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Abstract

Background: Evidence shows that computerized self-help interventions are effective for reducing symptoms of depression.
One such intervention, SPARX, is a gamified mobile computerized cognitive behavioral therapy (cCBT) developed for adolescents
in New Zealand, which was shown to be as effective as usual care for young people with mild-to-moderate symptoms of depression.
However, gamified cCBT has not yet been tested in Japan.

Objective: This trial is designed 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. Participants in the treatment condition will use the 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 outcomes include 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: Results of this trial 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):e15164)   doi:10.2196/15164
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Introduction

Background
Depression is a mental health problem commonly experienced
by university students. A systematic review examining rates of
depression among university students from a range of countries,
including North American, European Union, East Asian, and
Middle Eastern countries, revealed 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 as full-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 students is 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 systems to address the mental health needs
of university students [8]. However, reaching out to professional
mental health services among students is relatively uncommon
[9,10] owing to several factors, including skepticism about
treatment effectiveness, lack of awareness of help options, and
lack of perceived need [11,12]. Therefore, access to university
mental health services should be adjusted so that it is both easier
and more acceptable [13]. Outside Japan, there have been many
trials of internet-based and computer-delivered interventions in
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-face treatment [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]. Given that games are familiar and particularly popular
with young people in 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, Realistic, X-factor thoughts (SPARX) program [26] is
the only available game-based intervention developed to

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 adolescents with mild-to-moderate depressive
symptoms [26]. Furthermore, SPARX was used as a depression
prevention intervention in a large Australian school trial to
reduce depressive symptoms in adolescents prior to final year
examinations [28]. In Japan, a smartphone-based CBT program
(Kokoro-app) was demonstrated to be effective for depression
in a clinical 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 this trial is to examine whether SPARX
improves depressive symptoms in 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 the included 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
This is a multicenter 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 the trial is shown in Figure 1.
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Figure 1. Participant flow of this trial. CES-D: Center for Epidemiological Studies Depression; SPARX: Smart, Positive, Active, Realistic, X-factor
thoughts.

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 trial if they meet the
following inclusion criteria at the face-to-face or telephone
eligibility 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 a smartphone/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
the first SPARX study [26], because when the Japanese version
of SPARX was first developed, 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 the total 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, as indicated by a CES-D score>24
[31,32]; (3) current manic episodes or current schizophrenia or

other psychotic disorders at baseline as reported by a participant;
(4) previous experience of using SPARX; and (5) involvement
in manualized psychotherapy at baseline. These exclusion
criteria are the same as those adopted in the first SPARX study
[26] as reference. Merry et al [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,
individuals 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 provide information 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 access to SPARX even if they decide to
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
universities via advertisements on online bulletin boards, campus
newspapers, and posters. Interested students who contact the
researchers via email 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 trial
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, a vacant 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.

Participants in the wait-list condition group will receive access
to SPARX after a 1-month follow-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 rooms at 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 a locked cabinet. All identifying information will
be removed, and the participants will only be identified by a
unique participant number.

Randomization
Participants (N=100) who fulfil all eligibility criteria will be
randomized at a 1:1 ratio to either the SPARX intervention
group or the wait-list control condition. The randomization
sequence will be generated by the trial statistician and stratified
by site. The final randomization lists will 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]. Additionally, 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 the wait-list group [37]. Considering these findings,
we assumed a similar 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 the reduction
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 a two-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 an interactive 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 skills in 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, Realistic, 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)

• Level 2 (being active): activity scheduling, behavioral activation, relaxation (progressive muscle relaxation), basic communication, and interpersonal
skills

• 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 (challenging unhelpful thoughts): cognitive restructuring (learning to challenge or swap negative thoughts for helpful ones), interpersonal
skills continued (negotiation skills)

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

The Japanese version of SPARX was developed 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 is a native Japanese speaker and a fluent speaker of English.
A key difference between the original and Japanese versions
was the change of the Guide character’s gender from male to
female. In the original version, the Guide was male, stylized to
look like a Maori (the indigenous 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 modifications include the
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 slightly changed to facilitate use; by using
a notification function, the user can obtain information related
to mental health once a week; how to process SPARX is
displayed; and as the user plays the 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 changes to 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 characters in the SPARX original (left) and Japanese (right) versions.

Wait-List Control
Participants randomized to the control group will be placed on
a wait 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

(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.

JMIR Res Protoc 2020 | vol. 9 | iss. 4 |e15164 | p.9https://www.researchprotocols.org/2020/4/e15164
(page number not for citation purposes)

Yokomitsu et alJMIR RESEARCH PROTOCOLS

XSL•FO
RenderX

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


Table 1. Overview of measurements.

T9dT8cT2-T7bT1aScaleOutcome

✓Developed by the authorsDemographics

✓✓✓✓PHQ-9eDepressive symptoms

✓✓✓SWLSfSatisfaction with life

✓✓✓POMS-2gNegative and positive moods

✓✓✓EQ-5DhSocial functions

✓✓✓RSSiRumination

✓✓✓Brief COPEjCoping

✓✓✓DLSSkStressor

✓Developed by the authorsSatisfaction and acceptability

aT1: baseline assessment (preassessment).
bT2-T7: assessment at each level.
cT8: assessment 1 week after the program.
dT9: assessment at 1-month follow-up.
ePHQ-9: Japanese version of Patient Health Questionnaire-9.
fSWLS: Satisfaction With Life Scale.
gPOMS-2: Profile of Mood Scale, second edition.
hEQ-5D: Japanese EuroQol instrument.
iRSS: Japanese version of the Ruminative Responses Scale.
jBrief COPE: Brief Coping Orientation to Problem Experienced inventory.
kDLSS: Daily Life Stress Scale for undergraduates.

Primary Outcome Measure
The primary outcome measure is the Japanese version of PHQ-9.
The PHQ-9 is a self-reported questionnaire for assessing
depressive symptoms of the preceding 2 weeks [39]. The
questionnaire consists of nine items evaluated using a 4-point
Likert scale to indicate the extent to which the participant agrees
with the values expressed in each item (0, not at all; 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)

This is a self-reported questionnaire for assessing positive and
negative moods during the preceding week [40]. The
questionnaire consists of 35 items evaluated on a 5-point Likert
scale (0-4). For this study, we will use total mood disturbance;
higher scores indicate more negative mood states. The reliability
and validity of POMS-2 for a Japanese population have been
reported [40].

The Satisfaction With Life Scale (SWLS)

This is a self-reported questionnaire for assessing satisfaction
with life [41]. The questionnaire consists of five items evaluated
on a 7-point Likert-type scale (1-7). Higher scores indicate more
satisfaction with life. Its reliability and validity for a Japanese
population have been reported [41].

The Japanese EuroQol Instrument (EuroQol)

This is a self-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)

This is a self-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].

The Brief 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. Its reliability and validity for a Japanese
population have been reported [47].
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The Daily Life Stress Scale for Undergraduates (DLSS)

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

The final secondary outcome will be a measure of the
satisfaction and acceptability of the intervention. All participants
will be asked to rate four statements related to the perceived
helpfulness, satisfaction with use, and the depth of understanding
of the content of SPARX on an 11-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)]? Specifically,
which components of this program were useful for you (write
free text comments)?” “How satisfied are you with this program
[0 (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 all), 10 (very
fun)]?” These items were developed 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

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

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. Study
enrollment is still ongoing. As of April 2019, 60 subjects have
been recruited and baseline data were collected. Moreover, 24
subjects have already 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
published in a peer-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 results that 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 students with mild-to-moderate symptoms of depression
in New Zealand [26]. The aim of this trial is to investigate the
efficacy of the program in Japanese university students using
a superiority RCT comparing SPARX with a wait-list control.
The findings of this trial are expected to add to evidence of the
efficacy of the game-based computerized CBT for young people
with depressive symptoms. These results will provide important
knowledge for implementation of computerized CBT into
existing health support services for university students in the
future. However, in this trial, 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.
This procedure could influence the intervention 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.
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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 a three-tiered diabetes management model of care in China.

Objective: This paper aims to 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 outcome is the control rate of glycated hemoglobin (HbA1c) <7% at 1 year. Secondary outcomes
include the control rates of ABC (HbA1c, blood pressure, and low-density lipoprotein cholesterol [LDL-C], individual and
combined) and fasting blood glucose, and the change in each outcome. The primary analysis will 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 models and the repetitive models after multiple imputation (when more than 10% of observations
in HbA1c after 1 year are missing) will be used for sensitivity analysis. Five prespecified subgroup analyses have also 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 developed for the main results of the ROADMAP study by authors blinded
to group allocation and with no access to study data, which will guarantee the transparency and reduce potential bias during
statistical analysis.

Trial Registration: Chinese Clinical Trial Registry ChiCTR-IOC-17011325; https://tinyurl.com/ybpr9xrq
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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
tests and treatment consultations at primary care clinics through
a publicly funded essential public health service package [4].
Despite the provision of the universal access and increasing
subsidies to 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
[HbA1c] <7.0%) [6], while less than a tenth have achieved
optimal control of composite cardiometabolic “ABC” (HbA1c,
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 health service on diabetes
management through a mobile health–based, tiered
service-delivery 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 a hierarchical 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 is performed by contracted service teams; each of them
are composed of one primary care doctor at the community or
village level as team leader, one township hospital doctor, and
one district or county doctor. The intervention lasted for 1 year.
This study is prospectively registered (ChiCTR-IOC-17011325)
and ethically approved. A complete study description has been
published elsewhere [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 eligible,
participants were 18-75 years old, 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

breastfeeding, or had participated in any other clinical trial
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 villages in
rural areas. Following the completion of baseline assessments,
communities or villages (clusters) were centrally randomized.

Intervention
Besides a standard 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 one fasting blood glucose [FBG]) monthly, instruction
for lifestyle change and medication accordingly, timely referral
if an indicator is present, and quarterly performance review for
the contracted service team. 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
participants in the intervention arm to facilitate health education
and communication 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
basic intervention subgroup in which participants have logged
in less than 4 times to the app throughout the 1-year follow-up
and an intensive intervention subgroup in which the participants
have at least 4 log-ins within 1 year.

Outcomes
The primary outcome is the HbA1c control rate (percentage of
patients achieving HbA1c <7.0%; target A) at 1 year. The
secondary outcomes include the percentage of patients achieving
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 patients achieving FBG <7.0 mmol/L; the changes
in levels of HbA1c, 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 development
of any self-reported onset of new comorbidities and diabetic
complications during follow-up, concomitant medications, and
direct medical cost.

JMIR Res Protoc 2020 | vol. 9 | iss. 4 |e18333 | p.16http://www.researchprotocols.org/2020/4/e18333/
(page number not for citation purposes)

Li et alJMIR RESEARCH PROTOCOLS

XSL•FO
RenderX

http://dx.doi.org/10.2196/18333
http://www.w3.org/Style/XSL
http://www.renderx.com/


Sample Size
A sample size of 16,416 participants (19 patients per
community) at 1 year provided an 89% power (2-sided α=.05)
to detect a ≥5% absolute increase in the primary outcome for
the intervention group. The sample size calculation assumes
that 40% of participants will have well-controlled HbA1c 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 the intervention group will receive the intensive
intervention (at the patients’ discretion), it will need 93% to
detect absolute increases of 5% HbA1c control, when compared
to the basic intervention group (576 clusters with an average
cluster size of 9-10 patients). Accounting for a potential loss to
follow-up of 14% of patients, the study aimed to recruit 19,008

patients with T2D from 864 communities or villages (576 in
intervention and 288 in control, with a 2:1 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; HbA1c: 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 patients that
have given consent and are not missing key variables (including
gender, age, and HbA1c 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 intensive intervention vs basic intervention. No formal interim
analysis will be performed. The primary analysis will use all
available data with no imputation. Imputation will be performed
as a sensitivity analysis when missing observations in HbA1c

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. Outcomes will be presented in order of their
priority (primary vs secondary), and only a limited number of
subgroup analyses are prespecified. Subgroup analyses will be
carried out irrespective of whether a significant treatment effect
on the primary outcome is observed. Analyses will 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 characteristics will be reported. A less than 0.1 standard
difference will be used to indicate a negligible difference in 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 (HbA1c, 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

community or village doctors were using, and number of patients
with T2D registered.

Compliance to 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 due to receive at least
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 the intervention 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 be illustrated in separate figures with a double y-axis.

Exposure to Intensive Intervention
Within the intervention group, the frequency of patient’s log-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 HbA1c at 1 year, will be
first compared between all 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 HbA1c as a
continuous covariate (model 1). The raw number and percentage
of patients with adequate control of HbA1c at 1 year will be
reported. The effect of the intervention will be presented as the
relative risk (RR) of the proportion of HbA1c levels <7% along
with its 95% CI and corresponding P value. In cases of a
convergence issue, the logistic regression with GEE and the
Poisson regression with GEE will be both used as the alternative
methods, with the Poisson regression as the 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 be rerun
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 all the baseline variables previously listed
(see “Patient Characteristics and Baseline Comparison”).

Imputed Data Analyses
Multiple imputation using fully conditional specification [15]
will be performed as a sensitivity analysis when more than 10%
of observations in HbA1c is missing at 1 year. The imputation
model will include the levels of HbA1c, 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 Analyses”). HbA1c, 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 (β in model 1) and its
standard errors will be combined to obtain a pooled common
RR and 95% CI.

Subgroup Analyses
Five prespecified subgroup analyses will be carried out between
the overall intervention group and the control group. The
subgroups are economic development level (developed vs
less-developed), locality (urban vs rural), 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 its interaction 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% CIs for the intervention 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 Intensive Intervention
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 methods will 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 a simple logistic regression with baseline covariates
including age, sex, the baseline value of the analyzed outcome,

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 mmol/L, and the optimal control rate of combined
ABC targets. A log-binomial regression with GEE and including
baseline continuous values 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
HbA1c, FBG, BP, and LDL-C will also be analyzed as
continuous variables. A similar analytic strategy as the one used
for binary outcomes will be followed but using a linear
regression (ie, assuming a normal distribution and an identity
link, instead of a log-binomial regression). The raw mean (SD)
of the changes will be reported. The effect of the intervention
will be presented as the adjusted mean difference and associated
95% CIs. Further covariates-adjusted analyses (see model 2)
and subgroup analysis will also be conducted, and the imputed
analysis as well, 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
as the incidence rate of hypoglycemia episodes and its 95% CI.
The number 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-visual 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 values and VAS scores, a linear regression with
GEE accounting for clustering will be used to test the difference
between groups. The baseline values of the outcome variable
will be included 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% CIs.

The Summary of Diabetes Self-Care Activities
The scores of the summary of diabetes self-care activities
questionnaire will be described at baseline and 1 year. For their
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changes from baseline, a linear 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 covariates with further adjusted models will 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% CIs
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.

Results

This study was funded in January 2017. Ethics approval was
obtained from the Institutional Review Board at Shanghai Sixth
People's Hospital, where the lead PI is affiliated with, before
the study commenced. Written approval from each participating
site was granted by the local hospital research ethics committee,
and other relevant regional regulatory bodies. Signed informed
consent was obtained from all trial participating doctors and
patients prior to participant recruitment. Recruitment
commenced in June 2017 and closed after completed baseline
assessment in December 2018 for all 864 trial participating
communities in 144 districts or counties in 25 provincial sites
(1 more province than the scheduled 24 because of a shortage
in eligible district or county hospitals). As of 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 main tables (ie, baseline characteristics as in Table
1, estimated intervention effects for binary outcomes as in Table
2, estimated intervention effects for continuous outcomes as in
Table 3, and hypoglycemia incidence as in Table 4) were
produced prior to the previously mentioned analytical 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.

Standardized differencesIntervention (xxxx)Control (xxxx)Characteristics

x.xxxRegion by economic development, n (%)

xxx (xx.x)xxx (xx.x)Developed

xxx (xx.x)xxx (xx.x)Less developed

x.xxxLocality, n (%)

xxx (xx.x)xxx (xx.x)Urban

xxx (xx.x)xxx (xx.x)Rural

Demographics

x.xxxxx (xx)xx (xx)Age (years), mean (SD)

x.xxxxxx (xx.x)xxx (xx.x)Gender (male), n (%)

x.xxxxxx (xxx)xxx (xxx)BMI (kg/m2), mean (SD)

x.xxxHighest level of education, n (%)

xxx (xx.x)xxx (xx.x)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

x.xxxxxx (xxx)xxx (xxx)Annual income per capita (CNY), mean (SD)

x.xxxxxx (xx.x)xxx (xx.x)Health insurance coverage (Yes), n (%)

x.xxxInsurance reimbursement rates, n (%)

xxx (xx.x)xxx (xx.x)70%-100%

xxx (xx.x)xxx (xx.x)50%-70%

xxx (xx.x)xxx (xx.x)<50%

Self-reported medical history and complications

x.xxxxxx (xxx, xxx)xxx (xxx, xxx)Duration of diabetes (years), median (Q1, Q3)

x.xxxxxx (xx.x)xxx (xx.x)Current smoker, n (%)

x.xxxxxx (xx.x)xxx (xx.x)Hypertension, n (%)

x.xxxxxx (xx.x)xxx (xx.x)Dyslipidemia, n (%)

x.xxxxxx (xx.x)xxx (xx.x)Diabetic nephropathy, n (%)

x.xxxxxx (xx.x)xxx (xx.x)Diabetic retinopathy, n (%)

x.xxxxxx (xx.x)xxx (xx.x)Peripheral neuropathy, n (%)

x.xxxxxx (xx.x)xxx (xx.x)Lower extremity, n (%)

x.xxxxxx (xx.x)xxx (xx.x)Macro-vascular, n (%)

Lab characteristics

x.xxxx.xx (x.xx)x.xx (x.xx)HbA1c
a (%), mean (SD)

x.xxxxxx (xx.x)xxx (xx.x)HbA1c<7%, n (%)

x.xxxx.xx (x.xx)x.xx (x.xx)FBGb (mmol/L), mean (SD)

x.xxxxxx (xx.x)xxx (xx.x)FBG<7.0 mmol/L, n (%)

x.xxxxxx (x.xx)xxx (x.xx)SBPc (mmHg), mean (SD)

x.xxxxxx (x.xx)xxx (x.xx)DBPd (mmHg), mean (SD)

x.xxxx.xx (xxx)x.xx (xxx)LDL-Ce (mmol/L), mean (SD)

x.xxxxxx (xx.x)xxx (xx.x)LDL-C<2.6 mmol/L, n (%)

x.xxxxxx (xxx, xxx)xxx (xxx, xxx)Serum creatinine (umol/L), median (Q1, Q3)
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aHbA1c: glycated hemoglobin.
bFBG: fasting blood glucose.
cSBP: systolic blood pressure.
dDBP: diastolic blood pressure.
eLDL-C: low-density lipoprotein cholesterol.

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

Primary modelaIntervention, n (%)Control, n (%)Outcomes

P valueRRb (95% CI)

Primary outcome

.xxx.xx (x.xx-x.xx)xxx (xx.x)xxx (xx.x)HbA1c
c < 7.0%

Secondary outcomes

.xxx.xx (x.xx-x.xx)xxx (xx.x)xxx (xx.x)FBGd < 7.0 mmol/L

.xxx.xx (x.xx-x.xx)xxx (xx.x)xxx (xx.x)BPe < 140/80 mmHgf

.xxx.xx (x.xx-x.xx)xxx (xx.x)xxx (xx.x)LDL-Cg < 2.6 mmol/L

.xxx.xx (x.xx-x.xx)xxx (xx.x)xxx (xx.x)Composite diabetes controlh,i

aPrimary model: log-binomial regression with generalized estimating equation (GEE) with adjustment of the baseline value of the analyzed outcome
and clustering. The logistic regression with GEE will be employed as the alternative method in case of non-convergence, with indirectly derived relative
risk reported.
bRR: relative risk.
cHbA1c: glycated hemoglobin.
dFBG: fasting blood glucose.
eBP: blood pressure.
fOnly systolic blood pressure at baseline and clustering were adjusted in the primary model for BP control.
gLDL-C: low-density lipoprotein cholesterol.
hComposite diabetes control: defined as HbA1c 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.

Primary modelaIntervention, mean (SD)Control, mean (SD)Secondary continuous outcome

P valueMean differences
(95% CI)

The change from baseline of:

.xxx.xx (x.xx-x.xx)x.xx (x.xx)x.xx (x.xx)HbA1c
b level, %

.xxx.xx (x.xx-x.xx)x.xx (x.xx)x.xx (x.xx)FBGc level, mmol/L

.xxx.xx (x.xx-x.xx)x.xx (x.xx)x.xx (x.xx)Systolic blood pressure, mmHg

.xxx.xx (x.xx-x.xx)x.xx (x.xx)x.xx (x.xx)Diastolic blood pressure, mmHg

.xxx.xx (x.xx-x.xx)x.xx (x.xx)x.xx (x.xx)LDL-Cd level, mmol/L

aPrimary model: linear regression with generalized estimating equation and with adjustment of baseline value of the analyzed outcome and clustering.
bHbA1c: glycated hemoglobin.
cFBG: fasting blood glucose.
dLDL-C: low-density lipoprotein cholesterol.
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Table 4. Incidence and events rate of hypoglycemia by treatment arms.

P valuebIntervention (n=xxxx)Control (n=xxxx)Hypoglycemiaa

Events/100
patients

EventsPatientsEvents/100
patients

EventsPatients

.xxxxxxxxxxxxxxxxxxxxxxSymptomatic hypoglycemia

.xxxxxxxxxxxxxxxxxxxxxxAsymptomatic hypoglycemia

.xxxxxxxxxxxxxxxxxxxxxxProbable symptomatic hypoglycemia

.xxxxxxxxxxxxxxxxxxxxxxRelative hypoglycemia

.xxxxxxxxxxxxxxxxxxxxxxOverall hypoglycemia

aHypoglycemia 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
This article presents the detailed statistical analysis plan 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
patients who were initiating basal insulin treatment at secondary

and tertiary hospitals. The intraclass correlation coefficient may
differ from that observed in the studied populations in
ROADMAP.

To find out the effectiveness and feasibility of the platform in
different regions, four strata were covered by ROADMAP. They
are economically developed urban areas, economically
developed rural areas, economically less-developed urban areas,
and economically less-developed rural areas. Although the
economic development level (developed vs less-developed) and
locality (urban vs rural) have been included in the predetermined
subgroup analysis, more detailed descriptions might be needed
for the factorial subgroups.

Conclusions
This statistical analysis plan was developed for the main results
of the ROADMAP study by authors blinded to group allocation
and with no access to study data, which will guarantee the
transparency and reduce potential bias during statistical analysis.
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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 notoriously 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: This study consists of a three-armed randomized controlled trial: (1) arm A: an invitation letter from a health insurance
plan including a FIT test kit, (2) arm B: an invitation letter from a health insurance plan including an offer to receive a free FIT
test kit by mail upon easy-to-handle request (ie, by internet, fax, or reply mail), and (3) arm C: an information letter 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 letters 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 FIT
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 offers in the German health care system.

Trial Registration: German Clinical Trials Register (DRKS) DRKS00011858; https://bit.ly/2UBTIdt

International Registered Report Identifier (IRRID): DERR1-10.2196/16413

(JMIR Res Protoc 2020;9(4):e16413)   doi:10.2196/16413
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Introduction

Background
Annual or biennial screening by fecal occult blood tests (FOBTs)
has been shown by randomized clinical trials to reduce colorectal
cancer (CRC) mortality by up to 30% [1]. These effects were
achieved even with guaiac-based FOBTs (gFOBTs), 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 fecal
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 are increasingly 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
FITs or specific low-threshold access to FITs, which are deemed
to be crucial to achieve high participation rates [7,8]. The aim
of this trial is to 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 a personal invitation letter within each trial
arm.

Secondary outcomes are to determine the following:

1. The rate of positive test results.
2. The rate of performing a colonoscopy after a positive test.
3. The rate of performing a colonoscopy after a negative test.
4. The rate of discovered advanced colorectal neoplasia (ie,

advanced adenomas and cancer).
5. The positive predictive value of the test.
6. The rate of performing a screening colonoscopy, in general,

within 1 year.

Gender-specific analyses will be conducted.

Methods

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

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

The study is being conducted by the German Cancer Research
Center (DKFZ) in cooperation with a statutory 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 a letter from their health insurance plan (ie,
AOK BW) with the following: (1) arm A: an invitation letter
including a FIT 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: an information letter on CRC screening in the form
of a colonoscopy; 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 (DRKS-ID:
DRKS00011858) with the following 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 participants in arms A and B
within the intervention groups, the entire targeted population
has access to CRC screening offers in routine practice according
to law. However, only the opportunistic screening program is
available 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 a specific 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 letters for CRC screening, with low-threshold
access to a FIT in the intervention arms, and (2) the follow-up
of the use and outcome of a colonoscopy after a positive FIT,
as well as the 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 is being
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 a FIT as part of the intervention or can additionally request it in routine practice. Participants in arm C (ie, control) can only use the
FIT in routine practice. Data on the use of screening methods until 1 year after the initial invitation will be collected. AOK BW: AOK Baden-Wuerttemberg;
A1 and A2: subgroups of arm A; and B1 and B2: subgroups of arm B.
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Table 1. Overview of study assessments at relevant time points.

T3

(1 year)

T2 (6 months after

positive FITa)

T1T0

(0 wk)

Assessments

>14b wk14 wk12 wk10 wk8 wk6 wk4 wk2 wk

Randomization and initial invitations

––––––––––d✓Randomizationc

––––––––––✓Subrandomizatione

––––––––––✓Tranche 1

––––––––✓––Reminder 1

–––––––––✓–Tranche 2

–––––––✓–––Reminder 2

––––––––✓––Tranche 3

––––––✓––––Reminder 3

–––––––✓–––Tranche 4

–––––✓–––––Reminder 4

––––––✓––––Tranche 5

––––✓––––––Reminder 5

–––––✓–––––Tranche 6

–––✓–––––––Reminder 6

Laboratory analysis of the provided FITs and notification about results

––✓✓✓✓✓✓✓✓–Laboratory analysis

––✓✓✓✓✓✓✓✓–Notification

–✓–––––––––Follow-up of colonoscopy use after a
positive FIT: request reports

Use of colorectal cancer screening in routine practice within 1 year

✓––––––––––Use of FITsf

✓––––––––––Use of colonoscopyf

✓––––––––––Colonoscopy reportsg

aFIT: 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.
fAggregated for all arms and additionally pseudonymized for arms A and B where consent was given.
gAnonymized for all arms where consent was given.

Inclusion and Exclusion Criteria
Inclusion criteria for 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 as follows: (1) had an insurance-recorded colonoscopy
within the past 5 years, (2) had a previous cancer diagnosis, (3)
being deceased, and (4) being dependent on care.

Participants with a positive 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
commercially 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 is being embedded in a mandatory, insurance-related
information letter about the offer to undergo colonoscopies from
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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 a random 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: A1 and A2; arm B: B1 and B2. Subgroups
A1 and B1 get a reminder letter after 4 weeks. No additional
FIT kit is attached to the reminder letter and it states that the
reminder is invalid if 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
includes a free FIT in a prepacked test kit. This kit contains one
FIT, written and graphical instructions, two stool sample
collectors, a record 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 a FIT for free from the DKFZ
via reply mail, fax, email, or online form. 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-related information letter mentioning a colonoscopy
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 agree to the FIT analysis; to receive a written
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
claims data from CRC screening participation in routine practice
within 1 year after the initial invitation.

As proposed by the FIT manufacturer, participants are being
instructed to spread the tip of the test stick over the freshly
passed whole feces at various points until the tip’s grooves were
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 feces into 2 mL of buffer. The FIT and the informed consent
sheet are mailed to the DKFZ in a postpaid envelope. Upon
arrival at the DKFZ, the FITs are stored in a fridge 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 ISO
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.

Samples are disposed of after the analysis. As recommended
by the manufacturer, the cutoff for a test result to be positive is
50 ng Hb/mL buffer (equal to 10 µg 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 samples are recorded. The DKFZ receives the laboratory
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 threshold) to the participants in 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 Methods
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
available for participants in the intervention arms upon specific
informed consent.

In addition, results of screening colonoscopies in the age group
of 50-54 years is being documented by the gastroenterologists
in standardized survey forms, which are mandatory for billing.
The billing company MEDIVERBUND AG captures the data
electronically, anonymizes it, and sends it to the DKFZ for the
analysis. Assignment to the initial 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 criteria and received an initial letter: 5844 persons per
arm—A, B, and C. A reminder is being sent out to 50% of the
people in arms A and B—2922 persons per subgroups A1 and
B1—after 4 weeks.
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The following expectations are based on experiences from a
previous model project [8], taking into account changes in this
study’s conditions. The expected usage of a FIT for both genders
combined is about 10% for the people in the control group (ie,
FIT use in routine practice). In intervention arm 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% CIs 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 multiple testing according
to the Bonferroni-Holm method. For the most stringent
adjustment with alpha=.017 (ie, baseline alpha=.05 with three
tests), there is still excellent power.

In the randomized substudy, the increase in FIT usage due to a
reminder letter 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
A1 and B1 (ie, received a reminder) 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 magnitude is close to 100%: SAS, version 9.4 (SAS Institute)
POWER procedure, two-sided Pearson chi-square test with
significance level alpha=.025. For the two comparisons (ie, A1
vs A2 and B1 vs B2), multiple testing was adjusted for,
according to the Bonferroni-Holm method. For the most
stringent adjustment with alpha=.025 (ie, baseline alpha=.05
with two tests) there is still excellent power.

Statistical Analysis
The statistical 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 initial 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
differences in 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

FITs conducted through the special offers is directly available
from the study center.

Results

In total, 17,532 invitation letters and 5825 reminder letters were
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 trial 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
reasons for cancer-related death in Germany [13] and worldwide
[14]. Participation rates of CRC screening need to be increased;
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 a stool test increases after the target population 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 access to, a FIT [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 FITs in 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 colonoscopies 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 the test, but also improve the effectiveness
of subsequent colonoscopies, thereby avoiding potential adverse
outcomes and costs arising in the case of later detection of CRC.

The concept of this study allows for monitoring and
investigating the usage rate of FITs following a once-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 adenomas in
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 bias due to
the focus of our study on AOK-insured persons enrolled in the
AOK Family Doctor Program cannot be ruled out, which may
limit external validity of the study.

To our knowledge, this is the first study that examines a
low-threshold order option of the FIT, in addition to direct
provision of a FIT, included in the invitation letter. The concept
of personal invitations being sent out by a health insurance plan
is currently implemented in Germany [3]; however, it includes
neither direct provision of a FIT with the invitation letter nor a
low-threshold order option. The results of this randomized
controlled trial will, therefore, provide important empirical
evidence for potential further enhancement of CRC screening
in routine 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 a relapse, 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 C5a receptor (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: The aim of this study is to determine the proportions of patients in 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: Results will 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
vasculitis is a serious, often life-threatening disease that includes
three related forms of small-vessel vasculitis: granulomatosis
with polyangiitis (GPA), microscopic polyangiitis (MPA), and
eosinophilic granulomatosis with polyangiitis (Churg-Strauss).
GPA and MPA are thought to be triggered by the production
of circulating autoantibodies against the neutrophil-expressed
antigens myeloperoxidase (MPO) or proteinase 3 (PR3). The
disease may present with a wide spectrum of clinical
manifestations of varying degrees of severity including but not
limited to skin lesions, sinonasal, pulmonary inflammation or
hemorrhage, and glomerulonephritis.

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 the terminal
C5a/C5aR axis generates an autoamplification loop that drives
the acute necrotizing vasculitic process from primed neutrophils
resulting from their interaction with ANCAs. C5a 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 oral) 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 in the first 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 is attributed to treatment-related 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 a relatively 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],

diabetes mellitus, fractures, gastrointestinal bleeding,
hypertension, cataracts, and progressive organ damage [24].
Weight gain, sleep 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 (previously known as CCX168) is a novel, orally
bioavailable, highly selective human C5aR antagonist that lacks
any other known pharmacology [27]. Importantly, avacopan
does not inhibit the interaction of C5a with the related receptor
C5L2 (also referred to as C5aR2), thought to have
anti-inflammatory properties [27] and also 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 a favorable safety profile in a phase 1 dose escalation
clinical trial in healthy volunteers, 30 mg of avacopan
administered twice daily was shown to produce plasma
concentrations that provided near complete inactivation of C5aR
on blood neutrophils throughout 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 C5a-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 along 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 a trend for faster control of
disease in the avacopan groups relative to control [29]. Patients
in the avacopan groups also had a rapid improvement in
albuminuria (an indicator of preserved renal function), whereas
the estimated glomerular filtration rate and hematuria improved
in all 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-5L])
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 revealed 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 cells may improve outcomes in 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 hypothesis for 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.

As a selective anti-inflammatory agent, avacopan may also have
safety advantages compared with glucocorticoids.

The primary objective of the trial 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 patients in the trial 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 (no evidence
of active vasculitis) and no use of glucocorticoids for the
treatment of ANCA-associated vasculitis within 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
glucocorticoids for ANCA-associated vasculitis within 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.

Textbox 1. Major inclusion criteria for the randomization study.

• Age ≥12 years

• 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 major 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 m2

Patients are required to fast for at least 9 hours before the first
dose of study drug to allow 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,

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-Schönlein), rheumatoid vasculitis, Sjögren'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 methylprednisolone 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 × 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/μL 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 carcinoma in situ such
as cervical or breast carcinoma in 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

• White blood cell count <3500/µL or neutrophil count <1500/µL, or lymphocyte count <500/µL 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 30 mg 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). Additional (nonstudy
supplied) glucocorticoids are allowed before enrollment and

during the first 4 weeks if 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 a treatment group, which seeks to balance treatment groups
with respect to each stratification factor. In adolescents (aged
12-17 years), the initial 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.
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Figure 1. Avacopan Development in Vasculitis to Obtain Corticosteroid Elimination and Therapeutic Efficacy trial design. AZA: azathioprine; BVAS:
Birmingham Vasculitis Activity Score; CYC: cyclophosphamide; GC: glucocorticoids; IV: intravenous; MPO: myeloperoxidase; PR3: proteinase 3;
RTX: rituximab.

Table 1. Glucocorticoid and matching placebo tapering schedule.

Group B: prednisone (control; prednisone dose, mg per day)Group A: avacopan (prednisone dose, mg per day)Study day

Adolescents (aged 12-17 years)AdultsAll patients

≤37 kg>37 kg<55 kg≥55 kg

3045456001-7

3045454508-14

30303030015-21

25252525022-42

20202020043-56

15151515057-70

10101010071-98

5555099-140

00000≥141

Immunosuppressive Therapy
All patients in both treatment groups also receive one of the
following 3 investigator-selected baseline immunosuppressive
therapy (standard-of-care) regimens:

1. Intravenous rituximab: 375 mg/m2 weekly × 4 infusions.
2. Intravenous cyclophosphamide: 15 mg/kg up to 1.2 g every

2 to 3 weeks for 13 weeks, and then starting on week 15,
oral azathioprine 1 mg/kg daily with titration up to 2 mg/kg
daily (mycophenolate mofetil 2 g daily is allowed in place
of azathioprine).

3. Oral cyclophosphamide: 2 mg/kg daily for 14 weeks
followed by oral azathioprine or mycophenolate mofetil
starting at week 15 (same dosing regimen as intravenous
cyclophosphamide).

Dose reductions or adjustments in cyclophosphamide,
azathioprine, and mycophenolate are allowed to conform to
standard approaches to maximize safety of these medications.

Additional Glucocorticoids
Use of additional glucocorticoids (eg, nonstudy supplied
glucocorticoids in excess of dose and schedule outlined in Table
1) is to be avoided during the study, except for cases of adrenal
insufficiency. Patients currently on glucocorticoids may enroll
provided they meet the following criteria: before and during
the screening visit, the use of intravenous glucocorticoids does
not exceed a cumulative dose equivalent of 3 g of
methylprednisolone in the 4 weeks before screening or the use
of oral glucocorticoids does not exceed 10 mg once daily (QD)
of oral prednisone for up to 6 weeks before screening. During
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 (typically 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 exchange is not permitted.

Patients experiencing a relapse or worsening of disease may
continue study drug treatment and should continue in the study.
In patients experiencing a relapse, the study-supplied
prednisone/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
the discretion of the investigator, the avacopan/matching placebo
may be continued during and following the treatment for the
relapse.

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 all relapses, is
assessed by an independent blinded adjudication committee.

The key clinical endpoints and outcome measures are
summarized in Textboxes 3 and 4. The overall 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.

Textbox 3. Main clinical endpoints of this study.

• Proportion of patients in 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.

• Safety: adverse events, physical exam, vital 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 major item in
BVAS, ≥3 minor items in BVAS, or 1 or 2 minor items in BVAS at 2 consecutive visits

• Change in 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 algorithm is used to assign patients dynamically
to a treatment group, which seeks to balance treatment groups
with respect to each stratification factor. Statistical analysis for
categorical endpoints will be expressed as the number and
percentage of unique patients for 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

of the 3 stratification 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 all previous
trials conducted in patients with ANCA-associated vasculitis
as well as precedent. The proportion of patients with remission
in the 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% CIs for the difference in proportions
(avacopan group minus prednisone group) will be estimated.
For the noninferiority tests at week 26 and week 52, if the lower
bound of the 95% CI is greater than −0.20, the avacopan group
will be considered not inferior to the control group. For the
superiority test, if the lower bound of the 95% CI is greater 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 I 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 value for noninferiority is P<.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.
Patients will be considered as repeated measure units over visits.

Ethics and Dissemination
Each study site is required to obtain prior approval from an
Institutional 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 Involvement
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 is anticipated that patients will be involved disseminating the
results of this research to other patients with vasculitis, once
the trial is complete and the results are made public.

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. There is a role for targeted and less
toxic treatment regimens [35]. There is increasing evidence that
complement activation appears to play an important role in the
pathogenesis of ANCA-associated vasculitis whereby C5aR
activation augments neutrophil priming by ANCA, and directly
acts as a key 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
avacopan is well tolerated [29,30] and that its use in combination
with either cyclophosphamide or rituximab may result in
comparable clinical effectiveness (as assessed by the BVAS)
with that of the standard-of-care glucocorticoid-containing
regimen, with more rapid onset of disease control measured at
week 4, as well as improved renal outcomes and quality of life
[29]. Building on these observations, this larger phase 3 trial,
with 1-year treatment duration and observation, aims to 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, a large sample size is 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 potentially 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 schedule 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
factors that impact rates and timing to disease remission, as well
as the risk of relapse among the two treatment arms.
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Outcome Measures 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 trials of ANCA-associated vasculitis [37]. In this study,
a team of blinded experts will adjudicate BVAS results reported
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
this trial. First, all items will 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 days will be scored,
not the usual 28 days.

Disease Impact
A major objective of this study will be to show the benefit of a
treatment regimen for ANCA-associated vasculitis with 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 is impaired among patients with ANCA-associated
vasculitis [37]. In a phase 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 differences in 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: Students in the United States spend a meaningful portion of their developmental lives in 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-analyses suggests that curricula designed to promote SEL likely produce benefits in 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: The objective of this trial is to examine if a short dose of interactive psychodrama can affect SEC metrics and bullying
experiences in schoolchildren in either the short (2-week) or medium (6-month) term.

Methods: The ACT OUT! trial is a cluster randomized superiority trial with 2 parallel groups. The unit of measurement is the
student, and the unit of randomization is the 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 data will 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 a need 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 ClinicalTrials.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.

JMIR Res Protoc 2020 | vol. 9 | iss. 4 |e17900 | p.46http://www.researchprotocols.org/2020/4/e17900/
(page number not for citation purposes)

Agley et alJMIR RESEARCH PROTOCOLS

XSL•FO
RenderX

mailto:jagley@indiana.edu
http://www.w3.org/Style/XSL
http://www.renderx.com/


Trial Registration: ClinicalTrials.gov NCT04097496; https://clinicaltrials.gov/ct2/show/NCT04097496

International Registered Report Identifier (IRRID): PRR1-10.2196/17900

(JMIR Res Protoc 2020;9(4):e17900)   doi:10.2196/17900

KEYWORDS

social and emotional learning; bullying; social-emotional competence; psychodrama; randomized controlled trial

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 holistic child development and
social and emotional learning (SEL) in addition to standardized
academic metrics [2]. SEL is widely considered to be important
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
approaches in educational settings, typically using a framework
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 a recent study (Conceptual
Model for Advancing SEL in Schools) by Greenberg et al [7]
proposed that an overall interaction between SEL and SEC
domains and program implementation leads to the improvement
of various short-term and long-term outcomes for students.
Although individual study results have varied considerably, an
examination of 4 meta-analyses of hundreds of SEL studies in
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 studies that 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 is being offered and perceptions of bullying at school
[13].

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

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 a given 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 a typical 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
in a meta-analysis of 213 SEL studies was 24 [21]. Being 1 hour
in duration, ACT OUT! is substantially 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 a relatively brief dose
could reasonably be expected to produce an effect. Underlying
this study is a supposition that unique properties of a dramatic
performance may specifically trigger SEL responses. In
Aristotle’s Poetics, which is the first known work on dramatic
theory, it is written 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 translation 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 emotional 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 studies have
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 utilize the SPIRIT 2013 clinical trial
guidelines in developing this protocol to promote rigor,
reproducibility, and transparency [32].

Methods

Ethics Approval and Consent to Participate
This study was granted approval 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 is the 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 the intervention 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 comparable 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.

Figure 1. Hypotheses and objectives.
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Figure 2. Participant timeline. GPA: grade point average; TAU: treatment as usual.

Choice of Comparators
The comparator in this study is treatment as usual (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 II 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. This is 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
schools in 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 ranges when interpreting effects within 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, potentially 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. This study will utilize a waiver

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 actors trained to the standards of Claude McNeal
Productions, a professional theater company.

Intervention
Eligible classrooms will 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 alongside the
published study.

Intervention Adherence
Adherence to the ACT OUT! intervention protocol will be
measured at each delivery point using a fidelity 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 all 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-marginal 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-Emotional Competency Scale [35]. This
scale reflects 4 of CASEL’s 5 core domains of SEC and has an
established internal consistency coefficient of 0.84 in a large
representative sample of youth. Furthermore, its developers
demonstrated measurement invariance across grade levels, race,
ethnicity, and gender [35]. This instrument provides an
aggregate rating 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 development
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.

Referrals to Discipline for Bullying at the 6-Month Posttest

Referrals to discipline related to bullying will be obtained from
school records in aggregate by cluster.

Secondary Outcomes

Student Receptivity to the 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, a waste of time, boring, understandable,
difficult to understand, believable, important, and helpful, each
on a 4-point ordinal scale.

Social-Emotional Competence Subdomains for Seventh-
and 10th-Grade Students

The SEC subdomains of social awareness, emotion regulation,
relationship skills, and responsible decision making will be
measured using scales from 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
items will not be collected from fourth-grade students because
they would substantially increase the length of the survey
instrument.

Truancy/Absenteeism and Academic Performance at
6-Months Postintervention

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
(change in 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
psychodrama/theater 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, a robust 2012 meta-analysis by 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), a large effect size, but those programs were
longer than the ACT OUT! intervention.

On the basis of this information, we have powered this trial to
detect a moderate difference in SEC (Cohen d=0.30). For a
baseline sample with a parallel superiority trial, 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 calculated a need for 340
participants. As this is a cluster trial, we adjusted for similarities
within the groups (clustering effect) using previous research on
smoking prevention [42] as a conservative metric in the absence
of similar data for SEL. This yielded an intracluster correlation
(ICC) value of 0.153. The design effect, assuming 20 students
per classroom (m), was calculated as [1+(m−1)×ICC], 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 a final 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! trial 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 allowed 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

JMIR Res Protoc 2020 | vol. 9 | iss. 4 |e17900 | p.50http://www.researchprotocols.org/2020/4/e17900/
(page number not for citation purposes)

Agley et alJMIR RESEARCH PROTOCOLS

XSL•FO
RenderX

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


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 guardians will 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 a waiver 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, as in the study by White et al [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]. These issues 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 studies with youth.

Assignment of Interventions

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 (0) or control (1).

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

Allocation Implementation
Allocation sequence generation will be completed by the
research team, and data will 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 via the 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 all 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 timeline is included in Figure 2.

Data Collection Methods

Survey Collection Procedures
Each classroom will be assigned a random cluster ID with fixed
leading values for 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, a white envelope, and an administrator checklist, the
latter of which is available as Multimedia Appendix 2. All
survey forms and manila envelopes will 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 as a denominator 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, even if left blank, which will allow calculation
of the numerator of the cluster response rate. Survey forms that
were never handed out at all (extras) will be placed into the
white envelope by the administrator.

Quality Control
Data will be collected using a form 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 Productions who is not a member
of the ACT OUT! ensemble. This individual will use a form
generated by the researchers that 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 (free-marginal 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. As noted previously, this procedure, 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 data at the first 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 in a way that preserves confidentiality and maximizes
accurate matching of data between waves of collection [50].
However, these researchers found numerous benefits to
accomplishing this goal using self-generated identification codes
(SGICs) versus alternate methods, including true anonymity,
improved response quality, utility, and maximal compliance
with regulatory requirements. Researchers have also noted that
SGICs are more effective when applied within smaller units or
clusters [51], as is the case here.

The primary disadvantage of using an SGIC is that participants
must accurately remember and report the same information [50].
The most common protocol used in longitudinal matching has
been to use a combination of gender, race, and various snippets
of personal information that are theoretically memorable (eg,
middle initial, birth month, and mother’s initial), as in the study
by Kearney et al [52]. However, although such a method is
generally a secure way of matching surveys without 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 this topic also found that memorability of responses
is greater for personal questions than for numbers and that
memorability for all items declines over time, although
high-success questions will experience minimal decline in
successful recall, even after a year [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 or more)
• “What color is your backpack? (if it is several colors, what

color is it mostly?; black, red, green, blue, brown, purple,
pink, a different color, I 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)

• 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, I
do not have a lock)

Computerized matching will occur within cluster ID. First,
direct matches will be identified, and then 1-off matches (eg,
all questions similar but 1) will be identified 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
similarities in handwriting can be used as a secondary matching
tool.

Analytic Methods

General Issues
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; missingness is related 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 across time 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 be included in the 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
data MNAR to examine the consistency of results across models.
If the results are consistent, we will conclude that the
conclusions are not compromised. We will also 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 individuals who are randomized will be included in the main
analyses. As shown 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 all
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.

Method of analysisOutcome measureTime frameOutcome type and hypothesis

Primary

LMMc; GLMMd if
nonnormal data

DSECS-Sb (continuous)2-week follow-up; 6-
month follow-up

Intervention improves short-term SECa; long-term SEC

LMM; GLMM if non-
normal data

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

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

Intervention reduces incidence of bullying others

LMM; GLMM if non-
normal data

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

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

Intervention reduces incidence of being bullied

GLMMObjective count data (continuous)6-month follow-upIntervention reduces incidence of referrals to discipline for
bullying

Secondary

LMM; GLMM if non-
normal data

WCSDe social-emotional competen-
cy assessment (continuous)

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

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

LMM; GLMM if non-
normal data

WCSD social-emotional competen-
cy assessment (continuous)

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

Intervention improves emotion regulation (seventh and
10th grades only)

LMM; GLMM if
nonormal data

WCSD social-emotional competen-
cy assessment (continuous)

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

Intervention improves relationship skills (seventh and 10th
grades only)

LMM; GLMM if non-
normal data

WCSD social-emotional competen-
cy assessment (continuous)

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

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

LMM; GLMM if non-
normal data

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

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

Receptivity to ACT OUT! will moderate impact of the in-
tervention

LMM; GLMM if non-
normal data

Four outcome measures from prima-
ry objectives (all continuous)

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

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

GLMMObjective count data (continuous)6-month follow-upIntervention will improve truancy and absenteeism

LMM; GLMM if non-
normal data

GPAf standardized to a 4.0 scale
(continuous)

6-month follow-upIntervention will improve academic performance

aSEC: social-emotional competence.
bDSECS-S: Delaware Social-Emotional Competency Scale.
cLMM: linear mixed model.
dGLMM: generalized linear mixed model.
eWCSD: 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 ClinicalTrials.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 potentially 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 the rigor of existing evaluation studies has been questioned

[18]. Given the importance of these issues, this proposed study
tests a novel, cost-effective intervention structure using a
rigorous methodology, 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. Harms will nonetheless
be evaluated in the highly unlikely event that they accrue in a
manner attributable to this intervention. In addition, no interim
analyses are planned other than following the 2 planned
analytical timepoints indicated in Table 1. Data and analyses
will be audited 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 in length, fits within a standard
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
contribute to a potential type II error. Furthermore, it is possible
that an unexpectedly large percentage of students will 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 this technique have disagreed about how to operationalize
it and have produced a fairly wide range of matched percentages.
However, collection of identifying data would require active

parental consent, which itself has been shown to substantially
reduce participation rates and to bias samples in ways that could
meaningfully affect this study. Hence, use of the confidential
SGIC to enable assent procedures is likely more robust than an
identified matching protocol. Finally, it is possible that the
treatment and control classes will display cross contamination,
in which 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! is hypothesized 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: There is a high prevalence of work-related musculoskeletal disorders among health care professionals. Posture
is an essential point to be addressed for health care professionals with musculoskeletal disorders. Cervical pain can result from
several conditions. Treatment should include posture modification and home exercise.

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

Methods: This randomized crossover clinical trial has a 3-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 in individual participants. The secondary outcomes are 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 T0
(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 a logbook
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 calculated using linear mixed models.

Results: The study design has been approved by the Ethics Commission of Hospital N Sra de Meritxell, Andorra in 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 a larger 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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Trial Registration: ClinicalTrials.gov NCT03560492; https://clinicaltrials.gov/ct2/show/NCT03560492

International Registered Report Identifier (IRRID): DERR1-10.2196/14807

(JMIR Res Protoc 2020;9(4):e14807)   doi:10.2196/14807
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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 pain in 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 Health
Administration, musculoskeletal disorders affect the muscles,
nerves, blood vessels, ligaments, and tendons [3]. Workers can
be exposed to risk factors at work, such as lifting 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 a recent study on dentists, a kinematic analysis underlined
the posture in the area of the cervical and thoracic spine [4]. In
addition, Freitag et al [5] demonstrated that sagittal trunk
inclinations are an important factor in the evaluation of physical
strain in nursing staff. All in all, posture is an essential point to
be addressed for musculoskeletal disorders in health care
professionals.

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

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

Postural Garment
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 development 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 posture is 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
improvements in dorsal symptoms and 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
a functional anatomical direction following interscapular forces
and enhancing perivertebral contractions instead 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 a better posture
during and after wearing the postural garment.

Given the high prevalence of cervical pain in health
professionals previously mentioned, we hypothesized that the
use of this garment can be useful for this pathology.
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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
• Able to wear the garment and perform exercises, and attend

follow-up assessments

Exclusion Criteria
• Pregnancy
• Malignancy or other severe disease
• Cervical pain with significant extremity symptoms or

neurological dysfunctions (cervical radiculopathy and
cervical spondylotic myelopathy)

• Unable to perform exercises
• Unwilling to do follow-up assessments
• Psychiatric disorders

Participants will be allocated at random to receive interventions
in two groups based on a randomization plan.

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

It has to be worn for 2 to 4 hours per day for 90 days. See Figure
1.

The exercise 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 exercises is shown in Multimedia Appendix 1. Home exercise
maintains range of motion and helps patients become active
participants in their care.

After a 3-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 all participants: age,
weight, height, BMI, work experience, part-time employment,
education, managerial position, pharmacological treatment,
global perceived effect of treatment, treatment compliance, and
garment comfort.

The level of physical activity is evaluated with the International
Physical Activity Questionnaire (IPAQ).

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

Outcome Measures
The primary outcomes will be postural control and pain
intensity.
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Posture can be evaluated 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 a PC program, assesses the 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 uses this information 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 VAS is a psychometric
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 (left 0 mm) to an extreme amount of
pain (right 100 mm).

Secondary outcomes will 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 due to 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 al [17] defined
catastrophizing as “an exaggerated negative mental set brought
to bear during actual or anticipated painful experience”.
Individuals who 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 PCS is currently 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
helplessness.

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).

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 (T0b, T30b, T60b, T90b). As previously
mentioned, the same investigators will follow up with
participants except for the SpinalMouse 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 analyses will 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 Sra de Meritxell, Andorra in 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 physical medicine and rehabilitation
physician. Exercises will be taught by a certified physiotherapist.

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

Ethical Issues
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, all patients will be informed
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.

This study has the approval of the hospital medical director.
Costs will be recorded and calculated for both interventions. In
our environment, typical protocol treatment for cervical pain
includes 2 to 3 consultations with a physical medicine and
rehabilitation physician, and 15 to 20 physiotherapy sessions.
For this study protocol, assessment visits will be higher than
the standard procedure, but physiotherapy sessions will
dramatically diminish. Moreover, participants will aim to be an
active part of their neck pain care. In conclusion, we expect a
decrease in costs compared to usual cervical pain approaches
in our department combined with the educational
self-management of pain.
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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 is the Quantra. It is a device that uses sonorheometry, a sonic estimation
of elasticity via resonance, which is a novel ultrasound-based technology that measures viscoelastic properties of whole blood.
Several studies have already shown the comparability of the Quantra with devices already established on the market, such as the
rotational thromboelastometry (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/Multiplate and Quantra systems. The obtained threshold values will be used to develop
a novel algorithm for hemotherapy. In a second intervention phase, the new algorithm will be tested for noninferiority against an
algorithm used routinely for years in 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 is not inferior if the difference in cumulative
blood loss is <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: ClinicalTrials.gov NCT03902275; https://clinicaltrials.gov/ct2/show/NCT03902275

International Registered Report Identifier (IRRID): DERR1-10.2196/17206

(JMIR Res Protoc 2020;9(4):e17206)   doi:10.2196/17206
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Quantra; cardiothoracic surgery; bypass; coagulopathy; point of care; algorithm; rotational thromboelastometry; 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 al
[1] showed that the use of POCT markedly reduced the time to
receive clotting parameter results in comparison to conventional
laboratory analyses. Moreover, the quality of the results (eg,
the international normalized ratio and conventional laboratory
results) in POCT also showed a high correlation in values [2].

POCT devices have been routinely used for guiding intra- and
postoperative targeted coagulation therapy for years in our clinic.
The devices in use include the rotational thromboelastometry
(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
as a standard practice on the bedside using the Multiplate device.

The Quantra Analyzer system from HemoSonics, a new 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, due to the fully
sealed cartridge system of the Quantra, pipetting of a whole
blood sample is no longer necessary and hence avoids the

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 Quantra device system
in a cardiac surgical patient trial, [5] as well as the comparability
procedures with ROTEM measures has already been assessed
[5,6].

Objectives
In this first 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 platelet function.

In our clinic the ROTEM device is used 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 on the
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 reagents in every channel, is used
(see Table 1).
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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 the individual channels of the measuring cartridge.

Possible measurementsReagentsCartridge channel

Clot time1 • Kaolin (intrinsic coagulation)

Clot time with heparinase2 • Kaolin
• Heparinase (heparin neutralization)

Clot stiffness3 • Thromboplastin (extrinsic coagulation, tissue factor activation)
• Polybrene (heparin neutralization)

Fibrinogen contribution4 • Thromboplastin (tissue factor activation)
• Polybrene (heparin neutralization)
• Abciximab (platelet inhibition)

Clot time ratioN/Aa1-2

Platelet contributionN/A3-4

aN/A: not applicable.

The user inserts a whole blood sample (collected in a 2.7 ml
sodium citrate tube) into the cartridge (QPlus cartridge, Figure
3). The four tests run simultaneously and in a self-contained
system. An ultrasound pulse, which is transmitted into the blood
sample chamber, generates a shear wave as it clots. Thus, the

resonance generated by the displacement of a developing clot
in the blood sample is recorded. A series of ultrasound pulses
is necessary to estimate the sample’s motion. The generated
shear wave modulus (stiffness) of the blood is then measured
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].

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 laboratory test.

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

The data obtained will be used to evaluate results and threshold
values for therapy. Those results will 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
coagulation algorithm using the ROTEM and Multiplate 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 this purpose, 144 patients will 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.

Study proceduresStandard carePhase

Standard groupQuantra group

Phase 1

Presurgery ••• Standard laboratory testStandard laboratory testStandard laboratory testa

•• Quantra/ROTEM/MultiplateQuantra/ROTEMb/Multiplate

During surgery ••• Standard laboratory testStandard laboratory testROTEM/Multiplate only when by-
pass >120 min •• Quantra/ROTEM/MultiplateQuantra/ROTEM/Multiplate

Postsurgery ••• Standard laboratory testStandard laboratory testStandard laboratory test
••• Quantra/ROTEM/MultiplateQuantra/ROTEM/MultiplateROTEM/Multiplate only if persis-

tent bleeding

Phase 2

Presurgery ••• Standard laboratory testStandard laboratory testStandard laboratory test

During surgery ••• Standard laboratory testStandard laboratory testROTEM/Multiplate only when by-
pass >120 min •• ROTEM/MultiplateQuantra/Multiplate

Postsurgery ••• Standard laboratory testStandard laboratory testStandard laboratory test
••• ROTEM/MultiplateQuantra/MultiplateROTEM/Multiplate only in case of

persistent bleeding

aStandard laboratory tests include hemoglobin, thrombocytes, international normalized ratio, Quick test, activated partial thromboplastin time, antithrombine
III, fibrinogen, creatinine, and electrolytes.
bROTEM: rotational thromboelastometry.

Statistical Analysis
As this is a pilot study, sample size was calculated 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 cases for a statistical power
of 80%, it was assumed that the blood loss in both groups would
be normally distributed. In-house data shows that blood loss is,
for obvious reasons, not normally distributed, and a difference
of 150 mL corresponds to 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
results in a total population of 144 patients.

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

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 a nonparametric variant of a usual 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 al [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.

Primary outcome

• Cumulative blood loss after cardiac surgery (24 hours)

Secondary outcomes

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

• Platelet function with Multiplate-Analysis

• Time until results are obtained (ie, time until therapy can be established)

• Use of blood products (packed red blood cells, fresh frozen plasma, platelets)

• Thromboembolic events

• Comorbidities

• Type of surgery procedure

• Demographic data

• Use of procoagulants (fibrinogen, desmopressin, tranexamic acid, prothrombin complex concentrate, recombinant enabled factor VIIa, calcium)

We expect to receive comparable results regarding the named
main and secondary outcomes, both in the SG as well as in 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 ethical committee (ID:
42/19) and was started in September 2019. Results will be
published soon after completion.

Discussion

This is the first prospective interventional study comparing the
Quantra system with the ROTEM and Multiplate system
regarding blood loss in 24 hours after implementing an adapted
coagulation algorithm for cardiac surgical patients. Huffmeyer
et al [5] showed a significant correlation between the Quantra
system and the ROTEM and Multiplate system with respect to
clot stiffness and fibrinogen contribution [5].

The focus of our study is whether a Quantra-based hemotherapy
algorithm is noninferior to the ROTEM and Multiplate-based
algorithm we already use in our clinical routine.

There are some aspects of the Quantra system that could prove
beneficial. First, there is no need for pipetting reagents to the
full blood sample. Accordingly, we expect less erroneous
measurements due to inaccurate pipetting.

Both the accuracy of the results and the time until results are
available correlate with the skills of the investigator. We expect
the Quantra system to be easy to use and interpret. There will
be no extensive training required.

Second, the Quantra Analyzer is a closed system, which
minimizes the probability of contamination. In comparison, the
ROTEM and Multiplate is an open system and possibly more
sensitive to contamination.
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Abstract

Background: Systemic sclerosis (SSc), or scleroderma, is a rare disease that often results in 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
are known to increase self-efficacy for disease management in many chronic diseases. The Scleroderma Patient-centered Intervention
Network (SPIN) developed a Web-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-SELF program by evaluating the trial 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 patients with SSc. The SPIN-SELF feasibility trial will ensure that trial methodology is robust, feasible, and consistent
with trial participant expectations. The results will guide adjustments that need to be implemented before undertaking a full-scale
RCT of the SPIN-SELF program.

International Registered Report Identifier (IRRID): DERR1-10.2196/16799

(JMIR Res Protoc 2020;9(4):e16799)   doi: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 a rare disease [1,2]. The burden and impact on
health-related quality of life (HRQoL) of most rare diseases are
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 alleviating distress for patients, and international
rare disease plans have emphasized 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

programs that meet the needs of patients with rare disease [10].
One reason is that the small number of patients makes it difficult
to conduct robust clinical trials and effectively disseminate
patient tools [10].

Systemic sclerosis (SSc, or scleroderma) is a rare autoimmune
disease that affects the skin and internal organs, including the
lungs, gastrointestinal tract, and cardiovascular system [11,12].
SSc is notable for the range of problems faced by people living
with the disease, including limitations in physical mobility and
hand function, pain, fatigue, sleep disturbance, depression,
sexual dysfunction, and body image distress from disfiguring
changes in appearance [10,13-16]. Self-management is complex
in SSc and must address a wide range of concerns, such as skin
care, gastrointestinal 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 trial (RCT) comparing the
effectiveness of an internet self-management program with an
educational book was published recently, and two pre-post

JMIR Res Protoc 2020 | vol. 9 | iss. 4 |e16799 | p.74http://www.researchprotocols.org/2020/4/e16799/
(page number not for citation purposes)

Carrier et alJMIR RESEARCH PROTOCOLS

XSL•FO
RenderX

mailto:brett.thombs@mcgill.ca
http://dx.doi.org/10.2196/16799
http://www.w3.org/Style/XSL
http://www.renderx.com/


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 professionals who teach key
self-management techniques [23].

Objective
We will conduct a full-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 this study will inform
and guide adjustments to the Web-based SPIN-SELF program
and the trial procedures that may need to be implemented before
undertaking the full-scale RCT of SPIN-SELF.

Methods

Design and Setting
The SPIN-SELF feasibility trial is a parallel, two-arm,
multicenter RCT that will be conducted via the SPIN Cohort
(ClinicalTrials.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 effectiveness is discouraged in the
context of feasibility trials [24-27].

The Scleroderma Patient-Centered Intervention Network
Cohort Participants
The SPIN Cohort was developed as a framework for embedded
pragmatic trials using the cohort multiple RCT (cmRCT) design.
In the cmRCT design [28], participants enroll in an observational
cohort with regular outcome measurement. Participants consent
to (1) allow their data to be used for observational studies; (2)
allow their data to be used to assess intervention trial eligibility
and, if eligible, be randomized; (3) if eligible and randomized
to the intervention arm of the trial, to be contacted and offered
access to the intervention, and if eligible and randomized to
usual care, to not notify them that they are involved in the trial
usual care group and to use their 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
Rheumatology/European League 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 Intervention Network-Self
Feasibility Participants
For the SPIN-SELF 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 usual 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 a link to the SPIN-SELF program site and
the SPIN-SELF 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.
Patients who log out before agreeing to the terms of the consent
form will return to the consent page upon subsequent log-ins.
Participants who accept the offer to use the SPIN-SELF program

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 the first
10 days, after the SPIN-SELF invitation email is sent, SPIN
personnel will attempt to contact participants, up to a maximum
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, a sixth 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.

In pragmatic trials, participants are typically not blinded to
intervention status, and possible biases are accepted as part of

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 enrolls in a trial
to receive an intervention but is allocated to usual care [28,31].
For this reason, in the cmRCT design [28], participants who 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 unless they are offered
to try the intervention. Thus, participants who are offered the
intervention are not blind to their status, whereas participants
assigned to usual care are blind to their participation in the trial.

Intervention and Comparator
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

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 a goal-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 professionals who teach key
self-management techniques [23].

After an introduction to self-management by a physician with
expertise in the treatment of SSc (Figure 2), a patient 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 Intervention 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.

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
care providers. On the 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
underneath the three most relevant ones. Access to the nine
modules in the program is unrestricted for the duration of the
trial (Figure 5).

In addition to core modules, the SPIN-SELF program includes
tools to 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 a daily routine [35] (Figure 6). For each goal
that patients set, it is possible 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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Figure 5. Menu of Scleroderma Patient-centered Intervention Network self-management modules.
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Figure 6. Tools to 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 a daily routine.

Figure 7. Goals and progress tracking tool.
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Figure 8. Patient stories page.

Outcomes and Measurement
The primary aim of the SPIN-SELF feasibility trial is to 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 a full-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 at 3 months
postrandomization.

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

functioning of automated eligibility and randomization
procedures, (3) the proportion of eligible participants
randomized to be offered the SPIN-SELF intervention who
accept the offer and consent to participate, (4) completeness 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-SELF program, (9) other challenges for study personnel,
and (10) technological performance of the Web-based
SPIN-SELF program.

Participant Use and Acceptability of Scleroderma
Patient-Centered Intervention Network-Self Program
Usage of the SPIN-SELF program modules among participants
in the intervention arm will be examined via intervention usage
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data. These data will 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 a full-scale RCT. See Multimedia Appendix
1.

Full-Scale Trial Measures
The objective of the SPIN-SELF full-scale RCT is to 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
the full-scale RCT, outcome measures that are routinely assessed
as part of the SPIN Cohort assessments every 3 months will 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 scale 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 a 1 (not confident at all) to 10 (totally confident) scale.
The total score is the 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
is 5.1, which is similar to baseline scores in previous successful
trials of self-management programs in other diseases [30].

Patient-reported health status will be measured using the
29-item Patient-Reported Outcomes Measurement Information
System (PROMIS-29) profile version 2.0 scale. The PROMIS-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
options for different domains, and the single pain intensity item
is measured 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]

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 trial arm
[40,41]. To ensure that we collect sufficient quantitative and
qualitative outcome data to meet our feasibility objectives and
guide the next study phase, we will include a total 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 a previous 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 participants to link to
SPIN Cohort data and their usage log information.

Data Analysis
The primary data analysis will present a description of feasibility
outcomes, including participants’ eligibility 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
measures will include the completeness of data and the presence
of floor or ceiling effects. Descriptive statistics will be used to
provide means and SDs for the measures. Qualitative
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 changes to 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 the trial.

Adverse Events
The risk of adverse events occurring as a consequence of the
SPIN-SELF program is very low. The only risks of participation
in the SPIN-SELF feasibility study may be the possible unease
or discomfort that some may experience resulting 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
to local SPIN physicians will be made as necessary. Any serious
adverse events that occur will also be reported to the ethics
committee.

Ethics and Trial Registration
Ethics approval for the SPIN-SELF feasibility trial has been
obtained from the research ethics committee of the Jewish
General Hospital, Montreal, Canada. The SPIN-SELF feasibility
study was registered before participant enrollment
(NCT03914781) and will be reported in accordance with
standards articulated 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].

Results

Enrollment of the target number of 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.

Discussion

The SPIN-SELF program may improve self-efficacy for disease
management and HRQoL in patients with SSc. This feasibility
study will ensure that trial methodology is robust, 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 organizations around the world to support people
in their efforts to cope with living with SSc.
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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 size was 390 initially inactive community-dwelling older 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: IT-based (50%) or print-based (50%) intervention. In addition, 30% of the IT-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 a post hoc matched-mismatched analysis. During the initial 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 accelerometers were employed to assess changes in PA between baseline, T1, and T2. Adherence to PA recommendations,
attendance at group sessions, and acceptance of the interventions were also tracked.

Results: The funding period started in February 2018 and ends in 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 is a key contributor to healthy aging. This study will provide insights into the acceptance
and effectiveness of IT-based vs print-based interventions to promote PA in initially inactive individuals 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: German Registry of Clinical Trials DRKS00016073; https://tinyurl.com/y983586m

International Registered Report Identifier (IRRID): DERR1-10.2196/15168

(JMIR Res Protoc 2020;9(4):e15168)   doi: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 mortality [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 the lifespan [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 endurance training 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, Rütten
and Pfeiffer [7] state in the German national recommendations
for PA that adults should generally avoid extended periods of
sitting and, where possible, take PA breaks from sitting.
According to the authors, “a major health benefit of PA can
already be observed when persons who 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 recommendations for 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 a need for interventions for PA promotion
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 several

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
general population [7]. Evidence regarding the benefit of using
theory during intervention development to achieve greater
impact on behavior change is still contradictory [9]. On the one
hand, there is some evidence suggesting that interventions based
on behavior change techniques rooted in theory are effective in
altering behavior [9]. On the other hand, results of one
meta-analysis indicate that a theoretical basis leads to no
difference in intervention effectiveness [10], maybe also due to
the fact that the behavior preferences of study participants were
not sufficiently taken into account [11]. Theories and theoretical
assumptions about mechanisms, processes, and techniques are
needed to better understand individuals and their needs and to
avoid always 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 (IT)-based PA interventions have the
advantage of potentially reaching a large number of people in
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 also 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 a non-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 trackers in addition to a website 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 increase in total weekly PA and
MVPA after 3 months for a group 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 differences in PA levels between a
group using a Fitbit compared with a group not using a Fitbit.
However, participants in the Fitbit group had slightly 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 participants in 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
adherence to the interventions [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 IT-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 trackers in PA interventions
should be aligned with preferences of different target groups
[13].

Therefore, the main aim of this study was to compare the 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 IT-based or
print-based intervention. A random subsample of the IT-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.

Methods

The study is embedded in the larger 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.
The first 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
aims are to intensify 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 as well as results of both funding phases. This
study (PROMOTE II) 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 individually tailored IT-based interventions for the
promotion of a physically active lifestyle in adults aged 65-75
years in a community-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
this trial are reported elsewhere [19,26]. Briefly, the proportion
of already 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 trackers in addition to the
IT-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, participants in 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 a PA 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 a simple
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
(IT-based vs print-based) as well as changes in PA among older
adults (aged ≥60 years) in a randomized trial with a crossover
design over the course of 9 months; examine the role 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 fitness and
cognitive capacity in a pooled sample of participants from both
phases of funding.

Selection of Communities for the Study, Participants,
and Procedures
We selected 14 community districts in 2 geographically different
regions (northwest and northeast) of the city of Bremen,
Germany: Burgdamm, Lesum, St. Magnus, Vegesack,
Schönebeck, Aumund-Hammersbeck, Rönnebeck, Radio
Bremen, Riensberg, Gartenstadt Vahr, Neue Vahr Südwest,
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 were invited to participate in the study via mail. Reminders
were sent out in case of no response after 2 weeks. The study
was also publicized in local newspaper articles and mentioned
during talks that targeted older adults by researchers in the team.
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 telephone interviews with 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 more than 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

training per week). They were also excluded if they reported
having participated in the preceding study (PROMOTE I), had
planned a vacation lasting longer than 2 weeks during the
intervention period, had been medically prohibited to be
physically active, displayed severe visual or cognitive
impairment (Mini-Mental-State Examination Score ≤14) or
other impairments (eg, due to a stroke, 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
osteoarthritis in the legs or severe osteoporosis or acute injuries
of the spine. Individuals with diabetes diagnosed less than 6
months prior and without medical clearance were also excluded
from the study.

Study Design
After determination of eligibility, study participants were
randomized to either an IT-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 slots 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, participants in all groups
attended an introductory event where they were informed 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 randomization to one of the intervention
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-IT. Preferences regarding the intervention 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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Figure 1. Study design.

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 enables study participants to change their 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 increase in MVPA in our

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 alpha of .05 (two-sided), a net sample size
of 150 subjects for each group is required. Assuming a loss to
follow-up from T0 to 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% loss to follow-up from T1 to
T2, we expect that approximately 240 individuals at T2 will
self-select to one of the 4 groups: IT-IT, print-print, IT-print,
or print-IT. Should participants self-select equally into each
group (n=60), we will still be able to 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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Measures
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. Participants received the
self-administered questionnaire and accelerometer at their
introductory event at baseline (T0), 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 via a 4-meter walk test [29], handgrip strength
using a dynamometer [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].

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 fitness and cognitive
performance assessed at baseline and after the 10-week
intervention during the first 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 us to
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 stages to 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 instruments included in
the questionnaire, see Table 1).
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Table 1. Measures assessed in the self-administered study questionnaire.

Time of assessmentInstrument/scaleOutcome measure

Physical activity

T0a, T1b, T2cGodin Leisure-Time Exercise Questionnaire (modified)
[34]

Physical activity

T1, T2Self-generated itemsRecommended endurance, strength, balance, and flexibility
training at follow-up

T0, T1, T2HAPAd, stage of change, 3 items [35,36]Stage of change regarding physical activity (endurance,
strength, and balance + flexibility training, respectively)

T0, T1, T2HAPA, intention, 2 items [36-38]Intention to engage in physical activity

T0, T1, T2HAPA, self-efficacy, 5 items [36,38]Self-efficacy regarding physical activity

T0, T1, T2HAPA, outcome expectancies, 4 items [36,38,39]Positive and negative outcome expectancies regarding physical
activity

T0, T1, T2HAPA, planning, 6 items [38,40]Planning for physical activity

T0, T1, T2Self-Report Habit Index, 2 items [41]Habit strength regarding physical activity

T0, T1, T2PSDQe [42]Physical self-description

Physical environment

T0Physical Activity Neighborhood Environment Scale [43]Physical activity and neighborhood environment

T0Neighborhood Scales, walking environment [44]Walking environment

Social support, social activities

T0, T1, T2Activity-related support by family and friends (modified)
[45,46]

Social support for engaging in physical activity

T0, T1, T2Florida Cognitive Activities Scale (modified) [47,48]Social activities

Health behaviors

T0, T1, T2Difference score (perceived physical age - chronological
age = subjective physical age) [49]

Subjective age

T0, T1, T2WHOQOL-BREFf, 1 item [50,51]; SF-36g, 1 item [52]Subjective health status

T0, T1, T2EQ-5D-3Lh [53,54]Health-related quality of life

T0Diseases and medication use (modified) [55]Objective health

T0, T1, T2EFSTi (modified) [56]Falls

T0, T1, T2GFFMj [57]Fear of falling

T0, T1, T2FFQk (modified) [58]Diet

T0, T1, T2AUDIT-Cl [59]Alcohol consumption

T0, T1, T2Smoking Behavior Questionnaire, 1 item [60]Smoking behavior

T0, T1, T2HAPA, stage of change [35,36]Stage assessment of smoking behavior

Quality of life and well-being

T0, T1, T2WHOQOL-BREF, 1 item [50,51]Quality of life

T0, T1, T2CES-Dm [61]Depression

Previous experiences with technology

T0, T1, T2Self-generated itemsUse of computers/smartphones/apps

T0, T1, T2Technology Commitment Scale [62]Technology commitment

Use of, acceptance of, and satisfaction with interventions

T1, T2Self-generated itemsUse and acceptance of various components of the interventions
(website and printed material), attendance of the offered group
sessions, and overall satisfaction with the interventions
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Time of assessmentInstrument/scaleOutcome measure

T2Self-generated itemPreference regarding intervention material at baseline (retro-
spective)

T2Self-generated itemsReasons for crossing over or not crossing over after 3 months

aBaseline.
b3-month follow-up.
c9-month follow-up.
dHAPA: Health Action Process Approach.
ePSDQ: Physical Self-Description Questionnaire.
fWHOQOL-BREF: World Health Organization Quality of Life-BREF.
gSF-36: Short Form 36.
hEQ-5D-3L: 3-level version of the EQ-5D.
iEFST: Elderly Fall Screening Test.
jGFFM: Geriatric Fear of Falling Measurement.
kFFQ: Food Frequency Questionnaire.
lAUDIT-C: Alcohol Use Disorders Identification Test Short Version.
mCES-D: Centers for Epidemiologic Studies Depression Scale.

Anthropometric information, as self-reported in the
questionnaire, included height in cm (only T0) 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
components reporting using a 5-point Likert scale from “never”
to “daily”; perceived helpfulness of intervention components,
intervention content, and structure of weekly meetings rated on
a 5-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.

Interventions
To simplify and further develop the IT-based intervention
implemented during the first funding phase and to translate 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

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 health insurance agencies were discussed
with regard to their suitability for PA promotion in inactive
older adults. In this context, the participants were invited to
vote for 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. From your perspective, what are the key aspects of healthy
aging?

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

3. What do inactive older adults need to be able 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 IT-based intervention and when translating
the IT-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 considerations with regard to the target group
(eg, mobility, 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, social 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 IT-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 a weekly PA diary in the form of a pyramid
to subjectively track their PA behavior. Intervention material
was printed for the print-based intervention group, while
participants in the IT-based group received access to the exercise
brochure and diary on a website and were provided the
opportunity to download a smartphone app containing similar

features. On the website or Android app, as well as in the 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, as well as units required
to reach the goal (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 IT-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 al [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 participants in the IT-based intervention group.

Paralleling the 10-week IT-based and print-based interventions,
weekly group sessions with 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 exercises in 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

(eg, social support, relaxation, pain management). During their
first weekly group meeting, participants received the necessary
equipment (printed material or information to access the website
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 a toolbox during this project that will include
both IT-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 Association in
Bremen (RA/RE-635, on July 3, 2018). The study was registered
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 IT-based
intervention and translated it into a simple print-based
intervention during the development 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
(baseline: 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 increases in PA at the
3-month follow-up after participation in both the print-based
and IT-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 I sample
and the subsample in PROMOTE II) will display significant
improvements in indicators for healthy aging, such as cognitive
function. Data collection was completed on January 31, 2020.
Data cleaning and analysis started in February 2020. We expect
to publish the first 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 IT-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
preferences for various intervention delivery modes in this study
and the potential of a preference-based crossover design. In
addition, this study will provide insights into the needs and

demands of vulnerable groups (ie, inactive older adults). We
will be able to identify “user groups” with regard to an affinity
for specific intervention components.

This topic is 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 the interventions on PA and other health
outcomes, such as quality of life, in initially inactive older adults
over a relatively long period and their preferences for different
intervention modes will be valuable to various stakeholder
groups. For example, the work of stakeholders actively 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 interventions in Germany and will support
efforts to anchor evidence-based PA interventions in 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 standalone interventions without face-to-face assistance.

Last, complementing existing health and preventive care with
eHealth intervention approaches, such as mobile apps for PA
promotion, is in 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
experiences regarding 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.

Despite 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 disappointment (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 provide insights into the acceptance
and effectiveness of an IT-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 factors and PA in this population.

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: Chronic inflammatory demyelinating polyradiculoneuropathy (CIDP) is an immune-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 IgG4 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 aims to evaluate the efficacy and safety of intravenous rituximab according to IgG4 autoantibody status
in patients with refractory CIDP.

Methods: The Evaluation of the Efficacy and Safety of Rituximab in Refractory CIDP Patients with IgG4 Autoantibodies in
the Exploratory Clinical (RECIPE) trial consists of 2 cohorts: a multicenter, placebo-controlled, randomized study cohort of 15
patients with IgG4 autoantibody-positive CIDP (rituximab:placebo = 2:1) and an open-label trial cohort of 10 patients with
antibody-negative CIDP. The primary endpoint is improvement in functional outcome assessed using the adjusted Inflammatory
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 determine if 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.

JMIR Res Protoc 2020 | vol. 9 | iss. 4 |e17117 | p.104https://www.researchprotocols.org/2020/4/e17117
(page number not for citation purposes)

Shimizu et alJMIR RESEARCH PROTOCOLS

XSL•FO
RenderX

mailto:ijama@med.nagoya-u.ac.jp
http://www.w3.org/Style/XSL
http://www.renderx.com/


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: ClinicalTrials.gov NCT03864185, https://clinicaltrials.gov/ct2/show/NCT03864185 ; The Japan Registry
of Clinical Trials jRCT2041180037, https://jrct.niph.go.jp/en-latest-detail/jRCT2041180037

International Registered Report Identifier (IRRID): DERR1-10.2196/17117

(JMIR Res Protoc 2020;9(4):e17117)   doi: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
extremities that develops over a period of at least 2 months. The
current diagnostic criteria for CIDP were published by the
European Federation of Neurological Societies/Peripheral Nerve
Society (EFNS/PNS) and include clinical 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 criteria identify
the typical form and 5 atypical forms by phenotype, there is no
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
P0, PMP22, Cx32, beta-tubulin, LM1, and sulfatide, have been
investigated, none has been implicated in the pathogenesis of
CIDP [11,12]. Autoantibodies that target contactin-1 (CNTN1),
neurofascin-155 (NF155), and contactin-associated protein 1
(CASPR 1) have been identified in patients with slowly
progressing CIDP phenotypes. The anti-CNTN1 antibody has
been identified in only a small percentage of patients with 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

patients, anti-CNTN1–positive patients are relatively older at
disease onset and have more rapid disease development.
Approximately 70% of patients with these immunoglobulin
(Ig)G4 autoantibodies are resistant to first-line therapies, such
as intravenous immunoglobulin (IVIg) [13,14,16-18]. IVIg has
immunomodulatory activity via several mechanisms, including
immune regulation 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 IgG4
autoantibody–positive CIDP because IgG4 lacks a
complement-binding site and has no or limited ability to activate
the classical complement pathway. Moreover, IVIg has been
found ineffective as initial treatment for IgG4
autoantibody–positive CIDP. Long-term use of corticosteroids
is challenging 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
IgG4 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 plasma cells. Also, some case reports suggest
that rituximab is effective in refractory CIDP [19-29]. However,
all these reports were retrospective and uncontrolled, and there
is little evidence to suggest that rituximab is effective for IgG4
autoantibody–positive CIDP [30-32]. Moreover, the efficacy
of rituximab has been proven in other IgG4 diseases such as
anti-muscle-specific tyrosine kinase (MuSK) myasthenia gravis
[33,34].

