in a recent study [4].
Chesters et al [4] investigated the effect of 5 sessions of anodal
tDCS over theleft inferior frontal gyrus during a speech fluency
intervention on stuttering. Speech fluency significantly improved
in the treatment group that received anodal tDCS combined
with the fluency intervention in comparison with the respective
sham tDCS group. It was concluded that using tDCS
simultaneoudy with fluency training can enhance speech fluency
in adults who stutter.

Due to impaired sensory-motor integration, stutterers have
pathological activation patterns in the temporal lobe (ie, the
primary and secondary auditory areas are underactive while
speaking) [6]. Consequently, in this study, we hypothesize that
stimulation of these areas might be promising as an adjunctive
method to fluency training via DAF, to enhance speech therapy
successin individual swith astutter. Wewill systematically test
this hypothesis in this study.

Methods

Overview

This project ams to investigate the effect of adjunctive
noninvasive brain stimulation on speech fluency. To this aim,
wewill recruit 2 groups of participants—an intervention group
and a control group. In the intervention group, participantswill
receive anodal tDCS simultaneously with DAF as a fluency
intervention, whereas the participants in the control group will
receive sham stimulation during DAF. The population of this
study will be adults with a stutter. We hypothesize that anodal
tDCS over the tempora target area will improve the efficacy
of DAF to enhance speech fluency and will stabilize treatment
effects.

Hypothesis
We hypothesize that the efficacy of the intervention to enhance
fluency of speech inindividualswith astutter isimproved when
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combined with anodal tDCS over the superior temporal gyrus,
as compared to a sham tDCS control condition.

Primary Objectives

The primary objective of this proposal isto compare the mean
score of the percentage of stuttered syllables (SS%) [17] between
the intervention and control groups at 5 time points: 1 week

before treatment; immediately before treatment; and
immediately, 1 week, and 6 weeks after treatment.

Secondary Objectives
The secondary objectives are as follows:

« Comparison of the mean score of stuttered syllables,
duration, physical concomitant behaviors, and total score
of the Stuttering Severity Instrument-Fourth Edition (SSI-4)
questionnaire [18] between the intervention and control
groups 1 week before treatment; immediately before
treatment; and immediately, 1 week, and 6 weeks after
treatment.

«  Comparison of the means of the general information section,
reaction to stuttering section, communication in daily
situations section, quality of life section, total impact score,
and impact rating of the Overall Assessment of the
Speaker’s Experience of Stuttering (OASES) questionnaire
[19] between the intervention and control groups 1 week
before treatment; immediately before treatment; and
immediately, 1 week, and 6 weeks after treatment.

http://www.researchprotocols.org/2020/4/e16646/
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Efficacy

We expect adjunctive tDCS to enhance the magnitude of the
effects of the intervention on our outcome parameters and to
enhance the stability of improvements made due to the
treatment.

Safety

There is no anticipated relevant risk associated with the
stimulation parameters used in this study [20]. In a systematic
review evaluating adverse effects of all published tDCS studies,
including studies conducted in vulnerable populations, adverse
effects of tDCS such as tingling and itching sensations under
the electrodes were mild and disappeared soon after stimulation.
No severe adverse effects of tDCS have been documented so
far. It thus can be concluded that tDCS within the proposed
stimulation parametersis safe [21].

Study Population

The study population will include adults with moderate-to-severe
stuttering who have not received any treatment at least 1 month
prior to the intervention. A speech-language pathologist will
assess the severity of stuttering in each subject to determine
whether he or she can be enrolled. The SSI-4 questionnaire will
be used to assess stuttering severity. Inclusion, exclusion, and
withdrawal criteriaare listed in Textbox 1.
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Textbox 1. Inclusion, exclusion, and withdrawal criteria.
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Inclusion criteria:

«  History of developmental stuttering

«  Participants diagnosed with moderate-to-severe stuttering
« Right-handed

« 18to 50 years of age (adult)

«  Native speaker of Farsi

«  Nonsmoker

Exclusion criteria:

«  Stuttering accompanied by other speech or language disorders
«  Stuttering treatment within 1 month prior to the intervention

o Hearing loss

«  History of neurological or psychiatric disorders

o History of seizures

e  Pregnancy

« Breastfeeding

o Crania bone defects

e Cranial or brain metal implants

o  Skinlesions

Withdrawal criteria:

«  Skin damage or major adverse effects of stimulation

« Intake of any medication that affects brain functions (eg, antidepressants)

«  Request to withdraw from the study at any point during the treatment program

Study Design

This study is designed as a randomized, double-blind,
sham-controlled clinical trial. Participants will be randomly
allocated to acontrol or intervention group. All participantswill
receive DAF during the intervention. The intervention group
will additionally receive anodal tDCS, while the control group
is exposed to sham tDCS. Data will be collected via
guestionnaires, voice recordings, and observations at 5 time
points (ie, 1 week and immediately before theintervention; and
immediately, 1 week, and 6 weeks post intervention). By
comparing the outcomes of the respective treatments, we will
investigate the efficacy of anodal tDCS combined with DAF in
enhancing speech fluency.

Before starting the treatment program, 2 preintervention
assessments will be conducted to determine the severity of
stuttering. Once these assessments are compl eted, each subject
will participate in 6 intervention sessions. Postintervention
assessments will be carried out immediately and 1 week after
thelast intervention session. Afterward, to explorethelong-term
stability of the treatment results, the outcome parameters will
be obtained in follow-up assessments 6 weeks after the
treatment. This single-center trial will be conducted at the
Vahdat Neurorehabilitation Clinic in Tehran, Iran.

http://www.researchprotocols.org/2020/4/e16646/

Aspreviously mentioned, the study will be conducted on adults
with moderate-to-severe stuttering; hence, prior to recruitment,
the severity of stuttering will be assessed to determine
enrollment eligibility. In order to determine the severity of
stuttering, an SSI-4 scorefor each individual will be calcul ated.

Wewill obtain two baseline measurements—one at 1 week and
the other immediately before the intervention—to guarantee
symptom stability. At baseline, the participants will be visited
individually, and their voiceswill be recorded while performing
3different tasks (ie, oral reading, monologue, and conversation).
Based on these data, we will calculate the primary outcome
mesasure (ie, SS%). Thevoice of the participantswill berecorded
by a H5 Handy Recorder ZOOM). Two experienced specialist
raters will independently count the SS% of all speech samples.
In order to determine interrater reliability, Cohen kappawill be
calculated. In cases of agreement between the raters (intraclass
correlation coefficient=0.8-1), the SS% will be reported. In
cases of disagreement (intraclass correlation coefficient <0.8),
athird senior rater will evaluate SS%.

During the two baseline sessions, the principal investigator will
observe physical behavior, which is required to calculate the
SSI-4 score. The final part of the preintervention assessments
is the completion of the OASES questionnaire by the
participants. After the second baseline assessment, the
intervention will start and carry on for 6 consecutive days.

JMIR Res Protoc 2020 | vol. 9 | iss. 4 |e16646 | p.142
(page number not for citation purposes)


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

JMIR RESEARCH PROTOCOLS

At 3 time points after the last intervention session (ie,
immediately, 1 week, and 6 weeks), each subject will undergo
postintervention assessments, which will be identical to the
preintervention assessments and obtained by the same raters.
Thetrial design and timeline are shown in Figure 1.

After each intervention session, participants will fill out a
guestionnaire using a5-point Likert scale (1=very mild, 5=very
severe) to report potential side effects of tDCS, including

Moein et d

itching, burning, tingling, headache, fatigue, sudden mood
change, difficulties in concentration, changes in visual
perception, unpleasant somatosensory sensations, unpleasant
visual sensations, nausea, drowsiness, persisting feelings of
stimulation, and 1 open question for any other adverse effects.

In addition, to ensure successful blinding, participants will be
asked to guess the type of treatment they will or had received
(ie, anodal tDCS or sham) before and after the intervention.

Figure 1. Trial design and timeline. DAF: Delayed Auditory Feedback; OASES: Overall Assessment of the Speaker’s Experience of Stuttering; SS%:
percentage of stuttered syllables; SSI-4: Stuttering Severity |nstrument-Fourth Edition; tDCS: transcranial direct current stimulation.

