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Abstract

Background: Recent research has investigated the utility of mobile phone-delivered interventions for reducing risky
single-occasion drinking, also known as binge drinking. In the past five years, focus has been placed on ecological momentary
interventions (EMIs), which aim to deliver intervention content in correspondence to real-time assessments of behavior, also
known as ecological momentary assessments (EMAS).

Objective: This study aims to assess the effect of a fully automated, tailored, mobile phone—delivered EMI termed Mobile
Intervention for Drinking in Young people (MIDY) on young people's risky single-occasion drinking behavior.

Methods: We will use athree-armed randomized controlled trial design to determine the impact of MIDY on peak consumption
of alcohol among young people. A list of mobile telephone numbers for random digit dialing will be generated, and researchers
will telephone potential participantsto screen for eligibility. Participantswill be randomized into one of threeintervention groups.
For 6 weeks, EMI, EMA, and attention control groups will complete hourly EMA surveys on their mobile phones on Friday and
Saturday nights. EMI participants will receive personalized feedback in the form of text messages corresponding to their EMA
survey responses, which focus on alcohol consumption, spending, and mood. EMA participantswill not receive feedback. A third
group will also complete EMA and receive feedback text messages at the same time intervals, but these will be focused on
sedentary behavior and technology use. All groups will also complete a short survey on Saturday and Sunday mornings, with the
primary outcome measure taken on Sunday mornings. A more detailed survey will be sent on the final Sunday of the 6-week
period, and then again 1 year after recruitment.

Results: The primary outcome measure will be an observed change (ie, reduction) in the mean peak number of drinks consumed
in asingle night over the 6-week intervention period between the EMI and attention control groups as measured in the weekly
EMA. We expect to see a greater reduction in mean peak drinking in the EMI group compared to that in the attention control
group. As a secondary aim, we will assess whether mean pesk drinking is reduced in the EMA group compared to the attention
control group. We will use arandom-effects mixed-modeling approach using maximum-likelihood estimation to provide estimates
of differencesin peak drinking acrosstime periods between those receiving the intervention (EMI) and attention control participants.
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An intention-to-treat approach will be taken for the analysis. Individuals and study groups will be modeled as random and fixed
factors, respectively.

Conclusions: This study extends our previous work investigating the efficacy of a mobile EMI (MIDY) for reducing risky
drinking among young adultsin Australia, and will add to the expanding literature on the use of mobileinterventionsfor reducing

risky acohol consumption.

Trial Registration:
http://www.anzctr.org.auw/ACTRN12617001509358p.aspx

International Registered Report Identifier (IRRID):

(JMIR Res Protoc 2020;9(3):€14190) doi:10.2196/14190

KEYWORDS

Australian New Zealand Clinical Trials Registration (ANZCTR): ACTRN12617001509358p;

DERR1-10.2196/14190

alcohal; brief intervention; young adult; alcohol drinking; prevention and control; mobile phone

Introduction

Recent research has investigated the utility of mobile
phone—delivered interventionsfor reducing risky single-occasion
drinking (also known as binge drinking). Smartphones are
ubiquitous in the lives of young Australians. A 2017 study
showed that 94% of Australians aged 19-25 years spent more
than 1 hour on their smartphone each day, with 63% spending
more than 3 hours. Over haf of the respondents in this age
group reported that they check their phone every 15 minutes
(27%) or every 30 minutes (25%) [1]. Most mobile
phone—delivered alcohol interventions have focused on students
and other young adults [2-11] , due to the high rates of alcohol
consumption and alcohol-related harm in this population, in
conjunction with their high rate of smartphone ownership
[12,13].

Among the mobile phone-delivered interventions for alcohol
consumption that have been documented in the literature to
date, many take abrief intervention approach and provide some
form of tailored feedback in response to screening of drinking
behavior and other variables. Suffoletto and colleagues
conducted several studiesin which they recruited young adults
from hospital emergency departments and sent them tailored
advice via short message service (SMS) text messaging based
on reported single-occasion drinking behavior, intentions to
drink over the coming weekend, and commitment to reduce
drinking and weekly drinking [3-6]. Suffoletto et a [5] reported
small reductionsin the drinking days and humber of drinks per
day over a 12-week period in the intervention group compared
with those of the control group.