Therefore, we planned this prospective clinical trial to
investigate the efficacy of rituximab in refractory IgG4
autoantibody–positive CIDP by comparing with placebo in IgG4
autoantibody–positive patients and with rituximab in IgG4
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 (IgG4) 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
is responsible for reviewing new pharmaceuticals in Japan.

Here, we provide the detailed design of this investigator-initiated
clinical trial in refractory CIDP patients with or without IgG4
autoantibodies as an exploratory study in Japan (the RECIPE
trial).

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 IgG4 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 IgG4 autoantibody–negative CIDP. The outline of this
study is shown in Figure 1.

Figure 1. Measurement schedule. CNTN!: Contactin-1; CSF: cerebrospinal fluid; IgG4-Ab: immunoglobulin G4 antibodies; INCAT: Inflammatory
Neuropathy Cause and Treatment; MRC: Medical Research Council; NF155: Neurofascin-155; R-ODS: Rasch-built Overall Disability Scale.

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 IgG4 autoantibody–positive CIDP in the
rituximab-treated group. The data from patients with IgG4
autoantibody–negative CIDP will serve as a reference.

Study Population
The RECIPE trial will investigate the efficacy of rituximab in
patients with refractory IgG4 autoantibody–positive and IgG4
autoantibody–negative CIDP. Anti-NF155 and anti-CNTN1

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 IgG4 autoantibody (CNTN1 or
NF155) status confirmed prior to enrollment

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

4. Total adjusted INCAT Disability Scale scores of 2 to 8 at
both preliminary enrollment and enrollment, with no
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decrease in total score between preliminary enrollment and
enrollment

5. Age ≥12 years
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 enrollment

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

4. Plasmapheresis within 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 A1c ≥7%)
10. Suspected or confirmed infection requiring systemic

treatment with an antimicrobial, antifungal, or antiviral
agent at enrollment

11. Positive for 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

12. Leukopenia (<2000/mm3), neutropenia (<1000/mm3), or

lymphopenia (<500/mm3) 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, renal, 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

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

hepatitis B virus-DNA and aspartate/alanine transaminase levels
are monitored at fixed intervals.

Registration and Randomization
The investigators obtain written informed consent from all
patients who are potentially 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 via an
electronic data capture system (Viedoc™, PCG Solutions Ab.
Uppsala, Sweden). At the second screening, the investigators
check all the inclusion and exclusion criteria. Patients confirmed
to have IgG4 autoantibody–positive CIDP are randomly 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 (2 to 4 or 5 to 8). Patients
with IgG4 autoantibody–negative CIDP are automatically
allocated to the rituximab group.

Investigational Treatment

Rituximab 375 mg/m2 or placebo is administered intravenously
once weekly for 4 weeks. This is the same dosage as used in
previous studies involving CIDP patients treated with rituximab
[20-25,27,30,31]. This dosage is also the same as that used in
a phase I/II trial that showed peripheral B cells (CD20-positive)
were adequately decreased in patients with B-cell non-Hodgkin's
lymphoma or nephrotic syndrome. The time taken for these
cells to return to their baseline level was at least 5-7 months in
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 the trial in view of their potential to affect the
efficacy of rituximab. For the same reason, starting or increasing
the dose of corticosteroid, IVIg, 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
via an electronic data capture system and checked according to
the data management and monitoring plan. Adjusted INCAT
Disability Scale score is used 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 the items on this
scale is considered clinically significant in terms of the ability
to perform activities of daily living. Therefore, we selected a
change of ≥1 point in the adjusted INCAT Disability Scale score
as the primary endpoint. The primary analysis will compare the
adjusted INCAT Disability Scale scores recorded before
treatment (at enrollment) and those recorded at week 26, 38, or
52.

JMIR Res Protoc 2020 | vol. 9 | iss. 4 |e17117 | p.107https://www.researchprotocols.org/2020/4/e17117
(page number not for citation purposes)

Shimizu et alJMIR RESEARCH PROTOCOLS

XSL•FO
RenderX

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


Table 1. Protocol for data collection from each patient enrolled in the RECIPE trial.

ScreeningVisit

Week 52 or
withdrawal

Wek 38Week 26Week 12Week 4Weeks 1,
2, and 3

Adminis-
tration

Registra-
tion

Prelimi-
nary regis-
tration

±28±14±14±14±3–3–3–34 to –7up to –35Allowance (days)

Informed consent

xxAdministration of investigational drug

xxxHospitalization

xxBasic information

(eg, birth date, sex, body weight)

xxEligibility

xxPregnancy test

xxxxxxxxVital signsa

xxbxbOxygen saturation

xxxxxxxxHematologyc

xxxxxxxxBlood chemistryd

xOther blood testse

xxxxxxxxUrinalysisf

xxxxChest X-ray

xxxxxxhxhAdjusted INCATg Disability Scale

xxxxxxGrip power (vigorimeter) Left/Right

xxxxxxRasch-built Overall Disability Scale

xxxxxxMRC-SSi

xxxxxNerve conduction study

xxxxCSFj protein

xxxxlSerum autoantibodyk

xxxxSerum neurofilament light

xxxxxxB cell/T cell (whole blood, %)m

xxxHACAm,n

xxxxxxoxoxPharmacokineticsm

xxxxxxxxxConcomitant medication

xxxxxxxAdverse event(s)

aBlood pressure, pulse rate, and body temperature.
bMeasured within 30 minutes before the start of dose administration; immediately 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.
cRed blood cell count, hemoglobin, hematocrit, white blood cell count, differential white blood count (basophils, eosinophils, neutrophils, lymphocytes,
and monocytes), and platelet count.
dBlood urea nitrogen, creatinine, lactate dehydrogenase, aspartate/alkaline transaminase, alkaline phosphatase, gamma glutamyl transpeptidase, total
bilirubin, direct bilirubin, creatine kinase, and C-reactive protein.
eGlycated 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.
gINCAT: Inflammatory Neuropathy Cause and Treatment.
hIf more than 28 days has passed between provisional enrollment and enrollment.
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iMRC-SS: Medical Research Council Sum-Score.
jCSF: cerebrospinal fluid.
kFurther measurement is not required if not detected at screening.
lMeasured only once during the screening period.
mTest results are not disclosed during the study period.
nHACA: human anti-chimeric antibody.
oBlood 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 velocity 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
IgG4, serum antibody titers of anti-CNTN1 and anti-NF155
IgG subclasses, and serum neurofilament level.

The safety endpoints include adverse events and vital signs and
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 eligible 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
is approved for CIDP in Japan. Currently, no feasible treatment
approach can be recommended for patients enrolled in this study.
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 patients with IgG4
autoantibody–positive CIDP in the rituximab group. Using
two-sided testing with P<0.05 regarded as statistically
significant, we estimated that 8 cases would be needed to
achieve 80% power. Accordingly, 10 patients with IgG4
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 IgG4 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

thresholds. Patients with IgG4 autoantibody–negative CIDP are
included in another reference group to compare their response
to rituximab treatment with that of patients with IgG4
autoantibody–positive CIDP. This reference group will consist
of 10 patients, which is the same as the number of patients with
IgG4 autoantibody–positive CIDP.

Statistical Analysis
All statistical analyses will be performed on an intention-to-treat
basis. The primary analysis will compare the adjusted INCAT
Disability Scale scores recorded before treatment (at enrollment)
with those recorded at 26, 38, or 52 weeks after the start of
treatment. We will calculate the proportion and 95% CI 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 as the frequency and proportion. All statistical
analyses will be performed using SAS version 9.4 (SAS Institute
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 institutional review boards at the
following sites: Nagoya University Hospital (No. 302010),
Chiba University 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 ClinicalTrials.gov (NCT03864185, registered March
6, 2019) and the Japan Registry of Clinical Trials
(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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Discussion

Overview
There have been some reports on the epidemiology of IgG4
antibody–positive CIDP [14,16,17]. This phenotypic subtype
presents as subacute or slowly progressive disease. The initial
disability tends to be distal acquired demyelinating symmetric
neuropathy, which sometimes progresses to the typical CIDP
phenotype. IgG4 antibody–positive CIDP is also characterized
by gait disturbance with sensory ataxia and fine tremor of the
hands. The protein level in cerebrospinal fluid is markedly
higher in IgG4 antibody–positive CIDP than in typical CIDP.
Furthermore, a relatively large proportion of patients with
antibody–positive CIDP present at a younger age. However,
they are resistant to conventional therapies, such as IVIg and
corticosteroids. Therefore, new therapies that can inhibit
production of pathogenic antibodies in the long term are
essential.

Rituximab can be expected to be effective in cases of refractory
CIDP [19-32]. Some of the phenotypic characteristics, for
example onset time, are different from those in

anti-CNTN1–positive patients and anti-NF155 patients;
however, patients with IgG4 autoantibody–positive CIDP have
several clinically common characteristics. Given its mechanism
of action, rituximab is likely to be effective in patients with
IgG4 autoantibody (anti-CNTN1 and anti-NF155)–positive
CIDP. Accordingly, we are planning to develop rituximab for
use in these patients and present here the protocol for the
exploratory study intended to secure approval of rituximab in
Japan. We have attended a consultation meeting with the PMDA,
which has agreed to the development strategy and initial design
of the RECIPE trial.

Conclusion
This article has described the design and protocol being used
in the RECIPE trial. We outlined the characteristics of patients
with IgG4 autoantibody–positive CIDP and discussed some
critical considerations for these patients. The RECIPE trial is
the first randomized controlled trial of rituximab for IgG4
autoantibody–positive CIDP. It is anticipated that the results
will lead to a pathogenesis-oriented therapeutic strategy that
can target specific phenotypes of CIDP and confirm the efficacy
of rituximab in refractory IgG4 autoantibody–negative CIDP.
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Abstract

Background: Salt intake in China is 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 China is
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, as well as in 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
(RCTs) in six provinces across China: (1) app-based intervention study (AIS), 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 a real-world implementation and evaluation of all 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 years old. In RIS, the salt content of meals will be measured by laboratory
food analysis of the 5 best-selling dishes from 192 restaurants. Secondary outcomes will include process evaluation; changes in
knowledge, attitude, and practice on salt intake; and economic evaluation.
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Results: 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: Chinese Clinical Trial Registry. AIS: ChiCTR1800017553; https://tinyurl.com/vdr8rpr. HIS:
ChiCTR1800016804; https://tinyurl.com/w8c7x3w. RIS: ChiCTR1800019694; https://tinyurl.com/uqkjgfw. CIS:
ChiCTR1800018119; https://tinyurl.com/s3ajldw.

International Registered Report Identifier (IRRID): DERR1-10.2196/15933

(JMIR Res Protoc 2020;9(4):e15933)   doi:10.2196/15933
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Introduction

Humans only require a very small amount of salt (ie, around 1
g/day) to maintain physiological function [1-3]. High salt intake
is the major cause of raised blood pressure [4] and is the leading
risk factor of total death and disability-adjusted life years in
China [5]. Compelling evidence has shown that a lower salt
intake is associated with a reduced risk of cardiovascular disease
(CVD) and total mortality [6,7]. Salt reduction is one of the
most cost-effective measures to 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
a target of <5 g/day for all 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, developing countries are
lagging behind.

China is the largest developing country, accounting for one fifth
of the global 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 intake from
restaurants and prepackaged foods is 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 intake is derived
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 China and
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

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 components of China’s health development agenda “Healthy
China 2030” [16]. The government-led initiative “Healthy
Lifestyle for All” has also identified salt reduction as one of the
most important strategies to prevent noncommunicable diseases.
Responding to the national call for salt reduction, several
regional salt reduction projects have been undertaken in various
regions of China as 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 National Institute for Health 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 as local 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
evaluation.

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 a whole. 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, as well as other ancillary work.

Methods

Goals and Objectives
The goal of ASC is to 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, several
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 programs targeting 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 (AIS), 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 a community-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 restaurants that 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 all of the

intervention packages or components developed in Programs
1-4 with the purpose of identifying barriers and facilitators when
scaling up. Program 6 is a two-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 are the top leaders from 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 technical committee is
composed of the leading principal investigators of all programs
and independent experts in salt reduction. The committee
members will 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 outputs in a timely manner.

Figure 1. Governance and specific programs of Action on Salt China (ASC) program. PI: principal investigator; China CDC: China Centers for 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: National 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).

Program Implementation
A two-stage strategy is adopted to ensure that the proposed salt
reduction programs are well prepared, evaluated, and tailored.

At stage 1 (first 2 years), the intervention packages in each
program will be developed and evaluated, before being scaled-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. The four RCTs will be conducted collaboratively under
the same governance and time frame. Evaluation will be
performed using standardized questionnaires, physical
examinations, laboratory tests, and data collection systems that
are as identical as possible so that the data collected across the
RCTs can be pooled together for overall salt intake estimation
and overall 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 the RCTs are
completed.

The study participants are grade 3 primary school students (8-9
years old) and their parents/grandparents (1 student and 2 adults
for each family) in AIS, 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 AIS, 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

following conditions: aconuresis; acute/chronic urinary tract
infection, vaginal infection and perianal 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
as China’s Healthy Lifestyle for All Initiative of the China CDC
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 AIS is 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.
This is based on our experience in delivering research projects
[24], and on systematic reviews related to nutrition improvement
[25] and salt reduction [26] using mHealth technology. The
structure of ASCloud is illustrated in Multimedia Appendix 1.
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Table 1. Key features of the six programs in Action on Salt China (ASC) at stage 1.

Output by the end of stage 1Coverage at stage 1Rationale/designPurposesPrograms

Materials (eg, manuals, fact
sheets, leaflets, stickers, pub-
lic advertisements, short
videos, and loudspeaker audio
messages) targeted at various
populations and settings

Within study sites of
the intervention

arms of all 4 RCTsb

in 6 Chinese

provincesc

Various types of education materials were
developed to improve the KAP targeting
major barriers to salt reduction and sources
of salt intake using evidence-based key mes-
sages

To improve KAPa on salt
reduction in the public,
restaurants, and food in-
dustry; to provide a basis
for the other programs

Program 1: health
education and promo-
tion

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

54 primary schools
in 3 of the 6
provinces

A cRCTd 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 major components
[20]

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

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

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

60 communities
from the 6 provinces

A cRCT to test the effectiveness and accept-
ability of a community-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]

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

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

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.

192 restaurants in
the 6 provinces

A cRCT to test the feasibility and effective-
ness of a restaurant salt reduction package.
Social cognitive theory [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

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

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

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

48 towns /streets in
the 6 provinces

A cRCT at the township/ 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 available interventions with close engage-
ment of local government and different sec-
tors.

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

Program 5: compre-
hensive intervention
study (CIS)

The FoodSwitchf app (already
downloaded by more than 1
million users); a website de-
signed to raise 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

Participating con-
sumers and food
producers

Besides setting voluntary salt targetse, con-
sumers are encouraged to choose foods with
less salt, 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
producers that foods high in salt will negative-
ly impact sales.

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

Program 6: prepack-
aged food salt reduc-
tion

aKAP: knowledge, attitude, and practice.
bRCT: randomized controlled trial.
cThe 6 provinces are Heilongjiang, Hebei, Hunan, Jiangxi, Sichuan, and Qinghai, which cover the north, south, central, east, and west part of China.
dcRCT: cluster randomized controlled trial.
eSetting incremental targets for the salt content of major contributors to salt intake (eg, sauces).
fFoodSwitch is a smartphone 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 a list of similar food products for making healthier choices,
especially with respect to sodium reduction.

JMIR Res Protoc 2020 | vol. 9 | iss. 4 |e15933 | p.118https://www.researchprotocols.org/2020/4/e15933
(page number not for citation purposes)

Zhang et alJMIR RESEARCH PROTOCOLS

XSL•FO
RenderX

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


Figure 2. The study sites of the Action on Salt China (ASC) cluster of randomized controlled trials.

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 CIS from baseline to the end of stage 2. Figure
3 shows the design, sample size, and evaluation of primary
outcomes for RCTs in Programs 2-5.

The sample sizes indicated in Figure 3 are equal to or slightly
larger than the calculated numbers for the RCTs based on target
populations (children and adults in AIS, home cooks and family
members in HIS, community adults in CIS, and restaurants in
RIS), primary outcomes (24-hour sodium excretion in AIS, HIS,
and CIS; average sodium content of the 5 best-selling dishes
for a restaurant in RIS), standard deviations of primary outcomes
(85 mmol/day for 24-hour sodium excretion [19], and 1 g
salt/100 g dish [27]), expected minimum salt reduction (25
mmol/day in AIS and CIS; 20 mmol/day for HIS; 0.5 g/100 g

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 I error (5%), and
power (>80%), as well as reasonable cluster size (11 students
and families in each school in AIS, 13 families in each village
in HIS, and 30 adults in each village in CIS).

Secondary outcomes will consist of process evaluation, changes
in KAP on salt intake, and economic evaluation. Overall KAP
on salt, and overall salt 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-treat 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 units and 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 the trial.
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 trials in Action on Salt China (ASC) Programs 2-5.

Data Collection and Management
Our study will have three major data outputs: (1) data obtained
from the evaluation of each RCT’s effectiveness (Table 2); (2)
data obtained from the process monitoring and evaluation, which
will consist of quantitative data automatically generated by the
smartphone apps used as intervention tools in the RCTs, as well
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

to certain features through different kinds of front ends, Web
portals, and mobile apps. The mEDC has an improved process
and quality control feature compared with a traditional EDC,
and has been validated and widely used in other clinical trials
[24,28].

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 TGI China, with a
unique ID 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 data will be accessible to the app developer,
disclosure of such information is prohibited.
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Table 2. Data collection in the four randomized controlled trials in Action on Salt China (ASC) Programs 2-5.

Year 1 and 2 follow-upBaselineQuestionnaires

CISeRISc,dHISbAISa

Demographics

—f✓✓✓✓Sex

—✓✓✓✓Age

—✓✓✓✓Education

—✓✓✓✓Marriage

—✓✓✓✓Income

—✓✓✓✓Medical Insurance

Knowledge, attitude, and practice (KAP)

As baseline✓✓✓✓Preference for salt

As baseline✓✓✓✓Awareness of salt recommendation

As baseline✓✓✓✓Awareness of salt and hypertension

As baseline✓✓✓✓Awareness of low-sodium salt

As baseline✓✓✓✓Awareness of salt labeling

As baseline✓✓✓✓Attitude to low-salt diet

As baseline✓✓✓✓Attitude to low-salt behavior

As baseline✓✓✓✓Salt use during cooking

As baseline✓✓✓✓Frequency of eating out

As baseline✓✓✓✓Ordering dishes with reduced salt when eating out

Lifestyle

As baseline✓—✓✓Smoking

As baseline✓—✓✓Drinking

As baseline✓—✓✓Physical activity

Disease history

As baseline✓—✓✓Hypertension

As baseline✓—✓✓Anti-hypertensive medication use

As baseline✓—✓✓Other chronic diseases

Physical examination

As baselineg✓—✓✓Height

As baseline✓—✓✓Weight

As baseline✓—✓✓Waist circumference

As baseline✓—✓✓Blood pressure

As baseline✓—✓✓Heart rate

24-hour urinary excretionh

As baseline✓—✓✓Sodium

As baseline✓—✓✓Potassium

As baseline✓—✓✓Creatinine

As baseline✓—✓✓Albumin

As baseline✓—✓✓Calcium

Restaurants

As baseline—✓——Salt-specific environmental factors
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Year 1 and 2 follow-upBaselineQuestionnaires

CISeRISc,dHISbAISa

——✓——Recipe of the 50 best-selling dishes

——✓——Percentage of consumers who choose lower salt foods

As baseline—✓——Usage of salt and highly salted foods

As baseline—✓——Provision of salt reduction services

Whole food laboratory test

As baseline—✓——Sodium content of the 5 best-selling dishes

aAIS: app-based intervention study.
bHIS: home cook-based intervention study.
cRIS: restaurant-based intervention study.
dThe primary outcome of RIS is the 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 a simple survey at baseline and at the end of 2 follow-ups.
eCIS: comprehensive intervention study.
fNot applicable.
gOnly the height of children in AIS will be measured during the follow-up visit at year 1 and year 2.
hThe quality control for 24-hour urine collection refers to the protocol of AIS [29].

Patient and Public Involvement
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 suggestions to improve
their design and implementation were carefully considered. All
participants will be informed of the study progress by regular
communication via the ASC newsletter, WeChat, and website.
Upon completion of the study, we will disseminate the results
to all participants and discuss the translation of our study
findings to practice.

Results

The duration of ASC is from 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 RCTs and 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

by combining them into an existing national initiative such as
Healthy Lifestyle Campaign for All [31] for stage 2. The status
of all ASC programs is 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 AIS), Chinese
CDC (No. 201801 for HIS), National Center for Chronic and
Noncommunicable Disease Control and Prevention, China CDC
(No. 201807 for CIS), and National Institute for Nutrition and
Health, China CDC (20180314 for RIS). Written informed
consent forms have been obtained from all 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 the divisions of disease
control, food safety, and health education, is looking forward
to adopting the evidence-based salt reduction packages in ASC
in 2020, which could help support the Healthy China Initiatives
launched in July 2019 [33].

JMIR Res Protoc 2020 | vol. 9 | iss. 4 |e15933 | p.122https://www.researchprotocols.org/2020/4/e15933
(page number not for citation purposes)

Zhang et alJMIR RESEARCH PROTOCOLS

XSL•FO
RenderX

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


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).

• 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 use in RCTs.

• Programs 2-5: app-based intervention study (AIS), home cook-based intervention study (HIS), restaurant-based intervention study (RIS),
comprehensive intervention study (CIS)

• Intervention package development for all 4 RCTs: completed.

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

• Baseline surveys: completed, including 24-hour urine collection in AIS, HIS, and CIS, and whole food sodium analysis for 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.

• 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 consumers to choose lower-salt
prepackaged foods. Shi Xian Zhi is Chinese pinyin, with Shi indicating food, and Xian Zhi for prophet.

• ASC’s official website now provides a purpose-built page for food producers, based on the data collected through FoodSwitch.

• The information system (ASCloud)

• ASC’s official website [32] was launched 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 (KnowSalt, 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 AIS), 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

• One top-level central laboratory has been contracted for the assay of all urine samples collected in AIS, HIS, and CIS, and the whole food
sodium analysis in RIS.

Discussion

Expected Outputs and Potential Impact
ASC is a research unit led by a strong multidisciplinary team
with members from international and national institutes engaging
in nearly all relevant areas on salt reduction in China. The ASC
program is comprehensive, including a salt awareness campaign,
legislation support, and RCTs evaluating the strategies dealing
with key challenges 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 to increase
the fidelity of complex interventions.

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

evidence-based salt reduction strategies and experience on policy
advocacy along with scaling-up in different regions and
populations; and (3) study reports and publications to 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 as well 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.

To date, ASC has already made significant progress in achieving
its academic impact. As shown in Textbox 1, ASC has attracted
the attention of key departments of the Chinese central
government. With the support of relevant government agencies,
the development of detailed scaling-up plans is underway. If
the program is implemented and sustained across China, it will
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reduce population salt intake and thereby prevent hundreds of
thousands of strokes, heart attacks, and heart failure each year,
leading to major cost-savings to 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 CVD and other noncommunicable diseases, which will
have major public health implications.

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

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

Potential Limitations and Risks
The interventions 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.
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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 psychosocial benefits to recipients. This has
not previously been fully investigated.

Objective: The study aims to evaluate the impact of a hearing dog partnership on the lives of individuals with 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
usual (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 participants in 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 measures include the Patient Health Questionnaire-9, Generalized Anxiety Disorder-7, and Work and Social
Adjustments Scale. An economic evaluation will assess the 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
a hearing dog on people’s lives in terms of their quality of life, well-being, and mental health.

Trial Registration: International Standard Randomised Controlled Trial Number Registry ISRCTN36452009;
http://www.isrctn.com/ISRCTN36452009

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 this is estimated to nearly double by
2050 [1]. In the United Kingdom (UK), 1 in 6 adults are affected
by hearing loss, and about 1% of the adult population is severely
or profoundly deaf. For this latter population, hearing aids offer
little benefit [2]. Adults with hearing loss, particularly those
who acquired hearing loss in adulthood, are at a risk 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 access to 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 options available
[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 means that it can alert a deaf person to a range
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 3 to 6
months to create a detailed understanding and written profile
of their lifestyle and hearing dog–relevant needs. This profile
is then 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

partnership support in their local community. Initially,
partnership instructors visit regularly to offer bespoke advice
and support, tapering to a minimum annual visit once the
partnership is established, although recipients can still 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 life is 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 responsible for 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 this research (internal report by
Baxter and Beresford [18]). This review identified three studies
that had evaluated hearing dog partnerships [19-21] and a further
two with mixed samples of individuals with a hearing or
mobility impairment [22,23]. These studies indicated that there
could be psychological, social, and health benefits of an
assistance dog, but the study designs were weak, eg, before and
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.
Since the publication of this review, two further studies looking
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 population of hearing
dog applicants was unclear. The other was a longitudinal 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 majority 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 a single-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 fits with 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 a partnership 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
(SWEMWBS) [26], 6 months post receipt of a hearing 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 health-related and social care–related
quality of life 6 months postreceipt of a hearing dog.

• To conduct 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.

• To gather 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 dogs to UK residents.
Research participants are first-time applicants for a hearing dog
who may reside anywhere in the United Kingdom.

Inclusion Criterion
The inclusion criterion is first-time applicants for a hearing dog,
aged 18 years and older.

Exclusion Criteria
The exclusion criteria include the following:

• Individuals aged 17 years or younger.
• Individuals requiring a dog who can provide sound and

vision support.
• Individuals who are replacing a retiring hearing dog.
• Individuals with a learning disability (indicated by the use

of a proxy during the application process).
• Individuals still awaiting a hearing dog but whose

application is at a stage past the point where randomization
could take place. These applicants will have the opportunity

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.
Practices regarding cessation of a hearing dog partnership should
align with the standard Hearing Dogs for 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 envelope). Applicants wishing to
participate can choose to complete the study materials 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 Dogs for Deaf People will 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 Trials
Unit (YTU), using an allocation schedule generated in Stata
v15. During their hearing dog assessment, study participants
will be categorized by a senior 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, this might 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 a pair 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 a hearing dog at least
six months earlier than those in arm A.

The allocation sequence will be generated by the trial statistician
(CF) who has no involvement in the recruitment of participants.
As pairwise randomization is being employed, ie, the
randomization of 2 participants at a time, allocation is concealed.
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Participants will be blinded to their group allocation. Study
team members who are actively involved in the administration
of the trial 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 presents the flow of study participants through the trial.
T1 (6 months after the arm B participant has received their

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 a hearing 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 the intervention, some arm A participants
may receive their dog before their arm B partner.

Figure 1. Flow of trial participants through partnerships between deaf people and hearing dogs.
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Outcome Measures
The selection of outcome measures was informed by the existing
literature and in consultation with Hearing Dogs for 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 comprises five items, one related
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]. Respondents rate 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 cutoffs for 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 alleviate: 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
a 5-point scale captures the 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 has improved since having a hearing dog).

Data Management
Data will be entered into SPSS 23 by someone who is
independent of the data analysis. A random sample of 10% will

be double entered to assess data quality. An error rate exceeding
5% will require investigation including an examination of the
type of errors, eg, random vs systematic and potentially a double
entry of the whole data set. Missing data from a scale will be
managed using guidance from scale developers. For the
SWEMWBS and WSAS, up to one missing item and, for GAD-7
and PHQ-9, up to two missing items will be replaced with the
scale mean.

Statistical Methods

Sample Size
There are limited published data on which to base a sample size
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 be eligible
and of which 90.0% (162/180) will opt to join the study.
Allowing for 20% attrition at T1, this will result in a trial 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. This is 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
participants in 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 trial will be presented in a
Consolidated Standards of Reporting Trials diagram. The
primary analysis will estimate the difference in the SWEMWBS
scores at T1 between arms A and B using linear regression,
adjusting for the baseline measure and the individual’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 analysis of outcomes at T2 will analyze the 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 a variable 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. We will use classical test theory [35] to determine whether
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it is appropriate to calculate a total or subscale scores. If this is
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 perspectives to inform value for money considerations
for different potential decision makers. Perspectives will include
(1) a voluntary sector perspective (including costs to Hearing
Dogs for Deaf People and of volunteers); (2) a social care
perspective (considering that costs of hearing dogs could fall
on social care budgets); (3) a health care perspective
(considering the costs of hearing dogs could fall on health care
budgets); (4) a public sector perspective (considering impact
on both social and health care budgets); and (5) a broader
perspective considering costs to the voluntary sector, social
care, health care, and costs incurred by the recipients of hearing
dogs. The choice of outcome will be perspective dependent,
choosing the most relevant outcome(s) for each decision maker,
with social care quality-adjusted life years (SC-QALYs) and
health quality-adjusted life years (H-QALYs) being key
outcomes to consider. To determine cost-effectiveness,
incremental costs and units of effect will be compared with
relevant cost-effectiveness thresholds [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
Dogs for Deaf People (via structured interview and documentary
analysis) and study participants at each data collection point
(using a previously 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 a hearing 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-QALYs will be estimated using these data.
H-QALYs 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 al [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 differences in study participants between the trial arms
using appropriate techniques to account for non-normality of
outcomes and costs data [45]. Decision uncertainty will be
addressed using probabilistic sensitivity analysis, and
deterministic sensitivity analysis will be used to examine the

impact on results of varying relevant parameters and
assumptions.

Nested Qualitative Study
The qualitative study seeks to understand the active ingredients
of a hearing dog partnership, outcomes of partnerships (positive
and negative, expected and unanticipated), the processes by
which changes in outcomes (or not) are perceived to occur, and
views on the process by which partnerships are created and
supported.

It will include a longitudinal study of 15 study participants who
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 a dog as a pet) to ensure a range 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 potential impact, and views and experiences of the application
and matching process. During their second interview, recipients
with a resident 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 development 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
factors that hinder or facilitate positive outcomes of the hearing
dog partnership. Focus groups (n=7; 5-10 participants 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 a hearing dog, n=1 focus group); dog trainers
(involved in matching and handover of the hearing dog to a new
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 a successful 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 constitute 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 groups for 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 data will be analyzed in two ways. First, for the interviews
with recipients, we will create a narrative account that records
their experiences of a hearing dog partnership and traces changes
in outcomes 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 techniques to identify and describe the 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 interviews in
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 a hearing 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 Involvement
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 original
application and subsequent amendments (as required) received
a favorable ethical opinion from the University of York

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 Dogs for Deaf People
or the service they receive. Study information materials will 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 cabinets in 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 data will be archived and
stored in accordance with the University of York guidelines.

Protocol Amendments
All amendments to the protocol will be approved by the research
ethics committee.

Dissemination Policy
A summary of the findings will be published by the National
Institute of Health Research’s (NIHR) School for Social Care
Research. Study findings will also be reported in open access,
peer-reviewed journals and 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
This trial does not have an audit procedure in place.

Access to Data
The trial manager (LS) will oversee access to 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

This is the first 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

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 elsewhere.
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Abstract

Background: Stuttering is a complex 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 a method to enhance speech fluency in individuals who stutter. Adjunctive interventions are warranted to enhance the
efficacy of this intervention.

Objective: Individuals who stutter have pathological activation patterns in 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 hypothesis in 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
Sciences in June 2019. Data collection started in October 2019. As of February 2020, we have enrolled 30 participants. We expect
data analysis to be completed in April 2020, and results will be published in summer 2020.
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Conclusions: 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: ClinicalTrial.gov NCT03990168; https://clinicaltrials.gov/ct2/show/NCT03990168

International Registered Report Identifier (IRRID): DERR1-10.2196/16646

(JMIR Res Protoc 2020;9(4):e16646)   doi:10.2196/16646
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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 blocks in
speech sound [1]. It is prevalent in 1% of the population [2].
Despite advances in the treatment of stuttering, major limitations
such as instability 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 results in alterations in 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 results in increased 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 still restricted [9]. Adjunctive
interventions are thus warranted to enhance the efficacy of this
intervention. Thus, to increase speech fluency, we will 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 stimulation period, we anticipate that tDCS will help
stabilize intervention-related improvements in speech fluency
[10].

In tDCS, electrical current flows between 2 or more
electrodes—a positively charged anode and a negatively 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

of respective compartments and decrease excitability at the
macroscopic level [11]. Neuroplastic effects emerge after some
minutes of stimulation, depending on alterations to 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 the left 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
simultaneously 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
success in individuals with a stutter. We will systematically test
this hypothesis in this study.

Methods

Overview
This project aims to investigate the effect of adjunctive
noninvasive brain stimulation on speech fluency. To this aim,
we will recruit 2 groups of participants—an intervention group
and a control group. In the intervention group, participants will
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 temporal 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 in individuals with a stutter is improved 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 is to 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.

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 parameters is 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 criteria are listed in Textbox 1.
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Textbox 1. Inclusion, exclusion, and withdrawal criteria.

Inclusion criteria:

• History of developmental stuttering

• Participants diagnosed with moderate-to-severe stuttering

• Right-handed

• 18 to 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

• Hearing loss

• History of neurological or psychiatric disorders

• History of seizures

• Intake of any medication that affects brain functions (eg, antidepressants)

• Pregnancy

• Breastfeeding

• Cranial bone defects

• Cranial or brain metal implants

• Skin lesions

Withdrawal criteria:

• Request to withdraw from the study at any point during the treatment program

• Skin damage or major adverse effects of stimulation

Study Design
This study is designed as a randomized, double-blind,
sham-controlled clinical trial. Participants will be randomly
allocated to a control or intervention group. All participants will
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
questionnaires, voice recordings, and observations at 5 time
points (ie, 1 week and immediately before the intervention; 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 completed, each subject
will participate in 6 intervention sessions. Postintervention
assessments will be carried out immediately and 1 week after
the last intervention session. Afterward, 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. This single-center trial will be conducted at the
Vahdat Neurorehabilitation Clinic in Tehran, Iran.

As previously 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 score for each individual will be calculated.

We will 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 voices will be recorded while performing
3 different tasks (ie, oral reading, monologue, and conversation).
Based on these data, we will calculate the primary outcome
measure (ie, SS%). The voice of the participants will be recorded
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 kappa will 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),
a third 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.
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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.
The trial design and timeline are shown in Figure 1.

After each intervention session, participants will fill out a
questionnaire using a 5-point Likert scale (1=very mild, 5=very
severe) to report potential side effects of tDCS, including

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 Instrument-Fourth Edition; tDCS: transcranial direct current stimulation.

Randomization and Blinding
This study is a randomized, 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 a web-based randomization tool [22]. In
accordance with the requirements of this tool, we will include
50 subjects and 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 the trial.

As the study is double-blinded, neither the participants nor the
investigators will know which group each participant will be
assigned to. Sealed opaque 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 ID 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 a clinician (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—based on the content of the
subject's envelope and attach the electrodes to the participant´s

head as illustrated in the sections below. Once completed, the
principal investigator will commence the treatment. The
researchers who are responsible for outcome assessment and
data analysis will also be blinded to the intervention groups.

Intervention Program

Performance of Transcranial Current Direct Stimulation
The stimulation will be done by passing a current of 1 mA
between two 5 cm × 7 cm electrodes for a duration 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 be used to 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 electrode sponges must
be saturated with saline. It is crucial 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 left
superior temporal gyrus (T3 according to the 10-20 international
system [23]), and the cathode electrode will be positioned over
the right 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.

Performance of Delayed Auditory Feedback
During stimulation, participants of both groups will receive
DAF as a fluency 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 algorithm for real-time
manipulation and a MATLAB wrap-around. The real-time signal
processing algorithms are coded in C++. The subjects will
perform 3 tasks (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 individuals with a stutter
[25].

Although, as outlined 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. Access to data resources will be restricted to the
investigators. Finally, all study documents will be securely
maintained for 2 years.

Statistical and Analytical Analyses
In this proposal, the null hypothesis (H0) is that the combined
treatment method using tDCS stimulation and DAF, as compared
to DAF combined with sham stimulation, has no additional
effect on the enhancement of speech fluency in adults who
stutter.

Intended Sample Size
Based on the previous study by Chester et al [4], and using
G*Power software [26], 25 subjects per group (50 participants
in total) are required to detect a significant difference for a time
× group interaction using a two-way mixed model analysis of
variance (ANOVA). Time is the within-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%). Type I (α) and type II (β) errors are set at .05
and .20, respectively, and the effect size is 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
statistics including mean, SD, median, minimum, and maximum
will be provided for quantitative variables. For qualitative
variables, frequency tables will be presented. Group differences
of demographic variables will be assessed by Student t tests for
quantitative 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 samples t 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 sessions 1 week or 6 weeks after the intervention.
In these cases, intention-to-treat and modified intention-to-treat
approaches will be employed. For cases lost 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 research in 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 all participants.

Consent for Publication
All study findings and information will be posted on
ClinicalTrials.gov (identifier NCT03990168). Although the
investigator will be free to use the study findings for 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 ID 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

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,
the impact 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
in these 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
measures the effect of stuttering on multiple life 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 a reduction 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 development. Maintaining meaningful interactions can be, however, a challenging 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: In this study, we will investigate the feasibility and effect of sharing memories of older adults with 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 potential 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 media account. Pre- and postintervention questionnaires will measure relationship quality, relationship investment,
and conversational 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: The results 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 learned during the
validation of the protocol are discussed with recommendations and implications for the recruitment, reminiscence sessions,
technological setup, and administration of instruments.

International Registered Report Identifier (IRRID): DERR1-10.2196/16315

(JMIR Res Protoc 2020;9(4):e16315)   doi:10.2196/16315

JMIR Res Protoc 2020 | vol. 9 | iss. 4 |e16315 | p.148http://www.researchprotocols.org/2020/4/e16315/
(page number not for citation purposes)

Gantumur et alJMIR RESEARCH PROTOCOLS

XSL•FO
RenderX

mailto:baez@disi.unitn.it
http://dx.doi.org/10.2196/16315
http://www.w3.org/Style/XSL
http://www.renderx.com/


KEYWORDS

intergenerational relationship; social media; Facebook intervention; closeness

Introduction

Importance of Intergenerational Interactions
Vast literature in familial intergenerational 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], as it limits opportunities
for face-to-face interactions. However, studies have shown that
grandparents can still experience high levels of 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 challenging, 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
the interlocutor, 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]. As for finding appropriate topics, the lack of
conversation topics is reported as a source of anxiety in
intergenerational interactions [12].

Asymmetry in Relational Investment
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

annoyance and thus relying on the social skills of the young
[14]. Social 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 older adults [16-18].
However, very few interventions have focused on the specific
challenges of intergenerational interactions, especially from the
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) a third body of literature aims to bring older adults online
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 population.

In this paper, we present a protocol for a study that explores the
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, in a period of their lives marked by many social changes,
approaches to maintaining or increasing frequency and quality
social contact with grandparents and the sense of closeness is
of paramount importance.

The sharing of family memories in this context is unidirectional:
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 as in 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 is inspired by the practice of reminiscence, the process
of recollecting past memories—a practice that is common 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, bitterness revival,
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:

• RQ1: 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 address the 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, as well as on the frequency
of communication.

• RQ3: Does sharing old pictures (from grandparents) with
the young relatives provide them with more topics of
conversations and relationship chemistry?

We focus on conversational resources as captured by the impact
on the openness and predisposition toward each other
(relationship chemistry), as well 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. This approach 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 a set of pictures and short stories about the grandparents
and share them with the grandchildren’s social network account,
one at a time, at regular intervals across a period of 2 months.
In the control group, there is no sharing or collecting pictures
as the goal is to 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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Figure 1. Study Flow. *: 60 grandchildren will be paired with their grandpaerents; NRI-RQV: Network of Relationships Inventory–Relationship Quality
Version; IOS: Inclusion of Other in the Self scale; IMS: Investment Model Scale; FCQ: Friendship Chemistry Questionnaire.

Participants
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 participants complying with
the criteria, but it represents a valid sample for the statistical
analyses. A convenience sample will be used in this study to

recruit participants. We consider eligible pairs of grandchildren
and grandparents meeting the following inclusion criteria.

Grandchildren should be willing to participate in the study and
meet the following requirements:

• Aged 18 to 30 years: we recruit young adults because this
is a transition period to adulthood associated with changes
in the level of interactions and relational closeness [13]
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• Be regular users of Facebook: we use Facebook because
this is the most common social media among Mongolian
young adults [29], and we define regular users as those 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 a week on average

In addition, the grandchildren should have one grandparent
willing to participate in the study who meets the following
requirements:

• Retired and aged over 60 years: according to Mongolian
law, the retirement age is 55 years for women and 60 years
for men

• Be able to independently communicate with a researcher:
the selected grandparent will be requested to share their 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 a week). 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 universities in
Ulaanbaatar, Mongolia, using online as well as paper-based
recruitment surveys. As a first 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 willingness to invite their grandparents to join
in our study will be contacted by the researchers to confirm the
interest of their grandparents and organize a phone interview.
The list of potential candidates will be managed electronically,
with access provided only to the researchers in charge of the
recruitment.

As a second step, the researchers will contact the grandparents
for a phone interview to confirm their eligibility. At the end of
the phone interview, a follow-up visit will be scheduled with
the grandparents who met the inclusion criteria. We will recruit

study participants and make visits until we have 60 pairs that
meet the inclusion criteria and agree to participate.

Processes and Intervention

Home Visit to Collect Photos and Stories
Researchers will make a home 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 as well as grandchildren; and (4) pictures that 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.

Intervention
The intervention will be implemented over a period 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 is that 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 able to 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 includes leaving the study at any moment.
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Postmeasurement
After 2 months of intervention, the grandchildren in both
intervention and control groups will be invited for an individual
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 Measures

Primary Outcomes
The Inclusion of Other in the Self (IOS) 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 IOS by Gächter et al [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 Relationships Inventory and a family 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
self-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 IMS includes a specific subscale on relationship investment
that will be used to measure the grandchild’s contribution in
this relationship. The original 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
question with response values going from a few times a week
to never.

We rely 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

averaging the items with high scores representing the higher
levels of each scale. Two separate questions were redacted and
added by researchers to assess general conversational resources
and identify common conversational topics with grandparents.

As part 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 relational 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 increases in 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 entire intervention
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 Lessons Learned

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
online recruitment survey is another possible solution to increase
recruitment rate.

Scheduling Issues in Home Visits
Although older adults were willing to participate in the study,
the appointments for home visit (to collect pictures and stories)
were in 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 initially
allocated. We recommend researchers account for this aspect
when scheduling reminiscence sessions.

Managing Preferences While Ensuring Diversity in the
Pictures
When selecting the pictures for 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.

Managing the Picture and 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. Pictures were shared every week, and grandchildren
were interactive using Facebook reactions such as thumbs up

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 Is Feasible
The grandchildren could easily understand and complete the
questionnaires. There were no complaints regarding the
questionnaire 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
alternative 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
experience the intervention. 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 groups would 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 at the same time
due to low rate of recruitment, a quasiexperimental design would
provide flexibility 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 bias in 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 time is beneficial
to both young and older adults. However, very few interventions
focus on the specific challenges of intergenerational interactions,
especially 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 media are widely used among the youth and are therefore
a promising resource to discover interesting aspects of the life
of their loved ones, which could potentially translate in more
conversational resources and motivate an increased commitment
in the 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 us to
reconsider the study design, can be a limiting 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 to identify
the impact of social media in the intergenerational relationship
instead of a more robust multiple armed RCT design. Although
the latter would have been more effective in identifying other
factors influencing the intervention, its application would have
required a larger population sample, which would have added
further challenges to an already complicated recruitment process.
Therefore, we opted for collecting qualitative data at the end of
the study (debriefing session) to identify additional factors in
the intervention, thus mitigating the risks involved in recruiting

a larger 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
studies will 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 social 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
effects on the relationship with their grandparents. The proposed
intervention can be potentially implemented in any society with
the technological means, without the need for sophisticated
tools. The results from 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 (mDASHNa-CC). This study will enable Chinese Canadian seniors to 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 mDASHNa-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 Phase I, we will design and test the usability of the app using a user-centered
approach. In Phase II, we will 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 is supported 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 is the 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 Canadians are 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 especially 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
vegetables than 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].
As such, 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 patterns rather 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 a diastolic
blood pressure reduction of 2-6 mmHg [15-19]. A systematic
review has suggested that sodium reduction is also 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 culturally tailored
intervention is thus needed to facilitate blood pressure control
in Chinese Canadians.

Incorporation of Traditional Chinese Medicine 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 diets with 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 a rigorous 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 Apps for the Chinese Population
We conducted a scoping review of existing antihypertensive
diet apps written in Chinese on the current market. We searched
in various app stores and found 24 apps (15 on iTunes, seven
on the 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 credentials 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 apps from iTunes and the Google Play Store
were based on Western diets, which may not fit with Chinese
diets. The findings from our review are consistent with a review
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 (mDASHNa-CC)
app differs from other related apps in 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 a Randomized 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, goals 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
call.

From August to December 2014, 60 participants were recruited
in a pilot 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. The loss to follow-up rate was 5%. Participants were
highly satisfied with the intervention and perceived that the
intervention contents were helpful, the delivery approaches were
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 (t55=–1.58; P=.12) more than the control
and lowered their diastolic blood pressure by 2.4 mmHg
(t55=–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 significant improvement from baseline to eight weeks
post-randomization in the physical component score (t55=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 life for
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 is the mDASHNa-CC Smartphone App Needed?
The smartphone app version of the DASHNa-CC intervention
(mDASHNa-CC) is proposed because many Chinese Canadian
seniors were unable to participate in the pilot study due to busy
life schedules (eg, taking care of grandchildren) and were unable
to travel to the community center where the DASHNa-CC
intervention was delivered. Also, in this pilot study, it was found
that most Chinese Canadian seniors were well-educated,
technologically savvy, able to access the internet, owned a
smartphone, and were willing to learn new skills and knowledge
to improve their 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

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
eagerness to use our app when it becomes available. They stated
that they “review the manual frequently, and a smartphone app
will make the manual easier to use,” and “this is something new
and I want to try.”

Specific Aims
The overall aim of this two-phase study is to translate the
Dietary Approach to Stop Hypertension with Sodium Reduction
for Chinese Canadians, a classroom-based antihypertensive
dietary educational intervention, to an innovative smartphone
app (mDASHNa-CC). This smartphone app would enable and
empower Chinese Canadian seniors’ to access this
antihypertensive intervention anytime, regardless of where they
are.

Research Objectives and Research Questions
The research objectives are 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. In the Phase I 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 mDASHNa-CC app be refined using a
user-centered design approach to ensure it is easy to use,
efficient, and satisfying for participants? The Phase II 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 mDASHNa-CC app; and
(5) To what extent do participants adhere to the dietary
recommendations in the mDASHNa-CC app? The research
questions of preliminary effectiveness are: Compared to usual
care, what is the effect of an 8-week mDASHNa-CC app
intervention on systolic and diastolic blood pressure, body
weight, waist circumference, health-related quality of life, and
health service utilization?

Theoretical Framework
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 mDASHNa-CC 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 as the main functions.
In addition, automatic feedback according to dietary
self-assessments and blood pressure data is incorporated in the
app to encourage health behavior changes. This app design will
drive self-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 I: Design and Usability Testing of the
mDASHNa-CC App
Adhering to a phased sequential approach to the development
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 seniors will be actively engaged
in all aspects of the research process, including the app’s design,
the usability and feasibility testing, and the refinement of the
prototype.

Convenience sampling will be used to recruit eligible
individuals. To access the most representative sample of Chinese
Canadian seniors, a community center in Toronto where Chinese
Canadians occupy a high percentage of the total population will
be used for blood pressure screening, participant recruitment,
app testing, and participant follow-up. In partnership with the
Ontario Chinese Senior Association, we will host blood pressure
screening events in the Chinese community to facilitate the
recruitment process. The app testing procedures will commence
after participation eligibility is assessed, informed consent is
obtained, and a trained research assistant collects demographic
and other outcome data.

This study will include all Chinese Canadians who: (1) are at
least 65 years old; (2) have a systolic blood pressure higher than
140 mmHg, or a diastolic blood pressure higher than 90 mmHg,
or are on antihypertensive medications, based on preintervention
baseline assessment; (3) can understand (listen) and speak in
Mandarin or Cantonese, and can read and write in 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

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 anticipated 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 enhance individuals’ 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
DASHNa-CC intervention and includes the 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 also be asked
to conduct a dietary 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 a day using a home 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
phone is online 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 is a widely used methodology 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 a technology-based
intervention’s effectiveness [58]. It is recommended that
usability testing takes two to three cycles and involves five to
seven participants in every cycle [57,59].

Low Fidelity User-Centered Design
A qualitative usability testing approach will be used with
multiple iterative 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 elements will 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 functional
smartphone-based prototype, usability testing (multiple iterative
cycles) with semistructured audiotaped interviews will be
conducted again with seven seniors in each cycle. In this phase,
a trained research assistant will first provide seniors with a brief
(approximately 5 minutes) demonstration of the app on a
smartphone using a standardized dietary assessment vignette.
Seniors will then be asked to complete a dietary 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. The research
assistant will record the answers to questions, write field notes
on ease of app use, and explore emerging themes. After the first
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
questionnaire includes 23 questions about socioeconomic status,
risk factors for hypertension, and migration history. This
questionnaire was used in the DASHNa-CC pilot study. In
addition, overall comfort level with smartphones will be
ascertained using a questionnaire about smartphone ownership,
level of use, and likeability. 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 interviews will 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 the interviews will also be transcribed and included
in the analytic process. By using thematic coding, data will be
coded according to the study objectives and categorized to
reflect the emerging themes [60]. Any changes to the prototype
will be made based on feedback from each iterative cycle of
testing.

Phase II: Feasibility Testing of mDASHNa-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 adherence to the intervention,) 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 a sample 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 I 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 a diastolic blood pressure
between 90 to 99 mmHg; (3) were able to understand and speak
Mandarin and read and write Chinese; and (4) had access to a
smartphone. Individuals were excluded if they: (1) used
antihypertensive medications, insulin, or oral hypoglycemic
agents; (2) had a cardiovascular event during the previous three
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 special dietary requirements.

As a pilot 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
ethics approval, participants will be recruited by blood pressure
screening events in diverse community settings. The recruitment
process of Phase II is the same as that of Phase I. Study
procedures will commence after eligibility is assessed, informed
consent is obtained, and demographic and baseline outcome
data are collected by a trained research assistant.

Using an online randomization tool provided by Interrand
Company, Ottawa, Canada, participants will be randomized
into either an intervention group or a control group. Participants
randomized to the intervention group will receive the
mDASHNa-CC app intervention for eight weeks plus usual
care; participants randomized to the control group will receive
usual care. Coinvestigators, collaborators, and outcome assessors
will be blinded to the group assignment. Because this study is
an app educational intervention, it will be impossible to blind
participants to the group assignment. The group assignment
will be concealed until all outcome data are collected [64]. After
all outcome data are collected eight weeks post-randomization,
participants in the control group will also be offered use of the
app.

The control group will be usual care. Usual care consists of
three parts: (1) receiving a general hypertension health education
booklet from the Heart and Stroke Foundation of Ontario; (2)
being encouraged to see their family physicians or primary
health care providers regarding their blood pressure status (those
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who do not have a primary health care provider will be referred
to a walk-in clinic or a community health center); and (3) having
access to family physicians, telehealth, emergency care,
hospitals, and other health care facilities in the Greater Toronto
Area as required.

In addition to usual care, those participants randomized to the
intervention group will be offered use of the app. A trained
research assistant will teach them how to use it, they will load
the app on their smartphones, and then they will be requested
to review educational material, conduct dietary self-assessments,
and monitor blood pressure for eight weeks. Telephone
assistance from a trained research assistant will be available to
seniors in case of technical problems or if any questions arise
about the app. The research team will conduct a daily review
of a summary of each senior’s report so that participant safety
issues can be identified and resolved. By the end of the eight
weeks postrandomization, seniors will be prompted by phone
using an audible alert to complete the app evaluation
questionnaire on their smartphone, which will ascertain likes
and dislikes with the app.

Measurement Tools
Baseline demographic characteristics will be collected via the
participant information questionnaire, which is described in the
measurement tools section in the Phase I study. Implementation
outcomes will describe the feasibility of using the app with
Chinese Canadian seniors in the community. Implementation
will be measured as:

• Accrual and attrition rates: The mDASHNa-CC recruitment
log has been designed to record data related to the number
of eligible seniors per recruitment day, reasons for
ineligibility, and reasons for nonparticipation. The
mDASHNa-CC Activity Log has been designed to record
data on attrition, including occurrence/reasons for attrition,
technical difficulties, adherence, and outcome measure
completion. A trained research assistant will complete the
logs daily during the research process.

• Technical issues: The occurrence and description of
technical problems will be recorded on the mDASHNa-CC
activity log by a trained research assistant.

• Acceptability: The acceptability e-scale ascertains
perceptions related to how helpful, difficult, and enjoyable
electronic-based programs are to use, how understandable
questions are, and how acceptable the time invested in
reporting was [65]. This scale demonstrated validity and
reliability in various prior studies [65]. For the present
study, the wording of the scale will be slightly modified,
and a free-text question, where seniors are encouraged to
enter any other information that they feel would be
important to discuss, will be added. Seniors in the
intervention group will fill out this scale by email four
weeks and eight weeks postrandomization.

• Adherence: A built-in number counter will measure
participants’ adherence to the requirements of learning
dietary educational material, conducting dietary
self-assessments, and monitoring blood pressure in the
mDASHNa-CC app. The number counter will record the
time and frequency of app use. The dietary intake will be

measured at baseline and eight weeks postrandomization
by a one-to-one dietary interview using the validated
Automated Multiple Pass Method [66] by a trained research
assistant in the community center. This approach was
successfully tested in the DASHNa-CC pilot trial.
Adherence to the DASH will be measured by the validated
DASH component score of each food group, and the total
DASH score [67]. Adherence to the sodium reduction will
be measured by a 24-hour urine test [68]. Adherence to
TCM food therapy will be measured using a 24-statement
questionnaire on a 5-point Likert scale, which was validated
in the DASHNa-CC pilot study [69].

Preliminary Effectiveness and Outcomes
Except for health service utilization, which will be measured
only at eight weeks postrandomization, the other following
outcomes will be measured at baseline and eight weeks
postrandomization at the community center by a trained research
assistant during a one-to-one appointment. If a participant cannot
visit the center, a home visit by a trained research assistant will
be arranged.

• Systolic and diastolic blood pressures: Systolic and diastolic
blood pressures will be measured with the home blood
pressure monitor, Omron BP785, whose validity and
reliability have been tested [70]. All blood pressure
measurements will be performed following the
recommended techniques by the Canadian Hypertension
Education Program guidelines [5]. Each participant will be
offered an Omron BP785 and training on how to measure
blood pressure at home and how to record the results;
however, blood pressure at baseline and eight weeks
postrandomization will be measured by a trained research
assistant.

• Bodyweight: An electronic body weight scale will measure
weight.

• Waist circumference: Waist circumference will be measured
by measurement tape following proper techniques [71-74].

• Health-related quality of life: Health-related quality of life
will be measured by the SF-36v2 [75,76].

• Health service utilization: Health service utilization data
will be collected via the Health Service Utilization
Questionnaire, which was modified from the Health Service
Utilization Questionnaire previously used in Ontario [77].

Data Analysis and Statistical Methods
Demographic data will be analyzed using the software SPSS
version 20.0 by a biostatistician. 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. Descriptive statistics will be calculated
to demonstrate how participants adhered to and are satisfied
with the app. Open-ended questions will be reviewed by two
researchers independently. Qualitative data will be organized
into meaningful groups, combining similar patterns into themes.
In feasibility testing, adherence is defined as 100% when 28/28
blood pressure entries and 14/14 dietary self-assessments entries
are completed within the two weeks. An independent,
two-sample, two-tailed t test will be used to examine the
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differences in mean change scores between the control and
intervention groups regarding blood pressure, weight, waist
circumference, and health-related quality of life.

Quality Control
Quality control strategies will be implemented. Onsite training
will be provided to the research staff. The training will include
research ethics, privacy and confidentiality, orientation to
research protocol and procedure, literature search and review,
data collection tools, data analysis methods, and community
networking. The training will provide staff with adequate time
for interactive learning, on-site practice, and skill preparation
for comprehensive teamwork in the project [78]. To make sure
there is consistency in data collection, a uniform data collection
tool will be used. The principal investigator will work closely
with research staff in the data collection and analysis process.
Team meetings will be conducted every month for progress
updates and problem-solving. Research staff will be requested
to make research notes daily. Discussion and debriefing will be
provided promptly if needed. To sustain participant motivation
to the project, patient contact will be organized in
patient-preferred time to encourage participation. A research
assistant will remind participants in advance of each research
event [79]. In addition, city public transport tickets will be
provided to assist with commuting costs. Participation
certificates will be provided to honor participants’ contributions
to the study.

Results

The study is supported by the Startup Research Grant from
Nipissing University, Canada. The research ethics application
is under review by a university research ethics review board.

Discussion

Knowledge Translation
Our knowledge translation plan incorporates strategies to ensure
that our app will stand apart from existing apps in the eyes of
Chinese Canadian seniors and other Chinese populations. Firstly,
our networks with Chinese Canadian communities and our
engagement of key consumer groups (Ontario Chinese Senior
Association and other Chinese senior groups and community
centers) will help to spread awareness of our app to people in
the community using a grassroots approach. Collaboration with
the community to provide workshops, information sessions,
support groups, and social media interviews will promote the
use of our app in the community. Secondly, our research team
includes a nurse, a dietitian, a TCM practitioner, and a medical
doctor who are in various organizations in Canada. Upon
completion of the project, these leaders will be able to endorse
the uptake of our app at their clinics and the practices of their
colleagues. Thirdly, we will enter our app into competitions for
technology design awards nationally and internationally to
further solidify its credibility and earn patient buy-in. This
strategy can also help disseminate our app outside Canada,
including the United States, where 2.4 million Chinese

individuals live, and East Asian countries, such as China, where
hypertension is emerging as a critical public health issue [80,81].
Fourthly, we will partner with Hypertension Canada, Toronto
Public Health, Wenzhou Medical School (P. R. China), and
other organizations to promote the use of our app. Endorsement
of an app by health promotion organizations can lend legitimacy
to a new tool. Fifthly, national, and international academic
audiences will be reached through academic publications and
presentations at conferences by researchers. Finally, fact sheets,
research summaries, presentations in leadership forums, and
policy recommendations will be used to communicate research
findings with government and policymakers to promote related
policy changes.

Human Subjects
Chinese Canadian seniors will be the research subjects in this
study. As a technology-based dietary educational intervention,
this study poses no known risks to participants. All participants
have access to telehealth, emergency care, hospitals, and other
health care facilities in the Greater Toronto Area. All
participants are free to use all these health care services anytime,
as needed.

There are no known benefits to participation in this pilot trial.
However, participants in the DASH trial reported reduced blood
pressure and enhanced quality of life [15,82]. Participants in a
trial of TCM food therapy in China also reported improved
health-related quality of life and reduced the use of their
antihypertensive medications [45]. By participating in this study,
participants will gain knowledge about healthy eating and the
importance of blood pressure control. Participants will be
instructed to monitor their blood pressure. In addition, a
CAD$20 ($15) dollar gift card and a certificate of participation
will be offered to all participants as a token of appreciation for
their participation. Every participant will be offered two city
public transportation tickets every time they attend the research
activities to compensate for travel expenses. Participants will
receive the study results by email.

Implications
The study results will make contributions in six areas: (1)
produce a smartphone app, which allows a large number of
seniors, their families, and other community members to access
the dietary intervention for hypertension control, and could
potentially be used across Canada and internationally in large
Chinese ethnic populations; (2) illustrate the rigorous design
and testing of smartphone app technology for hypertension
self-management in the community; (3) explore the approach
of incorporating traditional medicine in chronic illness
management in minority communities; (4) contribute to
culturally sensitive care, which is an urgent need due to global
migration and has implications for immigrant-recipient countries
and multiethnic societies; (5) promote equal access to current
technology among minority immigrant senior groups; and (6)
facilitate the full randomized trial in the future to examine the
effects of the app on blood pressure and health-related quality
of life.

 

JMIR Res Protoc 2020 | vol. 9 | iss. 4 |e15545 | p.164https://www.researchprotocols.org/2020/4/e15545
(page number not for citation purposes)

Zou et alJMIR RESEARCH PROTOCOLS

XSL•FO
RenderX

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


Acknowledgments
This study is supported by the Startup Research Grant, Nipissing University, Canada.

Authors' Contributions
PZ conceptualized the project and drafted the manuscript. JS, MP, CLD, YY, and ZL reviewed and edited the manuscript. All
authors read and approved the final manuscript.

Conflicts of Interest
None declared.

References
1. Statistics C. Immigration and Ethnocultural Diversity in Canada: National Household Survey 2011. Ottawa: Ministry of

Industry; 2013. URL: https://www12.statcan.gc.ca/nhs-enm/2011/as-sa/99-010-x/99-010-x2011001-eng.pdf [accessed
2020-02-18]

2. Yong H, Foody J, Linong J, Dong Z, Wang Y, Ma L, et al. A Systematic Literature Review of Risk Factors for Stroke in
China. Cardiology in Review 2013;21(2):77-93. [doi: 10.1097/crd.0b013e3182748d37]

3. Moe GW, Tu J. Heart failure in the ethnic minorities. Current Opinion in Cardiology 2010;25(2):124-130. [doi:
10.1097/hco.0b013e328335fea4]

4. Chiu M, Austin PC, Manuel DG, Tu JV. Comparison of cardiovascular risk profiles among ethnic groups using population
health surveys between 1996 and 2007. CMAJ 2010 May 18;182(8):E301-E310 [FREE Full text] [doi: 10.1503/cmaj.091676]
[Medline: 20403888]

5. Dasgupta K, Quinn RR, Zarnke KB, Rabi DM, Ravani P, Daskalopoulou SS, Canadian Hypertension Education Program.
The 2014 Canadian Hypertension Education Program recommendations for blood pressure measurement, diagnosis,
assessment of risk, prevention, and treatment of hypertension. Can J Cardiol 2014 May;30(5):485-501 [FREE Full text]
[doi: 10.1016/j.cjca.2014.02.002] [Medline: 24786438]

6. Zhao D, Qi Y, Zheng Z, Wang Y, Zhang X, Li H, et al. Dietary factors associated with hypertension. Nat Rev Cardiol 2011
Jul 05;8(8):456-465. [doi: 10.1038/nrcardio.2011.75] [Medline: 21727918]

7. Hislop TG, Tu S, Teh C, Li L, Low A, Taylor VM, et al. Knowledge and Behaviour Regarding Heart Disease Prevention
in Chinese Canadian Immigrants. Can J Public Health 2008 May 1;99(3):232-235. [doi: 10.1007/bf03405480]

8. Taylor VM, Yasui Y, Tu S, Neuhouser ML, Li L, Woodall E, et al. Heart disease prevention among Chinese immigrants.
J Community Health 2007 Oct 24;32(5):299-310. [doi: 10.1007/s10900-007-9057-5] [Medline: 17922202]

9. Lv N, Cason KL. Current Dietary Pattern and Acculturation of Chinese Americans in Pennsylvania. Topics in Clinical
Nutrition 2003;18(4):291-300. [doi: 10.1097/00008486-200310000-00010]

10. Wang J, Li Y. Characteristics of hypertension in the Chinese population. Curr Hypertens Rep 2012 Oct 29;14(5):410-415.
[doi: 10.1007/s11906-012-0288-1] [Medline: 22843493]

11. King KM, LeBlanc P, Carr W, Quan H. Chinese immigrants' management of their cardiovascular disease risk. West J Nurs
Res 2007 Nov;29(7):804-826. [doi: 10.1177/0193945906296431] [Medline: 17526869]

12. Li W, Stewart AL, Stotts N, Froelicher ES. Cultural factors associated with antihypertensive medication adherence in
Chinese immigrants. J Cardiovasc Nurs 2006;21(5):354-362. [doi: 10.1097/00005082-200609000-00005] [Medline:
16966912]

13. Registered NAOO. Nursing Management of Hypertension. 2005. URL: https://rnao.ca/bpg/guidelines/
nursing-management-hypertension [accessed 2020-02-18]

14. Karanja NM, Obarzanek E, Lin P, McCullough ML, Phillips KM, Swain JF, et al. Descriptive Characteristics of the Dietary
Patterns Used in the Dietary Approaches to Stop Hypertension Trial. Journal of the American Dietetic Association 1999
Aug;99(8):S19-S27. [doi: 10.1016/s0002-8223(99)00412-5]

15. Appel LJ, Moore TJ, Obarzanek E, Vollmer WM, Svetkey LP, Sacks FM, et al. A Clinical Trial of the Effects of Dietary
Patterns on Blood Pressure. N Engl J Med 1997 Apr 17;336(16):1117-1124. [doi: 10.1056/nejm199704173361601]

16. Vogt TMEA, Appel LJ, Obarzanek E, Moore TJ, Vollmer WM, Svetkey LP, et al. Dietary Approaches to Stop Hypertension:
rationale, design, and methods. DASH Collaborative Research Group. J Am Diet Assoc 1999 Aug;99(8 Suppl):S12-S18.
[doi: 10.1016/s0002-8223(99)00411-3] [Medline: 10450289]

17. Miller ER, Erlinger TP, Young DR, Jehn M, Charleston J, Rhodes D, et al. Results of the Diet, Exercise, and Weight Loss
Intervention Trial (DEW-IT). Hypertension 2002 Nov;40(5):612-618. [doi: 10.1161/01.hyp.0000037217.96002.8e] [Medline:
12411452]

18. Sacks FM, Svetkey LP, Vollmer WM, Appel LJ, Bray GA, Harsha D, DASH-Sodium Collaborative Research Group.
Effects on blood pressure of reduced dietary sodium and the Dietary Approaches to Stop Hypertension (DASH) diet.
DASH-Sodium Collaborative Research Group. N Engl J Med 2001 Jan 04;344(1):3-10. [doi:
10.1056/NEJM200101043440101] [Medline: 11136953]

JMIR Res Protoc 2020 | vol. 9 | iss. 4 |e15545 | p.165https://www.researchprotocols.org/2020/4/e15545
(page number not for citation purposes)

Zou et alJMIR RESEARCH PROTOCOLS

XSL•FO
RenderX

https://www12.statcan.gc.ca/nhs-enm/2011/as-sa/99-010-x/99-010-x2011001-eng.pdf
http://dx.doi.org/10.1097/crd.0b013e3182748d37
http://dx.doi.org/10.1097/hco.0b013e328335fea4
http://www.cmaj.ca/cgi/pmidlookup?view=long&pmid=20403888
http://dx.doi.org/10.1503/cmaj.091676
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=20403888&dopt=Abstract
https://linkinghub.elsevier.com/retrieve/pii/S0828-282X(14)00070-1
http://dx.doi.org/10.1016/j.cjca.2014.02.002
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24786438&dopt=Abstract
http://dx.doi.org/10.1038/nrcardio.2011.75
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=21727918&dopt=Abstract
http://dx.doi.org/10.1007/bf03405480
http://dx.doi.org/10.1007/s10900-007-9057-5
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=17922202&dopt=Abstract
http://dx.doi.org/10.1097/00008486-200310000-00010
http://dx.doi.org/10.1007/s11906-012-0288-1
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=22843493&dopt=Abstract
http://dx.doi.org/10.1177/0193945906296431
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=17526869&dopt=Abstract
http://dx.doi.org/10.1097/00005082-200609000-00005
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=16966912&dopt=Abstract
https://rnao.ca/bpg/guidelines/nursing-management-hypertension
https://rnao.ca/bpg/guidelines/nursing-management-hypertension
http://dx.doi.org/10.1016/s0002-8223(99)00412-5
http://dx.doi.org/10.1056/nejm199704173361601
http://dx.doi.org/10.1016/s0002-8223(99)00411-3
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=10450289&dopt=Abstract
http://dx.doi.org/10.1161/01.hyp.0000037217.96002.8e
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=12411452&dopt=Abstract
http://dx.doi.org/10.1056/NEJM200101043440101
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=11136953&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/


19. Appel LJ, Champagne CM, Harsha DW, Cooper LS, Obarzanek E, Elmer PJ, Writing Group of the PREMIER Collaborative
Research Group. Effects of comprehensive lifestyle modification on blood pressure control: main results of the PREMIER
clinical trial. JAMA 2003 Apr 23;289(16):2083-2093. [doi: 10.1001/jama.289.16.2083] [Medline: 12709466]

20. He FJ, MacGregor GA. Effect of longer-term modest salt reduction on blood pressure. Cochrane Database of Systematic
Reviews 2004 Jan 26(1):1-3. [doi: 10.1002/14651858.cd004937]

21. Zou P. Diet and Blood Pressure Control in Chinese Canadians: Cultural Considerations. J Immigr Minor Health 2017 Apr
17;19(2):477-483. [doi: 10.1007/s10903-016-0493-0] [Medline: 27640010]

22. Topham DL. Traditional Chinese Medicine in Orthopaedic Nursing. Orthopaedic Nursing 1999;18(6):45???52. [doi:
10.1097/00006416-199911000-00009]

23. Xu Y. Perspectives on the 21st century development of functional foods: bridging Chinese medicated diet and functional
foods. Int J Food Sci Tech 2001 Mar;36(3):229-242. [doi: 10.1046/j.1365-2621.2001.t01-1-00461.x]

24. Cao Y. Introduction on History of Chinese Food Therapy (Chinese). Chinese Folk Therapy 2001;9:46-47. [doi:
10.1055/b-0034-67038]

25. Dahl M. Nutrition for Chinese populations. Health Care Food Nutr Focus 2004 Apr;21(4):8-9. [Medline: 15088473]
26. Wang B. The Yellow Emperor's Cannon Internal Medicine (Chinese). Beijing: Chinese Press of Science and Technology;

1997.
27. Kung T. Outline of the Constitutional food-adjusting (Chinese). Academy of Zhejiang Chinese Medical University

2006;30(3):217-219.
28. Zhang XL, Wu F. Regimen in Traditional Chinese Medicine (Chinese). Beijing: China Press of Traditional Chinese Medicine;

2005.
29. Liu ZC. Basic Theories of Traditional Chinese Medicine (Chinese). Beijing: High Education Press; 2007.
30. Zou P. Traditional Chinese Medicine, Food Therapy, and Hypertension Control: A Narrative Review of Chinese Literature.

Am. J. Chin. Med 2016 Dec 06;44(08):1579-1594. [doi: 10.1142/s0192415x16500889]
31. Chen HZ. The Diet of Adjustment and Nutrition (Chinese version). Beijing: People Military Press; 2003.
32. Yu S. Yellow Emperor's Internal Medicine (Chinese version). Beijing: Press of Zhao Hua; 2006.
33. Xu S, Niu B. Shen Long Ben Cao Jing (Chinese Version). Shijiazhuang: The Press of Science and Technology of Hebei;

1994.
34. Li S. Ben Cao Gang Mu. Beijing: The Press of Science; 1998.
35. Zhang Z. Shang Han Zha Bing Lun (Chinese version). Shijiazhuang: The Press of Science and Technology of Hebei; 1994.
36. Chen X. Effective Treatment Therapies of Traditional Chinese Medicine on Hypertension (Chinese version). Guangzhou:

Press of Guangzhou; 2003.
37. Li W, Liu L, Puente JG, Li Y, Jiang X, Jin S, et al. Hypertension and health-related quality of life: an epidemiological study

in patients attending hospital clinics in China. J Hypertens 2005 Sep;23(9):1667-1676. [doi:
10.1097/01.hjh.0000174971.64589.39] [Medline: 16093911]

38. Pan Y. Treatment and Adjustment with Chinese Medicine and Western Medicine on Hypertension. Hong kong: The
Company of Tian Heng Culture Press; 2001.

39. Peng M. Food Therapy of Treatment for Four Seasons on Hypertension (Chinese). Zhengzhou: Press of Peasants in Middle
Plain in China; 2004.

40. Liu Z, Yao C. The Nutritious Diet and Food Therapy on Common Chronic Diseases: Hypertension. Beijing: Press of
People's Health; 2002.

41. Li J, Xie Y. Nature Therapy of Hypertension (Chinese version). Xian: Press of Shanxi Teaching University; 2005.
42. Hou X. A study on dietary therapy of noodle with high protein to patients with hypertension, hyperlipemia, diabetes

(Chinese). Journal of Shangdong Agricultural University 1995;26:445-470 [FREE Full text]
43. Rong W. Treatment using single Semen Cassiae on 43 cases essential hypertension patients (Chinese). Heilongjiang Journal

of Traditional Chinese Medicine 2003;4:24-25 [FREE Full text]
44. Tsi D, Das N, Tan B. Effects of aqueous celery (Apium graveolens) extract on lipid parameters of rats fed a high fat diet.

Planta Med 1995 Feb 4;61(1):18-21. [doi: 10.1055/s-2006-957990] [Medline: 7700983]
45. Shen C, Pang SMC, Kwong EWY, Cheng Z. The effect of Chinese food therapy on community dwelling Chinese hypertensive

patients with Yin-deficiency. J Clin Nurs 2010 Apr;19(7-8):1008-1020. [doi: 10.1111/j.1365-2702.2009.02937.x] [Medline:
20492045]

46. Fiske A, Wetherell JL, Gatz M. Depression in older adults. Annu Rev Clin Psychol 2009 Apr;5(1):363-389 [FREE Full
text] [doi: 10.1146/annurev.clinpsy.032408.153621] [Medline: 19327033]

47. Stamler R. Implications of the INTERSALT study. Hypertension 1991 Jan 01;17(1 Suppl):I16-I20. [doi:
10.1161/01.hyp.17.1_suppl.i16] [Medline: 1986996]

48. Cook NEA, Cohen J, Hebert PR, Taylor JO, Hennekens CH. Implications of small reductions in diastolic blood pressure
for primary prevention. Arch Intern Med 1995 Apr 10;155(7):701-709. [Medline: 7695458]

49. Zou P, Dennis C, Lee R, Parry M. Dietary Approach to Stop Hypertension with Sodium Reduction for Chinese Canadians
(DASHNa-CC): A Pilot Randomized Controlled Trial. J Nutr Health Aging 2017 Dec 9;21(10):1225-1232. [doi:
10.1007/s12603-016-0861-4] [Medline: 29188883]

JMIR Res Protoc 2020 | vol. 9 | iss. 4 |e15545 | p.166https://www.researchprotocols.org/2020/4/e15545
(page number not for citation purposes)

Zou et alJMIR RESEARCH PROTOCOLS

XSL•FO
RenderX

http://dx.doi.org/10.1001/jama.289.16.2083
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=12709466&dopt=Abstract
http://dx.doi.org/10.1002/14651858.cd004937
http://dx.doi.org/10.1007/s10903-016-0493-0
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27640010&dopt=Abstract
http://dx.doi.org/10.1097/00006416-199911000-00009
http://dx.doi.org/10.1046/j.1365-2621.2001.t01-1-00461.x
http://dx.doi.org/10.1055/b-0034-67038
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=15088473&dopt=Abstract
http://dx.doi.org/10.1142/s0192415x16500889
http://dx.doi.org/10.1097/01.hjh.0000174971.64589.39
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=16093911&dopt=Abstract
https://kns.cnki.net/KCMS/detail/detail.aspx?dbcode=CJFQ&dbname=CJFD9495&filename=SCHO504.011&v=MDIxMTVxRjU0T2ZnZzV6aEFVNGpoNE9YNlRySDAzZWJDVVJiaWVZdWR1RmlybVZ3PT1OaTdEWWJhNEdzL01ybzQ=
http://221.212.156.219/kcms/detail/detailall.aspx?filename=hlzy200304012&dbcode=CJFQ&dbname=CJFQ2003
http://dx.doi.org/10.1055/s-2006-957990
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=7700983&dopt=Abstract
http://dx.doi.org/10.1111/j.1365-2702.2009.02937.x
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=20492045&dopt=Abstract
http://europepmc.org/abstract/MED/19327033
http://europepmc.org/abstract/MED/19327033
http://dx.doi.org/10.1146/annurev.clinpsy.032408.153621
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=19327033&dopt=Abstract
http://dx.doi.org/10.1161/01.hyp.17.1_suppl.i16
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=1986996&dopt=Abstract
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=7695458&dopt=Abstract
http://dx.doi.org/10.1007/s12603-016-0861-4
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29188883&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/


50. Zou P. Recruitment process of a Chinese immigrant study in Canada. Appl Nurs Res 2017 Aug;36:84-87. [doi:
10.1016/j.apnr.2017.06.005] [Medline: 28720245]

51. Zou P, Dennis C, Lee R, Parry M. Hypertension Prevalence, Health Service Utilization, and Participant Satisfaction:
Findings From a Pilot Randomized Controlled Trial in Aged Chinese Canadians. Inquiry 2017 Jan 01;54:46958017724942
[FREE Full text] [doi: 10.1177/0046958017724942] [Medline: 28853303]

52. Glanz K, Rimer B, Viswanath K. Health behavior and health education: Theory, research, and practice. San Francisco,
California, United States: Jossey-Bass; 2008.