* One week before
intervention (55%, 551-4,
OASES)

+ Immediately before

intervention (55%, 551-4,
OASES)

2 baseline
assessments

Randomization and Blinding

Thisstudy isarandomized, double-blind, sham-controlled trial.
Participants will be randomly allocated to the intervention and
control groups. The random assignment of participants ensures
the prevention of a possible selection bias and a disbalance of
confounding factors between the study arms. Randomization
will be performed via aweb-based randomization tool [22]. In
accordance with the requirements of this tool, we will include
50 subjectsand 4 blocks of equal size, for which randomization
will be performed independently. Each subject will be given an
ID number and will be assigned to one of the treatment groups.
The individual responsible for generating the random list will
not be involved in any other part of thetrial.

5 consecutive days
of intervention

= tDCS group (real tDCS +
DAF)

= 5ham group (sham tDCS +
DAF)

Asthe study is double-blinded, neither the participants nor the
investigators will know which group each participant will be
assigned to. Sedled opague envelopes will be used for
concealment. Accordingly, an envelope will be produced for
each subject. These envelopes will be marked with an ID
number, and the treatment group associated with each 1D will
be placed in its respective envelope. In order to guarantee double
blinding, specific letters, unknown to the principal investigator
and the subjects, will be used instead of the actual names of the
treatment groups (ie, intervention and control) inside the
envelopes. Assignment of these letters to the respective
intervention group will be done by aclinician (not the principal
investigator). Before the principal investigator starts the
treatment of the respective participant, the subject will be given
one of the sealed envelopes by the clinician. Once the envelope
is opened by the corresponding participant, the clinician will
set up the mode—anodal or sham—nbased on the content of the
subject's envelope and attach the electrodes to the participant’s

http://www.researchprotocols.org/2020/4/e16646/
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= Immediately after last
session of intervention
(55%, S51-4, DASES)

» 1 week after last session of
intervention (35%, 551-4,
OASES)

Follow-up
assessment

= 5 weeks after last session
of intervention (55%, 551-4,
DASES)

Postintervention

assessments

head as illustrated in the sections below. Once completed, the
principal investigator will commence the trestment. The
researchers who are responsible for outcome assessment and
data analysis will also be blinded to the intervention groups.

I ntervention Program

Performanceof Transcranial Current Direct Stimulation

The stimulation will be done by passing a current of 1 mA
betweentwo 5 cm x 7 cm electrodes for aduration of 20 minutes
with ramp-up and ramp-down intervals of 15 seconds. This
common setup has been shown to be efficient for enhancing
speech fluency in previous tDCS studies [3,4]. A neuroConn
DC-STIMULATOR will beusedto deliver tDCS. The electrodes
used for tDCS are conductive rubber electrodes encased in a
sponge pocket, and saline solution will be used as an
electrolyte-based contact medium. The el ectrode sponges must
be saturated with saline. Itiscrucia that each side of the sponges
is sufficiently moisturized, but not overly saturated, to avoid
dripping. Before placing electrodes on the scalp, the clinician
will inspect the skin for any skin damage or lesion. For both
anodal and sham modes, the same stimulation intensity
parameters will be used. However, for the sham stimulation,
the device will ramp down automatically after 30 seconds. The
intervention will be conducted for 6 consecutive days.

An electroencephalogram cap will be used to identify the site
of stimulation. The anode electrode will be placed over the | eft
superior temporal gyrus (T3 according to the 10-20 international
system [23]), and the cathode electrode will be positioned over
theright frontopolar region (Fp2 according to the 10-20 system
[23]). To prevent movement of the electrodes, their positions
will be fixed by €elastic rubber straps. Electrode placement is
shown in Figure 2.
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Figure 2. Electrode placement.
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Performance of Delayed Auditory Feedback

During stimulation, participants of both groups will receive
DAF asafluency treatment. In order to deliver DAF, Audapter,
which is a software package for manipulating the acoustic
parameters of speech in real time, will be used [24]. This
package consists of the core agorithm for rea-time
manipulation and aMATLAB wrap-around. Thereal-time signal
processing algorithms are coded in C++. The subjects will
perform 3tasks(ie, oral reading, monologue, and conversation)
with DAF <60 ms. This 60-ms delay has been shown to be
efficient to enhance speech fluency in individual s with a stutter
[25].

Although, asoutlined above, we do not anticipate major adverse
events, the occurrence of skin irritations, itching, tingling,
burning, or pain (including headache) will be monitored. After
each intervention session, a side effects questionnaire will be
filled out by participants. Furthermore, participants will guess
if they received anodal or sham stimulation before the
intervention, after the first session, and after the intervention
period to ensure successful blinding.

Data from the respective questionnaires will be recorded on
paper, and recordings of subjects voices will be stored
electronically. Accessto dataresources will berestricted to the
investigators. Finaly, all study documents will be securely
maintained for 2 years.

Statistical and Analytical Analyses

In this proposal, the null hypothesis (H) is that the combined
treatment method using tDCS stimul ation and DAF, as compared
to DAF combined with sham stimulation, has no additional
effect on the enhancement of speech fluency in adults who
stutter.

http://www.researchprotocols.org/2020/4/e16646/

Intended Sample Size

Based on the previous study by Chester et a [4], and using
G*Power software [26], 25 subjects per group (50 participants
intotal) are required to detect asignificant differencefor atime
X group interaction using a two-way mixed model analysis of
variance (ANOVA). Timeisthewithin-subject factor (ie, before
the intervention and immediately, 1 week, and 6 weeks after
the intervention), and group is the between-subject factor (ie,
anodal or sham tDCS). The dependent variable is stuttered
syllables (SS%). Typel (a) and type Il (B) errors are set at .05
and .20, respectively, and the effect sizeis 0.17.

Other Statistical Analyses

Descriptive statistics will be calculated for demographic and
baseline characteristics as well as primary and secondary
outcomes for all participants. For every subject, summary
statisticsincluding mean, SD, median, minimum, and maximum
will be provided for quantitative variables. For qualitative
variables, frequency tableswill be presented. Group differences
of demographic variableswill be assessed by Student t testsfor
guantitative variables and chi-square tests for qualitative
variables.

In order to evaluate the effect of the treatment, the early and
late outcomes (ie, measurements taken immediately, 1 week
after treatment, and 6 weeks after treatment) will be examined.
Depending on the significance of the ANOVA results,
exploratory post hoc Student t tests will be conducted to
compare conditions. The same procedures will be conducted
for the secondary outcome parameters.

Data on tolerability and safety will be analyzed using an
independent samplest test for common adverse events. Reports
of rare side effects will be documented. To confirm successful
blinding, a chi-square test will be applied.
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Participants may be lost to follow-up for two reasons: (1) they
have not completed at least 80% of the treatment (5 out of 6
sessions) and (2) they did not show up for the outcome
measurement ons 1 week or 6 weeks after theintervention.
In these cases, intention-to-treat and modified intention-to-treat
approacheswill be employed. For caseslost to follow-up, efforts
will be made to identify the reason, for example, by phone.

Ethics Approval and Consent to Participate

This study will be carried out in accordance to the ethical
principles and national norms and standards for conducting
medical researchin Iran (approval ID: IR.IUMS.REC.1398.352,
Iran National Committee for Ethics in Biomedical Research).
In addition, our informed consent form will be reviewed and
approved by the ethics committee. Prior to the commencement
of any part of the study, the principal investigator will obtain
written informed consent from al participants.

Consent for Publication

All study findings and information will be posted on
ClinicalTrials.gov (identifier NCT03990168). Although the
investigator will befreeto use the study findingsfor educational
and scientific purposes, written consent will be obtained from
the study sponsor prior to submission of any manuscript for
publication.

Availability of Data and Materials

Information about subjects will be kept confidential and will
not be available for public access. In addition, any document,
data, voice recording, and other records will be identified by a
participant 1D number, and the name of each subject will be
kept confidential. The data sets used and analyzed during the
study are available from the corresponding author upon
reasonable request.

Results

This protocol was funded in 2019 and approved by the Research
Ethics Committee of the Iran University of Medical Sciences

Moein et d

in June 2019. Data collection started in October 2019. As of
February 2020, we have enrolled 30 participants. We expect
that data analysis will be completed in April 2020, and the
results will be published in summer 2020.