In the past five years, focus has been placed on ecological
momentary interventions (EMIs), which aim to deliver the
intervention content in correspondenceto real-time assessments
of behavior, also known as ecological momentary assessments
(EMAS) [14]. The difference between EMI-based studies and
the af orementi oned mobile phone-delivered alcohal intervention
studies is the act of interrupting the drinking event in the
moment it occurs. EMIs frequently feed off information
provided in EMASs, dlowing for the intervention to be
specifically tailored to the individual’s circumstances at the
time. The combination of these two factors allows for a highly
salient interruption at a time most pertinent to the recipient
[14,15]. In our previous work, young adults likened the

http://www.researchprotocols.org/2020/3/e14190/

experience of receiving EMI to having a sober friend or a sober
version of themselves pull them out of adrunken haze and gently
tweak their behavior to help them avoid going “too far” [16].

Riordan et al [8-10] have focused on EMI for university
students, particularly during the orientation week period. Intwo
separate studies, they tested the effect of sending EMASs and
EMIs during orientation week, and throughout the university
semester; these EMIswere devel oped specifically for the student
population and were informed by formative research. Their
results have been mixed, with one study showing an effect in
females but not males[8] and a second study showing an effect
in one college but not another [9]. Although Riordan et a [17]
highlighted akey risk group for al cohol consumption and related
harm, many other nonstudent young adults also drink to excess
regularly. Therefore, there is a need to test EMIs that focus on
more general populations of young adults.

The current study extends our previouswork in developing and
testing a mobile phone-delivered EMI for reducing risky
drinking in the event. Our 2016 study [16] outlined the co-design
process taken to develop Mobile Intervention for Drinking in
Young people (MIDY), during which 42 young people (adults
18-25 yearsold) participated in workshopstoinform the delivery
platform, timing, and frequency of assessment and intervention,
guestionnaires, tailoring process, and intervention content. The
subsequent design included SMS text message—prompted,
mobile Web-based EMAS (ie, an SM Stext message with alink
to asurvey that opensin the Web browser of the mobile phone),
with text-based feedback sent after each EMA is completed.
Our feedback was informed by participants' preferences in
addition to motivational interviewing and brief intervention
theory [18]. Hourly EMAs were preferred by most of
participants, between 6 pm and 2 am on intervention nights.
Participants requested feedback messages that were short,
practical, and nonjudgmental. The same young people then
tested the intervention on one night and completed follow-up
interviews. The design was reported to be feasible and
acceptable by amost all participants, with a response rate of
over 90% for EMAS.

Subsequently, in 2018, we conducted a triad on the
implementation of this same intervention among a sample of
young people recruited from an existing cohort of young adults
with risky drinking behavior [19]. We conducted athree-armed
randomized controlled trial (RCT) to compare the full MIDY
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intervention with assessment-only and no-contact control groups.
Participants were asked to complete the intervention or
assessments on 6 nights over a 12-week study period. Our
analyses showed a small and nonsignificant increase between
baseline and follow-up data with respect to the mean number
of standard drinks consumed at the most recent heavy-drinking
occasion inthe EMI group (12.5vs 12.7). The EMA and control
groups each showed a nonsignificant decrease (EMA 13.8
vs11.8; control: 12.3 vs11.6). There were no significant
differencesin these changes between the groups and effect sizes
weresmall. We al so did not observe differences between groups
in other measures of a cohol consumption. However, this study
was challenged by a small sample size relating to difficulties
in recruiting participants from an ongoing cohort study into the
intervention study, which affected our ability to detect
significant effects. We therefore recommended further research

Figurel. Study design.

Wright et a

into the efficacy of the MIDY intervention to clarify any effect
on alcohol consumption.

Based on the two previous studies [16,19], this study aims to
assess the effect of a tailored, mobile phone-delivered EMI
(MIDY) on young people's risky single-occasion drinking
behavior.

Methods

Study Design

We will use athree-armed RCT design to determine the impact
of MIDY on peak consumption of acohol among young people.
The protocol for this study was registered with Australian New
Zealand Clinical Trials Registry in October 2017.

The design of the study isoutlined in Figure 1.