53. Goyal S, Morita P, Lewis GF, Yu C, Seto E, Cafazzo JA. The Systematic Design of a Behavioural Mobile Health Application
for the Self-Management of Type 2 Diabetes. Can J Diabetes 2016 Feb;40(1):95-104. [doi: 10.1016/j.jcjd.2015.06.007]
[Medline: 26455762]

54. Campbell NC, Murray E, Darbyshire J, Emery J, Farmer A, Griffiths F, et al. Designing and evaluating complex interventions
to improve health care. BMJ 2007 Mar 01;334(7591):455-459. [doi: 10.1136/bmj.39108.379965.be]

55. Laws M, Heckscher RA. Racial and ethnic identification practices in public health data systems in New England. Public
Health Reports 2002 Jan;117(1):50-61. [doi: 10.1016/s0033-3549(04)50108-5]

56. Mays VM, Ponce NA, Washington DL, Cochran SD. Classification of race and ethnicity: implications for public health.
Annu Rev Public Health 2003 Jan;24(1):83-110 [FREE Full text] [doi: 10.1146/annurev.publhealth.24.100901.140927]
[Medline: 12668755]

57. Stinson JN, Jibb LA, Nguyen C, Nathan PC, Maloney AM, Dupuis LL, et al. Development and testing of a multidimensional
iPhone pain assessment application for adolescents with cancer. J Med Internet Res 2013 Mar 08;15(3):e51 [FREE Full
text] [doi: 10.2196/jmir.2350] [Medline: 23475457]

58. McCurdie T, Taneva S, Casselman M, Yeung M, McDaniel C, Ho W, et al. mHealth consumer apps: the case for user-centered
design. Biomed Instrum Technol 2012 Sep;Suppl(s2):49-56. [doi: 10.2345/0899-8205-46.s2.49] [Medline: 23039777]

59. Macefield R. How To Specify the Participant Group Size for Usability Studies: A Practitioner's Guide. Journal of Usability
Studies 2009;5(1):34-45 [FREE Full text]

60. Hsieh H, Shannon SE. Three approaches to qualitative content analysis. Qual Health Res 2005 Nov;15(9):1277-1288. [doi:
10.1177/1049732305276687] [Medline: 16204405]

61. Schulz KF, Altman DG, Moher D, CONSORT Group. CONSORT 2010 Statement: updated guidelines for reporting parallel
group randomised trials. BMC Med 2010 Mar 24;8(1):18 [FREE Full text] [doi: 10.1186/1741-7015-8-18] [Medline:
20334633]

62. Arain M, Campbell MJ, Cooper CL, Lancaster GA. What is a pilot or feasibility study? A review of current practice and
editorial policy. BMC Med Res Methodol 2010 Jul 16;10(1):67 [FREE Full text] [doi: 10.1186/1471-2288-10-67] [Medline:
20637084]

63. Hertzog MA. Considerations in determining sample size for pilot studies. Res Nurs Health 2008 Apr;31(2):180-191. [doi:
10.1002/nur.20247] [Medline: 18183564]

64. Day SJ, Altman DG. Statistics notes: blinding in clinical trials and other studies. BMJ 2000;321(7259):504 [FREE Full
text] [doi: 10.1136/bmj.321.7259.504] [Medline: 10948038]

65. Wu W, Johnson R, Schepp KG, Berry DL. Electronic Self-report Symptom and Quality of Life for Adolescent Patients
With Cancer. Cancer Nursing 2011;34(6):479-486. [doi: 10.1097/ncc.0b013e31820a5bdd]

66. Dwyer J, Picciano MF, Raiten DJ. Collection of food and dietary supplement intake data: What We Eat in America-NHANES.
J Nutr 2003 Feb 01;133(2):590S-600S. [doi: 10.1093/jn/133.2.590s]

67. Levitan EB, Wolk A, Mittleman MA. Consistency with the DASH diet and incidence of heart failure. Arch Intern Med
2009 May 11;169(9):851-857 [FREE Full text] [doi: 10.1001/archinternmed.2009.56] [Medline: 19433696]

68. Zhou B, Stamler J, Dennis B, Moag-Stahlberg A, Okuda N, Robertson C, INTERMAP Research Group. Nutrient intakes
of middle-aged men and women in China, Japan, United Kingdom, and United States in the late 1990s: the INTERMAP
study. J Hum Hypertens 2003 Sep 18;17(9):623-630 [FREE Full text] [doi: 10.1038/sj.jhh.1001605] [Medline: 13679952]

69. Zou P. Traditional Chinese Medicine, Food Therapy, and Hypertension Control: A Narrative Review of Chinese Literature.
Am. J. Chin. Med 2016 Dec 06;44(08):1579-1594. [doi: 10.1142/s0192415x16500889]

70. Chahine, Topouchian J, Blacher J, Assemani N, Asmar R, Ibanez I, et al. Validation of four devices: Omron M6 Comfort,
Omron HEM-7420, Withings BP-800, and Polygreen KP-7670 for home blood pressure measurement according to the
European Society of Hypertension International Protocol. VHRM 2014 Jan:33. [doi: 10.2147/vhrm.s53968]

71. Rao G, Powell-Wiley TM, Ancheta I, Hairston K, Kirley K, Lear SA, et al. Identification of Obesity and Cardiovascular
Risk in Ethnically and Racially Diverse Populations. Circulation 2015 Aug 04;132(5):457-472. [doi:
10.1161/cir.0000000000000223]

72. Mason C, Katzmarzyk PT. Effect of the site of measurement of waist circumference on the prevalence of the metabolic
syndrome. Am J Cardiol 2009 Jun 15;103(12):1716-1720. [doi: 10.1016/j.amjcard.2009.02.018] [Medline: 19539081]

73. Mason C, Katzmarzyk PT. Variability in waist circumference measurements according to anatomic measurement site.
Obesity (Silver Spring) 2009 Sep 02;17(9):1789-1795 [FREE Full text] [doi: 10.1038/oby.2009.87] [Medline: 19343017]

74. Dhaliwal SS, Welborn TA. Measurement error and ethnic comparisons of measures of abdominal obesity. Prev Med 2009
Aug;49(2-3):148-152. [doi: 10.1016/j.ypmed.2009.06.023] [Medline: 19589354]

JMIR Res Protoc 2020 | vol. 9 | iss. 4 |e15545 | p.167https://www.researchprotocols.org/2020/4/e15545
(page number not for citation purposes)

Zou et alJMIR RESEARCH PROTOCOLS

XSL•FO
RenderX

http://dx.doi.org/10.1016/j.apnr.2017.06.005
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28720245&dopt=Abstract
http://europepmc.org/abstract/MED/28853303
http://dx.doi.org/10.1177/0046958017724942
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28853303&dopt=Abstract
http://dx.doi.org/10.1016/j.jcjd.2015.06.007
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26455762&dopt=Abstract
http://dx.doi.org/10.1136/bmj.39108.379965.be
http://dx.doi.org/10.1016/s0033-3549(04)50108-5
http://europepmc.org/abstract/MED/12668755
http://dx.doi.org/10.1146/annurev.publhealth.24.100901.140927
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=12668755&dopt=Abstract
https://www.jmir.org/2013/3/e51/
https://www.jmir.org/2013/3/e51/
http://dx.doi.org/10.2196/jmir.2350
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23475457&dopt=Abstract
http://dx.doi.org/10.2345/0899-8205-46.s2.49
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23039777&dopt=Abstract
https://uxpajournal.org/how-to-specify-the-participant-group-size-for-usability-studies-a-practitioners-guide/
http://dx.doi.org/10.1177/1049732305276687
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=16204405&dopt=Abstract
https://bmcmedicine.biomedcentral.com/articles/10.1186/1741-7015-8-18
http://dx.doi.org/10.1186/1741-7015-8-18
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=20334633&dopt=Abstract
https://bmcmedresmethodol.biomedcentral.com/articles/10.1186/1471-2288-10-67
http://dx.doi.org/10.1186/1471-2288-10-67
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=20637084&dopt=Abstract
http://dx.doi.org/10.1002/nur.20247
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=18183564&dopt=Abstract
http://europepmc.org/abstract/MED/10948038
http://europepmc.org/abstract/MED/10948038
http://dx.doi.org/10.1136/bmj.321.7259.504
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=10948038&dopt=Abstract
http://dx.doi.org/10.1097/ncc.0b013e31820a5bdd
http://dx.doi.org/10.1093/jn/133.2.590s
http://europepmc.org/abstract/MED/19433696
http://dx.doi.org/10.1001/archinternmed.2009.56
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=19433696&dopt=Abstract
http://europepmc.org/abstract/MED/13679952
http://dx.doi.org/10.1038/sj.jhh.1001605
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=13679952&dopt=Abstract
http://dx.doi.org/10.1142/s0192415x16500889
http://dx.doi.org/10.2147/vhrm.s53968
http://dx.doi.org/10.1161/cir.0000000000000223
http://dx.doi.org/10.1016/j.amjcard.2009.02.018
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=19539081&dopt=Abstract
https://doi.org/10.1038/oby.2009.87
http://dx.doi.org/10.1038/oby.2009.87
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=19343017&dopt=Abstract
http://dx.doi.org/10.1016/j.ypmed.2009.06.023
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=19589354&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/


75. Ware JE. SF-36 health survey update. Spine (Phila Pa 1976) 2000 Dec 15;25(24):3130-3139. [doi:
10.1097/00007632-200012150-00008] [Medline: 11124729]

76. Ware JE, Sherbourne CD. The MOS 36-ltem Short-Form Health Survey (SF-36). Medical Care 1992;30(6):473-483. [doi:
10.1097/00005650-199206000-00002]

77. Dennis CL, Hodnett E, Gallop R, Chalmers B. The effect of peer support on breast-feeding duration among primiparous
women: a randomized controlled trial. CMAJ 2002 Jan 08;166(1):21-28 [FREE Full text]

78. Walker R, Morris DW, Greer TL, Trivedi MH. Research staff training in a multisite randomized clinical trial: Methods and
recommendations from the Stimulant Reduction Intervention using Dosed Exercise (STRIDE) trial. Addict Res Theory
2014 Dec 18;22(5):407-415 [FREE Full text] [doi: 10.3109/16066359.2013.868446] [Medline: 25379036]

79. Babu GR, Karthik M, Ravi D, Ana Y, Shriyan P, Hasige KK, et al. What makes the pregnant women revisit public hospitals
for research? Participant engagement and retention trial in a public hospital (PERTH): an RCT protocol. BMC Pregnancy
Childbirth 2018 Sep 12;18(1):369 [FREE Full text] [doi: 10.1186/s12884-018-2000-1] [Medline: 30208868]

80. Popkin BM, Adair LS, Ng SW. Global nutrition transition and the pandemic of obesity in developing countries. Nutr Rev
2012 Jan;70(1):3-21 [FREE Full text] [doi: 10.1111/j.1753-4887.2011.00456.x] [Medline: 22221213]

81. Perkovic V, Huxley R, Wu Y, Prabhakaran D, MacMahon S. The Burden of Blood Pressure-Related Disease. Hypertension
2007 Dec;50(6):991-997. [doi: 10.1161/hypertensionaha.107.095497]

82. Plaisted CS, Lin P, Ard JD, McClure ML, Svetkey LP. The Effects of Dietary Patterns on Quality of Life. Journal of the
American Dietetic Association 1999 Aug;99(8):S84-S89. [doi: 10.1016/s0002-8223(99)00421-6]

Abbreviations
DASH: Dietary Approach to Stop Hypertension
DASHNa-CC: Dietary Approach to Stop Hypertension with Sodium (Na) Reduction for Chinese Canadians
mDASHNa-CC: Mobile Dietary Approach to Stop Hypertension with Sodium (Na) Reduction for Chinese
Canadians
SF-36v2: Medical Outcomes Study 36-Item Short-Form version two
TCM: Traditional Chinese Medicine

Edited by H Wu; submitted 25.07.19; peer-reviewed by Y Luo, S Song, H Miller, K Alipasandi; comments to author 01.10.19; revised
version received 12.11.19; accepted 09.12.19; published 02.04.20.

Please cite as:
Zou P, Stinson J, Parry M, Dennis CL, Yang Y, Lu Z
A Smartphone App (mDASHNa-CC) to Support Healthy Diet and Hypertension Control for Chinese Canadian Seniors: Protocol for
Design, Usability and Feasibility Testing
JMIR Res Protoc 2020;9(4):e15545
URL: https://www.researchprotocols.org/2020/4/e15545 
doi:10.2196/15545
PMID:32238343

©Ping Zou, Jennifer Stinson, Monica Parry, Cindy-Lee Dennis, Yeqin Yang, Zhongqiu Lu. Originally published in JMIR Research
Protocols (http://www.researchprotocols.org), 02.04.2020. This is an open-access article distributed under the terms of the Creative
Commons Attribution License (https://creativecommons.org/licenses/by/4.0/), which permits unrestricted use, distribution, and
reproduction in any medium, provided the original work, first published in JMIR Research Protocols, is properly cited. The
complete bibliographic information, a link to the original publication on http://www.researchprotocols.org, as well as this copyright
and license information must be included.

JMIR Res Protoc 2020 | vol. 9 | iss. 4 |e15545 | p.168https://www.researchprotocols.org/2020/4/e15545
(page number not for citation purposes)

Zou et alJMIR RESEARCH PROTOCOLS

XSL•FO
RenderX

http://dx.doi.org/10.1097/00007632-200012150-00008
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=11124729&dopt=Abstract
http://dx.doi.org/10.1097/00005650-199206000-00002
https://www.cmaj.ca/content/166/1/21
http://europepmc.org/abstract/MED/25379036
http://dx.doi.org/10.3109/16066359.2013.868446
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25379036&dopt=Abstract
https://bmcpregnancychildbirth.biomedcentral.com/articles/10.1186/s12884-018-2000-1
http://dx.doi.org/10.1186/s12884-018-2000-1
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30208868&dopt=Abstract
http://europepmc.org/abstract/MED/22221213
http://dx.doi.org/10.1111/j.1753-4887.2011.00456.x
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=22221213&dopt=Abstract
http://dx.doi.org/10.1161/hypertensionaha.107.095497
http://dx.doi.org/10.1016/s0002-8223(99)00421-6
https://www.researchprotocols.org/2020/4/e15545
http://dx.doi.org/10.2196/15545
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32238343&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/


Protocol

Testing a Real-Time Tenofovir Urine Adherence Assay for
Monitoring and Providing Feedback to Preexposure Prophylaxis
in Kenya (PUMA): Protocol for a Pilot Randomized Controlled
Trial

Paul Drain1, MD; Kenneth Ngure2, PhD; Nelly Mugo3, MBChB; Matthew Spinelli4, MD; Purba Chatterjee4, MSc;

Peter Bacchetti4, PhD; David Glidden4, PhD; Jared Baeten1, MD, PhD; Monica Gandhi4, MD, MPH
1University of Washington, Seattle, WA, United States
2Jomo Kenyatta University of Agriculture and Technology, Nairobi, Kenya
3Kenya Medical Research Institute, Nairobi, Kenya
4University of California, San Francisco, CA, United States

Corresponding Author:
Monica Gandhi, MD, MPH
University of California
995 Potrero Ave, Bldg 80, W84
San Francisco, CA, 94110
United States
Phone: 1 415 476 4082 ext 127
Email: monica.gandhi@ucsf.edu

Abstract

Background: The worldwide expansion of preexposure prophylaxis (PrEP) with oral tenofovir-disoproxil-fumarate/emtricitabine
will be critical to ending the HIV epidemic. However, maintaining daily adherence to PrEP can be difficult, and the accuracy of
self-reported adherence is often limited by social desirability bias. Pharmacologic adherence monitoring (measuring drug levels
in a biomatrix) has been critical to interpreting PrEP trials, but testing usually requires expensive equipment and skilled personnel.
We have recently developed a point-of-care (POC) immunoassay to measure tenofovir in urine, allowing real-time adherence
monitoring for the first time.

Objective: The goal of this study is to examine a point-of-care adherence metric in PrEP to support and increase adherence via
a randomized controlled trial.

Methods: The paper describes the protocol for a pilot randomized controlled trial to test the acceptability, feasibility, and impact
on long-term adherence of implementing a POC urine test to provide real-time adherence feedback among women on PrEP.
Eligible women (n=100) will be HIV-negative, ≥18 years old, and recruited from a clinic in Kenya that provides PrEP. Participants
will be randomized 1:1 to the intervention of providing real-time feedback via the assay versus standard of care adherence
counseling. Acceptability by participants will be assessed by a quantitative survey, as well as by qualitative data collected via
in-depth interviews (n=20) and focus group discussions (n=4 groups, 5-10 women each). Feasibility will be assessed by the
proportion of women retained in the study, the mean number of missed visits, the proportion of planned urine assessments
completed, and messages delivered, while in-depth interviews with providers (n=8) will explore the ease of administering the
urine test. Tenofovir levels in hair will serve as long-term adherence metrics. A linear mixed-effects model will estimate the
effect of the intervention versus standard of care on logarithmically transformed levels of tenofovir in hair.

Results: This study has been funded by the National Institute of Health, approved by the Kenya Medical Research Institute
Institutional Review Board, and will commence in June 2020.

Conclusions: A novel urine assay to measure and deliver information on adherence to PrEP in real-time will be tested for the
first time in this trial planned among women on PrEP in Kenya. Study findings will inform a larger-scale trial assessing the impact
of real-time adherence monitoring/feedback on HIV prevention. Improving adherence to PrEP will have long-term implications
for efforts to end the HIV epidemic worldwide.

Trial Registration: ClinicalTrials.gov NCT03935464; https://clinicaltrials.gov/ct2/show/NCT03935464
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Introduction

The worldwide expansion of preexposure prophylaxis (PrEP)
with oral tenofovir (TFV) disoproxil fumarate/emtricitabine
(TDF/FTC) will be critical to ending the HIV epidemic. Oral
PrEP has been recommended by the Centers for Disease Control
and Prevention [1] and the World Health Organization [2], and
is being implemented worldwide. During the early phases of
implementation, there have been several challenges and lessons.
Importantly, PrEP is only effective for those who are adherent
[3], and maintaining daily adherence for prevention can be
challenging [4,5].

Daily adherence to PrEP can be difficult to sustain. PrEP was
effective in placebo-controlled trials among
men-who-have-sex-with-men and transgender women [6],
among intravenous drug users [7], and among both men and
women in serodiscordant couples [8-10]. However, there was
no efficacy of oral PrEP observed in two large trials conducted
among young, sexually active women in Africa who were not
in serodiscordant relationships [4,5]. In these studies, women
in both trials reported >95% adherence to the study drug, but
random plasma tenofovir levels among women on the active
drug were detectable in fewer than one-third of participants
[4,5].

Pharmacologic measures of PrEP drug predict the efficacy of
PrEP more accurately than self-reported adherence [4,5,11-15].
In PrEP studies, studies have typically examined the predictive

utility of drug concentrations retrospectively using biomatrices
such as plasma [16], peripheral blood mononuclear cells [17],
hair [18], and dried blood spots [19,20]. Drug levels are usually
examined in these biomatrices via liquid
chromatography/tandem mass spectrometry (LC-MS/MS).
Real-time monitoring of PrEP drug levels, with direct feedback
to clients, is difficult to do with LC-MS/MS testing due to the
need for specialized equipment and laboratory-based personnel
but may improve adherence to oral PrEP [21-24].

Our team has developed a rapid point-of-care (POC) test to
objectively assess TFV levels in urine as a measure for PrEP
adherence [25]. The immunoassay is highly specific (100%),
sensitive (96%), and provided TFV levels in urine that correlated
strongly with LC-MS/MS-measured levels (r=0.95) in a study
of volunteers administered daily TDF/FTC [25]. In a larger
study, where TDF/FTC was administered to HIV-noninfected
volunteers at 2, 4, and 7 doses a week, the assay showed the
same excellent performance characteristics. From that, we were
able to determine an adherence cut-off (in nanograms/milliliter)
for TFV in urine for the point-of-care lateral flow assay [26].
We have also shown that low urine TFV levels by this
immunoassay predicted future HIV seroconversion events in a
large, completed, PrEP demonstration project. [27]. However,
this tool has not yet been tested among people on PrEP to
determine if real-time monitoring of adherence using a urine
assay is feasible, acceptable, and improves PrEP adherence.
The principles behind proposing such a trial are summarized in
Figure 1.

Figure 1. The rationale behind the PUMA study. PUMA: Point-of-Care Urine Monitoring of Adherence; PrEP: preexposure prophylaxis; LC-MS:
liquid chromatography/tandem mass spectrometry.

The objective of this study is to perform a pilot randomized trial
in Kenya to test the acceptability, feasibility, and impact on
long-term adherence of implementing POC urine TFV testing
and providing real-time feedback among women receiving PrEP.
We will also conduct a sequential explanatory mixed-methods
study to understand both user and provider experiences,
preferences, barriers, and facilitators related to POC urine TFV
adherence testing after the pilot trial. Our central hypothesis is
that real-time PrEP adherence monitoring and feedback, now
possible for the first time via a novel point-of-care adherence

metric, will motivate adherence and eventually improve the
preventative efficacy of PrEP.

Methods

Study Design
The PUMA (Point-of-Care Urine Monitoring of Adherence)
study is an open-label, 12-month, randomized controlled trial
in healthy adult women receiving oral PrEP (TDF/FTC). The
women receiving PrEP will be randomized (1:1) to the standard
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of care (n=50) versus POC urine assay testing (n=50) performed
with real-time adherence feedback. Figure 2 describes the study
design and the randomization process. Upon randomization,

study visits will occur at 3, 6, 9, and 12 months after PrEP
initiation.

Figure 2. Schema for the PUMA study. PUMA: Point-of-Care Urine Monitoring of Adherence; PrEP: preexposure prophylaxis; TFV: Tenofovir.

Human Subjects and Informed Consent
The study was filed for ethical approval with the Kenya Medical
Research Institute Center for Clinical Research Scientific
Committee Meeting (KEMRI/SERU/CCR/0123) and the
University of California, San Francisco, Institutional Review
Board. All participants will be screened for eligibility and asked
to provide written informed consent before study participation.
Patients can withdraw from the study at any time or will be
withdrawn if HIV antibody testing is positive or if incident HIV
infection is detected.

Study Population
A total of 100 women will be recruited, with 50 randomized to
the intervention arm and 50 to the standard of care arm (Figure
2). Eligible participants will be women who are HIV-negative,
not in a serodiscordant relationship, have an estimated creatinine
clearance >60 mL/min, are ≥18 years old, are receiving PrEP,
and are returning for a follow-up visit three months after PrEP
initiation (which is the second follow-up visit under Kenyan
guidelines, with the first occurring at one month after initiation)
[28]. We anticipate that randomizing women at their second
PrEP follow-up visit, which occurs at three months after PrEP
initiation, will help minimize attrition during the study. All
people must be able and willing to provide informed consent
to participate in the study.

Study Location
The clinical study is being conducted at the Thika Clinic, which
is located in an urban center about 40 kilometers outside of
Nairobi, Kenya. The clinic is a center of excellence for PrEP
delivery in Kenya.

Recruitment, Enrollment, and Randomization
The Thika Clinic has established local recruitment and screening
methods that operationalize protocol-specified requirements for
eligibility determination in a manner that is tailored to and most
efficient for the local setting and target population. Recruitment
strategies will include partnering with existing voluntary
counseling and testing centers, outreach workers, community
organizations (eg, churches), and community mobilization
around women’s voluntary counseling and testing promotion.
Recruitment materials will educate women about PrEP.
Screening and enrollment may occur on the same day or may
be split across days, depending on the preference of the potential
participant.

A member of the study team will approach individuals receiving
PrEP. They will describe the study and ask for voluntary
participation. Under the 2016 Kenya PrEP guidelines, all people
initiating PrEP undergo a clinical assessment to ask about
symptoms of acute HIV infection and receive rapid HIV and
creatinine testing. Those who want to participate voluntarily
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will be taken to a private area of the clinic to be asked several
demographic and clinical questions.

After obtaining written informed consent, participants will be
randomized (1:1) to receive either POC urine TFV testing with
same-day counseling or standard-of-care self-reported adherence
monitoring (Figure 2). The study statistician will generate an
allocation sequence with random numbers using SAS 9.4 (SAS
Institute Inc, Cary, North Carolina, United States). Sequentially
numbered, sealed, opaque envelopes containing a study arm
allocation and participant identification number will be opened
once an eligible, consenting participant is enrolled.

Study Procedures
The study will follow all aspects of Kenya’s PrEP guidelines
[28] except that those randomized to the intervention arm will

receive POC adherence testing by a urine TFV assay (Figure
3). Once written consent is obtained, a member of the study
team will collect demographic and health questions related to
age, birthdate, income, employment history, prior HIV testing,
medical conditions, and current symptoms. They will also obtain
each participant’s phone number, address, and relevant contact
information. After obtaining baseline demographic and clinical
data, the study group assignment of the participant will be
determined by a random process. A research nurse will then
meet the participant in the same clinical exam room and
administer a brief clinical questionnaire. The nurse will
coordinate the necessary blood draws for the participant so that
each participant will only have one blood draw for each clinical
visit.

Figure 3. Schedule of evaluations for participants in the intervention and standard of care arms for the PUMA study. PUMA: Point-of-Care Urine
Monitoring of Adherence; PrEP: preexposure prophylaxis; TFV: Tenofovir.

People who qualify for and initiate PrEP in Kenya according
to the 2016 Kenyan PrEP guidelines [28] are subsequently seen
in one month, in three months, and then every three months for
repeat HIV testing. Patients on PrEP undergo continued risk
assessment and adherence counseling for daily PrEP under the
standard of care. PrEP delivery includes measurement of renal
function (estimated creatinine clearance >60 mL/min to start
PrEP and periodic monitoring over time, aligned to the visit
schedule of the study), standard clinical assessment to avoid
the continuation of PrEP during acute HIV infection, and
adherence counseling. Participants in both arms will be
counseled on PrEP and provided with three months of PrEP
medication after the one-month visit, according to Kenyan
national guidelines.

Follow-Up Visits
At study baseline and months 3, 6, 9, and 12 after enrollment,
the study team will collect urine, plasma, whole blood from
dried blood spots, and hair samples. Table 1 provides a summary

of clinical visits and testing in both study arms. At each study
visit, we will offer counseling for participants for HIV testing
(pre- and posttesting), HIV infection risk reduction best
practices, condom promotion and provision, adherence to PrEP
medication, as well as other HIV prevention strategies.
Participants in the standard-of-care arm will be directed to the
regular clinical waiting area to be seen and evaluated by the
study team every three months until study end (Month 12). The
study team will prescribe PrEP and additional medications, as
well as provide adherence counseling, as appropriate. Kenyan
guidelines recommend conducting rapid testing for HIV before
dispensing PrEP at each visit. If any participants have a positive
rapid test by an oral or blood-based test, confirmatory testing
will then be performed, and participants will receive standard
HIV care, including initiation of antiretroviral therapy. All
participants will receive HIV counseling, condoms, risk
reduction counseling, and syndromic management of sexually
transmitted infections according to local guidelines.
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Table 1. Summary of the clinical visits and laboratory testing for study groups.

Month 12Month 9Month 6Month 3EnrollmentVisit requirements

Screening and enrollment

———a—✓Review eligibility criteria

————✓Obtain informed consent

————✓Randomization

————✓Collect sociodemographic information

Research assistant tasks

✓✓✓✓✓Collect and update contact information

————✓Conduct baseline questionnaire

—✓✓✓—Conduct quarterly questionnaire

✓————Conduct exit study questionnaire

Clinical visit by nurse or physician

✓✓✓✓✓Medical history and interval updates

✓✓✓✓✓Physical examination (as needed)

✓✓✓✓✓Rapid HIV testing

✓✓✓✓✓PrEPa or drug side effect screen

✓✓✓✓✓Collect/assess pill count for prior PrEP

✓✓✓✓✓PrEP dispensing for 3-month supply

✓✓✓✓✓Adherence and risk reduction counseling

Point-of-care and laboratory testing

————✓Serum hemoglobin

✓—✓—✓Serum creatinine

✓—✓—✓Urinalysis

✓✓✓✓✓POCb urine TFVc assay (intervention arm)

✓————POC urine TFV assay (standard-of-care arm)

Specimen collection and storage

✓✓✓✓✓Stored plasma

✓✓✓✓✓Dried blood spot for TFV-DPd

✓✓✓✓✓Hair sample for TFV-DP

aNot applicable.
bPrEP: preexposure prophylaxis.
cPOC: point-of-care.
dTFV: tenofovir.
eTFV-DP: tenofovir-diphosphate.

Participants in the intervention arm will receive the same
treatment as participants in the standard-of-care arm, and also
quarterly testing for TFV by a rapid urine diagnostic test. The
results of the test will be provided to the participant and will be
used to inform enhanced adherence counseling for those who
do not demonstrate adequate PrEP adherence. An image of the
POC urine adherence assay is shown in Figure 4.

Subsequently, clinic-based POC testing for urine TFV will occur
at quarterly visits during the 12-month study period. Counseling

messages to the women in the intervention arm will be delivered
by the study team, which includes staff with extensive
experience in counseling and behavioral interventions. The
messages to provide feedback on adherence will be adapted
from the HPTN082 (HIV Prevention Trials Network 082) study
and other studies that have provided PrEP pharmacologic
feedback [29]. The counseling messages for this trial will first
be piloted in a small group of women on PrEP at Thika for
refinement before actual implementation.
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Figure 4. Prototype of point-of-care urine-based tenofovir assay.

Study Outcomes
Participants enrolled in this study will be followed for a total
of 12-months from the date of enrollment. The three primary
outcomes for this study will be: (1) feasibility of the
intervention; (2) acceptability of POC urine tenofovir testing
among women receiving PrEP; and (3) preliminary impact on
adherence as assessed by a long-term metric of adherence (eg,
hair levels).

Feasibility
The feasibility of this intervention will be assessed by the
proportion of women retained in the study at 12 months, the
mean number of missed visits, the proportion of planned urine
assessments completed, and the proportion of messages
delivered in the intervention arm. Qualitative data on feasibility
will also be assessed via in-depth interviews with research
providers at the clinic (n=8) on the acceptability and ease of
administering the urine POC test. We will also assess PrEP
refills, HIV testing completion, and safety (including accuracy
of HIV testing, management of side effects, and social harm).
We will also establish via the interviews with providers whether
they liked the yes/no assay or would prefer an assay that has
more lines indicating high, moderate, or low adherence.

Acceptability
Acceptability will be assessed by a quantitative survey of
participants at the end of the study (n=50 in the intervention
arm) as well as via qualitative data collected via in-depth
interviews with participants (n=20) and focus group discussions
(n=4 groups; 5-10 women each). Items to be assessed in the
quantitative surveys include questions on feelings about
receiving their PrEP adherence results in real-time, likelihood
of wanting to receive results of urine testing outside of a study
while they are on PrEP, concern about the privacy and security
of the data regarding their urine results, grading of the potential
impact of knowing their urine TFV results on subsequent
medication adherence, and likelihood of taking PrEP just before
study visits because they knew the urine test was being
conducted. The semistructured interview guide for the
qualitative interviews will elicit feelings about the adherence
metric and counseling messages, concerns regarding privacy,
advantages/disadvantages of receiving such results, and the
likely impact of this monitoring test on sustained adherence to
PrEP or just short-term adherence. Finally, we will also establish
via the interviews whether women liked the yes/no assay or
would prefer an assay that has more lines indicating high,
moderate, or low adherence.

Long-Term Adherence
Hair levels of TFV and FTC in hair samples will be measured
at the 0 (baseline), 3, 6, 9, and 12-month clinic visits after
enrollment in the study [18,30,31]. Drug concentrations will be
measured at the Hair Analytical Laboratory at the University
of California, San Francisco, using validated LC-MS/MS assays
[18]. Our methods have been peer-reviewed and approved by
the Division of AIDS’Clinical Pharmacology Quality Assurance
and Quality Control Program [32], which is based on the US
Food and Drug Administration’s Guidance for Industry
Bioanalytical Method Validation. Hair levels will serve as the
efficacy outcome of the pilot trial. Of note, incident HIV
infection will be measured but is expected to be low given that
individuals will be taking PrEP, and the study would need to
be considerably larger to assess incident HIV with much
precision. Finally, we will assess genotypic HIV resistance
among any seroconverters.

Sample Size Calculation
We assessed sample size based on the primary effectiveness
outcome of this pilot randomized trial, an increase in hair levels
with the real-time feedback/monitoring in the intervention arm
compared to the standard of care arm. For the hair level
outcome, we considered the simplified situation of estimating
the difference in hair level changes between intervention and
control arms using a single postintervention level from each
person. In this scenario, and assuming the person-to-person
variability in TFV hair levels observed in a similar population
(women in Africa not in known, mutually-disclosed
serodiscordant couples) in VOICE (Vaginal and Oral
Interventions to Control the Epidemic) [5], the 95% confidence
interval for an observed difference in means of log (TFV level)
would extend 1.5-fold up and down from the estimate with 50
per arm. Given the 7- to 14-fold differences in median hair
levels from different adherence levels in various PrEP studies
[31], this precision is likely to provide strong enough evidence
for improved adherence to justify a subsequent trial of efficacy
for preventing HIV infection. Our actual precision will likely
be better because of multiple observations per person and the
contribution of within-person changes to the overall estimate.

Statistical Analysis
The primary biostatisticians for the study and the Thika Clinic
research staff will conduct data management by including
procedures to ensure data quality, double data entry, range
checks for data values, and encrypting data without patient
identifiers for blinded analysis. Participant contact tracing for
retention at month 6 and 12 will be performed, particularly to
establish PrEP continuation and HIV status. We will use
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structured interviews on HIV testing practices and self-reported
PrEP adherence (eg, frequency, ability, self-rating, missed
doses). We will use REDCap (research electronic data capture)
to record all study data.

Our primary analysis of the adherence outcome will be a linear
mixed-effects model to estimate the effect of the intervention
versus standard-of-care on logarithmically transformed levels
of TFV in hair. Since large relative differences between very
low hair levels are less clinically important than similar relative
differences between higher levels, we will Winsorize [33]
undetectable levels to equal the detection limit, and we will add
the detection limit to all levels before log transformation. These
steps reduce the influence of minor differences between levels
at or near the detection limit while preserving the approximate
interpretation of back-transformed regression coefficients as
fold-effects. The predictor variable for intervention will equal
zero for everyone at the baseline (month 0) visit (where hair
levels reflect prerandomization baseline) and then will change
for those in the intervention arm to equal one at all subsequent
visits. A random intercept term will account for within-person
correlation across multiple visits. The timepoint will be included
as a categorical variable to account for systematic changes over
time. We note that inclusion of the preintervention baseline
levels will allow the model to account for some of the random
person-to-person variation as well as allowing within-person
changes to contribute to the estimate of the intervention’s effect.
Correlations between self-reported adherence over 30 days and
hair levels will also be calculated.

Analyses will be by intention-to-treat. Tenofovir levels in hair
will be compared between arms using repeated measures
mixed-effects models. PrEP discontinuation, defined as missing
any refill, will be analyzed as a time-to-event outcome using
Cox proportional hazards regression. If the treating clinician
discontinues PrEP for safety reasons (but not adherence reasons),
follow-up after that will be censored. Adjusted analyses will be
done to control for potential confounders based on our prior
work assessing correlates of PrEP use: demographics (eg, age,
educational level), sexual behaviors (eg, condom use, outside
partnerships), medical status (eg, depression), and beliefs (eg,
risk perception, PrEP efficacy). SAS Software will be used for
analyses.

Results

This study was funded by the National Institutes of Health in
September 2018 (R01AI143340) and approved by the Kenya
Medical Research Institute Institutional Review Board in August
2019. The study is projected to start in June 2020, with data
collection from June 2020 to January 2022, data analysis
commencing January 2022, and publication expected by June
2022.

Discussion

A point-of-care test to analyze tenofovir concentrations in urine
has recently been developed, and this protocol paper describes
the design of the first pilot clinical trial incorporating POC
adherence testing and feedback for participants on PrEP. Given

the critical contribution of adherence to the preventative efficacy
of PrEP, novel interventions to improve long-term PrEP
adherence will bolster the ability of this powerful preventative
strategy to stem the tide of the HIV pandemic. Self-reported
adherence to PrEP is limited by social desirability bias, and no
surrogate of PrEP adherence (such as HIV viral loads in those
living with HIV) exists. The field has, therefore, increasingly
relied on pharmacologic metrics to objectively verify PrEP
adherence, but the current methods to measure drug levels are
expensive and laboratory-based. The development of a novel
antibody-based POC test to monitor PrEP adherence in real-time
could be transformative in how we document and intervene
against poor PrEP adherence, but this trial will test that concept
for the first time.

Prior studies have revealed that real-time monitoring and
feedback on adherence could be motivating. In the VOICE
study, a placebo-controlled randomized trial testing PrEP in
African women, at least 50% of women on the active drug had
undetectable TFV in all plasma tested. However, participants
over-reported adherence, even at the last study visit where
accurate reporting would not affect study participation [5].
Further qualitative work to understand nonadherence in the
VOICE study was performed through the Microbicides Trials
Network–003D study, which recruited participants with
pharmacokinetic (PK) data consistent with low (0% of plasma
samples having detectable TFV), inconsistent, or high adherence
for retrospective disclosure of plasma TFV results and
subsequent capture of reactions [21]. Women with low
adherence first expressed surprise at the PK results, then
acknowledged they were true and revealed reasons for
non-drug-taking during in-depth interviews. Women in all three
categories stated that real-time monitoring and feedback would
improve adherence and that they would be more honest if
presented with objective adherence metrics.

In the iPrEx (Iniciativa Profilaxis Pre-Exposición) open-label
extension (OLE) study, a demonstration project of PrEP among
men-who-have-sex-with-men and transgender women, drug
level testing was performed in plasma and dried blood spots
[22]. The results of plasma drug levels over prior weeks were
shared with individuals at a later visit, which was reported as
highly acceptable [23]. Those with detectable drug in their
plasma appreciated receiving validation of adherence, and those
without drug detection were not surprised. An in-depth
qualitative analysis from iPrEx OLE confirmed the acceptability
of drug level feedback and, for those who were not adherent,
the motivating effect of receiving such feedback on subsequent
adherence. The results of these interviews led authors to
conclude that: (1) drug level feedback should be provided as
quickly as possible, so new methods should be sought to provide
rapid feedback; and (2) drug level feedback will encourage frank
adherence discussion and should be provided in the context of
adherence counseling.

Urine is a suitable matrix for POC testing for PrEP adherence
since urine collection is noninvasive, preferred among youth
over blood sampling, and TFV levels in urine correlate with
TDF adherence [34-36]. Urine levels reflect plasma levels,
which may be particularly useful when daily PrEP adherence
is necessary [37]. Plasma and urine PrEP drug levels reflect
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only short-term exposure, and thus monitoring via these matrices
may be susceptible to “white coat adherence,” where adherence
improves transiently before a visit. Despite this theoretical
concern, this phenomenon has rarely been observed in PrEP
delivery [31].

At the study’s end, we will have conducted a field test of a novel
immunoassay to quantitate TFV in urine as the first POC
low-cost adherence metric available for participants on PrEP.
The assay will launch a novel modality for adherence
intervention. Moreover, the assay could be combined with digital
technologies to support PrEP adherence, which are of

burgeoning interest in the PrEP adherence intervention field
[38,39], especially among youth [40]. Finally, the study findings
will inform a larger-scale PrEP trial assessing the impact of
real-time adherence monitoring/feedback via the assay. We
expect this new TFV POC assay, the metabolite of both TDF
and tenofovir alafenamide, to have widespread utility in both
HIV prevention and treatment globally. The pilot trial proposed
here will examine the acceptability, feasibility, and impact of
this novel TFV adherence assay in urine for the first time.
Improving adherence to both PrEP and ART will help reduce
and prevent HIV transmission in the efforts to end the
HIV/AIDS epidemic.
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Abstract

Background: Nursing education has evolved in line with societal needs, and simulation-based learning (SBL) is increasingly
being used to bridge the gap between practice and education. Previous literature reviews have demonstrated the effectiveness of
using SBL in nursing education. However, there is a need to explore how and why it works to expand the theoretical foundation
of SBL. Realist reviews are a theory-based approach to synthesizing existing evidence on how complex programs work in particular
contexts or settings.

Objective: This review aims to understand how, why, and in what circumstances the use of simulation affects learning as part
of the bachelor’s program in nursing.

Methods: A realist review will be conducted in accordance with the realist template for a systematic review. In particular, we
will identify and explore the underlying assumption of how SBL is supposed to work, that is, identify and explore program
theories of SBL. The review will be carried out as an iterative process of searching, appraising, and synthesizing the evidence to
uncover theoretical concepts that explain the causal effects of SBL. In the final section of the review, we will involve stakeholders
in the Norwegian community in a web-based Delphi survey to ensure that the emerging theoretical framework derived from the
published literature aligns with stakeholders’ experience in practice.

Results: The Norwegian Centre for Research Data (project number 60415) has approved the study. We have performed an
initial literature search, whereas quality appraisal and data extraction are ongoing processes.

Conclusions: The final outcome of the review is anticipated to extend the theoretical foundation for using simulation as an
integrated component of the bachelor’s program in nursing. Furthermore, the findings will be used to produce a briefing document
containing guidance for national stakeholders in the community of simulation-based nursing education. Finally, the review findings
will be disseminated in a peer-reviewed journal as well as national and international conferences.

International Registered Report Identifier (IRRID): DERR1-10.2196/16363

(JMIR Res Protoc 2020;9(4):e16363)   doi:10.2196/16363

KEYWORDS

education; nursing; learning; realist review; simulation training

Introduction

The health care sector has undergone radical changes over the
last few decades, a fact that has also affected nursing education.
Demographic changes, technological development, and
innovation in health science have led to increasing requirements
being placed on the education of health professionals. A study

carried out by the Carnegie Foundation for the Advancement
of Teaching [1] has explored the strengths and weaknesses of
nursing education, and the authors call for a radical
transformation of nursing education. In particular, they describe
a gap between education and practice, that is, “the ability of a
practice setting to adopt and reflect what was taught in academic
institutions” [1]. The authors also highlight the
practice-education gap “as it is becoming more and more
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difficult for nursing education to keep pace with the rapid
changes in clinical practice driven by research and new
technologies” [1]. Patient safety is the cornerstone of
high-quality health care [2]. The Institute of Medicine has
highlighted evidence-based practice as one of the key
competences all clinicians should possess to meet the needs of
21st-century health care services [3]. These competences have
been adapted to the nursing community, which has in turn
proposed statements on the knowledge, skills, and attitudes that
should be developed during prelicensure nursing education [4].
The ability to integrate scientific knowledge into practice
requires good clinical judgment and reasoning, which is
considered an essential part of nursing. Clinical judgment in
nursing has been defined as “interpretation or conclusion about
a patient’s needs, concerns, or health problems, and/or the
judgement to take action (or not), use or modify standard
approaches, or improvise new ones as deemed appropriate by
the patient’s response” [5]. From this point of view, clinical
reasoning refers to the processes by which nurses and other
clinicians arrive at their judgment, including analytical
processes, intuition, and narrative thinking [5]. Similar research
has also pointed to the situated, practice-based aspect of clinical
reasoning and emphasized the ability to discern the relevance
of the evidence behind general scientific knowledge and how
it applies to a particular clinical situation [6]. The rapid
expansion of clinical knowledge over the past decades has led
to increasing demands on health professionals to employ
evidence-based practice [3]. Clinical judgment is a capability
that evolves in line with clinical experience, and the challenge
is to integrate clinical knowledge into classroom teaching [7].

Simulation-based learning (SBL) has in recent years been
increasingly utilized to bridge the gap between practice and
education. The International Nursing Association for Clinical
Simulation and Learning has defined simulation as “an
educational strategy in which a particular set of conditions are
created or replicated to resemble authentic situations that are
possible in real life” [8]. The use of simulation in the education
of health professionals is not a new innovation; however, the
evolving use of advanced technology in recent decades has
provided new capabilities for the educational use of simulation.
Some of the early versions of full-body patient simulators were
designed for subject-specific areas. For example, a Norwegian
company developed Resuci Anne in 1960 for cardiopulmonary
resuscitation training [9,10]. Since then, full-scale patient
simulators that facilitate the formation of dynamic patient
situations that fully mirror actual clinical settings have become
available [11]. Accordingly, a number of simulation modalities,
such as full- and part-body models with low- and high-tech
features, computer-based programs, and standardized patients,
have been used as an educational resource in health care [11].
Since then, simulation has gradually been integrated into the
education of health professionals as an educational intervention
that includes digital technologies, human resources, and
educational strategies. Experiential learning [12] and situated
learning theory [13] have inspired the design and development
of simulated learning activities in nursing [14]. These theories
emphasize active engagement in the learning process, in which
knowledge is created through the transformation of experience.
All in all, advancement in educational principles and digital

technology has provided the opportunity to create realistic
learning activities in a safe environment and, thus, bridge the
gap between the classroom and clinical practice.

A growing body of evidence in the simulation literature has
demonstrated the effectiveness of simulation in the teaching of
clinical knowledge, procedural skills, and teamwork [11,15].
A systematic literature review by Lapkin et al [16] showed that
the use of patient simulation manikins in teaching improved
knowledge acquisition, critical thinking, and the ability to
identify deteriorating patients. Similarly, a recent literature
review conducted by Cant and Copper [17] revealed positive
outcomes of simulation education for knowledge acquisition,
psychomotor skills, self-efficiency, satisfaction, confidence,
and critical thinking. Virtual patient simulation is also
increasingly used in nursing education. A randomized controlled
trial by Liaw et al [18] compared virtual simulation with
manikin-based simulation and demonstrated that both the
simulation modalities were effective learning strategies for
improving nursing students’ clinical performance. Although
previous research has shown promising effects for using
simulation as an educational intervention, studies have also
called for a deeper theoretical understanding of how and why
simulation contributes to learning [19-22].

The realist review is a method that is increasingly used in health
care to explore “What works for whom, in what circumstances
and why?” [23-25]. The method is based on a realist philosophy
of science, which positions itself between positivism and
constructivism [23]. Basically, a realist approach recognizes
the existence of an external social reality. However, there is a
social reality that cannot be measured directly because our
knowledge of it is processed through our brains, human senses,
language, and culture. The realist review was developed as a
theory-based approach to synthesizing existing evidence on
how complex programs work in particular contexts or settings.
The unit of analyses is to identify, test, and refine the program
theory or theories, that is, the underlying assumptions about
how an intervention is supposed to work [24]. The analytical
process in realist review emphasizes the causal relationship
between contexts, mechanisms, and outcomes (CMO). This
process is described as the CMO configuration where the
concept of mechanism is considered as the causal force that
operates in a particular context to generate the desired outcome.
All in all, the analytical process involves iterative testing of the
CMO configurations and refinement of the theoretical concepts
derived from relevant evidence (qualitative, quantitative, and
mixed method studies) [24].

Realist reviews have been used in health care as an approach
to the synthesis of evidence in various disciplines such as
implementation science [26] and internet-based medical
education [27]. Similarly, McGaghie et al [28] used a combined
critical and realist review methodology to evaluate research on
simulation-based education and highlighted 12 features and best
practices to promote the educational impact of using simulation.
Research on SBL in nursing education is extensive; however,
realist reviews have rarely been used in this research community.
Accordingly, we consider a realist review to be a promising
method to uncover the causal effects of SBL and address the
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call for more theory-driven research to promote the educational
use of simulation in nursing education.

Methods

The Purpose of the Review
The overall purpose of this review is to gain a deeper theoretical
insight into how the use of simulation affects learning to
promote the educational use of simulation as an integral part of
the bachelor’s program in nursing. It is part of a larger research
project focusing on professional development at the department
of nursing of a large regional university in Norway. Moreover,
the project is affiliated with a research group at the department
of nursing science (health care services, ethics, and quality) that
highlights innovative and practice-based research to educate
future-oriented nurses. The cocreation of knowledge is one of
this university’s overarching visions as it strives to develop and
implement future-oriented, varied, student-centered, and
practice-based teaching and learning methods at all levels of
instruction. In accordance with this vision, SBL has for many
years been an established method of learning as a supplement
to traditional teaching. On the basis of challenges, such as an
increasing intake of students, it is anticipated that SBL will be
used to an even greater extent as an integrated part of the
curriculum.

Research Aim
This review aims to identify how the use of simulation affects
learning in the bachelor’s program in nursing.

Research Question
The research conducted in this study will explore what sort of
SBL “works” for whom and in what circumstances. The study

will supplement and expand upon previous research in this field,
exploring the following questions:

1. How does the use of SBL affect the development of clinical
reasoning, clinical judgment, and skills in nursing
education?

2. How are the principles of learning translated into learning
activities in the simulation setting?

3. What characterizes conditions in the simulation environment
that facilitate learning in the bachelor’s program in nursing?

Objectives
The research objectives of the study are as follows:

1. To conduct a realist review to understand how, why, and
in what circumstances the use of simulation affects learning
as part of the bachelor’s program in nursing.

2. To identify and refine program theories for SBL.
3. To make recommendations with regard to how the potential

for using simulation may be utilized in the bachelor’s
program in nursing.

Study Design
A systematic literature review inspired by the realist approach
to evaluation will be carried out [29]. The use of a realist review
is a relatively new strategy for synthesizing research and
methodological guidance, and training materials have been
developed by an interdisciplinary research team [24]. The review
process mainly follows the same steps as traditional systematic
reviews. However, the unit of analysis in a realist approach is
the refinement of program theory, which is characterized as an
iterative process that includes both qualitative and quantitative
studies [25]. Accordingly, we will utilize the realist template
for systematic review [25] and follow the steps illustrated in
Figure 1.

Figure 1. Review design.

Stage 1: Defining the Scope of the Review
The first step is to refine the purpose of the review and identify
candidate theories, that is, the theoretical basis for why SBL
works [24,27]. Two researchers will take part in every step of
the process, and one of the team members has extensive
knowledge of SBL. On the basis of our knowledge of previous
research on the use of SBL, we have acknowledged the need to
explore how, why, and for whom it works. Our initial research
questions will be followed with a special emphasis on what
sorts of SBL work for whom and in what circumstances. The
objective is to elucidate what and how SBL promotes clinical
judgment and clinical skills in the bachelor’s program in nursing
and then explain this elucidation through the use of middle-range
theory. A key point at this stage is to identify existing theories
regarding the use of SBL in the bachelor’s program in nursing.

Previous research has identified Jeffries Framework [30], Kolb’s
theory of experiential learning [12], and Bandura’s social
cognitive theory [31] as the most frequently used frameworks
and theories in SBL [22]. These theories are characterized as
middle-range theories (theories that can usefully be applied to
a family of interventions) [24]. These theories, therefore, provide
a starting point in the process of identifying program theories
that strive to explain the chain of events underlying SBL. As
this is an iterative process, during the search and screening
stages, we will attempt to expand the list of relevant
middle-range theories.

Stage 2: Searching For and Appraising the Evidence
The search strategy will follow the guidelines provided by Booth
et al [32] and include six relevant web-based databases:
Cochrane Library, Cumulative Index of Nursing and Allied
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Health Literature, Medical Literature Analysis and Retrieval
System Online, EMBASE, Education Resources Information
Center, and Web of Science. The search for evidence will be
carried out in collaboration with a health science librarian.
Furthermore, it will mainly include the following search terms:
“Nursing students,” Nursing education,” Baccalaureate,”
“Simulation,” “Simulated environment,” “Simulation training,”
“Manikin,” and “Anatomic model.” Each search will use the
relevant search terms or MESH/thesaurus/keyword heading for
each database. As indicated by our research questions, we will
focus on outcomes related to clinical judgment, clinical
reasoning, and clinical skills. However, we have not included
these terms in our database search because of their ambiguity,
which may lead to the exclusion of relevant studies. To ensure
sensitivity, we will do a manual screening with these terms as
part of the inclusion criteria. SBL is a comprehensive field of
study, and we need to make some pragmatic decisions for which
studies we want to include and exclude. Simulation in health
care is usually classified in terms of fidelity, that is, the level

of realism associated with a particular simulation activity [33].
However, the concept of “fidelity” is not clearly stated in the
literature [34], and we will use the definitions drawn up by the
Society for Simulation in Healthcare to distinguish between the
physical, psychological, and environmental aspects of fidelity
[33]. Recent literature reviews have mainly focused on
high-fidelity simulation in laboratory settings using
computerized full-body manikins [35]. Although high-fidelity
simulators are considered a useful learning resource, McGaghie
et al [28] have emphasized the link between educational goals
and simulation tools as a key principle for the effective use of
simulation. Thus, we will include medium- and low-fidelity
simulators in the initial screening as we consider these to be the
most appropriate in teaching basic nursing. In addition, we want
to identify learning outcomes using Kirkpatrick’s 4 levels of
evaluation: (1) reaction, (2) learning, (3) behavior, and (4)
results [36]. Accordingly, our initial inclusion and exclusion
criteria are shown in Textboxes 1 and 2.

Textbox 1. Inclusion criteria for this study.

• Bachelor’s degree in nursing

• Focus on the student’s perspective

• Medium- and low-fidelity simulators

• Every phase of the simulation process included

• Clinical judgment, clinical reasoning, and clinical skills

• Learning outcome related to at least level 2 of the training evaluation described by Kirkpatrick

• Peer-reviewed research paper (qualitative, quantitative, and mixed method studies) written in English

• Published between 2014 and 2019

Textbox 2. Exclusion criteria for this study.

• Continuing education (nurse practitioner, advanced nursing, and midwife)

• High-fidelity simulators, serious games, electronic learning, and virtual reality

• Comparison of different simulation methods

• Interdisciplinary simulation

• Disaster management

• Review articles and doctoral thesis

The preliminary criteria have been developed for searching and
identifying middle-range theories that explain how and why
SBL works (or does not work). In accordance with the
recommendations for realist reviews, we will include qualitative,
quantitative, and mixed method studies. However, we will not
conduct snowball sampling or include “grey” literature such as
reports, theses, or conference papers.

Search results will be saved as text files and downloaded into
a web-based software platform (Covidence) for screening and
quality appraisal. Two members of the review team will screen
the title and abstract with respect to the inclusion and exclusion
criteria. A full-text screening and quality assessment will then
be performed based on quality appraisal criteria for realist
reviews, that is, relevance (whether it can contribute to theory

building and/or testing) and rigor (whether the methods used
to generate the relevant data are credible and trustworthy) [24].
In addition, we will use the criteria described by Dixon-Woods
et al [37] as well as the Mixed Methods Appraisal Tool [38] to
aid our decision making on methodological credibility. When
agreement is reached, data will be converted to a flowchart to
illustrate the search and screening process as well as the final
selection of included papers. References and data derived from
the quality assessment will first be stored in Covidence and then
transferred to a Microsoft Excel spreadsheet.

Stage 3: Data Extraction and Synthesizing the Results
At this stage, we will transfer both papers and bibliographical
data to NVivo software (QSR International) for further data
extraction and syntheses. First and foremost, the characteristics
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of the included studies will be listed in a table. One of the
advantages of NVivo is its ability to transfer bibliographical
data to a classification sheet when a library is imported from a
reference management software program, for example,
Mendeley. Descriptive information on the included studies
(titles, authors, sources, and publication year) will, thus, be
transferred to the classification sheet in NVivo, which will form
the starting point for further data extraction. On the basis of
previous realist reviews [39], we will add data domains to the
classification sheet related to research design, educational
setting, educational consequences, and outcome measures.
Furthermore, we will use NVivo to code section of texts that
may prove useful for constructing theory and refining theoretical
concepts. Generative mechanisms (mechanism of action) are
considered to be the key unit of analysis, and data coding will
involve identifying the interrelations between CMO in the
included studies. Data extraction and synthesis are considered
to be an interwoven process where “raw data” captured in the
included studies will be used to make sense of the causal
relationship between CMO identified in the included studies.

Data synthesis will follow the realist review guidelines through
using an interpretive approach to data synthesis [24]. To make
sense of our “raw” data, we will incorporate the concepts
identified in the primary studies into a higher-order theoretical
structure [40]. First of all, we will uncover any semirecurring
patterns of behavior (demi-regularities) that may be present in
the included studies. We will then explore if our initial
middle-range theories are able to explain why these
demi-regularities emerge under the contexts reported in our
included papers [39]. The middle-range theories will be treated
as theoretical data and included in a constant comparison of key
demi-regularities derived from the included studies with
emerging theoretical conceptualization [24]. The main objective
of the review process is to refine the program theory, which
may involve several iterations that include testing and refining
to progress toward a refined theoretical framework of SBL in
nursing education.

Stage 4: Drawing Conclusions and Making
Recommendations
The findings will provide theoretical and practical implications
for SBL in nursing education. The inductive analysis and
synthesis of data extracted from the included studies have the
potential to generate theoretical concepts that explain the causal
effect of SBL. Uncovering the generative mechanisms provides
us with the ability to form a preliminary theoretical framework
in our efforts to refine the program theory of SBL [29]. In line
with similar reviews, the findings will be transformed into
recommendations that can be used to inform policy makers and
practitioners. The intended outcome is that practitioners will
take note of the findings and implement them. Thus, we expect
the review’s findings to influence the design of new programs,
at this stage involving practitioners. Stakeholders’ practical
knowledge will be used in the refinement of the program theory
to ensure that the emerging theoretical framework derived from
the published literature aligns with stakeholders’ experiences
in practice.

Stakeholders will mainly be involved through using a web-based
Delphi method. This is a well-known method for giving structure
to group processes used to identify problems, setting goals and
priorities, and identifying problems as well as solutions [41].
The method has evolved into a group-facilitating technique in
health and social care. It contains an iterative multistage process
designed to transform opinion into group consensus [42]. The
method’s democratic, structured approach that utilizes
participants’ collective knowledge is considered to be a key
advantage [43], having the potential to broaden the knowledge
within the nursing profession [42]. The Delphi method has been
used in various settings for different purposes; in this particular
case, we will apply the research-based guidelines outlined by
Hasson et al [42] and Okoli and Pawlowski [44] to maintain
validity and credibility in the research process. Selecting
qualified experts (a panel of informed individuals) plays a key
role in this process. Therefore, our preparations will include
using an Excel spreadsheet as a tool to categorize and identify
relevant experts, that is, knowledgeable and experienced
professionals in SBL. This study will include the Norwegian
community, and we will attempt to get input from a wide range
of simulation experts comprising associate professors,
researchers, and members of professional networks.
Furthermore, we will identify relevant panelists from various
organizational units such as universities, the Norwegian Nurses
Organisation, and “MedSimNorge” (the national network for
simulation in the health care sector). Potential participants will
be identified by gatekeepers in relevant organizations, and we
aim to recruit about 35 participants to the panel. Furthermore,
the literature synthesis’ key findings will be transformed into
statements intended as briefing material for the panelists. In
accordance with the guidelines for the Delphi technique, we
will carry out several rounds of online questionnaires
(brainstorming, narrowing, and ranking) until consensus is
reached [44]. The briefing document, as well as three or four
additional questions, will be sent to the participants in the
process’ first round. Subsequent rounds will involve validating,
refining, and ranking the statements from previous rounds. The
goal of the final phase is to reach consensus about ranking
relevant statements, and the panelist will be asked to rank each
potential item on a 7-point Likert scale (1=strongly disagree to
7=strongly agree). The ranking results will then be collated and
inserted into an Excel spreadsheet and analyzed using
nonparametric statistics (Kendall W). In addition, any free-text
comments from the panelist will be analyzed thematically. The
findings from the Delphi survey will be summarized, a process
that involves incorporating the stakeholders' points of view into
the final part of the analytical process.

The steps in the review process are overlapping and iterative,
which means that the review steps can be revised throughout
the process as new ideas and evidence emerge. We will, thus,
follow an iterative process until theoretical saturation is
achieved, that is, when new data do not provide any new
theoretical insight into the emerging theory. Finally, the study
will be reported in accordance with publication standards for
realist review [45]. A diagram will be used to present the final
program theory.
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Ethics and Dissemination
This study has been approved by the Norwegian Centre for
Research Data (project number 60415). The review findings
will be presented at national and international conferences,
including the annual conference organized by the Society for
Simulation in Europe. Finally, the findings will be disseminated
in a peer-reviewed journal.

Results

The initial search generated 4830 unique references, and after
initial screening, we have included 113 studies. Data extraction
and synthesis are ongoing processes, and we plan to complete
a first draft of the literature review in June 2020.

Discussion

Simulation is still a relatively new field of research, and we
expect that the findings from this realist review will lead to
theoretical and practical implications for the use of simulation
in nursing education. Several studies have emphasized the need
for conceptual and theoretical frameworks for the use of
simulation [14,19], and the final outcome of this review is
expected to generate theoretical concepts that may explain the
causal effects of simulation as an integrated part of nursing
education. The findings will then be used to produce a briefing
document to guide practitioners in designing educational
programs for the bachelor's degree in nursing. Although the

intended audience for this review is nursing educators, we expect
the findings to be relevant to other health care professionals.

In this study, we have outlined the different steps involved in
a realist review, and we consider it as a promising method to
unpack the complexity of SBL. The realist review method has
increasingly been used across different research fields; however,
it has rarely been used in simulation-based nursing education.
A major advantage of the method is to move beyond the effect
of using simulation toward exploration of the causal mechanisms
involved in the intervention. However, there are some key issues
to consider when applying the method. As previously mentioned,
the realist review method is based on a realist philosophy of
science [29]. Thus, it is necessary to consider the underlying
ontological and epistemological assumptions of the realist
philosophy to understand the methodological implications. The
realist approach is regarded as a middle way between positivism
and interpretivism and embraces a variety of qualitative and
quantitative methods [46]. This makes it particularly appropriate
for the study of SBL that incorporates aspects of both natural
science and social science. A central theme of a realist approach
is the power of generative mechanisms; however, it can be
challenging to know how to identify and define them. To gain
a broader understanding of these issues, we will incorporate
recent research from other research disciplines that deal with
methodological implications of critical realism [46]. We, thus,
expect the study to increase the insight into methodological
challenges that have been pointed out in similar research [39].

 

Acknowledgments
This publication is supported by the Department of Health and Nursing Science, University of Agder.

Authors' Contributions
TM designed and drafted the protocol with input from ÅS and MF. All authors have read and approved the final manuscript.

Conflicts of Interest
None declared.

References
1. Benner P, Sutphen M, Leonard V, Day L. Educating Nurses: A Call For Radical Transformation. San Francisco: Jossey-bass;

2010.
2. Hughes RG. Patient Safety and Quality: An Evidence-based Handbook for Nurses. Rockville: Agency for Healthcare

Research and Quality; 2008.
3. Greiner A, Knebel E. Health Professions Education: A Bridge to Quality. Washington, DC: National Academies Press;

2003.
4. Cronenwett L, Sherwood G, Barnsteiner J, Disch J, Johnson J, Mitchell P, et al. Quality and safety education for nurses.

Nurs Outlook 2007;55(3):122-131. [doi: 10.1016/j.outlook.2007.02.006] [Medline: 17524799]
5. Tanner CA. Thinking like a nurse: a research-based model of clinical judgment in nursing. J Nurs Educ 2006

Jun;45(6):204-211. [doi: 10.3928/01484834-20060601-04] [Medline: 16780008]
6. Benner P, Hughes RG, Sutphen M. Clinical reasoning, decisionmaking, and action: thinking critically and clinically. In:

Hughes RG, editor. Patient Safety and Quality: An Evidence-Based Handbook for Nurses. Rockville, MD: Agency for
Healthcare Research and Quality (US); 2008:87-110.

7. Benner P. Curricular and pedagogical implications for the Carnegie Study, educating nurses: a call for radical transformation.
Asian Nurs Res (Korean Soc Nurs Sci) 2015 Mar;9(1):1-6 [FREE Full text] [doi: 10.1016/j.anr.2015.02.001] [Medline:
25829203]

8. INACL Standards Committee. INACSL standards of best practice: SimulationSM Simulation glossary. Clin Simul Nurs
2016;12:S39-S47. [doi: 10.1016/j.ecns.2016.09.012]

JMIR Res Protoc 2020 | vol. 9 | iss. 4 |e16363 | p.185http://www.researchprotocols.org/2020/4/e16363/
(page number not for citation purposes)

Meum et alJMIR RESEARCH PROTOCOLS

XSL•FO
RenderX

http://dx.doi.org/10.1016/j.outlook.2007.02.006
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=17524799&dopt=Abstract
http://dx.doi.org/10.3928/01484834-20060601-04
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=16780008&dopt=Abstract
https://linkinghub.elsevier.com/retrieve/pii/S1976-1317(15)00013-4
http://dx.doi.org/10.1016/j.anr.2015.02.001
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25829203&dopt=Abstract
http://dx.doi.org/10.1016/j.ecns.2016.09.012
http://www.w3.org/Style/XSL
http://www.renderx.com/


9. Buck GH. Development of simulators in medical education. Gesnerus 1991;48 Pt 1:7-28. [Medline: 1855669]
10. Hayden JK, Smiley RA, Alexander M, Kardong-Edgren S, Jeffries PR. The NCSBN National Simulation Study: a longitudinal,

randomized, controlled study replacing clinical hours with simulation in prelicensure nursing education. J Nurs Regul
2014;5(2):S3-40. [doi: 10.1016/s2155-8256(15)30062-4]

11. Nagle BM, McHale JM, Alexander GA, French BM. Incorporating scenario-based simulation into a hospital nursing
education program. J Contin Educ Nurs 2009 Jan;40(1):18-25; quiz 26. [doi: 10.3928/00220124-20090101-02] [Medline:
19226995]

12. Kolb AY, Kolb DA. Learning styles and learning spaces: enhancing experiential learning in higher education. Acad Manag
Learn Educ 2005;4(2):193-212. [doi: 10.5465/amle.2005.17268566]

13. Lave J, Wenger E. Situated Learning: Legitimate Peripheral Participation. Cambridge: Cambridge University Press; 1991.
14. Bland AJ, Topping A, Wood B. A concept analysis of simulation as a learning strategy in the education of undergraduate

nursing students. Nurse Educ Today 2011 Oct;31(7):664-670. [doi: 10.1016/j.nedt.2010.10.013] [Medline: 21056920]
15. Okuda Y, Bryson EO, DeMaria S, Jacobson L, Quinones J, Shen B, et al. The utility of simulation in medical education:

what is the evidence? Mt Sinai J Med 2009 Aug;76(4):330-343. [doi: 10.1002/msj.20127] [Medline: 19642147]
16. Lapkin S, Levett-Jones T, Bellchambers H, Fernandez R. Effectiveness of patient simulation manikins in teaching clinical

reasoning skills to undergraduate nursing students: a systematic review. Clinical Simulation in Nursing 2010
Nov;6(6):e207-e222. [doi: 10.1016/j.ecns.2010.05.005]

17. Cant RP, Cooper SJ. Use of simulation-based learning in undergraduate nurse education: an umbrella systematic review.
Nurse Educ Today 2017 Feb;49:63-71. [doi: 10.1016/j.nedt.2016.11.015] [Medline: 27902949]

18. Liaw SY, Chan SW, Chen FG, Hooi SC, Siau C. Comparison of virtual patient simulation with mannequin-based simulation
for improving clinical performances in assessing and managing clinical deterioration: randomized controlled trial. J Med
Internet Res 2014 Sep 17;16(9):e214 [FREE Full text] [doi: 10.2196/jmir.3322] [Medline: 25230684]

19. Issenberg SB, Ringsted C, Ostergaard D, Dieckmann P. Setting a research agenda for simulation-based healthcare education:
a synthesis of the outcome from an Utstein style meeting. Simul Healthc 2011 Jun;6(3):155-167. [doi:
10.1097/SIH.0b013e3182207c24] [Medline: 21642804]

20. Graham AC, McAleer S. An overview of realist evaluation for simulation-based education. Adv Simul (Lond) 2018;3:13
[FREE Full text] [doi: 10.1186/s41077-018-0073-6] [Medline: 30026966]

21. Bajpai S, Semwal M, Bajpai R, Car J, Ho AH. Health professions' digital education: review of learning theories in randomized
controlled trials by the digital health education collaboration. J Med Internet Res 2019 Mar 12;21(3):e12912 [FREE Full
text] [doi: 10.2196/12912] [Medline: 30860483]

22. Lavoie P, Michaud C, Bélisle M, Boyer L, Gosselin É, Grondin M, et al. Learning theories and tools for the assessment of
core nursing competencies in simulation: a theoretical review. J Adv Nurs 2018 Feb;74(2):239-250. [doi: 10.1111/jan.13416]
[Medline: 28815750]

23. Wong G, Greenhalgh T, Westhorp G, Pawson R. Realist methods in medical education research: what are they and what
can they contribute? Med Educ 2012 Jan;46(1):89-96. [doi: 10.1111/j.1365-2923.2011.04045.x] [Medline: 22150200]

24. Wong G, Greenhalgh T, Westhorp G, Pawson R. NCBI - NIH. 2014. Development of Methodological Guidance, Publication
Standards and Training Materials for Realist and Meta-narrative Reviews: The Rameses (Realist and Meta-Narrative
Evidence Syntheses – Evolving Standards) Project URL: https://www.ncbi.nlm.nih.gov/pubmed/25642521 [accessed
2020-02-28]

25. Pawson R, Greenhalgh T, Harvey G, Walshe K. Semantic Scholar. 2004. Realist Synthesis: An Introduction URL: https:/
/pdfs.semanticscholar.org/4351/46e6e6617491ff1c4b32b76e0a534c86d6c7.pdf?_ga=2.132281806.1395435436.
1582877966-1679671381.1567599385 [accessed 2020-02-28]

26. Varsi C, Nes LS, Kristjansdottir OB, Kelders SM, Stenberg U, Zangi HA, et al. Implementation strategies to enhance the
implementation of eHealth programs for patients with chronic illnesses: realist systematic review. J Med Internet Res 2019
Sep 27;21(9):e14255 [FREE Full text] [doi: 10.2196/14255] [Medline: 31573934]

27. Wong G, Greenhalgh T, Pawson R. Internet-based medical education: a realist review of what works, for whom and in
what circumstances. BMC Med Educ 2010 Feb 2;10:12 [FREE Full text] [doi: 10.1186/1472-6920-10-12] [Medline:
20122253]

28. McGaghie WC, Issenberg SB, Petrusa ER, Scalese RJ. A critical review of simulation-based medical education research:
2003-2009. Med Educ 2010 Jan;44(1):50-63. [doi: 10.1111/j.1365-2923.2009.03547.x] [Medline: 20078756]

29. Pawson R, Greenhalgh T, Harvey G, Walshe K. Realist review--a new method of systematic review designed for complex
policy interventions. J Health Serv Res Policy 2005 Jul;10(Suppl 1):21-34. [doi: 10.1258/1355819054308530] [Medline:
16053581]

30. Jeffries PR. A framework for designing, implementing, and evaluating simulations used as teaching strategies in nursing.
Nurs Educ Perspect 2005;26(2):96-103. [Medline: 15921126]

31. Bandura A. Self-efficacy: toward a unifying theory of behavioral change. Psychol Rev 1977 Mar;84(2):191-215. [doi:
10.1037//0033-295x.84.2.191] [Medline: 847061]

32. Booth A, Sutton A, Papaioannou D. Systematic Approaches To A Successful Literature Review. Los Angeles, CA: Sage
Publications Ltd; 2012.

JMIR Res Protoc 2020 | vol. 9 | iss. 4 |e16363 | p.186http://www.researchprotocols.org/2020/4/e16363/
(page number not for citation purposes)

Meum et alJMIR RESEARCH PROTOCOLS

XSL•FO
RenderX

http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=1855669&dopt=Abstract
http://dx.doi.org/10.1016/s2155-8256(15)30062-4
http://dx.doi.org/10.3928/00220124-20090101-02
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=19226995&dopt=Abstract
http://dx.doi.org/10.5465/amle.2005.17268566
http://dx.doi.org/10.1016/j.nedt.2010.10.013
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=21056920&dopt=Abstract
http://dx.doi.org/10.1002/msj.20127
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=19642147&dopt=Abstract
http://dx.doi.org/10.1016/j.ecns.2010.05.005
http://dx.doi.org/10.1016/j.nedt.2016.11.015
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27902949&dopt=Abstract
https://www.jmir.org/2014/9/e214/
http://dx.doi.org/10.2196/jmir.3322
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25230684&dopt=Abstract
http://dx.doi.org/10.1097/SIH.0b013e3182207c24
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=21642804&dopt=Abstract
https://advancesinsimulation.biomedcentral.com/articles/10.1186/s41077-018-0073-6
http://dx.doi.org/10.1186/s41077-018-0073-6
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30026966&dopt=Abstract
https://www.jmir.org/2019/3/e12912/
https://www.jmir.org/2019/3/e12912/
http://dx.doi.org/10.2196/12912
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30860483&dopt=Abstract
http://dx.doi.org/10.1111/jan.13416
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28815750&dopt=Abstract
http://dx.doi.org/10.1111/j.1365-2923.2011.04045.x
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=22150200&dopt=Abstract
https://www.ncbi.nlm.nih.gov/pubmed/25642521
https://pdfs.semanticscholar.org/4351/46e6e6617491ff1c4b32b76e0a534c86d6c7.pdf?_ga=2.132281806.1395435436.1582877966-1679671381.1567599385
https://pdfs.semanticscholar.org/4351/46e6e6617491ff1c4b32b76e0a534c86d6c7.pdf?_ga=2.132281806.1395435436.1582877966-1679671381.1567599385
https://pdfs.semanticscholar.org/4351/46e6e6617491ff1c4b32b76e0a534c86d6c7.pdf?_ga=2.132281806.1395435436.1582877966-1679671381.1567599385
https://www.jmir.org/2019/9/e14255/
http://dx.doi.org/10.2196/14255
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31573934&dopt=Abstract
https://bmcmededuc.biomedcentral.com/articles/10.1186/1472-6920-10-12
http://dx.doi.org/10.1186/1472-6920-10-12
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=20122253&dopt=Abstract
http://dx.doi.org/10.1111/j.1365-2923.2009.03547.x
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=20078756&dopt=Abstract
http://dx.doi.org/10.1258/1355819054308530
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=16053581&dopt=Abstract
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=15921126&dopt=Abstract
http://dx.doi.org/10.1037//0033-295x.84.2.191
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=847061&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/


33. Lopreiato JO, Society for Simulation in Healthcare. Agency for Healthcare Research and Quality. Healthcare Simulation
Dictionary URL: https://www.ahrq.gov/sites/default/files/publications/files/sim-dictionary.pdf [accessed 2020-02-28]

34. Schoenherr JR, Hamstra SJ. Beyond fidelity: deconstructing the seductive simplicity of fidelity in simulator-based education
in the health care professions. Simul Healthc 2017 Apr;12(2):117-123. [doi: 10.1097/SIH.0000000000000226] [Medline:
28704289]

35. Cant RP, Cooper SJ. The value of simulation-based learning in pre-licensure nurse education: a state-of-the-art review and
meta-analysis. Nurse Educ Pract 2017 Nov;27:45-62. [doi: 10.1016/j.nepr.2017.08.012] [Medline: 28843948]

36. Kirkpatrick DL, Kirkpatrick JD. Evaluating Training Programs: The Four Levels. Third Edition. San Francisco: Barrett -
Koehler Publishers Inc; 2006.

37. Dixon-Woods M, Cavers D, Agarwal S, Annandale E, Arthur A, Harvey J, et al. Conducting a critical interpretive synthesis
of the literature on access to healthcare by vulnerable groups. BMC Med Res Methodol 2006 Jul 26;6:35 [FREE Full text]
[doi: 10.1186/1471-2288-6-35] [Medline: 16872487]

38. Hong Q, Pluye P, Fàbregues S, Bartlett G, Boardman F, Cargo M, et al. mixedmethodsappraisaltoolpublic. Mixed Methods
Appraisal Tool URL: http://mixedmethodsappraisaltoolpublic.pbworks.com/ [accessed 2019-11-30]

39. Wong G. The internet in medical education: a worked example of a realist review. In: Hannes K, Lockwood C, editors.
Synthesizing Qualitative Research: Choosing the Right Approach. Hoboken, New Jersey: John Wiley & Sons Ltd;
2012:83-112.

40. Dixon-Woods M, Agarwal S, Jones D, Young B, Sutton A. Synthesising qualitative and quantitative evidence: a review
of possible methods. J Health Serv Res Policy 2005 Jan;10(1):45-53. [doi: 10.1177/135581960501000110] [Medline:
15667704]

41. Delbecq AL, van de Ven A, Gustafson DH. Group Techniques for Program Planning: A Guide to Nominal Groups and
Delphi Process. Glenview, Illinois: Scott, Foresman and Company; 1975.

42. Hasson F, Keeney S, McKenna H. Research guidelines for the Delphi survey technique. J Adv Nurs 2000
Oct;32(4):1008-1015. [Medline: 11095242]

43. Powell C. The Delphi technique: myths and realities. J Adv Nurs 2003 Feb;41(4):376-382. [doi:
10.1046/j.1365-2648.2003.02537.x] [Medline: 12581103]

44. Okoli C, Pawlowski SD. The Delphi method as a research tool: an example, design considerations and applications. Inf
Manag 2004;42(1):15-29. [doi: 10.1016/j.im.2003.11.002]

45. Wong G, Greenhalgh T, Westhorp G, Buckingham J, Pawson R. RAMESES publication standards: realist syntheses. J Adv
Nurs 2013 May;69(5):1005-1022. [doi: 10.1111/jan.12095] [Medline: 23356726]

46. Zachariadis M, Scott S, Barrett M. Methodological implications of critical realism for mixed-methods research. Manag Inf
Syst Q 2013;37(3):855-879. [doi: 10.25300/misq/2013/37.3.09]

Abbreviations
CMO: contexts, mechanisms, and outcomes
SBL: simulation-based learning

Edited by G Eysenbach; submitted 23.09.19; peer-reviewed by S Khan, S Sullivan, T Risling; comments to author 19.11.19; revised
version received 14.01.20; accepted 08.02.20; published 29.04.20.

Please cite as:
Meum TT, Slettebø Å, Fossum M
Improving the Use of Simulation in Nursing Education: Protocol for a Realist Review
JMIR Res Protoc 2020;9(4):e16363
URL: http://www.researchprotocols.org/2020/4/e16363/ 
doi:10.2196/16363
PMID:32347808

©Torbjørg Træland Meum, Åshild Slettebø, Mariann Fossum. Originally published in JMIR Research Protocols
(http://www.researchprotocols.org), 29.04.2020. This is an open-access article distributed under the terms of the Creative Commons
Attribution License (https://creativecommons.org/licenses/by/4.0/), which permits unrestricted use, distribution, and reproduction
in any medium, provided the original work, first published in JMIR Research Protocols, is properly cited. The complete bibliographic
information, a link to the original publication on http://www.researchprotocols.org, as well as this copyright and license information
must be included.

JMIR Res Protoc 2020 | vol. 9 | iss. 4 |e16363 | p.187http://www.researchprotocols.org/2020/4/e16363/
(page number not for citation purposes)

Meum et alJMIR RESEARCH PROTOCOLS

XSL•FO
RenderX

https://www.ahrq.gov/sites/default/files/publications/files/sim-dictionary.pdf
http://dx.doi.org/10.1097/SIH.0000000000000226
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28704289&dopt=Abstract
http://dx.doi.org/10.1016/j.nepr.2017.08.012
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28843948&dopt=Abstract
https://bmcmedresmethodol.biomedcentral.com/articles/10.1186/1471-2288-6-35
http://dx.doi.org/10.1186/1471-2288-6-35
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=16872487&dopt=Abstract
http://mixedmethodsappraisaltoolpublic.pbworks.com/
http://dx.doi.org/10.1177/135581960501000110
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=15667704&dopt=Abstract
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=11095242&dopt=Abstract
http://dx.doi.org/10.1046/j.1365-2648.2003.02537.x
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=12581103&dopt=Abstract
http://dx.doi.org/10.1016/j.im.2003.11.002
http://dx.doi.org/10.1111/jan.12095
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23356726&dopt=Abstract
http://dx.doi.org/10.25300/misq/2013/37.3.09
http://www.researchprotocols.org/2020/4/e16363/
http://dx.doi.org/10.2196/16363
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32347808&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/


Protocol

The Mobile Health Multiple Lifestyle Behavior Interventions Across
the Lifespan (MoBILE) Research Program: Protocol for
Development, Evaluation, and Implementation

Marcus Bendtsen1*, PhD; Preben Bendtsen1,2*, PhD; Hanna Henriksson1*, PhD; Pontus Henriksson1*, PhD; Ulrika

Müssener1*, PhD; Kristin Thomas1*, PhD; Marie Löf1,3*, PhD
1Department of Health, Medicine and Caring Sciences, Linköping University, Linköping, Sweden
2Department of Medical Specialist, Motala, Sweden
3Department of Biosciences and Nutrition, Karolinska Institutet, Stockholm, Sweden
*all authors contributed equally

Corresponding Author:
Marcus Bendtsen, PhD
Department of Health, Medicine and Caring Sciences
Linköping University
581 83 Linköping
Linköping, 58183
Sweden
Phone: 46 13281000
Email: marcus.bendtsen@liu.se

Abstract

Background: Clustering of multiple lifestyle risk behaviors has been associated with a greater risk of noncommunicable diseases
and mortality than one lifestyle risk behavior or no lifestyle risk behaviors. The National Board of Health and Welfare in Sweden
reported in 2018 that it is important to provide additional support to individuals with multiple lifestyle risk behaviors, as risks
from these behaviors are multiplicative rather than additive. However, the same report emphasized that there is a lack of knowledge
regarding interventions that support changes to unhealthy lifestyle behaviors.

Objective: The MoBILE (Mobile health Multiple lifestyle Behavior Interventions across the LifEspan) research program has
brought together two Swedish research groups supported by international collaborators. Through this collaboration, we aim to
design and evaluate a number of novel and tailored mobile health (mHealth) multiple lifestyle behavior interventions across the
life span of different health care populations. In addition, the MoBILE research program will extend ongoing research to include
mHealth interventions for migrant pregnant women and children.

Methods: Each project within the MoBILE program will focus on a specific group: pregnant women, preschool children, high
school and university students, and adults in primary and clinical care. All the projects will follow the same 4 phases: requirements,
development, evaluation, and implementation. During the requirements phase, implementers and end users will aid the design of
content and functionality of the interventions. In the development phase, findings from the first phase will be synthesized with
expert domain knowledge and theoretical constructs to create interventions tailored to the target groups. The third phase, evaluation,
will comprise randomized controlled trials conducted to estimate the effects of the interventions on multiple lifestyle risk behaviors
(eg, alcohol, nutrition, physical activity, and smoking). The final phase will investigate how the interventions, if found effective,
can be disseminated into different health care contexts.

Results: The research program commenced in 2019, and the first results will be available in 2020. Projects involving pregnant
women, preschool children, and high school and university students will be completed in the first 3 years, with the remaining
projects being planned for the program’s final 3 years.

Conclusions: The development of evidence-based digital tools is complex, as they should be guided by theoretical frameworks,
and requires large interdisciplinary teams with competence in technology, behavioral science, and lifestyle-specific areas. Individual
researchers or smaller research groups developing their own tools is not the way forward, as it means reinventing the wheel over
and over again. The MoBILE research program therefore aims to join forces and learn from the past 10 years of mHealth research
to maximize scientific outcomes, as well as the use of financial resources to expand the growing body of evidence for mHealth
lifestyle behavior interventions.
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Introduction

Background
An unhealthy diet, physical inactivity, smoking, and excessive
consumption of alcohol are well-established risk factors for
noncommunicable diseases (NCDs), such as cardiovascular
disease, cancer, respiratory disease, and type 2 diabetes [1]. The
Global Burden of Disease study from 2015 [2] reported that
NCDs are responsible for 70% of the deaths globally each year,
and according to the World Health Organization (WHO), the
total annual number of deaths from NCDs will increase to 55
million by 2030 if the trend is not reversed.

Clustering of multiple lifestyle risk behaviors has been
associated with a greater risk of NCDs and mortality compared
with one lifestyle risk behavior or no lifestyle risk behaviors
[3]. The National Board of Health and Welfare in Sweden
reported in 2018 [4] that it is important to provide additional
support to individuals with multiple lifestyle risk behaviors, as
risks from multiple unhealthy lifestyle behaviors are
multiplicative rather than additive. However, the same report
emphasized that there is a lack of knowledge regarding
interventions that support changes to unhealthy lifestyle
behaviors.

WHO has published a global action plan for 2013 to 2020 to
reduce NCDs, with one of the objectives being to strengthen
health care systems to improve prevention and self-management
of people with, or at high risk for, cardiovascular disease, cancer,
chronic respiratory disease, and type 2 diabetes [5]. One of the
arching principles in the plan is a life-course approach. This is
essential as unhealthy lifestyle behaviors tend to be established
in early childhood and adolescence, tracking into adulthood
[6,7]. Therefore, an effort should be made to establish
evidence-based lifestyle interventions both for those who are
already experiencing the negative consequences of their
unhealthy lifestyle behavior as well as those in life’s early
stages, before risk behaviors lead to negative consequences.