Discussion

This is the first randomized controlled trial with follow-up
measures to explore the efficacy of tDCS combined with DAF
to improve speech fluency in adults who stutter. In this study,
theimpact of the combined treatment will be evaluated by SS%
as the primary outcome measure. Treatment impact will be
examined for up to 6 weeks to exclude any temporary effects
with limited clinical value [1]. The findings of this study will
thus supply information about the efficacy of tDCS as an
adjunctive therapy for reducing SS% and its stability over a
prolonged time period.

In addition, we will obtain the SSI-4 score before and after
treatment. This score includes additional information such as
changes in the duration of stutter moments and physical
concomitants of stuttering. These parameters disrupt speech
fluency and have negative effects on communication. Reduction
inthese behaviors, as expected, are relevant for the enhancement
of communication efficacy in adults who stutter [18].

Finally, we will survey the impact of stuttering on a person’s
quality of life by using the OASES questionnaire. As a
comprehensive assessment of stuttering, this questionnaire
measuresthe effect of stuttering on multiplelife situations[19].

In summary, we anticipate that this study will show an
adjunctive effect of tDCS, when combined with DAF, on
stuttering. This should include not only areduction in SS% but
also improved physical behavior and quality of life in adults
who stutter.
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Abstract

Background: Intergenerational relationships are beneficial for both grandparents and grandchildren. A positive
grandparent-grandchild relationship can improve the psychological well-being of older adults and be a source of social support,
family history, and identity devel opment. Maintaining meaningful interactions can be, however, achallenging endeavor, especially
as life events lead to relocating geographically. Grandparents and grandchildren can have different preferences in terms of
communication mediums and different assumptions about the real conversational needs of the other.

Objective: Inthisstudy, wewill investigate the feasibility and effect of sharing memories of older adultswith their grandchildren
in social media. This intervention focuses on bringing snippets of the lives of the grandparents into the grandchildren’s social
media feed and analyzing the potentia effect on relational quality, relational investment, and conversational resources from the
perspective of the grandchildren.

Methods: A randomized controlled trial will be used to measure the effectiveness of sharing family memories through social
media on intergenerational relationships from the perspective of the grandchildren. The study will be implemented in Mongolia
among 60 grandparent-grandchild pairs who will be assigned to either a control or intervention group. Pictures and stories will
be collected during reminiscence sessions between the researchers and the grandparents before the intervention. During an
intervention period of 2 months, grandchildren in the intervention group will receive pictures and stories of their grandparents
on their social mediaaccount. Pre- and postintervention questionnaireswill measure rel ationship quality, relationship investment,
and conversationa resources and will be used to assess the effectiveness of the intervention.

Results:  We conducted a pretest pilot from January to April 2018 among 6 pairs of participants (6 grandparents and 6
grandchildren). The validation of the protocol was focused on the process, instruments, and technological setup. We continued
the study after the validation, and 59 pairs of participants (59 grandparents and 59 grandchildren) have been recruited. The data
collection was completed in November 2019.

Conclusions:. Theresults of this study will contribute to strategies to stimulate social interactions in intergenerational pairs. A
validation of the study process is also presented to provide further operational recommendations. The lessons |earned during the
validation of the protocol are discussed with recommendations and implications for the recruitment, reminiscence sessions,
technological setup, and administration of instruments.
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Introduction

Importance of Intergenerational Interactions

Vast literature in familial intergenerationa interactions is
devoted to the study of the grandparent-grandchild relationship.
Older adults not only benefit with joy, love, closeness, and
company from grandchildren[1], but the expression of affection
toward grandchildren is positively associated with psychological
well-being (eg, reduction in loneliness and stress and increased
general mental well-being) [2]. For younger adults, interactions
with grandparents account for the majority of intergenerational
interactions[3]. Grandchildren benefit from these relationships
affectively, cognitively, and materially [1]. Grandparents are a
source of social support, family history and identity, and
development [4,5]. However, maintaining and developing
intergenerational interactions is a challenging endeavor and
there are barriers to interactions.

Barriers

Geographic Separation

Geographic distance is one of the turning points in
intergenerational  interactions and particularly in  the
grandparent-grandchild relationship [6], asit limits opportunities
for face-to-face interactions. However, studies have shown that
grandparents can still experience high levelsof relational quality
using other means of communication (eg, phone or email) if
communication is frequent and especially if initiated not only
by the grandparents[7,8].

Scant Use of Conversational Resources and Skills

Intergenerational conversations can be chalenging, as
interlocutors have lived through different life periods and might
have different assumptions, conversational skills, and needs|[9],
which may affect the ability to find and engage on appropriate
conversation topics for both. On the ability to engage, the
perception of properly accommodating the communication to
the other person in the conversation is a predictor of
communication satisfaction, liking, and emotional closeness
[10]. Failing to accommodate and attune the communication to
theinterlocutor, however, can lead to patronizing speech, painful
disclosures, or underutilization of topical resources [9] that
affect the satisfaction and willingness to participate in such
interactions [11]. Asfor finding appropriate topics, the lack of
conversation topics is reported as a source of anxiety in
intergenerational interactions[12].

Asymmetry in Relational | nvestment

Lack of relational investment is yet another challenge in an
intergenerational relationship [6]. It particularly affects young
adults transitioning to adulthood, a period in which the
responsibilities of growing older are associated with changes
in levels of interactions and relational closeness [13].
Grandparents, on the other hand, do keep an interest in their
grandchildren’s life, but often refrain from contact, asking
questions, or addressing some topics, not wanting to be an

http://www.researchprotocols.org/2020/4/e16315/

annoyance and thus relying on the social skills of the young
[14]. Socia media have opened an opportunity for older adults
to learn more about their grandchildren. However, interactions
in this medium are most often not reciprocated by older adults
[15].

Objectives

Interventions to promote social interactions have the potential
to address challenges. Systematic reviews summarizing years
of research show that computer and internet interventions can
be effective in reducing loneliness among ol der adults [16-18].
However, very few interventions have focused on the specific
challenges of intergenerational interactions, especially fromthe
side of the young relatives as they navigate periods of complex
social changes. Previous studies on technology-mediated
intergenerational communication made different assumptions
regarding the younger generation’s relationship with their
grandparent and their relational needs: (1) some studies assume
that the younger relative is already invested in the relationship
and actively seeks contact [19], (2) other studies focus on the
opposite problem, that of making the older family members
aware of the activities of their younger family members[20,21],
and (3) athird body of literature aimsto bring older adultsonline
and make online interactions with younger adults more
reciprocal [22]. This calls for more research into intervention
strategies to improve the relational quality in the
grandchild-grandparent relationship by focusing on the
challenges faced by the younger popul ation.

In this paper, we present aprotocol for astudy that exploresthe
effect on relational quality of selectively sharing grandparents’
life stories with grandchildren on social media. We focus on
the effect that such intervention can have on grandchildren, and
particularly young adults, as changing their communication
behavior and investment can have great effects on the
relationship. We know from previous work that relationships
where grandchildren and grandparents are equally likely to
initiate conversations are perceived as more satisfying in terms
of frequency and quality by grandparents[7]. A previous study
also reported that grandparents tend to rate the relationship as
very close while their grandchildren as not having a close
connection, suggesting different generational perspectives[23].
Thus, inaperiod of their lives marked by many social changes,
approaches to maintaining or increasing frequency and quality
socia contact with grandparents and the sense of closenessis
of paramount importance.

The sharing of family memoriesin thiscontext isunidirectional:
family memories are used as triggers to give grandchildren
topics of conversations, stimulate social interactions, and
eventually increase their sense of connectedness. All social
interactions with grandparents happen outside social media,
either by phone or face to face, and, in principle, without the
grandparents having to use technology or have a social media
presence. This approach is well suited to scenarios where the
practice of reminiscence is widely adopted, such asin nursing
homes, where family memories can be used as a bridge to
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connect grandchildren with their (often frail) grandparents
[24,25].

The study isinspired by the practice of reminiscence, the process
of recollecting past memories—a practice that iscommon at all
ages[26] and often conducted with older adults due to its many
functions and benefits. Webster [27] identifies 8 particular
functions: death preparation, identity, problem solving, teach
and inform, conversation, boredom reduction, bitternessrevival,
and intimacy maintenance. Thus, reminiscence serves an
important social function in facilitating the sharing of personal
memories with others, helping to create bonds between people
[28], offering an interesting platform for grandchildren to learn
about their grandparents and build family history [5], potentially
reconnecting with their grandparents.