Random digit dialling recruitment and baseline telephone questionnaire

Ecological
Momentary
Intervention (EMI)
(Assessment +

n=146
6 weeks of

alcohol-related
assessment +

Ecological
Momentary
Assessment (EMA)
(Assessment only)

intervention) n=166&

6 weeks of

Attention Conirol
(AC)
(Control)
n=166

& weeks of non-
alcohol-related
assessment +

alcohol-related
assessment on

weekend nights
Weekly EMASs

intervention on
weekend nights
Weekly EMAs

intervention on
weekend nights
Weekly EMAs

6 week follow-up

12 month follow-up

Recruitment and Screening

Participants will be recruited using random digit dialing by
trained researchers employed by TKW Research Group, a
computer-assisted telephone interviewing (CATI) service
provider. A list of mobile telephone numbers for random digit
dialing will be generated by TKW Research Group, and their
researchers will telephone potentia participants to screen for
eligibility.

Eligible participants will be Australian residents aged 18-25
years who report drinking at least 8 standard drinksin asingle
session at least once in the previous 12 months at screening,

http://www.researchprotocols.org/2020/3/e14190/
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and possess a mobile phone with internet access. The alcohol
consumption eligibility criteriawere selected to capture aheavy
drinking population of young people, and were based on the
Young Adults Alcohol Study conducted by Dietze et a [20].

It is expected to take approximately 4 weeks to recruit the
desired sample size of 500 eligible participants, with calls
occurring on 5 days of each week in the late afternoon and
evening, and a team of approximately 6-10 staff undertaking
calls on each shift. TKW Research Group estimated that they
will need to make approximately 10,000 calls to achieve this
sample size, given that only a small segment of the population
will meet the age criterion, and only half of those are expected
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to meet the drinking criterion. We have chosen CATI
recruitment based on our previous successin using this method
with this same age group [20], in which we recruited 800 young
adultsfrom Victoria, Australiafor acohort study with asimilar
length and intensity of recruitment fieldwork. We chose not to
use SMS text messaging to directly recruit participants owing
to (unpublished) discussionsin formative stages of the research
with young people who described that they would find being
cold-contacted by researchers “dodgy” and that they would
likely ignore the message.

When an individual is deemed €eligible to be enrolled in the
study, researcherswill invite them to participate using astandard
script to describe the study (ie, all three groupswill receive the
same information about completing mobile phone surveys on
Friday and Saturday nightsfor the next 6 weeks). If they provide
verbal consent, the researcher will administer the baseline
guestionnaire over the phone on the spot. Reasons for refusal
will be documented. Following completion of the interview,
TKW Research Group will forward the details of new
participantsto the Burnet Institute, and we will send awelcome
SMS text message with a link to detailed study information
relevant to the participants’ assigned arm; this will include a
plain-language summary of the proceduresrelatingto their trial
arm, additional information as per the usual requirements of an
“explanatory statement” required by an ethics committee, as
well as some frequently asked questions. Participants will be
blinded to the purpose of the study. The nature of the
intervention means it will not be possible to blind participants
to their allocated arm; however, they will remain unaware of
the detailed procedures of the other arms.

Event-Based Data Collection

Alcohol Ecological Momentary Assessment and
Ecological Momentary I ntervention Groups

Each participant from the EMA and EMI groups will fill out
the same self-reported mobile phone—delivered surveys on
Friday and Saturday nightsfor 6 weeks. In our previous studies
[16,19], participants elected to complete the intervention on
nights that they planned to drink. As the current trial includes
an attention control (who are not exposed to alcohol questions
or related content), this was not feasible, and we instead opted
to predefine the intervention nights asthe most popular drinking
nights of young people based on our previous study. This was
restricted to two nightsto reduce the burden to the participants.

The design of the data collection procedures and intervention
were informed by previous research [19,21,22] showing that
this length and intensity of intervention were feasible. Our
previous study with a 12-week intervention period retained
87/101 (85%) of the EMI participants at follow up [19]. We
shortened this time period in the current study due to the
above-mentioned decision to deliver the intervention on two
nights of the week, rather than allowing participants to select
their own intervention nights. We also found that hourly surveys
were perceived as the optimal balance between minimizing the
response burden and maximizing memory recall of alcohol
consumption [16]. As with our previous study that tested an
earlier version of thisintervention [19], at 6 pm on study nights,