Electronic Health and Mobile Health: Large Potential
for Lifestyle Interventions and Disease Management
in Health Care
Globally, mobile phone subscriptions increased by 97% between
2000 and 2015, with 95% of the population (7 billion people)
residing in an area with a mobile cellular network [8]. The
Swedish population is described as one among the most digitally
mature in the world [9], with high mobile phone ownership
(97%) [10]. This digitalization has radically changed
communication in areas such as the travel industry and banking
sector; however, it also offers great opportunities for the future
of health care.

Electronic health (eHealth) has been defined by WHO as the
use of information and communication technologies for health.
This broad definition encapsulates electronic patient records,
patient management systems, lab systems, big data, and
informatics. An additional component of eHealth is mobile
health (mHealth), which has been defined as a medical or public
health practice that is supported by mobile devices [11]. Mobile
devices include mobile phones, patient monitoring devices, and
other wireless devices.

In the past 10 to 15 years, there has been a strong increase in
research investigating mHealth intervention programs for
improving modifiable risk factors for chronic diseases, including
diet, physical activity, weight loss, smoking cessation, and
alcohol consumption reduction [12-17]. mHealth has also been
used for disease management to assist, inform, guide, and treat
patients with various acute and chronic diseases and disorders,
such as type 2 diabetes, cardiovascular disease, and mental
illness [18,19]. Some of the potential benefits of using mHealth
interventions instead of more traditional face-to-face
interventions or disease management programs are as follows:
they can be delivered at any time or place, participants do not
have to visit a clinic (or the number of visits can be reduced),
the programs are interactive, and they can more easily be tailored
toward specific groups.

The Mobile Health Multiple Lifestyle Behavior
Interventions Across the LifEspan Research Program
mHealth interventions offer new potential for the delivery of
interventions that promote healthy lifestyles and
self-management of NCDs, and the interest for developing such
interventions has rapidly increased. However, instead of
reinventing the wheel, it is time to join forces and learn from
the past 10 years of mHealth research to maximize scientific
outcomes and financial resources to move this research area
forward.

The MoBILE (Mobile health Multiple lifestyle Behavior
Interventions across the LifEspan) research program has brought
together two strong Swedish research groups supported by
international collaborators: The Innovative use of mobile phones
to promote physical activity and nutrition across the lifespan
(IMPACT) research group and the Lifestyle Intervention
Implementation Research (LiiR) group.

The IMPACT group at Karolinska Institutet and Linköping
University (led by Professor Marie Löf) has expertise in
nutrition, physical activity, and behavioral science [20-24]. This
group has more than 10 years of experience in developing
mHealth interventions, with special emphasis on pregnant
women and young children [25-27]. The LiiR group at
Linköping University (led by Senior Lecturer Marcus Bendtsen)
has expertise in medicine, occupational therapy, health
psychology, and computer science and statistics. This group
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has nearly 15 years of experience in developing eHealth and
mHealth interventions focusing on smoking cessation, alcohol
consumption, physical activity, and positive psychology [28-41].
The group has also conducted research on how to implement
such interventions into daily routine in primary health care,
universities, high schools, and workplaces [30,36,41-43].

This interdisciplinary cooperation includes investigators with
expertise in the big 4 lifestyle risk behaviors (ie, diet, physical
activity, smoking, and alcohol), behavioral science, medicine,
statistics, machine learning, and information technology.
Through such collaboration, we will design and evaluate a
number of novel and tailored mHealth multiple lifestyle behavior
interventions across the life span of different health care
populations. The research program also aims to establish an
excellence research center where knowledge and expertise will
be disseminated to the scientific community, health
professionals, and stakeholders in the eHealth and mHealth
area. The program has received a 3-year grant, extendable to 6
years, from the Swedish Research Council for Health, Working
Life, and Welfare (FORTE, Dnr: 2018-01410).

The motivation behind the MoBILE research program can be
described by using 3 major research gaps in the field. First, we
need additional evidence to decide whether multiple lifestyle
behavior interventions are effective. Second, to help more
individuals, we need to better understand what works and for
whom, with respect to different content and functionality of
mHealth interventions. Third, we need to understand how
interventions can be made accessible to everyone in the
community, with a special emphasis on individuals with a
migrant background. The following sections provide a detailed
explanation of each research gap.

Research Gap 1: Are Multiple Lifestyle Behavior
Interventions Through Mobile Health the Way Forward?
Since the early 2000s, there has been great interest in multiple
lifestyle behavior interventions [44]. Simultaneously addressing
multiple lifestyle risk behaviors in interventions may result in
increased confidence in the capacity for change and enhance
effectiveness. Indeed, there is some evidence supporting that
interventions targeting multiple lifestyle risk behaviors at the
same time may be beneficial for improving the general lifestyle
of individuals [45,46]. However, two recent meta-analyses
reported modest effects regarding multiple lifestyle risk
behaviors in nonclinical [44] and clinical populations [47].
Various reasons were suggested, including poor implementation
of the intervention. Implementation difficulties may be hard to
overcome with traditional delivery modes, such as face-to-face
interventions, because of the huge demand of resources such as
time and staff.

Therefore, mHealth offers new potential to this research area,
because of its ability to work autonomously from health care
professionals and as interventions that are digital are more
flexible with respect to content and delivery than face-to-face
and other traditional means of content delivery. However, in a
meta-analysis of multiple lifestyle risk behaviors from 2017,
only 4 of the 69 randomized controlled trials utilized eHealth
technology as the sole delivery mode (eg, email, SMS text
message, or website) [44]. In addition, these 4 trials were limited

by low power or engagement or had questionable external
validity.

In summary, mHealth provides new potential to achieve changes
in unhealthy lifestyle behaviors; however, to date, the potential
of mHealth interventions in this area has been scarcely explored.
The MoBILE research program will utilize the complementary
expertise in all 4 lifestyle behaviors and mHealth, gained by
combining the efforts of research groups, to design and evaluate
7 mHealth multiple lifestyle behavior interventions across the
life span of different health care populations.

Research Gap 2: What Works and for Whom in Mobile
Health Interventions?
Although an increasing number of mHealth interventions are
being developed for prevention and management of chronic
diseases, there is a knowledge gap on how to best develop and
implement such interventions, taking both patients’ and health
care staffs’ views into consideration [48,49]. For instance,
patients might prefer visiting the health care clinic in person
rather than monitoring their health at home; on the other hand,
the staff might expect a reduction in their workload by patients
using digital tools, which might not always be the case [50].
Thus, a key area is how to motivate both patients and staff to
engage in the effective use of mHealth interventions [51].

Therefore, it is important to apply a user-centered approach
when developing digital interventions; however, the
consideration for the implementers’ expectations and readiness
to implement the suggested interventions must also be taken
into account [52]. The MoBILE research program will address
this research gap by including both end users and implementers
in the development of 7 mHealth lifestyle behavior interventions,
taking into account their respective requirements and
expectations.

Research Gap 3: How Do We Make Mobile Health
Interventions Accessible for All?
Low socioeconomic status and migrant background are
associated with inferior health; however, mobile phones are
commonly accessible, irrespective of the socioeconomic status
[53]. In addition, mHealth solutions can offer flexibility in terms
of content, level of information (ie, advanced text, easy-to-read
text, or pictures), and languages. Thus, mHealth also offers the
potential to reach groups that are hard to reach with traditional
face-to-face interventions in health care. However, the use of
mHealth in interventions to promote healthy lifestyle behaviors
among socially disadvantaged groups and migrant populations
is sparse but growing rapidly. Mostly, pilot studies have been
conducted thus far; however, several studies have reported
promising results [54,55].

Key target groups in the Swedish context include pregnant
women and young children. Approximately 25% of the women
attending maternity clinics are born outside of Sweden. Thus,
mHealth tools to promote a healthy lifestyle among pregnant
women and their children should also be accessible to migrant
populations. Consequently, a key area for research in the
mHealth area is to tailor content and features to these
populations.
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The MoBILE research program will extend ongoing research
to also include mHealth interventions for migrant pregnant
women and children, as well as build on this work for other
populations in the program.

Specific Aims
The overall purpose of the MoBILE research program is to
design, evaluate, and implement 7 state-of-the-art mHealth
multiple lifestyle behavior interventions, which can be promoted
by health care professionals. These are self-management
interventions that aim to support a healthy lifestyle across the
life span of different populations. Specifically, the program will
be built around the following aims:

1. To investigate user requirements (patients and health care
providers) for 7 mHealth multiple lifestyle behavior
interventions in terms of technology and content in different
health care populations (research gaps 2 and 3).

2. To assess the effectiveness of 7 mHealth multiple lifestyle
behavior interventions in different health care populations
(research gap 1).

3. To set a standard for how predictive, rather than
explanatory, statistical modelling can be used for
investigating who benefits from which multiple lifestyle
behavior intervention in different health care populations
(research gap 1).

4. To assess, using causal inference, the mediating effects of
a number of mHealth multiple lifestyle behavior
interventions through psychological factors, such as
self-efficacy and motivation, in different health care
populations (research gap 1).

5. To evaluate the extent to which the effectiveness,
engagement, and user satisfaction for the specific mHealth

tools differ among end users with different socioeconomic
status and migrant backgrounds in different health care
populations (research gap 3).

6. To tailor mHealth multiple lifestyle behavior interventions
to groups with a migrant background in 2 health care
populations (ie, pregnant women and preschool children)
and to build on the knowledge gained to modify the other
interventions in the program when relevant (research gap
3).

7. To implement the aforementioned mHealth multiple
lifestyle behavior interventions that are deemed effective
and to evaluate how well they are adopted by routine health
care (research gaps 1 and 2).

Methods

Overview
A schematic presentation of the MoBILE research program is
provided in Figure 1. It covers both the primary care setting as
well as the specialized clinical setting and includes 7 mHealth
multiple lifestyle behavior intervention projects. Each project
will focus across the life span of a specific group: pregnant
women, preschool children, high school and university students,
and adults in primary and clinical care. All the projects will
follow the same 4 phases: requirements, development,
evaluation, and implementation. The rest of this section is laid
out as follows: first, we introduce each of the 4 phases, which
is common for all projects; thereafter, we briefly discuss the
details of each project. Note that in preparation for each project,
trial registration and protocols will be made available with full
details before trial commencement, including recruitment and
statistical analysis plans.

Figure 1. Schematic presentation of the Mobile health Multiple lifestyle Behavior Interventions across the LifEspan research program. mHealth: mobile
health.
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The Phases of the Mobile Health Multiple Lifestyle
Behavior Interventions Across the Lifespan Research
Program

Phase 1: Requirements
All proposed projects include 2 types of users: end users and
implementers. End users are those individuals who use the
intervention with the goal of changing their unhealthy lifestyle
behaviors. Implementers are health care professionals who will
administer and recommend the intervention to the end users.
We will gather requirements from both types of users,
specifically with respect to the content of the interventions and
how the human-computer interaction should be designed.

Content Requirements
The content for each intervention will initially be based on the
current best practice, gathered from scientific literature and
experts. End users’ and implementers’ perspectives on the
content of the interventions will then be explored through either
focus group or individual interviews. An iterative process will
be employed, which will allow content to be added, removed,
or reworded in between interviews. Apart from the content itself,
understandability and usability in terms of complexity of
language and tone will be evaluated and adjusted for each
project.

Interaction Requirements
Human-computer interaction and usability will be investigated
through both heuristic evaluation [56] by interaction experts
and usability tests with end users [57]. Several mock designs
of the interventions will be produced, which will be analyzed
by interaction experts according to a set of predefined heuristics
(eg, a consistent design and error prevention). The mock designs
will then be refined according to expert feedback. End users
will then be asked to explore the mock designs without any
guidance. While doing so, we will observe whether they are
able to complete the goals that are given to them, for example,
entering their daily alcohol consumption or finding information
about how to deal with nicotine cravings. Refinement of the
mock designs to remove obstacles that hinder the end users
from completing the goals will be done in an iterative manner.

Phase 2: Development
The final content of the interventions will be decided by
synthesizing the requirements gathered from phase 1. Behavior
change technique analyses [58] will be conducted to elucidate
how content connects to behavior change theory, for example,
how motivation and self-regulation are addressed and supported
by the content. The design of the interactive components that
deliver the content of the interventions will be decided from the
human-computer studies from phase 1.

The interventions will then be programmed and tested. Pilot
studies will be conducted with end users to resolve technical
issues and investigate how the final interventions are perceived.
A questionnaire will be sent to pilot participants, with both
fixed- and open-response options. Any major issues identified
will be addressed before moving on to phase 3.

Phase 3: Evaluation
Randomized controlled trials (RCTs) will be conducted to
explore the effects of the interventions in their respective target
groups. The trial for each intervention aims to achieve the
following:

1. Estimate the total effect of the intervention on individual
lifestyle risk behaviors compared with a control setting.

2. Detect interactions among unhealthy lifestyle behavior
changes (eg, those who stop smoking may also reduce their
alcohol consumption).

3. Estimate to which degree the total effect is mediated through
psychological factors (eg, self-efficacy and motivation).

4. Use baseline characteristics to predict who will benefit from
the intervention.

For aims 1 and 2, regression models with appropriate
distribution properties for the outcome measure will be used to
estimate both the total effect of the intervention group compared
with the control group on one lifestyle risk behavior and
interaction effects among lifestyle risk behaviors. Regression
coefficients’ significance will be assessed using null hypothesis
significance testing and exploring Bayesian posterior
distributions [59]. For aim 3, we will use causal inference to
assess how interventional effects are mediated through
sociopsychological factors [60]. For aim 4, we will use machine
learning models that aim to predict whether a certain individual,
given the individual’s baseline characteristics, will benefit from
the intervention. This will allow us to identify subgroups that
are not benefitting from the intervention, for which more
research is required.

Outcome and Study Parameters
The primary outcome measures used in the RCTs will concern
participants’general lifestyle, in terms of alcohol consumption,
physical activity, smoking, and diet. The method through which
these outcomes are measured will differ slightly among projects
with respect to feasibility. Secondary outcome measures will
be project specific, for example, measuring complications after
surgery and body weight. We will also measure
sociopsychological characteristics such as self-efficacy and
motivation as mediating factors.

Power Considerations and Study Sizes
In general, mHealth interventions have an effect on lifestyle
corresponding to a standardized difference between outcomes
in the intervention and control groups ranging from 0.20 to 0.35
(Cohen d) [17,61-67]. To identify the statistically significant
differences of these magnitudes using two-sided t tests with
80% power at a 5% significance level, it will be necessary to
recruit between approximately 150 and 400 participants per arm
(separate power calculations will be conducted for each project).

Phase 4: Implementation
If effective, interventions will be implemented in routine
practice, and the adoption of the interventions will be assessed
by the Reach, Effectiveness, Adoption, Implementation, and
Maintenance framework, which includes 5 elements [68]:

• Reach: The proportion of representative end users who
engage with the intervention.
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• Efficacy: The impact of the intervention on important
outcomes.

• Adoption: The proportion of implementers who are willing
to administer or recommend the intervention.

• Implementation: The consistency of delivery of the
intervention in terms of implementers’ responsibilities and
end users’ use of the intervention.

• Maintenance: To which extent the intervention becomes
institutionalized and a part of routine practice.

Efficacy and long-term effects as part of maintenance will
already have been assessed in phase 3. An initial estimation of
reach will also have been done by comparing the number of
invited participants, who are willing to partake, with the RCT.

To further investigate the reach, along with adoption,
implementation, and maintenance, each project will assess the
aspects of implementation in its respective health care unit.
Implementers will be offered full access to administer the
intervention. Adoption will be assessed through interviews,
examining implementers’ willingness to administer and
recommend the intervention. Implementation will be assessed
by engagement over time by implementers as well as
engagement of end users with the intervention itself. Finally,
maintenance will be measured by interest from implementers
to continue using the intervention as part of their routine care
as well as through a questionnaire created around the
normalization process theory coding framework on eHealth
implementations [69].

Project-Specific Details
The 7 main projects included in the MoBILE research program
are described below.

Project 1: Pregnant Women
One project will extend ongoing research to develop mHealth
tools to support a healthy lifestyle in pregnant women. We are
currently evaluating the effect of an mHealth intervention
(HealthyMoms app) on weight gain, diet, and physical activity
during pregnancy in women who can speak and read Swedish
well enough to benefit from the intervention [21]. We will
extend this work by creating an mHealth solution (Healthy
Migrant Moms) that is suitable for migrant women who do not
understand Swedish well enough to use the original
HealthyMoms app. Participants for the focus groups and panel
evaluations will include both midwives and pregnant women
recruited through the maternity clinic, Kvinnohälsan, Linköping.
For the pregnant women, a series of focus group and individual
interviews with different geographical and cultural backgrounds
will be conducted with certified interpreters.

The subsequent RCT will follow a two-arm parallel-group
design, for which participants will be recruited from the same
maternity clinic. Both groups will receive standard antenatal
care. However, the intervention group will also receive the novel
intervention (Healthy Migrant Moms).

Project 2: Preschool Children
One project will implement a novel mHealth intervention [27],
integrated into routine care, targeting parents of preschool
children to promote the following main healthy behaviors in

preschoolers: a healthy diet and physical activity. Participants
for the focus groups and panel evaluations (ie, parents and
nurses) will be recruited at the child health care in Östergötland.
Part of this project includes translation and modification to also
target priority populations such as children with a migrant
background (approximately 25% of all children). Thus, focus
group and individual interviews with parents will be conducted
with both Swedish-speaking parents and with parents of different
geographical and cultural backgrounds (using certified
interpreters).

The subsequent RCT will follow a two-arm parallel-group
design, for which participants will be recruited from child health
care in Östergötland. Both groups will receive standard antenatal
care. However, the intervention group will also receive the novel
intervention.

Projects 3 and 4: High School and University Students
Two projects will develop mHealth interventions aimed at
promoting improved healthy lifestyle behaviors among high
school and university students. The interventions will be tailored
to the two student groups based on input from the focus groups
and panel evaluations.

Participants for the focus groups and interaction, as well as
usability evaluations, will be recruited from high schools and
student health care centers in Östergötland and from Linköping
and Luleå University. A series of focus group and individual
interviews with participants with different cultural backgrounds,
of different age groups, and of different gender will be
conducted.

An RCT for each student group will be conducted in
collaboration with the student health care centers. The RCTs
will follow a two-arm parallel-group design with an intervention
group and a waiting-list control group. Participants will be
recruited from high schools and universities located across
Sweden.

Project 5: Individuals Seeking Help at Primary Health
Care Centers
Healthy lifestyle promotion has been difficult to implement in
routine primary health care. This project aims to develop an
mHealth intervention targeting individuals seeking help at
primary health care centers, for whom a lifestyle change is part
of their treatment.

The focus groups and panel evaluations will comprise patient
and health professional representatives from primary health care
centers. We will conduct focus group and individual interviews
with patients and health care professionals.

Participants for the RCT will be recruited from primary health
care centers in Sweden. Health care professionals will recruit
patients for whom they have determined that a lifestyle change
should be part of their treatment. The trial will have a two-arm
parallel-group design, in which the control group will be put
on a waiting list.

Project 6: Patients in Clinical Care
One project will focus on self-care disease management and
lifestyle risk behavior change among patients. The aim of the
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project is to enable the patients in clinical care to change their
unhealthy lifestyle behaviors, monitor symptoms and signs from
their condition, or learn more about self-management.

Focus groups and panel evaluations will be conducted,
comprising both patients and professionals. The content of the
intervention will therefore be tailored to each disease group.

An RCT will be conducted to assess the effect of the tailored
intervention. Participants will be recruited from medical wards
in Sweden. The trial will follow a two-arm parallel-group design,
in which the control group will be put on a waiting list.

Project 7: Patients With Elective Surgery
This project will extend ongoing research on mHealth support
for patients who need to quit smoking before surgery. The
project aims to add support to the existing intervention for
reducing alcohol consumption, increasing physical activity, and
promoting a healthy diet.

Participants for the focus groups and panel evaluations will be
solicited from surgical departments in Sweden. Focus group
and individual interviews will be conducted with patients and
health care professionals.

Surgical departments across Sweden will be the base for
recruitment for the RCT, which will have a 2-arm single-blind
design. The control setting will be treatment as usual, depending
on the local routines in each department. Staff at the surgical
departments will inform all patients with elective surgery about
the study, and consenting participants will be able to sign up
on their own by using their mobile phone.

Results

The research program was funded in 2018 (FORTE, Dnr:
2018-01410, ML). The research program commenced in 2019
and is progressing according to the time plan presented in Figure
2. Briefly, the program will start with a short period where we
will set up its infrastructure. Thereafter, the 7 projects (following
the same 4 phases) will be executed. Projects involving pregnant
women, preschool children, and high school and university
students will be completed in the first 3 years, with the
remaining projects being planned for the program’s final 3 years.
Additional activities within the research program will include
the following: dissemination of the results to the stakeholder,
organizing scientific workshops and conferences, and organizing
master’s and PhD courses on mHealth and lifestyle risk behavior
topics. The first results will be available in 2020.

Figure 2. Time plan for the Mobile health Multiple lifestyle Behavior Interventions across the LifEspan research program. Phase 1: investigation of
requirements by end users and implementers; phase 2: development of mobile health intervention; phase 3: randomized controlled mobile health trial;
phase 4: implementation into practice.

Discussion

Joining Resources
Currently, many public health and clinical researchers are
interested in developing and disseminating mHealth tools to
promote a healthy lifestyle. This is a positive development;
however, it also raises some concerns regarding research and

evidence gaps in the field. There is still much that we do not
know when it comes to the effectiveness and dissemination of
mHealth interventions. Before we can launch national campaigns
promoting mHealth tools, we should invest time and resources
in covering the knowledge gaps that we are currently facing.

The development of evidence-based digital tools is complex,
as they should be guided by theoretical frameworks, and requires
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large interdisciplinary teams with competence in technology,
behavioral science, and subject-specific areas (eg, nutrition and
smoking cessation). Individual researchers or smaller research
groups developing their own tools is not the way forward, as it
means reinventing the wheel over and over again. The MoBILE
research program therefore aims to join forces and learn from
the past 10 years of mHealth research to maximize scientific
outcomes, as well as the use of financial resources, to expand
the growing body of evidence for mHealth lifestyle behavior
interventions.

Clinical Relevance and Limitations
The projects included in the research program aim to address
multiple unhealthy lifestyle behaviors across the life span of
different health care populations; thus, the potential health
benefits from the program as a whole are wide reaching. For
instance, smoking cessation among adolescents will reduce the
burden of disease in the future, whereas reduced alcohol
consumption can lessen the immediate risk of harm among those

drinking and others in their proximity. In addition, as the
MoBILE research program focuses on multiple lifestyle risk
behaviors and as risks increase nonlinearly with the number of
unhealthy lifestyle behaviors an individual presents, the health
benefits from the interventions may be superior to previous
interventions focusing on one lifestyle risk behavior. This is
particularly important as data indicate that individuals often
have multiple unhealthy lifestyle behaviors [70].

The MoBILE research program focuses on identifying at-risk
individuals from specific health care contexts, such as maternity
clinics or primary health care services. This limits the reach of
the included interventions and excludes a wider audience not
captured within the defined contexts of the program. From a
public health perspective, we wish to engage with as many
at-risk individuals as possible; thus, our intention is to learn
about mHealth multiple lifestyle behavior interventions within
the health care context and then expand our research to include
the general population.
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MoBILE: Mobile health Multiple lifestyle Behavior Interventions across the LifEspan
NCD: noncommunicable disease
RCT: randomized controlled trial
WHO: World Health Organization
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Abstract

Background: While the average human life expectancy has increased remarkably, the length of life with chronic conditions
has also increased. To limit the occurrence of chronic conditions and comorbidities, it is important to adopt a healthy lifestyle.
Within the European project “Council of Coaches,” a personalized coaching platform was developed that supports developing
and maintaining a healthy lifestyle.

Objective: The primary aim of this study is to assess the user experience with and the use and potential health effects of a fully
working Council of Coaches system implemented in a real-world setting among the target population, specifically older adults
or adults with type 2 diabetes mellitus or chronic pain.

Methods: An observational cohort study with a pretest-posttest design will be conducted. The study population will be a dynamic
cohort consisting of older adults, aged ≥55 years, as well as adults aged ≥18 years with type 2 diabetes mellitus or chronic pain.
Each participant will interact in a fully automated manner with Council of Coaches for 5 to 9 weeks. The primary outcomes are
user experience, use of the program, and potential effects (health-related factors). Secondary outcomes include demographics,
applicability of the virtual coaches, and user interaction with the virtual coaches.

Results: Recruitment started in December 2019 and is conducted through mass mailing, snowball sampling, and advertisements
in newspapers and social media. This study is expected to conclude in August 2020.

Conclusions: The results of this study will either confirm or reject the hypothesis that a group of virtual embodied conversational
coaches can keep users engaged over several weeks of interaction and contribute to positive health outcomes.

Trial Registration: The Netherlands Trial Register: NL7911; https://www.trialregister.nl/trial/7911

International Registered Report Identifier (IRRID): PRR1-10.2196/16641

(JMIR Res Protoc 2020;9(4):e16641)   doi:10.2196/16641

KEYWORDS

virtual coaching; effectiveness; user experience; evaluation protocol; older adults; adults; type 2 diabetes mellitus; chronic pain;
healthy lifestyle
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Introduction

As a result of socioeconomic development and progression in
medicine and education, the average human life expectancy has
increased significantly [1,2]. However, the aging population
has also led to more older adults living with chronic diseases
[2,3]. Although these diseases cannot be cured, their burden on
patients can be reduced by adopting a healthy lifestyle [2,4,5].
To enable adoption of a healthy lifestyle, a deep understanding
of personal motivation and the person’s economic and social
pressures is needed [6,7]. Based on these insights, personalized
virtual coaching systems have been developed to support
lifestyle changes [8]. For these systems, using multiple coaches
is more effective than using a single coach because of the
potential positive impact of vicarious persuasion as compared
with direct persuasion (persuasion of the crowd instead of
directly persuading the person) [9]. This insight has led to the
introduction of the Council of Coaches (COUCH), a new
concept for virtual coaching [10].

COUCH comprises a council of 5-6 virtual coaches. These
coaches inform and motivate the user and discuss different
topics about healthy living [10]. COUCH was developed in
collaboration with end users, and the feasibility and usability
of some parts of COUCH have already been tested in a lab
setting (formative evaluations). The next step is to gain, through
a summative evaluation, knowledge on the possible working
mechanism and potential added value of this coaching system
in a real-world setting among the target population [11]. As we
do not want to interfere with the ongoing development of
COUCH, we decided to develop a mature and simplified version
of COUCH ready for testing in a real-world setting. This paper
outlines the study protocol for this first test in the real world,
which aims to evaluate the user experience with and the use and
potential health effects of a fully working COUCH system
implemented in a real-world setting among the target population.

Methods

Trial Design
This study protocol strictly follows the CONSORT-eHEALTH
checklist [12] for the introduction and methods sections. This
study is an observational cohort study with a pretest-posttest
design. It is explorative and evaluative. The participants will
be included for at least 5 weeks and up to a maximum of 9
weeks. The first week will consist of the preparation phase. In
this phase, baseline measurements will be collected (T0). The
following 4 weeks will consist of the implementation phase
(T1). The participants will interact with COUCH during this
phase. The last 4 weeks will consist of the facultative follow-up
phase (T2). Participants can choose whether they want to interact
with COUCH for these additional 4 weeks.

This study will be conducted in 2 countries (the Netherlands
and Scotland) and consist of 2 rounds. Each round will include
25 participants per country. During the development phase, the
technology and content were tested extensively. Therefore,
during this study, we do not expect technical problems.
However, if participants encounter minor technical problems

during the first round, these problems will be fixed. During both
rounds, content will be added to various coaches.

To properly evaluate the effectiveness of technology-supported
health services, such as COUCH, in the real world is challenging
[13-15], and it is currently increasingly acknowledged among
experts that there is an urgent need for more pragmatic study
designs to adequately evaluate technology-supported health
services [13-16]. Microrandomization could be an appropriate
alternative study design. The microrandomized trial was
introduced by Klasnja et al [17] to overcome the limitations of
current experimental methods, for instance randomized
controlled trials, and to supplement the use of behavioral theory
to guide the development of just-in-time adaptive interventions.
As we are also interested in the effectiveness of the interaction
between the user and the virtual coaches, we want to assess the
applicability of the virtual coaches and the users’ duration of
interaction with the virtual coaches of a fully working COUCH
system implemented in a real-world setting among the target
population. To assess the users’ interaction with the virtual
coaches of COUCH, the interaction with one of the primary
coaches (physical activity coach) will be microrandomized:
Every time the user starts a conversation with this coach, the
initiative of starting the conversation will be based on
microrandomization. This microrandomization consists of the
following two conditions: (1) The user takes the initiative and
chooses the topic of the conversation, or (2) the system takes
the initiative and automatically suggests the topic of
conversation.

The predefined topics include gathering information about the
user, goal setting, strategy selection, learning skills, and
feedback and support.

Participants
The study population will consist of older adults and adults with
type 2 diabetes mellitus or chronic pain. For this study, the term
older adult is defined as ≥55 years of age, and adult is defined
as ≥18 years of age. A potential participant who meets any of
the following criteria will be excluded from participating in this
study: not able to read and speak Dutch or English, not having
a Wi-Fi connection at home, not able to provide informed
consent, or not able to see the smartphone or tablet screen
clearly.

Eligible older adults will be recruited for the first round from
December 2019 through January 2020. Participants will be
recruited for the second round from March through April 2020.
The first round will start in February 2020. The preparation
phase (1 week) will start with an initial visit to the participant’s
home or an intake at the researcher’s lab. During this phase, the
participants do not interact with COUCH yet, but they will wear
sensors for the baseline measurements, and they can keep track
of their eating patterns using a food diary. The needed equipment
(eg, tablet, smartphone, sensors) will be provided to the
participants during this first visit, and they will receive an
explanation about the operation of any equipment. Finally,
participants will complete the T0 questionnaire. After this first
week, the implementation phase will start. The participants will
start using the COUCH system for 4 weeks. Thereafter, the
second visit will take place at home or at the research location.
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During this visit, an exit interview will be conducted. The
participants will complete the T1 questionnaire, and they will
choose whether they want to continue using COUCH for another
4 weeks (the facultative follow-up phase). If they do not want

to keep using COUCH, they will return the borrowed equipment
to the research staff. After the follow-up phase, all participants
will complete the T2 questionnaire. The questionnaires (online
or on paper) will be filled in at T0, T1, and T2 (see Figure 1).

Figure 1. Study procedures for the first and second rounds of this 9-week observational study with a pretest-posttest design.

Intervention
The application is a web application, designed and built to run
on tablets or computers. This technology is currently under
development within the COUCH project (European Union’s
Horizon 2020 research and innovation program under grant
agreement No. 769553). The application’s main functionality
is to provide a friendly and easy-to-use interface that allows

users to have natural language dialogues with a group of (5-6)
virtual coaches (see Figures 2 and 3). The final COUCH
demonstrator will support the following virtual coaches: physical
activity, nutrition, social, cognition, peer/support, chronic pain,
and diabetes. Depending on the user’s needs and interests, a
subset of these coaches can be selected by the user (eg, in the
absence of the specific conditions, the chronic pain and diabetes
coaches will not be presented to the user).

Figure 2. Screenshot of the current test version of the Council of Coaches web application with the chronic pain coach, without a dialogue box
(https://www.council-of-coaches.eu/beta/).
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Figure 3. Screenshot of the current test version of the Council of Coaches web application with the chronic pain coach, with a dialogue box
(https://www.council-of-coaches.eu/beta/).

The content provided by the virtual coaches focuses on physical
fitness and nutrition to improve the users’ wellbeing, and the
content is based on (Dutch) health guidelines. Both the physical
activity and nutrition coaches, which are the primary coaches,
can assist the user in their domain in the following ways:
providing information on health benefits, setting personalized
goals, providing feedback and advice, reflecting on different
coaching styles, and assisting with relevant sensor technology.

The secondary coaches (social, cognition, peer/support, chronic
pain, and diabetes) interact with the user by providing their
points of view on the main topics of activity and nutrition. For
example, the social coach may suggest doing group activities
outside the house when the user is discussing physical activity
with his physical activity coach, while the cognitive coach can
provide a memory game to do while grocery shopping for a
recipe that the nutrition coach recommended. The peer/support
coach is included to be “on the side of the user” and provides
encouragement for the user to achieve his/her goals. The
secondary coaches, except for the chronic pain and diabetes
coaches, can be removed from the council by the user. The
interaction with the physical activity coach will be
microrandomized [17]. Every time the user starts a conversation
with a primary coach, the initiative of the conversation will be
taken by the system or given to the user.

The application optionally supports the use of sensor technology,
in order to allow personalized feedback and coaching to the
users. The physical activity coach will suggest the user wears
a Fitbit watch, which is provided by the researchers to all
participants, so that she may provide feedback on the user’s
actual activity. Similarly, the nutrition coach will ask the user

to track dietary consumption through a provided smartphone
app and ask the user to enter their weight information either
manually or through a connected (smart) scale. Users can talk
with their virtual coaches about the use of these devices, and
the coaches will explain which data is collected and for what
purpose and offer the ability to stop tracking data when the user
feels uncomfortable about this.

All of the interactions take place in the comfort of the coaches’
living room (see Figure 2) that includes elements like a radio
(playing the coaches’ favorite classical songs), recipe books
(that Francois, the nutrition coach, can guide the user through),
and a television on which to watch physical exercise examples.

During the first visit (T0), the participants will be trained by
the researcher to learn how to interact with COUCH on their
tablet, and they will receive a paper manual about COUCH.
During the entire evaluation period, there will be a helpdesk
available for the participants on working days from 9 am to 5
pm, and the participants will receive a nonpersonalized
informative newsletter three times by email to inform them
about the project and running evaluation.

Outcomes
In this study, we will focus mainly on user experience, potential
effects on health-related factors, and the use of COUCH during
the implementation and follow-up phases. Furthermore, we will
examine the demographics, applicability of the virtual coaches,
and user’s interaction with the virtual coaches. Table 1 gives
an overview of all the questionnaires that will be used during
this study. All survey questions in the 3 questionnaires are listed
in Multimedia Appendix 1.
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Table 1. Overview of the questionnaires and when they will be used.

T2cT1bT0a

User experience

–X–dTechnology Acceptance Model

–X–System Usability Scale

–X–Willingness to pay

Potential health effects

XXXEQ-5D-5Le

XXXPositive health dimensions

XXXSelf-Management Ability Scale – short version

––XDemographics

Applicability of the virtual coaches

–XXRating scale

–X–Working Alliance Inventory

aBaseline.
bAfter the 4-week implementation phase.
cAfter the 4-week facultative follow-up phase.
dNot applicable.
eEQ-5D-5L: 5-level EQ-5D questionnaire.

User Experience
To determine the user experience, the Technology Acceptance
Model [18,19] and System Usability Scale (SUS) [20] will be
used. Furthermore, an exit interview will be conducted, and the
willingness to pay will be measured. In this study, user
experience domains will be used as external variables. In the
literature, 4 constructs are found for the user experience of
electronic health (eHealth) services. The first is enjoyment. van
der Heijden [21] defined perceived enjoyment of a technology
as the extent to which fun can be derived from using the system
as such. He used 4 questions on a 7-point semantic differentials
scale to measure the following 4 items: enjoyable – disgusting,
exciting – dull, pleasant – unpleasant, and interesting – boring.
The second construct is aesthetics. Lavie and Tractinsky [22]
developed and validated a questionnaire to measure perceived
website aesthetics. In this study, only classical aesthetics will
be used. The third construct is control. In their study, van Velsen
et al [23] used 3 control questions from Liu [24] that measure
how users perceive the controllability of websites. The fourth
construct is trust in technology. This domain is also a predictor
for someone’s intention to use technology [23]. van Velsen et
al [23] used 4 statements about trust in technology based on the
study of Harrison McKnight et al [25] about the impact of
consumer trust on intentions to transact with a website.

Perceived usefulness, perceived ease of use, and intention to
use will also be used as constructs in this study’s questionnaire.
The attitude toward the technology domain will be used as a
demographic variable for the secondary outcomes. Both the
perceived usefulness and perceived ease of use constructs are
derived from Davis [18]. In his study, a new measurement scale
for perceived usefulness and perceived ease of use was
developed and validated. Both constructs are important when

determining the intention to use: the less effort involved in a
technology, the more it will be used, and the greater someone’s
belief that using the technology would enhance his/her
performance, the more it will be used [18,26]. Regarding the
intention to use construct, van Velsen et al [23] based this
construct on those of Davis et al [19] and Gefen et al [27] and
expanded it with one item of their own. Based on the study by
van Velsen et al [23], 3 statements were used in this study.
Those 3 items were deemed the best to assess the intention to
use.

The aesthetics, control, trust in technology, perceived usefulness,
perceived ease of use, and intention to use constructs all use
statements rated using a 7-point Likert scale, ranging from total
disagreement to total agreement.

The SUS will be used to measure the usability of COUCH.
Broekhuis et al [28] showed that the SUS is insufficient as a
standalone tool for assessing the usability of eHealth
technologies. However, another eHealth usability tool is not yet
available [28]. The SUS consists of 10 statements with 5
response options that are rated using a 5-point Likert scale
ranging from strongly disagree to strongly agree. The SUS score
ranges from 0 (worst imaginable) to 100 (best imaginable) points
[20].

Qualitative feedback from the participants will be obtained
through a short semistructured exit interview at T1 (after
interacting with COUCH for 4 weeks). During this interview,
participants will be asked to share their ideas about COUCH.
We will discuss the advantages, points for improvement, and
problems experienced.
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Willingness to pay will be measured by asking whether the
participants are willing to pay for COUCH, and, if so, how many
Euros they are willing to pay.

Potential Effect on Health-related Factors
Health effects will be measured through differences in scores
within the EQ-5D-5L questionnaire, 6 domains of Positive
Health, and Self-Management Ability Scale – short version
(SMAS-S). The EQ-5D-5L questionnaire measures quality of
life and consists of a descriptive system that includes 5
dimensions (mobility, self-care, usual activities, pain/discomfort,
anxiety/depression) and a visual analogue scale. Each dimension
has 5 levels, ranging from no problems to extreme problems.
With the visual analogue scale, the participants rate their health
on a vertical scale, labelled from the worst health you can
imagine (0) to the best health you can imagine (100) [29].

Huber et al [30] studied how people think about health. They
concluded that the concept of health no longer fits within the
definition of the World Health Organization (health as complete
wellbeing and absence of disease). The Institute for Positive
Health created a tool to gain insight into the positive health of
a person. This tool consists of 6 dimensions: bodily functions,
mental wellbeing, meaningfulness, quality of life, participation,
and daily functioning. Participants complete the questionnaire,
resulting in a score between 0 and 10 for each dimension [30].
In our study, an adapted version will be used. Instead of
completing a questionnaire consisting of 42 questions, the
participants score each dimension from 0 to 10, as reported by
van Velsen et al [31].

The SMAS-S is a questionnaire that measures 6
self-management abilities in older adults: taking initiative,
investment behavior, variety, multifunctionality, self-efficacy,
and positive frame of mind. It determines whether older adults
need self-management courses [32].

Use of COUCH
The actual use will be determined using the platform’s log
history. This outcome measure is defined as the frequency and
duration of use overall, per week, and per session.

Demographics
Demographic data collected in the pretest questionnaire include
gender, age, educational level, living situation, working status,
attitude toward technology, self-reported level of physical
activity, health literacy [33], and motivation level to live healthy.
Attitude toward using technology and motivation level to live
healthy will be explained in the following paragraphs.

To determine the participant’s attitude toward using technology,
4 items from Agarwal and Prasad [34] are included in the
questionnaire. They developed and validated a new instrument
consisting of 4 statements rated using a 7-point Likert scale,
ranging from total disagreement to total agreement.

To get participants engaged in working on their health, it is
important to determine their motivation to live healthy. With
this information, the best suitable persuasive feature can be used
in COUCH for each participant [31]. The motivation of an older
adult to live healthy can be measured by a tool developed by

van Velsen et al [31] based on the revised Sport Motivation
Scale (SMS-II). The SMS-II was created and validated by
Pelletier et al [35]. This questionnaire measures sport motivation
using the Self-Determination Theory. The Self-Determination
Theory distinguishes between 6 types of motivation: intrinsic
motivation, extrinsic external regulation, extrinsic introjected
regulation, extrinsic identified regulation, extrinsic integrated
regulation, and a-motivation [36]. Those 6 types are included
in the SMS-II tool. According to van Velsen et al [31], there
are only 3 types of motivation in older adults to live healthy:
intrinsic motivation, extrinsic external regulated, and
a-motivation. They provided a set of 11 statements that will be
used in our study. In our study, a fourth motivation type, dual
motivation, will be included because some participants are not
obviously intrinsically motivated nor externally motivated.

Applicability of the Virtual Coaches
The applicability of the virtual coaches will be measured using
a rating scale and an adapted version of the Working Alliance
Inventory Dutch version for use in the rehabilitation setting.
This questionnaire will be completed for the 2 primary virtual
coaches. This questionnaire measures how the patient feels
about the therapeutic alliance: the better the therapeutic alliance,
the more likely the patient will follow the treatment faithfully.
Each participant will provide a score between 12 and 60: the
higher the score, the more satisfied the participant is with the
physical activity or nutrition coach and the more she/he trusts
the coach [37].

Sample Size
Because of the explorative character of this study, no sample
size calculation was conducted beforehand. To answer the
objectives of this study, the goal is to include 50 participants
per country. So, in each round, 25 participants will be included
per country. In our experience, participants are very enthusiastic
to participate in this kind of evaluation with new technology
before starting the study, but we expect that around 50% of the
participants will drop out before the end of the implementation
phase.

Statistical Analysis
Statistical analyses will be performed using SPSS, version 19
for Windows (IBM Corp, Armonk, NY). For all analyses, the
CIs will be set at 95%. Descriptive statistics, such as frequency,
mean, SD, and percentages, will be used to describe
demographics, user experience, actual use, and the applicability
of the coaches.

The outcomes from the EQ-5D-5L, Positive Health
questionnaire, and SMAS-S will be investigated using a
mixed-model analysis for repeated measures to obtain the effect
of using COUCH on the different measurements. The fixed
factor will be the measurement time point (T0, T1, or T2). Post
hoc comparisons will be conducted when required, and Sidak
adjustments will be used to correct for multiple tests.

To assess the users’ interaction with the virtual coaches, the
duration of the interaction (in seconds) and the number of
dialogue steps with the coach will be used. With this analysis,
we want to assess the effect of the conversation with the virtual
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coaches. To discover changes and possible trends, the duration
of the interaction and number of dialogue steps will be analyzed
for the two conditions. When the data follow a normal
distribution, the outcome will be investigated using a paired t
test; when the data are not normally distributed, a Wilcoxon
signed-rank test will be performed.

Ethics and Informed Consent
This study will be conducted according to the principles of the
Declaration of Helsinki (64th WMA General Assembly,
Fortaleza, Brazil, October 2013) and in accordance with the
Medical Research Involving Human Subjects Act (Dutch law:
Wet medisch-wetenschappelijk onderzoek met mensen).
According to this law, this study does not require formal medical
ethical approval in the Netherlands. This has been checked by
the CMO Arnhem-Nijmegen (file number: 2019-5555). Each
participant will give his/her informed consent on paper. See
Multimedia Appendix 2 for the informed consent form.

Results

Recruitment of participants will take place twice. The first round
of recruitment occurred from December 1, 2019 to January 30,

2020 in the Netherlands, during which time we recruited 26
participants. The first round of recruitment is still ongoing in
Scotland. The second round of recruitment will occur from
March 1, 2020 to April 30, 2020. For each round, we will recruit
25 participants per country. Participants are recruited through
a mass mailing to older adults, snowball sampling, and
advertisements in local newspapers and social media.
Participants contact the principal investigator to sign up for
participation. The principal investigator sends interested
individuals an information letter via email and checks the
inclusion and exclusion criteria. If a participant is eligible and
still wants to be enrolled in the study, the first visit is planned
by the principal investigator, and the study starts.

The first round of evaluation started on January 31, 2020. This
round will last until April 15, 2020. The second round of
evaluation will start in May 2020 and will last until July 2020.
Figure 4 shows the planning of the evaluation. In August 2020,
we plan to have the first results of this study.

Figure 4. Timeline of the study evaluation period.

Discussion

Overview
This protocol describes the final evaluation of the COUCH
system. This study has the following strengths. First, the
COUCH system was developed in collaboration with end users.
Our expectation is that this will lead to fewer usability issues
and better insight into the study’s primary outcome measures.
McCurdie et al [38] reported that users identify key requirements
that otherwise would entirely be neglected. Second, this
evaluation will take place in the participants’ residence, a
real-world setting, over a long period (5-9 weeks). This will
provide a lot of information about how long the target group is
willing to interact with a virtual coaching system and whether
a virtual coaching system can lead to behavior change. Finally,
the intervention will be personalized to the participants. We
will start the evaluation with a 1-week baseline measurement,
in which we will measure the participants’ activity level and
eating patterns. With this information, we can personalize the
physical activity and nutrition coaches for each participant,
which will improve the effectiveness of COUCH. Lentferink
et al [39] showed in their scoping review that personalized

content improves adherence to eHealth technologies, which
subsequently will lead to a more effective eHealth service.

Limitations
However, this study also has some limitations. First, there will
likely be selection bias. Participants contact the researchers to
enroll in the study. We expect that these participants are already
more motivated to live healthy or already live more healthily
than the average older adult population and the average adult
population with type 2 diabetes or chronic pain. Second, the
content that will be ready at the start of the evaluation only lasts
for 4 weeks. During the follow-up phase, no new content will
be provided to the participants. This can influence the interaction
frequency during the follow-up phase. Finally, this study will
possibly have to deal with confounders, for example if users
receive advice from their health care professionals or others
about a healthy lifestyle. This occurs in real life. To handle this
as best as possible, confounders such as these will be discussed
with the users during the exit interview.

Conclusions
This study will provide insight spanning many areas to improve
the COUCH system, and it will contribute to further
development of the system and to a better understanding of the
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value of virtual coaches for behavior change. In addition, the
summative approach of this study protocol to evaluate an

eHealth application in a real-world setting can be used to guide
other eHealth evaluations.
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Abstract

Background: The health and well-being of college students has garnered widespread attention and concern in recent years. At
the same time, the expansion and evaluation of digital technologies has grown in recent years for different target populations.

Objective: This protocol aims to describe a pilot feasibility study on wearables to assess student interest and to gather baseline
data from college freshmen, for the academic year 2019 to 2020.

Methods: All full-time college freshmen residing in a single residence hall were eligible to participate. Study invitations were
sent by post and email 5 weeks prior to move-in. Web-based enrollment and in-person attendance at study orientation sessions
were mandatory. We provided the incoming freshmen with a wearable and study app. Wearable data and weekly survey data will
be collected through the study app and analyzed. We have collected demographic, enrollment, and attrition data and the number
and type of support requests from students.

Results: The planning phase of the WearDuke initiative was completed in 2018 to 2019, and the pilot study was launched in
July 2019. Of the 175 students invited, 120 enrolled and 114 started the study; 107 students remained active participants till the
end of the fall semester. For Apple Watch participants (the majority of study population), weekly survey completion rates ranged
from 70% (74/106) to 96% (95/99).

Conclusions: Halfway through the pilot, we noticed that the initiative has been received positively by the students with minimal
attrition. The short- and long-term benefits may be substantial for students, the campus, the utilization of health services, and
long-term health.
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Introduction

Background
The transition to college can be an emotionally challenging
time, with new experiences, pressures, choices, and
independence [1-5]. Colleges and universities have developed
a wide range of resources to support student health, well-being,
and academic success. Yet, while these efforts are focused on
students’ college years, there remain unmet needs, eg, methods
that enable students to monitor health-related behaviors, an
awareness of the consequences of unhealthy behaviors, and the
establishment of healthy behaviors for the future. Many students
have a mobile phone (over 96% of adults aged 18-29 years have
reported owning one [6]). Thus, apps and tethered devices can
serve as useful tools to track daily habits and health-related
variables. These data and tools can help identify trends over the
week or a semester and utilize reminders, sleep goals, and other
types of alerts to prompt behavior change. Although tracking
behavior change through tools, such as apps, has been linked
to improved well-being [7,8], there is limited research on the
use of wearable technologies for improving well-being,
particularly among college students who are transitioning to
adulthood. To this end, we are launching a scalable, hybrid
population health, research, and educational initiative focused
on an undergraduate student population. The goals of the
initiative are to promote health awareness and engagement,
establish individual healthy behaviors, promote a campus culture
that fosters healthy living, and provide unique student-centered
research and learning opportunities.

Our initiative in promoting student health and wellness
capitalizes on 2 major disciplines: (1) population health and (2)
digital technologies. Population health has become a central
focus of research and an overarching goal for health systems
and communities [9]. This focus on population health does not
preclude individual-based interventions, rather, the two are
inextricably linked. Many factors affect population health,
including social determinants, the physical environment, the
workplace, access to care, and behaviors. On a population level,
greater effort is needed for more comprehensive assessments
for risk stratification and to advance the understanding of
effective interventions for particular populations.

Emerging digital or mobile health (mHealth) technologies such
as smartphone apps, sensors, and wearables and connected
devices can collect health-related data from individuals and
populations continuously in their daily environment and analyze
that data, thus creating a feedback loop to deliver in-time
intervention(s) that allow people to self-manage their health
and make better choices [10].Furthermore, these data can
provide clinicians with a more complete picture of patient health
to enable more informed and precise treatment decision making
[11]. Owing to the ubiquity of smartphones, the use of mHealth
technologies to measure and record health-related behaviors
and clinical parameters has become increasingly convenient
and useful for research [12]. These tools can increase access to
research opportunities across diverse populations, collect near
real-time data, and reduce costs for population health research
by forgoing in-person visits for assessment and reducing study

staff personnel. For example, the national All of Us Research
Program (formerly Precision Medicine Initiative) recently
selected Fitbit to pilot in up to 10,000 participants to record
heart rate, physical activity, and sleep.

In addition to sensors embedded in a mobile phone, there are
many connected devices that tether to smartphones that allow
for the collection of health-related data, eg, glucometers,
wrist-worn accelerometers, wireless scales, and portable
electrocardiograms. Activity trackers are some of the most
popular connected devices and include Fitbit, GENEactiv, Polar,
Apple Watch, Vivosmart (Garmin), and Verily Study Watch,
among others. Many of these devices also track sleep by largely
relying on actigraphy and utilize an accelerometer-based
measurement algorithm to estimate total sleep time. Many apps
can also record sleep patterns by monitoring movement using
a smartphone placed on the bed and, similar to wearables,
monitor sleep through a microphone and acoustics. Other
devices can be placed under the mattress or at the bedside to
monitor pressure, movement, or sound.

Overall Aim
Several studies have shown promising evidence that support
the feasibility, acceptability, and limited effectiveness of digital
interventions for behavior change [13-19]. However, many of
these studies have been conducted for short durations and on
small sample sizes [13]. Through the use of wearable devices,
this initiative aims to increase students’ awareness about the
importance of activity and good sleep habits through
self-tracking and to develop and provide interventions and tools
to help achieve healthy behaviors during and following college.
We are currently conducting the first of 2 pilot studies to assess
student interest, adherence, feasibility, and staffing needs and
to gather baseline data through wearables and surveys on stress,
diet, physical activity, and sleep behaviors. The pilot data will
inform the larger launch of interventions tailored per student
behaviors for the entire freshman class.

Methods

Design
Although there are many types of behaviors to target, we initially
focused on activity and sleep, as poor sleep habits have a
profound waterfall effect on not only health but also on
academic and social elements [20-22]. Poor quantity and quality
of sleep can affect individuals of all ages, gender, and racial
and ethnic backgrounds. Many adults fall short of the
recommended goal of 7 or more hours of daily sleep [23], with
approximately 35% of US adults reporting insufficient sleep
[24,25]. In college students, higher rates of insufficient sleep
have been reported, with one study reporting 70% of students
with inadequate sleep [26,27].

To our knowledge, this type of an initiative has not been
implemented in the United States in a campus-wide setting.
Preparing for such a large endeavor involved discussions and
collaborations with 3 major groups on campus: (1) university
leadership and administrators, (2) information technology staff,
and (3) students. Given the focus on students, support from the
university administration was critical to the development and
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implementation of such a large initiative. We convened
discussions with campus administrators in student health, student
wellness, and student affairs to identify support and begin to
outline the initiative and develop a proposal. With their
commitment, we applied and received funding from the Office
of the Provost.

We proposed a 3-year plan to develop and launch this initiative
to an entire freshman class, which has been described in detail
in the following sections. Specifically, the 3-year proposal
included a year-long planning process, followed by 2 year-long
pilot studies to assess the feasibility and acceptability of
wearables and the impact of connecting students to campus
interventions to promote healthy behaviors.

Year 1: Planning Phase
During the planning phase, we assembled an interdisciplinary
faculty advisory team with expertise in mHealth technologies,
app development, health behaviors, data science, psychology,
sleep disorders, and student affairs and student health with
continued participation from campus administrators. The faculty
team advised the principal investigators on the development,
infrastructure, and implementation of the initiative and is being
briefed monthly. To successfully develop and implement an
initiative intended for students, we considered it essential to
involve students at every stage of planning, development, and
implementation. Thus, in parallel with establishing a faculty
advisory team, we established a student advisory committee.
The student team was responsible for gathering feedback from
students about their interest and concerns about the initiative;
leading the selection of the name, logo design, and wearable;
informing the development of an iOS app; creating the website;
and outlining the protocol for the initiative (the student team
was supported by the Duke Bass Connections program).

Information Technology Solution
With the proposed use of digital technologies and the collection
of multiple types of data, we engaged with the Duke’s Office

of Information Technology (OIT) staff to develop a strategy for
managing the full lifecycle of app development, deployment,
and data collection processes. Our team worked very closely
with software developers from the campus to develop the
infrastructure for data collection, analysis, secure data storage,
and technical support for the students. This included the
development of a study app and website as well. Furthermore,
the OIT staff are instrumental in working with the institutional
review board and security office to ensure that the study meets
all security and regulatory requirements.

To receive data from Apple Watch (Apple Inc) and push weekly
surveys to participants, we developed a study app with OIT.
For the pilot studies, we only developed an iPhone Operating
System (iOS) app given that a large proportion of incoming
students were estimated to have Apple iPhones based on the
current student body data (>90%). This included creating a
secure server architecture that allowed us to retrieve and store
data for analyses (Figure 1). Access to the WearDuke app
through the University App Store was restricted to students who
finished the consent process. When installing the WearDuke
app, students were asked to allow the app to access each
category of study data stored in Apple HealthKit (eg, heart rate,
steps). HealthKit is an in-built app that aggregates health-related
data on the iPhone. Data from Apple Watch is transferred and
stored on HealthKit. The WearDuke app retrieves and encrypts
the permitted data from HealthKit and then transfers the
encrypted data to a secure server on Duke’s protected network.
Any third-party app or any other device connected to the phone
that is providing data to the HealthKit will be available to the
WearDuke app and collected and stored with the study data.
The source of the data (Apple Watch, app, or other device) is
included with the data collected. Survey data are also collected
in the WearDuke app and encrypted and transferred in the same
manner as the data from Apple HealthKit.

Figure 1. WearDuke iOS architecture. OAUTH: open authorization; Shib IdP: Shibboleth identity provider; KONG: Kong API Gateway; API:
Application programming interface; REST API: Representational state transfer API; PRDN: Protected research data network; Repo: Repository; App:
Application.
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Student Focus Groups
An undergraduate student team conducted a series of focus
groups with undergraduate students to ascertain the general
interest about the initiative, the name and logo, the familiarity
with wearables, the features of a companion app, the likelihood
to complete surveys and wear wearables, and an incentive
system. We will continue to have undergraduates involved in
the initiative throughout the pilot year to help guide and prepare
for the second pilot study.

Wearable Selection
For this initiative, we will provide the enrolled students with a
choice of wearable to monitor activity and heart rate; sleep
behavior data will be gathered through an app. With our student
team, we reviewed available wearables based on several criteria:
type (wrist or ring), battery life, measurements, style, other
features of interest to students, and methods of data access. We
were unable to identify wearables that are compatible with both
Android and iOS smartphones, have a comprehensive set of
desired measures (sleep and activity) that are clinically accurate,
and possess other features that are attractive to a college student
population. Thus, we decided to offer the Fitbit Charge 3 and
Apple Watch 3 to Android and iOS smartphone users for the
first pilot study, respectively. We will re-evaluate the choice of
wearables for the second pilot, informed by the first pilot study
and newly introduced wearable models.

Year 2: Pilot Study 1
In the pilot feasibility study, we worked with the campus
institutional review board, information security and privacy
offices, and information technology staff to create an informed
consent process that would be both understandable and
transparent to young adults. We worked with Duke Web
Services in OIT to create a university-approved website for the
study.

Recruitment and Enrollment
In July 2019, we invited students from a single residence hall
(N=175) to participate in the study to assess the feasibility and
acceptance of wearables to measure health behavior and to
identify trends in health behaviors over the students’ freshman
year. To be eligible for the study, students must be enrolled as
a full-time freshman (Class of 2023), residing in the selected
residence hall approved for the study; college freshmen residing
in other dorms were not eligible to participate. Students received
a letter in the post and by email about the study, inviting them
to enroll after reviewing the website; adult-aged students
interested in enrolling completed an electronic informed consent
form. Students must acknowledge reviewing each section of
the electronic consent form (in the checkbox at the end of each
section) and sign the form. For students aged under 18 years,
parental consent was obtained first, followed by student
informed assent (identical in content to the student consent).

We worked with OIT to develop a process using institutional
data to ensure that only students who met the eligibility criteria
were able to be included in the study—a solution using group
management that includes information about students who turn
18 after enrolling (with parental consent) to ensure that we are
collecting data from properly consented enrollees. Participants
were required to attend an in-person orientation the week before
the fall semester began; study investigators described the study,
benefits, and risks before distributing the wearables. Assistance
was provided as needed to set up the wearable and connect to
their phones and install and set up the app. OIT support was
available throughout the study to address student issues with
the wearable or companion app. A WearDuke email was
established to facilitate communication with the students.

Pilot Study 1: Methodology and Measures
For the first pilot study, we are primarily interested in
ascertaining feasibility, student interest, and student experiences
as well as infrastructure needs. Feasibility will be measured
with study records and feedback regarding the number enrolled,
number of withdrawals, frequency of wearing the wearable
daily, survey completion rate, and use of information technology
support services. In addition to the data on wearables (Table 1),
we will administer weekly surveys to gather more information
about students’ sleep habits, caffeine use, overall health and
mental health, and academic performance (Table 2). We
administered a baseline/demographic survey following
enrollment. Students with an iOS smartphone were asked to
install the developed companion app to complete surveys.
Students with Android-based smartphones use the Fitbit app
and will complete surveys through Research Electronic Data
Capture (REDCap), an electronic data capture tool hosted at
Duke University [28,29]. REDCap is a secure, web-based
software platform designed to support data capture for research
studies. All pilot data will be stored on internal secure servers
within the university. We will assign each participating student
a unique study identification number. We will review and apply
what we learned from year 1 and begin to develop intervention
components for year 2.

To remain enrolled in the study, students must maintain an
active participation status in the study through the completion
of half of the surveys (2 per month) and wearing the watch a
minimum of 3 days weekly. Adherence is determined through
the analysis of heart rate data from the raw wearable data; an
hour worn is defined by collecting at least one heart rate sample
from the wearable within that hour. Thus, the set of hours of all
heart rate samples within a day is defined to be the number of
hours the user has worn the watch for that day (ie, the hours in
which the samples occurred are 0, 2, 2, 13, 13, 14, 15, which is
5 hours worn). The student must wear the watch for 8 hours to
be counted as worn. Incentives were provided to students who
completed weekly surveys and wore the wearable for at least
the minimum number of days weekly.
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Table 1. Mobile device data collection.

Apple Watch 3Fitbit Charge 3Data type

Daily: steps, distance, flights climbed, exercise time,
and stand hours

Daily: steps taken, distance, and floors climbed; minutes lightly,
fairly, and very active; minutes sedentary

Activity/exercise

Daily: basal and active energy burnedDaily: calories burnedEnergy

Daily average: resting heart rate, walking heart rate,
and heart rate variability

Daily average: heart rate and heart rate zoneHeart rate

Native Apple app (clock) or other third-party app
(student’s choice)

Daily: time asleep and sleep stages (Rapid eye movement, light, and
deep)

Sleep analysis

Table 2. Weekly surveys.

Survey instrumentSubject/topic

Demographics • Race, gender, and campus activities

Sleep (habits, environment, and circadian
preference)

• Sleep/wake behavior problems
• Use of sleep aides (medications, music, and blinders; adapted from National Sleep Foundation [30])
• Sleep quality (Patient-Reported Outcomes Measurement Survey (PROMIS) Sleep Practices and

Sleep Disturbance) and daytime sleepiness (PROMIS SRI) [31,32]
• Circadian preference (Morningness-Eveningness Reduced Questionnaire [33])
• Physical environment/number of roommates

Mental health • Depression (Center for Epidemiologic Studies Depression scale) [34]
• Stress (Cohen’s Perceived Stress Scale [35])

Nutrition (habits and knowledge) • Nutrition knowledge and habits (adapted from [36])

• Caffeine intake [37]

General health status • General physical/mental health status [38]
• Reported number of absences owing to sickness
• Reported number of visits to student health

Academic schedule/performance • Intended major/minor
• Courses/schedule
• Academic performance (GPA)
• Average hours per week for campus activities, work study, and/or employment

Physical activity • Physical activity habits (adapted from [36])
• Participation in campus programs

Experience with wearables and apps • Use of sleep tools/alerts/tracking
• Experience with wearables and health-related apps

Year 3: Pilot Study 2
Data collected from the first pilot will inform an expanded,
second pilot study that will focus on the evaluation of
interventions to promote healthy behaviors. In this second larger
study, we will implement an improved app and incentive
strategy, continue to monitor activity and sleep behavior, and
evaluate the uptake and effectiveness and use of campus
activities and interventions. Our intervention will be guided by
theory-driven behavior change principles that leverage
capabilities of continuous monitoring technologies and address
the unique preference of individuals. For this study, we will use
the Healthy Apps 4 M’s conceptual model of monitoring,
modeling, motivating, and modifying [39]. These principles
will help guide our intervention development that will allow
for near real-time interventions based on continually observed
behavioral response data.

Educational interventions may include workshops, in-person
or web-based guest speakers, and sending out healthy tips via
push notifications. Physical activity interventions will be
available for students at all levels and experiences, individual
and group based. Sleep interventions may include both physical
sleep aides (eg, pillows) or guidance for establishing a nightly
routine to enable adequate sleep quality and quantity. For
example, students may benefit from learning how to de-stress,
perhaps through simply reducing mobile phone use before going
to sleep (it is estimated that about 40% of Americans, including
72% of adolescents, use mobile technology before going to
sleep [40,41]). Ideally, we will alert students to various
interventions based on their preferences and wearable data.
Assuming successful completion of the pilot studies, we hope
to expand the initiative to the entire incoming class.
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As with the first pilot study, we will re-assess student interest
and experiences through the enrollment rate, drop-out rate, daily
wearable adherence, damage to wearables, survey completion
rate, and use of information technology support services. In
addition to objective data collected from the wearables, we will
administer weekly surveys to gather more information about
students’ sleep habits, caffeine use, overall health and mental
health, and academic performance. The second pilot will
introduce app notifications based on student preferences and
wearable data for activities, workshops, or other resources to
promote well-being.

Data Analysis
This is an exploratory study, and there are no interventions or
hypotheses. As these pilot studies are intended to primarily
assess feasibility and acceptance, the project is not powered to
detect statistically significant effects. Descriptive statistics and
some nonparametric tests, eg, Wilcoxon signed rank tests, Fisher
exact tests, and other appropriate measures will be calculated
using the R environment. We will assess student variables such
as gender and intended major with regard to the survey and
wearables data. Depending on the scoring algorithm for each
survey instrument, any missing data may prohibit the generation
of a score. In other cases, descriptive statistics are generated
per question, and “prefer not to answer” is a part of the range
of responses quantified. Working with Duke OIT, we can
provide our analytics staff with tools such as R-Studio, as well
as state of the art Python-based tools for the analysis of very
large datasets.

Educational Opportunities
In addition to promoting healthy lifestyles for students and a
healthy campus culture, we envision that students and faculty
will have the opportunity to conduct research with anonymized
datasets, in turn providing students with a real-world dataset to
gain skills in research and data analysis. We hope to have the
opportunity to work with students to develop smaller studies
within the larger group of WearDuke participants to address or
gather data for other areas not currently addressed. Through
this experience, we anticipate that they will learn about study
design, generating hypotheses, survey development and other
research methodology, human subject protections, and the
analysis of complex datasets. Students may also work on
improvements to the app or the development of new campus
interventions to promote healthy behaviors.

The study has also allowed us to work with classes across
campus such as computer science and engineering. For example,
an Android development class created a prototype for the
WearDuke study. Not only did this allow students to learn how
to work with clients and develop a product for a real-world
project but also it provided a beta version and wireframe of an
Android version of the study app. We would then be able to
take this student work to professional developers as a prototype
that can be built upon. We expect that this educational approach
will be repeated, and future classes will build an additional app
or technology-related features for the study. This may include
testing new digital health technologies that could measure sleep,
among others.

Results

We completed the year-long planning phase and obtained
approval from the Duke University Campus Institutional Review
Board in June 2019. The website was made publicly accessible
in July 2019 [42]. The first pilot study was launched in July
2019 in a single freshman residence hall. An electronic consent
process was established, and all students attended a mandatory
orientation session on August 24 to 25, 2019. A total of 175
students were eligible to participate, and 120 (68%) students
consented to participate, and 114 (65%) students started the
study (see Figure 2). Student demographic data are presented
in Table 3.

All students were required to complete a demographic survey
during the enrollment process. A survey was administered each
week of the semester (16 total surveys). Weekly survey
completion rates ranged from a high of 95% to 70% (Figure 3).
By the end of the fall semester, a total of 8 students withdrew
from the study or were withdrawn by study staff owing to
inactive participation. Watch replacements were provided for
a total of 10 students for watches that were lost (4), broken (5),
or nonfunctional (1). An analysis for each survey and wearables
dataset has commenced. In addition to generating summary
statistics, we will test for differences between major student
demographic features such as gender and intended major for
both survey and wearables data as well as test for changes in
behaviors across the semester in repeated measures. We aim to
publish the initial results of the first pilot study in fall 2020.
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Figure 2. CONSORT Flowchart of WearDuke initiative through end of fall semester.

Table 3. Participant demographic data (N=114).

Values, n (%)Characteristics

62 (54.3)Male

Age (years)

13 (11.4)<18

95 (83.3)18

5 (4.4)19

1 (0.88)20 or older

15 (13.1)Hispanic

Race

63 (55.3)White

8 (7.0)African American

27 (23.7)Asian

2 (1.8)Other

13 (11.4)More than 1 race

School

85 (74.6)Trinity School of Arts & Sciences

29 (25.4)Pratt School of Engineering

2 (1.8)Varsity sports

106 (93.0)Own an iPhone
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Figure 3. Weekly survey completion rate for Fall 2019 semester for Apple Watch participants.

Discussion

Preliminary Findings
In a time of rapid growth of digital technologies in the
educational and health space, we seek to promote familiarity
with these technologies to improve health and well-being for
undergraduate students. No other informal learning opportunity
exists for students on campus to gain experience with these
technologies, and the potential for new educational opportunities
further expands the multiple benefits that this initiative may
yield. In the first of the 2 pilot studies commenced, the study
launched with 65% of eligible students. Halfway through the
study (at the end of the fall semester), the attrition rate was 7%,
and the average weekly survey completion rate was 88%.

The transition to college is a period when new and long-term
habits are being formed. With ongoing concerns about the health
and well-being of college students today, we are developing a
tool to help students adjust to the collegiate environment and
emphasize the need for students to make time for themselves
and establish healthy lifestyles. Such an expansive undertaking
requires engagement with many stakeholders and, most
importantly, with the targeted student population. We have
begun discussions to expand the initiative to the health system
and other groups on campus including graduate students,
residents/trainees, staff, and faculty. We hope our initial
experiences will inform the use of digital technologies in other
settings.

We do acknowledge several limitations to this study. The first
is the limited sample size of the first pilot, which did not allow

us to draw statistical conclusions from the data. The first pilot
also does not test the effect of any intervention, so we cannot
assess the impact on health and wellness outcomes of using
these technologies. Students may become tired or lose
enthusiasm to complete the weekly surveys, particularly the
repeated surveys, limiting our ability to detect trends over and
between semesters. Finally, this study is at a single college
campus and does not reflect the diversity of college campuses
and student bodies across the United States. We also recognize
the economic limitations of broadly implementing an
mHealth-based initiative and its general feasibility in other
educational settings (or settings with shared living arrangements)
or for population health initiatives [43,44].

Conclusions
College students’health and well-being has garnered widespread
attention and concern in recent years. Similarly, the expansion
and evaluation of digital technologies has grown in recent years
for different target populations. We believe such an initiative
will have both short-term and long-term implications for
students in learning about and facilitating healthy behaviors
that will optimize well-being and academic performance
throughout college as well as establish healthy behaviors that
will have a lasting impact on their health and well-being after
college. Furthermore, the data and experiences from this
initiative can inform the development of similar programs in
other educational and group-based settings (eg, military and
nursing homes) to improve residents’ overall health in settings
that are new/unfamiliar, stressful, and/or resource-limited.
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Abstract

Background: Adults who are homeless are more likely to have alcohol use disorders (AUDs) compared with domiciled adults.
Although AUD treatments are commonly available, many factors (eg, transportation limitations and inability to schedule
appointments) contribute to low treatment completion rates and low success rates of these interventions among adults experiencing
homelessness. Most adults who are homeless own mobile phones; however, no interventions have been developed that use mobile
devices to deliver and support AUD interventions for this population. Mobile phone–based AUD interventions may reduce barriers
that have limited the use and utility of traditional interventions.

Objective: The aim of this study is to (1) identify variables (eg, affect, stress, geolocation, and cravings) that predict drinking
among homeless adults (phase I), (2) develop a mobile intervention that utilizes an algorithm to identify moments of risk for
drinking and deliver treatment messages that are tailored to the individual’s current needs in real time (phase II), and (3) pilot
test the intervention app (phase III).

Methods: In phase I, adults experiencing homelessness with an AUD (N=80) will complete baseline, equipment, 2-week, and
4-week follow-up visits in person. Participants will be prompted to complete five daily ecological momentary assessments on a
study-provided smartphone for 28 days. The smartphone app will collect GPS coordinates every 5 min for the entire 28-day study
period. Participants will wear a transdermal alcohol sensor that will objectively measure alcohol use. In phase II, we will use
phase I data to develop an algorithm that identifies moments of heightened risk for drinking and develop treatment messages that
address risk factors for drinking. Phase III will pilot test the intervention in 40 adults experiencing homelessness with AUD.

Results: This project was funded in June 2018. IRB approval was obtained in October 2018, and data collection for phase I
began in February 2019. Phase III data collection is expected to conclude in 2020. To date, 80 participants have consented to the
study, and data analysis for phase I will begin in early 2020.

Conclusions: This research will highlight intervention targets and develop a novel intervention for understudied and underserved
adults experiencing homelessness with AUD.

International Registered Report Identifier (IRRID): DERR1-10.2196/15610
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Introduction

Background
An estimated 6.2% of US adults will be homeless at some point
in their lifetime [1]. Adults experiencing homelessness have
higher rates of disease, greater risk of interpersonal violence,
shorter life expectancies, and disproportionately higher health
care utilization and costs compared with housed individuals
[2-5]. Adults experiencing homelessness are 8 times more likely
than adults in the general population to be alcohol dependent
[6,7], and the high prevalence (29%-63%) [8-11] of alcohol use
disorders (AUDs) is a leading contributor to the higher morbidity
and mortality among adults experiencing homelessness. For
example, one study found that alcohol was responsible for an
estimated 17% of all deaths among homeless adults in Boston,
a rate 6 to 10 times greater than in the general population [12].

Although shelter-based AUD treatments are common [13],
adherence is typically poor [6]. Homeless individuals experience
a number of barriers to receiving AUD treatment, including
lack of stable housing [14], fractured social networks [15], and
high rates of co-occurring problems [16]. There is evidence that
shelter-based interventions are feasible [17] and can decrease
drinking [18]; however, keeping clients engaged in treatment
is a challenge [19,20]. In an analysis of 15 substance use
disorder (SUD) treatment programs for homeless individuals
funded by a National Institute on Alcohol Abuse and Alcoholism
cooperative agreement [21], dropout rates ranged from 67% to
97.5%. Not a single program was completed by more than
one-third of clients. Major reasons for dropout included poor
client motivation, a desire to reconnect with family or friends
outside of treatment, dissatisfaction with the program structure
or environment, and other logistical difficulties.

Relatively little is known about the environmental, cognitive,
affective, and behavioral antecedents of alcohol use in adults
experiencing homelessness. Alcohol use has most often been
examined using traditional lab-/clinic-based assessment methods
that are not well suited to capturing the complicated street-level
interactions experienced by most adults experiencing
homelessness [22,23]. Ecological momentary assessment
(EMA), in which handheld devices (eg, smartphones) are used
to capture moment-to-moment experience via brief surveys,
reduces recall bias and more accurately measures antecedents
and correlates of alcohol use in natural settings [22,24-26]. In
addition, recent technological advances in smartphone sensors
have made it possible to passively collect continuous geolocation
data (ie, GPS coordinates) alongside EMA [27]. Thus,
momentary changes in key variables can be tracked, studied,
and potentially used to initiate real-time interventions and
engage clients in treatment.

Multiple studies have identified momentary predictors of
smoking relapse [28-33] and have shown that the composite
scores based on daily diaries of self-efficacy and motivation are
more consistent predictors of drinking outcomes than global
measures of self-efficacy and motivation among problem

drinkers [34]. Thus, EMAs may be better suited than traditional
clinic-based, trait-like measures to identify mechanisms that
drive alcohol use.

Although EMA has been used in a variety of populations and
for multiple health outcomes, only a few studies [33,35] have
collected EMA data in adults experiencing homelessness.
Furthermore, few studies have used both EMA and geolocation
to assess risk for alcohol use despite the fact that research studies
have indicated that most adults experiencing homelessness
possess phones with active service (ie, we have conducted two
large survey studies of adults experiencing homelessness (Dallas
and Oklahoma City) and found that 58.4% of 394 surveyed
adults in Dallas (2013) and 71.9% of 589 surveyed adults in
Oklahoma City (2016) possessed cellular phones with active
service). We are not aware of any studies that have combined
this information to estimate risk and intervene in real time to
reduce drinking among homeless adults. We believe combining
EMA and geolocation data will help improve our understanding
of the mechanisms that lead people to drink and pave the way
toward more effective and cost-effective alcohol treatments for
this high-risk group. This paper describes the rationale and
design for a three-phase treatment development study to develop
a just-in-time adaptive smartphone intervention (JITAI) to
reduce alcohol use in adults experiencing homelessness.

Objectives
During phase I, we will use smartphones and passive sensing
to continuously monitor geolocation and to measure
psychosocial variables (eg, negative affect, stress, and urge to
drink) and alcohol use in a sample of 80 adults experiencing
homelessness enrolled in shelter-based treatment programs.
EMAs will be used to examine the moment-to-moment
relationship between social cognitive theory (SCT) constructs
(eg, affect, abstinence motivation and self-efficacy, alcohol use
expectancies, and cravings) [36,37], social-ecological model
constructs (eg, current proximity to previous drinking areas or
alcohol outlets, social setting, and social support) [38,39], and
drinking. We will also assess these constructs as trait-like
variables at baseline to examine how trait and state processes
interact to influence drinking behaviors. Finally, phase I
participants will complete quantitative and qualitative measures
at the conclusion of the study. These measures will query about
things they liked and disliked about the survey app design and
potential intervention components that should be included in
the phase III app.

In phase II, we will use this information to develop optimized
risk algorithms and develop tailored treatment messages that
can be provided before anticipated alcohol use given personal,
situational, and environmental triggers (eg, presence of drinking
others, location, elevated positive or negative moods, and high
stress).

In phase III, we will pilot test the smartphone app for utility,
satisfaction, and preliminary effectiveness in another sample of
40 homeless adults enrolled in shelter-based treatments.
Algorithm-driven treatment messages will be automatically
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delivered at the end of EMAs. Phase III participants will
complete a qualitative interview that will examine their opinions
of the app design and intervention content and ways to improve
the app user interface. In phases I and III, self-reported alcohol
use will be validated via a transdermal alcohol sensor (ie, Secure
Continuous Remote Alcohol Monitor [SCRAM], Alcohol
Monitoring Systems, Inc) worn by participants.

Motivational- (eg, derived from motivational interviewing) and
self-efficacy- (eg, derived from SCT) themed messages are
commonly used in technology-based alcohol interventions [40].
Interventions for AUDs have often drawn from these underlying
theories, but mobile interventions have the additional strength
of fostering self-regulation through triggering goal salience and
re-evaluation of short- versus long-term goals [41]. Recent work
has indicated that smartphone apps (eg, the ACHESS app) that
incorporate preloaded videos, interactive features, and weekly
check-ins can reduce heavy drinking days in alcohol dependent
adults [42] and college students [43]. Others have begun to use
geolocation data to alert individuals with SUDs about potentially
high-risk environments [44-46]. For example, some SMS text
messaging interventions for AUD have focused on encouraging
self-regulation and planning before drinking episodes [47,48].
For those who are enrolled in treatment, the messages can
reinforce treatment concepts. For those who are not enrolled in
treatment, messages may serve as a primary intervention (or at

least a reminder of past concepts) to short-circuit alcohol use
before it occurs.

Our central hypothesis is that alcohol use is strongly affected
by moment-to-moment risk and protective factors, and we can
use EMAs to identify and automatically intervene during
moments when people are at high risk for drinking. Our
hypothesis is based on preliminary findings from our own
studies among homeless [33,49], justice involved [50], and
socioeconomically disadvantaged safety net hospital patients
[31,32]. If effective, this smartphone treatment app could
significantly improve treatment engagement, drinking outcomes,
and quality of life among adults experiencing homelessness
with AUDs.

Methods

Setting
All phases of the project will be conducted at a large homeless
shelter located in Dallas, Texas. The shelter provides multiple
services, including meals, mental health and substance abuse
counseling, care management, housing placement, and job
readiness training to approximately 85% of all homeless adults
in Dallas County each year. The shelter conducts approximately
366 new intakes each month, of which approximately 32%
self-report current problems with alcohol. See Table 1 for
characteristics of the shelter population [51].

Table 1. Characteristics of people enrolled in the Bridge Homeless Recovery Program (N=394).

ValueCharacteristics

111 (28.2)Sex (female), n (%)

Race/ethnicity, n (%)

247 (62.7)Black

102 (25.9)White

24 (6.1)Latino/Hispanic

21 (5.3)Multiracial/other

43.9 (11.8)Age (years), mean (SD)

Socioeconomic characteristics

11.9 (1.8)Education (years), mean (SD)

93 (23.6)Insured, n (%)

39 (9.9)Employed, n (%)

Eligibility Criteria
We will include relatively few exclusion criteria so that the
sample will be as representative of the population as possible.
Homeless individuals at the shelter will be included in the study
(N=80 for phase I and N=40 for phase III) if they (1) receive a
score of 8 or above on the Alcohol Use Disorders Identification
Test [52] (a cutoff score suggesting hazardous and harmful
alcohol use), (2) report consuming at least one standard drink
of alcohol in the past week, (3) are receiving services at the
shelter, (4) are willing and able to complete the baseline and
follow-up visits, (5) score ≥4 on the Rapid Estimate of Adult
Literacy in Medicine-Short Form indicating >6th grade English
literacy level (ie, a 7th grade reading level is necessary to

complete assessments), and (6) score ≥24 on the Mini-Mental
State Exam indicating no substantial cognitive impairment.
People with circulation problems, neuropathy, deep vein
thrombosis, leg ulcers, tendonitis, diabetes, pregnancy, history
of swelling, or nickel or other metal allergies will be asked to
consult a shelter-based medical professional before wearing the
SCRAM bracelet. Individuals will be excluded from
participating if they indicate that they would be uncomfortable
wearing the SCRAM bracelet for 4 weeks. Individuals will be
excluded from participating in phase III if they participated in
phase I.
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Participant Recruitment and Procedure
Homeless adults who are receiving services at the shelter will
be given a flyer that briefly outlines this study. Interested
individuals will be scheduled for a screening visit to determine
study eligibility. Before screening, participants will be informed
that shelter services are not contingent upon study enrollment.
Those who remain interested will complete the informed consent
process before screening. Once eligible, participants will
complete a baseline assessment, equipment visit, 2-week
follow-up, and 4-week follow-up visits in a private office at the
shelter. At the baseline visit, participants will complete baseline
questionnaires. Approximately 3 to 7 days after the baseline

assessment, participants will return for the equipment visit where
they will receive the study smartphone (including instructions
on how to complete the phone assessments) and be fitted with
the SCRAM bracelet. All study phones loaned to participants
will have a data plan which includes unlimited calls and texts
and 2 GB of data per month. The app will prompt surveys,
collect data, and provide intervention content even when offline
(ie, no internet connection is needed for the app to work).
Whenever cellular service or Wi-Fi are available, study data
are automatically uploaded to the study server.