In this protocol, we focus on studying the effects of sharing
grandparents’ pictures and related stories with grandchildren
on social media. Thus, the sharing is mediated by technology.
In doing so, we address the following main research question:

« RQL: Does sharing old pictures and related short stories
(from grandparents) with young relatives increase their
relational quality?

With this research question, we study the impact of the
intervention on the intergenerational relational quality from the
perspective of the grandchildren, measured as the feeling of
closeness with their grandparents. In addition, we look at two
main factors contributing to relational quality and observe if
these factors increase as a result of the intervention. More
precisely, we addressthe following secondary research question:

« RQ2: Does sharing old pictures (from grandparents) with
the young relatives increase their relational investment?

We particularly focus on relational investment as captured by
the impact on the grandchildren’'s commitment in their
relationship with their grandparents, aswell as on the frequency
of communication.

http://www.researchprotocols.org/2020/4/e16315/
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« RQ3: Does sharing old pictures (from grandparents) with
the young relatives provide them with more topics of
conversations and relationship chemistry?

Wefocus on conversational resources as captured by theimpact
on the openness and predisposition toward each other
(relationship chemistry), aswell as on the number and diversity
of topics of conversation.

The potential impact of the study is to validate an approach to
improving relationship quality between grandparents and
grandchildren by empowering grandchildren through the sharing
of family stories. Thisapproach can complement existing online
and colocated reminiscence technology that generally assume
active collaboration of family members to keep the older
relatives socially active.

Methods

Study Design

The study is designed as a randomized controlled trial (RCT)
where both the intervention and control group consist of
grandparent-grandchildren pairs. In the intervention group, we
collect aset of picturesand short stories about the grandparents
and share them with the grandchildren’s social network account,
one at atime, at regular intervals across a period of 2 months.
In the control group, there is no sharing or collecting pictures
asthe goal isto account for alternative effects.

Figure 1 shows the diagram of the study flow. Restricted
randomization will be performed by stratifying gender, initial
closeness level of the grandchildren, and age group of the
grandparents. This paper reports on a version of the protocol
accepted by the Research Ethics Committee at Mongolian
National University of Medical Sciences in December 2017
(No. 2017/3-05).
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Figurel. Study Flow. *: 60 grandchildren will be paired with their grandpaerents; NRI-RQV: Network of Relationships | nventory—Rel ationship Quality
Version; 10S: Inclusion of Other in the Self scale; IMS: Investment Model Scale; FCQ: Friendship Chemistry Questionnaire.

[ Enrollment ]

Assess for eligibility using
screening survey

Reminiscence sessions to
collect photos and stories

Exclude:

+ Not meeting inclusion criteria
—> | + Declined to participate after the
reminiscence session

{ Pre-measurement ’

Randomization (60 pairs*)

v | Alocation | l
Allocate to intervention group (n=30) Allocate to control group (n=30)
+ Create Facebook account and closed groups + No photos shared with grandchildren

+ Sharing of photos and stories once a week in

the closed group
Post-measurement

= Closeness and relationship quality
(NRI-RQV, 10S)

* Relationship investment (IMS)

= Conversational Resources (FCQ)

[ Analysis ]

recruit participants. We consider dligible pairs of grandchildren

Participants and grandparents meeting the following inclusion criteria.

The aim is to recruit 60 grandparent-grandchild pairs, which
will be split evenly into intervention and control conditions.
The sample size is limited by the specific focus of the
intervention and the availability of participantscomplyingwith . Aged 18 to 30 years: we recruit young adults because this

Grandchildren should be willing to participate in the study and
meet the following requirements:

the criteria, but it represents a valid sample for the statistical isatransition period to adulthood associated with changes
analyses. A convenience sample will be used in this study to in the level of interactions and relational closeness[13]
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- Beregular users of Facebook: we use Facebook because
this is the most common social media among Mongolian
young adults[29], and we define regular users asthose who
check their accounts every 2 to 3 days or more often

- Have infrequent meetings with their grandparent: the
proposed intervention is aimed at improving relationships
between grandparents and grandchildren who do not have
much opportunity to meet and talk. Therefore, we recruit
grandchildren who live separately from their grandparents
(not in the same apartment or building) and do not meet
with their grandparents more than once aweek on average

In addition, the grandchildren should have one grandparent
willing to participate in the study who meets the following
reguirements:

« Retired and aged over 60 years. according to Mongolian
law, the retirement age is 55 years for women and 60 years
for men

- Beableto independently communicate with a researcher:
the selected grandparent will be requested to sharetheir life
story and give permission to researchers to post photos on
Facebook. Therefore, we recruit grandparents who are
competent to participate in the study

« Not have any account on social media: the proposed
intervention aims at sharing pictures and related stories
with the grandchildren in a controlled environment, and
thus assumes there is no other form of sharing in the
grandparent-grandchild pairs occurring on social networks.
Therefore, including grandparents who use social media
will not match the study objective

- Have at least 15 available pictures about their life: during
the intervention period, we will share Facebook posts 8
times (once aweek). Each Facebook post will consist of at
least 1 or 2 photos that illustrate a story. In addition, the
stories will be about the different life span of the
grandparent; therefore, we need 15 photos to illustrate
different life stories of the grandparent

Recruitment

Grandchildren will be recruited from the public universitiesin
Ulaanbaatar, Mongolia, using online as well as paper-based
recruitment surveys. As afirst step, we will reach students by
introducing the study and its goals at the end of their lectures.
Those interested in participating in the study will then stay in
the classroom to complete the recruitment survey and sign the
consent form. The survey will include filtering questions,
reflecting the inclusion criteria for grandchildren, and will ask
participants to provide an email or phone number for a
follow-up. Students who met our inclusion criteria and who
have stated their willingnessto invite their grandparentstojoin
in our study will be contacted by the researchersto confirm the
interest of their grandparents and organize a phone interview.
Thelist of potentia candidates will be managed electronically,
with access provided only to the researchers in charge of the
recruitment.

As asecond step, the researchers will contact the grandparents
for aphoneinterview to confirm their eligibility. At the end of
the phone interview, a follow-up visit will be scheduled with
the grandparents who met theinclusion criteria. We will recruit
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study participants and make visits until we have 60 pairs that
meet the inclusion criteria and agree to participate.

Processes and | ntervention

Home Visit to Collect Photos and Stories

Researchers will make ahome visit according to the scheduled
appointments with the selected grandparents. At the beginning
of the meeting, researchers will introduce themselves, explain
the purpose of the study, and request that the grandparent read
and sign the consent form. Researchers will then ask
grandparents to bring pictures that illustrate their life history
that they would be willing to share with their grandchildren. In
order to ensure diversity in the pool of pictures to share,
researchers will propose selecting pictures with the following
characteristics: (1) relevant life events such as birth, marriages,
work, etc; (2) pictures the grandparents like, find funny or
interesting, or that they feel proud of; (3) pictures that include
children aswell as grandchildren; and (4) picturesthat are very
old and some more recent. During the visit, researchers will
start a conversation regarding the photos by asking the story
behind each picture. The researchers will digitize the picture
(eg, taking a picture with a mobile phone) and take note of the
stories told during the reminiscence session.

Premeasurement

Researchers will schedule a meeting with the participating
grandchildren to complete the premeasurement questionnaire,
which includes all instruments described in the Outcome
Measures section.

I ntervention

Theintervention will beimplemented over aperiod of 2 months
among the participants of the intervention group. The sharing
of pictures and stories will be done using Facebook closed
groups. A closed group will be created for each grandchild with
whom posts will be shared privately by one of the researchers
using an account created for the sole purpose of the study.
Grandchildren will be invited to their specific closed group
before the start of the intervention with a welcome post
explaining in detail the procedure of the picture sharing. A
privacy feature of this setup isthat sharing outside closed groups
is not enabled, which means that grandchildren will not be able
to share the original posts outside the closed group.