http://www.researchprotocols.org/2020/3/e14190/
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participants will receive ashort SM S text message asking them
to complete a survey, containing a link to an online
guestionnaire. This 6 pm presurvey includes questions relating
to their intentions for the night, such as their plans for the
evening, who they are socializing with (if at all), their location,
their mood, and if they plan to consume alcohal. If they plan to
drink, they will be asked how much they plan to drink, spend,
and eat; aranked list of particular adverse events they wish to
avoid (eg, vomiting, not being able to get home); their planned
mode of transport home; next day plans;, and any alcohol
consumption so far. An addition to this version of the
intervention is the ability for participants to set reminders that
can be sent throughout the night by SMS text messaging;
participants can select from alist of reminders (ie, “You have
a study deadline!” or “Don't forget that you have work
tomorrow”) and can select the time for it to be sent. Multiple
reminders can be set to come through between 7 pm that night
and 11 am the next day.

Participantswill then be sent shorter surveysat hourly intervals
between 7 pm and 3 am, which ask about current location type,
mood, spending, any alcohol consumption sincethelast survey,
and, if consuming alcohol, their perceived drunkenness.
Participants can stop the surveys for the night at any point by
selecting an option at the end of a survey, or by replying to the
number texting them with the word “stop.” Each time a survey
is submitted, their GPS location is automatically collected.

At 11 am the next day (Saturdays and Sundays), participants
will be sent another survey, which includes questions about any
alcohol consumed or money spent after they went to bed, an
estimated total standard drinks consumed and money spent for
the night, an estimated volume of water consumed for the night,
perceived socia pressures to drink more and less, reporting of
adverse events, “hangover” experienced (if they consumed
alcohal), and a“fun” rating of the night.

Alcohol Ecological Momentary | ntervention Group

The EMI, including questionnaires, message framing, and
content, was developed in a participatory study with agroup of
42 young adultsin 2014 [22,23]. Thisthree-part study involved
half-day workshops to inform the design, individual testing of
the intervention on a single night of drinking, and evaluation
involving both in-depth interviews and a structured online
survey. Further refinements were made following the
implementation and evaluation of a pilot RCT [19,24] in
2015-2016. In conjunction with the co-design process, we have
refined messages according to principles of moativational
interviewing theory [18]. Each message incorporated an aspect
of the FRAMES model, which includes Feedback (giving
feedback on risks and negative consequences), Responsibility
(emphasizing that the participant isresponsible for making their
own decisions), Advice (straightforward advice on modifying
alcohol use); Menu of options (providing amenu of optionsto
choose from), Empathy (demonstrating empathy and a
nonjudgmental tone), and Self-efficacy (communicating
optimism that the participant can modify their behavior if they
so choose). We incorporated advice from participants in the
formative stage to reduce the complexity of messagesand move
toward more straightforward feedback over the course of the
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night or as they consumed higher amounts of acohol. The
messages sent the following morning tended to focus more on
encouraging the participants to reflect on their behavior and
consider what they can choose to do differently the next time.

Inlinewith EMI principles[14], the EMI group will additionally
receive repeated interventions by SM S text messages each time
they fill in asurvey onintervention nights. Thesefeedback SMS
text messages comprise tips and advice for having a safe and
enjoyable night, along with potential feedback related to
cumulative drinking and spending. These messages aretailored
to the individual based on their intentions, motivations, and
plansreported in the presurvey and their current situation at the
time of each hourly EMA during the night. Following
completion of an EMA survey, a message is automatically
selected from abank of more than 2500 messages, each of which
are“tagged” with particular |abelsthat determine theindividual
and situations that they are appropriate for. For example, some
messages are appropriate for particular locational contexts but
not others, such as a message advising participants who are
concerned about their spending to take out only alimited amount
of cash from an automated teller machine, which is appropriate
for venues or public settings but not private homes. Other
tailoring variables include gender, their reported priorities for
the evening, their transport plans, whether or not they have
reported eating dinner, who they are with, how drunk they report
feeling, and their mood. Raw data can also be directly dropped
into the messages (ie, cumulative standard drinks reported so
far) to provide moretail ored feedback on drinking and spending.