Figure 1 shows the study flow for phases I and III.

Figure 1. Phase I and III flowcharts. EMA: ecological momentary assessment.

Measures

Baseline Measures (In-Person)
In-person assessments will be administered at the baseline and
4-week visits. These measures will be used to describe the
sample, identify variables that predict drinking, and help develop
the treatment messages. At the baseline visit, a comprehensive
locator form will be used to identify and collect multiple ways
to contact participants (eg, personal email address, Facebook
page, and family members’ phone numbers and addresses) to
reduce loss to follow-up. Data will be collected on tablet
computers using Questionnaire Development System (QDS)

software by NOVA Research Company (Silver Spring,
Maryland). QDS utilizes a computer-administered self-interview
format (ie, audio computer-assisted self-interviewing), which
reduces data entry errors and the need to retain paper copies of
questionnaire data. Each item appears on the computer screen
while the program reads the item. Participants touch the screen
to select their answers after QDS reads each item. In past studies,
participants have reported few problems using the QDS program,
including those with no computer experience. Trained research
staff will be available to help participants who have difficulty.
The baseline visit takes approximately 1 hour to complete, and
the 4-week visit takes approximately 50 min to complete (see
Table 2 for measures).
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Table 2. In-person assessment measures.

MeasureCategory

Background/history • Locator Form
• Demographic Information Questionnairea

• Subjective Social Status [53]
• Brief Homelessness Questionnaire
• Homelessness Timeline Follow-Back [54]a

Health/mental health • Short Form Health Survey (SF-12) [55]
• Health Related Quality of Life [56]
• Self-Rated Health [57]
• Tobacco Questionnaire
• Inadequate Sleep [58]
• Time Line Follow-Back (past month alcohol) [59]
• Short Inventory of Consequences [60]

Stress/affect • Personal Victimization [61]
• Perceived Stress Scale-Short Version [62]
• Urban Life Stress Scale [63]
• Depression [64]

Interpersonal/intrapersonal • Interpersonal Support Evaluation List [65]
• Brief Coping Orientation to Problems Experienced (COPE) [66]
• Religious Participation

Treatment satisfaction • Just-in-Time Adaptive Intervention Satisfaction Survey (quantitative and qualitative components)b

• System Usability Scaleb [67]

aBaseline only.
bFollow-up only.

Ecological Momentary Assessment (Phone-Based
Measures)
EMA items completed on the phone (see Table 3) will assess
SCT constructs (eg, affect, abstinence motivation and
self-efficacy, expectancies, and cravings) and social-ecological
model constructs (eg, proximity to previous drinking areas,
social setting, and social support) to identify key variables and
time- and location-dependent fluctuations in variables, which
will be used to predict study outcomes. Most of these items
have been used in our previous studies and studies from other
labs [22,68]. Three types of EMAs will be used: daily diary,
random sampling, and event sampling. Daily diary and random
sampling EMAs will be initiated by the phone. The phone will
audibly and visually cue these EMAs for 30 seconds. If the
participant has not responded after 5 prompts, the assessment
will be recorded as missed. Event sampling is initiated by
participants if/when they consume their first drink in a day. On
average, random and event sampling assessments take 2 min to

complete, and daily diary assessments take less than 5 min to
complete.

Daily Diary
Daily Diary EMAs will be completed each day 30 min after the
participant’s self-reported wake time; questions will ask about
the previous day (ie, “yesterday”) and current (ie, “right now”)
experiences. Alcohol consumption will be assessed with the
item “Did you drink any alcohol yesterday?” If the participant
answers “yes,” he/she will be prompted to indicate the number
of standard drinks that were consumed. EMA reports have
generally been seen as valid measures of drinking, even when
participants are intoxicated [69,70]. See Figure 2. Additional
items will assess sleeping arrangements from the prior night
(example answer options: friend or family member’s house or
apartment, homeless shelter, jail, car, outside on the street),
quality of sleep the previous night, social support and types of
social interactions, stressors, other substance use, and substance
abuse treatment attendance (see Table 3).
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Table 3. Ecological momentary assessment (EMA) measures.

MeasureType of EMA

Daily diary • Sleeping arrangements
• Social support and interactions
• Treatment attendance
• Current stressors and perceived stress
• Alcohol consumption
• Other substance use

Core/random/event sampling • Affect/stress
• Urge to drink
• Alcohol availability
• Social setting/location
• Recent alcohol consumption
• Expectancies
• Abstinence motivation
• Abstinence self-efficacy
• New/ongoing stressful eventsa

• Reasons for drinkinga

• Modified conflict tactics scale

aDrinking assessments only.

Figure 2. Smart-T alcohol example question.

Random Sampling
Participants will be prompted at random times to complete
EMAs 4 times each day, scheduled to occur during the
participant’s normal waking hours. Participants will rate their
affect by indicating the extent to which they agree or disagree
with each of 13 statements at the moment: I feel irritable, happy,
content, angry, sad, worried, miserable,restless, stressed,
hostile, calm, bored, anddepressed (most items are from the
circumplex model of affect [71]). In addition, participants will
describe their current environment (eg, shelter, work, outside,
or bar) and social setting (eg, alone, with others, or with others
who are drinking). Alcohol urges (ie, “I have an urge to drink
alcohol”; answer options range from strongly disagree to
strongly agree), alcohol availability (ie, “Alcohol is available

to me”; answer options range from not at all to easily available),
drinking start/stop time, recent drinking, expectancies,
motivation for abstinence, and abstinence self-efficacy will also
be assessed during random sampling.

Event Sampling
Participants will be instructed to click the “I am About to Drink”
or “I Just Drank” buttons if/when they have their first drink of
the day. Drinking assessments will include all items from the
random assessments and will query the reinforcing value of the
drink or drinks and causes of the drinking episode.

Geocoding
The smartphones will be programmed to collect geolocation
(ie, latitude, longitude) coordinates every 5 min.
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Transdermal Alcohol Monitor
Biosensors can provide a continuous estimate of blood alcohol
concentration (BAC) based on the concentration of alcohol in
skin perspiration (Swift et al, unpublished data, August 1993)
[72-78]. The device with the most extensive evaluation is the
SCRAM bracelet (Alcohol Monitoring Systems Inc, Littleton,
Colorado), which is worn on the ankle. SCRAM has an
electrochemical sensor that samples the vapor from the skin
every 30 min and stores readings for later retrieval. Peak
transdermal alcohol concentration (TAC) is highly correlated
with peak BAC, and self-reported volume of alcohol consumed
is correlated with TAC estimates [79,80]. A recent project was
able to detect 93.0% of self-reported heavy drinking episodes
(≥5 drinks) using SCRAM data [81]. Data from the SCRAM
are uploaded to SCRAMnet via USB cable and downloaded to
a personal computer for analysis. The SCRAM is water resistant
and cannot be removed without cutting the strap. To help address
any stigma of wearing the device, participants will be provided
with a laminated card that confirms their participation in the
study and will be given a large (ie, bariatric) sock to wear over
the equipment to make it less visible and more comfortable. At
follow-up, participants will be asked about their experiences
wearing the SCRAM.

Smartphone Hardware
A Samsung Galaxy J3 smartphone (or equivalent) will be loaned
to each participant so that they may complete EMAs during the
study. Participants enter data by touching their response on the
screen (see Figure 2 for an example EMA item). Participants
will be able to call (eg, if they have problems completing EMAs)

and receive calls from research staff through the smartphone
free of charge. The phone app encrypts data as they are collected
and uploads data to the server multiple times per day.

Smartphone Programming
The mobile health (mHealth) Shared Resource at the NCI
Designated Stephenson Cancer Center will provide the
programming services for this project. The mHealth resource
employs a program manager, 2 research technicians, and 4 senior
programmers who develop and maintain Web and mobile apps
and relational databases. Apps are developed using the Insight
platform, which consists of two components: a content
management system (CMS) where researchers log in to CMS
to create EMA/JITAI content and set EMA schedules, and a
smartphone app shell. Once content is created, researchers
transfer study materials into the smartphone app shell, greatly
reducing the amount of time needed to create and deploy their
smartphone app. The corresponding author is the Scientific
Director of the mHealth Shared Resource.

Smartphone Training
Participants will watch a brief step-by-step video tutorial at the
baseline visit that demonstrates how to use the app. This video
will be loaded onto the app home screen (see “App Instructions”
in Figure 3) so participants may view it at any time. The video
will discuss how to complete EMAs and how to use the “Call
Staff” and “Payment” button/options. We have achieved high
EMA adherence rates (ie, 82%-87% of all EMAs completed)
using similar protocols in previous samples of
socioeconomically disadvantaged people (eg, homeless smokers
and safety net hospital patients) [31,49].

Figure 3. Smart-T alcohol phase I home screen.

Compensation
Participants will be compensated with a US $25 gift card for
completing the baseline assessment, US $25 for completing the
4-week assessment, up to US $25 in gift cards per week for
completing EMAs (prorated based on percent completed), and

US $25 for returning the phone and SCRAM in good condition
at the end of the study. Specifically, those who complete 50%
to 74% of EMA assessments each week will earn US $15 in
gift cards, those who complete 75% to 89% of assessments will
earn US $20 in gift cards, and those who complete 90% or more
of their EMAs will earn US $25 in gift cards (payable at the 2-
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and 4-week visits). Participants who complete less than 50%
of the EMA prompts will not receive any compensation for the
EMA component for that period. The phone shows the percent
of EMAs completed. Overall, a participant can receive US $25
at the baseline visit, up to US $50 at the 2-week equipment
check visit, and up to US $100 at the final visit.

Phone Data Loss Prevention
To overcome potential loss of data if participants lose the study
phone, phones will be programmed to connect to our secure
server each day to upload encrypted data. This will minimize
EMA data loss and allow researchers to monitor each
participant’s EMA completion rate and intervene when the rate
is low. Importantly, EMA data are password-protected and
encrypted on the study phone. Thus, study data are only

accessible by the research team. If a phone is lost, it will be
remotely wiped. We will provide one replacement phone if the
participant has completed at least 50% of assessments for 1
week.

Phase III App
The phase III intervention app will have multiple components
including (1) an on-demand “Tips” function/button, (2) a
“Helpful Websites” function/button, (3) a “Call Staff”
function/button, and (4) an algorithm that will use recent EMA
responses and geolocation to assess current risk for alcohol use
and automatically push relevant tailored messages to
participants. The phone will record date/time when each of the
components is accessed. See Figure 4 for the anticipated phase
III home screen.

Figure 4. Anticipated Smart-T alcohol phase III home screen.

Sober Tips Function
Clicking this on-demand option will open a new window that
will enable individuals to get useful tips related to “Benefits of
Sobriety,” “Motivational Messages,” “Alcohol Refusal Skills,”
and “Managing Urges.” The tips will be developed using
strategies from previous motivational and skills-based
interventions, such as the MAPIT [50], m.chat [82], and Smart-T
[31] studies. For instance, when the “Managing Urges” tips
option is clicked, participants will receive a suggestion on how
to cope with their current urge to drink. This function will enable
participants to access tailored messages at any time. Participants
may view additional tips by clicking the “Next” button. Type
and number of tips viewed will be recorded by the smartphone.
Other topics for tips will be identified via examination of phase
I participants’ survey and EMA data.

Helpful Websites Function
Clicking this option will open a menu of useful websites (eg,
Dallas public transit routes, Google maps, and online support
groups such as Alcoholics Anonymous).

Call Staff Function
Clicking this option will connect participants to study staff if
they encounter problems with the study phone and for
scheduling/rescheduling follow-up appointments.

Risk Algorithm
The algorithm used to guide the just-in-time treatment messages
will be similar to the algorithm that was developed for the
Smart-T smoking cessation app [31]. Specifically, the algorithm
will estimate risk for alcohol use using variables identified in
phase I. In Smart-T, we attempted to develop risk algorithms
that could predict smoking at 8, 12, and 24 hours before the
lapse, but these algorithms were far less sensitive than the 4-hour
lapse prediction algorithm. The resulting Smart-T algorithm
combined six EMA variables (ie, urge, stress, cigarette
availability, alcohol use, motivation to quit, and proximity to
others smoking) to successfully predict 80% of all smoking
lapses within 4 hours of lapse occurrence (false positive
rate=17%) [31,32].

In phase III, smartphones will push tailored messages based on
the momentary risk algorithm score at the end of each EMA.
We anticipate that participant responses that indicate low risk
for imminent alcohol use (eg, within the next 4 hours) will
prompt delivery of level 1 messages. Level 1 messages will
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primarily focus on increasing motivation for abstinence,
avoiding people/places/things that may trigger alcohol use,
benefits of sobriety, advice on ways to escape high-risk
situations, and advice to seek support from others [50]. These
messages will complement the treatment themes for those who
are in an alcohol treatment program. Level 2 messages will be
delivered at the end of EMAs if the algorithm determines that
there is heightened risk for imminent (eg, within the next 4-8
hours) alcohol use. These messages will focus on in-the-moment
distraction, reframing, immediate help-seeking, planning, and
other tools to reduce craving. The highest rated indicator/trigger
of alcohol use in that moment will be the topic of the level 2
tailored treatment messages. For example, if a participant reports
low motivation for sobriety and average ratings on the other
variables, they will receive a message that aims to boost
motivation. An example may read: “You said that family was
an important reason for staying sober. You’re looking forward
to a better life!” Likewise, if exposure to drinkers is an identified
alcohol use trigger and a participant reports that he/she is near
individuals who are consuming alcohol, he/she may receive a
tailored suggestion on how to escape that high-risk situation,
such as “You said that removing yourself from a situation was
often helpful in managing cravings. Some people decide to get
out of the situation, before they are tempted to drink.”
Participants will receive level 3 messages when they report
recent drinking. Level 3 messages will focus on reframing the
drinking episode as a learning experience and considering
strategies for handling the situation differently in the future.
We will draw from best-practice recommendations around
message content and tone [83]. Our past interventions have
contained hundreds of possible message combinations,
depending on a person’s baseline profile and current responses.

At the completion of phase II, we will have a working app that
includes all components described above. The app will utilize
EMA data (eg, location, time of day, urge to drink, affect
[positive and negative], motivation, abstinence self-efficacy,
and nearby presence of others who are drinking) to calculate
risk and automatically intervene to reduce alcohol use in real
time.

Statistical Analyses
Our assessment protocol is designed to capture diurnal patterns
of experience and behavior within, between, and across days.
Thus, data will have multiple time scales nested within
individuals, ranging from every 5 min to monthly (ie, 288
geolocation assessments per day, 48 TAC readings per day, 5
prompted EMAs per day, participant-initiated drinking event
EMAs, and monthly in-person assessments). Time and
geolocation will be used as the variables to record risk and
protective variables in calibrating one’s risk. Traditional
generalized linear mixed models; machine learning algorithms,
such as elastic net penalized cox proportional hazards regression
[84], or random forests [85], as well as spectral and dynamic

modeling analyses, if feasible, will be used to identify predictors
of study outcomes, model auto-regressive cyclical patterns, and
capture intra- and interpersonal risk processes. We will divide
the sample into training and testing datasets to validate the
algorithm. Examples of planned analyses include (1) testing if
alcohol urges or measures of affect predict daily drinking status,
(2) testing if protective factors (eg, social support, positive
interpersonal interactions, and time and location) predict alcohol
use, and (3) testing if parameters of key variables (ie, intercept;
slope, eg, increasing urges to drink over time; quadratic term;
and volatility, eg, the symptom scatter or the ups and downs of
urges over time) predict alcohol use.

Different levels of risk across individuals will also be included
to examine how intraday risk gets intensified or ameliorated by
personal trait-level variables (eg, sex, psychosocial resources,
stress/adversity, and negative mood). We expect that analyses
of SCT and ecological constructs (eg, affect, expectancies,
self-efficacy, and proximity to drinking areas), gathered during
random EMAs and breadcrumb trail geolocation, will identify
patterns that predict drinking in near real time. In addition, EMA
data will allow us to examine other important methodological
questions such as (1) agreement between SCRAM, Timeline
Follow-Back, and EMA reports of alcohol use and (2) the effect
of episodic events (eg, exposure to violence or other stressors)
on self-efficacy and mood and what impact that has on alcohol
use. We will use SCRAM-detected alcohol use to explore the
utility of SCRAM for validation of self-reported use events.
We will use a macro developed by Barnett and colleagues [86]
to interpret TAC data. We anticipate some missing data because
of SCRAM bracelet malfunction, participant nonadherence, or
participant attrition. In Barnett’s work, data loss because of
bracelet malfunction occurred on less than 5% of days of data
collection, though we expect data loss to be somewhat higher
in this study because of the nature of the population.

Questions similar to those listed in Table 4 will be used to assess
the feasibility, acceptability, and usability of the phase III app.
We will compare phase III participants (ie, EMAs and app
features including tailored treatment messages) to phase I
participants (ie, EMAs only) to examine the preliminary
effectiveness of the app. Specifically, we will compare phase I
and phase III participants’ percent drinking days (PDD) and
percent heavy drinking days (PHDD; ≥5 drinks for men, ≥4
drinks for women) using generalized linear models with an
appropriate link function to accommodate outcome distributions.
We will consider the study phase as the parameter of interest
estimating the treatment effect, adjusting for relevant covariates
(eg, gender, race, and baseline AUD severity). Exploratory
analyses will examine the effect of specific types of treatment
messages on intervention targets. For example, we will examine
whether phase III participants’ urges to drink are attenuated in
EMAs that follow urge messages, and if postmessage reductions
in urge are different/greater than that of phase I participants.
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Table 4. Example acceptability items.

Answer rangeQuestion

0=Not at all, 5=ExtremelyOverall, how helpful were the messages at the end of each assessment?

0=Definitely no, 5=Definitely yesDid the assessments and messages help you to make decisions that supported sobriety?

0=Not at all, 5=ExtremelyOverall, how helpful has the smartphone app been in helping you stay sober?

0=Not at all, 5=ExtremelyHow likely would you be to recommend the app to a friend?

Results

The North Texas Regional Institutional Review Board approved
the protocol as presented in this study in October 2018. The
phase I smartphone app has been developed (see Figure 3), and
data collection began in February 2019. Phase III data collection
is expected to conclude in 2020. To date, 80 participants have
consented to the study, and data analysis for phase I will begin
in early 2020.

Discussion

Phase I
Phase I will advance previous research by identifying trends in
behaviors, cognitions, and geolocation that predict subsequent
drinking. This information will guide the development of JITAI
in phase II that will be pilot-tested in phase III. We expect
in-person assessments to show how psychosocial resources,
stress/adversity, negative affect, and exposure to other drinkers
and drinking locations affect alcohol use. We expect that
analyses of SCT and ecological constructs (eg, affect,
expectancies, self-efficacy, and proximity to drinking areas),
gathered during EMAs and breadcrumb trail geolocation, will
identify patterns that predict drinking in near real time. Findings
from these analyses will identify additional targets for the
intervention that will be developed in phase II.

Phase I will provide the foundation for one of the first
smartphone interventions to be evaluated among adults who are
homeless. As this population often lacks access to traditional
intervention programs, the use of smartphone technology has
tremendous potential to remove and attenuate barriers to service
utilization for this at-risk population. Regardless of our initial
intervention results, this work will provide valuable data on the
array of risk and protective factors at multiple levels across
multiple contexts affecting decision making and alcohol-use
behavior in homeless adults.

Phases II and III
During phase II, we will create a “real time” drinking risk
algorithm that can be used to deliver tailored treatment messages
based upon current estimated risk of alcohol use. The integration
of individual-level environmental exposure data alongside
state-of-the-art EMA methodology sets this project apart from
past studies. A strength of this project is that it does not rely
solely on self-reported data but also embraces the “ecological”
part of EMA by linking an individual’s behavior to the real-time
environment in both time and location. Continuous
“bread-crumb trail” geo-tracking provides a within-person

control by documenting a person’s behavior with and without
the presence of risk-promoting factors [87-89].

Treatment tailoring is most often done using participant
characteristic or characteristics that are assessed at the baseline
visit (eg, sex, and level of dependence). The proposed
intervention will take this approach one step further by tailoring
messages based on real-time risk for alcohol use. Phase III will
test the initial efficacy of a smartphone app that assesses risk
for alcohol use and automatically intervenes with tailored,
theory-based treatment messages based on level of risk. The
additive design of this project provides an analysis framework
that will allow us to preliminarily examine the comparative
effectiveness of the automated treatment messages triggered by
our (phase II algorithm) relative to the calibration sample
recruited in phase I. We expect that phase III participants will
rate the app as helpful and useful and to report that it helped
them to make decisions that were supportive of abstinence. We
also anticipate preliminary evidence that phase III participants
will demonstrate lower PDD and PHDD compared with phase
I participants.

Limitations
Several study limitations warrant mention here. First, the
intervention app that will be developed and tested during phase
III may not be applicable to those with low literacy and cognitive
impairment (eg, a 7th grade reading level is required to read
and understand the smartphone-based assessments and
intervention content). Second, only those who have access to a
smartphone and access to electrical outlets to charge their phone
will benefit from this type of intervention. It is important to
note that research from our laboratory in two cities (ie, Dallas
and Oklahoma City) has indicated that most adults experiencing
homelessness possess phones with active cellular service.
Finally, it is possible that EMA or SCRAM monitoring may
have independent effects on drinking, especially given the
frequency of assessment in this study. Some studies have found
that self-monitoring can lead to changes in drinking, even
without an “intended” intervention [90,91]. However, other
studies have found only small, time-limited effects of frequent
assessment, and in a study of college drinkers, frequent
self-report and SCRAM monitoring did not strongly affect
drinking behavior [92]. Nevertheless, we acknowledge that the
design of this study will test the difference between assessment
alone versus assessment + intervention messages and that
potential therapeutic effect of monitoring needs to be studied
in future studies.

Future Directions
This study will identify real-time antecedents of drinking among
adults who are homeless, develop algorithms to predict risk of
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alcohol use and tailored treatment messages, and provide pilot
data on the efficacy of JITAI. Many people do not respond
adequately to currently available treatment formats. This is
particularly evident in underserved populations such as homeless
adults, where treatment adherence tends to be poor. This project

will gather valuable data on the risk and protective factors that
affect drinking among adults experiencing homelessness. This
information will be critical to developing other innovative
treatments for this understudied and underserved population.
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Abstract

Background: Burnout is an increasingly common and insidious phenomenon experienced by workers in many different fields,
although it is of particular concern among physicians and trainees due to the nature of their work. It is estimated that one-third
of practicing physicians will experience burnout during their career, and this rate is expected to continue to increase. Burnout has
significant implications, as it has been identified as a contributor to increased medical errors, decreased patient satisfaction,
substance use, workforce attrition, and suicide.

Objective: This study will evaluate the prevalence and impact of burnout on physicians, residents, and medical students in
Alberta.

Methods: Quantitative and qualitative data collected through self-administered, anonymous, online questionnaires will be used
in this cross-sectional provincial study design. Data collection tools were developed based on published literature and questions
from previously validated instruments. The tools capture relevant demographic information, mental health status, and rates of
burnout, as well as factors contributing to both burnout and resilience among respondents. We anticipate a sample size of 777
medical students, 959 residents, and 1961 physicians to represent the respective ratios of trainees and practicing physicians in
the province of Alberta.

Results: Study recruitment will begin in September 2020, with 4 weeks of data collection. The results of this study are anticipated
within 12 months from the end of data collection. It is expected that the results will provide an overview of the prevalence of
burnout among those training and working in medicine in Alberta, identify contributors to burnout, and help develop interventions
aimed at reducing burnout.

Conclusions: This study’s aim is to examine burnout prevalence and contributing factors among medical trainees and physicians
in Alberta. It is expected that the results will identify and examine individual and organizational practices that contribute to
burnout and help develop strategies and interventions focused on mitigating burnout and its sequelae.
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Introduction

Burnout is a complex phenomenon that is characterized by three
domains: emotional exhaustion, depersonalization, and reduced
personal accomplishment [1]. Emotional exhaustion refers to
excessive emotional fatigue from overwhelming demands in
the workplace; depersonalization refers to the impersonal
feelings or indifference experienced towards patients; and
reduced personal accomplishment refers to deficits in one’s
conviction that they are competent and successful in their work
[1]. The term burnout was coined in the 1960s [2] to describe
the psychological and emotional distress experienced by health
care staff working at a clinic for the underprivileged. Today,
the term reflects an individual’s negative response to the
demands of the workplace in the setting of chronic affective
and interpersonal stressors [3-6]. In the medical profession, it
is felt that chronic exposure to stress is the primary cause of
emotional exhaustion, while depersonalization occurs as
physicians begin to treat patients indifferently and develop some
degree of pessimism towards their colleagues and profession.
A lack of personal achievement is thought to occur when
practitioners withdraw from their responsibilities at work [7].
This study protocol aims to provide an overview of the
prevalence of burnout among medical trainees and physicians
within Alberta and to identify systemic and personal factors
contributing to burnout in order to develop potentially mitigating
interventions.

Among the general working population, the prevalence of
burnout is suggested to range from 7% to 25%, with discrepancy
among rates secondary to the use of different scales and cutoff
levels in population-based studies [8-11]. The majority of
burnout studies have focused on specific subgroups within the
context of human services occupations, including but not limited
to education, health care, and support services. While burnout
is not exclusive to physicians, the profession’s increasing
workload, challenging work environment, increasing
documentation demands (including the emergence of electronic
health records), threats of litigation, and challenges to work-life
balance render physicians particularly vulnerable to burnout
[12]. Burnout affects physicians at all stages of their careers.
Research suggests that burnout takes root during medical school
and continues into residency and practice [13]. Romani and
Ashkar [7] reported that up to 50% of medical students, 76%
of surgical and internal medicine residents, and 45% of
practicing physicians in the United States reported at least one
symptom of burnout. These frequencies, when compared to the
general working population, have raised concerns about burnout
and its effects on the medical profession.

Medical students with high burnout scores were more likely to
engage in unprofessional behaviors, such as cheating and
plagiarism, which may undermine future professionalism (eg,
managing conflicts of interest, reporting incompetent colleagues,
adhering to appropriate prescription practices) [14]. Additional
research has suggested that higher burnout scores are associated

with lower empathy scores, less altruistic views of medicine as
a career, and consideration of leaving the medical profession
altogether [13,15-17]. A national study of medical students in
the United States reported that increased risk of alcohol abuse
was independently associated with burnout [18]. Burnout in
students was also a predictor of suicidal ideation, which is
particularly worrisome when considered in combination with
alcohol abuse [19]. Dyrbye et al [13] found that depression and
suicidal ideation were most pronounced during medical school
and diminished as individuals’ careers progressed through
training into practice.

In first-year internal medicine residents, higher burnout scores
were associated with lower reported quality of life and education
with more negative patient-doctor relationships, negative
interactions with other health care professionals, and perceived
increase in medical errors with poorer patient safety [20,21].
Burnout, depersonalization, and fatigue were highest during
residency, with fatigue being an independent factor contributing
to errors, injuries, and motor vehicle collisions [13]. In a US
national study involving internal medicine residents, higher
burnout scores, specifically high emotional exhaustion, were
associated with lower scores on a standardized national exam
[22]. Suicidal thoughts were also more prevalent in residents
with burnout than those without [23]. It is suggested that the
likelihood of burnout is highest within the first year of residency
but can persist throughout the duration of residency [24].

Overall, one-third of all practicing physicians are expected to
experience burnout during their career, and the rates of burnout
appear to be worsening over time [25]. It appears that rates of
burnout among practicing physicians are relatively consistent
across geographical regions, with one-third of physicians in
Yemen, Qatar, and Saudi Arabia reporting burnout, similar to
self-reported rates in the United States [7]. Burnout among
physicians increases medical errors, negatively impacts patient
safety, and leads to lower patient satisfaction [2,26]. Alcohol
abuse was independently associated with burnout among US
physicians and surgeons [27,28]. Grinspoon [12] questioned
the role of burnout in the roughly 400 physician suicides that
occur each year in the United States and noted the increasing
numbers of physicians leaving the profession mid-career.

The phenomenon of burnout has yet to be defined by specific
criteria. Until now, burnout has typically been measured using
the Maslach Burnout Inventory, a 22-question, self-reported,
validated survey that assesses the key domains of emotional
exhaustion, depersonalization, and personal accomplishment
on a 7-point Likert scale [1]. Alternative scales have also been
developed and used in physician and medical trainee populations
to further characterize the heterogeneity of burnout [29-33]. For
example, the Oldenburg Burnout Inventory and Utrechtse
Burnout Scale distinguish burnout domains in the context of
job demands and job resources [33,34]. The Copenhagen
Burnout Inventory describes burnout domains in relation to
personal, work, and client-related factors [35]. These alternative
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scales reflect the multifaceted interplay of diverse factors that
contribute to burnout among physicians and medical trainees
[29-33].

Using various scales in qualitative and quantitative studies,
evidence has shown that burnout is associated with a variety of
individual, occupational, and organizational factors. Based on
the 5-dimensional model of personality coined by Goldberg in
1990, neuroticism has been shown to potentially predispose
individuals to developing burnout through maladaptive coping
mechanisms [36]. Longitudinal data suggest associations exist
between neuroticism and emotional exhaustion among
physicians and that these physicians report less satisfaction with
medicine as a career [37]. Psychosocial stressors outside of
medicine and the workplace such as illness, family-related
conflict, or financial concerns can also increase trainees’
vulnerability to burnout [24,38,39]. For instance, residents with
significant amounts of educational debt were more likely to
have higher rates of burnout [22].

Burnout rates are not only affected by work-related factors such
as area of practice, hours worked per week, lower autonomy,
and number of call shifts per week but also non work-related
factors such as age, gender, and number of children [7,40,41].
Among Hungarian general practitioners and residents, younger
age, male gender, fewer years of experience, and increased
number of dependents such as children were correlated with
higher rates of burnout [40]. Such results were postulated to be
secondary to less work experience leading to increased stress
in the workplace as well as difficulty with balancing the
demands of home and work life, leading to higher levels of
emotional exhaustion and perpetuating depersonalization [40].

Unfortunately, there is a dearth of data regarding interventions
that have proven beneficial in reducing burnout rates, including
stress management courses, mindfulness, brief exercise, and
short-term counselling. In interventions that have been
implemented, there is insufficient evidence to suggest that they
have a meaningful impact past the intervention period [7].
Furthermore, interventions aimed at reducing burnout must
cater specifically to each stage of practice; it is unlikely that a
single solution will be uniformly effective for medical school
training, residency, and independent practice [7].

Within Canada, physician health and wellness initiatives have
been evolving, with the development of professional support
networks, wellness curriculums, adoption of health as a
component of core CanMEDS competencies, and
risk-management strategies adapted from organizational and
occupational systems [42,43]. However, despite targeted
strategies, such as mindfulness-based therapy, resilience training,
and access to professional services, the 2018 Canadian Medical
Association National Physician Health Survey suggests ongoing
high rates of burnout (30%) and positive screening for
depression (34%) among physicians and residents [44].
Additionally, there are insufficient data regarding burnout rates
within each province in Canada. This poses further questions
because health care is delivered on a provincial level and, as
such, can vary in terms of policies from province to province.

The goal of this proposed study is to evaluate the impact of
burnout on physicians, residents, and medical students in Alberta

and identify the individual, occupational, and organizational
variables that influence burnout dimensions. The results of this
study will be used to propose specific interventions and
preventative courses of action to mitigate burnout and
subsequent impairment among physicians, residents, and
medical students in Alberta. Given this overall goal of our study,
our specific research questions include:

• What are the prevalence rates and correlates of burnout
among medical students, residents, and physicians in
Alberta?

• What are the perceptions and experience of respondents
about the consequences of burnout on the personal and
professional life of medical students, residents, and
physicians in Alberta?

• What interventions can be implemented to mitigate burnout
and promote health and wellness among medical students,
residents and physicians in Alberta?

It is hypothesized that the findings will confirm that the
prevalence rates of burnout among trainees and physicians are
consistent with those reported in other jurisdictions. Our study
will also identify whether personal and organization-related
factors contribute to burnout among respondents, and lastly,
respondents will identify multiple interventions that can be
implemented to promote health and wellness among medical
students, residents, and physicians in Alberta.

Methods

Study Setting
This study will be conducted in Alberta, a western province of
Canada with a population of 4,286,134 in 2017 [45]. Alberta is
divided into 5 administrative health regions, namely the
Edmonton, Calgary, Southern, Northern, and Central zones.
Health care is administered mainly through Alberta Health
Services and Primary Care Networks and Medicentre Clinics.
As of December 2018, 10,674 physicians were listed on the
in-province registers held by the College of Physicians and
Surgeons of Alberta [46]. There are two medical schools in the
province that train both medical students and residents:
University of Alberta, Faculty of Medicine and Dentistry and
University of Calgary, Cumming School of Medicine. As of
December 2018, there were 1594 postgraduate medical residents
and 1148 medical students registered with the College of
Physicians and Surgeons of Alberta [46].

Study Design, Sample Size, and Institutional Review
Board Approval
Quantitative and qualitative data collected through
self-administered, anonymous, online questionnaires will be
used in this cross-sectional provincial study design. The study
will be comprised of 3 arms including medical students,
residents, and practicing physicians within Alberta. Each arm
will have a specific survey oriented towards data collection that
is relevant to the study population in question.

For the medical student arm of the study, given the total medical
student population in Alberta of 1148 [46], an anticipated sample
size of 777 was determined based upon a 95% confidence level
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and a margin of error of 2% for prevalence rate estimates for
medical student burnout. Similarly, for the resident arm of the
study, given the total resident population in Alberta of 1594
[46], an anticipated sample size of 959 was determined based
upon a 95% confidence level and a margin of error of 2% for
prevalence rate estimates for resident burnout. Finally, for the
physician arm of the study, given the total physician population
in Alberta of 10,674 [46], an anticipated sample size of 1961
was determined based upon a 95% confidence level and a
margin of error of 2% for prevalence rate estimates for physician
burnout.

This study will be carried out in accordance with the
recommendations of the Health Ethics Research Board of the
University of Alberta and the Conjoint Health Research Ethics
Board of the University of Calgary. The study will also be
conducted in accordance with the Declaration of Helsinki (Hong
Kong Amendment) and Good Clinical Practice (Canadian
Guidelines). All participants will be provided with an online
information leaflet and will provide informed consent prior to
participation, in accordance with the Declaration of Helsinki.
The protocol has received ethical approval by the Health Ethics
Research Board of the University of Alberta (reference number
Pro00091436) and the Conjoint Health Research Ethics Board
of the University of Calgary (REB19-1457).

Data Collection Tools
Data collection tools for each arm of the study were developed
based on published literature and questions from previously
validated instruments. The general constructs of interest included
relevant demographic information, current practice and career
planning, general health status, mental health status, and rates
of burnout, as well as factors contributing to both burnout and
resilience among respondents. The qualitative portion of the
study will be gathered from conceptualized themes arising from
the results within each of the constructs of interest and its
association to burnout. In addition, each survey will include
open-ended questions to facilitate qualitative data collection.
Standardized measures from which questions were selected and
included in the survey were the Maslach Burnout Inventory,
Patient Health Questionnaire 9, Canadian Medical Association
National Physician Health Survey, Mini Z burnout survey,
Professional Fulfillment Index, and two-item Connor-Davidson
Resilience Scale [1,44,47-51]. These standardized measures
will provide information for the quantitative portion of the study
results.

Prior to the finalization of the study survey, the research team
sought feedback regarding the developed data collection tools
and selected standardized instruments from stakeholders in
Alberta, including representatives of the College of Physicians
and Surgeons of Alberta’s Physician Wellness Program, Alberta
Medical Association’s Physician and Family Support Program,
University of Alberta Faculty of Medicine & Dentistry’s Offices
of Advocacy & Wellbeing, and University of Calgary
Department of Medicine’s Physician Wellness and Vitality
Program. Feedback from these stakeholders was used to revise
the data collection tools to be used in the study. The revised
baseline data collection tools were then pretested on 5 randomly
selected representatives from each arm of the study. Feedback

from the pretest was further used to revise the data collection
tool before it was finally adopted for use in the study.

Eligibility, Data Collection Procedures, and Analysis
All medical students and residents at the University of Alberta
and the University of Calgary as well as physicians registered
with the College of Physicians and Surgeons of Alberta and
practicing medicine in the province of Alberta are eligible to
participate in the study. Data collection will occur online using
“Survey Select,” an electronic survey platform, which is hosted
by Alberta Health Services (the provincial health authority).

A link to the online information leaflet, consent page, and survey
questionnaires will be emailed to all medical students and
residents in Alberta through the mailing list of the Offices of
the Undergraduate and Post Graduate Medical Education at the
University of Alberta and University of Calgary. In order to
reach physician respondents, the link will be sent through
multiple sources, including the Alberta Medical Association,
Alberta Health Services, Primary Care Networks, and
Medicentre organizations. Data collection will occur over 4
weeks, and reminder emails will be sent to all eligible
respondents weekly. Quantitative data will be analyzed using
SPSS 20.0 (IBM Corp, Armonk, NY). Descriptive and
inferential statistics will be used to describe demographic
characteristics and study variables. Qualitative data will be
analyzed using manual thematic analysis.

Results

We anticipate that the study recruitment will begin in September
2020, with 4 weeks of data collection, and study findings will
be available within 12 months following completion of data
collection. It is expected that the findings will confirm that the
prevalence rates of burnout among trainees and physicians are
consistent with those reported in other jurisdictions. In addition,
we expect to uncover specific contributors to burnout, which
will serve as an opportunity for identification of meaningful
solutions from the respondents’ perspectives.

We intend to disseminate the research findings at several levels,
including trainees, physicians, academics, researchers, and
health care organizations, as well as membership associations
and licensing colleges. This information will be disseminated
to academics and stakeholders through research forums and
peer-reviewed journals. The expected findings will become
available to trainees and physicians through the same
communication channels used to provide the initial link for data
collection purposes. Namely, this will include the Offices of
the Undergraduate and Postgraduate Medical Education at the
University of Alberta and University of Calgary, Alberta
Medical Association, Alberta Health Services, Primary Care
Networks, and Medicentre organizations.

Discussion

This study will contribute to and build on current knowledge
by identifying rates of burnout among stages of training and
practice in the medical profession, uncovering specific
contributors to burnout, and identifying potentially meaningful
solutions from the respondents’ perspectives. This study is
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relatively unique for the following reasons: physicians at
multiple stages of training and practice are included; both
antecedents to burnout and possible interventions will be
examined; and the study population will be broad but within
the context of the local health system in Alberta.

It is estimated that 30% of medical trainees and physicians in
Alberta will experience burnout based on national study data
[44]. Poor work-life balance in the setting of increasingly
challenging work environments and additional psychosocial
stressors outside of medicine can make physicians and trainees
particularly vulnerable to burnout [12,24,38,39]. Both
work-related factors (eg, area of practice, hours worked per
week, lower autonomy, and number of call shifts per week) and
non-work related factors (eg, age, gender, number of dependents,
and fewer years of experience) have been shown to affect
burnout rates [7,40,41].

While the personal impact of burnout on physicians and medical
trainees is substantial, the subsequent costs to patients and the
health care system in general are most concerning. Trainees and
physicians experiencing burnout are more likely to tolerate
unprofessional behavior and encounter negative
patient-physician relationships as well as negative interactions
with other health care professionals, thereby considering leaving
the medical profession mid-career [14,20-22]. Such erosion in
practitioners’ confidence can subsequently place additional
burdens on the health care system, with human resource
shortages and expanded waiting times [26,52]. A Canadian

study published in 2014 estimated that the total cost of burnout
from physicians retiring prematurely or reducing clinical hours
was approximately Can $213.1 million, revealing the financial
extent and impact of the sequelae of burnout on the health
system [26].

Unfortunately, there is a paucity of data regarding interventions
that have proven beneficial in impacting burnout rates past the
intervention period. Mentorship programs and good occupational
leadership have been proposed to potentially influence the
wellbeing and satisfaction of individual physicians working in
health care organizations [53]. Nevertheless, interventions aimed
at reducing burnout will need to be tailored to the stage of
training and practice, which will require recognition of the
factors contributing to burnout at each stage.

In summary, although physician health and wellness are steadily
gaining recognition as a serious issue, gaps remain regarding
how burnout affects trainees and physicians in Alberta, the
consequences that derive from burnout, and the interventions
used to reduce burnout. What appears to be needed is an
understanding of the factors contributing to burnout in the
context of local health care systems. Valuable insight can be
gained from the perceptions and experiences of trainees and
physicians in Alberta. These can in turn inform organizational
strategies to mitigate burnout and promote wellness within the
medical profession, thereby impacting patient care and reducing
the burden on health care systems.
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Abstract

Background: Atrial fibrillation (AF), sternal wound infection, and cardiac decompensation are complications that can occur
after cardiac surgery. Early detection of these complications is clinically relevant, as early treatment is associated with better
clinical outcomes. Remote monitoring with the use of a smartphone (mobile health [mHealth]) might improve the early detection
of complications after cardiac surgery.

Objective: The primary aim of this study is to compare the detection rate of AF diagnosed with an mHealth solution to the
detection rate of AF diagnosed with standard care. Secondary objectives include detection of sternal wound infection and cardiac
decompensation, as well as assessment of quality of life, patient satisfaction, and cost-effectiveness.

Methods: The Box 2.0 is a study with a prospective intervention group and a historical control group for comparison. Patients
undergoing cardiac surgery at Leiden University Medical Center are eligible for enrollment. In this study, 365 historical patients
will be used as controls and 365 other participants will be asked to receive either The Box 2.0 intervention consisting of seven
home measurement devices along with a video consultation 2 weeks after discharge or standard cardiac care for 3 months. Patient
information will be analyzed according to the intention-to-treat principle. The Box 2.0 devices include a blood pressure monitor,
thermometer, weight scale, step count watch, single-lead electrocardiogram (ECG) device, 12-lead ECG device, and pulse
oximeter.

Results: The study started in November 2018. The primary outcome of this study is the detection rate of AF in both groups.
Quality of life is measured with the five-level EuroQol five-dimension (EQ-5D-5L) questionnaire. Cost-effectiveness is calculated
from a society perspective using prices from Dutch costing guidelines and quality of life data from the study. In the historical
cohort, 93.9% (336/358) completed the EQ-5D-5L and patient satisfaction questionnaires 3 months after cardiac surgery.

Conclusions: The rationale and design of a study to investigate mHealth devices in postoperative cardiac surgery patients are
presented. The first results are expected in September 2020.

Trial Registration: ClinicalTrials.gov NCT03690492; http://clinicaltrials.gov/show/NCT03690492

International Registered Report Identifier (IRRID): DERR1-10.2196/16326
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Introduction

Over the past decades, major advances have been made to
improve the safety of cardiac surgery in order to decrease the
risk of adverse events [1]. However, a series of life-threatening
events can occur after cardiac surgery. Even patients who are
discharged in a clinically stable condition are still at risk for the
development of complications at home. The most frequently
occurring postoperative complications are cardiac
decompensation, late tamponade, and rhythm disturbances, such
as atrial fibrillation (AF). In approximately 25% of all patients,
one or more of these complications occur, and they are mostly
noted in the ward at day 2 or 3 after surgery [2-4]. At day 7 or
later, postoperative atrial fibrillation (POAF) is diagnosed in
approximately 15% of all cases [5]. Sternal wound infection
occurs in 3% to 5% of cases, with mediastinitis occurring in
1% to 2% of all cases [6-8]. Late-onset sternal wound infection
is defined as sternal wound infection occurring 14 days or later
after the initial surgery, and it is relatively as frequent as
early-onset sternal wound infection [9].

Early detection of these complications is of vital importance as
there can be various issues (eg, untreated AF is associated with
an increased risk of transient ischemic attack and ischemic
stroke) [10,11]. Moreover, with early diagnosis of cardiac
decompensation or wound infection, hospital readmission may
be prevented [12]. Previous research has shown that patients
do not always recognize complications at home, which may
delay the diagnosis and thus cause more risk and harm to the
patient [13]. Telephone calls as a follow-up strategy have been
found to be helpful, but ambulatory diagnosis of postoperative
complications remains challenging [14].

Advances in information and communication technologies have
led to more possibilities for monitoring patients remotely
(telemonitoring) and using a smartphone to provide medical
care (mobile health [mHealth]) [15]. For example,
smartphone-compatible detectors for cardiovascular disease
parameters, such as Kardia (AliveCor Inc, San Francisco,
California, USA) and Withings Blood Pressure Monitor
(Withings, Issy les Moulineaux, France), have been released in
the consumer market [16-19]. These devices are capable of
measuring blood pressure (BP), blood oxygen saturation, weight,
temperature, and number of daily steps taken, as well as
electrocardiogram (ECG) registration, providing patients with
the possibility to monitor their vital parameters at home.

In addition to improved monitoring, mHealth may have more
benefits. Video conferences between doctors and patients may

save time and money for patients, especially in rural areas
[20,21]. Unpublished results of The Box, an mHealth study in
patients after myocardial infarction, which has been registered
under clinical trial number NCT02976376 at ClinicalTrials.gov,
suggest that remote follow-up is cost-effective [22].

It is hypothesized that smart technology can help with the early
diagnosis of late complications and thereby improve quality of
care and patient satisfaction after cardiac surgery. The aim of
this study is to investigate the clinical effectiveness of a smart
technology intervention in patients after cardiac surgery. The
rationale and design of this study are presented.

Methods

Study Design
The Box 2.0 is a study with a prospective intervention group
and a historical control group for comparison. The study is being
conducted at the Department of Cardiothoracic Surgery and
Department of Cardiology in Leiden University Medical Center
(LUMC), a tertiary care hospital in Leiden, The Netherlands.
The study is registered at ClinicalTrials.gov under trial number
NCT03690492 and registered at Toetsingonline.nl under number
NL65959.058.18, and has been approved by the Medical Ethics
Committee of LUMC (P18.110). All procedures are conducted
in accordance with the principles of the Declaration of Helsinki
(version 10, October 2013) and in accordance with the Dutch
Medical Research Involving Human Subjects Act (Wet
Medisch-wetenschappelijk Onderzoek met mensen) and Good
Clinical Practice. Written offline informed consent will be
obtained from all prospective study participants.

Patient Population
Adult patients undergoing coronary artery bypass grafting, valve
reconstruction or replacement, surgery of the aortic root or
ascending aorta, or other cardiac surgeries performed via median
sternotomy, such as atrial or ventricular septal defect closure,
a Dor or Morrow procedure, cardiac tumor removal, and surgical
treatment of coronary artery anomalies, are eligible for
enrolment. Patients with perioperative endocarditis, those with
a need for mechanical support with extracorporeal membrane
oxygenation (ECMO), an Impella device, or an intra-aortic
balloon pump (IABP), and those with an Interagency Registry
for Mechanically Assisted Circulatory Support (INTERMACS)
score of 1 or 2 are excluded. All inclusion and exclusion criteria
are listed in Textbox 1.
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Textbox 1. Study inclusion and exclusion criteria.

Inclusion criteria

• Patient undergoes cardiac surgery (coronary artery bypass grafting, valve reconstruction or replacement, aortic root or ascending aortic surgery,
or other cardiac surgeries performed via median sternotomy, such as atrial or ventricular septal defect closure, a Dor or Morrow procedure, cardiac
tumor removal, and surgical treatment of coronary artery anomalies.

• Patient is able to communicate and is literate in English or Dutch.

Exclusion criteria

• Patient is less than 18 years old.

• Patient is pregnant.

• Patient is considered an incapacitated adult.

• Patient is unwilling to sign the informed consent form.

• Patient undergoes emergency cardiac surgery (Interagency Registry for Mechanically Assisted Circulatory Support score 1 or 2).

• Patient has active endocarditis at the time of operation.

• Patient is on mechanical circulatory support before operation.

• Patient has a ventricular septal rupture.

• Patient undergoes extracorporeal membrane oxygenation or ventricular assist device insertion.

Patient Selection
The historical cohort consists of patients who underwent cardiac
surgery at LUMC from January to September 2018. Among the
patients, 93.9% (336/358) completed the five-level EuroQol
five-dimension (EQ-5D-5L) questionnaire and patient
satisfaction questionnaire 3 months after cardiac surgery. These
questionnaires are consistent with the questionnaires to be filled
out by prospective study patients.

The prospective cohort is selected from November 2018
onwards. Patients eligible for participation are recruited through
three different pathways as follows: patients who are electively
awaiting cardiac surgery will be approached for participation
in the outpatient clinic 4 to 6 weeks before their operation;
patients who are admitted to the cardiology ward and awaiting
surgery will be approached for participation approximately 3
to 5 days before surgery; and patients from a referring hospital
who are transferred to the cardiothoracic surgery ward of LUMC
awaiting surgery will be approached for participation
approximately 2 days before surgery. If a patient is not included
in the study preoperatively, the patient can be asked to
participate after the operation until discharge or transfer back
to the referring hospital.

Standard Postoperative Care
Fourteen days and 3 months after cardiac surgery, patients are
seen by a nurse practitioner (NP), who is supervised by a
consultant cardiologist. At 14 days, the sternal wound and, if
applicable, the venous graft resection site are checked, and vital
parameters, signs of congestion, indications for and side effects
of medications, and symptoms of postoperative complications
are assessed.

At 3 months, a similar examination is performed during an
outpatient clinic visit. In addition, blood samples are taken for
measuring kidney function and lipid spectrum. Moreover, a
transthoracic echocardiogram is obtained. Patients undergoing
a mini-Maze procedure or concomitant radiofrequency ablation
will also undergo 24-hour Holter monitoring and physical
exercise testing at 3 and 12 months after surgery.

The Box 2.0

The Box 2.0 Intervention
Patients who consent to participate in The Box 2.0 will receive
a box containing a Withings weight scale, Withings BP monitor,
Withings activity tracker, Withings thermometer, blood oxygen
saturation monitor (Masimo, Irvine, California, USA), and two
mobile ECG devices (AliveCor Kardia and CardioSecur;
Personal MedSystems, Frankfurt am Main, Germany). The
devices are shown in Figure 1.

JMIR Res Protoc 2020 | vol. 9 | iss. 4 |e16326 | p.246http://www.researchprotocols.org/2020/4/e16326/
(page number not for citation purposes)

Biersteker et alJMIR RESEARCH PROTOCOLS

XSL•FO
RenderX

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


Figure 1. The devices of The Box 2.0.

All are noninvasive, battery-powered, smartphone-compatible
devices. They are Conformité Européenne marked and approved
by the Food and Drug Administration and can be obtained in
retail stores in the European Union and the United States. No
assistance is required to install and use the devices; however,
professional assistance is provided by a technical LUMC
employee when a patient requires help.

A smartphone with iOS (Apple Computers, Cupertino,
California, USA) or Android Operating System (Google,
Mountain View, California, USA) is required to use the devices,
as they communicate with a dedicated mobile app on the
smartphone, which can be downloaded from the AppStore (iOS)
or PlayStore (Android). Measurement data are stored on the
smartphone and uploaded to the app manufacturer’s servers
(located in Europe for Withings and CardioSecur and the United
States for AliveCor and Masimo). An internet connection is
required to synchronize the data, although measurements can
be obtained when the smartphone is offline. The data are
uploaded to the corresponding servers when the smartphone
reconnects to the internet.

Patients receive The Box 2.0 before discharge. A technical
support employee of LUMC instructs the patients on how to
install and use the devices on their mobile phones, including
registering necessary accounts. This employee also manages a
help desk service that patients can reach for technical issues
with their devices. Patients are also provided with written
information and an instruction video. Patients who do not own

a smartphone with either iOS or Android are provided with a
Samsung J3 smartphone (Samsung, Seoul, South Korea).
Patients are instructed to use their own internet service (WiFi
or mobile network). No mobile data network plan is provided
with the smartphone. Additionally, to be able to use the
accounts, an email address is required. Patients are provided
with a randomly generated email address from the @hlc.nl
domain, which is owned and maintained by LUMC.

Patients are instructed to record their BP, weight, temperature,
step count, blood oxygen saturation, respiration rate, and
single-lead ECG data with AliveCor Kardia on a daily basis for
the first 14 days. After 14 days, all measurements except for
step count are reduced to thrice a week. Additionally, patients
record a CardioSecur ECG weekly. In case of a possible rhythm
disturbance, which is either felt by the patient or diagnosed with
the single-lead ECG, patients obtain an additional CardioSecur
ECG.

Moreover, the first visit to the outpatient clinic is replaced by
an electronic visit, in which the patient communicates with the
NP via Webcamconsult (Webcamconsult, Bergen op Zoom,
The Netherlands), a secured video connection. The same topics
as those during a regular visit are discussed, and the sternal
wound is checked. Therefore, patients are advised to wear a
dress shirt when establishing the video connection, so that no
private body parts are shown.

An overview of regular follow-up and follow-up with The Box
2.0 is shown in Figure 2.
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Figure 2. Flowchart for the outpatient clinic follow-up. Left: standard outpatient care without the mHealth intervention. Right: outpatient care with
the mHealth intervention. Blue text boxes show the standard topics at 14-day and 3-month consultations. Green text boxes and text highlight the mHealth
intervention. ECG: electrocardiogram; NP: nurse practitioner.

Blood Pressure Monitor
The BP monitor (Withings Blood Pressure Monitor) is a
validated [23] smartphone-compatible device that allows users
to measure systolic and diastolic BP and heart rate. Depending
on user preference, the device is placed around the left or right
arm, and after pushing a button on the cuff, the device connects
to the smartphone via Bluetooth. A measurement takes an
average of 20 seconds, and inflation and deflation are automated
and initiated via the dedicated Health Mate app for iOS and
Android. The results are shown on the smartphone screen and
automatically uploaded to Withings servers.

Weight Scale
The weight scale (Withings Body) measures weight, fat
percentage, heart rate, and ambient CO2. By footprint
recognition, all measurements are automatically saved under
each user’s personal account. This way, measurements of users

cannot be confused. The results are shown on the weight scale
screen and automatically uploaded to Withings servers.

Thermometer
The thermometer (Withings Thermo) is able to measure the
temperature of the temporal artery by scanning the forehead.
Additionally, a measurement of the dorsal auricular artery can
be obtained by placing the device on the soft tissue underneath
the ear. The highest measurement will be used. The results are
shown on the thermometer and automatically uploaded to
Withings servers.

Activity Tracker
The activity tracker (Withings Steel) automatically tracks the
number of daily steps taken and the duration and quality of
sleep. The device is a small watch and can also be used as such.
Results are automatically uploaded to Withings servers.
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Blood Oxygen Saturation Monitor
The oxygen saturation monitor (Masimo MightySatRx) tracks
blood oxygen saturation, as well as heart rate, respiration rate,
plethysmography variability index, and peripheral perfusion
index. The device is placed on a finger, and measurements start
automatically after starting the app. Masimo claims that its
device and algorithm work on well-circulated and less
well-circulated fingers. Measurements are automatically saved
to a comma-separated file on the smartphone. This file can then
be shared by email. No measurement data are saved on Masimo
servers.

Single-Lead Electrocardiogram Device
The single-lead ECG device (AliveCor Kardia) uses two
electrodes to allow a user to record a 30-second lead-I ECG.
The device connects to the AliveCor app via an ultrasound
signal, and to record an ECG, the patient places two fingers of
both hands on the electrodes while the device is held next to
the smartphone at a maximum of 30 cm. The device can also
be attached to the back of the smartphone.

The ECG signal is converted to a live single-lead ECG that is
shown on the smartphone screen [24]. After the measurement
is completed, the AliveCor algorithm calculates the R-R
intervals and reports either a normal ECG, possible AF, or
undetermined finding [16]. Before saving the ECG, the patient

can save notes. The algorithm has a 70% to 97% sensitivity and
98% to 99% specificity for the detection of AF [25-27].

EASI-Derived 12-Lead Electrocardiogram Device
The CardioSecur ECG device uses the five-electrode EASI lead
system described by Dower et al [28], removing the ground
electrode. It is hypothesized to detect myocardial ischemia and
have an amount of baseline noise like that of Mason-Likar ECG
[17]. This possibly allows for relatively noise-free rhythm
detection. As no external validation studies have been
performed, this study will not use the CardioSecur device for
the detection of myocardial ischemia.

Patients receive their first CardioSecur ECG in the hospital
preoperatively. The four leads are connected to the chest of the
patient. One lead is placed on the upper part of the sternum, one
lead is placed directly underneath the sternum, and two leads
are placed on the mid-axillary line at the same height as that of
the lower placed frontal lead. After registration of the first ECG,
patients can take their own ECG at home. The ECG is uploaded
to CardioSecur servers and sent to the hospital electronic
medical record in portable document format (PDF).

Figures 3 and 4 show examples of an ECG obtained with
CardioSecur and a single-lead ECG obtained with AliveCor
Kardia, respectively.

Figure 3. An electrocardiogram obtained with the CardioSecur device.
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Figure 4. A lead-I electrocardiogram obtained with the AliveCor Kardia device.

Reasons to Contact Patients
The sent-in data are checked daily by a dedicated NP. Data
irregularities trigger an automated alarm. When irregularities
are noted, patients are contacted within 48 hours after the data
have been sent in. The definitions of data irregularities are
shown in Multimedia Appendix 1.

Reasons to Adjust the Therapeutic Regimen
According to the sent-in data, the NP can change medication
or discuss the data with the patient’s treating physician.
Detecting an atrial rhythm disturbance with the CardioSecur
may thus result in adjusting the therapeutic regiment. This is
left to the discretion of the treating physician.

Nonadherence and Study Withdrawal
Patients are required to frequently send in their measurements.
If they do not send measurements from their devices for 21
consecutive days, they are considered nonadherent. This is the
same policy as in the previous The Box study [22]. If a patient
is considered nonadherent, a standardized email is sent, urging
them to contact the hospital in case of technical difficulties or
objections. A specialized technology employee can provide
assistance. If, after this phone call, the patient starts sending in
measurements, the patient is again considered adherent. If

nonadherence reoccurs, a standardized email is sent out. If
patients do not start sending in new measurements, they are not
approached again and are considered definitively nonadherent.
These patients are not excluded from the study and are still
followed up according to The Box 2.0 protocol. If any study
patients notify the hospital that they would like to have regular
outpatient clinic visits, they are followed up via the regular
follow-up protocol. Patients who withdraw from regular
follow-up are considered lost to follow-up.

Privacy of Study Participants
To anonymize the data, patients receive a randomly generated
email address from the @hlc.nl domain, which is owned and
maintained by LUMC. They can use this email address to create
their Withings and CardioSecur accounts, as well as send the
comma-separated file (created by using the Masimo device) to
LUMC. The corresponding names are kept in a separate
password-protected database.

Results

Outcomes
The study started recruitment in November 2018. The primary
outcome measure of this study in patients undergoing cardiac
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surgery is to investigate if POAF is diagnosed more often in
patients who are followed up with smart technology as compared
with standard care, with measurements until the 3-month
outpatient clinic visit. POAF can be diagnosed before or after
discharge. As this mHealth study does not impact the AF
detection rate before discharge, the primary outcome only
involves POAF diagnosed after discharge. In LUMC, the mean
duration of hospital stay after cardiac surgery is 8 days. POAF
diagnosed before discharge is reported as a baseline
characteristic.

AF is defined as an episode of irregular heart rhythm, without
detectable P waves, lasting more than 30 seconds [29]. AF can
be detected at the outpatient clinic, at the emergency department,
or at home via CardioSecur in TheBox 2.0 patients. As taking
an ECG with CardioSecur takes longer than 30 seconds, we
defined POAF or atrial flutter as a CardioSecur ECG that shows
this rhythm disturbance.

The primary endpoint is evaluated by a clinical event committee
that is blinded to patient data. The committee consists of two

cardiologists, not otherwise involved in the project, who review
the data independently. In case of disagreement, a third
cardiologist is involved to reach a decision.

Secondary outcomes of this study include the diagnosis of
cardiac decompensation or sternal wound infection. Sternal
wound infection is defined by the guidelines of the Center for
Disease Control and Prevention, which are most commonly
used. For deep sternal wound infection, fever (temperature
>38.5°C), sternal instability, or chest discomfort has to be
present in combination with either purulent drainage from the
sternal wound or mediastinal widening on radiography [30].
Cardiac decompensation is defined as a clinical syndrome in
which a structural or functional disorder of the heart impairs
the capacity of the ventricle to eject or fill with blood at
physiologic filling pressures, therefore limiting the ability of
the patient to exercise or carry out activities of daily living
without symptoms of dyspnea or fatigue [31]. All outcomes are
detailed in Textbox 2 [32,33].

Textbox 2. Primary and secondary outcome measures.

Primary study parameter

• Detection of atrial fibrillation

Secondary study parameters

• Detection of sternal wound infection

• Detection of cardiac decompensation

• Time to detection of atrial fibrillation

• Time to detection of sternal wound infection

• Time to detection of cardiac decompensation

• Quality of life (five-level EuroQol five-dimension)

• Patient satisfaction of care

• Overall mortality

• Major adverse cardiac events: cardiac death, myocardial infarction, cardiac tamponade, ischemic stroke, or transient ischemic attack, defined as
a transient episode of neurological dysfunction lasting for less than 1 hour, which is caused by focal brain or retinal ischemia without recent
infarction on cerebral imaging [32].

• Readmission to either the cardiology or cardiothoracic surgery ward

• Total number of cardiology-related visits to the emergency department until 3 months after discharge

• Blood pressure control, which is defined as a systolic blood pressure of <140 mmHg and a diastolic blood pressure of <90 mmHg [33]

• Cost-effectiveness

Questionnaires
All patients, both in the intervention and control groups, are
asked to fill out a quality of life questionnaire (EQ-5D-5L) [34]
and a short patient satisfaction questionnaire. The patients in
the intervention group are also asked to fill out a short
satisfaction questionnaire concerning the webcam consultation
system and the used devices. The EQ-5D-5L questionnaire is
used before surgery and 3 months after surgery. The satisfaction
questionnaire is used 3 months after surgery.

Sample Size and Statistical Analysis
An AF detection rate of 15% is expected in the historical group
and 25% is expected in the intervention group [12,35]. Power
calculation was performed using R software (R Foundation for
Statistical Computing, Vienna, Austria) [36]. For the calculation,
an α of .05 and a power of 0.90 were chosen. This yielded a
sample size of 335 patients, which was increased by 9% to 365
patients in both the intervention and control groups to correct
for expected loss to follow-up, leading to a total study size of
730 patients.
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Patient information is analyzed according to the
intention-to-treat principle, and a per protocol subanalysis is
carried out. According to the unpublished data of The Box study,
it is estimated that 33% of eligible patients will not be willing
to take part in The Box 2.0 study or will stop sending in
measurements shortly after inclusion. Accordingly, to prevent
selection bias, patients who do not wish to take home
measurements with the devices of The Box 2.0 are included in
the intervention arm if they consent to the researchers using
their data until 3 months after surgery.

With regard to the secondary endpoints, the diagnoses of sternal
wound infection and cardiac decompensation are analyzed in
the same way as the primary endpoint. The proportion of patients
with controlled BP and the proportion of readmitted patients
will be compared using a chi-square test. Logistic regression
will be performed to correct for potential confounding variables.
The scores of questionnaires (EQ-5D-5L and patient satisfaction
questionnaires) and health care utilization will be compared
using an independent t test. As this study is underpowered to
detect differences between groups with respect to major adverse
cardiac events (MACEs), only descriptive statistics of this
outcome will be reported.

Discussion

Patient Selection
For this study, high-risk patients are excluded. The
INTERMACS scale was developed to further categorize New
York Heart Association Class IV patients [37]. We use this
INTERMACS scale as a clinical tool to grade very ill patients,
and we define high-risk patients as those with an INTERMACS
score of 1 or 2. We exclude patients receiving a ventricular
assist device, those with a possible life-threatening condition
at the time of their surgery, such as active endocarditis and
ventricular septal rupture, and those needing mechanical support
with ECMO, IABP, or an Impella device at the time of the
operation. This patient group is excluded from participation, as
effects on outcomes, such as mortality, MACEs, and rhythm
disturbances, would be incomparable between nonrandomized
study groups owing to the high mortality and morbidity rates
of high-risk patients [38-44]. Patients undergoing any other type
of cardiac surgery are included.

Internet Access
As of 2018, 98% of Dutch households have internet access;
more than any other European country [45]. Therefore,
generalizability of the results of this study might be limited in
countries with low internet access percentages. The expected
average age of subjects at the time of inclusion is 65 years. In
the Netherlands, 84% of people aged 55 to 65 years, 68% of
people aged 65 to 75 years, and 40% of people aged 75 years
or older have internet access [46]. To prevent selection bias, an
intention-to-treat design is chosen, in which patients without
internet access are also enrolled in the intervention group.

Comparability and Study Outcomes
To our knowledge, a study validating mHealth in cardiac surgery
patients has not been performed. Pilot results from a randomized

controlled trial performed by McElroy et al, which involved 27
intervention patients and 416 control patients who underwent
cardiac surgery, showed no relevant results regarding hospital
readmission rates when using a digital health kit, which included
a tablet with a pulse oximeter, heart rate and blood pressure
monitor, and weight scale [12]. In this previous study, the
proportion of postoperative AF diagnosis did not significantly
differ between the groups (29.6% [8/27] in the intervention
group and 15.4% [64/416] in the control group; P=.90). This
may be due to a correction for a difference at baseline, where
having a history of AF differed between the groups (22.2%
[6/27] in the intervention group and 11.3% [47/416] in the
control group; P=.20) [12].

Currently available consumer mHealth devices may make
ambulatory diagnosis of rhythm disturbances more accessible.
As POAF does not always cause symptoms and thus could
remain subclinical, we hypothesize that using these devices in
patients after cardiac surgery will greatly increase the diagnosis
of POAF.

Owing to the accessible nature of consumer mHealth devices,
it is hypothesized that other complications that may arise after
cardiac surgery, such as sternal wound infection and cardiac
decompensation, will be diagnosed earlier as compared with
conventional follow-up. Early detection of these abnormalities
could lead to a diminished disease burden among patients and
result in more outpatient treatment or shorter clinical treatment,
causing increased cost-effectiveness. Moreover, as patients can
read their own measurements and follow trends, they may feel
more empowered with the use of the devices adopted in this
study and may reach a higher quality of life.

Definition of Atrial Rhythm Disturbances in mHealth
Defining POAF detected with mHealth devices is not possible
according to current European or American guidelines, as
mHealth is currently not a tool for diagnosis. Recent studies
have found that, when using AF detection devices, prolonged
episodes of AF, atrial flutter, or atrial tachycardia (lasting over
5 minutes in the MOST study and over 6 minutes in the
ASSERT study) are independently associated with an increased
risk of stroke [47,48]. However, short episodes of up to 20
seconds are not associated with an increased risk [49]. Devices
of The Box 2.0 do not measure heart rhythm in a continuous
fashion, and thus, measurements should be compared with spot
measurements involving a normal clinical ECG. We have
therefore initiated a regional focus group with five cardiologists
specialized in rhythm disturbances and two cardiac surgeons.
This group defined POAF as AF shown on a CardioSecur ECG
during the full 10 seconds when the heart rhythm is registered,
which is diagnosed within 3 months after cardiac surgery. Other
atrial rhythm disturbances, such as atrial flutter and atrial
tachycardia, are addressed in the same fashion. For the treatment
of diagnosed rhythm disturbances, the current European
guidelines are followed [50].

Conclusion
In summary, a study to investigate mHealth devices in cardiac
surgery patients is presented. The first results are expected in
September 2020.
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Abstract

Background: Elderly trauma patients constitute a vulnerable group, with a substantial risk of morbidity and mortality even
after low-energy falls. As the world’s elderly population continues to increase, the number of elderly trauma patients is expected
to increase. Limited data are available about the possible patient safety challenges that elderly trauma patients face. The outcomes
and characteristics of the Norwegian geriatric trauma population are not described on a national level.

Objective: The aim of this project is to investigate whether patient safety challenges exist for geriatric trauma patients in Norway.
An important objective of the study is to identify risk areas that will facilitate further work to safeguard and promote quality and
safety in the Norwegian trauma system.

Methods: This is a population-based mixed methods project divided into 4 parts: 3 quantitative retrospective cohort studies and
1 qualitative interview study. The quantitative studies will compare adult (aged 16-64 years) and elderly (aged ≥65 years) trauma
patients captured in the Norwegian Trauma Registry (NTR) with a date of injury from January 1, 2015, to December 31, 2018.
Descriptive statistics and relevant statistical methods to compare groups will be applied. The qualitative study will comprise focus
group interviews with doctors responsible for trauma care, and data will be analyzed using a thematic analysis to identify important
themes.

Results: The project received funding in January 2019 and was approved by the Oslo University Hospital data protection officer
(No. 19/16593). Registry data have been extracted for 33,344 patients, and the analysis of these data has begun. Focus group
interviews will be conducted from spring 2020. Results from this project are expected to be ready for publication from fall 2020.

Conclusions: By combining data from the NTR with interviews with doctors responsible for treatment and transfer of elderly
trauma patients, we will provide increased knowledge about trauma in Norwegian geriatric patients on a national level that will
form the basis for further research aiming at developing interventions that hopefully will make the trauma system better equipped
to manage the rising tide of geriatric trauma.

International Registered Report Identifier (IRRID): PRR1-10.2196/15722
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Introduction

Background
Many high- and middle-income countries around the world face
the same demographic changes: people are living longer, birth
rates are decreasing, and, consequently, elderly people constitute
a rapidly growing proportion of the population [1,2]. The elderly
often live independent and active lives despite chronic diseases
and frailty and can sustain severe injury from even minor trauma
[3-5]. Statistics Norway estimates that within 15 years, more
people living in Norway will be aged above 65 years than below
20 years, for the first time [6]. The same report projects that by
2060, the number of Norwegians aged above 70 years will be
more than double compared with the number in 2018 [6].
Consequently, there is an increase in the number of geriatric
trauma patients, and the geriatric trauma population has been
described as a rising tide [7].

Trauma is one of the leading causes of mortality and morbidity
worldwide and in all age groups [8,9]. In Norway in 2016, the
most common injuries across all ages occurred in the extremities
(38.3%), head (35.4%), chest (29.5%), and spine (24.3%) [10].
Geriatric trauma patients have higher mortality rates than
younger patients, adjusted for the same severity of trauma, and
head injury is the leading cause of death [11-13]. Risk factors
associated with a poor outcome for this group include age,
pre-existing medical conditions, anticoagulant use, frailty, and
altered physiological response to trauma [14-20]. Hence,
geriatric trauma patients are a vulnerable group.

There is an evident shift in the epidemiology of major trauma:
what used to be the disease of young men in high-energy
accidents is now becoming the disease of elderly patients, where
the primary mechanism of injury (MOI) is falling from less than
2 meters [21,22]. Major trauma is usually defined using the
Injury Severity Score (ISS) or New Injury Severity Score
(NISS), and the most common threshold is ISS >15 [23]. It has
been questioned if this is too high for geriatric trauma patients,
as the frail elderly might have significant morbidity and
mortality even at low thresholds [24]. The age of 65 years is
widely used as a cutoff for defining geriatric trauma
[16,22,25-27].

Characteristics of the Geriatric Trauma Population
A 2017 report from the UK Trauma Audit and Research
Network gives new and thorough insight into the characteristics
of geriatric major trauma patients [22]. Some of the central
findings were that over 60% of trauma patients aged 70 years
and above are injured indoors, the head was the most commonly
injured body region, older people admitted to hospitals had a
low trauma team activation rate, and the grade of the most senior
clinician treating the patients on arrival decreased with
increasing patient age [22]. Low-energy trauma attracts little
attention.

A geriatric trauma patient is not simply an injured old adult.
Pharmacological and age-related physiological alterations in
different organ systems affect the way the geriatric patient
responds to both disease and injury [28]. Among the changes
relevant for trauma care is that geriatric patients are often frail,
meaning they have low physiological reserves [14]; they present
with a higher Glasgow Coma Scale (GCS) score compared with
younger patients with the same injury severity [29]; the threshold
for hypotension is suggested to be 110 mm Hg, not 90 mm Hg
[30,31]; and with increased age, the use of physiology-altering
medications such as beta antagonists or anticoagulants increases.
This might mask the severity of injury as the vital signs resemble
what is considered to be within normal range values for adults.
As a consequence, an injured elderly patient might seem less
injured when standard triage tools are used, and this is reflected
in the high rate of undertriage for geriatric major trauma patients
[3,32,33]. Undertriage increases the risk of not being treated at
the right level of care at the right time and can, subsequently,
increase the risk of mortality [32].

Major trauma is a time-critical event; hence, disposing the right
resources at the right time without unjustifiable delay is crucial.
Paradoxically, it is the elderly patients—the ones with the least
physiological reserves—who get delayed treatment [22,34,35].
Both Advanced Trauma Life Support (ATLS) and the Eastern
Association for the Surgery of Trauma geriatric trauma
guidelines advocate for an aggressive treatment approach until
otherwise decided [27,28]. Early and aggressive treatment is
shown to increase survival rates in older trauma patients [36].

Traumatic Brain Injury
Traumatic brain injury (TBI) is one of the leading causes of
trauma-related deaths [37]. Antiplatelet and anticoagulant drugs
are frequently used in the geriatric trauma population, a risk
factor for acute intracranial bleeding following head injury. A
computed tomography (CT) head scan is needed to detect
bleedings, and this can be done in all acute care trauma hospitals
in Norway. In cases of moderate-to-severe TBI, the acute care
trauma hospital can contact the neurosurgical department in the
regional trauma center for clinical guidance and assessment of
patient transfer. Experience from clinical practice nationally
and internationally shows that the transfer of elderly trauma
patients with head injury to a neurosurgical facility from an
acute care trauma hospital is a challenge 35. We believe that
there are more factors than just injury, severity, and national
transfer criteria that determine whether patients are transferred
from an acute care trauma hospital to a trauma center with
neurosurgical facilities. We believe that possible factors are
age, comorbidities, activities of daily life functions, prognosis,
limitations in ward capacity, limitations in what the
neurosurgical intervention can offer to improve prognosis, and
limited time before it is too late to intervene, along with culture
and an expectation of a negative outcome. This will be explored
in this project.
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Norwegian Trauma System
The 2016 National Trauma Plan for Norway provides
requirements for all services in the national trauma
system—from prehospital care to rehabilitation [38]. Norway
has 2 hospital levels treating trauma patients; 34 acute care
trauma hospitals and 4 trauma centers. Acute care trauma
hospitals are spread out around the country, and trauma centers
are regional university hospitals. All acute care trauma hospitals
offer general surgical and orthopedic services and are capable
of stabilizing severely injured patients before transferring them
to trauma centers, if necessary, but do not offer neurosurgery,
intervention radiology (except for a few), and other specialized
services. The trauma centers offer all medical specialties,
including neurosurgery, and are capable of managing all types
of injuries [39]. The annual number of patients meeting the
inclusion criteria of the Norwegian Trauma Registry (NTR; see
Methods) is approximately 8000 [40].

NTR is a national medical quality registry that has been
operational from January 2015. The objective of the registry is
to monitor trauma treatment in Norway and to contribute to
increased treatment quality. All acute care trauma hospitals and
trauma centers in Norway report to the registry. These hospitals
have certified registrars who register data from injury to
rehabilitation after the Utstein template and classify all injuries
according to the Abbreviated Injury Scale (AIS) and calculate
ISS and NISS [41,42]. All patients receive written information
about the registry, including the opportunity to access the data
recorded and to deny registration.

Aims and Objectives
The aims of this project are to investigate whether patient safety
challenges exist for elderly trauma patients in Norway and to
identify risk areas that will facilitate further work to safeguard
and promote quality and safety in the Norwegian trauma system.
A total of 3 retrospective cohort studies and 1 qualitative
interview study will be conducted. The results of each study
will be published in peer-reviewed medical journals.

The specific objectives of the project are as follows:

1. To assess whether injured elderly Norwegian patients (65
years) are given different emergency trauma care compared
with younger patients.

2. To explore explanations for potential differences in the
quality of trauma care between age groups in the emergency
part of the trauma chain.

The quantitative studies aim to achieve the following:

• Determine the characteristics of geriatric trauma patients
in Norway and compare this group with the Norwegian
adult population and results from comparable international
publications.

• Describe differences between the adult and elderly general
and TBI populations in Norway regarding injury severity,
MOI, 30-day mortality, hospital level of care, transport
methods, emergency interventions, radiological
examinations, and physiological variables.

The qualitative interview study aims to achieve the following:

• Explore factors that may affect transfer decisions for
geriatric patients with TBI.

Methods

Study Design
The Geriatric Trauma—Assessing Patient Safety project applies
a mixed methods design, and it consists of 3 quantitative
retrospective cohort studies using data from the NTR and 1
qualitative interview study focusing on the management of
patients with acute TBI. The 4 studies included in the project
are presented in Figure 1. The use of both qualitative and
quantitative methods provides a deeper understanding of the
processes involved in the care of elderly TBI patients and can
increase the understanding of causative factors regarding the
management of this group. The qualitative study provides an
extra layer of information that will help interpret the quantitative
data on TBI so that it can be better used in improving the trauma
system.

Figure 1. An overview of the four studies included in the project. TBI: traumatic brain injury.
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Study Setting
The main study setting is the prehospital and emergency
department part of the Norwegian trauma system. Data from
the NTR are collected from all acute care trauma hospitals and
trauma centers in Norway, which has a population of about 5.3
million inhabitants spread out over vast distances with a mix
of urban and rural areas. For the qualitative study, we seek to
include a sample with representatives from at least two
Norwegian health regions.

Study Participants: Data From the Norwegian Trauma
Registry
The NTR was searched to identify all trauma patients included
in the registry from January 1, 2015, to December 31, 2018. A
total of 33, 344 patients were included in the registry, of which
22,603 were aged between 16 and 64 years and 6334 were 65
years or older. A total of 3735 elderly patients had NISS above
or equal to 9. The eligibility criteria for the registry are presented
in Textboxes 1 and 2.

Textbox 1. Inclusion criteria for the Norwegian Trauma Registry.

• All patients admitted with trauma team activation (TTA) on arrival to the emergency department in all acute care trauma hospitals and trauma
centers in Norway, irrespective of Injury Severity Score and New Injury Severity Score (NISS)

• All patients treated at an acute care trauma hospital or trauma center in Norway, without TTA, with one or more of the following injuries:

• Penetrating injury to the head, neck, torso, or extremities proximal to the elbow or knee

• Head injury with abbreviated injury score (AIS) ≥3

• NISS >12

• All patients with trauma-related deaths at the site of trauma or during transportation to the hospital, who are not referred to the hospital, but where
prehospital management or treatment is initiated

Textbox 2. Exclusion criteria for the Norwegian Trauma Registry.

• Patients with chronic subdural hematoma, without other trauma-related injuries

• Patients with injuries from drowning, inhalation, hypothermia, and asphyxia without concomitant trauma

• Patients who die on scene without the activation of prehospital resources

Quantitative Registry-Based Retrospective Cohort
Studies
The 3 quantitative studies are all registry-based retrospective
cohort studies focusing on (1) epidemiology and characteristics,
(2) emergency interventions and radiological examinations, and
(3) TBI in the Norwegian geriatric trauma cohort. The specific
outcome measures for each study are presented in Table 1, and
a full overview of the variables extracted from the registry is
presented in Multimedia Appendix 1.

Study number three focuses on elderly TBI patients, a
particularly vulnerable patient group with high morbidity and

mortality [37]. The severity of TBI can be defined using
different measures. AIS is an international classification system
defining all injury types according to severity where 1 is minor
and 6 is maximal and currently untreatable [42]. AIS ≥ 3 is
recognized as moderate-to-severe head injury.. GCS at
presentation is one of the major factors directing neurosurgical
decision making, traditionally classifying TBI into mild (GCS
13-15), moderate (GCS 9-12), and severe (GCS <8). Recent
evidence suggests that GCS is not as sensitive for detecting TBI
in the elderly, so we will do analyses for both parameters [29].
In addition, GCS is the only measure of the two with prehospital
value. Patients admitted with a low GCS not caused by head
trauma will be excluded from these analyses.
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Table 1. Overview of the quantitative studies.