During the intervention, grandchildren will receive one post per
week. The post will be composed by the research team using
the pictures and stories collected during the reminiscence
session. Each post will include a picture and the related story
written as told by the grandparent to the researcher. It is
important to note that the older adults will not be directly
involved in the intervention process, as this intervention does
not enable direct communication between grandparents and
grandchildren (ie, grandchildren will not be ableto interact with
their grandparents through Facebook). Any potential interaction
in the grandparent-grandchild pairs will occur through other
mediums. Participants in the control condition will only
participate in the pre- and postmeasurement sessions. All
participants are informed verbally and in the informed consent
of their rights, which includesleaving the study at any moment.
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Postmeasurement

After 2 months of intervention, the grandchildren in both
intervention and control groupswill beinvited for anindividual
meeting to perform postmeasurement. The same questionnaires
provided in the premeasurement session will be used. In
addition, the participating grandchildren will be debriefed on
their experience during the intervention, and on if and how it
affected their relationship with their grandparent.

Outcome M easures

Primary Outcomes

TheInclusion of Other in the Self (10S) scale and the Network
of Relationships Inventory—Relationship Quality Version
(NRI-RQV) will be used to measure the relationship of
grandparent and grandchild.

IOS is a pictorial tool developed to measure the degree of
interpersonal connectedness. In this study, a modified version
of the 10S by Géchter et a [30] will be used. This instrument
was chosen because it is validated and more comprehensible
than the original measure. The NRI-RQV is a combination of
the Network of RelationshipsInventory and afamily relationship
measure developed by Buhrmester and Furman [31]. This
30-item survey has 10 scales with 3 items per scale. In this
study, the 5 positive features—companionship, intimate
disclosure, satisfaction, emotional support, and approval—of
the NRI-RQV will be used as a measure of closeness between
grandchildren and grandparents. The original questions were
adapted by replacing the pronouns with grandparent to fit the
grandparent-grandchild relationship.

Secondary Outcomes

We will rely on the Investment Model Scale (IMS) [32] and
salf-reported communication frequency to measure relationship
investment. The IMS is an instrument developed to measure
commitment level and 3 bases of dependence, which are
satisfaction level, quality of alternatives, and investment size.
The M Sincludes aspecific subscal e on rel ationship investment
that will be used to measure the grandchild’s contribution in
this relationship. The origina questions were adapted to the
grandparent-grandchild relationship by replacing the word
partner with grandparent. Relationship investment scales are
scored by computing the scores with higher scores representing
higher commitment. Communication frequency between the
grandparent and grandchildren will be measured with a custom
guestion with response values going from a few times a week
to never.

Werely on the Friendship Chemistry Questionnaire (FCQ) [33]
and a custom-made set of questions to measure conversational
resources. The FCQ was developed to explore friendship
formation factors, comprising 5 subscales: reciprocal candor,
mutual interest, personableness, similarity, and physical
attraction [33]. In this study, reciprocal candor and similarity
scales of the FCQ will be used to estimate available
conversational resources, as they reflect on the openness and
predisposition toward each other. The original questions were
adapted from friendship to the grandparent-grandchild
relationship by replacing the pronoun. The FCQ is scored by
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averaging the items with high scores representing the higher
levels of each scale. Two separate questions were redacted and
added by researchersto assess general conversational resources
and identify common conversational topics with grandparents.

Aspart of the debriefing interview with participants, researchers
will inquire about how the intervention affected their
relationship with their grandparent, including recent positive
and negative episodes of interaction with grandparents and what
pictures and stories captured their attention and led to more
interactions. These insights will be contrasted with the online
reactions and comments on the posts.

Statistical Analysis

We will analyze relationa quality and closeness (RQ1) with
analysis of variance (ANOVA), with group (control,
intervention) as between-subject factor and time (pre- and
postmeasurement) as within-subject factor. We will compute
the main effect for time and the interaction between time and
group. In addition, we will analyze the correlation between
connectedness and closeness and the factors contributing to
higher increasesin relational quality, if any.

To determine a statistically significant difference in the
relational investment score (RQ2) between control and
intervention groups as a result of the intervention, we will
perform an ANOVA with group (control, intervention) as
between-subject factor and time (pre- and postmeasurement)
as within-subject factor. We will compute the main effect for
time and the interaction between time and group. In addition,
we will explore the factors contributing to higher increases in
relational investment, if any.

To determine a statistically significant difference in the
conversational resources score (RQ3) between control and
intervention groups as a result of the intervention, we will
perform an ANOVA with group (control, intervention) as
between-subject factor and time (pre- and postmeasurement)
as within-subject factor. We will compute the main effect for
time and the interaction between time and group. In addition,
we will explore the factors contributing to higher increases in
conversational resources, if any. The resulting analysis will
include an analysis of any unexpected or adverse effects of the
intervention.

Results

Pilot

In order to validate the protocol and refine the entireintervention
process by collecting actionable recommendations for how to
execute the various phases, we conducted a pretest pilot from
January to April 2018 among 6 pairs of participants (6
grandparents and 6 grandchildren). The validation of the
protocol was focused on the process, instruments, and
technological setup. We continued the study after the validation,
and 59 pairs of participants (59 grandparents and 59
grandchildren) were recruited. Data collection was completed
in November 2019.
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Challenges and L essons L earned

Low Recruitment Rate of Study Participants

We recruited study participants at the Mongolian National
University of Medical Sciences. We screened approximately
260 students to recruit participants who met the inclusion
criteria. Students were excluded because the inclusion criteria
“living separately from their grandparents’ and “ grandparents
living in Ulaanbaatar city” were not met. The low rate of
recruitment was related to the fact that the number of students
who came from the countryside is much higher than that of
students who reside in the city. Based on this experience, we
recommend extending the recruitment pool to reach young
participants who meet the age criteria but are not necessarily
affiliated with any university. In addition, disseminating the
onlinerecruitment survey isanother possible solution to increase
recruitment rate.

Scheduling Issuesin Home Visits

Although older adults were willing to participate in the study,
the appointmentsfor home visit (to collect picturesand stories)
werein some cases cancelled or postponed because grandparents
were sick, had a doctor’s visit, traveled to the countryside, or
were celebrating holidays. Therefore, researchers need to
consider potential delays in data collection when developing
the time frame of the study.

Enjoyable But Lengthy Conversation With Grandparents

Older adults were willing to share photos and stories and
enjoyed the sessions. Because older adults were eager to share
their stories and photos and the interviewers were attentive to
this situation and did not rush the interviews, the duration of
the conversations was much longer than the 1 hour initialy
allocated. We recommend researchers account for this aspect
when scheduling reminiscence sessions.

Managing Preferences While Ensuring Diversity in the
Pictures

When selecting the picturesfor the study, older adults expressed
preferences on certain pictures to share, which affected our
diversity criteria for the pictures and stories. To address this
situation, we recommend not imposing the choice on the
participants but expanding the number of pictures from which
to select.

Sharing Pictures on Social Media Raised No Privacy
Concerns

Grandparents expressed no privacy concerns in sharing the
pictures, stating that they knew the pictures were meant to be
shared only with their grandchildren. We recommend being
transparent about how the pictures will be shared and treated.

Managingthe Pictureand Story Sharing Proved Feasible
on Facebook

The setup consisted of a closed group on Facebook accessible
only to the grandchildren. This setting was accepted by the
participants, and the sharing was carried out without any
difficulties. Pictureswere shared every week, and grandchildren
were interactive using Facebook reactions such as thumbs up
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or hearts as feedback on the posts. A few of the participants
also expressed their gratitude by commenting on the posts.

Running the Proposed Study Process | s Feasible

The grandchildren could easily understand and complete the
guestionnaires. There were no complaints regarding the
guestionnaire or the set up of the Facebook groups. In addition,
some of the grandchildren said that they enjoyed being part of
the study because it reminded them about positive memories of
their childhood as well as their grandparents. There were no
dropouts.

Alternative Study Designs

We identified two potential issues that led us to propose
aternative study designs. The first issue was balancing the
intervention and control group (equipoise). The grandchildren
who agree to participate in this study will likely do so to
experiencetheintervention. Thus, assigning them to the control
group would not fulfill their decision to be involved in this
study. To address this potential issue, we propose a crossover
design where control and intervention groupswould be swapped
after the 2-month intervention period so that the control group
becomes the intervention group and vice versa. After the
crossover, the same intervention process would be applied for
another 2 months, allowing all participants to experience the
intervention. Incidentally, the second intervention period would
serve as a follow-up for the intervention group. The second
issue was low rate of recruitment. In case the researchers are
unable to randomize 60 pairs of participants a the same time
dueto low rate of recruitment, aquasiexperimental design would
provideflexibility in choosing the control group, allowing those
who agree to participate in the study to experience the
intervention (to join the intervention group). The potential
selection biasin this alternative should be noted, however. May
any of the above changes become necessary, amendments to
the current version of the protocol will be applied and
communicated to the relevant venue.