We used a similar framework for tailoring our messages as
adopted in our previous study [24] to determinethetype or topic
of message sent at each hourly interval, with decision logic
based on different variables collected throughout the night. Our
SMS text messaging system was developed by Questmetrics,
which is linked with SurveyGizmo (the host of our EMA
surveys) using webhooks, so that data from the surveys are
immediately passed to the Questmetrics database and used to
retrieve arelevant tailored message. For each survey filled out,
algorithms are run within Questmetricsto match anindividual’s
responses against the logic framework that determines which
message to send back to a participant. For example, at 1 am, if
the participant has indicated that they plan to ride their bicycle
home and that they feel drunk, they will receive a message
suggesting that they make an aternative plan such as “It's
probably not safe for you to ride home tonight. What's your
backup plan?’ A participant who reportsin their presurvey that
they would like to avoid having a hangover the next day and
that they have not eaten dinner yet and plan to have more than
2 drinks that night may receive a message such as“Don’t want
to spend tomorrow in bed? Dinner now is agreat idea.”

EMI participants who respond to surveys reporting that they
have not consumed any acohol during the night will receive a
generic response message such as “Thanks for your time so
farl”

Alcohol Ecological Momentary Assessment-Only Control
Group

The first control group (EMA) will follow the EMA data
collection procedure described above (including registration for
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6 weeks and event-based EMA for Friday and Saturday nights
during the study period); however, they will not receive any
feedback SMStext messages. ThisEMA-only group isrequired
to examine potentia reactivity to the EMA; that is, to assess
the extent to which compl eting assessments alone (without any
feedback or other intervention) can affect drinking behavior.
Although previous studies have not found evidence of reactivity
for EMA [25,26], in our pilot randomized control study, we
noted a (nonsignificant) greater reduction in the primary
outcome measure of peak drinksamong participantsinthe EMA
group compared to those in the EMI and no-contact control
groups[19].

Attention Control Group

A second control group, attention control group, will fill out
nonal cohol-related EM As on weekend nights during the 6-week
study period. We aimed to select atopic that isunlikely to have
any influence on acohol consumption, and instead focused on
socia interactions and sedentary behavior. Participants will be
sent surveys on the same schedule previously described with
weekly EMASs and event-based EMASs between 6 pm and 3 am
on Friday and Saturday nights during the study period, with the
option of opting out during the events. Participantswill be asked
to report on their plansfor the evening, their socia circle, socia
interactions throughout the night (including in person and
online), and sedentary behavior such ashow many minutesthey
have spent standing, sitting, or lying down in the past hour.
They will then receive feedback SM Stext messagesin response
to their surveysrelating to their sedentary behavior, tailored by
context such as social interactions and use of socia media
Thereis abank of several hundred messages available for this
attention control group, similarly tagged with tailoring variables.
For example, a participant who reported that their main plan
for the night waswatching TV or Netflix may receive amessage
such as: “Take a break from the TV every now and then to get
up and stretch. You've been sitting down for 2 hours aready
tonight!” The attention control group will bethe primary control
group used for comparison to the EMI group in analyses.

Reimbur sement

All participants will receive reimbursements that are varied
based on thelevel of participation in the study, with the baseline,
6-week follow up, and 12-month follow up incentivized in
addition to the next-day surveys (11 am Saturday following a
Friday night event, and 11 am Sunday following a Saturday
night event). Each survey is worth AUS$5, with a bonus
AUSS$10 for completing the final Sunday survey at the end of
the 6 weeks, and AUS$10 for the 12-month follow up. Total
possible reimbursement is therefore AUS$80.

Ethical | ssues

Ethics approval for the RCT has been obtained from the Alfred
Hospital Ethics Committee (project 18/18).

Thereisasmall risk that participantswill experience discomfort
when answering questions about their alcohol consumption and
its impacts, and reflecting on their previous weekend night.
Participants do not have to answer any question if they feel
uncomfortable about doing so.
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Thereisalsoasmall risk of participantsfeeling inconvenienced
at having to answer hourly surveys on weekend nights. The
impact is minimal given that the surveys will take only 1-2
minutes each. Participants are also be given the option at each
hourly survey to opt out of compl eting subsequent assessments
for that night.

Small payment will also be provided, as described above, to
compensate participants for their time.

Primary Outcome M easure

All measures were defined a priori. The primary outcome
measure will be an observed change (ie, reduction) in the mean
peak number of drinks consumed in a single night over the
6-week intervention period between those receiving the
intervention (EMI) and attention control participants, as
measured in the weekly EMA. This method improves on our
previous study, which only collected this primary outcome
measure at baseline and at follow up 12 weeks later.