Study 3Study 2Study 1Characteristics

Aims ••• Assess differences in admission
rates and transfer rates to trauma
centers with neurosurgical ser-
vices for patients in different age
groups with moderate-to-severe
traumatic brain injury

Assess differences in the propor-
tion of emergency interventions
(prehospital and inhospital air-
way management and pneumoth-
orax decompression) and radio-
logical examinations (inhospital)
performed on elderly and
younger patients

Describe the Norwegian geri-
atric trauma population and as-
sess differences in demographic
and epidemiological characteris-
tics between age groups

• Assess 30-day mortality
• Assess differences between age

groups in transport method (car
or air ambulance) for patients
with same degree of injury
severity

• Identify injury mechanism differ-
ences between age groups

• Assess differences in emergency
interventions and radiological
examinations performed on elder-
ly and younger patients on the
basis of clinical findings

• Assess differences in the prehos-
pital and inhospital levels of care
between age groups

• Assess differences in physiolog-
ical variables between age
groups, both prehospital and at
admission (systolic blood pres-
sure, respiratory rate, Glasgow
Coma Scale score, and body
temperature) for patients with
the same degree of injury severi-
ty

Hypothesis ••• Younger patients have higher
admission rates to trauma cen-
ters than the elderly

Prehospital personnel use the
same algorithm in decision
making in both elderly and
younger patients, that is, there is
no discrimination in how elderly
and younger patients with the
same vital signs are treated

Younger patients suffer primari-
ly from injury due to high-ener-
gy trauma, and elderly patients
suffer primarily from injury due
to low-energy trauma

• Younger patients have higher
transfer rates to trauma centers
than the elderly• Younger patients have higher

admission rates to trauma cen-
ters than the elderly for similar
injury severity

• Younger patients are more often
transported by air ambulance
than the elderly

• The elderly population is expect-
ed to have same frequencies of
examinations and interventions
as the younger patients for the
same severity of injuries, both
prehospital and in the emergency
room

• Younger patients have higher
transfer rates to trauma centers
than the elderly for similar in-
jury severity

Primary:Primary:Primary:Outcome measures

••• 30-day mortalityNumber and type of radiological
examinations and emergency
interventions (frequencies)

30-day mortality

Secondary: Secondary:

• •Age, gender, mechanism of in-
jury, blunt or penetrating trauma,
Abbreviated Injury Scale, Injury
Severity Scale, New Injury
Severity Scale

Admissions to acute care trauma
hospitals and trauma centersSecondary:

• Time to examination (x-ray;
thorax, pelvis, and computed to-
mography)

• Transfers to higher level of care
• Transport methods
• Physiological variables

• Physiological variables• Location of injury • Interventions given prehospitally
and in the emergency depart-
ment

• Time from injury to admission
• Transport method
• Level of prehospital and inhospi-

tal care
• Interventions given prehospitally

and in the emergency depart-
ment

• Trauma team activation
• Level of care at admission and

discharge
• Length of stay

Data Analysis
All injured adult patients admitted to a Norwegian hospital and
registered in the NTR in the period January 1, 2015, to
December 31, 2018, will be included in the analysis. Trauma
registry data will be analyzed using descriptive statistical

methods and other relevant statistical methods to compare adult
(aged 16-64 years) with elderly (aged 65 years) trauma patients,
as described below. Data might also be analyzed to compare
subgroups, for example, 10-year age intervals, if the data allow
it. Data will be reported following the Strengthening the
Reporting of Observational Studies in Epidemiology statement
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checklist. Categorical variables will be analyzed using a Pearson
chi-square test, continuous variables will be analyzed with
normal score distribution using t tests, and skewed distributions
will be analyzed using the Mann-Whitney U test. We will
consider using the Fisher exact test for smaller subgroups. We
will also consider doing a logistic regression analysis. The
strength of association will be reported as an odds ratio with
95% CI. Low statistical power because of small groups and few
events could result in some significant differences with broad
95% CIs. The correlation between the age groups is planned to
be tested with a Spearman rank correlation test. We consider
our study as explorative, and the significance level will therefore
be kept at P<.05. The analyses would be performed by using
SPSS version 25 or higher (IBM SPSS Statistics for Mac, IBM
Corporation).

All data will be handled and saved in a secured data server
administered by the Norwegian Air Ambulance Foundation.
All data will be unidentifiable when sharing between the authors
and in the analysis and presentations. Data will be stored for 5
years after the project is finished.

Study 4: Qualitative Interview Study Addressing
Factors That May Affect and Explain Transfer
Decisions for Geriatric Patients With Acute Traumatic
Brain Injury

Participants
A sample of participants for the focus group interviews will be
recruited from doctors responsible for the treatment and transfer
decisions for head trauma patients. We seek to include
participants with the following characteristics:

• Acute care trauma hospital team leaders: Responsible for
initial evaluation, transfer evaluation, and continued care
in case the patient is not transferred. We seek registrars or
consultants with more than 1 year of experience as a trauma
team leader and trained in the ATLS principles according
to the requirements in the national trauma plan. The subjects
should preferably have experienced at least one case of a
geriatric trauma patient where head trauma was the main
reason for discussing transfer.

• Neurosurgeons in trauma centers: Taking part in decision
making on accepting the patient for transfer or not, being
responsible for all neurosurgical interventions, monitoring,
and care in a neurosurgical ward. We seek registrars or
consultants with more than 1 year of experience in on-call
decision making, assessing patients for transfer to their
respective hospitals.

A priori, it is estimated that 4 focus group interviews will be
sufficient, but data acquisition will continue until saturation is
reached. The interviews will be conducted separately
(mono-professional) to reveal possible professional differences.
The groups will be recruited using a combination of the snowball
sampling method to reach out to a wide network, purposive
sampling to include doctors with first-hand experience with
geriatric head trauma and working locations in different health
regions, and convenience sampling to conduct interviews in
regional or national forums. All participants will receive written
and oral information about the purpose of the study. We will

also obtain informed consent. Before starting the interview,
they will be informed that they are discussing factors affecting
management and transfer decisions in patients with TBI. The
interviewer will use an interview guide with open-ended
questions to ensure that the relevant subjects are covered. This
will cover themes such as priorities and ethical considerations,
patient-related factors emphasized in the decision-making
process, guidelines, attitudes, culture, and interventions.

Analysis
The interviews will be audio-recorded and transcribed verbatim.
The data found in the interviews will be categorized and
analyzed using thematic analysis as described by Braun and
Clark [43]. Each interview will be coded by at least two analysts
who will read the transcripts and, if appropriate, listen to the
audio recordings to ensure the proper meaning is captured. The
analysts will generate codes and sort these into themes. Coding
disparities or uncertainties will be discussed with additional
researchers in the group.

Ethical Considerations
Research will be conducted according to the ethical guidelines
of the Helsinki declaration. The study protocol is approved by
the Oslo University Hospital data protection officer, which is
responsible for the Norwegian Trauma Registry (No. 19/16593).

Results

Registry data have been extracted on 33,344 patients, and the
analysis of data for study number one is ready to be performed.
Anticipated findings are that the Norwegian geriatric trauma
population shows a number of similar characteristics as
described in papers from comparable Western populations (e.g.
the Netherlands, United Kingdom, and Australia) but that the
proportion of geriatric trauma patients is smaller than that in
countries with a larger elderly population, for example, Japan
[22,44-46]. The next steps will be to work parallelly on the
manuscript on study 1 and on conducting interviews for study
4. Studies 2 and 3 will be conducted subsequently. The project
plan has been presented in relevant forums in Norway and
Europe. Results from each study will be published in
peer-reviewed medical journals from 2020.

Discussion

Principal Considerations
The vulnerable population of geriatric trauma patients is
increasing in number. It is a group with clinically challenging
characteristics, such as comorbidity, polypharmacy and frailty,
and a high risk of undertriage. As major trauma shifts from
being a disease of the young to a disease of the elderly injured
in low-energy accidents, substantial patient safety risks may
exist, for example, differences in the level of care between adults
and elderly patients. To our knowledge, no study has been
conducted in Norway by using national data assessing such
differences in trauma care.

Kirkman et al [35] published a paper that raises the following
central question: “Do elderly head injuries do worse because
of a self-fulfilling prophecy of poorer management?” They
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found that the time from admission to CT head imaging and the
likelihood of not being transferred to a center with acute
neurosurgical care facilities increased with age. Another study
from Utter et al [34] found that geriatric trauma patients have
delayed transfer to a neurocenter in a level I trauma center [34].
Little is known about which factors affect the decisions that
lead to this. Negative attitudes toward elderly patients and an
expectation of a poor outcome might lead to a passive, observing
role and low treatment ambitions, and this will be addressed in
this project.

In 2019, a paper about geriatric trauma patients from the largest
trauma center in Norway was published, showing that mortality
increased with age and was inversely related to the probability
of trauma team activation on arrival [13]. Moreover, Australian,
Dutch, British, and Japanese papers published in the recent
years give a thorough overview of the characteristics of geriatric
trauma populations in comparable countries [22,44-46]. Whether
the total Norwegian trauma population shares some of these
characteristics is not known.

Strengths and Limitations
The project employs a mixed methods design, where possible
patient safety challenges of the geriatric trauma population will
be assessed through 4 studies. The mixed methods design is
one of the project’s strengths, as the qualitative methodology
brings forward information that the registry data cannot provide
and makes the interpretation of the retrospective data more

reliable when it should be translated into clinical practice.
Another strength with this project is how it focuses particularly
on the potential patient safety challenges of elderly trauma
patients. As far as we know, it is the first project on geriatric
trauma patients where patient safety is the overarching theme.
A high generalizability to other trauma systems is expected,
given the similarities between demographical changes and
trauma systems in many high-income countries. Limitations are
inherent to the retrospective design of the quantitative studies,
with risk of bias and the fact that causal factors cannot be
explored.

Conclusions
With the rising tide of geriatric trauma as a background, this
research will have a societal impact. If there are differences
between adult and elderly trauma patients, it is important to
know to make sound decisions in the future. For example, if
geriatric trauma patients are found to be systematically treated
at a lower level of trauma care, it will be important to document
this, and the next step will be to examine why these differences
exist. Findings regarding characteristics and physiological
responses will possibly support international studies, and ours
will be the first study to assess this in the Norwegian population.
With the rising tide of geriatric trauma fast approaching, we
want to investigate differences in trauma care between age
groups in the Norwegian population and evaluate if patient
safety risks exist for geriatric trauma patients.
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Abstract

Background: Acute respiratory infections (ARIs), primarily pneumonia, are the leading infectious cause of under-5 mortality
worldwide. Manually counting respiratory rate (RR) for 60 seconds using an ARI timer is commonly practiced by community
health workers to detect fast breathing, an important sign of pneumonia. However, correctly counting breaths manually and
classifying the RR is challenging, often leading to inappropriate treatment. A potential solution is to introduce RR counters, which
count and classify RR automatically.

Objective: This study aims to determine how the RR count of an Automated Respiratory Infection Diagnostic Aid (ARIDA)
agrees with the count of an expert panel of pediatricians counting RR by reviewing a video of the child’s chest for 60 seconds
(reference standard), for children aged younger than 5 years with cough and/or difficult breathing.

Methods: A cross-sectional study aiming to enroll 290 children aged 0 to 59 months presenting to pediatric in- and outpatient
departments at a teaching hospital in Addis Ababa, Ethiopia, was conducted. Enrollment occurred between April and May 2017.
Once enrolled, children participated in at least one of three types of RR evaluations: (1) agreement—measure the RR count of
an ARIDA in comparison with the reference standard, (2) consistency—measure the agreement between two ARIDA devices
strapped to one child, and (3) RR fluctuation—measure RR count variability over time after ARIDA attachment as measured by
a manual count. The agreement and consistency of expert clinicians (ECs) counting RR for the same child with the Mark 2 ARI
timer for 60 seconds was also measured in comparison with the reference standard.

Results: Primary outcomes were (1) mean difference between the ARIDA and reference standard RR count (agreement) and
(2) mean difference between RR counts obtained by two ARIDA devices started simultaneously (consistency).

Conclusions: Study strengths included the design allowing for comparison between both ARIDA and the EC with the reference
standard RR count. A limitation is that exactly the same set of breaths were not compared between ARIDA and the reference
standard since ARIDA can take longer than 60 seconds to count RR. Also, manual RR counting, even when aided by a video of
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the child’s chest movements, is subject to human error and can result in low interrater reliability. Further work is needed to reach
global consensus on the most appropriate reference standard and an acceptable level of agreement to provide ministries of health
with evidence to make an informed decision on whether to scale up new automated RR counters.

Trial Registration: ClinicalTrials.gov NCT03067558; https://clinicaltrials.gov/ct2/show/NCT03067558

International Registered Report Identifier (IRRID): RR1-10.2196/16531

(JMIR Res Protoc 2020;9(4):e16531)   doi:10.2196/16531

KEYWORDS

pneumonia; diagnostics; child; respiratory rate; Ethiopia

Introduction

Acute respiratory infections (ARIs), primarily pneumonia, are
the leading infectious causes of death among children aged
younger than 5 years globally, accounting for an estimated 0.9
million deaths in 2015 [1], with over 75% of these deaths
clustering in sub-Saharan Africa and Southeast Asia. Deaths
from pneumonia in children result mostly from delayed
presentation to appropriate health care providers and
inappropriate treatment [2].

Diagnosis of pneumonia by community health workers (CHWs)
and first-level health facility workers (FLHFWs), collectively
known as frontline health workers, is based on counting the
number of breaths in 60 seconds in children aged younger than
5 years with cough and/or difficulty breathing to assess whether
the respiratory rate (RR) is high enough for a particular age to
prescribe antibiotics and treat suspected pneumonia. This is
defined by the World Health Organization (WHO) Integrated
Management of Childhood Illness (IMCI) guidelines [3] for
FLHFWs and the Integrated Community Case Management
(iCCM) guidelines for CHWs [4]. Current standard practice for
frontline health workers is to count RR manually by observing
chest movements for 60 seconds. In practice defining a breath
and counting RR can be difficult, as children breathe irregularly
and faster than adults and the child may not be calm and still

for a full minute. Misclassification of the observed rate remains
high [5,6], often leading to inappropriate treatment [7].

The Acute Respiratory Infection Diagnostic Aids (ARIDA)
project [8] was initiated as a response to the call for better
pneumonia diagnostic aids [9,10]. A target product profile (TPP)
was shared with industry, academia, and partners to encourage
and guide development of new automated RR counting devices
[11]. The ARIDA technical specification listed in the United
Nations Children’s Fund (UNICEF) request for proposals
outlines that any ARIDA must automatically detect and display
the RR to aid in the classification of suspected pneumonia in
children from the age of 0 to 59 months and include a visual
indicator for notification of above or below the age-specific fast
breathing thresholds as defined by the WHO IMCI guidelines
[3].

In response to the TPP, Philips developed the Children’s
Respiration Monitor (ChARM) device, which uses an
accelerometer-based system to measure the RR in children 0 to
59 months and automatically classifies the breathing rate as fast
or normal, based on the age of the child. ChARM is intended
to be used by CHWs in low-resource settings. It is strapped
around the belly of the child using an elastic belt (Figure 1).
ChARM is the first product to be tested as part of the ARIDA
field trials, implemented by the Malaria Consortium in Ethiopia
and Nepal and sponsored by UNICEF in partnership and with
funding from “la Caixa” Banking Foundation.
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Figure 1. Illustration of the Philips ChARM device positioned on a child.

In Ethiopia, pneumonia is the number one cause of under-5
mortality, responsible for 16% deaths in children aged younger
than 5 years in 2016 [12]. Ethiopia has scaled up iCCM of
childhood illness in all regions following a national policy
change supporting community-based treatment of childhood
pneumonia by CHWs (locally known as health extension
workers [HEWs]) in early 2010 [13]. As part of Ethiopia’s HEW
program, over 42,000 HEWs have been trained for 1 year in
iCCM and equipped to assess, classify, and manage pneumonia,
malaria, diarrhea, and severe acute malnutrition and provide
preventive and curative health services [13]. This paper presents
the study design for the evaluation of agreement between an
ARIDA and a reference standard RR count for children in
Ethiopia.

Methods

Study Aims and Objectives
This study aims to understand whether an ARIDA RR count
agrees with an expert panel of pediatricians counting RR by
reviewing a video of the child’s chest for 60 seconds (reference
standard) for children aged younger than 5 years with cough
and/or difficult breathing.

The primary objective of this study is to determine the
performance of an ARIDA, as defined by agreement and
consistency, in children aged younger than 5 years with cough
and/or difficulty breathing. The secondary objective is to
determine the performance of expert clinicians (ECs) counting
RR, as defined by agreement and consistency, in children aged
younger than 5 years with cough and/or difficulty breathing.
The third objective is to measure RR fluctuation over time after

ARIDA device attachment in normal breathing children aged
2 to 59 months.

Study Design
The study is a cross-sectional study comprising three types of
RR evaluations: agreement, consistency, and RR fluctuation
over time.

Study Site
The study was conducted in the pediatric in- and outpatient
departments at Saint Paul’s Hospital and Millennium Medical
College in Addis Ababa, Ethiopia. This hospital was selected
based on the high incidence of pneumonia in outpatient and
inpatient departments, interest and willingness of hospital
managers to host the study, availability of Integrated
Management of Neonatal and Child Illness (IMNCI)-trained
[14] expert clinicians (ECs), and availability of a suitable study
room, reliable electricity supply, and access to treatment
including amoxicillin and oxygen.

Ethics Approval and Consent to Participate
Ethical approval was obtained from the Armauer Hansen
Research Institute/ALERT Ethics Review Committee (a
biomedical research institute in Ethiopia) on March 7, 2017
(ref. PO02/17) and favorable ethical opinion received by the
Liverpool School of Tropical Medicine Ethics Committee. All
participants consented to the study by reading and signing the
information and consent form.

Study Participants
All children attending in- and outpatient departments at Saint
Paul’s Hospital and Millennium Medical College in Addis
Ababa between April 5 and May 22, 2017, were potential
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participants in the study and were systematically screened for
eligibility. Children aged 0 to <2 months were excluded from
the consistency evaluation due to the anticipated difficulty in
attaching two devices at once to a small child. Children aged 0
to <2 months and those with fast breathing were excluded from
the fluctuation evaluation due to anticipated difficulty in
measuring RR in this group for an extended period of time and
also to isolate the effect of the ChARM attachment on RR from
other causes of RR fluctuation. All other children aged younger
than 5 years who were accompanied by a caregiver aged 18
years and older, not too agitated to be assessed by a research
nurse, who did not present with general danger signs or IMNCI
referral signs or device manufacturer safety exclusion criteria
(wearing supportive device at area of chest/belly, skin not intact
in chest/belly, born before 37 weeks of gestation [<2 months
only]), were not an inpatient being managed by barrier nursing
(such as severe burns, child with neutropenia, severe infectious
diseases), and were not advised against research procedures by
the supervising clinician were eligible to participate in the study.

General danger signs for newborns (<28 days) include active
convulsions or fits, not feeding well, fever (37.5℃ [99.5℉] or
above), low body temperature (35.5℃ [95.9℉] or below),
movement only when stimulated, or no movement even when
stimulated and for all other age groups include lethargy or
unconsciousness, not able to drink/breastfeed, vomiting
everything, and active convulsions or fits. IMNCI referral signs
for all children include stridor in a calm child, chest indrawing,

severe dehydration, severe persistent diarrhea, very severe
febrile disease, severe complicated measles, mastoiditis,
complicated severe malnutrition, and severe anemia. Written
informed consent was obtained from the caregiver before
enrollment. Two ECs with extensive experience in assessing
and treating children with suspected pneumonia using IMNCI
guidelines were selected. They were required to have BSc
nursing qualification and an IMNCI certificate.

Outcome Measures
The primary outcome for the agreement evaluation was the
mean difference in RR between ARIDA and the reference
standard, which summarized the lack of agreement by
calculating the average deviation between measures. Similarly
for the consistency evaluation, the mean difference in RR
between two ARIDA devices was calculate. Table 1 shows all
the outcome measures for the study by objective.

• Primary objective: determine the performance of the
ARIDA device as defined by agreement and consistency
in children aged younger than 5 years with cough or
difficulty breathing in a controlled setting

• Secondary objective: determine the performance of ECs
counting RR as defined by agreement and consistency in
children aged younger than 5 years with cough or difficulty
breathing in a controlled setting

• Third objective: measure RR fluctuation over time after
ARIDA device attachment in normal breathing children
aged 2 to 59 months in a controlled setting
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Table 1. Primary objective and outcome measures.

EvaluationObjectiveOutcomes

Primary

ARIDA agreement1Mean difference between ARIDAa and VEPb RRc count

ARIDA consistency1Mean difference between RR counts from two ARIDA devices started simultaneously

Secondary

ARIDA agreement1RMSDd between ARIDA and VEP RR counts

ARIDA agreement1Percentage ARIDA RR counts ±2 breaths from VEP RR count

ARIDA agreement1Absolute mean difference between ARIDA and VEP RR count

ARIDA agreement1Positive and negative percentage agreement between ARIDA and VEP RR classification

ARIDA agreement1Percentage unsuccessful attempts with ARIDA

ARIDA agreement1Percentage failures (3 unsuccessful attempts) with ARIDA

ARIDA agreement1Mean time taken to get an ARIDA RR count

ARIDA consistency1RMSD between RR counts from two ARIDA devices started simultaneously

ARIDA consistency1RMSD of time taken to get ARIDA RR count for two ARIDA devices started simultaneously

EC agreement2Mean difference between ECe and VEP RR count

EC consistency2Mean difference between RR counts from two simultaneous ECs

EC agreement2RMSD between RR counts from two simultaneous ECs

EC agreement2Percentage EC counts ±2 breaths from VEP RR count

EC agreement2Absolute mean difference between EC and VEP RR count

EC agreement2Positive and negative percentage agreement between EC and VEP RR classification

EC agreement2Percentage unsuccessful attempts for EC RR count

EC agreement2Percentage failures (3 unsuccessful attempts) for EC RR count

EC consistency2RMSD between RR counts for two simultaneous ECs

Fluctuation3Difference between RR at baseline and after 1, 3, and 5 minutes after ARIDA attachment

Fluctuation3RR trend plotted on a line graph before (baseline) and 1, 3, and 5 minutes after ARIDA attachment

aARIDA: Acute Respiratory Infection Diagnostic Aid (Philips Children’s Respiration Monitor device).
bVEP: video expert panel (reference standard).
cRR: respiratory rate.
dRMSD: root mean squared difference.
eEC: expert clinician.

Data Collection and Management
Data were collected using an electronic data collection platform
(CommCare, Dimagi) installed onto password-protected 7C Pro
tablets (Tecno Mobile) and backed up to a protected cloud
server. Four-digit unique identification codes were used to
anonymize patient data. All videos were transferred using
password-protected external hard drives, and paper consent
forms were stored in opaque carriers in locked cabinets. All RR
evaluation data were entered by two independent research
assistants. The data manager downloaded data daily and entered
it into a data checker with in-built validation checks. Source
videos showing the ARIDA device with the RR count displayed
were used to verify ARIDA counts should the two research
assistants disagree. Other inconsistencies were rectified by
tracing back to paper data entry forms or querying the counts
directly with the research team.

Training and Pretest
The video expert panel (VEP) members and ECs were trained
for two days on the WHO IMCI method to count RR including
practice for half a day using videos of known RR counts [3].
They were individually evaluated using different RR videos to
ensure that they were able to count RR ±2 breaths per minute
(bpm) from the known RR in 4 out of 5 training videos [15].
All VEP members and ECs passed the competency assessment
before starting video review.

Following training, an 8-day pretesting of procedural activities
including patient screening, patient flow, and data collection
was conducted to ensure the research team was conversant with
the data collection procedures, devices, and videography
equipment to be used in the study. There was also a pretest of
the video panel reference standard evaluations and refresher

JMIR Res Protoc 2020 | vol. 9 | iss. 4 |e16531 | p.271https://www.researchprotocols.org/2020/4/e16531
(page number not for citation purposes)

Ward et alJMIR RESEARCH PROTOCOLS

XSL•FO
RenderX

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


training on general danger signs, breath-counting, signs of
stridor, and chest indrawing with the IMNCI training video.

Evaluations
Patients were screened by a research nurse in the in- and
outpatient departments of the hospital using a screening checklist
to ascertain the child’s eligibility. An RR classification was
made during prescreening by the research nurse using the Mark
2 Acute Respiratory Infection (MK2 ARI) timer to determine
whether the child had fast or normal breathing. The prescreening

assessment was conducted in a separate part of the hospital and
not communicated to the ECs to blind them to the RR
classification. Children were enrolled prospectively based on
eligibility determined by the screening procedure. The research
team then decided, based on the state of the child, age, and
breathing status, how many elements of the study to conduct
on each child—agreement, consistency, and/or RR fluctuation.
Table 2 shows the number of participants aimed to be enrolled
to each element of the study by age group and breathing status.

Table 2. Enrollment targets for each type of evaluation by age group and breathing status.

Enrollment targets for three evaluationsAge group and breathing status (based on screening)

FluctuationConsistencyAgreement

0 to <2 months

——13Normal

——39Fast

2 to <12 months

151313Normal

—3939Fast

12 to 59 months

151313Normal

—3939Fast

For the agreement evaluation, the research assistant attached
an ARIDA to the child and ensured the child was positioned
correctly according to device instructions: with his/her back
fully supported, either on the lap of the caregiver or lying down
on a bed, and the device in line with the child’s belly button
and one of the nipples [16]. Once the child was calmed, usually
by the research assistant clicking their fingers, the videographer
started recording and the ARIDA and EC RR count started
simultaneously. The EC was blinded to the ARIDA RR count
by placing ARIDA on the far side of the child’s belly and using
a paper cover to shield the screen. The time taken to get an
ARIDA count (from when the OK button was pressed to when
the device beeped to signal completion of the RR count) was
also obtained by a research assistant using a stopwatch. After
60 seconds, if the EC had not obtained an RR count, the EC
attempt was recorded as unsuccessful and repeated for both the
EC and ARIDA. After 5 minutes or if the ARIDA displayed an
error message, the ARIDA attempt was recorded as unsuccessful
(with a reason) and repeated for both EC and ARIDA. If the
third attempt was still unsuccessful for either device or EC, the
evaluation was recorded as a failure. Fifteen different ARIDA
devices were used and rotated systematically for all evaluations.

The consistency evaluation followed the same procedure as the
agreement evaluation with two ARIDA devices attached to a
child using a single belt, positioned in line with each nipple and
measured RR from the same starting point. Time taken to obtain
each ARIDA RR count was recorded by two research assistants
using stopwatches. To measure the consistency between ECs,
two ECs conducted separate manual RR counts with MK2 ARI
timers over an identical 60-second period. For an EC or ARIDA
attempt to be successful, both ECs or both ARIDA devices had

to get an RR count. For the RR fluctuation evaluation, an EC
counted RR with the MK2 ARI timer for 60 seconds. Following
this, the ARIDA was attached to the child and the EC did three
more RR counts for 60 seconds in the following time periods:
0 to 1 minute, 2 to 3 minutes, 4 to 5 minutes. On completion of
the evaluation, the research team debriefed the caregiver and
ensured medical management for the child was completed by
the relevant hospital staff.

Reference Standard
The reference standard for the agreement evaluation was a video
review by two to four independent VEP members. They were
all practicing pediatricians with over 5 years’ experience
managing pneumonia in children aged younger than 5 years
and who had received refresher training in counting RR as per
WHO IMCI guidelines (3).

First, two VEP members independently watched a video of the
child’s chest movements, edited with the layover of the ChARM
start and stop sound and a 60 second timer, and counted the
number of breaths observed in a full minute. Beep sounds were
added by the videographer in sync with the original sounds
made by the ChARM device at the start (when the start button
on ChARM is pushed) and at the end (when the ChARM
displays the result). The sound recorded at the time of recording
was also muted to allow the VEP to focus on the sound of the
start and stop beeps.

If the first two VEP members agreed (≤±2 bpm), a mean RR
count was used as the reference standard. If they disagreed (>±2
bpm), a third VEP member reviewed the video and if two out
of three counts agreed (≤±2 bpm), the mean of the two closest
RR counts was used. If all three VEP members disagreed (>±2
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bpm), the video was sent for review to a fourth VEP member.
If the fourth VEP member’s count agreed (≤±2 bpm) with any
of the first three VEP members’ counts, the mean of the two
closest counts was used. If all four panel members disagreed
(>±2 bpm), the data from this evaluation were excluded from
the agreement analysis.

Sample Size
The primary outcome on which sample size was based was the
agreement between the ARIDA and VEP RR counts. As per
Bland-Altman [17], we conducted a precision-based sample
size calculation based on the confidence interval for the 95%
limits of agreement. The formula estimates the required number
of children per age group (n) based on the desired width of the
confidence interval. Using normal approximation and allowing
a confidence interval of ±0.5 standard deviations of the
difference between the two devices, a sample size of 46 children
per age group was required for the agreement and consistency
evaluations, adjusted to 52 per group for failure to get a
reference standard count. For the RR fluctuation evaluation, a
sample size of 30 children was used.

Data Analysis
Data analysis for all three RR evaluations was conducted in
Stata 13 (StataCorp LLC) and Excel (Microsoft Corp). First,
the number of children screened, eligible, consented, and
enrolled in each type of evaluation was described. Baseline
characteristics (age and sex) by screening breathing status
(normal/fast) for those enrolled were described. All full-length
source videos were reviewed for quality assurance purposes,
and descriptive information on the video quality was recorded,
including those where all four VEP members disagreed on the
RR count. For the ARIDA and EC agreement and consistency
evaluations, mean difference, root mean square difference,
absolute mean difference, proportion of RR counts ±2 bpm from
the reference standard, and positive and negative percentage
agreement with 95% confidence intervals were calculated in
Stata 13 by age group, and Bland-Altman plots with limits of
agreement and 95% confidence intervals by age group and
breathing status were created. Percentage of unsuccessful
attempts and failures (defined by three unsuccessful attempts)
and mean time to get an ARIDA RR count were calculated. A
per-protocol analysis was used whereby children were excluded
from the analysis if an RR could not be obtained simultaneously
by the ARIDA and by the EC, with a VEP RR reading where
at least two of the panel members were within ±2 bpm of each
other. For the RR fluctuation evaluation, mean difference in the
RR count between baseline and 1 minute, 1 and 3 minutes, and
3 and 5 minutes were calculated. The proportion of children
with fast or normal RR classification at baseline and the change
between RR classifications over time were analyzed.

Quality Assurance, Supervision, and Monitoring
Malaria Consortium and UNICEF (Supply Division and Ethiopia
Country Office) conducted quality assurance visits every 2
weeks to the research site during data collection. All data
collected from the screening and RR evaluations were checked
and verified by the data manager daily. A sample of three videos
was sent weekly to an independent study advisor for RR

evaluation using WHO IMCI guidelines [3] and to Malaria
Consortium HQ for quality assurance. The project had an
11-person Advisory Committee made up of experts on maternal
and child health who provided technical oversight and reviewed
the study protocol.

Results

The project was funded in 2016. Data were collected between
5 April until 22 May 2017. Authors are drafting the results for
publication.

Discussion

Accurately diagnosing pneumonia in children aged younger
than 5 years remains a significant problem in resource-poor
settings. Manually counting RR is inherently challenging for
CHWs, resulting in both over and under diagnosis and treatment.
This diagnostic performance study in Ethiopia aims to provide
evidence for the performance of an ARIDA device when used
in a controlled setting.

Evaluating performance of new RR counters is difficult due to
the absence of an appropriate gold standard. Selecting a robust
reference standard when designing this study was a challenge.
The aim was to have one reference standard for evaluating any
new ARIDA regardless of the technology for calculating RR.
Retrospective review of video recordings by a panel of experts
has been used as a reference standard for a number of pneumonia
studies [18-20]. It allows many experts to assess the same
patient, thus limiting bias that could arise from having one expert
per child and reducing the number of experts present in the
room, whose presence could agitate the child and affect their
RR. It also allows the expert to review the evaluation numerous
times and adjust the speed and zoom of the video to aid the
counter. An interrater agreement study in northeast Tanzania
measured the agreement between two pediatricians reviewing
RR videos of children aged 2 to 59 months. They found that in
two-thirds of cases, both pediatricians agreed on the RR within
±2bpm, which represents fair agreement (kappa=.34) and in
ninety-six percent of cases, both pediatricians agreed on RR
classification, representing perfect agreement (kappa=.85) [21].
Recognizing the limitations of humans counting RR using a
video, in the absence of a gold standard and with
recommendations from the Advisory Committee, the video
reference standard was selected.

A strength of this study is that the design allows for
contemporaneous comparison between the RR count from the
ARIDA, EC, and video reference standard. While the
comparison is imperfect, as the ARIDA can take longer than
60 seconds to obtain a count compared with the VEPs and ECs
who assessed RR over 60 seconds, it remains useful for
identifying increased RR and therefore whether the RR
classification of breathing status is comparable.

To minimize RR counting errors, this study was implemented
with two days of training and an assessment for the VEP
members and ECs to ensure a consistent methodology for RR
counting. Interrater agreement between humans could be
improved with guidance about how to define a breath versus a
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movement and additional standardization between humans
through training and practice using this guidance to count RR
for a selection of videos. Furthermore, a video annotation aid
that allows the panel member to mark breaths and non–breath
movements directly on the video could reduce human RR
counting inconsistencies and allow for discussion and consensus
building between panel members about the RR of videos.

Mean difference with 95% confidence intervals was selected
as the agreement measure for the primary outcome. A
disadvantage of this measure is that positive and negative bias
cancel out to give a lower mean difference. An alternative is to

use the limits of agreement with 95% confidence intervals on
the Bland-Altman plot to visually show the agreement between
the two measures and estimate the precision of the estimates.
We recommend that global consensus and guidance on an
acceptable level of agreement between a new automated RR
counter and a reference standard as measured by the range of
the limits of agreement on a Bland-Altman plot is sought in
addition to global consensus on the reference standard
methodology. This will provide ministries of health with
evidence to make an informed decision on the performance of
new RR devices to inform introduction and scale up of these
devices.
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Abstract

Background: When compared with conventional weight loss strategies, bariatric surgery results in substantially greater durable
weight loss and rates of disease remission.

Objective: The ENGAGE CVD (Effectiveness of Gastric Bypass versus Gastric Sleeve for Cardiovascular Disease) cohort
study aimed to provide population-based, comprehensive, rigorous evidence for clinical and policy decision making regarding
the choice between gastric bypass and gastric sleeve for overall cardiovascular disease (CVD) risk reduction, risk factor remission,
and safety.

Methods: The cohort had 22,095 weight loss surgery patients from a large integrated health care system in Southern California
assembled from 2009 to 2016 who were followed up through 2018. Bariatric surgery patients were followed up for the length of
their membership in the health care system. Of the patients who had at least five years of follow-up (surgery between 2009 and
2013), 85.86% (13,774/16,043) could contribute to the outcome analyses for the ENGAGE CVD cohort.

Results: Patients in the ENGAGE CVD cohort were 44.6 (SD 11.4) years old, mostly women (17,718/22,095; 80.19%), with

18.94% (4185/22,095) non-Hispanic black and 41.80% (9235/22,095) Hispanic, and had an average BMI of 44.3 (SD 6.9) kg/m2

at the time of surgery. When compared with patients who did not contribute data to the 5-year outcome analysis for the ENGAGE
CVD cohort (2269/16,043; 14.14%), patients who contributed data (13,774/16,043; 85.86%) were older (P=.002), more likely
to be women (P=.02), more likely to be non-Hispanic white (P<.001), more likely to have had an emergency department visit in
the year before surgery (P=.006), less likely to have a mental illness before surgery (P<.001), and more likely to have had a CVD
event at any time before surgery (P<.001).

Conclusions: This study had one of the largest populations of gastric sleeve patients (n=13,459). The 5-year follow-up for those
patients who had surgery between 2009 and 2013 was excellent for a retrospective cohort study at 85.86% (13,774/16,043).
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Unlike almost any study in the literature, the majority of the ENGAGE CVD cohort was racial and ethnic minority, providing a
rare opportunity to study the effects of bariatric surgery for different racial and ethnic groups, some of whom have the highest
rates of severe obesity in the United States. Finally, it also used state-of-the-art statistical and econometric comparative effectiveness
methods to mimic the effect of random assignment and control for sources of confounding inherent in large observational studies.

International Registered Report Identifier (IRRID): RR1-10.2196/14936

(JMIR Res Protoc 2020;9(4):e14936)   doi:10.2196/14936

KEYWORDS

race; weight loss surgery; integrated health care system

Introduction

Overview of Surgical Treatment for Severe Obesity

The prevalence of severe obesity (BMI >35 kg/m2) has increased
over the past several decades. Rates are as high as 36% for
middle-aged black women compared with 16% for their white
counterparts in the United States [1]. Even with intensive,
multicomponent lifestyle interventions, only 50% of studies
show 5% weight loss (considered clinically meaningful), and
most of the participants gain back at least half of this lost weight
over 18 to 30 months [2]. These poor outcomes have resulted
in the development of surgical treatments, referred to as bariatric
surgery, for severe obesity. When compared with conventional
weight loss strategies, bariatric surgery results in seven times
the amount of weight loss and 15.8 times the rate of diabetes
remission [3], and these differences remain up to 5 years [4,5].
Given the poor results from traditional weight loss methods [2],
and the designation of obesity as a disease [6], bariatric surgery
may become a more common treatment of choice for adults
with severe obesity.

Two surgical treatments constitute most bariatric operations in
the United States: vertical sleeve gastrectomy (VSG) and
Roux-en-Y gastric bypass (RYGB). VSG, in which stomach
size is reduced, was initially performed as the first part of a
multistage procedure in 2000. RYGB, in which gastric capacity
is also limited but with an additional bypass of the first few feet
of small intestine, was first performed in 1994 [7]. VSG has
emerged as the fastest growing bariatric operation in the United
States. Between 2008 and 2014, there was a dramatic increase
in VSGs from 4% to 51% of all bariatric operations, whereas
RYGB declined from 51% to 27% [8]. The reasons for this shift
have not been systematically studied, but based upon our own
work [9], it is likely because of patients’ and surgeons’
perceptions that although VSG and RYGB have similar weight
loss and disease remission, VSG is easier to perform with fewer
complications compared with RYGB.

Evidence for Comparative Effectiveness of Surgical
Treatments
Unfortunately, the use of VSG has outpaced a rigorous evidence
base for its comparative effectiveness to RYGB [10-15]. In
addition, few large population-based studies in real-world health
care settings have adequate methodological rigor to account for
the fact that VSG and RYGB operations are not randomly
assigned. Patients with risk factors for cardiovascular disease
(CVD), especially type 2 diabetes mellitus (T2DM), are more
likely to undergo RYGB [16]. The reasons for this are not clear;

however, it is likely that surgeons and patients believe RYGB
is more effective than VSG for resolving T2DM. If this
treatment choice preference is not accounted for in the analyses,
then erroneous conclusions could be made about the
effectiveness of one operation compared with another because
the patients receiving each treatment are different in ways that
also affect the outcome.

Addressing Limitations in the Evidence Base
Rigorous statistical methods such as matching, propensity
scores, and/or instrumental variables have only been applied to
the study of the comparative effectiveness of VSG and RYGB
in the remission and relapse of T2DM. To our knowledge, there
have been no rigorous comparative effectiveness studies
published for other risk factors for CVD, including hypertension
and dyslipidemia. In addition, there are no published studies on
the comparative effectiveness of VSG and RYGB for reducing
overall CVD risk beyond the first year after surgery. The
ENGAGE CVD (Effectiveness of Gastric Bypass versus Gastric
Sleeve for Cardiovascular Disease) cohort study was funded by
the National Heart, Lung, and Blood Institute to provide
population-based, comprehensive, rigorous evidence for clinical
and policy decision making regarding the choice between RYGB
and VSG for overall CVD risk reduction, risk factor remission,
and safety. The ENGAGE CVD study uses state-of-the-art
statistical and econometric comparative effectiveness methods,
including propensity scores and local instrumental variables
(LIVs), to mimic the effect of random assignment and control
for sources of both observed and unobserved confounding
inherent in large observational studies.

Study Objectives and Hypotheses
There were three aims for the ENGAGE CVD study. Aim 1
compared the effectiveness of VSG and RYGB in remission
and relapse of CVD risk factors and reduction in overall CVD
risk. For this aim we hypothesized that RYGB patients would
experience a higher rate of T2DM, hypertension, and
dyslipidemia remission and lower rate of relapse compared with
VSG patients. RYGB patients would also have a greater
reduction in overall CVD risk. Aim 2 compared VSG and RYGB
surgical safety. We hypothesized that VSG patients would have
better short- and long-term safety outcomes than RYGB patients.
Aim 3 was designed to understand the treatment effect
heterogeneity in remission and relapse of CVD risk factors,
reduction in overall CVD risk, and safety outcomes for patients
with different racial and ethnic backgrounds, genders, ages, and
disease burdens at the time of surgery. Based upon our own
work in this area, we expected an interaction of racial and ethnic
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minority, male sex, older age, and having a higher disease
burden in attenuating the differences hypothesized between
RYGB and VSG.

Methods

Settings and Participants
Figure 1 shows the process of selecting the ENGAGE CVD
cohort (n=22,095) and Table 1 presents descriptive statistics

for the RYGB and VSG patients in the cohort. The cohort was
assembled from 2009 to 2016 from a large integrated health
care system serving the Southern California region of the United
States. This health care system had 4.2 million members, 14
hospitals, 200 medical offices, 5700 physicians, and 23 bariatric
surgeons at the time the cohort was assembled. Inclusion and
exclusion criteria for the ENGAGE CVD cohort are shown in
Figure 1.

Figure 1. Inclusion and exclusion criteria for the ENGAGE CVD (Effectiveness of Gastric Bypass versus Gastric Sleeve for Cardiovascular Disease)
cohort study. RYGB: Roux-en-Y gastric bypass; VSG: vertical sleeve gastrectomy.

This cohort of bariatric surgery patients was similar to other
bariatric studies published in the United States, with the
exception that there was a much higher proportion of
ethnic/racial minorities (63.8%) than in other published work
[17,18]. Eligibility for weight loss surgery in this health care
system was based upon national recommendations [19]: Having

a BMI ≥40 kg/m2 or having a BMI of 35-39 kg/m2 and at least
one obesity-related comorbid condition such as sleep apnea,
T2DM, and heart disease. Patients meeting these criteria could
still be refused surgery if the surgeon determined that the patient
had excessively high medical risk for surgery and in some cases,

patients could have surgery if their BMI was as low as 32 kg/m2

with T2DM. Only 3.66% (808/22,095) of the ENGAGE CVD

cohort had a BMI of 32-34.99 kg/m2 at the time of their
operation.

Measures
Bariatric surgery patients were followed up for the length of
their membership in the health care system. Weight, height, and
blood pressure were measured at every outpatient visit. In
general, laboratory measures relevant to CVD such as glucose
and glycated hemoglobin (HbA1c) were measured before surgery
and at least annually following surgery. Lipids were only
measured routinely every 5 years following national screening
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guidelines [20]. All data were abstracted from the electronic
health record for the period of 2009 to 2018 and comprised the
following broad categories of information.

Baseline
At the time of surgery, patient self-reported date of birth, gender,
and race/ethnicity were obtained. Details of surgery type,
surgeon, and surgery location were also assembled for the
cohort.

Baseline and Follow-Up
Data were obtained for 24 months before the date of surgery
and up to 10 years after surgery and included the following: (1)
Dates and status of health care system enrollment and types of
insurance coverage including pharmacy coverage; (2) vital signs
such as height, weight, and blood pressure (in general, height
was self-reported, and weight and blood pressure were measured
by clinical staff at every outpatient visit. Previous research in
health care settings has demonstrated that heights and weights
from electronic medical records are valid and suitable for
research [21]. Most blood pressure measurements were
performed by certified medical assistants using automatic
devices.); (3) self-reported smoking status from outpatient visits;
(4) comprehensive prescription data for each drug dispensed at
health care system pharmacies and all outpatient and inpatient
laboratory results were also available (almost all patients [>96%]
had benefits that incentivized the use of health care system
pharmacies and laboratories); (5) all dates and types of health
care utilization for inpatient, emergency department, and
outpatient settings (including external claims data from
contracted surgical providers); and (6) the diagnoses and
procedures associated with this health care utilization.

Outcomes
The primary outcome for the first aim of the ENGAGE CVD
study was T2DM remission and relapse in each of the years of
follow-up after bariatric surgery up to 5 years. Secondary
outcomes for aim 1 were hypertension and dyslipidemia
remission and relapse, and overall 10-year CVD risk as assessed
with the new American College of Cardiology and the American
Heart Association guidelines, referred to as the Pooled Cohort
Equations Risk Calculator or ASCVD risk score [22], over this
same time period. The primary outcome for aim 2 was a 30-day
composite measure of major adverse events specific to bariatric
surgery patients. The secondary outcomes for aim 2 were
long-term annual rates of reoperations/revisions, readmissions,
emergency department use, and all-cause mortality up to 5 years
following bariatric surgery.

Analyses
Summary statistics for the ENGAGE CVD cohort were
generated using means and standard deviations for continuous
variables and frequency and percent for categorical variables.
Unadjusted differences between patients who were alive and
still members of the health care system 5 years after surgery
(n=13,774) and those patients who were not (n=2269), as well
as between patients who had RYGB (n=8636) and VSG
(n=13,459) were analyzed with independent sample t tests

(continuous); and the Chi-square statistic and Kruskal-Wallis
test (categorical).

The main analysis for the outcomes was a LIV approach [23].
This approach used a continuous instrumental variable to
estimate the effect on every margin of the patient population
and estimated population average effects to understand how
different patients did with different treatments. This is referred
to as heterogeneity of treatment effects (HTE) [24]. A clinically
intuitive description of these methods applied to a clinical setting
has been recently published [25]. These findings were compared
with more traditional comparative effectiveness methods in
retrospective observational studies, such as inverse-probability
weighted propensity score regression [26], that only controlled
for observed confounders in the decision between VSG and
RYGB operations.

Results

Participants
Descriptive characteristics for patients in the ENGAGE CVD
cohort are shown in Table 1. Overall, the cohort was 44.6 (SD
11.35) years old, with 80.19% (17,718/22,095) women, 18.94%
(4185/22,095) non-Hispanic blacks, and 41.80% (9235/22,095)
Hispanics. Patients had an average BMI of 44.30 (SD 6.88)

kg/m2 at surgery with the majority having a BMI between 35-50

kg/m2 (17,386/22,095; 78.69%). In the 2 years before surgery,
patients had been diagnosed with the following conditions:
36.56% (8078/22,095) gastroesophageal reflux disease (GERD),
15.48% (3421/22,095) sleep apnea, 36.72% (8114/22,095)
T2DM, 53.80% (11,887/22,095) hypertension, 72.82%
(16,090/22,095; dyslipidemia, and 11,967/22,095; 54.16%
mental health condition (primarily depression). Only 3.44%
(759/22,095) had a CVD event in their lifetime before surgery.

Missing Data
Of the 22,095 patients in the ENGAGE CVD cohort, 16,043
(72.61%) had surgery between 2009 and 2013 and thus had
enough follow-up time for the assessment of outcomes at 5 or
more years following surgery. Of these 16,043 patients, 13,774
(85.86%) were still living (104 died before 5 years) and
members of the health plan (2165 discontinued membership 5
years after surgery) at 5 years after surgery. Table 2 presents
differences in baseline data for the ENGAGE CVD cohort of
patients who were alive and still members of the health care
system 5 years after surgery (n=13,774) compared with those
patients who were not (n=2269). When compared with patients
who did not contribute data to the 5-year outcome analysis for
the ENGAGE CVD cohort (2269/16,043; 14.14%), patients
who contributed data (13,774/16,043; 85.86%) were older
(P=.002), more likely to be women (P=.02), more likely to be
non-Hispanic white (P<.001), more likely to have a duodenal
ulcer at the time of surgery (P<.001), less likely to have
dyslipidemia (P<.001), more likely to have had an emergency
department visit in the year before surgery (P=.006), less likely
to have a mental illness before surgery (P<.001), and more
likely to have had a CVD event at any time before surgery
(P<.001).
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Table 1. Characteristics of patients before surgery who are included in the ENGAGE CVD (Effectiveness of Gastric Bypass versus Gastric Sleeve for
Cardiovascular Disease) cohort study (n=22,095) by bariatric operation (vertical sleeve gastrectomy [VSG] and Roux-en-Y gastric bypass [RYGB].
Characteristics at the time of surgery are compared between VSG and RYGB.

P valueRYGBb (n=8636)VSGa (n=13,459)Overall (n=22,095)Characteristics

<.00145.4 (11.25)44.1 (11.39)44.6 (11.35)Age years), mean (SD)

.066868 (79.53)10,850 (80.62)17,718 (80.19)Women, n (%)

<.0011299 (15.04)2886 (21.44)4185 (18.94)Non-Hispanic black, n (%)

<.0013659 (42.37)5576 (41.43)9235 (41.80)Hispanic, n (%)

<.0013398 (39.35)4599 (34.17)7997 (36.19)Non-Hispanic white, n (%)

<.001280 (3.24)398 (2.96)678 (3.07)Other, n (%)

<.001−16.4 (15.02)−17.8 (14.53)−17.2 (14.74)Weight loss in the year before surgery (lbs), mean (SD)

<.00145.1 (7.17)43.8 (6.63)44.3 (6.88)BMI at surgery (kg/m2), mean (SD)

<.001261 (3.02)547 (4.06)808 (3.66)BMI 32-34.99 kg/m2 at surgery, n (%)

<.0011898 (21.98)3633 (26.99)5531 (25.03)BMI 35-39.99 kg/m2 at surgery, n (%)

<.0014671 (54.09)7185 (53.38)11,856 (53.66)BMI 40-49.99 kg/m2 at surgery, n (%)

<.0011806 (20.91)2094 (15.56)3900 (17.65)BMI >50 kg/m2 at surgery, n (%)

.002338 (3.91)421 (3.13)759 (3.44)Any lifetime cardiovascular disease event before surgery, n (%)

<.0013606 (41.76)4472 (33.23)8078 (36.56)Gastroesophageal reflux disease in 2 years before surgery, n (%)

.04171 (1.98)217 (1.61)388 (1.76)Esophagitis in 2 years before surgery, n (%)

.6457 (0.07)96 (0.071)153 (0.07)Gastric ulcer in 2 years before surgery, n (%)

.01595 (6.89)816 (6.06)1411 (6.39)Duodenal ulcer in 2 years before surgery, n (%)

.13149 (1.73)197 (1.46)346 (1.57)Peptic ulcer in 2 years before surgery, n (%)

.231020 (11.81)1518 (11.28)2538 (11.49)Gastritis duodenitis in 2 years before surgery, n (%)

.521011 (11.71)1614 (11.99)2625 (11.88)Dyspepsia in 2 years before surgery, n (%)

.003306 (3.54)382 (2.84)688 (3.11)Hiatal hernia in 2 years before surgery, n (%)

.744 (0.00)5 (0.00)9 (0.00)Gastrointestinal bleed in 2 years before surgery, n (%)

<.0012050 (23.74)1875 (13.93)3925 (17.76)Aspirin use in 1 year before surgery, n (%)

<.0011262 (14.61)1255 (9.32)2517 (11.39)Aspirin use in 3 months before surgery, n (%)

.173714 (43.01)5916 (43.96)9630 (43.58)NSAIDc use in 1 year before surgery, n (%)

.9751275 (14.76)1985 (14.75)3260 (14.75)NSAID use in 3 months before surgery, n (%)

.6245 (0.01)77 (0.01)122 (0.01)Cirrhosis in 2 years before surgery, n (%)

<.0011438 (16.65)1983 (14.73)3421 (15.48)Sleep apnea in 2 years before surgery, n (%)

<.0014287 (49.64)3827 (28.43)8114 (36.72)Type 2 diabetes mellitus in 2 years before surgery, n (%)

<.0015183 (60.01)6704 (49.81)11,887 (53.80)Hypertension in 2 years before surgery, n (%)

<.0011221 (14.14)1402 (10.42)2623 (11.87)Chronic kidney disease in 2 years before surgery, n (%)

<.0016681 (77.36)9409 (69.90)16,090 (72.82)Dyslipidemia in 2 years before surgery, n (%)

<.0014814 (55.74)7153 (53.15)11,967 (54.16)Any mental health condition in 2 years before surgery, n (%)

<.00177.00 (12.49)76.30 (12.31)76.60 (12.39)Attendance rate in 1 year before surgery (range 0%-100%), mean (SD)

<.001595 (6.89)722 (5.36)1317 (5.96)Any inpatient visit 1 year before surgery, n (%)

.111867 (21.62)2788 (20.71)4655 (21.07)Any emergency department visit in 1 year before surgery, n (%)

aVSG: vertical sleeve gastrectomy.
bRYGB: Roux-en-Y gastric bypass.
cNSAID: nonsteroidal anti-inflammatory drug.
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Table 2. Characteristics of patients before surgery in the ENGAGE CVD (Effectiveness of Gastric Bypass versus Gastric Sleeve for Cardiovascular
Disease) cohort study who accumulated 5 years of follow-up after surgery (n=16,043). Findings are compared for those patients who had missing
(2269/16,043; 14.14%) and no missing (13,774/16,043; 85.86%) data at 5 years following bariatric surgery.

P valueComplete 5-year data
(N=13,774)

Missing 5-year data (N=2269)Accumulated 5 years of
follow-up (N=16,043)

Variables

<.0015787 (42.01)1104 (48.66)6891 (42.95)Roux-en-Y gastric bypass, n (%)

<.0017987 (57.99)1165 (51.34)9152 (57.05)Vertical sleeve gastrectomy, n (%)

.00244.0 (12.26)45.0 (9.54)44.1 (11.92)Age (years), mean (SD)

.0211,081 (80.45)1779 (78.40)12,860 (80.16)Women, n (%)

<.0012692 (19.54)375 (16.52)3067 (19.12)Non-Hispanic black, n (%)

<.0015548 (40.28)922 (40.64)6470 (40.33)Hispanic, n (%)

<.0015082 (36.90)929 (40.94)6011 (37.47)Non-Hispanic white, n (%)

<.001452 (3.28)43 (1.90)495 (3.09)Other, n (%)

.04−16.9 (15.02)−17.3 (14.94)−16.9 (15.01)Weight loss in year before surgery (lbs),
mean (SD)

.5944.6 (6.91)44.8 (7.17)44.7 (6.95)BMI at surgery (kg/m2), mean (SD)

.84439 (3.19)69 (3.04)508 (3.17)BMI 32-34.99 kg/m2 at surgery, n (%)

.843185 (23.12)516 (22.74)3701 (23.07)BMI 35-39.99 kg/m2 at surgery, n (%)

.847575 (55.00)1243 (54.78)8818 (54.96)BMI 40-49.99 kg/m2 at surgery, n (%)

.402575 (18.69)441 (19.44)3016 (18.80)BMI >50 kg/m2 at surgery, n (%)

<.001759 (5.51)0 (0.00)759 (4.73)Any lifetime cardiovascular disease event
before surgery, n (%)

.344999 (36.29)800 (35.26)5799 (36.15)Gastroesophageal reflux disease in 2 years
before surgery, n (%)

.24248 (1.80)33 (1.45)281 (1.75)Esophagitis in 2 years before surgery, n (%)

.4590 (0.07)18 (0.08)108 (0.07)Gastric ulcer in 2 years before surgery, n
(%)

<.001981 (7.12)108 (4.76)1089 (6.79)Duodenal ulcer in 2 years before surgery,
n (%)

.77225 (1.63)39 (1.72)264 (1.65)Peptic ulcer in 2 years before surgery, n (%)

.471527 (11.09)240 (10.58)1767 (11.01)Gastritis duodenitis in 2 years before
surgery, n (%)

.881575 (11.43)262 (11.55)1837 (11.45)Dyspepsia in 2 years before surgery, n (%)

.62405 (2.94)71 (3.13)476 (2.97)Hiatal hernia in 2 years before surgery, n
(%)

.497 (0.00)2 (0.00)9 (0.00)Gastrointestinal bleed in 2 years before
surgery, n (%)

.482587 (18.78)412 (18.16)2999 (18.69)Aspirin use in 1 year before surgery, n (%)

.101655 (12.02)245 (10.80)1900 (11.84)Aspirin use in 3 months before surgery, n
(%)

.365843 (42.42)986 (43.46)6829 (42.57)NSAIDa use in 1 year before surgery, n (%)

.341996 (14.49)346 (15.25)2342 (14.60)NSAID use in three months before surgery,
n (%)

.9772 (0.01)12 (0.01)84 (0.01)Cirrhosis in 2 years before surgery, n (%)

.291984 (14.40)346 (15.25)2330 (14.52)Sleep apnea in 2 years before surgery, n (%)

.435035 (36.55)849 (37.42)5884 (36.68)Type 2 diabetes mellitus in 2 years before
surgery, n (%)
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P valueComplete 5-year data
(N=13,774)

Missing 5-year data (N=2269)Accumulated 5 years of
follow-up (N=16,043)

Variables

.177498 (54.44)1270 (55.97)8768 (54.65)Hypertension in 2 years before surgery, n
(%)

.421851 (13.44)319 (14.06)2170 (13.53)Chronic kidney disease in 2 years before
surgery, n (%)

<.0019504 (69.00)1844 (81.27)11,348 (70.73)Dyslipidemia in 2 years before surgery, n
(%)

<.0017376 (5.355)1304 (57.47)8680 (54.10)Any mental illness in 2 years before
surgery, n (%)

.1976.70 (12.56)76.50 (12.31)76.70 (12.53)Attendance rate in 1 year before surgery
(range 0%-100%), mean (SD)

.58922 (6.69)159 (7.01)1081 (6.74)Any inpatient visit 1 year before surgery, n
(%)

.0062981 (21.64)433 (19.08)3414 (21.28)Any emergency department visit in 1 year
before surgery, n (%)

aNSAID: nonsteroidal anti-inflammatory drug.

Understanding the Decisions Between Bariatric
Operations
Table 1 presents pairwise comparisons between VSG and RYGB
patients in the ENGAGE CVD cohort to highlight the
importance of using state-of-the-art statistical and econometric
comparative effectiveness methods to adjust for differences in
patient populations between those who receive VSG and those
who have RYGB [23-26]. VSG patients, when compared with
RYGB patients in the ENGAGE CVD cohort, were younger
(P<.001), were more likely to be of a racial and ethnic minority
group (P<.001), lost more weight before surgery (P<.001), and
had a lower BMI (P<.001); and were less likely to have a BMI

>50 kg/m2 at the time of surgery (P<.001), had fewer lifetime
CVD events (P=.002), and were less likely to be using aspirin
before surgery (P<.001).

In addition, VSG patients when compared with RYGB patients
in the ENGAGE CVD cohort had lower rates of GERD
(P<.001), hiatal hernia (P=.003), sleep apnea (P<.001), T2DM
(P<.001), hypertension (P<.001), chronic kidney disease
(P<.001), dyslipidemia (P<.001), and mental illness (P<.001)
at the time of surgery. Compared with RYGB patients, VSG

patients had higher attendance rates for scheduled outpatient
visits (P<.001) and lower rates of inpatient (P<.001) service
use in the year before surgery.

As part of the process of understanding the decisions between
bariatric operations, we conducted a series of meetings over 2
years with bariatric surgeons, patients, and providers about
decisions they made between VSG and RYGB. We assembled
a set of factors that our stakeholders felt were key determinants
of why patients would undergo VSG or RYGB in Table 3. These
factors were used to (1) construct propensity models with
covariate adjustment and (2) test and select instrumental
variables, which use natural variation to mimic random
assignment to procedure, for comparative effectiveness analyses.
Some of these variables, although important determinants of
treatment assignment, were not included in our study because
they were not available in the electronic health record. We
included these variables in Table 3 because they illustrate the
need to use statistical methods that can account for unmeasured
confounders in the choice between bariatric operations. Most
surgeons and providers indicated that patient preferences for
one operation over another would be honored unless the
operation they chose was a substantial safety risk for the patient.
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Table 3. Factors considered as determinants in bariatric surgery decisions by a group of health care system stakeholders including patients, providers,
and bariatric surgeons in the ENGAGE CVD (Effectiveness of Gastric Bypass versus Gastric Sleeve for Cardiovascular Disease) cohort study.

Available in electron-
ic medical record

RationalePreferred opera-
tion

Factor

YesSecular trends in surgery were apparent with RYGBa preferred in years before

2011 and VSGb preferred after 2011.

Depends on
year

Year of surgery

YesPreparation course instructors have operation preferences and can communicate
these to the patients and influence their choices.

Depends on in-
structor

Preparation course instructor

YesSurgeons have operation preferences as evidenced by frequency of type of
operation over time.

Depends on sur-
geon

Bariatric surgeon

NoPatients may be influenced to choose an operation based on electronic and
other media consumption.

Depends on
source

Media consumption

YesMore non-Hispanic black patients are having VSG compared with RYGB
possibly because it is less surgery, and they will not lose too much weight.

VSGPatient race/ethnicity

YesSome bariatric surgeons believed that RYGB was inappropriate for patients
with a history of cirrhosis and/or abdominal surgeries.

VSGHistory of cirrhosis and ab-
dominal surgeries

YesSome bariatric surgeons believed that patients requiring anti-inflammatories
(NSAIDs, aspirin, and steroids) were high risk for surgery regardless of oper-
ation type; however, the highest risk was for RYGB.

VSGNSAIDc and aspirin use

YesSome bariatric surgeons believed that much heavier patients had higher com-
plication rates and that patients could be offered VSG to induce weight loss
for a possible later, safer RYGB operation.

VSGBMI >50 kg/m2

YesSome bariatric surgeons believed that patients requiring medication for mental
health conditions may not do well after RYGB because of changes in absorp-
tion/metabolism after surgery.

VSGMedication-treated mental
health

NoSome bariatric surgeons believed that if patients were severely obese mostly
because of portion control, VSG would be the most conservative and successful
option.

VSGPoor portion control

YesMost bariatric surgeons felt that VSG resulted in fewer complications than
RYGB and should be the preferred operation to start, unless clearly contraindi-

cated by GERDd or gastrointestinal conditions.

VSGComplications

NoSome bariatric surgeons believed that the adverse consequence of dumping
syndrome with RYGB following sweet-eating binges was a good deterrent for
these patients helping them be more successful.

RYGBSweet eating/craving

YesSome bariatric surgeons believed that RYGB was better for diabetes remission,
and hiatal hernia and GERD would complicate VSG.

RYGBType 2 diabetes mellitus,
hiatal hernia, and GERD

aRYGB: Roux-en-Y gastric bypass.
bVSG: vertical sleeve gastrectomy.
cNSIAD: nonsteroidal anti-inflammatory drug.
dGERD: gastroesophageal reflux disease.

Discussion

Principal Findings
The ENGAGE CVD cohort was one of the largest sample sizes
of real-world bariatric operations, especially VSG, which is
now the most common operation performed in the United States
[8]. Randomized controlled trials (RCTs) do not have the sample
size necessary to properly explore HTE, which can guide
subgroups of patients in their decision whether to choose weight
loss surgery as a treatment option and then which operation to
have [12,15]. In addition, the ENGAGE CVD cohort had an
excellent long-term follow-up. Nearly 85.86% (13,774/16,043)
of patients were members of the health care system 5 years after
surgery (see Table 2). Finally, unlike almost any study in the

bariatric surgical literature, the ENGAGE CVD cohort was 64%
non-white, providing a rare opportunity to study the effects of
bariatric surgery for different racial and ethnic minorities, some
of whom have the highest rates of severe obesity in the United
States [1]. The ENGAGE CVD cohort has a bariatric surgery
patient profile similar to that of the United States in the next 5
to 10 years, as nationwide bariatric practice shifts strongly
toward VSG and the United States becomes more racially and
ethnically diverse.

Strengths and Weaknesses
The main weaknesses of the ENGAGE CVD cohort study were
that all patients were insured, and although surgery was
performed by 23 different surgeons across many settings,
including surgeons outside of the health care system, the patients
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in the ENGAGE CVD cohort were cared for primarily within
a single integrated health care system. This health care system
may not be representative of the care, both preoperatively and
postoperatively, that other patients might receive in different
kinds of health care settings. In addition, the data were
assembled retrospectively from electronic health records that
were designed for clinical care and not research. Thus, data
were not systematically collected by research personnel at
regular intervals. Outcomes were not assessed in a standardized
way by research personnel and had to be defined using methods
that combined the clinical information available in the electronic
health record with clinical stakeholder input about treatment
guidelines and practices. There were no mechanisms for
obtaining measures from patients who missed appointments
and/or disenrolled from the health care system. Despite these
limitations, we have shown that data from electronic medical
records, such as heights and weights, are valid and suitable for
research [21].

In addition, patients were not randomly chosen for surgery from
an eligible pool of participants and they were not randomly
assigned to operations. This threatens both internal validity
(differences between operations could have been because of the
assignment process) and external validity (those receiving

bariatric operations were not representative of all the patients
who were potentially eligible to have these operations). RCTs
would be the best statistical design to evaluate the causal efficacy
of bariatric surgery for cardiovascular risk reduction (highest
internal validity) [27,28]. However, RCTs have poor external
validity and cannot answer questions about what will work in
an uncontrolled real-world setting or in a population more
heterogeneous than the restrictive trial sample that is typically
studied [29]. Retrospective observational comparative
effectiveness cohort studies such as ENGAGE CVD are better
designs for testing how well existing efficacious treatments
work for a heterogeneous patient population in an uncontrolled
real-world setting.

Conclusions
The goal of the ENGAGE CVD study was to provide
population-based, comprehensive, rigorous evidence for both
clinical and policy decision making, informing the choice
between RYGB and VSG for overall CVD risk reduction and
risk factor remission, as well as safety in a diverse group of
patients (racial and ethnic minority). Our findings will be used
to provide recommendations to providers and patients about the
decision between operations and help prioritize future health
policy decisions and research investments in this area.
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Abstract

Background: Since the introduction of endovascular aortic repair (EVAR) for treatment of abdominal aortic aneurysms (AAAs),
progressive improvements in results have been achieved. However, conventional bifurcated stent grafts have been proven to have
a nonnegligible risk of failure and secondary intervention, principally due to the lack of adequate proximal sealing. The unique
AFX 2 Endovascular AAA System (Endologix, Irvine, CA) unibody device, which provides different sealing and fixation features
compared with conventional devices, seems to overcome these limitations.

Objective: The aim of this study is to evaluate intraoperative, perioperative, and postoperative results in patients treated with
the AFX 2 Endovascular AAA System endografts for elective AAA repair in a large cohort of consecutive patients.

Methods: All eligible EVAR patients will be included in this observational, multicenter, prospective, nonrandomized study.
The number of patients to be enrolled is 500.

Results: The primary endpoint of the study is to evaluate the technical and clinical success of EVAR with unibody endografts
in short- (90-day), mid- (1-year), and long-term (5-year) follow-up periods. The following secondary endpoints will also be
addressed: operative time, intraoperative radiation exposure, contrast medium usage, AAA sac shrinkage at 12-month and 5-year
follow-up, and any potential role of patients’ baseline characteristics and device configuration on primary endpoint. The actual
start date of the investigation was November 2019. The final patient is expected to be treated by the end of December 2020, and
the estimated study completion date is December 2025.

Conclusions: This study will provide verified real-world data on AAAs treated by AFX 2 endografts and followed for a long-term
interval.
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Introduction

In recent years, endovascular aortic repair (EVAR) has emerged
as a safe and valid option for treatment of abdominal aortic
aneurysms (AAAs) (Multimedia Appendix 1). The AFX 2
Endovascular AAA System (Endologix, Irvine, CA) consists
of two components: an implantable stent graft and a disposable
delivery catheter. The preloaded stent graft is transferred through
the AFX 2 Introducer System and inserted endoluminally via
the femoral or iliac artery over a guidewire and, upon
deployment and withdrawal of the delivery system, expands to
the indicated diameter. During deployment and expansion, the
stent graft is intended to form proximal and distal seal zones
surrounding the aneurysm location. The stent graft is composed
of a cobalt-chromium alloy self-expanding stent cage with a
thin-walled, low porosity expanded polytetrafluoroethylene
graft cover that is attached proximally and distally to the stent
cage with a polypropylene suture. The system consists of a
unibody bifurcated stent graft, with proximal extension and
limb extension accessory components available, as needed, to
accommodate the patient’s specific anatomy.

The AFX 2 Endovascular AAA System is essentially composed
of two distinct elements: the bifurcated stent graft and the
proximal and iliac limb extension stent grafts.

The bifurcated element is the primary component that is
delivered into the patient’s aorta. All bifurcated stent grafts
consist of a unibody configuration (an aortic main body with
two attached iliac legs). The main body and each iliac leg are
constructed from a single wire. The main body is manufactured
in sizes ranging from 22 mm to 28 mm. The iliac legs are 13
mm to 20 mm in diameter for all sizes of bifurcated stent grafts.

The proximal and iliac limb extension stent graft components
are used to extend the lengths of implanted bifurcated
components. The AFX 2 Endovascular AAA System proximal
extensions (Vela) are available in suprarenal and infrarenal
configurations and use a circumferential radiopaque marker for
identification of the proximal graft fabric line.

According to current instructions for use, the following
anatomical criteria are required.

• Adequate iliac or femoral access compatible with the
required delivery systems (diameter 6.5 mm)

• Nonaneurysmal aortic neck between the renal arteries and
the aneurysm with a length 15 mm, a diameter ≥18 mm and
≤32 mm, and a neck angle ≤60° to the body of the aneurysm

• Aortic length ≥1.0 cm longer than the body portion of the
chosen bifurcated model

• Common iliac artery distal fixation site with a distal fixation
length ≥15 mm, ability to preserve at least one hypogastric
artery, a diameter ≥10 mm and ≤23 mm, and an iliac angle
≤90° to the aortic bifurcation

• Extension stent grafts must have the ability to overlap the
bifurcated stent graft by at least 30 to 40 mm proximally
and at least 15 to 20 mm distally

Some elegant papers have been published on this unique device
[1-7]. In 2010, Carpenter et al [6] reported in a study of 157
patients treated by unibody device implantation in three different
prospective multicenter trials (Powerlink trial, Powerlink XL
trial, and Powerlink Suprarenal Extension trial). All enrolled
patients were treated between 2000 and 2008 and followed
through 5 years. Technical success was achieved in 99% of
patients. Aneurysm exclusion was achieved in all patients over
a mean procedure time of 132 (SD 58) minutes. No aneurysm
related deaths, ruptures, conversions, or migrations have been
observed to current follow-up, as these aneurysms have
continued to remodel with more than 92% of patients free of
sac growth. At each annual evaluation period, no stent fractures,
material failures, or losses of patency were found by the core
laboratory. During the follow-up period, 5 patients were treated
for a Type Ia endoleak, 3 for a Type Ib, and 3 for a limb
occlusion. All of these reinterventions were performed with a
new endovascular procedure without needing surgical
conversion [6].

Similar results were reported by Qu and Raithel [4] in their
single center study on more than 600 patients. Among the 612
patients in the cohort, 99 cases (16%) completed between 1999
and 2004, had the endograft deployed from the renal artery
downward. The remaining 513 (84%) had the bifurcated stent
graft deployed onto the native bifurcation, and among those
cases 146 (28%) were deemed as challenging anatomy with a
short or angulated neck. Technical success was achieved in
98.5% of patients (603/612). Intraoperative conversion occurred
in 9 patients: 8 delivery access failures and 1 rupture.
Perioperatively, 3 deaths occurred, and 2 limb occlusions were
encountered. The rates of late conversion in the renal fixation
and anatomical fixation groups were 4.0% and 1.9%,
respectively. Likewise, the cumulative rates of a type I proximal
endoleak in the renal fixation and anatomical fixation groups
were 5.0% and 1.2%, respectively. Remarkably, no stent
fracture, graft disruption, or type III or type IV endoleak was
observed in their experience. Freedom from aneurysm sac
diameter increase was 96% [4].

Moreover, Silingardi et al [7] performed a comparative study
to compare nephrotoxic contrast medium with radiation exposure
during elective EVAR procedures using unibody and modular
devices. The initial hypothesis was that the unique unibody
device structure, associated with not needing a gate cannulation,
could reduce total procedural and total fluoroscopy time, as
well as reduce the volume of contrast medium needed. Their
study on 60 unibody devices and 57 bifurcated devices
confirmed the hypothesis. For unibody and bifurcated devices,
the median surgical procedure duration was 75 min vs 105 min
(P<.001), the median volume of iodine contrast injected was
85 ml vs 170 ml (P<.001), and the median fluoroscopy time
was 350 sec vs 780 sec (P<.001), respectively [7].

The promising data from these studies should be confirmed by
prospective data collecting in a large consecutive cohort of
patients using the latest generation unibody device implantation.
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Therefore, this study aims to evaluate intraoperative,
perioperative, and postoperative results in patients treated with
AFX 2 Endovascular AAA System endografts for elective AAA
repair in a large cohort of consecutive patients.

Methods

Objective and Duration of Investigation
The aim of this study is to evaluate intraoperative, perioperative,
and postoperative results in patients treated using the latest
generation AFX 2 Endovascular AAA System endograft for
elective AAA repair in a multicentric study.

A total of 46 south European high-volume centers across Italy
and Spain were involved in the Less Invasive and Faster
Endovascular Aortic Repair Study. In a 12-month period from
October 2018 to October 2019, mean EVAR procedures per
center were 49.56 (range 20-140), while mean AFX procedures
per year per center were 14.54 (range 10-57).

All consecutive eligible patients submitted to EVAR by AFX
2 Endovascular AAA System implantation will be included in
the analysis. Patients will be submitted to EVAR procedures

on the basis of their own preferences, anatomical features, and
the operator’s experience.

In light of the participating centers’ numbers and activity
volumes, an estimated 500 patients submitted to EVAR with
AFX 2 should be enrolled. The sample size is low enough to
obtain statistically significative results, according to previous
published studies [1-7]. The anticipated duration of this clinical
investigation is approximately 6 years. It is estimated that the
inclusion period will be 12 months. The follow-up period is set
to be 5 years.

Prior to enrollment in the clinical investigation, patients will be
evaluated by their physician for the inclusion criteria. Each
patient’s medical condition should be stable, with no underlying
medical condition that would prevent them from performing
the required testing or completing the study. Patients should be
geographically stable, willing and able to cooperate in this
clinical study, and remain available for a midterm follow-up.
Patients who do not wish to participate in this study can obtain
the best available EVAR therapy as indicated, that is refusal to
participate in this study will in no way affect their care at the
institution. Inclusion and exclusion criteria are detailed in
Textbox 1.

Textbox 1. Inclusion and exclusion criteria for the study.

Inclusion criteria

• Elective abdominal aortic aneurysm patients that should be treated by standard abdominal endovascular aneurysm repair, according to Endologix
AFX unibody device’s instructions for use

• Patient is willing to comply with specified follow-up evaluations at the specified times for the duration of the study

• Patient is >18 years of age

• Patient, or their legal representative, understands the nature of the procedure and provides written informed consent prior to enrollment in the
study

Exclusion criteria

• Abdominal endovascular aneurysm repair performed in urgent or emergent setting

• Patients treated outside Endologix AFX unibody device’s instructions for use

• Patients refusing treatment

• Patients for whom antiplatelet therapy, anticoagulants, or antihypertensive drugs are contraindicated

• Patients with a history of prior life-threatening contrast medium reaction

• Life expectancy is less than follow-up period

This study respects all the principles reported in the current
version of the Helsinki declaration (2013). According to the
current International Council for Harmonisation of Technical
Requirements for Pharmaceuticals for Human Use and Good
Clinical Practice guidelines, each investigator is responsible for
the regularity of the study. The aim of these standards is to
assure the safety and comfort of all people recruited in the study.
The study protocol and the written informed consensus form
will be submitted to the local ethics committees for review.

AAA morphology will be assessed by OsiriX MD (PIXMEO,
Geneva, Switzerland) on a regular Mac OS computer in one
preoperative, contrast-enhanced, computed tomography
angiography (CTA) [8]. The CTA must be performed with a
biphasic acquisition protocol (unenhanced and contrast-enhanced

scanning with a bolus tracking system) and reconstructions of
1-mm slices. All measurements (diameter, length, and angle)
will be evaluated on a workstation with dedicated reconstruction
software for center lumen line analysis and multiplanar
reconstruction.

A patient is considered enrolled in the study if there is full
compliance with the study inclusion and exclusion criteria.

Clinical data will be collected at patient enrollment, the EVAR
procedure, discharge, planned follow-ups (ie, 1-3 months and
12 months postprocedure, and yearly thereafter), unplanned or
interim follow-ups, and patient death. CTAs are mandatory
within 90 days and then at 1 and 5 years after the index
procedure. The duplex ultrasound scan will be performed at the
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same follow-up interval and also at 24, 36, and 48 months. A
new CTA will be performed in case of unexpected events during
follow-up.

Endpoints
The primary endpoint of the study is to evaluate the technical
and clinical success of EVAR with unibody endografts in short-
(90-day), mid- (1-year), and long-term (5-year) follow-up
periods.

Technical success was defined as the correct graft deployment
without any unintentional occlusion of the aortic visceral
branches or both hypogastric arteries, with aneurysm exclusion
confirmed by the intraoperative angiography, no signs of type
I or III endoleak, or conversion to open surgery.

Clinical success included successful deployment of the
endovascular device at the intended location without death as
a result of aneurysm-related treatment, type I or III endoleak,
graft infection or thrombosis, aneurysm expansion (>5 mm),
aneurysm rupture, or conversion to open repair (OR), as well
as the presence of graft dilatation of 20% or more by diameter,
graft migration, or a failure of device integrity [9].

The clinical and technical success were defined as assisted in
cases of unplanned endovascular procedures, or secondary if
unplanned surgery is necessary.

The following secondary endpoints will be also addressed:
operative time, intraoperative radiation exposure, contrast
medium usage, AAA sac shrinkage at 12-month and 5-year
follow-ups, and any potential role of patients’ baseline
characteristics and device configuration on primary endpoint.

Data Collection and Analysis
Patient data will be captured electronically using a
computer-based platform accessible to all investigators.
Descriptive data summaries will be used to present and
summarize the collected data. For categorical variables such as
gender, frequency distributions and cross tabulations will be
given. For numeric variables such as patient age, minimum,
maximum, mean, median, and standard deviation will be
calculated. For all variables, a 95% confidence interval for the
relevant parameters of the underlying distribution will be
calculated. For all time-dependent events, life tables will be
calculated using the Kaplan-Meier estimate method for a period
starting on the date of the procedure up to and including all
follow-up visits. Stratification to risk factors will be performed
and the logrank test will be used to compare the different
outcomes; associated P<.05 will be defined as significant.

All preoperative and follow-up CTAs were assessed and
independently evaluated by two experienced vascular surgeons
at core lab centers. Disagreements will be discussed and resolved
by consensus.

Patient Confidentiality
All information and data concerning patients or their
participation in this clinical investigation will be considered
confidential. Only authorized personnel will have access to
these confidential files. Authorized personnel of health
authorities will have the right to inspect and copy all records

pertinent to this clinical investigation. All data used in the
analysis and reporting of this clinical investigation will be
anonymized.

Results

The actual start date of the investigation was November 2019.
It is anticipated that 500 patients will be recruited to the study.
The final patient is expected to be treated by the end of
December 2020 and the estimated study completion date is
December 2025. After data analysis, results will be shared with
each investigator.

Discussion

In the last years, EVAR has become the standard of care for
AAA treatment, and nowadays it represents the recommended
modality of treatment according to the European Society for
Vascular and Endovascular Surgery and the Society for Vascular
Surgery guidelines [10,11].

However, the major randomized controlled trials (RCTs) on
EVAR vs OR have not reached definitive conclusions. In 2004,
the results of the first two RCTs were published [12,13].

The EVAR-1 trial described a clear advantage of EVAR
compared to OR at 30 days. Greenhalgh and collaborators [12]
reported that 30-day mortality in the EVAR group was 1.7%
(9/531) vs 4.7% (24/516) in the OR group (P=.009). Their
results were interpreted as a license to continue scientific
evaluation of EVAR, but not to change clinical practice [12].

More enthusiastic conclusions came from the analysis of the
Dutch Randomised Endovascular Aneurysm Management
(DREAM) trial, reporting an operative mortality rate of 4.6%
in the OR group (8/174 patients) and 1.2% in the EVAR group
(2/171 patients) in a series of patients treated between 2000 and
2003, resulting in a risk ratio of 3.9 (95% CI 0.9-32.9). The
combined rate of operative mortality and severe complications
was 9.8% in the OR group (17/174 patients) and 4.7% in the
EVAR group (8/171 patients), resulting in a risk ratio of 2.1
(95% CI 0.9-5.4). The authors concluded that EVAR was
preferable to OR [13].

However, long-term follow-up was demanded to determine
whether advantages persisted, and 1 year later, both trials
published their midterm results [14,15]. In the EVAR-1 trial,
all-cause mortality was similar in the two groups (approximately
28%; P=.46), but a persistent reduction in AAA-related deaths
was recorded in the EVAR group compared with the OR group
(4% vs 7%; P=.04). On the other hand, the proportion of patients
with postoperative complications was 41% in the EVAR group
and 9% in the OR group (P<.001) [14]. In the DREAM trial, 2
years after randomization, the cumulative survival rates were
89.6% for OR and 89.7% for EVAR and the cumulative rates
of AAA-related deaths were 5.7% for OR and 2.1% for EVAR.
This advantage of EVAR over OR was accounted for by events
occurring in the perioperative period, with no significant
difference in subsequent AAA-related mortality. The rate of
survival free of moderate or severe complications was also
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similar in the two groups at 2 years (65.9% OR vs 65.6%
EVAR) [15].