Discussion

Summary

This protocol presents the design of an RCT to assess effects
of sharing old pictures with grandchildren on intergenerational
relationships with further recommendations to execute the
protocol in future studies.

Strengths

Maintaining intergenerational relationship over timeisbeneficial
to both young and older adults. However, very few interventions
focus on the specific challenges of intergenerational interactions,
especialy from the young adult side. This study proposes an
intervention to maintain and improve the relational quality in
the grandparent-grandchild relationship using social media.
Social mediaarewidely used among the youth and are therefore
apromising resource to discover interesting aspects of thelife
of their loved ones, which could potentially translate in more
conversational resources and motivate an increased commitment
inthe relationship. Our proposed intervention can be potentially
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implemented to any society with the technological means,
without the need for sophisticated tools.

Limitations

There are number of possible limitations to this study. First,
unsuccessful recruitment of study participants, which led usto
reconsider the study design, can be alimiting factor. However,
the issue can be attributed to the specific demographical
characteristics of Mongolia, as the most sparsely populated
country, and other countries may see better chances at successful
recruitments. In addition, we proposed an RCT design toidentify
the impact of social mediain the intergenerational relationship
instead of amore robust multiple armed RCT design. Although
the latter would have been more effective in identifying other
factorsinfluencing the intervention, its application would have
required a larger population sample, which would have added
further challengesto an aready complicated recruitment process.
Therefore, we opted for collecting qualitative data at the end of
the study (debriefing session) to identify additional factorsin
theintervention, thus mitigating therisksinvolved in recruiting

Gantumur et al

alarger sample. Furthermore, the study will be carried out only
in the city; therefore, people who live in rural areas are not
included. Finally, the recruitment will be implemented by
reaching out only to the grandchildren; therefore, the future
studieswill consider involving grandparents in the recruitment
in order to reduce the selection bias.

Conclusion

This paper presented the design of an RCT to assess the effects
of sharing old pictures with grandchildren on intergenerational
relationships. The intervention leverages the practice of
reminiscence and sociad media sharing to empower
grandchildren through the sharing of family stories. We focused
on grandchildren, and particularly young adults, as changing
their communication behavior and investment can have great
effectson therelationship with their grandparents. The proposed
intervention can be potentially implemented in any society with
the technological means, without the need for sophisticated
tools. Theresultsfrom the pretest pilot highlight some practical
recommendations for deploying the protocol.
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Abstract

Background: This proposed study aims to translate the Dietary Approach to Stop Hypertension with Sodium (Na) Reduction
for Chinese Canadians (DASHNa-CC), a classroom-based, antihypertensive, dietary educational intervention, to an innovative
smartphone app (MDA SHNa-CC). This study will enable Chinese Canadian seniorsto access antihypertensive dietary interventions
anytime, regardless of where they are. It is hypothesized that senior Chinese Canadians will be satisfied with their experiences
using the mDA SHNa-CC app and that the use of this app could lead to a decrease in their blood pressure and improvement in
their health-related quality of life.

Objective: The goal of this study is to design and test the usability and feasibility of a smartphone-based dietary educational
app to support a healthy diet and hypertension control for Chinese Canadian seniors.

Methods: A mixed-method two-phase design will be used. The study will be conducted in a Chinese immigrant community in
Toronto, Ontario, Canada. Chinese Canadian seniors, who are at least 65 years old, self-identified as Chinese, living in Canada,
and with elevated blood pressure, will be recruited. In Phasel, wewill design and test the usability of the app using a user-centered
approach. In Phase |1, wewill test the feasibility of the app, including implementation (primary outcomes of accrual and attrition
rates, technical issues, acceptability of the app, and adherence to the intervention) and preliminary effectiveness (secondary
outcomes of systolic and diastolic blood pressure, weight, waist circumference, health-related quality of life, and health service
utilization), using a pilot, two-group, randomized controlled trial with a sample size of 60 participants in a Chinese Canadian
community.

Results: The study issupported by the Startup Research Grant from Nipissing University, Canada. The research ethics application
is under review by a university research ethics review board.

Conclusions: The study results will make several contributions to the existing literature, including illustrating the rigorous
design and testing of smartphone app technology for hypertension self-management in the community, exploring an approach to
incorporating traditional medicine into chronic illness management in minority communities and promoting equal access to
current technology among minority immigrant senior groups.

Trial Registration: Clinicaltrials.gov NCT03988894; https:.//clinicaltrials.gov/ct2/show/NCT03988894

International Registered Report Identifier (IRRID): PRR1-10.2196/15545
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Introduction

Rationale for the Intervention

In Canada, 1.3 million Chinese individuals comprise
approximately 4.0% of Canada's population and 21.2% of the
country’s visible minorities [1]. In this Chinese population,
hypertension isthe most prominent risk factor for cardiovascular
disease and accounts for a large proportion of stroke [2] and
heart failure [3]. With a 15.1% hypertension prevalence rate
[4], Chinese Canadiansare at an increased risk of cardiovascular
disease and associated morbidity and mortality. Because the
prevalence of hypertension increases with age, Chinese
Canadian seniors are at especialy high risk for hypertension
and related mortality [4].

Compared with antihypertensive dietary suggestions in
hypertension care guidelines [5], Chinese Canadians have a
suboptimal dietary intake, which impacts their blood pressure
control. Chinese Canadians' sodium intake is higher than
antihypertensive dietary recommendations [6], and a high
proportion of Chinese Canadians consume fewer fruits and
vegetabl esthan antihypertensive dietary recommendations|[7,8].
In addition, Chinese Canadians have a low dairy intake
compared with antihypertensive dietary recommendations [9].
Dietary factors have been identified as the most important risk
factors for hypertension among the Chinese population [10].
Assuch, effective dietary interventions are needed to assist with
blood pressure control in Chinese Canadian seniors [11,12].

Dietary Interventions for Hypertension Control

The Dietary Approach to Stop Hypertension (DASH) and
sodium reduction are antihypertensive dietary interventions
recommended by Canadian hypertension care guidelines[5,13].
Focused on healthy dietary patternsrather than specific nutrients,
the DASH diet includes eight food groups (grains, vegetables,
fruits, meats, dairy, nuts, fats, and sweets), with specific serving
suggestions [14]. The DASH studies demonstrate an effective
systolic blood pressure reduction of 4-11 mmHg and adiastolic
blood pressure reduction of 2-6 mmHg [15-19]. A systematic
review has suggested that sodium reduction is aso related to
decreased blood pressure[20]. However, the DASH and sodium
reduction interventions do not consider the psychosocial factors
that influence dietary behaviors, nor have they been tested
among Chinese Canadians in a community setting [5,15]. A
review paper explored the cultural factors influencing diet and
hypertension control in the Chinese Canadian population and
suggested that English language proficiency, health literacy,
traditional Chinese diet, migration and acculturation, and
traditional Chinese medicine (TCM) influence Chinese
Canadians dietary practices [21]. A culturaly talored
intervention is thus needed to facilitate blood pressure control
in Chinese Canadians.
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Incorporation of Traditional Chinese M edicine for
Hypertension Control

Chinese Canadians rely strongly on TCM for chronic illness
management and prefer to incorporate TCM into their health
care[11]. Food therapy is an essential component of TCM and
has been acknowledged as a successful therapy for more than
3000 years [22]. In TCM, food is conceptualized with both
nutritional and functional considerations. Like medicines, food
can be used to maintain health, prevent and treat diseases, and
facilitate rehabilitation [23-27]. There are four principles of
TCM food therapy, including light eating, balancing the hot
and cold nature of food, harmony of the five flavors of food,
and consistency of dietswith different health conditions[28,29].
The principal investigator of this study has previously published
a literature review on TCM food therapy and hypertension
control using arigorous review method and statistical analysis
[30]. Findings suggest that some foods have antihypertensive
functions[31-41], and food therapy can facilitate hypertension
control [42-45].