The primary outcome measure is collected in the 11 am
(next-day) survey on Sunday mornings each week during the
6-week study period (total of 6 measurements). The question
asks participants to report on the highest number of alcoholic
drinks consumed in asingle occasion in the past week, and the
night of the week acohol was consumed. This measure will
also be collected in a survey 12 months after commencement
of the intervention period.

We expect to see a greater reduction in mean peak drinking in
the EMI group compared to the attention control group. We
also expect that the EMA group will show areduction in mean
peak drinking compared with that of the attention control group.
Thelatter hypothesisis based on findings from our 2018 study,
which showed alarge but nonsignificant reduction in the EMA
group compared to the control group [19]. We also expect to
seeagreater reduction in mean peak drinking inthe EMI group
compared to the EMA group.

It should be noted that this outcome is based on reducing peak
consumption on a single occasion, rather than the general
frequency or quantity of alcohol consumption over a period of
time. This outcomeis recognized as the most accurate measure
of the key aim of binge-drinking interventions, namely to reduce
the level of consumption (and harm) in an acute event. This
single-item numerical measure has been shown to be reliable
when compared to detailed time- and location-specific
guestioning across the drinking occasion [20].

Secondary Outcome M easures

Thefollowing secondary outcomes of interest will be measured
at the baseline, 6-week follow up (final Sunday 11 am survey),
and 12-month follow up. Secondary alcohol consumption
measures include annual consumption of >730 standard drinks
per year (which equates to >2 standard drinks per day, in line
with the Australian National Health and Medical Research
Council guidelines for alcohol consumption) and, as two
additional outcomes, monthly consumption of =5 and =11 drinks
in asingle session. These three measures will be derived from
the graduated frequency measures, which includethefollowing
questions: “In the past 12 months, how often have you had 20
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or more standard drinks in a day?’ with response options
including “Every day,” “5 to 6 days a week,” “3 to 4 days a
week,” “1to 2 days aweek,” “1 day aweek,” “2 to 3 days a
month,” “About 1 day a month,” and “Less often than 1 day a
month.” The question is then repeated with respect to the
frequency of consumption: 11-19 standard drinks, 7-10 standard
drinks, 5-6 standard drinks, 3-4 standard drinks, and 1-2 standard
drinks. We will also examine changes in hazardous alcohol
consumption using the Alcohol Use Disorders Identification
Test [27].

We will measure experience of alcohol-related harms with
yes/no/don’'t know responses as to whether the participant has
experienced different types of harm on their heaviest drinking
occasion in the past 3 months, including: “Did you get into any
verbal arguments or verbal fights on that occasion?’, “Did you
fail to do what you intended to do the day after the session?’,
and “Did you have any troubl e getting home on that occasion?’
Theseitemswere derived from the GenACIS[28] and VYADS
guestionnaires[29].

Usahility and acceptability will be assessed in the follow-up
survey among all groups using a 5-point Likert scale asking
participants to rate a series of individual statements pertaining
to their experience of undertaking the intervention (eg, “the
assessments were easy to complete”). Additional process
evaluation measures such as participant levels of response,
refusal, and timeliness of response will also be explored to
assess feasibility and acceptability.

Randomization

We will use Stata statistical software package version 15
(StataCorp LLC, College Station, TX, USA) to conduct block
randomization to ensure balanced randomi zation to each of the
three study arms. Randomization will be undertaken by a
researcher externa to the study team.

Effect Size and Sample Size

We hypothesize that the intervention will result in a decrease
of 2.5 drinks on peak drinking

occasions. In our recent cohort study [17] that utilized similar
inclusion criteria, the mean number of drinks consumed on the
“most recent big night out” was 13.2 (SD 5.2). Reducing this
by a mean of 2.5 standard drinks (Cohen d=0.48) would halve
the estimated odds of alcohol-attributable mortality, motor
vehicle accidents, and other serious injuries in the population
[30,31]. Previous work suggested that this effect size is
achievable: a nonrandomized mobile phone intervention found
a mean reduction of 2.1 drinks per session following an
untailored SMS text messaging—based intervention from a
baseline of just 5.2 drinks [3]. This change is aso consistent
with ameta-analysis of acohol brief interventionswhich found
a significant aggregate effect size improvement in alcohol
consumption of 0.67 (95% Cl 0.40-0.95) 3 months after
intervention and 0.26 (95% CI 0.20-0.32) 12 months after
intervention [32].