The Open Versus Endovascular Repair (OVER) trial, which
included patients treated between 2002 and 2007, was published
in 2010. On the basis of a mean follow-up of 1.8 years, the
OVER trial results showed that perioperative mortality was
lower for EVAR than for OR (0.5% vs 3.0%; P=.004), without
any difference at 2 years (7.0% vs 9.8%, P=.13). Mortality after
the perioperative period was similar in the two groups (6.1%
vs 6.6%); however, 4 late deaths in the EVAR group were
AAA-related compared with none in the OR group. No
differences between the two groups in terms of major morbidity,
procedure failure, secondary intervention, AAA-related
hospitalization, or health-related quality of life were recorded.
Interestingly, no increase in midterm mortality after EVAR
resulted in the loss of early survival advantage as shown in
previous trials was observed [16].

A year later, a French RCT (ACE Trial) reported quite different
results with no differences between EVAR and OR. Although
only low to intermediate risk patients were enrolled, OR and
EVAR offered no difference in survival (96.5% vs 95.2% at 1
year, and 86.7% vs 86.3% at 3 years) or in major and minor
complications (95.9% vs 93.2% at 1 year, and 85.1% vs 82.4%
at 3 years) [17].

These results led to a change in point of view: EVAR was
considered as feasible as OR without any advantages, even in
the short-term. The same year, a new US study, with a 6-year
follow-up on 45,652 Medicare beneficiaries undergoing EVAR
or OR in the period between 2001 and 2004, was analyzed to
clarify the late results of endovascular procedures. Throughout
follow-up, overall reintervention or readmission rates were
similar with the two repair methods but slightly more common
after EVAR than OR (7.6 vs 7.0/100 person-years; P<.001).
Overall 30-day mortality with any reintervention or readmission
was 9.1%. EVAR patients had more AAA-related
reinterventions than OR (3.7% vs 0.9%; P<.001; mortality
5.6%). Conversely, EVAR patients had fewer laparotomy-related
reinterventions than OR patients (1.4% vs 3.0%; P<.001;
mortality, 8.1%) and fewer readmissions without surgery (2.0%
vs 2.7%; P<.001; mortality 10.9%). Overall, reinterventions
and readmissions accounted for 9.6% of all EVAR deaths and
7.6% of all OR deaths in the follow-up period (P<.001). The
authors concluded that reintervention and readmission were
slightly higher after EVAR. Survival was negatively affected
by reintervention or readmission after EVAR and OR [18].

In 2016, the long-term results of the EVAR-1 RCT were
published. In a mean of 12.7 years for follow-up, Patel et al
[19] reported a similar overall mortality in the EVAR and OR
groups (9.3 deaths per 100 person-years vs 8.9 deaths per 100
person-years; hazard ratio (HR) 1.11, 95% CI 0.97-1.27).
However, a time analysis showed that beyond 8 years after
randomization OR had a significantly lower mortality (HR 1.25,
95% CI 1.00-1.56, for total mortality; and HR 5.82, 95% CI
1.64-20.65, P=.006 for aneurysm-related mortality) mainly due
to secondary sac rupture. The authors concluded that the early
benefits of EVAR in terms of mortality were lost in the
long-term [19].

However, late results from the OVER trial were published. In
Lederle’s [20] study, long-term overall survival was similar
between patients who underwent endovascular repair and those
who underwent OR (EVAR 68% vs OR 70%; HR 0.96, 95%
CI 0.82-1.13). A difference between groups was noted in the
number of patients who underwent secondary therapeutic
procedures (EVAR 26.7% vs OR 19.8; 95% CI 2.0-17.5). Their
results were not consistent with the findings of worse
performance of endovascular repair with respect to long-term
survival that was seen in the two European trials [20].

Notably, all these trials reported only few data or none at all on
patients treated by unibody stent graft implantation. As
mentioned above, AFX 2 Endovascular AAA System endografts
are completely different from a technical and philosophical
point of view from all other modular devices, and it seems to
also provide different results. In fact, different studies have
already demonstrated the advantages of this endograft and its
safety and efficacy in short and midterm follow-up periods
[1-5]. The preservation of the aortic bifurcation focuses the
disrupting forces caused by columnar blood on the carrefour
rather than on the aortic neck minimizing migration risk [1,2].
The obviation of contralateral gate cannulation makes this graft
faster to deploy and uniquely suitable in cases of narrow aortic
bifurcations. Moreover, this graft is allowed for future
contralateral access for lower extremity interventions in a patient
population with different vascular diseases. Finally, Dietrich et
al [5] affirmed that the big contact area provided by the fabric
free to move with the blood pressure wave can promote sac
shrinkage and contrast type II endoleak formations.

Given the lack in current literature of effective data on unibody
endograft results, the aim of our prospective study is addressing
intraoperative, perioperative, and postoperative results in
patients treated by the latest generation AFX 2 Endovascular
AAA System endografts for elective AAA repair in a
multicentric study.
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Abstract

Background: Natural resource extraction projects offer both opportunities and risks for sustainable development and health in
host communities. Often, however, the health of the community suffers. Health impact assessment (HIA) can mitigate the risks
and promote the benefits of development but is not routinely done in the developing regions that could benefit the most.

Objective: Our study aims to investigate health and health determinants in regions affected by extractive industries in Burkina
Faso, Ghana, Mozambique, and Tanzania. The evidence generated in our study will inform a policy dialogue on how HIA can
be promoted as a regulatory approach as part of the larger research initiative called the HIA4SD (Health impact assessment for
sustainable development) project.

Methods: The study is a concurrent triangulation, mixed methods, multi-stage, multi-focus project that specifically addresses
the topics of governance and policy, social determinants of health, health economics, health systems, maternal and child health,
morbidity and mortality, and environmental determinants, as well as the associated health outcomes in natural resource extraction
project settings across four countries. To investigate each of these health topics, the project will (1) use existing population-level
databases to quantify incidence of disease and other health outcomes and determinants over time using time series analysis; (2)
conduct two quantitative surveys on mortality and cost of disease in producer regions; and (3) collect primary qualitative data
using focus groups and key informant interviews describing community perceptions of the impacts of extraction projects on health
and partnership arrangements between the projects and local and national governance. Differences in health outcomes and health
determinants between districts with and without an extraction project will be analyzed using matched geographical analyses in
quasi-Poisson regression models and binomial regression models. Costs to the health system and to the households from diseases
found to be associated with projects in each country will be estimated retrospectively.

Results: Fieldwork for the study began in February 2019 and concluded in February 2020. At the time of submission, qualitative
data collection had been completed in all four study countries. In Burkina Faso, 36 focus group discussions and 74 key informant
interviews were conducted in three sites. In Ghana, 34 focus group discussions and 64 key informant interviews were conducted
in three sites. In Mozambique, 75 focus group discussions and 103 key informant interviews were conducted in four sites. In
Tanzania, 36 focus group discussions and 84 key informant interviews were conducted in three sites. Quantitative data extraction

JMIR Res Protoc 2020 | vol. 9 | iss. 4 |e17138 | p.295http://www.researchprotocols.org/2020/4/e17138/
(page number not for citation purposes)

Farnham et alJMIR RESEARCH PROTOCOLS

XSL•FO
RenderX

mailto:andrea.farnham@swisstph.ch
http://www.w3.org/Style/XSL
http://www.renderx.com/


and collection is ongoing in all four study countries. Ethical approval for the study was received in all four study countries prior
to beginning the fieldwork. Data analyses are underway and results are expected to be published in 2020 and 2021.

Conclusions: Disentangling the complex interactions of resource extraction projects with their host communities requires an
integrative approach drawing on many methodologies under the HIA umbrella. By using complementary data sources to address
the question of population health in project areas from several angles, bias and missing data will be reduced, generating high-quality
evidence to aid countries in moving toward sustainable development.

International Registered Report Identifier (IRRID): DERR1-10.2196/17138

(JMIR Res Protoc 2020;9(4):e17138)   doi:10.2196/17138

KEYWORDS

health impact assessment; environmental health; mixed methods; extractive industry; DHIS2; time series; GIS; cost-benefit; DHS

Introduction

Background
Natural resource extraction projects (eg, minerals, metals, oil,
and gas) are major drivers of the economy in many developing
countries, offering opportunities for sustainable economic and
social growth for the local population, with accompanying
implications for human health [1,2]. The nature of large natural
resource extraction projects often causes upheaval in many
sectors that affect both health and health determinants, including
public health, society, and ecosystems [3-6]. Projects move in
and offer new opportunities for jobs, improved infrastructure,
a strengthened health system, and economic mobility [7].
However, historically the development of these projects is often
instead accompanied by negative social and health outcomes
in the surrounding community, often termed “the resource curse”
[8-11]. These negative outcomes have included environmental
contamination, strain on local water and sanitation resources
from in-migration, reduced health equity, accidents and injuries
caused by increased traffic, and increases in sexually
transmitted, vector-borne, and chronic diseases [4-6,8,10,12-16].
The complex nature of resource extraction projects means that,
in this upheaval, an integrated approach to identify potential
opportunities and risks for the health of the population is needed.

Health impact assessment (HIA) is one approach that has the
potential to harness the economic and social potential of
extractive industries for the benefit of the local population. HIA
is a method of impact assessment that uses a combination of
quantitative and qualitative methods to prospectively identify
the potential positive and negative health impacts of projects,
policies, or programs [17]. In addition to investigating direct
impacts on health, such as changes in disease and accident
incidence, HIA gathers evidence on indirect impacts on the
social, environmental, and institutional determinants of health,
such as access to water and sanitation, food availability, and
health system capacity, generating a strong evidence base from
which decisions about public health policy and management
can be made [18]. Despite the fact that environmental impact
assessment has become accepted practice for mitigating
environmental risks during project implementation [19,20], the
use of HIA lags far behind [21]. Large gaps thus remain in our
understanding of the complex picture of health and health equity
in regions impacted by resource extraction projects. This need
is particularly pressing in regions such as sub-Saharan Africa
that already have low scores on the health-related targets of the

Sustainable Development Goals (SDGs) [22]. This represents
a wasted opportunity to turn the massive investments of the
extractive industry into a net positive for the local population
by minimizing negative health impacts of project
implementation and maximizing the effects of the positive
inflow of new resources on local and national development.

Study Objectives
Our project aims to use the HIA toolbox across natural resource
extraction project settings in Burkina Faso, Ghana, Mozambique,
and Tanzania, countries acutely affected by the development
of extractive industries. By doing so, the study will generate
new evidence about health in regions affected by resource
extraction and translate these findings into actionable policy
recommendations. In addition, by partnering with local
institutions and training local PhD students in HIA methodology,
the project will build long-term capacity for carrying out HIA
in the low- and middle-income countries where it is most
needed.

Specifically, the study aims to (1) evaluate the effects of natural
resource extraction projects on health-related targets and
associated indicators of the SDGs that can be observed at the
national and local level; (2) assess how projects interact with,
and have effects on, local health systems; (3) determine the
costs and benefits of projects for local and national health
systems; and (4) characterize the influence projects exert on
health equity in affected populations. The evidence generated
in the study will inform a policy dialogue on whether and how
HIA can be promoted as a regulatory approach as part of the
larger research initiative called the HIA4SD (Health impact
assessment for sustainable development) project [23].

Methods

Summary
The study is designed as a concurrent triangulation mixed
methods design [24], with simultaneous collection of (1)
quantitative data used to measure resource extraction project
effects on population health by describing incidence of disease
and other health determinants and outcomes over time, as well
as (2) qualitative data describing community perceptions of the
impacts of projects on health. In this design, the data will be
analyzed first separately and then integrated, with the advantage
that each data source can complement and strengthen the
findings of the other data sources, as well as drive further
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research questions. Based on the initial study aims, seven major
research topics of interest were identified: governance and
policy, social determinants of health, health economics, health
systems, maternal and child health, morbidity and mortality,
and environmental determinants and associated health outcomes

(see Figure 1). Data will be collected on every research topic
by the local team within each country and then shared across
all project teams, with the aim of making comparisons both
within and between each country.

Figure 1. Study design. The headings are the research topics relevant to population health in natural resource extraction project (NREP) areas identified
in conjunction with local partners. The specific research topics are investigated with both qualitative (white) and quantitative (gray) research methods.
AIS: AIDS Indicator Survey; DHIS2: District Health Information System 2; DHS: Demographic and Health Survey; GIS: geographic information
system; MICS: Multi-Indicator Cluster Survey; MIS: Malaria Indicator Survey; SARA: Service Availability and Readiness Assessment; SPA: Service
Provision Assessment.

Setting
The health impacts of resource extraction projects vary based
on the baseline characteristics and environment of the host
community [25]. Therefore, we partnered with four different
countries with a history of natural resource extraction and low
health-related SDG index values: Burkina Faso, Ghana,
Mozambique, and Tanzania (see Figure 2). Within those

countries, three to four large mining sites were chosen for
qualitative and quantitative field work. The mines were chosen
based on type, size, length of operation, and type of ownership.
Quantitative data on disease and health outcomes is available
country-wide through District Health Information System 2
(DHIS2) and Demographic and Health Survey (DHS) databases
(see Table 1) [26].

Figure 2. Location of study countries in sub-Saharan Africa.
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In Burkina Faso, primary data collection was conducted in three
gold mining sites: (1) Houndé Mine in Houndé district
(population in 2006: 77,000); (2) Yaramoko Gold Mine in
Bagassi district (population in 2006: 33,000); and (3) Bissa
Mine in Kongoussi district (population in 2006: 71,000). The
three mines have been operational since 2017, 2016, and 2013,
respectively. While the Houndé and Bissa mines are open-pit
mines, operations in Bagassi are underground. Houndé is a small
city located approximately 5 km from the mine with formal and
informal settlements reaching closer. In Bagassi, villages are
scattered around the mining premises. Sabcé is the closest town
from the Bissa mine. During the field visit, artisanal mining
sites were observed around all three mines.

In Ghana, primary data collection was conducted in three gold
and manganese mining sites: (1) Edikan Gold Mine (Perseus
Mining) in the Upper Denkyira West district (population in
2019: 71,425); (2) Tarkwa (Anglo Gold Ashanti, Gold Fields,
and Ghana Manganese Company) in the Tarkwa-Nsuaem
Municipal district (population in 2019: 117,550); and (3)
Newmont Ahafo Mine (Newmont Goldcorp) in the Asutifi North
Municipal (population in 2010: 52,259). The three mines have
been operational since 2011, 1961, and 2003, respectively. All
three are open-pit mines. Edikan Gold Mine has four nearby
communities—Ayanfuri, Fobinso, Nkonya, and
Abenabena—located in both the Upper Denkyira West and
Amenfi West districts. The sites near Tarkwa include the small
communities of Akoon, Tarkwabanso, Wangarakrom and
Badukrom, and Iduaprim. Four communities are near the
Newmont Ahafo Mine: Tutuka, Kenyase 1, Kenyase 2, and
Ntrotroso.

In Mozambique, primary data collection was conducted in three
types of mining sites—ruby, titanium, and coal—involving
communities of four administrative districts and four mining
companies: (1) Montepuez Ruby Mining (MRM) in Montepuez
district (population in 2017: 261,235); (2) Kenmare Moma
Mining in Larde district (population in 2017: 85,971) and Moma
district (population in 2017: 310,706); (3) Vale Mozambique;
and (4) International Coal Ventures (ICVL), the latter two in
Moatize district (population in 2017: 343,546). All four are
open-pit mines that have been operating since 2007 (Kenmare
Moma Mining) and 2011 (MRM, Vale, and ICVL). MRM is
surrounded by four small villages—N´sewe, N´thorro, M´pene,
and Namanhumbir—whose main economic activities are
agriculture and unregulated artisanal mining. Near Kenmare
Moma Mining, Moma and Larde are the main and small

emerging coastal towns located approximately 80 km and 20
km from the Kenmare mining company, respectively. The
company activities affect communities from Moma district (ie,
Pilivili locality) and Larde district (ie, Topuito locality). The
eight affected villages at Pilivili locality (ie, Moma district) are
the closest, located 5 km away from the mining company. There
are 11 neighborhoods and villages affected by Kenmare Moma
Mining, of which seven are located within the mining concession
area and four are less than 100 meters from the mining pit:
Tipane, Mutiticoma, Izoua, and Topuito. Agriculture and fishing
are the main economic activities; however, commerce is an
activity emerging mainly after mining implementation in 2005.
Moatize is a small town 20 km from the city of Tete. It is an
industrial complex composed of at least six large-scale coal
mining companies—Vale Mozambique, ICVL, Nkodezi Coal
Company, Minas de Revubue, Minas de Moatize Riversdale
Mozambique Limitada, and Jindal Mozambique Minerals
(JSPL)—some being subsidiaries of Vale Mozambique. At the
time of site visit, very active commerce activities were observed
along the main road. Apart from the town of Moatize, there are
12 small affected communities surrounding mining companies,
four belonging to Moatize-sede locality—Catete, Mphandue,
Matambanhama, and Ntchenga—and eight to Benga
locality—Cancope, Capanga Gulo, Campanga lowane,
Chitambo, Chitondo, Nyambalualu, Kangale, and Benga-sede.
The last five communities are along the Zambeze River, the
main local source of water. Agriculture and fishing are the main
economic activities.

In Tanzania, three gold mining sites were chosen for fieldwork:
Geita Gold Mine (Geita district), Buzwagi Gold Mine (Kahama
district), and Bulyanhulu Gold Mine (Mslala district). Geita and
Buzwagi are open-pit mines, while Bulyanhulu is an
underground mine (based on observation). At the time point of
data collection (ie, March to May 2019), the Geita Gold Mine
was fully operational and the Buzwagi and Bulyanhulu mines
were both in reduced production status, meaning that they were
processing already extracted material and no longer extracting
new raw material. The Geita Gold Mine, about 70 km south of
Lake Victoria, is located between several villages and Geita, a
main city of the district. The Buzwagi mine is surrounded by
several villages and is 6 km away from Kahama, the capital of
the district. The vibrant villages of Kakola, Bushing’we, and
Kakola Namba 9 are next to the Bulyanhulu mine. During the
field visit, artisanal mining sites were observed around all three
mines.
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Table 1. Primary quantitative outcomes and data availability from the District Health Information System 2 (DHIS2), the Demographic and Health
Survey (DHS), and other national-level databases.

Available at the district level through
the DHS or another data source

Available in the DHIS2 at the
district level

Primary quantitative outcomes

Health-related SDGa target indicator

Burkina Faso

Tanzania

Burkina Faso

Ghana

Mozambique

Tanzania

Stunting rate among children below the age of 5 years

Burkina Faso

Mozambique

Tanzania

Burkina Faso

Ghana

Mozambique

Tanzania

Maternal deaths per 100,000 live births

Burkina Faso

Mozambique

Burkina Faso

Ghana

Mozambique

Tanzania

Proportion of births attended by skilled health personnel

Burkina Faso

Mozambique

Tanzania

Burkina Faso

Ghana

Mozambique

Under-5 mortality rate (deaths per 1000 live births)

MozambiqueBurkina Faso

Ghana

Mozambique

Tanzania

Number of new HIV infections per 1000 uninfected population
members (by age group, sex, and key populations)

Burkina Faso

Mozambique

Tanzania

Burkina Faso

Mozambique

Tuberculosis incidence per 1000 persons per year

Mozambique

Tanzania

Burkina Faso

Ghana

Mozambique

Malaria incident cases per 1000 persons per year

Mozambique

Tanzania

Burkina Faso

Ghana

Mozambique

Rates of noncommunicable diseases

Burkina Faso

Ghana

Mozambique

Tanzania

Burkina FasoNumber of road traffic fatal injury deaths within 30 days, per 100,000
population members (age-standardized)

Burkina Faso

Ghana

Mozambique

Tanzania

Burkina FasoHealth worker density and distribution

Additional health indicators for monitoring health for the SDGs and
health system performance

Burkina Faso

Ghana

Mozambique

Tanzania

Burkina Faso

Mozambique

Number and distribution of health facilities per 10,000 population
members

Burkina Faso

Ghana

Mozambique

Tanzania

Burkina FasoNumber of health workers per 10,000 population members
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Available at the district level through
the DHS or another data source

Available in the DHIS2 at the
district level

Primary quantitative outcomes

Burkina Faso

Mozambique

Tanzania

Burkina Faso

Mozambique

Number of outpatient visits per 10,000 population members per year

Burkina Faso

Ghana

Mozambique

Tanzania

Burkina Faso

Ghana

Mozambique

Tanzania

Vaccination coverage in children aged 12-23 months

Burkina Faso

Ghana

Mozambique

Tanzania

Burkina Faso

Ghana

Tanzania

Acute respiratory disease rate in children aged under 5 years

Burkina Faso

Ghana

Mozambique

Tanzania

Burkina Faso

Ghana

Mozambique

Tanzania

Diarrhea rate in children aged under 5 years

Burkina Faso

Ghana

Mozambique

Burkina Faso

Ghana

Helminthic infection rate in different age groups

Burkina Faso

Ghana

Mozambique

Burkina Faso

Ghana

Mozambique

Syphilis rates in children and pregnant women

Burkina Faso

Ghana

Mozambique

Tanzania

Burkina Faso

Ghana

Mozambique

Tanzania

Anemia rate in children aged under 5 years and pregnant women

Burkina Faso

Ghana

Mozambique

Tanzania

Burkina Faso

Ghana

Tanzania

Hypertension rate in adults

Burkina Faso

Mozambique

Tanzania

Burkina Faso

Tanzania

Chronic respiratory tract infections rate among different age groups

aSDG: Sustainable Development Goal.

Quantitative Study Components
The main quantitative component of the study will be a
retrospective observational longitudinal study using routine
health data extracted from DHIS2 and other national-level
databases. Specifically, this quantitative part of the study seeks
to answer the following questions: (1) Which districts have been
directly, indirectly, or not impacted by projects? (2) What
differences in health-related SDG indicators and other health
indicators (eg, health systems) can be observed in districts
impacted by resource extraction projects compared to
nonimpacted districts, including maternal and child
health–related indicators? (3) What are the costs and benefits
to the health system of project implementation? (4) How do
projects impact on environmental determinants of health? and
(5) What are the strengths and limitations of the national,

routine, health information systems and other data sources and
repositories at the national level to monitor how projects impact
on health-related SDG target indicators and other health
indicators? The specific research topics belonging to this work
package are effects on health systems, morbidity and mortality,
environmental determinants of health, maternal and child health,
and health economics. The research in this work package uses
existing DHIS2 surveillance data routinely collected by the
governments of the study countries, along with supplementary
national datasets—DHS, Service Availability and Readiness
Assessment (SARA), Malaria Indicator Survey (MIS),
Multi-Indicator Cluster Survey (MICS), AIDS Indicator Survey
(AIS), and Service Provision Assessment (SPA) (see Table
2)—and remote sensing data (eg, geographical positioning,
weather, and pollution data).
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Table 2. Sources of existing national-level data used in the HIA4SD (Health impact assessment for sustainable development) study.

Data frequencyDescriptionAbbreviationData source

MonthlyThe DHIS2 is a Web-based, open-source, health information manage-
ment and visualization system used in more than 40 countries, including
governmental agencies in the project countries. The DHIS2 databases
contain information about many of the health-related Sustainable De-
velopment Goals (SDGs), as well as other key health indicators for
monitoring health and health system performance.

DHIS2District Health Information System
2

Usually every 5
years

The DHS is a nationally representative household survey that provides
information on a wide range of health, population, and nutrition indica-
tors.

DHSDemographic and Health Survey

Every 2-3 years
(country dependent)

The SARA is a health facility assessment survey designed to monitor
service readiness and availability indicators.

SARAService Availability and Readiness
Assessment

Every 3-5 years
(country dependent)

The MIS is a household survey designed to collect information on a
wide range of malaria indicators.

MISMalaria Indicator Survey

Every 5 years (coun-
try dependent)

The MICS is a household survey designed to collect data on indicators
related to the situation of children and women.

MICSMulti-Indicator Cluster Survey

Every 5-6 years
(country dependent)

The AIS is a household survey designed to collect information on indi-
cators related to HIV/AIDS.

AISAIDS Indicator Survey

Every 9-10 years
(country dependent)

The SPA is a health facility assessment survey designed to evaluate
health service delivery.

SPAService Provision Assessment

Data Analysis

Geographic Information System Mapping Data
As part of the project, information on natural resource extraction
projects (ie, type, size, and associated projects) and their exact
geographic position will be extracted from government and
other public record databases in the four study countries and
mapped using ArcGIS software (Esri), a geographic information
system (GIS). The data exist in diverse sources in different
countries (ie, Ministries of Land and Natural Resources,
Ministries of Water and Sanitation, Ministries of Science and
Environment, Ministry of Energy, Forest Commissions, and
local government records) as well as international monitoring
organizations (ie, the International Finance Corporation [IFC]
and the World Bank). Satellite imagery from the Landsat
database will be used to estimate the impact of mining on
settlement growth. The extracted satellite scenes will cover a
time range spanning the years prior and after the opening of
selected large-scale mining projects. With the aid of ancillary
ground-truth information from historic Google Earth imagery,
the size of settlements will be determined annually using
machine learning algorithms. The annual growth of settlements
will then be compared between mining and comparison sites.

Sampling of Natural Resource Extraction
Project–Impacted Districts and Matching Comparison
Districts
To analyze the differences in health outcomes between districts
with and without extractive industries, a matched geographical
analysis will be performed within the framework of the HIA4SD
project to provide a stratified sampling framework. In a first
stage, natural resource extraction projects will be mapped in
each country together with their key attributes (ie, size and
number of workers, length and age, type, and geographical
footprint of the project). Each country will be spatially stratified

into four levels for sampling purposes: (1) areas in direct
proximity to a project (highly impacted areas), (2) areas within
a 20-30 km buffer zone of the directly impacted regions
(impacted areas), (3) regions bordering project areas that contain
access roads or other economic or physical links to the project
(potentially impacted areas), and (4) regions greater than 30 km
away from a project that do not contain access roads or other
economic or physical links to the project (nonimpacted areas).
Comparison study sites will be selected from the nonimpacted
areas and matched with important baseline characteristics (ie,
community socioeconomic activities, vegetation, altitude, and
ecological zone) to the highly impacted areas. All facilities,
including public and private, that fit within perimeter boundaries
and are registered in the DHIS2 database will be selected. In a
second stage, highly impacted districts will be matched to two
or three nonimpacted comparison districts within each country.
Districts will be matched based on important baseline
characteristics (ie, population, urbanization and aggregate night
satellite brightness, square area, number of health care facilities,
and disease rates) during the year before project implementation
in the highly impacted district.

Quality Assessment of District Health Information
System 2 Data and Association of Health Indicators With
Natural Resource Extraction Projects
In order to assess the quality and completeness of the DHIS2
data, a comparison of DHIS2 and other data repositories with
health statistics being collected at the local level under other
work packages will be done. Next, potential positive and
negative associations between health outcomes and health
determinants (independent variables) and the existence of natural
resource extraction projects (dependent variable) will be
analyzed in the fourth working step by means of quasi-Poisson
regression models and binomial regression models. The time
span to be analyzed will be determined by the development
history of the projects of interest in combination with the
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availability of data, which will vary between datasets. For the
regression model, setting-specific cluster effects (eg, urban,
rural, and type of project) will be taken into account. In order
to maximize statistical power, pooled cross-country analysis
and meta-analysis will be employed in addition to
country-specific evaluations. Finally, based on the previous
working steps, strengths and limitations of the national routine
health information systems and other datasets at the national
level to monitor impacts on health-related SDG target indicators
and other health indicators of extraction projects will be
determined and systematically reported [27].

Economic Cost-Benefit Analysis
Costs to the health system and to the households arising from
prespecified disease conditions in each country will be estimated
based on a retrospective approach. Health system costs will be
collected from published information and on-site in selected
health facilities in impacted districts through key informant
interviews. Cost-generating components, such as required
medical resources related to the corresponding illness, will be
identified and a monetary value will be attributed to them. Costs
incurred by the households, which are associated with the health
care received, will be obtained through exit interviews in health
facilities. The combination of excess cases associated with the
presence of resource extraction projects (ie, data generated in
the quantitative part of the study) and corresponding costs in
each study country will allow the estimation of the cost incurred
to the health system and households. A cost-of-illness analysis
will be employed for estimating the costs incurred because of
specific diseases or conditions (eg, HIV incidence rates,
accidents, and chronic respiratory diseases) that have been
identified in the first work package as being significantly
increased due to the presence of extractive industry projects.
The comparison of incidence data from impacted districts with
incidence data from matching comparison districts (ie, districts
with similar characteristics as impacted districts but without
the presence of extractive industries) will allow for calculating
the number of excess cases (eg, per 100,000 inhabitants) over
the duration of 1 year. Probabilistic sensitivity analysis will be
employed to allow for uncertainty around the cost estimates.
Economic benefits of resource extraction projects will be
measured monetarily in terms of direct and indirect financial
contributions from the projects to the health sector. Financing
of health infrastructure is considered to be a direct financial
contribution, while the share of the health budget in the
incremental tax revenues is considered to be an indirect
contribution. We will also measure any other contributions.

Qualitative Data Analysis
The key informant interviews, focus group discussions, and
in-depth interviews will be recorded using digital voice recorders
for subsequent transcription. The transcripts will then be
imported into software for qualitative data analysis—NVivo
(QSR International)—to code the transcripts for thematic content
and framework analysis based on the COREQ (COnsolidated
criteria for REporting Qualitative research) criteria [28,29]. The
information obtained from different sources will be used for
systematically assessing the different topics of the PhD projects
(ie, partnership arrangements and the perception of health care

services availability and accessibility), with a particular angle
on maternal and child health, sexual and reproductive health of
adolescent girls, and key social determinants linked to the
perceived health impacts.

Triangulation of Quantitative and Qualitative Results
Using triangulation methodologies, the most striking quantitative
and qualitative results will be compared within and across the
research topics and countries. Synergies and discrepancies in
national data sources and local perspectives will be identified
and used to develop new research questions and tools. In
addition, the qualitative results will be used to explore whether
or not the national-level data adequately capture the full range
of health impacts from resource extraction projects as reported
by the local community.

Results

Fieldwork for the study began in February 2019 and concluded
in February 2020. At the time of submission, qualitative data
collection had been completed in Burkina Faso and Tanzania
and is ongoing in Mozambique and Ghana. In Burkina Faso,
36 focus group discussions and 74 key informant interviews
were conducted in three sites. In Ghana, 34 focus group
discussions and 64 key informant interviews were conducted
in three sites. In Mozambique, 75 focus group discussions and
103 key informant interviews were conducted in four sites. In
Tanzania, 36 focus group discussions and 84 key informant
interviews were conducted in three sites. Quantitative data
extraction and collection is ongoing in all four study countries.
Ethical approval for the study was received in all four study
countries prior to beginning the fieldwork. Data analyses are
underway and results are expected to be published in 2020 and
2021.

Discussion

The interlinkages between health, environment, social equity,
politics, and economy are extraordinarily complex in regions
dominated by extractive industries. To investigate these
intersectoral dependencies, we have designed an innovative
new study that is both mixed methods and multi-focus, allowing
for a flexible research design to address many specific research
questions under the umbrella of HIA. By utilizing a mixed
methods design that triangulates both quantitative and qualitative
findings, the study offers the opportunity to look at the impacts
of natural resource extraction projects on population health from
many different approaches and vantage points, allowing for a
more complete understanding of the social, institutional, and
economic changes that follow implementation of a new
extractive project. This type of research cannot exist in an
academic vacuum; to ensure sustainable policy development
we have also incorporated the engagement of key stakeholders
in every phase of the study with the aid of research on national
and international governance, with active participation at all
levels of the host country from policy and political leaders at
the national level to everyday community members affected by
resource extraction projects. Long after the study has concluded,
a new resource of HIA will remain in-country in the form of
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highly trained PhD candidates identified by the partner institutes
that are already active in the health research of their countries.

The study has many strengths stemming from its novel design,
in particular the complementary nature of the data collection
due to the mixed methods design. By integrating many data
sources and types, including national-level datasets, household
data collected by international bodies, and primary data collected
by diverse qualitative and quantitative methodologies, the study
strengthens its evidence base while avoiding relying too much
on one data source that may be biased or characterized by
missing data. In particular, the in-depth multi-focus qualitative
research across the four study countries means that the study
captures a complete picture of health “on the ground” in diverse
regions affected by natural resource extraction, instead of relying
only on national-level data sources. The participatory and
flexible approach to the study design means that the specific
research topics and questions were largely driven by the ideas
of researchers in the partner countries themselves, as opposed
to a traditional top-down approach. This design feature ensures
that findings will be relevant to policy makers at the national
level, instead of mirroring priorities of the more distant
international research community. Finally, instead of a siloed
research approach where all researchers work separately to
gather their own data and analyze it, data will be generated and
shared across all research countries and topics, enabling within-
and between-country comparisons. This multidisciplinary
research will generate new hypotheses and findings across a
wide range of health concerns, while promoting HIA
methodology as an underutilized resource.

The DHIS2 database deserves special mention here as a new
solution to data management across sub-Saharan Africa that is
still relatively underutilized, despite being widely available for
the past 5 years. By extracting and analyzing a wide range of
health indicators countrywide for the past 5 years in all study
countries, our study aims to realize the potential of DHIS2 in
opening a new era of data being generated and analyzed
in-country. This aim has particular reverberations for enabling
countries using DHIS2 to start tracking their own progress
toward the SDGs, instead of relying on estimates from
international bodies.

There are some potential limitations to our study. The DHIS2
database is a relatively new data source, and little is known
about the quality of its data. In addition, DHIS2 represents
individuals that sought medical care from health care facilities
and is likely underreporting actual incidence of disease,
especially in areas without a strong reporting system or for

less-severe disease that is not always treated in formal health
care facilities. For some resource extraction projects, routine
DHIS2 data may not be available before project implementation,
making it difficult to approximate a true baseline health level
in the impacted district. However, trends over time can still be
described. In addition, nonimpacted districts that are matched
as closely as possible on key demographic characteristics to
impacted districts will provide a comparison that avoids the
need for a baseline. These limitations are outweighed by the
potential benefit of a comprehensive longitudinal assessment
of health and extractive industries for the first time. In addition,
as part of the study a quality assurance analysis will be done to
evaluate the strengths and weaknesses of this data, which will
aid researchers to better understand any biases or missing data
that may affect the findings and also potentially identify areas
for improvement in public health surveillance in the study
countries. Finally, the primary quantitative data collection will
be cross-sectional and, therefore, inferences about causality will
be limited, although this will remain an important insight in an
area where little previous research has been done. The
qualitative research will be, by necessity, of a nonrandom sample
of impacted community members, and the use of a “gatekeeper”
for recruitment may result in a nonrepresentative sample;
however, by recruiting across many communities and countries
and using multiple gatekeepers where possible, the potential
for bias will be limited as much as possible. By including a
diversity of data sources in our study, many of these limitations
will be reduced or eliminated.

The HIA4SD study is an innovative study designed to give a
more complete picture, to our knowledge than ever before, of
population health in regions affected by extractive industry
activity. This will allow host countries to move closer to
sustainable development by harnessing the potential positive
socioeconomic impacts of these projects while minimizing
negative consequences due to migration, disease, and
environmental changes. By taking a thematic approach that
incorporates a multifaceted mixed methods research design,
using both already-existing secondary data to track change in
project-impacted regions over time and primary data collected
in the field, the project is able to capture the perspective of the
many actors that have a stake in sustainable development in
these regions while reducing project reliance on any one data
source that may be incomplete. Finally, the integration of
research on governance systems and engagement with key
stakeholders into the project from the beginning helps situate
and translate our research findings into concrete policy
recommendations, aiding progress toward the SDGs.
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Abstract

Background: Chronic kidney disease (CKD) and diabetes are the major causes of death and disability worldwide. They are
associated with high health service utilization persisting over many years. Their slow progression and wide clinical variation
make them eminently suitable for study in population-based cohorts. However, current understanding of their prevalence, incidence,
and progression is largely based on studies conducted in clinical populations.

Objective: This study aims to establish a novel link between an existing population-based cohort (the 45 and Up Study) and
routinely collected laboratory and administrative data to facilitate research across the full disease spectrum of CKD and diabetes.

Methods: In the EXTEND45 Study (EXamining OuTcomEs in chroNic Disease in the 45 and Up Study), baseline questionnaire
responses of over 260,000 participants of the 45 and Up Study aged ≥45 years living in New South Wales (NSW), collected
between January 2006 and December 2009, are linked to data from laboratory service providers as well as national- and state-based

JMIR Res Protoc 2020 | vol. 9 | iss. 4 |e15646 | p.307https://www.researchprotocols.org/2020/4/e15646
(page number not for citation purposes)

Foote et alJMIR RESEARCH PROTOCOLS

XSL•FO
RenderX

mailto:chockham@georgeinstitute.org.au
http://www.w3.org/Style/XSL
http://www.renderx.com/


administrative datasets via probabilistic linkage. Routinely collected data were obtained for participants who could be linked
between January 2005 and July 2013. Laboratory data will enable the identification of early cases of chronic disease and the
assessment of clinically relevant biochemical targets during the disease course. Health administrative datasets will allow for the
examination of health service use, pharmacological management, and clinical outcomes.

Results: The study received ethics approval from the NSW Population and Health Services Research Ethics Committee in
February 2014. Data linkage for 267,153 of the 45 and Up Study participants was completed in June 2016, with congruent linkage
achieved for 265,086 (99.23%) individuals. To date, the CKD and diabetes cohorts have been identified (published elsewhere),
and a diverse portfolio of research projects relating to disease burden, risk factors, health outcomes, and health service utilization
is in development.

Conclusions: The EXTEND45 Study represents an unparalleled opportunity to perform extensive research into diseases of
considerable public health and clinical importance. Strengths include the population-based nature of the cohort and the availability
of longitudinal information on the complete disease pathway for affected individuals.

International Registered Report Identifier (IRRID): RR1-10.2196/15646

(JMIR Res Protoc 2020;9(4):e15646)   doi:10.2196/15646

KEYWORDS

chronic kidney disease; diabetes mellitus; cardiovascular disease; data linkage; biomarkers

Introduction

Chronic diseases such as chronic kidney disease (CKD) and
diabetes are major drivers of death [1], disability [2], and health
care costs globally [3-5]. In Australia, 1.7 million people had
indicators of CKD based on biomedical testing in 2011-2012
[6], whereas recent estimates for diabetes suggest that 1.2
million individuals were living with type 1 or 2 diabetes in
2017-2018 [7]. Adults aged 65 years and older bear the majority
of this burden. Estimates vary according to study context and
design, but most studies indicate at least a twofold increase in
the prevalence of diabetes or CKD in people aged >65 years
compared with their younger counterparts [8-11]. As the
population ages, this problem is expected to further increase
[12], with important consequences for already stretched health
systems.

Diabetes and CKD are intrinsically linked [13,14], with diabetes
being an important risk factor for CKD, and both independently
associated with an increased risk of cardiovascular disease
(CVD) [15]. The relative risk of CVD in adults with diabetes
compared with those without ranges from 1 to 3 in men and 2
to 5 in women [16]. Similarly, individuals with impaired kidney
function and increased urinary albumin excretion have a twofold
to fourfold higher risk of developing CVD than those whose
kidney function is normal [17]. In patients with established
CVD, coexisting diabetes or CKD is associated with worse
outcomes and a higher mortality rate [18-20]. Early detection
and timely intervention are, therefore, paramount to the
prevention and management of this trifecta of conditions.

Although there is a growing understanding of the prevalence
and progression of diabetes, CKD, and their CVD-related
complications, many studies to date have taken place in clinical
populations recruited through specialist clinics and hospital
settings. Evidence for effective management strategies, including
clinical targets (eg, for glycated hemoglobin [HbA1c] in diabetes)
and different therapy options (eg, renin-angiotensin-aldosterone
blockade in CKD), largely stems from randomized trials
conducted in controlled clinical settings with narrowly selected

patient populations. However, the slowly progressive nature of
diabetes and CKD, coupled with their wide clinical variation,
means that earlier or milder stages of disease are missed in
hospital- or clinic-based cohorts. More population-based
research into these diseases is needed to (1) gain detailed
knowledge of the incidence and prevalence of diabetes and CKD
in the community, including earlier disease stages, (2) identify
novel determinants of disease progression, (3) better assess the
broad-scale benefits and adverse effects of evidence-based
therapies, and (4) evaluate health care utilization, costs, and
outcomes across the full disease spectrum.

Direct assessment of the various facets of chronic disease burden
and management in prospective cohorts is a major undertaking.
To generate reliable, generalizable estimates, cohort studies
must include a sufficiently large sample to capture most cases
and be adequately distributed, both geographically and
socioeconomically. In addition, rigorous follow-up of study
participants is necessary, which is costly and often results in
high loss to follow up. Routinely collected and administrative
clinical data—collected as a by-product of patient care—offer
an alternative method for acquiring detailed longitudinal
information on health service use, disease burden, and clinical
outcomes in a large proportion of the population.

The 45 and Up Study is a large-scale study established in 2006
that combines the merits of a prospective population-based
cohort study and linked administrative health data [21].
Comprising more than 260,000 individuals aged ≥45 years living
in New South Wales (NSW), the 45 and Up Study was designed
to obtain information on healthy aging through questionnaires
delivered to participants. In addition, participants consented to
their questionnaire responses being linked to routinely collected
health data for research.

The infrastructure generated through the 45 and Up Study offers
the unique opportunity to examine diabetes, CKD, and their
associated health outcomes in the community. However, to date,
there has been no effort to utilize valuable data generated from
routine laboratory testing to examine early disease states or
assess the achievement of clinical targets in patients with CKD,
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diabetes, or both. The EXTEND45 Study (EXamining
ouTcomEs in chroNic Disease in the 45 and Up Study) builds
upon the 45 and Up Study by establishing a novel link between
the 45 and Up Study participants and their clinical data held by
laboratory service providers. The EXTEND45 Study will
concurrently link the 45 and Up Study participants to a range
of other administrative datasets to obtain information across the
full spectrum of disease and health service provision, spanning
10 years.

The mission of the EXTEND45 Study is to establish a rich data
resource to examine CKD, diabetes, and their CVD-related
complications. Initial research objectives of the EXTEND45
Study include the following:

1. To determine the prevalence and incidence of CKD in the
45 and Up Study cohort and define a seminal CKD cohort
that can be used in future studies;

2. To determine the prevalence and incidence of diabetes in
the 45 and Up Study cohort and define a seminal diabetes
cohort that can be used in future studies;

3. To determine the prevalence and incidence of CKD in
individuals identified as having diabetes in the 45 and Up
Study cohort;

4. To identify risk factors for CKD and diabetes in the
community;

5. To examine the real-world management of these diseases,
including prescribing patterns, and identify
evidence-practice gaps in the care of individuals with CKD,
diabetes, or both, particularly in relation to CVD prevention;
and

6. To evaluate the attainment of clinical targets in the
community, identify risk factors for nonattainment, and
assess associated health outcomes.

This paper provides a detailed description of the data sources,
linkage methods, and governance structure of the EXTEND45
Study.

Methods

The Australian Health System
Australia has a universal health system comprising a
multifaceted network of government (public) and private
providers. Medicare is the universal public health insurance
scheme, which is funded by the federal government through a
combination of general tax revenue and a Medicare levy based
on taxable income. It is administered by Services Australia
(formerly the Department of Human Services) and provides
free or subsidized access to 3 main areas of health care
provision: (1) medical and health services outside of the public
hospital setting (administered through the Medicare Benefits
Schedule [MBS]), (2) prescription pharmaceuticals
(administered through the Pharmaceutical Benefits Scheme

[PBS]), and (3) public hospital services (funded jointly with,
and managed by, state and territory governments). In addition,
the federal government pays 75% of the fee for services and
procedures for private patients in public or private hospitals and
subsidizes private health insurance. The EXTEND45 Study
includes administrative data collected by the federal government
(ie, MBS and PBS) as well as state-specific data collections of
the NSW government.

The 45 and Up Study
Details of the 45 and Up Study have been published previously
[21]. Briefly, the 45 and Up Study comprises adults aged ≥45
years sampled from the general population of NSW, Australia’s
most populous state. Between January 2006 and December
2009, participants were randomly sampled from the Services
Australia enrollment database, with individuals aged ≥80 years
or living in remote areas oversampled by a factor of 2.
Consenting participants self-completed baseline questionnaires
in English, which included questions on demographic and
socioeconomic characteristics, personal health behaviors,
medical and surgical history, medications, and physical and
psychological health [22]. Participants also consented to
long-term follow-up, including linkage of their baseline
responses to routinely collected health datasets. In the
EXTEND45 Study, laboratory and administrative datasets have
been linked at an individual level to the 45 and Up Study
participants and their baseline questionnaire responses.

Linked Data Sources

Laboratory Service Providers
Government datasets hold information on referrals for
community laboratory services but not the clinical results of
those services. Instead, these are held by the laboratory service
providers who conduct the tests, together with patient identifiers,
tests performed, and date of testing (Figure 1). Multiple public
and private laboratory service providers are active within NSW,
and these vary in geographical scope and population coverage.
In addition, providers offer varying levels of access to
community, outpatient, or inpatient laboratory services, thereby
capturing health information across different facets of an
individual’s health journey. Several major community laboratory
service providers have been recruited for the EXTEND45 Study,
and processes are underway to include data from an inpatient
provider.

Available laboratory results and their meta-data between January
2005 and October 2015 are included at present. These enable
early case identification (eg, serum creatinine measurements
for kidney disease) as well as the assessment of disease
progression, presence of disease complications (eg, albuminuria
in patients with diabetes), and achievement of therapeutic targets
(eg, HbA1C in patients with diabetes and hemoglobin levels in
patients with CKD).
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Figure 1. An overview of the EXTEND45 Study (EXamining OuTcomEs in chroNic Disease in the 45 and Up Study) data sources and variables.
NSW: New South Wales.

New South Wales Admitted Patient Data Collection
The NSW Admitted Patient Data Collection (NSW APDC)
collates information on all admitted patient services provided
by public (including psychiatric) and private hospitals, private
day procedures centers, and public multipurpose services in
NSW [23]. For public hospitals, data are recorded for each
episode of care, with each episode defined as a period of stay
in hospital before the patient is discharged or transferred, dies,
or becomes a different type of patient (eg, acute, palliative, and
rehabilitative). For private hospitals, each APDC record
represents a complete hospital stay. Data include dates of
admission and separation, referral source, diagnoses (including
external causes), procedures, and service referred to on
discharge. Up to 50 relevant diagnoses are included and are
coded according to standardized codes from the International
Statistical Classification of Diseases and Related Health
Problems, Tenth Revision, Australian Modification
(ICD-10-AM).

At present, the EXTEND45 Study includes APDC data on
separations that occurred between January 2005 and June 2014.
NSW APDC data will be used to assess health service
utilization, length of stay, referral and transfer patterns, and
costs of hospital care (Figure 1).

Medicare Benefits Schedule and Pharmaceutical
Benefits Scheme
Medicare operates by paying a specified benefit (in the form of
a rebate) for services or prescription medicines that qualify for
a benefit under the MBS and PBS, respectively, and for which
a claim has been processed. As such, the MBS data collection
contains information on all claims for medical and diagnostic
services (including laboratory testing) provided to Australian
citizens and permanent residents by registered medical and other
practitioners, whereas the PBS data collection records all claims
for prescription medicines above the PBS copayment threshold.
From April 2012, suppliers of PBS medicines were required to

provide data on the dispensing of medicines below the
copayment threshold. MBS services and PBS items are coded
using a system of item numbers listed in the relevant schedules.

MBS and PBS data are available from June 2004 to December
2016. MBS data will be used to assess health service utilization
in primary care and outpatient settings, costs of care, and referral
patterns. PBS data will be used to examine medication
adherence, persistence, and cost, as well as the geographical
distribution of services.

New South Wales Registry of Births, Deaths, and
Marriages
All deaths are certified by a medical practitioner and registered
by the NSW Registry of Births, Deaths, and Marriages (NSW
RBDM). Details include cause and date of death, with cause of
death coded using the ICD-10-AM coding system.

Data are available from February 2006 to March 2015. Access
to NSW RBDM data will allow the comprehensive assessment
of mortality, including primary and secondary causes of death.

Australian and New Zealand Dialysis and Transplant
Registry
The Australian and New Zealand Dialysis and Transplant
(ANZDATA) Registry maintains records of all patients in
Australia and New Zealand with end-stage kidney disease who
receive chronic renal replacement therapy (RRT), that is, dialysis
or transplantation. The registry records the date of referral, start
date of RRT, treatment modalities and vascular access for
dialysis (both initial and any changes), and treatment outcomes
for all patients.

Linkage to the ANZDATA Registry will capture information
pertaining to the progression of kidney disease, including
dialysis initiation or kidney transplantation. In addition, linkage
of practice factors, such as treatment modalities and vascular
access, to information on participant socioeconomic status and
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health service use may help to identify novel areas for
intervention (Figure 1).

New South Wales Central Cancer Registry
The NSW Central Cancer Registry (NSW CCR) is a registry
of all patients with cancer in NSW. The data collected relates
to invasive primary cancers and cancer deaths. It does not
include skin cancers other than melanoma (eg, basal cell
carcinoma and squamous cell carcinoma are excluded). Data
collected by the NSW CCR includes clinical details describing
the cancer, records of care from a notifier, pathology reports,
and death certificates.

The inclusion of cancer registry data will allow further
delineation of chronic disease groups at risk of cancer
complications, with respect to comorbidities, lifestyle,
socioeconomic status, and health service utilization.

Data Linkage Methods
Record linkage brings together information on the same
individual from different data sources. Strict privacy protecting
protocols are mandated by the NSW Population and Health
Services Research Ethics Committee (PHSREC), the data
custodians, and the NSW Center for Health Record Linkage
(CHeReL). The CHeReL is an intermediate body established
in 2006 to provide expertise in data linkage methodology and
maintain a record linkage system that protects data privacy. It
is jointly managed by the NSW Ministry of Health and the NSW
Cancer Institute.

The Sax Institute has an ongoing link with Services Australia,
and as a result has processes in place to deterministically link
MBS and PBS data to their 45 and Up Study participants once
a year. This is done using a unique identifier provided to the
Sax Institute by Services Australia. For all other aforementioned
datasets, linkage to 45 and Up Study data is performed by the
CHeReL using probabilistic linkage (Figures 2 and 3). Data
custodians provide the CHeReL with an encrypted unique
identifier and relevant personal information (full name, date of
birth, address, gender, and, where available, country of birth)
for all patients over the relevant time-period. No clinical data
are provided to the CHeReL at any point in the linkage process.
The CHeReL uses personal information to link records from
different data sources, using probabilistic linkage in the
ChoiceMaker software (ChoiceMaker Technologies, Inc; Figure
2). For records with doubtful matches, a clerical review is also
conducted [24]. Once records are linked, the corresponding
individual is allocated a project-specific person number (PPN).
The CHeReL sends the PPNs for all individuals to each data
custodian, together with the original unique identifier used in
that custodian’s particular dataset (Figure 3). Each data
custodian will now hold an EXTEND45-specific PPN for each
individual in their respective dataset for whom linkage with at
least one other dataset was achieved. The data custodian merges
the PPN with the clinical variables that have been approved for
use in the EXTEND45 Study and uploads the deidentified data
to a highly secure server that is accessed by the
EXTEND45-approved researchers. The PPN is used to combine
records for the same person from different datasets.

Figure 2. A schematic diagram of the linkage process: Stage 1. Each data custodian provides the Centre for Health Record Linkage (CHeReL, a data
linkage unit) with relevant personal information of individuals who have accessed their service, together with their unique record number. The names
and details used in the figure are fictitious and do not relate to any participants of the 45 and Up Study. The CHeReL uses an algorithm to match
individuals to participants of the 45 and Up Study and assigns a project-specific person number to each individual. DOB: date of birth.
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Figure 3. A schematic diagram of the linkage process: Stage 2. The Centre for Health Record Linkage (CHeReL) provides data custodians with the
project-specific person number (PPN) for each individual, with all personal information removed. Data custodians use the PPN, together with their own
record numbers, to extract the requested data and upload the data to Secure Unified Research Environment.

Ascertainment of Disease Status
The 2 initial diseases of interest are CKD and diabetes. For each
individual, their diabetes and CKD status and, where
appropriate, timing of incident disease, are determined using
the various linked datasets. The precise methods used to
ascertain disease status will be outlined in the relevant
publications. In general, however, kidney function and CKD
status are predominantly derived using data from laboratory
records and, where appropriate, the ANZDATA Registry.
Linked serum creatinine measurements are applied to the
Chronic Kidney Disease Epidemiology Collaboration equation
to calculate the estimated glomerular filtration rate [25]. Other
available laboratory data related to kidney function include urine
albumin-to-creatinine ratio and urine protein-to-creatinine ratio.

Diabetes status is derived using the following criteria: (1)
recorded dispensing of insulin (Anatomical Therapeutic
Chemical [ATC] Classification: A10A) or oral blood
glucose-lowering medication (ATC Classification: A10B) in
the PBS dataset, (2) self-reported diabetes on the 45 and Up
Study (answered Yes to Q24. Has a doctor EVER told you that
you have diabetes?), (3) laboratory record of HbA1c result >6.5%
on one occasion, (4) laboratory record of fasting plasma glucose
levels >7.0 mmol/L, and (5) laboratory record of serum glucose
levels >11.1 mmol/L. At present, no distinction has been made
between type 1 and type 2 diabetes.

Study Governance
The EXTEND45 Study is led by a collaborative group of
physicians, epidemiologists, and statisticians coordinated by
The George Institute for Global Health, Sydney. Similar to the
45 and Up Study, the EXTEND45 Study has been designed to
facilitate cooperative projects that lie within its scope, with

oversight provided by a designated steering committee. The
steering committee includes representatives from The George
Institute for Global Health, the Universities of NSW and Sydney,
the Sax Institute, clinical experts from Australian hospitals, and
nonvoting representatives from pharmaceutical sponsors.
Current steering committee members are listed in Multimedia
Appendix 1.

The steering committee is responsible for the general oversight
and governance of the study and provides academic
independence and integrity. It provides scientific advice
regarding all aspects of study design, conduct, analyses, and
publication of results. In addition, the steering committee is
responsible for the approval of prespecified analysis plans.
Analysis proposals from internal or external researchers are
encouraged and may be submitted by academic investigators,
health service providers, or commercial health care entities.

Ethical Considerations and Data Privacy
Data collection for the EXTEND45 Study was through data
linkage only. Participants are included on the basis of their
participation and consent to the 45 and Up Study, which
included consent for linkage to their routinely-collected health
records. The 45 and Up Study was approved by the University
of NSW Human Research Ethics Committee (UNSW HREC).
Ethical approval for the EXTEND45 Study was obtained from
the NSW Population and Health Service Research Ethics
Committee (HREC/13/CIPHS/69).

Participant confidentiality is protected in several ways. First,
linkage methodology splits the processes of record linkage and
data analysis, ensuring that participant identifiers are always
kept separate from clinical data. Second, security measures in
place at the CHeReL ensure that the risks of a breach of privacy
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are minimal. Third, as mandated by the Sax Institute, all data
within the EXTEND45 Study is transferred and accessed via
the Secure Unified Research Environment (SURE). SURE is a
high-performance remote-access virtual computing environment
designed specifically for secure access, storage, and analysis of
anonymized health information [26]. To prevent data from being
exchanged between different linked data studies, each study in
the SURE facility exists within its own security perimeter.

Results

The 45 and Up Study cohort is relatively heterogeneous, with
variation observed across most variables [27]. Of the 267,153
participants of the 45 and Up Study who completed the baseline
questionnaire, data linkage was performed for 266,969 (99.93%).
Incongruent dates, for example, between the 45 and Up Study
enrollment and recorded date of death, or other erroneous dates
were identified for 1883 individuals. The final linked dataset,
therefore, comprises 265,086 individuals. As of November 2019,
laboratory data are available for 152,169 (57.40%) individuals,
with plans for expansion ongoing. Prevalent and incident cases
of CKD and diabetes have been identified from multiple data
sources, and the corresponding prevalence and incidence
estimates have been presented in separate publications. A diverse
portfolio of research questions relating to CKD and diabetes
and their management in the community are currently underway.

Discussion

Principal Findings
Through a novel linkage between the 45 and Up Study, various
administrative databases, and data from laboratory service
providers, the EXTEND45 Study represents a unique and rich
data resource that can be used to investigate a range of questions
relating to chronic disease. The study’s mission is to provide
much-needed evidence of the epidemiology, burden,
progression, and clinical management of chronic diseases such
as CKD and diabetes in the general Australian population and
across the full disease spectrum. Multiple projects that use this
data resource are already completed or underway.

Altogether, the datasets included in the EXTEND45 Study
provide a more complete overview of the care provided to
patients with chronic disease than is currently available. The
45 and Up Study baseline questionnaire included questions on
a range of personal health behaviors (eg, smoking, alcohol
consumption, physical activity, and sleep habits) as well as
demographic, social, and economic characteristics (eg, marital
status, country of birth, and education level). Although many
of these factors are either known or hypothesized to be important
confounders of chronic disease incidence and progression, they
are typically poorly captured in administrative datasets.
Conversely, the 45 and Up Study baseline data provide only a
single snapshot in time, are exclusively self-reported, and are
lacking in granularity. In the EXTEND45 Study, the combining
of NSW APDC and other health datasets will allow outcomes,
comorbidities, and complications of CKD and diabetes to be
examined. Moreover, laboratory data are critical for identifying
individuals at the early stages of their disease and allow more
granular assessment of the achievement (or lack thereof) of

clinical targets. Finally, the collection of postcodes of residences
and health care facilities in the various datasets will enable the
geographic evaluation of access and use of all tiers of health
services.

The effective use of routinely collected data and, in particular,
laboratory data in chronic disease research is demonstrated by
the many research and policy outputs of the ongoing Alberta
Kidney Disease Network (AKDN). The AKDN is a collaborative
research organization that holds a central repository of linked
laboratory and administrative data from Alberta, Canada [28].
Research using this repository has ranged from a comparative
risk assessment of coronary events in patients with diabetes and
CKD [20] to factors associated with RRT initiation [29]. In the
United Kingdom, the UK Biobank, established in 2006-2010,
has recruited 500,000 people aged 40 to 69 years to provide
detailed information about themselves, undergo various
measurements, provide biological samples for analysis, and
have their electronic health record data linked, to create a major
data resource. To date, 989 papers have been published that
used this resource. Similarly, the UK Clinical Practice Research
Datalink (CPRD) links general practice records to secondary
care, mortality, and other disease-specific databases. The CPRD
is an excellent example of the utility of real-world data in
generating evidence for drug safety guidance and clinical
practice in particular. Research carried out as part of the
EXTEND45 Study will complement these earlier studies.

Strengths and Limitations
A main strength of the EXTEND45 Study is the breadth and
diversity of the data held within it, allowing analyses into a
range of research questions to be conducted. Some of the
potential analyses have already been described. Importantly,
the inclusion of laboratory data allows researchers to use the
EXTEND45 Study dataset to identify earlier stages of both
diabetes and CKD and move away from reliance upon self-report
for diabetes. This will provide essential information on the
prevalence and progression of early disease in the community
as well as health care delivery to those affected with mild
disease. Indeed, previous studies have either relied on clinical
populations or used sources that only include outcome measures
such as hospitalization or mortality—in both instances, chronic
disease is identified later in its disease course. Second, multiple
data sources will be used to ascertain chronic disease status,
which will improve case identification. The relative
contributions of different data sources to the identification of
cases will be reported in the respective publications. Finally,
the combined infrastructure of the 45 and Up Study and
EXTEND45 Study offers a cheaper and more efficient
alternative to traditional longitudinal cohort studies for assessing
the incidence of disease, health outcomes, and health service
utilization in a large cohort.

There are important limitations that must be considered when
using the EXTEND45 Study database, both at the design stages
and during interpretation of results. Routinely collected and
administrative data are primarily collected for purposes other
than research. As a result, not all variables of interest will be
available all of the time. For example, within the EXTEND45
Study, there is no information on blood pressure, an important
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clinical variable in both CKD and diabetes. Depending on the
specific research question, surrogates for some of these missing
variables may be deployed. For instance, for high blood
pressure, a pharmaceutical dispensing of antihypertensive
medication or hospital admission for hypertension-related
problems may be used. A second limitation is that CKD is
primarily defined using laboratory tests. As a result, disease
identification is limited to individuals who have presented for
medical review and had laboratory tests performed. Conversely,
the absence of a linked laboratory test in the EXTEND45 Study
dataset may be due to (1) the test being performed by a
laboratory service provider not part of the EXTEND45 Study,
(2) an individual having no indication for a test (and, therefore,
healthier), or (3) an individual being indicated but not having
access to the appropriate health services. Given the
countervailing effects of these different possibilities, a
comparison of individuals with linked laboratory data to those
without linked laboratory data must be performed in individual
analyses. The use of routine laboratory results over time means
that inter- and intralaboratory variation may exist. The effects
of this are minimized through deep cleaning of the data to
identify potentially anomalous results or inconsistent
measurement units as well as detailed discussions with
laboratory service providers to construct a data dictionary that
is specific to their dataset.

Finally, the response rate for the 45 and Up Study baseline
questionnaire was 18%, which is similar to other comparable
studies. The 45 and Up Study cohort may, therefore, represent
a slightly healthier cohort than the general population, with

implications for the generalizability of findings that stem from
it. Unfortunately, most cohort studies are vulnerable to this
healthy volunteer effect. However, we believe that the use of
routinely collected data to follow up participants is an excellent
alternative to active longitudinal follow-up for minimizing this
potential bias over time. Moreover, internal comparisons within
the 45 and Up Study cohort have been shown to be generalizable
even in the presence of any selection bias [30]. Finally, although
not necessarily a limitation, it is important to remember that the
different data sources included in the EXTEND45 Study dataset
provide varying levels of population coverage; although
government datasets typically capture health service use in both
the private and public health care sector, the presence of multiple
laboratory service providers in NSW means that laboratory data
for the participants are not comprehensive over time or across
individuals.

Conclusions
The EXTEND45 Study is, to our knowledge, the first linked
data study in Australia to incorporate data from community
laboratory service providers with other administrative datasets
for chronic disease research. The study represents a unique
collaboration among academics, clinicians, primary care
researchers, data linkage experts, and laboratory service
providers to construct an invaluable data resource that can be
used to answer a range of questions relating to chronic disease.
Although CKD, diabetes, and CVD have been identified as
initial conditions to be examined, consideration of other chronic
diseases such as cancer, dyslipidemia, and musculoskeletal
conditions is also possible.
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Abstract

Background: Radioembolization, also known as transarterial radioembolization or selective internal radiation therapy with
yttrium-90 (90Y) resin microspheres, is an established treatment modality for patients with primary and secondary liver tumors.
However, large-scale prospective observational data on the application of this treatment in a real-life clinical setting is lacking.

Objective: The main objective is to collect data on the clinical application of radioembolization with 90Y resin microspheres
to improve the understanding of the impact of this treatment modality in its routine practice setting.

Methods: Eligible patients are 18 years or older and receiving radioembolization for primary and secondary liver tumors as
part of routine practice, as well as have signed informed consent. Data is collected at baseline, directly after treatment, and at
every 3-month follow-up until 24 months or study exit. The primary objective of the Cardiovascular and Interventional Radiological
Society of Europe Registry for SIR-Spheres Therapy (CIRT) is to observe the clinical application of radioembolization. Secondary
objectives include safety, effectiveness in terms of overall survival, progression-free survival (PFS), liver-specific PFS, imaging
response, and change in quality of life.

Results: Between January 2015 and December 2017, 1047 patients were included in the study. The 24-month follow-up period
ended in December 2019. The first results are expected in the third quarter of 2020.

Conclusions: The CIRT is the largest observational study on radioembolization to date and will provide valuable insights to
the clinical application of this treatment modality and its real-life outcomes.

Trial Registration: ClinicalTrials.gov NCT02305459; https://clinicaltrials.gov/ct2/show/NCT02305459

International Registered Report Identifier (IRRID): DERR1-10.2196/16296

(JMIR Res Protoc 2020;9(4):e16296)   doi:10.2196/16296
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Introduction

Primary hepatic malignancies are among the most common
cancers of solid organs worldwide and are the fourth to fifth
leading cause of death. From the primary liver diseases cirrhosis
and hepatocellular carcinoma (HCC), about 180,000 and 75,000
patients, respectively, will die per year in Europe [1,2].
Significant rises in incidence rates for hepatic inflammation,
fibrosis, and cirrhosis—predisposing factors for HCC—are
expected for the next decade with causes such as autoimmune
disease, drug-related effects, or nonalcoholic fatty liver disease
[2]. About 4 million people per year are affected by cancer in
Europe; 30% to 80% of these patients might develop hepatic
metastases [3].

Curative treatment of a hepatic malignancy by liver
transplantation, resection, and local ablation can be applied in
only about 10% to 25% of cases. Unfortunately, the vast
majority of patients do not qualify for these therapies. Various
kinds of systemic treatments including chemotherapy, biological
therapy, and cancer immunotherapy are offered to this group
of patients [4-7]. There is a substantial subset of patients with
liver-limited disease that are not suitable for surgical or
percutaneous ablative therapies, who experienced early
recurrences or no response, significant side effects, or
intolerance when treated with systemic therapies. In this setting,
transarterial therapies such as chemoembolization,
chemoperfusion, or radioembolization (eg, selective internal
radiation therapy or transarterial radioembolization) may offer
substantial therapeutic improvement [4,7]. Furthermore, these
therapies may allow a reduction of systemic side effects, extend
periods of freedom from chemotherapy, and prime the liver for
other potential local treatment options such as surgery or local
ablation [8-11].

Several current, large-scale randomized controlled trials (RCTs)
could define the role of radioembolization in first-line and
second-line therapy regimens in more advanced primary and
secondary liver malignancies [12-15]. Based on this data, current
guidelines suggest radioembolization should be considered as
a component of the “tool-box” [5,6] in the treatment of HCC,
cholangiocarcinoma, and metastatic colorectal cancer (mCRC)
following progression after standard therapies or intolerance to
other therapies [4,16].

Nevertheless, there is still limited information and understanding
of the application of radioembolization in a real-life clinical
setting [13,17]. Recent observational studies conducted in the
United Kingdom describe the outcome of the real-life
application of radioembolization in patients with colorectal liver
metastases and intrahepatic cholangiocarcinoma [18,19].
However, similar real-world data from other countries and from
patients with other liver malignancies such as HCC are needed
by physicians, patients, and paying bodies. More observational
data on the use of radioembolization in various clinical settings
would elucidate the position of radioembolization in clinical
practice and additionally provide data for less established uses
of radioembolization, as in metastatic liver disease from other
primaries (eg, breast cancer, malignant melanoma, or pancreatic
cancer) [20,21].

To further improve the understanding of the real-life clinical
application of radioembolization and its impact on clinical
practice, the Cardiovascular and Interventional Radiological
Society of Europe (CIRSE) initiated the CIRSE Registry for
SIR-Spheres Therapy (CIRT) for patients treated with
radioembolization with yttrium-90 (90Y) resin microspheres
(SIR-Spheres, Sirtex Medical Pty Limited; St. Leonards, NSW,
Australia). CIRT will collect data on how radioembolization is
embedded in real-life clinical practice as well as effectiveness,
safety, technical considerations, and patient-reported quality of
life (QOL).

Methods

Study Design and Objectives
CIRT is a prospective, multicenter, single-device,
noninterventional study of patients with liver tumors treated
with radioembolization in daily routine practice as a standard
of care. The primary objective is to observe the real-life clinical
application of radioembolization and the impact of the treatment
in clinical practice. This objective is described by: type of liver
cancer, intention of treatment, prior hepatic procedures,
associated systemic therapy, and postradioembolization hepatic
procedures.

Secondary objectives are effectiveness, safety, technical
considerations, and patient-reported outcome measures (see
Textbox 1).
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Textbox 1. Secondary end points.

Effectiveness end points

• Overall survival

• Progression-free survival

• Hepatic progression-free survival (ie, liver-specific progression-free survival)

• Imaging response

Safety end points

• Day-of-treatment complications

• Adverse events

• Laboratory values

Technical considerations end points

• Patient-related characteristics

• Treatment-related characteristics

• Treatment administration

• Procedure-related outcomes

Patient-reported outcome end points

• Quality of life questionnaire C30

• Additional hepatocellular carcinoma module for patients with hepatocellular carcinoma

Site Selection and Patient Enrollment
Sites that incorporated radioembolization in their standard of
care armamentarium and had a minimum amount of experience
with the procedures were considered for invitations to participate
in the study (ie, 10 or more treatments in the last 12 months and
a career history of at least 40 cases). The selected sites were
limited to centers in the European Union, Switzerland, Turkey,
and Israel. A multidisciplinary steering committee containing
experts from the field of medical oncology, diagnostic and
interventional radiology, hepatology, surgery, and nuclear
medicine developed a list of sites that met the selection criteria
and continued to update this list throughout the course of the
study. All sites that met the selection criteria were invited
directly by the steering committee.

Eligible patients consist of any adult patients treated with
radioembolization with 90Y resin microspheres for primary or
secondary liver tumors that have signed the informed consent
form. No formal sample size calculation was made. The steering
committee reasoned that about 1000 patients could be recruited
during a period of 3 years, and this would be sufficient to
observe the real-life clinical application of radioembolization.

Site enrollment was from August 2014 until April 2017. Patients
were included from January 2015 until December 2017.
Follow-up data collection ended in December 2019.

This study was performed in accordance with the Declaration
of Helsinki and Good Clinical Practice Guidelines. This study
was approved by the local ethics committees of participating
centers.

Data Collection
Patients enter the study by accepting participation and signing
the informed consent form. Baseline data is collected upon
allocation. Data on how the treatment was performed and its
day-of-treatment outcomes are collected on the day of treatment.
The patient is then followed for a maximum of 24 months or
until study exit (see Figure 1). Guidelines for radioembolization
advise that posttreatment assessments should be performed
every 3 months [22]. However, the final decisions on treatment
and follow-up schedules are determined by the site-specific
medical teams.

Baseline assessments included patient demographics, medical
history related to the underlying disease and cancer treatment,
as well as cancer type and stage for patients with HCC (Table
1). The technical aspects that may determine how
radioembolization is performed or impacts procedure-related
outcomes were documented at the time of treatment. Time to
event end points and safety end points were collected at every
follow-up. In addition to demographic and clinical data,
patient-reported outcomes are measured using the European
Organisation for the Research and Treatment of Cancer
(EORTC) quality of life questionnaire C30 (QLQ-C30) [23,24].
The questionnaire was provided before the treatment, shortly
after the treatment, and at every follow-up. When this was not
feasible on site, patients were approached via letters or phone
calls organized by the study center responsible for the patient.
For patients with HCC, in addition to the QLQ-C30, the HCC
module was provided to assess factors related to chronic liver
disease, as well as issues related to the primary tumor and its
treatment [25]. The QLQ-C30 and HCC module were made
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available to each patient in their local language, using
questionnaires translated and validated by EORTC [26-28].

Demographic and clinical data obtained from medical
examinations, medical records, and QOL forms were transferred
into an electronic case report form (e-CRF). Patient data was
pseudonymized by each site without a centralized
pseudonymization policy, and data collection was done
according to the General Data Protection Regulation and stored
in an encrypted form on a state-of-the-art server in Vienna,
Austria. The e-CRF was accessible through a custom-built online

database developed by ConexSys Inc (Lincoln, RI) and installed
on the CIRSE server in Vienna, Austria. Access to the system
is password protected. Statistical analysis will be performed by
an independent statistician.

Data quality was ensured through regular remote monitoring
of data entered into the database. Remote monitoring includes
regular information on data quality (query reports), inclusion
of patients, and follow-ups. No on-site monitoring or source
data verification was performed due to limited resources.

Figure 1. Flowchart of patient inclusion and measurement time points. CIRT: Cardiovascular and Interventional Radiological Society of Europe
Registry for SIR-Spheres Therapy.
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Table 1. Time of measurement for each end point and associated measurements.

Follow-up measurementDay of treatment measurementBaseline measurementEnd point

Real-life application of radioem-
bolization

••• Postradioembolization hepatic
procedures

Intention of treatmentType of liver cancer
• Prior hepatic procedures

• Postradioembolization systemic
chemotherapy

• Associated systemic therapy
(prior systemic therapy)

N/AaEffectiveness end points •• Date of effectiveness event

(OSb, PFSc, hepatic PFS, IRd)

Treatment date

N/ASafety end points •• Adverse events (Grade 1-5)eSevere day of treatment

complications (Grade 3-4)e • Abnormal laboratory values

N/ATechnical considerations end points •• Treatment planningPatient-related characteristics
• •Prior hepatic procedures Treatment administration

•• Procedure-related outcomesPhysical characteristics (body
surface area, lung shunt study
[%], Eastern Cooperative Oncol-
ogy Group performance status)

N/APatient-reported outcome end points •• EORTC QLQ-C30EORTCf QLQ-C30g

• Additional module for HCC• Additional module for HCCh

aN/A: not applicable.
bOS: overall survival.
cPFS: progression-free survival.
dIR: imaging response.
eGrading according to Common Terminology Criteria for Adverse Events version 4.03.
fEORTC: European Organisation for the Research and Treatment of Cancer.
gQLQ-C30: Quality of Life Questionnaire C30.
hHCC: hepatocellular carcinoma.

Statistical Analysis
All patients who were found eligible, enrolled in the registry,
underwent radioembolization treatment, and have the minimum
amount of data required will be included in analysis. Patients
for which the amount of data collected is too scarce to warrant
meaningful analysis will be excluded. The number of excluded
patients and reason for exclusion will be reported.

Data regarding the primary end point, safety, and technical
considerations will be presented by summaries (eg, counts,
means, standard deviations) and descriptive statistics. The

number of missing observations will be given in all summary
tables. Time to event end points will be described graphically
through the Kaplan-Meier analysis (including 95% CIs for
median survival). The Cox regression will be used to assess the
impact of the covariates for time to event end points (Table 2).

Hazard ratios and their 95% CIs will be presented together with
P values. Sensitivity analyses of time to event data will be
performed where censored patients with less than 6 weeks of
follow-up will be included as worst case (ie, death or
progression).

Table 2. Covariates for time to event end points.

VariablesCovariate

≤69 and ≥70Age (years)

Male, femaleSex

0, 1, 2-5, ≥6Number of lines of previous chemotherapy

Yes, noPrimary tumor in situ

0, 1, and ≥2Eastern Cooperative Oncology Group performance status

Yes, noPresence of extrahepatic metastases

Yes, noPrior liver procedures

1, 2-5, and ≥6Number of liver tumors

ContinuousPercentage tumor to liver volume
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QOL is measured with the EORTC QLQ-C30, a questionnaire
developed to assess the QOL in patients with cancer. The
QLQ-C30 includes five functional scales, three symptom scales,
a global health status scale, and six single items. The functional
and symptom status of the QLQ-C30 will be assessed according
to the scoring manual developed and validated by EORTC [29].
Patients who die during follow-up will be included in the QOL
analyses until their date of death. The focus of these analyses
will be on patients who are alive at the time point of analysis.

To document the safety and effectiveness of radioembolization
and subsequent surgical or interventional procedures, the data
will be broken down into subgroups as defined for the covariate
analyses above.

Missing data can be expected in the event of a study site failing
to enter certain data into the e-CRF, or a patient’s withdrawal
of consent or being lost to follow-up. Given the descriptive and
exploratory nature of CIRT, all available data will be used, and
no imputations of missing data will be made. The amount of
missing data will be summarized and the subset of patients with
missing data will be compared with patients included in the
analysis.

In the effectiveness analyses, patients withdrawing consent or
being lost to follow-up will be censored at the last time they
were observed as being alive (overall survival) or at the time
of their last magnetic resonance imaging scan from which
disease progression could have been determined
(progression-free survival [PFS]). Patients who die during the
course of their follow-up in the registry will be regarded as
having disease progression in the analyses of PFS and
liver-specific PFS.

Missing data for QOL will be handled in line with the
suggestions in the EORTC scoring manual for QLQ-C30; the
amount of and reasons for completely missing forms will be
analyzed and multiple imputations will be used for a part of the
completely missing forms (ie, forms considered to be missing
at random or due to administrative failure) [29].

Results

Between August 2014, and April 2017, 63 hospitals that met
the selection criteria were invited, 36 (57%) of which were
activated (ie, were trained, had access to database, were eligible
to include patients), of which 29 (81%) enrolled patients.

A total of 1047 patients were collected during the trial period
between January 1, 2015, and December 31, 2017. Follow-up
data collection ended on December 31, 2019. Final results are
expected to be published in 2020 or 2021.

Discussion

Summary
CIRT is the first European-wide prospective observational study
of patients with liver tumors treated with radioembolization as
the standard of care and will provide an important addition to
the body of knowledge on radioembolization treatment.

Data from several large RCTs on mCRC and HCC were
published while CIRT was already ongoing and more can be
expected in the future [12,30,31]. However, these studies
provide insufficient data with respect to “real life” clinical
practice since there may be patient cohorts that benefit more
from radioembolization than the patient cohorts included in
these trials [32-34]. CIRT was designed to also explore patient
cohorts for which less data is available. The writing group hopes
that the outcomes of CIRT would provide valuable insights in
these less explored patient populations to gain further insight
into real world clinical practice of radioembolization. The extent
to which this data relates to the overall body of data available
on radioembolization will be discussed in the results publication.

Limitations
The single-arm observational study nature of the study design
implies that several limitations need to be considered. The
absence of a contemporaneous comparator group may limit our
interpretation of the clinical data reported. Despite this,
important positive features of the study are the long-term data
collection for patients included and the valuable information
collected on health-related QOL. The size of the study should
enhance patient selection by providing new information on the
patient subgroups that benefit most from this treatment in
day-to-day clinical practice.

Furthermore, selection bias could occur at several stages of the
study. An element of site selection was introduced when the
Steering Committee created a list of sites that met the selection
criteria of minimal expertise with radioembolization treatment.
The potential of patient selection bias is addressed by a
contractual agreed upon prospective design, whereby sites
agreed to present the possibility to participate in the CIRT to
all eligible patients consecutively.

Another source for bias relates to drop-out during follow-up.
The sites included in the study have been advised to continue
patient follow-up at least 24 months after the first treatment.
However, patients may be lost to follow-up or withdraw their
consent at any time. Loss to follow-up may relate to the course
of disease or site procedures; for example, when a patient is
treated at a participating site but followed-up by their referring
physician, sometimes in another country. It will therefore not
always be possible for study sites to collect additional follow-up
data and the patient will be reported as lost to follow-up.
Baseline characteristics will be compared between those lost to
follow-up and those who have follow-up data to assess
differences with the potential to bias results. Notable differences
on a background characteristic will prompt additional analyses
where the sensitivity of the results to that background
characteristic will be further assessed.

Conclusion
To date, the CIRT is the largest observational study on the use
of radioembolization with 90Y resin microspheres. The objective
of the study was to observe the real-life clinical application of
radioembolization and its impact in clinical practice. Currently,
radioembolization has a position in the guidelines for the
treatment of HCC, cholangiocarcinoma, and mCRC, and more
data is warranted on the possibilities that this treatment has for
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these diseases. Furthermore, additional data is needed for the
effects of other lines of therapy and treatment of liver metastatic
disease from other primary sites. Observing a large study

population may reveal treatment aspects that would justify a
wider application of this innovative treatment.
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Abstract

Background: Emerging adulthood is a unique segment of an individual’s life course. The defining features of this transitional
period include identity exploration, instability, future possibilities, self-focus, and feeling in-between adolescence and adulthood,
all of which are thought to affect quality of life, health, and well-being. A longitudinal cohort study with a comprehensive set of
measures would be a unique and valuable resource for improving the understanding of the multi-faceted elements and unique
challenges that contribute to the health and well-being of emerging adults.

Objective: The main aim of this pilot study is to evaluate the feasibility and acceptability of recruiting university graduates to
establish a longitudinal cohort study to inform our understanding of emerging adulthood.

Methods: This is a pilot longitudinal cohort study of Australian university graduates. It will involve collecting information via
online surveys (baseline and 12-month follow-up) and data linkage with health records. Recruitment, response, and retention
rates will be calculated. Descriptive analysis of the representativeness of recruited participants and completeness of survey
responses will be conducted.

Results: Participant recruitment was completed in October 2018, and data collection for the baseline and follow-up surveys
was completed in November 2019. As of April 2020, the process of acquiring health records from administrative data collections
has commenced.

Conclusions: The findings from this pilot study will identify areas for improvement and inform the development of a future
longitudinal cohort study of emerging adults.

Trial Registration: Australian New Zealand Clinical Trials Registry ACTRN12618001364268; https://tinyurl.com/teec8wh

International Registered Report Identifier (IRRID): DERR1-10.2196/16108

(JMIR Res Protoc 2020;9(4):e16108)   doi:10.2196/16108
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Introduction

Throughout young people’s lives, there are many events and
factors that can affect their life course. Emerging adulthood is
the transitional period from late teens through to the late twenties
and is characterized by a higher degree of diversity, instability,
and uncertainty [1]. The defining features of emerging adulthood
include identity exploration (ie, exploring available options for
life especially in love and work); instability (ie, being subject
to numerous changes and shifting choices); future possibilities
(ie, multiple available options where different futures remain
possible); self-focus (ie, focus on forming oneself); and feeling
in-between (ie, neither an adolescent nor an adult). Demographic
norms change considerably during emerging adulthood,
especially in terms of residential status and school attendance.
In their late teens, most people live with one or more parents
and attend school; whereas most people in their thirties work
full-time, live independently, and cohabitate with a romantic
partner. These features are thought to impact the quality of life
and well-being of emerging adults [2].