Antihypertensive Diet Appsfor the Chinese Population

We conducted a scoping review of existing antihypertensive
diet appswritten in Chinese on the current market. \We searched
in various app stores and found 24 apps (15 on iTunes, seven
onthe Google Play Store, and two on the Chinese App Market).
All apps were written in Chinese and focused on diets for
hypertension control. We screened the app description and
conducted a content analysis. We identified several gaps,
including: (1) the app producers had no credentias from any
licensed health care professional or research team; (2) all apps
were in electronic book form, only providing information with
no user interactivity; (3) none of the apps focused on senior
users; and (4) most appsfrom i Tunesand the Google Play Store
were based on Western diets, which may not fit with Chinese
diets. Thefindingsfrom our review are consistent with areview
of app studies on hypertension control, which stated that most
of the current apps lack standardization and scientific validation
[46]. The mobile Dietary Approach to Stop Hypertension with
Sodium (Na) Reduction for Chinese Canadians (MDA SHNa-CC)
app differsfrom other related appsin the current market in that
it will be developed by a team of health care professionals,
involve community end-users in the development process, be
based on the current gold standard of antihypertensive dietary
interventions, incorporate TCM to ensure that it is culturally
significant for Chinese seniors, provide immediate response
and recommendations according to the patients current
conditions, and be scientifically tested by aRandomized Control
Trial.

Preliminary Work: Success of the DASHNa-CC Pilot
Trial
The Dietary Approach to Stop Hypertension with Sodium

Reduction for Chinese Canadians (DASHNa-CC) intervention
was designed based on current literature and clinical expertise.
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The DASHNa-CC integrates TCM food therapy into the DASH
and sodium reduction diary intervention for blood pressure
control. Adapted from DASH, DASHNa-CC is designed as a
standardized, culturally sensitive, dietary education intervention
for Chinese Canadians. The contents of the DASHNa-CC
intervention have three components: (1) the DASH diet pattern,
including characteristics of the DASH diet, serving size
estimation tool, foods rich in calcium, and foods rich in
potassium; (2) sodium reduction, including the importance of
sodium reduction for cardiac health, goal s of sodium reduction,
and 20 sodium reduction strategies; (3) TCM food therapy,
including the contribution of TCM to hypertension control, four
principles of TCM food therapy, and 34 foods and five herbal
teas with antihypertensive functions recommended by TCM
food therapy. The intervention delivery consisted of: (1) the
DASHNa-CC Intervention Manual; (2) two classroom sessions
(2 hours per session); and (3) one 20-minute booster telephone
cal.

From August to December 2014, 60 participants were recruited
in apilot randomized controlled trial to examine the feasibility
and potential effects of the DASHNa-CC intervention. The
research findings suggested that participants adhered well to
the DASH diet pattern, sodium reduction, and TCM food therapy
strategies. Thelossto follow-up rate was 5%. Participantswere
highly satisfied with the intervention and perceived that the
intervention contentswere helpful, the delivery approacheswere
suitable, and their participation in the pilot trial was beneficial
rather than a burden on their lives. Compared to the control
group, the intervention group lowered their systolic blood
pressure by 3.8 mmHg (tss=—1.58; P=.12) morethan the control
and lowered their diastolic blood pressure by 2.4 mmHg
(ts5=1.22; P=.23). These blood pressure reductions were
clinically important to reduce hypertension-related mortality
and morbidity [47,48]. In addition, the intervention group had
a dignificant improvement from baseline to eight weeks
post-randomization in the physical component score (ts5=2.13;
P=.04) of the Medical Outcomes Study 36-Item Short-Form
version two (SF-36v2). It is concluded that the DASHNa-CC
intervention has the potential to decrease systolic and diastolic
blood pressure and improve the health-related quality of lifefor
Chinese Canadians. Three papers, which discuss the main
outcome of the DASHNa-CC study [49], the recruitment process
[50], and participant satisfaction [51] to the DASHNa-CC
intervention, respectively, were published.

Why isthe mDASHNa-CC Smartphone App Needed?

The smartphone app version of the DASHNa-CC intervention
(mDASHNa-CC) is proposed because many Chinese Canadian
seniorswere unable to participate in the pilot study dueto busy
life schedules (eg, taking care of grandchildren) and were unable
to travel to the community center where the DASHNaCC
intervention was delivered. Also, inthispilot study, it wasfound
that most Chinese Canadian seniors were well-educated,
technologically savvy, able to access the internet, owned a
smartphone, and were willing to learn new skillsand knowledge
toimprovetheir hypertension control. The academic committee
of the DASHNa-CC pilot study suggested transferring the
DASHNa-CC to a home-based intervention using a website or
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smartphone technology to better meet the health care needs of
Chinese Canadian seniors. We conducted two focus group
discussions with 20 pilot study participants in the community
in 2016. All participants had a smartphone and expressed an
eagernessto use our app when it becomes available. They stated
that they “review the manual frequently, and a smartphone app
will makethe manual easier to use,” and “thisis something new
and | want to try.”

Specific Aims

The overal aim of this two-phase study is to trandate the
Dietary Approach to Stop Hypertension with Sodium Reduction
for Chinese Canadians, a classroom-based antihypertensive
dietary educational intervention, to an innovative smartphone
app (MDA SHNa-CC). This smartphone app would enable and
empower Chinese Canadian seniors to access this

antihypertensive intervention anytime, regardless of wherethey
are.

Resear ch Objectives and Resear ch Questions

The research objectives are to design and test the usability and
feasibility of a smartphone-based dietary educationa app to
support a healthy diet and hypertension control for Chinese
Canadian seniors. In the Phase | usability testing study, the
research questions are: (1) How can the mDASHNa-CC app be
designed according to the DASHNa-CC intervention and the
current literature on hypertension webpages and apps; and (2)
How can the mDASHNaCC app be refined using a
user-centered design approach to ensure it is easy to use,
efficient, and satisfying for participants? The Phase Il pilot
feasibility testing study will examine the implementation and
preliminary effectiveness of using the mDASHNa-CC app with
Chinese Canadians seniors who have hypertension in the
community. The research questions of implementation are: (1)
What are the rates of participant accrual and attrition; (2) What
technical issues arise over the study; (3) What is the
acceptability of the study protocol; (4) To what extent do
participants adhere to the requirements of learning dietary
educational material, conducting dietary self-assessments, and
monitoring blood pressure with the mDASHNaCC app; and
(5) To what extent do participants adhere to the dietary
recommendations in the mDASHNaCC app? The research
questions of preliminary effectiveness are: Compared to usual
care, what is the effect of an 8-week mMDASHNa-CC app
intervention on systolic and diastolic blood pressure, body
weight, waist circumference, health-related quality of life, and
health service utilization?

Theoretical Framewor k

Social cognitive theory, a behavioral model commonly applied
to the design of interventions intended for the self-directed
management of chronic disease, will be used as the governing
behavior change theory for the mDASHNaCC intervention.
The key constructs of this theory include psychological
determinants of behavior, observational learning, environmental
determinants of behavior, self-regulation, and moral
disengagement [52]. These constructs emphasize the dynamic
interaction of personal, behavioral, and environmental factors
that could alter human behavior [52]. Social cognitive theory
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has been successfully used to guide the app design for diabetes
control in Canada [53]. Learning from this Canadian evidence,
we applied social cognitive theory to our app design for
antihypertensive dietary behavior self-management. Evidence
suggests that psychological and environmental determinants
impact Chinese adults dietary behavior and hypertension
control. We hypothesized that promoting positive psychological
and environmental determinants can enhance dietary behavior
and blood pressure control. Learning is considered as the
foundational function for the mDASHNa-CC app; therefore,
antihypertensive dietary education acts as an essential
component of the app. The core function of the app is
self-regulation; thus, dietary self-assessments and blood pressure
self-monitoring are embedded in this app asthe main functions.
In addition, automatic feedback according to dietary
self-assessments and blood pressure datais incorporated in the
app to encourage health behavior changes. Thisapp design will
drive sef-efficacy through  observational learning,
self-regulation, and incentive motivation. The behavior changes
will be achieved through self-monitoring, tailored feedback,
structured education, and incentivizing positive behavior.

Methods

Phase |: Design and Usability Testing of the
MDASHNa-CC App

Adhering to a phased sequentia approach to the devel opment
of complex technology-based interventions [54], the
development of the mobile Dietary Approach to Stop
Hypertension with Sodium (Na) Reduction for Chinese
Canadians (MDASHNa-CC) app will include app design,
usability testing, and feasibility testing. A user-centered design
approach will be applied, where seniorswill be actively engaged
in all aspects of the research process, including the app’sdesign,
the usability and feasibility testing, and the refinement of the
prototype.