Assuming a standard deviation of peak drinking of 5.2,
conservative 10% end-point attrition, 90% power, and
conservative 1% type-l error rate, we estimate that a sample of
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145 participants per group is required at minimum to detect an
effect size of this magnitude.

The study sample size is based on the primary aim, the
associated clinically meaningful difference, and the proposed
analytical methodology, which includes multiple comparisons
of effect across the three groups of the trial. The sample size
estimate has been calculated to test for alinear group-by-time
interaction (ie, a greater mean reduction in number of drinks
across the 6 weeks for those receiving the intervention) from a
random-effects mixed-model analysis (6 measurements) and
moderate correlations between subject measurements (r=.52,
estimated from the variance parameters from our 2018 study
[19]. In case of additional attrition, we will aim to recruit 500
participants.

Statistical Analyses

We will use a random-effects mixed-maodeling approach using
maximum-likelihood estimation to provide estimates of
differencesin peak drinking acrosstime between those receiving
the EMI and attention control participants. An intention-to-treat
approach will be taken for this analysis. Initialy, individuals
and study groups will be modeled as random and fixed factors,
respectively, in these mixed-model analyses. Appropriate fixed
terms for the functional form of the association between study
time and peak drinking will also be estimated in modeling.
Additional analyseswill explore the model fit of estimation of
study group and time factors as random effects. The interaction
between group alocation and study timeis our primary focus.
These analyses will be repeated, as secondary analyses, to
determine the impact of the assessments alone (ie, comparison
of EMA and attention control groups) using participant
observationsfrom the EMA group. Simple main effectsfor both
treatment and time will aso be estimated in the models.
Distributional assumptions of models will be tested in the data
and appropriate transformations applied in cases where these
arenot reasonably met. All statistical analyseswill be performed
using Stata statistical software package version 15.

Results

Recruitment for this study began in November 2018, and 601
participants were recruited by March 2019. We expect data
collection for follow-up to be completed by March 2020.

Discussion

Overview

This study addresses unanswered questions from our previous
research [19] about the efficacy of the MIDY intervention for
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reducing risky drinking behavior among young people. This
research will add to the growing body of literature on EMI for
alcohol use. If this intervention demonstrates efficacy in
reducing alcohol consumption, we see potential for it to be
offered to young people at crucial time points and eventswhere
risky drinking commonly occurs, such asduring “schoolies’ (a
celebration following the completion of high school) or
“Orientation week” (the first week of university for Australian
and New Zealander students). We envisagethat thisintervention
could either be made publicly available for young people to
self-select into or be implemented in targeted populations.

Limitations

This study also has a number of limitations. In our previous
work, we encountered challenges with respect to recruitment,
which participants described asrel ating to research fatigue after
participating in several waves of a cohort study prior to being
invited into the trial. However, it is aso possible that the
intervention itself is deemed unappealing or too burdensometo
complete during socia events, which could affect our ability to
recruit an adequate number of participants.

Due to logistical considerations and funding restrictions, we
opted to recruit and administer the baseline questionnaire via
CATI, with the subsequent primary outcome assessments
performed using mobile Web-based questionnaires. Itispossible
that changing the mode of administration may induce respondent
bias. However, all three groups will be subject to the same
biases.

As with most alcohol-related research, this study relies on
self-reported data, which is prone to reporting bias; however,
this bias is not expected to differ among the RCT arms. The
primary outcome will be collected at a time when participants
are unlikely to be under the influence of acohol consumption.

It is difficult to blind participants in this type of intervention
study; however, our inclusion of the EMA group should allow
us to account for expectancy effects whereby participants may
deduce that the purpose of the intervention is to monitor and
intervene on drinking behavior.

As is the case for al intervention studies using incentives,
adherence to the intervention may not be able to be replicated
in real-world settings.

Conclusion

This study extends our previous work investigating the efficacy
of amabile EMI, MIDY, for reducing risky drinking behavior
among young adults in Australia, and will add to the
proliferating literature on the use of mobile interventions for
reducing risky alcohol consumption.
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Abstract

Background: Extended criteriadonors (ECD) are widely utilized due to organ shortage, but they may increase the risk of graft
dysfunction and poorer outcomes. Hypothermic oxygenated perfusion (HOPE) isarecent organ preservation strategy for marginal
kidney and liver grafts, allowing aredirect from anaerobic metabolism to aerobic metabolism under hypothermic conditions and
protecting grafts from oxidative species—related damage. These mechanisms may improve graft function and survival.