Transitioning from education to work life can be particularly
challenging for emerging adults [3]. While the experience of
tertiary education gives the opportunity to explore different
identities and lifestyles, work is often more salient in shaping
one’s identity because of its central role in adult life [2]. Work
can be pivotal for long-term prospects, such as acquiring
financial independency, career, marriage or partnership, and
parenthood [2]. Difficulties in transitioning between education
and work life can negatively affect the health and well-being
of emerging adults, and unsuccessful transitions can lead to
mental health problems later in life [4,5].

The sense of instability, uncertainty, and multitude of future
possibilities can negatively impact physical health, health-related
quality of life (HRQOL), and well-being of emerging adults
[6]. HRQOL is a multi-dimensional concept that purports to
quantify the relationships between physical and mental health
status and quality of life over time [7]. Many popular HRQOL
metrics typically measure self-perceived health status [8]. A
related concept is well-being, which evaluates the positive
aspects of an individual’s life, including life satisfaction and
positive emotions [9]. Both HRQOL and well-being have been
used to measure the impact of illness and disability on the
quality of life of emerging adults. For instance, Pons-Villanueva
et al [10] found that university graduates who had been involved
in a motor vehicle crash had poorer HRQOL four years post
crash. Van Oostrom et al [11] reported that adults who had

adopted an active lifestyle experienced better HRQOL over
time. Further, Buhl [3] identified that emerging adults who did
not go to university reported poorer parent-child relationships
compared to those who transitioned from university to work
life.

Although several studies have investigated aspects of HRQOL
and well-being in emerging adults, more information is needed
to better understand these relationships. A more comprehensive
view of the multi-faceted elements and unique challenges that
contribute to the health and well-being of emerging adults,
including education, employment, lifestyle, HRQOL, well-being,
social support, life events, carer responsibilities, and use of
social media technology is needed. Thus, conducting a large,
longitudinal cohort study with a comprehensive set of measures
would be a unique and valuable resource for improving our
understanding of education, health, and lifestyle factors and
their impact on resilience, career trajectories, and lived
experiences over a unique segment of an individual’s life course.

This pilot cohort study aims to establish the feasibility and
acceptability of recruiting university graduates to establish a
longitudinal cohort study to inform our understanding of
emerging adulthood. Specifically, the study will evaluate: (1)
the feasibility of our research methods to recruit university
graduates at one large Australian university, including
determination of opt-in and opt-out rates for data linkage of
health records and survey responses; (2) the representativeness
of recruited participants; (3) our ability to obtain baseline survey
data, including completion of individual survey instruments;
(4) our ability to retain participants and collect follow-up survey
data 12 months post baseline, including completion of individual
survey instruments; (5) and identify areas for improvement for
future studies.

Methods

Registration
This study was registered with the Australian New Zealand
Clinical Trials Registry (ACTRN) on August 14, 2018
(ACTRN12618001364268).

Design
This is a pilot longitudinal cohort study of Macquarie University
graduates. It involves collecting information via online surveys
(ie, baseline and 12-month follow-up) and data linkage with
health records. A flowchart of the study design is depicted in
Figure 1.
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Figure 1. Flowchart of the study design.

Recruitment
All students graduating from Macquarie University in 2018 are
eligible to participate in the study. Macquarie University is a
public university located in Sydney, Australia. The university
has five faculties (ie, Faculty of Arts, Faculty of Business and
Economics, Faculty of Human Sciences, Faculty of Medicine
and Health Sciences, and Faculty of Science and Engineering),
which collectively host approximately 45,000 students, including
33,000 undergraduate students, 9000 postgraduate students, and
1500 higher-degree research students. Each year, approximately
7000 students graduate with an undergraduate or postgraduate
degree.

Invitations to participate in this study will be distributed to the
graduates via email from the Macquarie University Graduation
Office in conjunction with the fall and spring graduation
ceremonies (ie, April 12-27, 2018 and September 19-28, 2018).
The initial email invitation will be sent out during the graduation
ceremony period, while three reminder emails will be sent out
during the following 4-6 weeks. The email invitations include
a brief description of the purpose of the study, what participation
will involve, and a link to the Macquarie University –
Monitoring of Injury and Psychosocial Health Outcomes, Career
Trajectories and Continuing Education, Lived Experiences, and
Social Connectedness (MQ-MINDS) project website with a full
Participant Information and Consent Form. The Participant
Information and Consent Form contains details about the
purpose of the study, what participation will involve, a
description of benefits and risks of taking part in the study,
confidentiality and privacy arrangements, funding for the study,
and consent to participate.

Participants will be given the opportunity to opt out of having
their survey responses linked to their health records (ie,

ambulance, emergency department, hospitalization, cancer
registry, and mortality records). Participants are then directed
to an online participant registration form that securely records
their personally identifiable information, including their name,
residential address, mobile phone number, and email address.
Upon completing the online registration form, participants will
receive an email with an individualized link to the baseline
survey.

Data Collection
Data will be collected through online surveys and, for those that
did not opt out, health record linkage. The online surveys will
be administered online via the Qualtrics XM Platform (Qualtrics
International Inc) at baseline and at 12 months post baseline.
The baseline and 12-month follow-up surveys will comprise
the same battery of validated questionnaires and instruments
designed to capture data regarding: sociodemographics,
education, employment, job satisfaction, mentoring,
self-perceived health status, work-life balance, connectedness,
resilience, injury, risk behaviors, life events, as well as social
media and technology use. It will take approximately 25 minutes
to complete the online survey.

Survey Instrument
An overview of the domains and specific questionnaires
included in the survey is provided in Table 1. Because the target
population is a subset of the general Australian population, the
survey is comprised of instruments that are designed or adapted
for use in the Australian population, whenever possible. This
will facilitate more direct comparison of the data collected in
this study with existing normative data from the general
Australian population.
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Table 1. Overview of survey domains and measures.

MeasuresDomain

Sociodemographics • Standardized questions about gender, sexual orientation, height, weight, ethnicity, language,
marital status, house tenure, and income

Tertiary education • Questions about previous academic qualifications and current enrollment in tertiary education

Employment • Questions about occupation, employment status, job satisfaction, job barriers, and future
employment goals

• Questions about career mentoring
• Role Balance Scale

Lifestyle • Questions about physical activity and sedentary behavior

Health • EuroQoL 5-dimension
• Short Form Health Survey
• Kessler Psychological Distress Scale

• Social Interaction Anxiety Scale
• General Anxiety Disorder scale
• Questions about smoking, alcohol consumption, drug use, and sexual behavior

Social support • Multidimensional Scale of Perceived Social Support
• Questions about social participation (eg, community, church, or self-help groups)

Life events • Social Readjustment Rating Scale
• Brief Resilience Scale

Carer activities • Questions about carer responsibilities and activities

Social media and technology • Questions about access to the internet and devices used (eg, laptop, mobile phone, tablet)
• Questions about use of social networking sites (eg, Facebook, Twitter, Snapchat)
• Questions about experiences with using social media

Sociodemographics
For the sociodemographic domain, questions about gender,
sexual orientation, ethnicity, language, marital status, living
arrangement, and household income are derived from the New
South Wales Population Health Survey [12].

Tertiary Education
The education domain includes questions about previous
academic qualifications, level of previous academic degrees,
and current academic programs.

Employment
The employment domain is comprised of three subdomains:
general questions about current employment, work-life balance,
and career mentoring. In regard to current employment,
questions about occupation, employment status, job satisfaction,
and future employment goals are adapted from the Australian
Workplace Relations study [13]. Job satisfaction is assessed on
a 7-point Likert scale ranging from “extremely satisfied” to
“extremely dissatisfied,” within seven different perceived
aspects of the current job (ie, flexibility, decision making,
autonomy, salary, job security, job content, and working
conditions) and an overall question: “how satisfied are you with
your current job?”. Information on work-life balance is recorded
using the Role Balance Scale (RBS) [14]. The RBS consists of
eight items that evaluate the engagement of participants across
different roles and the ability to incorporate the newly emerging

roles within their life. The first five statements focus on the
balance and enjoyment across different roles, and the distribution
of importance between roles and overall satisfaction. The last
three statements indicate the self-perceived importance of each
role in the participants' lives. Information about the perceived
benefits and potential role of mentors in the participants’ career
will be collected using an adapted instrument developed by
DeCastro et al [15]. There are nine items that consider different
aspects of mentoring relationships (eg, improvement of job
performance; mentor perceived as a role model; increased social
network; advise to further develop professional career; resources
to develop professional career; advise in keeping work-life
balance; and develop new knowledge, skills and ethical
behavior). These items are assessed on a 7-point Likert scale
ranging from “extremely satisfied” to “extremely dissatisfied.”

Lifestyle
Questions about physical activity and sedentary behavior are
adapted from the New South Wales Population Health Survey
[12]. These include questions about time spent walking and
frequency; time spent doing moderate, strengthening, and
vigorous activities per week; and time spent sleeping, sitting at
work, watching television, and using technology devices such
as computers, tablets, or smartphones.

Health
The health domain comprises several instruments assessing
various aspects of physical and mental health and HRQOL. The
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12-item Short Form Health Survey (SF-12) provides insight
regarding the participant’s physical and mental health measured
through eight dimensions (ie, physical functioning, role physical,
role emotional, mental health, body pain, general health, vitality,
and social functioning) using a 7-point Likert scale [16]. The
SF-12 has demonstrated great feasibility in monitoring the health
of specific populations [16].

The EuroQoL 5-dimension (EQ-5D) is a widely used instrument
to describe and value health. It comprises two parts: a five-item
descriptive system and a visual analogue scale [17]. The five
items (ie, mobility, self-care, usual activities, pain/discomfort
and anxiety/depression) are rated using five levels: “No
problems,” “Slight problems,” “Moderate problems,” “Severe
problems,” and “Extreme problems.” The final question asks
respondents to rate their health on a scale ranging from 0 (ie,
“best imaginable health state”) to 100 (ie, “worst imaginable
health state”) [18].

The General Anxiety Disorder scale (GAD-7) is a tool with
strong validity to identify probable cases of GAD that can be
associated with multiple domains of functional impairment and
disability days [19]. It consists of seven items that identify
symptoms of anxiety (eg, feeling nervous or anxious, being
unable to stop or control worrying, worrying too much, having
trouble relaxing, being restless, becoming easily annoyed or
irritable, and feeling afraid as if something awful might happen)
over the past 2 weeks, and rates their severity on a scale from
0 (“Not at all”) to 3 (“Nearly every day”). If applicable, the
GAD-7 also includes a question about the respondent’s
perceived difficulty in performing daily activities due to these
symptoms [19].

The Social Interaction Anxiety Scale (SIAS-6) is an accurate
and efficient psychometric instrument that aims to assess social
interaction anxiety as the core feature of social anxiety disorder
[20]. The instrument is comprised of six statements about
meeting and talking to strangers, friends, or members of the
opposite sex. Each statement is rated using a 5-point scale,
ranging from 0 (“Not at all characteristic or true of me”) to 4
(“Extremely characteristic or true of me”), to reflect the level
of general anxiety associated with the initiation and maintenance
of social interactions [20].

The Kessler Psychological Distress Scale (K10) is a screening
instrument used to determine mental illness in health risk
appraisal [21]. The K10 comprises 10 questions about emotional
states (eg, feelings of fatigue, motor agitation, guilt, restlessness,
anxiety, and depression), each of which is rated on a 5-point
scale ranging from 1 (“None of the time”) to 5 (“All of the
time”) [21]. The individual item scores are summed, yielding
an overall score ranging from a minimum of 10 to a maximum
of 50, with higher scores indicating higher levels of distress.
The K10 scores are categorized as “Low” (10-15), “Moderate”
(16-21), “High” (22-29), and “Very high” (30-50) [22].

In addition to these instruments, the health domain also includes
questions about injury history and health risk behaviors.
Questions about the respondent’s 12-month history of motor
vehicle crash incidents, injury due to external trauma, and
injury-related hospitalizations have been adapted from the
Seguimiento University of Navarra study [10]. Questions about

health risk behaviors, which are derived from the New South
Wales Population Health Survey [12], consist of questions about
smoking (including use of electronic cigarettes), alcohol
consumption, illicit and recreational drug use, and sexual
behavior.

Social Support
The social support domain comprises three subdomains: social
connectedness, resilience, and perceived social support. The
question about social connectedness and community networks
of the respondents is adapted from the Nurses' Health Study II
[23]. This question explores how often the respondent takes
part in social groups such as workgroups, church-connected
groups, self-help groups, charity groups, and public service or
community groups. The question about resilience is adapted
from the Brief Resilience Scale (BRS) [24]. It includes four
items that assess the respondent’s self-reported ability to look
for creative ways to alter difficult situations, control reactions,
grow in positive ways by dealing with difficult situations, and
ways to replace losses encountered in life [24]. Perceived social
support is measured using the Multidimensional Scale of
Perceived Social Support (MSPSS) [25]. The MSPSS comprises
12 items that are rated on a 7-point Likert scale ranging from
“Strongly disagree” to “Strongly agree.” The items are divided
into three subscales based on the source of perceived social
support (ie, family, friends, and a significant other).

Life Events
The Social Readjustment Rating Scale (SRRS) is used to
measure the impact of major life events [26]. The SRRS consists
of 43 life events considered to be particularly impactful events
in the social life of an individual (eg, marriage, death of spouse
or a close family member, pregnancy, change in residence,
changes in working hours). Each life event has a prespecified
weighting (ie, “life units”) based on how traumatic the event
felt to the large normative sample. The respondent indicates
how many times each life event has occurred during the past
12 months or is expected to occur in the near future. The number
of each life event is multiplied by the weights and summed to
produce a total score of “life units.”

Carer Activities
The questions about carer activities are adapted from the Nurse’s
Health Study II [23]. The respondents are asked whether they
regularly provide care to a disabled or ill person, and, if
applicable, how many hours per week they spend on such carer
activities.

Social Media and Technology
In regard to the social media and technology domain, the
questions are adapted from the Australian 2017 Sensis Social
Media Report [27]. The questions focus on the respondent’s
use of the internet, use of social networking sites (eg, Facebook,
Twitter, and Snapchat), type of devices used to access social
networking sites, reasons for using social networking sites, and
experiences with using social networking sites.

Health Record Linkage
Participants are asked to provide consent to have their personal
health information retrieved from administrative data collections
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(ie, ambulance, emergency department, hospital admissions,
cancer registry, and mortality records) in New South Wales
from January 1, 2017 to 12 months after the baseline survey.
Secure data linkage will be conducted by the Centre for Health
Record Linkage (CHeReL).

Data Management
All study information will be obtained, stored, and analyzed in
accordance with the National Health and Medical Research
Council National Statement on Ethical Conduct in Research
Involving Humans [28]. All results will be published in a form
that will not allow any individual participants to be identified
(ie, in tabular, aggregate form only). The participant registration
form contains personal data (eg, name, residential address, email
address, mobile phone number, and a relative’s contact details).
A participant ID number will be generated for all participants
and stored with the data. The participant registration details will
be stored separately in a secure password-protected folder. The
data collected from the baseline and follow-up surveys will not
contain any personally identifiable information, only the
participant ID number to allow survey responses to be linked.

For participants who provide consent to have their health records
linked to their survey responses, their personal data and
participant ID number will be securely transferred to the
CHeReL for the purposes of health record linkage. During the
record linkage process, the CHeReL will generate a project
person number (PPN) for each participant. The CHeReL will
not have access to any of the collected data (ie, survey responses
or health records). The PPNs are then linked to the existing
participant ID numbers in each administrative data collection
and returned to the respective data custodians. In turn, the data
custodians for each administrative data collection (ie,
ambulance, emergency department, hospital admissions, cancer
registry, and mortality records) will securely transfer the health
data records with PPNs to the researchers. Finally, the
researchers will use the PPNs to link survey responses and health
records belonging to the same individual, thereby creating a
complete data set for analysis.

Data Analysis
Data will be analyzed using SAS version 9.4 (SAS Institute).
The recruitment rate will be calculated as the number of
registered participants divided by the total number of Macquarie
University graduates in 2018. The denominator data will be
supplied by the Macquarie University Graduation Office. The
opt-in rates for data linkage of health records and survey
responses will be calculated as the number of registered
participants opting in divided by the number of registered
participants. The representativeness of the sample will be
evaluated by comparing its demographic profile with that of
the full graduating cohort. Survey drop-out rates will be
calculated separately for the baseline and follow-up surveys as
the number of participants completing the survey divided by
the number of participants starting the survey. Descriptive
statistics will be used to evaluate the completeness of the
baseline and follow-up surveys. The retention rate of the sample
will be calculated as the number of participants completing the
follow-up survey divided by the number of participants
completing the baseline survey.

Results

Participant recruitment was completed in October 2018, and
data collection for the baseline and follow-up surveys was
completed in November 2019. As of April 2020, the process of
acquiring health records from administrative data collections
has commenced. The findings of this pilot cohort study will be
prepared for publication in mid-2020. These findings will
include the opt-in and opt-out rates for data linkage of health
records and survey responses; a description of the
representativeness of recruited participants; a description of the
completeness of baseline and follow-up online survey items;
and attrition rates for the 12-month follow-up survey.

Discussion

Emerging adulthood is a unique segment of an individual’s life
course. The defining features of this transitional period include
identity exploration, instability, possibilities, self-focus, and
feeling in-between adolescence and adulthood, all of which are
thought to impact quality of life, health, and well-being. A
longitudinal cohort study with a comprehensive set of measures
would facilitate greater understanding of the multi-faceted
elements and unique challenges that contribute to the health
and well-being of emerging adults. Before expending significant
resources on a large, longitudinal cohort study, it is advisable
to first test the feasibility and inform the development of the
larger study.

This pilot cohort study aims to evaluate the feasibility of
recruiting Australian university graduates to establish a
longitudinal cohort study to inform our understanding of
emerging adulthood. It will evaluate the ability to recruit
university graduates and obtain good quality survey data on a
wide range of relevant measures. It is vital to obtain estimates
of recruitment, response, and retention (or attrition) rates
because these will inform the sample size and statistical power
calculations that are necessary for planning and designing a
future longitudinal cohort study. An evaluation of the measures
in the pilot study is also necessary for the development and
selection of the measures to be included in the main study.

There are challenges with recruiting university graduates into
cohort studies using web-based surveys. Selection bias is an
important consideration as many studies conducted among
students report response rates below 20% [29-31]. University
students and graduates frequently receive requests to participate
in surveys, and this over-surveying can potentially lead to survey
fatigue and poor response rates [32]. Compounding the issue is
that the average response rate of web surveys is approximately
10% lower than that of mail or telephone surveys [33]. Student
engagement, lottery incentives, and extra reminders can be
effective for increasing the overall response rate [32,34-36].
However, merely increasing response rate does not necessarily
entail diversifying or improving the representativeness of the
sample [32]. Although self-selection can lead to unreliable
survey outcomes [37], there are potential methods for correcting
for selection biases (eg, poststratification or weighting class
adjustments, propensity score adjustments, and generalized
regression modelling [38]). It has been suggested that student
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surveys with a 10% or lower response rate can eventually be
considered trustworthy if the response quality is good [34].

Response bias is another pervasive problem in the design of
surveys. The many types of bias are question design (eg,
problems with wording, leading questions, faulty scales,
intrusiveness), questionnaire structure (eg, formatting, priming,
length, response fatigue), administration of questionnaire (eg,
respondent’s learning, recall, primacy or recency depending on
mode) [39,40]. Some of these biases can be minimized by
adopting previously validated instruments and scales. In the
present study, the baseline and follow-up surveys are comprised

almost entirely of commonly used and previously validated
instruments and scales.

As to limitations, the study is modest in scale, and will be
conducted at a single Australian university. This may not be
representative of the broader population of university graduates
in Australia.

In conclusion, this pilot study comes at a crucial time for
research of this kind. It is expected that the findings from the
pilot will identify areas for improvement and inform the
development of a future longitudinal cohort study.
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Abstract

Background: Black and Latina transgender women (TW) experience a disparate burden of HIV and related comorbidities,
including poor mental health and cardiovascular disease (CVD) risks. Pervasive multilevel stigma and discrimination operate as
psychosocial stressors for TW living with HIV and shape health disparities for this population. Gender-affirming hormone therapy
(GAHT) is commonly used by TW to facilitate alignment of the body with gender identity; in the context of stigma, GAHT may
both improve mental health and increase CVD risks.

Objective: This study aims to quantify the longitudinal relationship between stigma and chronic stress among black and Latina
TW living with HIV. Secondary objectives include identifying pathways linking chronic stress to HIV comorbidities and exploring
chronic stress as a mediator in the pathway linking stigma and GAHT to CVD comorbidities.

Methods: This US-based mixed methods longitudinal study will enroll a prospective cohort of 200 black and Latina TW living
with HIV, collecting quantitative survey data, qualitative interviews, and biomarkers of chronic stress. Interviewer-administered
surveys will include validated psychosocial measures of self-reported stigma and discrimination, perceived stress, CVD risk
factors, mental health, access to gender-affirming care, coping, and social support. Medical record abstraction will collect data
on GAHT use, CD4 count, HIV viral load, antiretroviral therapy, treatment, and comorbid conditions. Clinical measures will
include physiological biomarkers as well as salivary and blood-based biomarkers of chronic stress. Survey data will be collected
every 6 months (baseline, and 6, 12, 18, and 24 months), and biospecimens will be collected at baseline and at 12 and 24 months.
A purposive subsample (stratified by use of GAHT and presence of depressive symptoms) of 20 to 30 TW living with HIV will
be invited to participate in in-depth interviews at 6 and 18 months to explore experiences of intersectional stigma, chronic stress,
and the role of GAHT in their lives.

JMIR Res Protoc 2020 | vol. 9 | iss. 4 |e17076 | p.336http://www.researchprotocols.org/2020/4/e17076/
(page number not for citation purposes)

Rich et alJMIR RESEARCH PROTOCOLS

XSL•FO
RenderX

mailto:ajrich@mail.ubc.ca
http://www.w3.org/Style/XSL
http://www.renderx.com/


Results: This study was funded by the National Institute on Minority Health and Health Disparities in December 2018. The
study community advisory board and scientific advisors provided critical input on study design. Recruitment began in October
2019 (n=29 participants as of submission) and data collection will continue through 2022, with publication of baseline results
anticipated summer 2021.

Conclusions: This study will focus on black and Latina TW living with HIV, an understudied health disparities population,
advance both stigma and intersectionality research, and move chronic stress physiology research toward a more nuanced
understanding of sex and gender. The comprehensive methodology will support the exploration of the role of exogenous estrogen
in the pathways between stress and HIV comorbidities, elucidating the role of GAHT in the stress-health relationship. Finally,
this study will provide longitudinal evidence of the impact of stigma-related chronic stress on the lives of black and Latina TW
living with HIV integrating qualitative and quantitative data with psychosocial, clinical, and biological measures.

International Registered Report Identifier (IRRID): DERR1-10.2196/17076

(JMIR Res Protoc 2020;9(4):e17076)   doi:10.2196/17076

KEYWORDS

transgender persons; HIV; comorbidity; racial factors; stress, physiological; stress, biological

Introduction

HIV Disparities Among Transgender Women
Transgender women (TW) experience a disparate burden of
HIV infection and HIV-related comorbidities [1]. A recent
systematic review and meta-analysis of HIV among transgender
populations in the United States found that HIV prevalence
ranged from 14.2% by laboratory-confirmed diagnosis to 21.0%
by self-report for TW [2]. Globally, overall HIV prevalence for
TW is estimated to be 19%, 49-fold higher odds compared with
that among cisgender adults [3]. Among TW, the heaviest
burden of HIV is borne by black and Latina TW (BLTW) [4,5],
with an overall HIV prevalence of 44.2% for black TW and
25.8% for Latina TW [2]. BLTW make up the majority of TW
receiving HIV clinical care nationally in the United States [6,7].

Multiple Pathways to Health Disparities for
Transgender Women
Multilevel and multidimensional factors shape health disparities
among TW living with HIV (TWLHIV). Individual (eg,
sociodemographic and psychological), interpersonal (eg,
violence, victimization, and gender-power dynamics), and
structural (eg, stigma and discrimination) factors influence
HIV-related outcomes among TWLHIV [4,8-11]. TWLHIV
have high rates of living in poverty, facing housing insecurity,
and lacking health insurance [7]. Given these barriers and
experiences that fundamentally undermine health and
well-being, TWLHIV are also less likely to adhere to
antiretroviral therapy (ART) or to achieve durable HIV viral
load suppression [7], thus facing elevated risk of mortality [12].

Due in part to stigma exposure, mental health and cardiovascular
disease (CVD) disparities are common synergistic HIV
comorbid conditions experienced by TWLHIV. In the largest
national survey of transgender people to date (N=27,715), 40%
reported ever attempting suicide and 39% reported psychological
distress in the prior year, compared with 4.6% and 5% of the
US general population, respectively [13]. A growing body of
literature has identified associations between poor mental health
and exposure to transgender stigma [14-17]. This may be
exacerbated by HIV infection, as depression is the most common
neuropsychiatric comorbidity among people living with HIV

(PLWHIV), associated with poor adherence, lack of viral
suppression, and increased CVD risk [18-20].

TW are also more likely to experience CVD risk factors, events,
and mortality than cisgender adults (ie, nontransgender adults)
[21,22]. In one of the largest studies published to date on TW
and CVD, a retrospective mortality analysis of more than 1000
Dutch transgender adults, a 64% increased risk in CVD mortality
was observed among TW compared with the general population
[21]. Increased prevalence of CVD among PLWHIV has been
attributed to chronic inflammation associated with HIV infection
as well as higher prevalence of CVD risk factors (eg, obesity
and diabetes) [22], risk behaviors (eg, smoking) [23,24], and
stigma [25]. However, underlying psychologic and biologic
pathways to CVD disparities among TWLHIV are poorly
understood [26].

Associations of Gender-Affirming Hormone Therapy
With Chronic Stress and Cardiovascular Disease
Gender-affirming hormone therapy (GAHT), including
exogenous estrogen, is commonly used by TW to facilitate
alignment of the physical body with gender identity [13].
Approximately 75% to 95% of TW take GAHT at any point in
time [27-29]. Access to GAHT is a community priority for TW
[13] and can be a critical protective factor for HIV and other
comorbidities [30], improving psychological functioning
[21,31], facilitating care engagement [32], and improving ART
adherence and viral suppression when provided in the context
of HIV care [31,33-35]. In contrast to these benefits, GAHT
has also been associated with an elevated CVD risk
[21,22,27,36] and may potentiate CVD comorbidities among
TWLHIV. Sex hormones play an important modulatory role in
stress physiology [37,38]. They have been implicated in sex
differences in CVD risk [39] and mental health [40]. However,
previous studies in this area were conducted with cisgender
people only or did not consider gender experience, limiting the
ability to disaggregate hormonal effects from other gendered
factors. Clinicians, scientists, and transgender communities
have called for more longitudinal research on the effects of
GAHT on health outcomes among TWLHIV [9,11], and
especially among older TW who have been particularly
understudied [36]. Specifically, data are needed on how GAHT
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may impact health disparity pathways for TWLHIV, who face
both mental health and CVD comorbidities.

Allostatic Load as a Biological Marker of Chronic
Stress
Allostatic load (AL) refers to the cumulative wear and tear
effects of chronic stress on the brain and body [41,42]. Models
of AL demonstrate physiologic pathways linking psychosocial
stressors to poorer physical and mental health [43]. AL derives
from the concept of allostasis [44], the dynamic adaptive
regulatory process of the body that seeks to maintain
homeostasis during exposure to physical and psychological
stressors [45]. As such, AL can be measured by assessing
neuroendocrine, immune, metabolic, and cardiovascular
biomarkers [45-47]. Dysregulation of these biomarkers has been
linked to minority stress experiences, including stigma and
discrimination, and is associated with poor mental health and
CVD among racial and ethnic minorities [46-49], as well as
elevated CVD risk among sexual minorities [50]. AL differs by
sexual orientation [51]; however, studies examining pathways
among transgender people who experience gender minority
stress is limited [52,53], and there are few published studies of
physiologic stress processes among PLWHIV [54]. Mechanisms
linking chronic stress to comorbidities have not been elucidated
for transgender people, particularly TW who experience stigma
and discrimination on the basis of intersecting minority
identities, such as race, gender identity, and HIV status (ie,
intersectional stigma) [55,56]. Qualitative research among black
women living with HIV has highlighted the inextricability of
gender and race in understanding HIV-related stigma and its
sequelae [57].

Project Proposal
This novel prospective study aims to advance scientific
knowledge of how intersectional stigma impacts HIV outcomes
and comorbidities for black and Latina TWLHIV. Elucidating
the multilevel pathways linking intersectional stigma to mental
health and CVD comorbidities among TWLHIV, and exploring
the role GAHT may play in mitigating or exacerbating these
comorbidities in the context of gender minority stress, will
advance scientific understanding of how stigma and
discrimination become embodied. These advances in our
understanding are key to our ability to identify ways clinical
providers can more effectively tailor their care to meet the needs
of this health disparity population. This project employs a mixed
methods protocol in which biomarkers, clinical measures, survey
responses, and in-depth interviews will be used to understand

pathways shaping HIV comorbidities for black and Latina
TWLHIV. Results will inform clinical practices and public
health interventions that facilitate health care engagement and
retention to promote health equity among black and Latina
TWLHIV.

Objectives
The primary objectives of this study are as follows:

1. To quantify the longitudinal relationship of stigma to
chronic stress biomarkers in TWLHIV;

2. To identify pathways linking chronic stress biomarkers to
comorbidities (ie, CVD and mental health) among
TWLHIV; and

3. To explore chronic stress as a mediator in pathways linking
stigma, GAHT, and HIV comorbidities.

Methods

Conceptual Model
This study, named LITE Plus, draws on the Gender Minority
Stress and Resilience Model (GMSR) [58,59] and chronic stress
and AL constructs [60]. Our research uses an intersectionality
[56] lens to recognize the multiple and intersecting levels of
influence that shape health disparities among transgender
populations. The GMSR posits that transgender mental and
physical health disparities are driven by distal (eg,
discrimination) and proximal (eg, internalized stigma) stressors
that can be mitigated by factors such as social support (eg,
community connectedness) [58]. AL models [61] allow the
objective measurement of multisystem physiologic dysregulation
caused by chronic stress [43] and have been applied to the study
of a variety of health disparities [62]. An intersectionality
approach centers the experience of people from multiply
marginalized groups, such as black and Latina TWLHIV, and
acknowledges that these multiple social identities are associated
with disparate health outcomes via a confluence of social forces,
such as racism, misogyny, transphobia, and HIV stigma [55].
In centering the experiences of historically marginalized groups,
an intersectionality lens encourages the examination of
oppressive social processes without the need for comparison
with dominant groups [63]. We will examine biological
pathways linking the chronic stress of intersectional stigma to
mental health and CVD comorbidities among TWLHIV and
the potential mitigating and exacerbating influences of social
support and coping and GAHT along these pathways (Figure
1).
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Figure 1. Hypothesized pathways linking stigma, stress, mental health, and cardiovascular disease outcomes among transgender women living with
HIV to be measured using (A) survey, (B) qualitative interviews, (C) salivary cortisol, (D) allostatic load index, and (E) clinical measures. GAHT:
gender-affirming hormone therapy; CVD: cardiovascular disease.

Study Design and Population
This study builds on the American Cohort to Study HIV
Acquisition among Transgender Women in High Risk Areas
(known as the LITE study) [64], which prospectively follows
TW who are not living with HIV. Participants for the LITE Plus
study will be recruited from two LITE clinical study sites
(Fenway Health in Boston, MA, and Whitman-Walker Health
in Washington, DC) that provide comprehensive health services
to the lesbian, gay, bisexual, transgender, and queer
communities, including HIV treatment and GAHT. Fenway
consists of six satellite sites and Whitman-Walker consists of
three health center sites. This mixed methods, multisite
longitudinal study will enroll a prospective cohort of 200 black
and Latina TWLHIV living in Boston, MA, and Washington,
DC, areas (approximately 100 participants per site) and collect
data every 6 months for 24 months total—at baseline and at 6,
12, 18, and 24 months. Interview-administered surveys will
include validated psychosocial measures of stigma, perceived
stress, CVD risk behaviors (eg, smoking), mental health, coping,
and social support. Medical record abstraction will collect data
on GAHT use, CD4 count, HIV viral load, ART medications,
and comorbid conditions. Clinical measures will include height,
weight, waist circumference, and blood pressure; salivary
measures of cortisol; and blood samples for measures of
physiological stress to be included in the AL index. Qualitative
in-depth interviews will be conducted with a subset of 20 to 30
TWLHIV (up to 15 participants from each site, and based on
participants’ use of GAHT and risk for depression) to explore
their experiences of intersectional stigma, chronic stress, and
the role of GAHT in their lives.

A community advisory board (CAB) has reviewed the study
design and implementation plans to ensure that retention,
recruitment, and data collection align with gender-affirming
best practices. The LITE Plus CAB meets annually to receive
study updates and give feedback on study progress. They are
also consulted between meetings for feedback on study forms,
methods, and surveys. The CAB will also review preliminary
results and offer interpretations of findings as part of a
community-engaged research model.

Inclusion Criteria
Participants must have been assigned male sex at birth; identify
as female, woman, trans female, male-to-female, or woman of
trans experience; have a laboratory-confirmed HIV diagnosis;
identify as black, Latina, and/or multiracial (inclusive of black
and/or Latina identities); and be 18 years of age or older. All
study participants must live in or near Boston, MA, or
Washington, DC, speak English and/or Spanish, be mentally
sound and capable of consenting and provide written consent
to participate. To be eligible for home collection of salivary
cortisol, participants must not be currently using any medicines
containing steroids regardless of route of administration, have
consistent access to a freezer for up to 4 weeks at a time, live
within established geographic boundaries based on participant
zip codes to facilitate staff retrieval of samples, and report
willingness to collect three sets of six saliva samples over the
course of the study. Eligibility for the qualitative interviews
will be based on the participant history of GAHT and depression
scores at baseline study visit.

Study Procedures

Recruitment
Multiple strategies will be used to identify, recruit, and retain
participants. Participants may be identified as eligible via their
electronic medical records and invited to participate by study
staff. Participants may also be recruited from the LITE study,
when (1) they are excluded from the cohort at baseline because
of a positive HIV test result, or (2) when they seroconvert during
the follow-up, which ends their LITE cohort participation.
Should we not reach target enrollment through clinic-based
recruitment and recruitment through LITE, we will engage in
community-based recruitment, in partnership with LITE.
Community-based strategies will include venue-based
recruitment from the gender-affirming community events and
organizations frequented by TW and social media outreach.

Visit Schedule
Surveys, clinical measures, and medical record abstraction will
be collected at all study visits (every 6 months) over the
24-month study period. Phlebotomy and salivary cortisol
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self-collection training will occur at the baseline, 12-month,
and 24-month visits. At the 6- and 18-month visits, a subgroup
of participants will be invited to participate in in-depth

interviews. The data collection schedule is detailed in Figure
2.

Figure 2. Overview of study visits and data collection intervals.

Survey
Each participant will complete an interviewer-administered
survey at all study visits over the 24-month study period.
Participants will complete a longer survey at the baseline,
12-month, and 24-month visits, with brief surveys at the 6- and
18-month visits. Surveys will be administered by a trained
interviewer via a tablet or desktop computer and will include

validated measures used in prior research with transgender
communities, where available. Survey domains include
sociodemographics, validated psychosocial measures of stigma
and discrimination, perceived stress, CVD risk behaviors, mental
health, resilient coping, material social support, community
connectedness, interpersonal violence, engagement in HIV care,
and self-reported GAHT use. Baseline survey measures are
described in Table 1.
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Table 1. Key quantitative measures of the baseline survey.

MeasuresConstruct

Self-reported use, treatment interruptions, recent missed doses and reasons for missed doses [65], and challenges
obtaining ART

ARTa adherence

Perceived stress [66]Chronic stress

Brief resilient coping [67], gender identity pride [58], and community connectedness [58]Coping and resilience

Duration, source, adherence, mode of delivery, frequency of monitoring of hormone levels in blood, discussion
with health care provider regarding potential side effects, and perceptions of GAHT and ART interaction

GAHTb

History of and need forGender-affirming surgery

Health insurance, health care access barriers, and typical health care settingHealth care access

History of diabetes, hypertension, high cholesterol, heart disease, blood clots, stroke, kidney disease, liver disease,

cancer, obesity, etc, and perceived general health and healthy days (HRQOL-4c) [68]

General health

Last time viral load measured, if applicable: reasons for not having viral load measured recently (within 6
months), suppressed viral load at last measurement

HIV outcomes

Fear of deportation [69,70], internalized HIV stigma (within social relationships) [71], internalized anticipated
discrimination [72], everyday discrimination [73], internalized transphobia [58], and gender-related rejection
[58]

Intersectional stigma and discrimina-
tion

Congruence between gender and preferred name and gender marker and name listed on IDs and records, and
importance of congruent IDs and records [74]

Legal gender transition

Trust in HIV care providers [75]Medical distrust

Posttraumatic stress disorder (PCL-Cd) [76], depressive symptomology (CESD-10e) [77], and history of suici-
dality and attempted suicide

Mental health

History of STI testing and diagnosis, and history of hepatitis CSTIf

Lifetime and recent history of engagement in sex workSex work

Current smoking status [78] and pack-year smoking history [79]Smoking history

Material social support [80]Social support

Gender identity, sexual orientation, completed education, employment status, housing status and homelessness,
immigration status, and material hardship [81]

Sociodemographics

Lifetime use, location (ie, body parts), source of injections (eg, medical provider and parties)Soft-tissue fillers

Past-year alcohol use (AUDIT-Cg) [82] and past-year drug use (DAST-10h) [83]Substance use

Lifetime and recent psychological, physical, and sexual violence (RCTS-2i) [84]Violence experiences

aART: antiretroviral therapy.
bGAHT: gender-affirming hormone therapy.
cHROOL-4: Healthy Days Core Module health related quality of life measure.
dPCL-C: Post-traumatic stress disorder checklist- civilian version.
eCESD-10: Centre for Epidemiological Studies Depression Scale.
fSTI: sexually transmitted infection.
gAUDIT-C: Alcohol Use Disorders Identification Test-Alcohol Consumption Questions.
hDAST-10: Drug Abuse Screening Test.
iRCTS-2: Revised Conflict Tactics Scales.

Clinical Measures and Biospecimens
Clinical measures will be collected at each study visit,
specifically height (at baseline only), weight, waist
circumference, and blood pressure. Biospecimens (blood and
saliva) will be collected at baseline and at 12- and 24-month
follow-up visits to test for chronic stress biomarkers and CVD
risk. At-home saliva collection will occur following the baseline,
12- and 24-month study visits. We chose to use saliva to test
for stress-related biomarkers because at-home collection of

saliva is considered minimally invasive [85]. Home salivary
collection has proven feasible and effective in previous studies
of stress and health among transgender men [37]. Furthermore,
prior studies of at-risk populations (eg, abused women and
low-income populations) have successfully utilized salivary
analytes to study stress [86,87]. Salivary cortisol has been used
extensively as a biomarker of stress in research settings,
especially in studies examining psychological stress with
repeated measurements [88], and is a useful component of the
Allostatic Load Index (ALI) [89]. As cortisol follows a diurnal
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pattern throughout the day (peaking within 30 min of waking
and declining over the course of the day), each participant will
have a unique diurnal curve measured as awakening, 30-min
postwake, and bedtime cortisol values [85,90,91]. Participants
will be trained in the passive drool method of saliva
self-collection [90] during baseline and receive booster trainings
at the 12- and 24-month study visits. They will be provided with
supplies to self-collect their saliva at home on two consecutive
weekdays as soon as possible after the study visit. Participants
will be instructed to store home-collected saliva samples in their
freezers until study staff collect the samples, typically within 4
weeks. Samples will be subsequently stored in a −80 freezer at
the site until they can be mailed to the designated laboratory
for analysis. Sites will ship frozen saliva samples in batches to
the Institute for Interdisciplinary Salivary Bioscience Research
at the University of California Irvine every 6 months for analysis
and storage.

In addition, study staff will draw 44 mL (3 tablespoons) of blood
from each participant to test for estradiol, testosterone,
progesterone, dehydroepiandrosterone-sulphate (DHEAS), total
cholesterol, high-density lipoprotein (HDL), low-density
lipoprotein, triglycerides, interleukin-6 (IL-6), tumor necrosis
factor-alpha (TNF-alpha), C-reactive protein (CRP), fibrinogen,
insulin, glycosylated hemoglobin (Hb), albumin, and creatinine
levels. Blood samples will be sent to the LabCorp location
nearest to the participant’s study site for analysis and results,
once available, will be entered into the study database and shared
with the participant (along with cortisol results) at their
subsequent follow-up visits.

Concomitant Medications
Study staff will collect information on concomitant medication
use from participants, supplemented by medical record review.
This will include all medications taken within 30 days of study
visits. Concomitant medications of interest include ART, GAHT,
and medications for blood pressure, diabetes, and heart disease.

Medical Record Review
Medical record review and data extraction will be done for each
participant within 1 week of each study visit. Participants will
sign a Health Insurance Portability and Accountability Act
(HIPAA) waiver as part of the study consent form. Participants
that do not have medical records at Fenway or Whitman-Walker
will sign a medical record request form that will be sent to their
medical care provider. The medical record review and data
extraction will be completed by trained data collectors using a
standardized form. Specific information to be extracted from
the medical records includes most recent CD4 count and
HIV-RNA (viral load), current problem list and/or diagnosis
codes, current medication list, and full history of all
antiretroviral medications ever taken by the participant.

In-Depth Interviews
At 6 and 18 months, a stratified purposive subsample of 20 to
30 participants (up to 15 at each site) will be invited to
participate in qualitative interviews. Participants will be

stratified based on self-reported baseline GAHT use and
dichotomized depression scores. Stratification by these
parameters will allow for qualitative exploration of relationships
between GAHT use and mental health, consistent with the third
study aim to assess relationships among GAHT, chronic stress,
and HIV comorbidities. Participants in the qualitative data
collection will take part in two in-depth life history calendar
(LHC) interviews, conducted virtually with study staff via
HIPAA-compliant audiovisual communication software. LHCs
are a form of participant-empowered data collection that allows
participants to take an active role in the data collection process
and give feedback on how data are documented while providing
a descriptive timeline of life experiences [92]. LHCs have been
successfully adapted for electronic use, including among TW
[93], allowing participants and interviewers to complete
calendars in a virtual format [94]. Using virtual
(computer-based) LHC [95], TWLHIV will work with
interviewers to create a longitudinal timeline of their gender
journeys, mental health, experiences of stigma and minority
stress and use of GAHT, anchored by significant life course
milestones. These interviews will be conducted by data
collectors with specialized training in qualitative data collection.
Participants may use their personal computers or computers
made available to them at the study site.

Incentives and Retention
Stepped incentives will be used to promote retention;
participants must complete all study visit tasks to receive the
incentive. Participants will be paid up to US $300 over the
course of the study if they complete all study visit activities.
Eligible participants may receive an additional US $150 for
completing all of the home salivary collection and an additional
US $60 for completing two in-depth interviews. An end-of-study
bonus will be available for participants who are retained for 24
months and complete all study visits, making the incentive for
the final visit US $80 for those participants. The detailed
incentive structure is shown in Table 2.

The study clinical management system utilizes mobile phone
text messaging and email to contact participants. The system
automatically reminds participants of upcoming appointments
and overdue visits, and sends other critical notifications
regarding home salivary sample collection, distribution of
incentives, etc. These notifications will serve as a first-line
retention tool in combination with personalized messages and
phone calls to encourage retention. Every effort will be made
to coordinate study visits with routine clinical care visits for
participants who also receive care at the study site.

All study information will be deidentified through the use of a
unique identifier, which is generated for each participant at
enrollment. Access to data by study staff will be on a role-based
standard. All study staff will be trained in security and
confidentiality procedures and will sign a confidentiality
agreement before receiving access to any participant data. We
will minimize the indirect disclosure of HIV status by referring
to the study as a health study for transgender women.
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Table 2. Stepped incentive structure.

Incentive amount (US $)Visit

50Baseline

506 months

6012 months

6018 months

7024 months

If eligible

50Baseline saliva collection

5012-month saliva collection

5024-month saliva collection

30In-depth Interview

10Study completion bonus

Data Management and Tracking Participant Progress
LITE Plus uses the Clinical Trials Management System (CTMS)
to track participant progress and automate study reminders. The
automated features of the CTMS make it easy to remind
participants of upcoming appointments and alert study staff
when participant visit windows are closing. This
HIPAA-compliant system provides a secure database in which
to collect and store study data using the Transport Layer Security
2048-bit encryption. The CTMS is hosted by the Johns Hopkins
University and has been customized to fit the LITE Plus protocol
and workflow. Access to the CTMS is restricted to trained,
certified data collectors and study team personnel.

Quality Assurance and Control
Data collectors have been trained in study-specific quality
assurance guidelines that include checks for data quality and
completion during and after participant visits. Data collectors
are trained to check study forms for completion before marking
forms as completed in the CTMS. A quality assurance and
control tracker has been developed for each site. Trained data
collectors use this tracker to ensure that study forms are
complete and consent forms are signed and dated.

Statistical Methods and Analysis

Sample Size Calculation
Previous experience of this study team recruiting longitudinal
cohorts of TWLHIV suggest 80% to 90% retention can be
expected over the course of the study (ie, at the end of year 2,
expected n=160) [96]. With a baseline sample of 200 TWLHIV,

the power analysis shows a minimum detectable R2 of 4.3%,
which is between Cohen thresholds of 2% and 13% for small
and medium minimum detectable effect sizes, respectively,
assuming N=200 followed by 20% attrition to yield a minimum
analysis N of 160 for the analyses proposed for aims 1 and 2
[97,98]. A sample size of 160 achieves 80% power to detect an

R2 of 0.043 attributed to one independent variable(s) using an
F test with a significance level (alpha) of .050. The variables
tested are adjusted for an additional 10 independent variable(s)

with an R2 of 0.090.

Quantitative Analysis
Univariate and bivariate analyses and multivariable regression
models will be used to compare levels and sources of stress
between different levels of reported intersectional stigma,
accounting for individual differences (eg, age, CD4 count, and
HIV-RNA). Multivariable analyses will be used to measure the
effects of the independent variables (eg, intersectional stigma)
on dependent variables (eg, AL) while holding constant some
factors (eg, age). For longitudinal analyses, marginal structural
models will be used to account for repeated measures with
time-dependent confounding and the potential for confounders
at one point to be mediators at another [99].

Qualitative Analysis
LHC interviews will be transcribed verbatim. Spanish language
transcripts will then be translated. All transcripts and LHC visual
data will be uploaded into Atlas.ti Scientific Software
Development GmbH to facilitate analysis. Documents will be
coded using a priori codes created based on the interview guides.
Codebooks will be modified iteratively based on emergent
themes as coding progresses. Two coders will analyze the same
transcripts separately. Any discrepancies will be discussed and
resolved by peer debriefing and consensus with the PI, making
final decisions should consensus not occur. The life course
framework will be used to analyze codes for patterns and themes
[100]. Member checking will be conducted with CAB members
to enhance rigor of analyses.

Results

Recruitment to Date
The patient population at Whitman-Walker Health includes
1243 TW, of whom 235 are living with HIV. Of these TWLHIV,
71.0% (167/235) are black and 22.1% (52/235) are Latina. Based
on a prior experience recruiting 112 black and Latina TWLHIV
in the span of 3 months for a previous TW study at this site, the
study team expects to recruit 100 TWLHIV from
Whitman-Walker Health for this study without difficulty.
Fenway’s patient population includes over 3500 transgender
individuals of whom 1575 are TW. Among TWLHIV at Fenway,
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more than half are black and one-quarter are Latina. In 2017,
up to 40 new transgender patients initiated care every month at
Fenway, and the number of TWLHIV has steadily increased.
In addition to existing patients, LITE Plus will also recruit
potentially eligible TW from the LITE cohort who have been
excluded at baseline for a positive HIV test result (n=65 to date)
or who may seroconvert during the follow-up. If necessary,
additional participants will be recruited using community-based
strategies.

This study was funded in December 2018 by the National
Institute on Minority Health and Health Disparities for a start
date of December 1, 2018, and an end date of March 31, 2023.
The study protocol was approved using a single institutional
review at the University of North Carolina at Chapel Hill
Institutional Review Board (IRB 18-2632). Recruitment began
in October 2019, and we aim to enroll the full cohort (N=200)
within 9 months of beginning the enrollment. Retention is
expected to be 90% over the course of the first 12 months of
the follow-up and at least 80% over the study duration (24
months). As of submission, 29 participants have been enrolled
in the study. Publication of baseline results is expected in
summer 2021.

Main Study Constructs
Collected data will be used to construct the main study outcomes
and predictors mentioned below.

Allostatic Load Index
As a way to examine cumulative stress effects on multiple body
systems, AL is most often measured using an index that includes
a battery of stress-related biomarkers with subclinical thresholds
to quantify physiological dysregulations [101]. Over 100 studies
have used a variety of AL algorithms that summarize
neuroendocrine, immune, metabolic, and cardiovascular
functioning [102] and predict disease better than existing
approaches with single biomarkers [103,104]. Using 17
biomarkers (salivary cortisol, IL-6, TNF-alpha, DHEAS, insulin,
glycosylated Hb, fibrinogen, CRP, total cholesterol, HDL,
triglycerides, albumin, creatinine, systolic blood pressure,
diastolic blood pressure, and BMI), we will calculate an ALI
for each participant using an established, count-based approach
that sums the number of dysregulated biomarkers using high-risk
cutoffs based on the sample’s distribution of values for each
biomarker, that is, the 75th percentile for biomarkers for which
high levels are harmful, or the 25th percentile for which low
levels are harmful [102]. A review of nearly 60 empirical studies
suggests that ALIs incorporating similar subclinical ranges for
numerous biomarkers (mean=10, range=4-17) predict clinical
outcomes better than methods that address only clinical
thresholds [102]. As each biomarker is dichotomized as 0 or 1,
each has an equal weight in calculating the ALI [102] and ALI
scores can range from 0 to 17 for this study. Based on an early
review, the biomarkers included in this approach represent those
most commonly used in the ALI literature [102]. ALI will be
calculated for each participant using clinical and laboratory
measures collected at baseline, 12 months, and 24 months to
allow for observation of change over time.

Gender-Affirming Hormone Use and Cardiovascular
Disease Risk
Cumulative GAHT exposure will be estimated as self-reported
total number of years taking GAHT at baseline. For example,
a participant who is 40 years old and started taking GAHT at
20 years old without interruption will be categorized as having
20 years of GAHT exposure. The Atherosclerotic CVD Pooled
Cohort Equations (PCE) estimator [105] will be used to calculate
CVD risk. As scores on the PCE are calibrated by sex, we will
use a threshold of 1 year of current, continuous GAHT exposure
at baseline as the cutoff for using the female-calibrated PCE,
that is, participants with 1 year of GAHT will be classified as
female for the PCE while those with less than 1 year of GAHT
will use the male-calibrated PCE. We will assess the relationship
between baseline ALI scores and changes in the PCE scores
during the study follow-up period. PCE scores at 24 months
will be used for the CVD risk outcome. Baseline GAHT
exposure will be used to calibrate the PCE in terms of sex, to
ensure any changes in the PCE risk over the study period are
because of changes in the other biomarkers used to calculate
the PCE.

Mental Health Comorbidity
Participants will complete brief validated mental health and
substance use screeners during study visits, which have been
implemented in previous research with transgender people [106].
The PCL-C Checklist-Civilian [76], a continuous measure of
posttraumatic stress disorder symptom severity, and the Centre
for Epidemiological Studies Depression Scale [77], a general
population measure of depressive symptomology, will be used
to assess recent mental health. Recent substance use will be
assessed using the Alcohol Use Disorders Identification
Test-Alcohol Consumption Questions [82], a brief screening
tool for identifying individuals with an active alcohol use
disorder, and the Drug Abuse Screening Test [83].

Discussion

Study Importance
This study is designed to address gaps in knowledge about the
mechanisms of HIV comorbidities among PLWHIV from health
disparity populations, specifically black and Latina TWLHIV.
Our transdisciplinary, multiracial team of cisgender and
transgender researchers are committed to authentic, empowering
engagement with transgender communities such that research
is conducted with, not on, communities [107]. Leveraging the
infrastructure of an existing National Institutes of Health
(NIH)-funded cohort study, LITE Plus will advance scientific
knowledge by applying tools from the emerging field of
psychoneuroimmunology to understand how intersectional
stigma and discrimination become embodied as heath inequities
[108]. LITE Plus will also clarify the role of sex hormones in
stress physiology by examining how GAHT may both diminish
psychological distress via gender affirmation and potentially
increase CVD risk because of physiologic effects of estrogen.

Despite the heavy impact of HIV on TW and the confluence of
comorbidity risk factors, remarkably little research has focused
on TWLHIV [109]. This study will be among the first to address
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HIV comorbid conditions in this population and one of the few
to prospectively assess the role of chronic stress biomarkers
among PLWHIV [54,110]. In so doing, this study will advance
both stigma and intersectionality research and move chronic
stress physiology research toward a more nuanced understanding
of sex and gender.

In filling the gap in research on GAHT among TWLHIV, this
study will provide data to inform the likely complex relationship
between the benefits and risks associated with estrogen in a
population with an elevated risk of poor mental health and CVD
related to HIV disease. Elucidating the role of sex hormones in
the stress-health relationship may have implications for research
with broader populations, including cisgender women. Finally,
most existing studies of chronic stress, AL, and health have
used cross-sectional designs [62]. Following study participants
over the course of 24 months with both psychosocial and
physiologic measures will strengthen the ability to make causal
inferences about the nature of stress-health relationships in
PLWHIV and the impact of coping and social support on health
outcomes for TWLHIV, providing key data for future
interventions.

Limitations, Challenges, and Solutions

Sample Size and Attrition
Budget caps limit the sample size and, therefore, statistical
power, especially if attrition is significant. Retaining participants
is a challenge for all longitudinal studies, and differential loss
to follow-up is a common threat to internal validity in
prospective research. We have developed monthly enrollment
targets and extensive protocols to support retention. If we cannot
reach our target sample size at current sites, the Johns Hopkins
Center for Transgender Health will support additional
recruitment, and we will seek supplemental funding to include
additional sites from the LITE study which has locations in
Atlanta, Miami, and New York as well as in Boston and the
Baltimore/DC area. We are also cognizant of potential
recruitment fatigue on the part of potential TW participants at
these health center sites, who have likely participated in other
research studies, particularly given the relatively small numbers
of TW in the patient population at each site [111].

Missing Data
Home salivary collection (as well as other data collection
methods) are vulnerable to missing data, despite intensive
tracking protocols. Missing data reduce power and may produce
biased estimates. In addition to traditional statistical approaches
to handling missing data [112], we will explore growth curve

modeling as an emerging method for addressing missing data
in salivary cortisol research [113].

Limited Observation Period
Cumulative stress exacts a toll over time; thus 24 months may
not be enough to see a change. The existing literature from the
MacArthur Aging study found significant associations between
AL and health over approximately 2 years, providing support
for the feasibility of our 24-month study design [101].

Cardiovascular Disease Risk Assessment
Cardiac events are likely to be rare over 24 months, and budget
limitations do not allow for the use of more expensive
assessments such as estimation of coronary artery calcium
scores. However, the CVD risk measure used for this study is
common in clinical practice and is likely to have real-world
applicability [114]. In addition, the absence of an existing CVD
risk measure validated for use among TWLHIV is a further
limitation of this study. However, the adaptation of the PCE
based on GAHT exposure in this longitudinal study will make
an important contribution to our understanding of CVD risk for
TWLHIV. We will also conduct sensitivity analyses assessing
the impact of calibrating the PCE based on sex assigned at birth,
gender identity, and GAHT exposure over the study period.

Nonprescribed Hormone Use
Nonprescription GAHT use is common and may be
underreported. In addition to collecting self-report and medical
record data, we will conduct laboratory tests for estradiol,
testosterone, and progesterone. TWLHIV taking GAHT may
differ from TWLHIV not taking GAHT in ways that confound
the relationship between GAHT and CVD, for example, they
may have stopped GAHT because of a diagnosis of CVD.
Therefore, our assessment of self-reported GAHT exposure,
along with laboratory tests for sex hormones and medical record
extraction of CVD-related diagnoses and medications, will allow
for pragmatic assessments that are applicable to clinical practice.

Unmeasured Confounders
The proposed study involves complex, overlapping systems
with multiple interacting levels and domains. In such a system,
it is impossible to know and control for all potential
confounders. Although unmeasured confounders may threaten
external validity, the findings that result from studies that
address real-world complexity (eg, by enrolling people with
multimorbidity) may provide findings that are most actionable
in the real world of clinical care and social policy.
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Abstract

Background: It is predicted that digital health technologies that incorporate artificial intelligence will transform health care
delivery in the next decade. Little research has explored how emerging trends in artificial intelligence–driven digital health
technologies may influence the relationship between nurses and patients.

Objective: The purpose of this scoping review is to summarize the findings from 4 research questions regarding emerging
trends in artificial intelligence–driven digital health technologies and their influence on nursing practice across the 5 domains
outlined by the Canadian Nurses Association framework: administration, clinical care, education, policy, and research. Specifically,
this scoping review will examine how emerging trends will transform the roles and functions of nurses over the next 10 years
and beyond.

Methods: Using an established scoping review methodology, MEDLINE, Cumulative Index to Nursing and Allied Health
Literature, Embase, PsycINFO, Cochrane Database of Systematic Reviews, Cochrane Central, Education Resources Information
Centre, Scopus, Web of Science, and Proquest databases were searched. In addition to the electronic database searches, a targeted
website search will be performed to access relevant grey literature. Abstracts and full-text studies will be independently screened
by 2 reviewers using prespecified inclusion and exclusion criteria. Included literature will focus on nursing and digital health
technologies that incorporate artificial intelligence. Data will be charted using a structured form and narratively summarized.

Results: Electronic database searches have retrieved 10,318 results. The scoping review and subsequent briefing paper will be
completed by the fall of 2020.

Conclusions: A symposium will be held to share insights gained from this scoping review with key thought leaders and a cross
section of stakeholders from administration, clinical care, education, policy, and research as well as patient advocates. The
symposium will provide a forum to explore opportunities for action to advance the future of nursing in a technological world
and, more specifically, nurses’ delivery of compassionate care in the age of artificial intelligence. Results from the symposium
will be summarized in the form of a briefing paper and widely disseminated to relevant stakeholders.

International Registered Report Identifier (IRRID): DERR1-10.2196/17490

(JMIR Res Protoc 2020;9(4):e17490)   doi:10.2196/17490
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Introduction

Artificial Intelligence
Artificial intelligence (AI) has been defined as “the theory and
development of computer systems [which are] able to perform
tasks that normally require human intelligence, such as visual
perception, speech recognition, decision-making, and translation
between languages” [1]. Machine learning and deep learning
are subsets of AI and have become popular neologisms used to
describe various, more specific algorithmic methodologies and
techniques used to process information in ways that can imitate
human-like decision making [2]. Within health care, the use of
technology possessing AI has become increasingly popularized
due to its capacity to sort through, analyze, and find patterns
among large amounts of research evidence and patient data,
ultimately discovering new meaning [3]. Current examples of
where AI has been integrated within health care include clinical
decision support systems [4,5], virtual nurses [6], and social
robots with natural language processing abilities [7].
Furthermore, researchers are currently exploring the use of deep
learning for diagnostic purposes and prediction of future clinical
events [8], and machine learning is being used to understand
past patient experiences, while constantly changing and updating
as new data become available [3]. Given the enormity of the
financial investments in these technologies made to date, it is
predicted that health care services and delivery will be
transformed in significant ways in the coming decade; authors
have suggested that global spending on digital health
technologies that incorporate AI will exceed $36 billion by 2025
[9]. In addition, the paradigm shift in preparing nurses for the
digital future is already being discussed; one recent publication
suggests that AI-driven technologies need to be considered as
a new means of addressing health care challenges in the 21st
century and that the health care workforce needs to be prepared
for these changes accordingly [10]. Although AI is still a nascent
topic, emerging literature has suggested that digital health
technologies that use elements of AI will begin to impact the
daily aspects of people’s lives in the not-too-distant future
[11,12].

Background
AI-driven digital health technologies that have decision-making
capacities independent of humans are currently being used in
numerous health care organizations. For example, early warning
systems and clinical decision support systems that utilize
machine learning principles are being used to aid nursing
workflow and provide more personalized patient care in hospital
settings [11]. Virtual nurses are another example of a digital
health technology that incorporates AI. Virtual nursing avatars
are accessible through a patient’s computer or smartphone
device and enable health care organizations to collect patient
information, provide discharge instructions, coach patients, and
assess patient health status from a remote location [6]. In
addition, there is a growing body of literature exploring the use
of intelligent assistive technological devices to support older
adults that live alone with various activities of daily living [13].
Such devices have the capacity to sense and respond to
consumer needs, and their intelligent nature allows them to
operate autonomously within a network of related devices [13].

Not only are these technologies relevant to older adults in the
home setting but they can also be translated for use in other
health care contexts, such as long-term care residences and
rehabilitation centers [7]. Finally, in Canada, Humber River
Hospital has incorporated a fully digital infrastructure that
includes the use of AI-driven robots to support children and
their families as part of the Child Life Program [14]. These
examples demonstrate the capabilities of AI and the ways in
which this technology is already starting to transform health
care systems.

While AI is frequently used in health care to assist with data
analytics and clinical decision making [11], the potential for
AI-driven digital health technologies to influence the
relationship between nurses and their patients must not be
understated. As examined by Idhe’s philosophy of technology
[15], there is invariably a relationship between human beings,
technology, and the surrounding world; whether technology is
working in the background of our daily lives or through
embodied relationships, there are numerous human-technology
relationships that can be explored further [15]. Thus, this scoping
review is intended to further one’s understanding of how
AI-driven health technologies influence the nurse-patient
relationship and nurse work in general.

Within the nursing profession, the delivery of compassionate
care is a core and valued historical tenet of nursing theory and
practice [16-18]; providing safe, compassionate, competent,
and ethical care is a core value of nursing practice, as reflected
in numerous international nursing practice frameworks [19-21].
Compassionate care has been described as an empathetic
response to suffering that involves person-centered care,
meaning treating individuals the way they want to be treated
[22]. It can be expressed by nurses using silent presence, active
listening, firm touch, a caring and respectful attitude, and a kind
manner [23]. Compassionate care involves the relationships
among health care providers and their patients and can be
influenced by a health systems’ infrastructure [3]. With
compassionate care as a core tenet of the nursing profession, it
is important to reflect on the future influence of AI-driven digital
technologies on nursing care.

Goals of the Review
It is anticipated that emerging trends in AI-driven digital health
technologies will change the nature of nursing roles and practice
[2], and in light of technological advancements, nurses will
need to ensure the continued delivery of compassionate nursing
care [3]. As such, it is important to understand how AI-driven
digital health technologies are changing nursing roles and
affecting patient and caregiver experiences with nursing care.
Nursing students and licensed nurses will need to be equipped
to provide care in a technological world, and the influence of
AI-driven digital health technologies on nursing education will
require examining. Finally, to ensure that AI-driven digital
health technologies promote compassionate care (as a core tenet
of nursing care) rather than hinder it, it will be important to
understand how nurses are involved in the co-design of
AI-driven digital health technologies. To explore these focus
areas, this scoping review aims to summarize the findings of 4
research questions that explore the relationships between nurses,
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patients, and AI-driven digital health technologies (see Figure
1). Furthermore, the findings from this scoping review will be
used to reflect on how emerging trends may impact nurses’
delivery of compassionate care. The results of this scoping
review and the subsequent reflections will be disseminated in
a briefing paper and will inform a symposium on the topic of
nursing and compassionate care in the age of AI. For this review,

a scoping methodology is appropriate due to its exploratory
nature and the current literature gap on this research topic. As
stated by Tricco et al [24], scoping reviews aim to synthesize
evidence and assess the scope of literature on a topic, which is
the objective of this review due to the emerging nature of this
topic.

Figure 1. Main concepts explored in the review.

Methods

Scoping Review
Standardized reporting guidelines outline items that should be
included in research reports to enhance methodological
transparency [24]. This protocol was developed using guidance
for relevant items from the Preferred Reporting Items for
Systematic Reviews and Meta-Analyses Extension for Scoping
Reviews (PRISMA-ScR) [24], as a protocol guidance document
for scoping reviews has not been developed. This scoping review
is registered in the Open Science Framework database
(registration doi: 10.17605/OSF.IO/RTFJN) [25].

This scoping review follows the methodological framework
proposed by Arksey and O’Malley [26] and further advanced
by Levac et al [27]. This framework delineates 6 steps to map
the extent and range of material on a research topic [27],
providing clarity on what is known and not known on a topic
and situating this within policy and practice contexts [28].

Step 1: Identify the Research Question
A steering committee of experts in digital health technologies
was assembled to inform the research questions that would best
meet the overarching objective of this review. The steering
committee consists of advanced practice nurses, nurse
researchers, educators, a patient advocate, registered practical
nurses, and registered nurses from various health care sectors.
This steering committee is co-chaired by 2 doctorally-prepared
nurses who possess independent programs of research in digital
health and nursing (RB and TR). Additionally, the Associate
Director of the Registered Nurses’ Association of Ontario
(RNAO) Guideline Development and Evaluation team (MB)
and RNAO eHealth Program Manager (RW) were consulted
during the development of the research questions.

Levac et al [27] recommend scoping review questions be broad
in nature; however, concepts should be clearly articulated to
establish an effective search strategy. Using these
recommendations, the 4 research questions explored in this

review were derived through steering committee discussion and
consensus. Due to timeframes and feasibility, the number of
research questions was limited to 4:

1. What influences do AI-driven digital health technologies
have, or are predicted to have, on the patient/caregiver
experience of compassionate care delivered by nurses?

2. What influences do emerging trends in AI-driven digital
health technologies have, or are predicted to have, on all
domains of nursing practice (ie, administration, clinical
care, education, policy, and research)?

3. What influences do emerging trends in AI-driven digital
health technologies have, or are predicted to have, on
nursing education across all domains?

4. What involvement do nurses have, or are predicted to have,
in the co-design of AI-driven digital health technologies?

For the purposes of this scoping review, digital health
technologies refer only to those technologies that meaningfully
incorporate AI. Literature focused on electronic medical records,
telehealth systems, genomics, virtual reality devices, and other
technologies that do not actively utilize a discernible or definable
form of AI will be excluded. For a technology to be identified
as “emerging,” the author will have used the word “emerging”
or a synonym (eg, new, innovative) to describe the technology,
or the co-chairs or steering committee will have identified the
technology as emerging based on experience in the field. In this
review, a nurse refers to any nurse (eg, registered nurse,
registered practical nurse, licensed practical nurse, nurse
practitioner) working in any of the 5 nursing domains outlined
by the Canadian Nurses Association: administration, education,
clinical practice, policy, and research [19]. These 5 nursing
domains are also applicable to international nursing settings, as
identified in similar international nursing practice frameworks
[20,21].
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Step 2: Identify Relevant Studies

Peer-Reviewed Literature
The databases MEDLINE, Cumulative Index of Nursing and
Allied Health Literature (CINAHL), Embase, PsycINFO,
Cochrane Database of Systematic Reviews, Cochrane Central,
ERIC, Scopus, Web of Science, and Proquest were searched
for peer-reviewed literature using searches developed by an
information specialist. The search terms (Multimedia Appendix
1) and inclusion/exclusion criteria (Textbox 1) were developed
by examining relevant publications and through consultation
with the co-chairs, steering committee, and information
specialist. Terms relating to “compassionate care” specifically
were not included in the search strategy. Through discussion,

it was decided that including “compassionate care” as a search
term would narrow the yield of results; as stated by Levac et al
[27], scoping reviews are broad in nature as the focus is on
summarizing the breadth of the evidence. Therefore, the
reviewers felt it was important that the search strategy was broad
to encompass a large yield of studies. For the purposes of this
review, electronic medical records were also excluded since
they are a well-established technology and not an emerging
trend. Clinical information from electronic medical records that
utilize AI-driven technology (ie, advanced clinical decision
support systems) will be included. Due to feasibility, timeframes,
and the lack of detailed conference proceedings provided, it
was decided that they would also be excluded.

Textbox 1. Inclusion and exclusion criteria.

Inclusion Criteria

• Relates to one of the research questions

• Focuses on AI-driven digital health technology

• Clear connection to nursing (can broadly focus on health care workforce but must be transferable to nursing)

• Published after January 1, 2014 (unless it is a seminal article)

• Peer-reviewed or grey literature, including any research study design (ie, randomized controlled trials, systematic reviews and quasi-experimental,
observational and qualitative designs), thesis/dissertations, discussion papers, or white papers

• Printed in English

• Accessible for retrieval

Exclusion Criteria

• Studies/articles not relevant to one of the research questions

• No clear focus on AI-driven digital health technologies

• Focus on electronic medical records

• Specific to other health care profession (eg, physicians only)

• Articles published before January 2014 (unless it is a seminal article)

• Conference proceedings

• Clinical trials

• Not available in English

A test search was run in MEDLINE, and the first 100 articles
were reviewed by the reviewers and co-chairs for relevancy.
Any additional search terms identified as per relevant articles
were added to the search string at this stage. Once consensus
was reached among the reviewers and co-chairs regarding
relevance of the articles in the test search, it was decided that
the full search would be run in the remainder of the databases.

Qualitative and quantitative studies were eligible for inclusion.
Due to the rapid increase in use of digital health technologies
over the last 10 years, initially it was decided that only literature
published after January 1, 2009 would be included. However,
due to the substantial yield of articles, it was not feasible to
screen all articles considering the project timeframes, and the
limit was reduced to the last 5 years upon consultation with the
committee co-chairs. Additionally, to balance breadth and
feasibility when conducting this scoping review, books/book
chapters and conference proceedings were excluded, and only

literature published in English was included. Keywords related
to the 2 main concepts (“artificial intelligence” and “nursing”)
were used to search databases (see Multimedia Appendix 1).
As already stated, to allow for a broader search, “compassionate
care” was not used as a search term in the database search;
however, when reflecting on the findings, the reviewers utilized
an analytic lens examining the literature’s relevance to
compassionate care, as this is one of the main focuses of the
scoping review. Reviewers referred to the definition of
compassionate care outlined in the introduction of this paper
when assessing each article’s relevance to compassionate care.

Grey Literature
Grey literature was retrieved by searching Proquest, CINAHL,
and PsychINFO for English theses and dissertations as well as
discussion papers written after January 1, 2014. The same search
terms used to search the electronic databases for peer-reviewed
literature were used. In addition, targeted website searches of
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the following websites will be conducted to retrieve relevant
white papers: World Health Organization, National Health
Service, Office of the National Coordinator for Health
Information Technology, Institute for Research on Healthy
Public Policy, Canada Health Infoway, Canadian Association
of Schools of Nursing, and Healthcare Information and
Management Systems Society. The targeted websites were
discussed and agreed upon by the steering committee. Targeted
website searches will be performed using Google search strings
developed by the information specialist and run by the reviewers
(CB and LH).

All peer-reviewed and grey literature results will be downloaded
into EndNote X7.8 (Clarivate Analytics, Philadelphia, PA) and
imported into the Web-based systematic review software
Distiller SR (Evidence Partners, Ottawa, Canada) for review.
The expert steering committee will also be asked to identify
other potentially relevant peer-reviewed and grey literature
materials not identified through prior search strategies (ie,
“hand-searched” articles).

Step 3: Study Selection
A screening guide developed by the reviewers (CB and LH)
will be used to determine if the inclusion and exclusion criteria
have been met (Textbox 1). Feedback was obtained from the
co-chairs (RB and TR), eHealth Program Manager and project
lead (RW), and Associate Director of the Guideline
Development and Evaluation team (MB) while developing the
screening guide. The 2 reviewers will independently pilot test
the screening guide and review the first 100 abstracts before
continuing with screening. Results will be discussed, and
revisions to the screening guide will be made as needed. An
example of an included article and an excluded article will also
be presented to the project team to ensure appropriateness of
the articles being included. All titles and abstracts will be
independently screened by the 2 reviewers using the screening
guide, and the reviewers will meet at the beginning, middle,
and final stages of the screening process to discuss challenges
related to study selection. First, titles and abstracts will be
screened for relevance to “AI-driven digital health technologies”
and “nursing” and the general inclusion criteria (Textbox 1).
Next, any included full-text articles will be independently
reviewed by the 2 reviewers for relevance to determine which
of the 4 research questions they address. There will be specific
inclusion questions in alignment with each of the research
questions to direct the reviewer to which question the article
could fall under. Discrepancies in study selection will be
resolved by consensus, with final decisions being made by the

project lead (RW) if consensus between the 2 reviewers cannot
be reached. When screening the full-text studies, reviewers will
keep in mind person-centered care principles [29], as these are
an important element of nursing practice and compassionate
nursing care.

Step 4: Charting the Data
The data charting process will start with studies related to
research question 1 and follow in a sequential order (research
question 2, then 3, lastly question 4). Draft data charting forms
will be developed in Microsoft Excel 2007 (Microsoft Corp,
Redmond, WA) for each research question by the 2 reviewers.
This form will be reviewed by MB, and the final form will be
approved prior to pilot testing. The 2 reviewers (CB and LH)
will pilot test the forms by independently charting the data from
a representative sample (ie, 5-10 articles per research question)
to ensure that consistency is achieved. This sample data charting
form will be shared with the co-chairs (RB and TR), and further
refinements will be made. Once consistency is achieved and
the pilot-tested forms are approved, data from each included
full-text article will be charted by one member of the research
team and verified by a second member to ensure all relevant
data are charted. Levac et al [27] suggest that the development
of charting forms is an iterative process and the forms are
expected to evolve as literature is reviewed and findings
important to the research questions are added to the data fields.

Step 5: Collating, Summarizing, and Reporting the
Results
Levac et al [27] recommend that scoping reviews provide a
numerical summary of the types of literature retrieved and a
descriptive thematic summary of themes arising. Given the
expected diverse body of literature, categorical data related to
specific elements (ie, study methods, context of study, aim and
purpose, key findings) will first be recorded (see Textbox 2);
this information will align with the data charting forms for each
research question. Study findings will then be synthesized using
narrative description. Outcomes will be reported by study type
for each research question (ie, qualitative versus quantitative
study designs), and themes that emerge for each question will
be reported. The findings will also be collated in relation to
domains of nursing practice, in order to identify gaps for future
research considerations. Pending the results, visual
representations of the data may also be created. NVivo 12 (QSR
International Pty Ltd, Burlington, MA) and Microsoft Excel
2007 (Microsoft Corp, Redmond, WA) will be used to assist
with categorizing and analyzing the data as appropriate.
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Textbox 2. Sample data charting elements.

Article Information

• RefID number

• Data charted by (initials)

• Author

• Year

• Study design

• Country

• Aim/purpose

Population

• Nursing designation (registered nurse [RN], registered practical nurse [RPN], licensed practical nurse [LPN], nurse practitioner [NP], student)

• General description of “health care providers”

• Domain of practice or setting

Intervention

• Type of artificial intelligence–driven digital health technology discussed

• Brief description of study

Study Findings

• Key findings related to the research questions

• Relevance to compassionate care

Step 6: Consultation
Levac et al [27] list consultation as a final and mandatory step
in the scoping review process. Feedback will be sought from
the co-chairs throughout the scoping review process. Once
preliminary findings have been identified, a document
summarizing the articles included and the themes identified for
each research question will be circulated to the steering
committee to review. During the consultation, the steering
committee members will be asked to reflect on whether the
themes identified resonate with their areas of expertise or if
there were any themes they expected to see that were not
identified. This consultation with the co-chairs and steering
committee will occur through video conference call meetings
and email. Upon completion of the review, a symposium with
key partners and stakeholders will be held to further consult
and discuss the findings, foster new delivery models of
compassionate care involving digital health technologies, and
help build leadership capacity among health care providers.

Results

Electronic database searches were conducted in November 2019,
and 14,415 results were retrieved. When the search was limited
to the last 5 years, a total of 10,318 articles were retrieved. Title
and abstract screening, data charting, and the remaining steps
of the scoping review including dissemination (ie, symposium
and subsequent briefing paper) aim to be completed by the fall
of 2020. Preliminary screening results show that social robots
that utilize AI are being used more frequently in long-term care
settings with elderly patients [30,31], which may influence the

therapeutic relationship between patients and their nurses.
Furthermore, clinical predictive models using AI-driven
technologies are becoming more advanced and have the potential
to positively impact patient care [32,33]; nurses are increasingly
becoming involved in the development of these AI-driven digital
health technologies [2,12].

Discussion

Preliminary Findings
Digital health technology is frequently conceptualized as being
at odds with humanistic, compassionate care, yet both play
important roles in the delivery of health care [34]. This dualistic
portrayal may prevent health care providers from recognizing
the ways in which technology is ubiquitous in their own clinical
practice, shaping their relationships with patients in ways that
can be difficult to see [34]. The entwinement of technology in
health care creates risks and possibilities; health care providers
can use technology positively in the provision of patient care,
and they can also become dependent on technology to the extent
that they lose their humanness [34-36]. Without critical
recognition of their entwined human and technology
relationships, health care providers are at risk of continuously
struggling against technology or being governed by it [34].
However, with conscious recognition of the ways in which
technology is enmeshed in clinical practice, health care providers
can preserve their humanness, recognize the embodied
experiences of patients, and ensure compassionate care is
actualized in a technological world [34].
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Compassionate care is fundamental to the nursing profession
[16-18], and without this core tenet, the nursing profession as
it exists now may cease to remain. By critically examining the
influence of technology on nursing practice and, more
specifically, the influence of AI on compassionate nursing care,
the profession can plan for its future trajectory in a technological
world.

After collating and analyzing the findings of this scoping review,
a briefing paper will be written. The briefing paper will
summarize the findings in a narrative fashion, organized in a
way that addresses the implications for nursing, health care
policy, and future research. A manuscript containing the final
analysis will be written and submitted for publication, and the
PRISMA-ScR will be completed and submitted with the paper
[24].

Limitations
One limitation of this scoping review was the inability to search
engineering and computer science databases, due to accessibility
issues and organizational licensing restrictions; this limitation
may lead to some gaps in the research findings. Future research
encompassing engineering and computer science databases on
this topic is advised.

In addition, this scoping review did not incorporate the Peer
Review of Electronic Search Strategies elements [37]. This
process involves peer review of the work of the information
specialist, to ensure that the search strategy is appropriate [37].
Typically, this process is only done for systematic reviews, and
due to the chosen methodological framework [27] along with
timeframes and feasibility, it was not conducted for this review.

Furthermore, the reviewers used percentage agreement when
calculating interrater agreement during title and abstract
screening, for feasibility purposes, with a percentage agreement
rating of 97%. However, it is recognized that this is not as
reliable as Cohen’s kappa; in future projects, the reviewers will
consider using Cohen’s kappa for greater interrater reliability.

The lack of quality assessment of the included articles is
recognized as another limitation of this scoping review.
However, scoping reviews typically do not appraise the quality
of evidence in the primary research studies [26]. Furthermore,

scoping reviews do not synthesize the research findings based
on the relative quality of evidence in favor of a particular
intervention; instead, they offer a narrative or descriptive
account of the evidence [26]. Although these are potential
limitations, scoping reviews can provide a large breadth of
research studies in a relatively short amount of time, allowing
reviewers to map out the gaps in research as well as summarize
and disseminate their findings in a realistic and feasible manner
[26]. Finally, given the emerging nature of this topic, performing
a quality appraisal may exclude research studies that are more
discussion-based or qualitative in nature, thus leading to very
limited results.

Conclusions
From a historical perspective, to consider the work of
Sandelowski [38], nurses can take one of two viewpoints on
technology: technological optimism or technological
romanticism. Technological optimism encompasses a positive
viewpoint, where one sees the benefits of technology on nursing
practice; conversely, nursing romanticism holds a more negative
viewpoint, where technology is seen as disruptive and dangerous
to nursing practice [38]. In recent years, technology has become
increasingly entrenched in nursing practice. Although
Sandelowski’s viewpoints may not necessarily be true of today’s
nurses, it is important to recognize both of these perspectives
in order to ensure compassionate care is actualized as AI-driven
digital health technologies continue to emerge.

Healthcare technology and compassionate care both play vital
roles in the provision of nursing care. To our knowledge, this
is the first scoping review to examine the influence of emerging
trends in AI-driven digital health technologies on all domains
of nursing and, more specifically, on the compassionate care
that nurses provide. The findings of this scoping review will be
relevant for nurse educators, administrators, health care
organizations, nursing regulatory bodies, and nursing
professional groups preparing nurses for practice in an era of
AI. Furthermore, it will provide valuable information on roles
of nurses in the co-design of AI-driven digital health
technologies. Results of this review will be disseminated in a
briefing paper, which will be used to inform a symposium
organized by Associated Medical Services Healthcare in
partnership with the RNAO.
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