Convenience sampling will be used to recruit eligible
individuals. To accessthe most representative sample of Chinese
Canadian seniors, acommunity center in Toronto where Chinese
Canadians occupy ahigh percentage of thetotal population will
be used for blood pressure screening, participant recruitment,
app testing, and participant follow-up. In partnership with the
Ontario Chinese Senior Association, wewill host blood pressure
screening events in the Chinese community to facilitate the
recruitment process. The app testing procedureswill commence
after participation eligibility is assessed, informed consent is
obtained, and atrained research assistant collects demographic
and other outcome data.

This study will include al Chinese Canadians who: (1) are at
least 65 years old; (2) have asystolic blood pressure higher than
140 mmHg, or adiastolic blood pressure higher than 90 mmHg,
or are on antihypertensive medi cations, based on preintervention
baseline assessment; (3) can understand (listen) and speak in
Mandarin or Cantonese, and can read and writein Chinese; and
(4) have access to a smartphone. Since self-reporting has been
recommended as the preferred approach to measure ethnicity
and has been widely applied in public health studies [55,56],
the identification of Chinese Canadians in this study will be
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based on self-reporting of ethnicity. The study will exclude
individuals who: (1) have special dietary requirements; (2) are
a household member of another mDASHNa-CC participant; or
(3) plan to leave the area before the antici pated end of the study.

App Design

Based on the findings of the DASHNa-CC pilot trial, the major
functions of the app will include: (1) antihypertensive dietary
education; (2) dietary self-assessments; (3) automatic feedback
according to dietary self-assessments; (4) blood pressure
monitoring; and (5) automatic feedback according to blood
pressure data. To enhanceindividuals' interest in using the app,
a new function of the app that will be utilized is built-in age
and culture-specific entertainment content as a reward for
learning dietary education material, conducting dietary
self-assessment, and monitoring blood pressure [57]. The
entertainment content, including Chinese songs, videos, or
Beijing opera, will be suggested by senior Chinese Canadians
in the community.

The antihypertensive dietary education is based on the
DA SHNa-CC intervention and includesthe content of the DASH
diet pattern, sodium reduction, and TCM food therapy. It is
recommended that participants review the educational content
and answer the related questions, and they will aso be asked
to conduct adietary self-assessment every day on the app. Based
on this, the app will automatically provide feedback and
suggestions. Participants are also asked to measure their blood
pressure twice aday using ahome blood pressure monitor. They
will then record the data in the app, which will automatically
provide feedback regarding their blood pressure status. Frequent
use of the app will be rewarded with built-in entertainment
content. The data entered by seniors will be stored locally on
the smartphone and then communicated to the server when the
phoneisonline using an encrypted protocol. The server will be
hosted at Nipissing University behind a firewall in a secure
network environment. A username and password will be
required to access the data. The app development will be
completed by a software programmer who has extensive
experience in educational smartphone app development in the
Chinese Canadian community.

Usability Testing

Usability testing isawidely used methodol ogy that incorporates
an iterative process of testing an intervention’s user-interface
and then applying the results to redesign the prototype to meet
users’ needs. The current literature supports the importance of
usability testing to increase the likelihood of atechnol ogy-based
intervention's effectiveness [58]. It is recommended that
usability testing takes two to three cycles and involves five to
seven participantsin every cycle [57,59].

L ow Fidelity User-Centered Design

A qualitative usability testing approach will be used with
multipleiterative cycles of semistructured audiotaped interviews.
The app interface designs will be trialed with participants. A
total of seven seniors in each cycle will be shown paper
screenshots of the application and asked what they like and
dislike about the interface design, contents, major functions,
and built-in entertainment. The list of interview questions will
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be modified during the interview process considering emerging
themes and field notes related to perceived ease of use. The
research assistant will record problems with the app. Seniors
will also be asked to provide further suggestions for
improvement. Design elementswill be modified, and new paper
screenshots will be generated and tested with iterative cycles
until no further changes are suggested.

High Fidelity User-Centered Design

Following the development of a fully functiona
smartphone-based prototype, usability testing (multipleiterative
cycles) with semistructured audiotaped interviews will be
conducted again with seven seniorsin each cycle. In this phase,
atrained research assistant will first provide seniorswith abrief
(approximately 5 minutes) demonstration of the app on a
smartphone using a standardized dietary assessment vignette.
Seniorswill then be asked to complete adietary self-assessment
in the app and record their food intake while thinking aloud
about their likes, dislikes, and difficulties with the app. At the
end of each session, a research assistant will ask a series of
open-ended questions related to ease of use, what seniors liked
or disliked about the app, and any technical issues. Theresearch
assistant will record the answers to questions, write field notes
on ease of app use, and explore emerging themes. After thefirst
iterative cycle, changes will be made based on the themes
identified from seniors' opinions. Conflicting suggestions will
be handled based on the majority. Another iterative cycle will
be conducted with another seven seniors until there are no
further recommendations for change to the app.

Measurement Tools

The baseline participant demographic characteristics will be
collected via the Participant Information Questionnaire. This
guestionnaire includes 23 questions about socioeconomic status,
risk factors for hypertension, and migration history. This
guestionnaire was used in the DASHNa-CC pilot study. In
addition, overal comfort level with smartphones will be
ascertained using aquestionnaire about smartphone ownership,
level of use, and likeahility. This questionnaire has been used
successfully in previous app studies [57].

Data Analysis

Demographic data will be analyzed using the software SPSS
version 20.0 (IBM Corporation, New York, United States). To
describe the sample, various descriptive statistics (eg, means,
standard deviations, proportions), dependent on the level of
measurement of the variables, will be calculated for sample
demographics and other baseline information.

In both low and high-fidelity usability testing, audiotaped
usability interviewswill be transcribed verbatim. All transcripts
from the usability testing phases will be verified against the
tapes and imported into the software NVivo 10.0 (QRS
International, Chatstone, Australia) for coding. The field notes
taken during theinterviewswill a so be transcribed and included
in the analytic process. By using thematic coding, datawill be
coded according to the study objectives and categorized to
reflect the emerging themes [60]. Any changesto the prototype
will be made based on feedback from each iterative cycle of
testing.
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Phase | l: Feasibility Testing of mMDASHNa-CC App

Following usability testing, a pilot randomized controlled trial
[61] feasibility study will be conducted with Chinese Canadian
seniors to determine implementation (primary outcomes,
including accrual and attrition rates, technical issues,
acceptability of the app, and adherenceto theintervention,) and
preliminary effectiveness (secondary outcomes, including
systolic and diastolic blood pressure, weight, waist
circumference, health-related quality of life, and health service
utilization). This study is designed as a pilot two-group (1:1)
randomized controlled trial with asample size of 60 participants
(block of 20) in a Chinese Canadian community in the Greater
Toronto Area.

The sampling procedures and setting will be the same as the
Phase | study. A convenience sample of 60 Chinese Canadian
seniors will participate in this study. Self-identified Chinese
Canadians were recruited if they met the following inclusion
criteria: (1) at least 65 years of age; (2) had a systolic blood
pressure between 140 to 159 mmHg or adiastolic blood pressure
between 90 to 99 mmHg; (3) were able to understand and speak
Mandarin and read and write Chinese; and (4) had accessto a
smartphone. Individuals were excluded if they: (1) used
antihypertensive medications, insulin, or oral hypoglycemic
agents; (2) had acardiovascular event during the previousthree
months; (3) had a history of congestive heart failure; (4) had a
cancer diagnosis or had undergone cancer treatment during the
past two years; or (5) had specia dietary requirements.

Asapilot study is not powered to be a hypothesis-testing trial,
formal sample size calculations are not recommended [62].
Instead, the sample size suggested was based on
recommendations for feasibility trials [63]. In this pilot study,
60 eligible participants will be recruited. Following university
ethicsapproval, participantswill berecruited by blood pressure
screening eventsin diverse community settings. The recruitment
process of Phase Il is the same as that of Phase |. Study
procedureswill commence after eligibility isassessed, informed
consent is obtained, and demographic and baseline outcome
data are collected by atrained research assistant.

Using an online randomization tool provided by Interrand
Company, Ottawa, Canada, participants will be randomized
into either an intervention