Objective: With thisstudy, we will evaluate the benefit of end-ischemic HOPE on ECD graftsfor livers and kidneys as compared
to static cold storage (SCS). Theaim of the study isto demonstrate the ability of HOPE to improve graft function and postoperative
outcomes of ECD kidney and liver recipients.

Methods: Thisis an open-label, single-center randomized clinical trial with the aim of comparing HOPE with SCSin ECD
kidney and liver transplantation. In the study protocol, which has been approved by the ethics committee, 220 patients (110 liver
recipientsand 110 kidney recipients) will beenrolled. Liversand kidneys assigned to the HOPE group undergo machine perfusion
with cold Belzer solution (4-10°C) and continuous oxygenation (partial pressure of oxygen of 500-600 mm Hg). In the control
group, livers and kidneys undergoing SCS are steeped in Celsior solution and stored on ice. Using the same perfusion machine
for both liver and kidney grafts, organs are perfused from the start of the back-table procedure until implantation, without increasing
the cold ischemia time. For each group, we will evaluate clinical outcomes, graft function tests, histologic findings, perfusate,
and the number of allocated organs. Publication of the results is expected to begin in 2021.

Results: Dynamic preservation methodsfor organsfrom high-risk donors should improve graft dysfunction after transplantation.
To date, we have recruited 108 participants. The study is ongoing, and recruitment of participants will continue until January
2020.

Conclusions: The proposed preservation method should improve ECD graft function and consequently the postoperative patient
outcomes.
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Introduction

Transplantation isthe ideal therapeutic treatment for end-stage
liver and kidney disease. However, this treatment seems to be
the victim of its own success. Although the number of liver
transplantation (LT) and kidney transplantation (K T) procedures
is increasing, as recently reported by the Italian registry, we
face adramatic decrease in the number of available organs[1].

Compared with standard donors, extended criteriadonor (ECD)
grafts are more vulnerable to the intracellular harmful effects
of ischemia, such as a decrease in the availability of adenosine
triphosphate (ATP), increase in reactive oxygen species, and
release of lysosome enzymes with consequent alteration of cell
structure and function [2,3]. In addition, hypoxiainhibits glucose
oxidative phosphorylation, leaving anaerobic glycolysis as the
only source of ATP production, with consequent alteration of
theintracellular ionic environment and phospholipid membrane
integrity [2,3]. All these eventslead to the severe morphol ogical
damage that facilitates the onset of graft dysfunction [2,3].

Organ preservation is crucial when ECD transplant grafts are
utilized. To date, static cold storage (SCS) is the most widely
used method for organ preservation due to its simplicity and
effectivenessin reducing metabolism and the associated oxygen
need [4]. However, severa studies have reported associations
between the SCS preservation of ECD graftsand increased rates
of delayed graft function (DGF) and primary graft non-function
(PNF) inKT, increased rate of early all ograft dysfunction (EAD)
in LT, and reduced long-term graft survival [5,6].

Over the last decade, researchers have focused their attention
on investigating alternative strategies for organ preservation.
Preclinical and clinical studies have explored normothermic
(35-37°C), sub-normothermic (20-25°C), and hypothermic
(4-10°C) machine perfusion with (hypothermic oxygenated
perfusion [HOPE]) or without (hypothermic machine perfusion)
oxygen [3,7]. Dynamic perfusion improves the quality of
high-risk grafts, removeswaste products, and provides metabolic
substrates for ATP and glutathione generation, which protects
against reactive oxygen species—related damage [7]. Severa
clinica studies have demonstrated how HOPE improves

http://www.researchprotocols.org/2020/3/e13922/

short-term and long-term outcomes of KT and LT recipients
[7-11].

Inthisstudy, we will evaluate the benefit of end-ischemic HOPE
on ECD grafts(liver and kidney) as compared with SCS. Organs
will be perfused through arecently devel oped machine perfusion
device from the beginning of back-table procedures until
implantation, without increasing cold ischemiatime (CIT). The
aim of the study is to demonstrate the ability of HOPE to
improve graft function and post-operative outcomes of ECD
kidney and liver recipients.

Methods

Study Design

In an open-label, single-center, randomized clinical trial, we
will compare HOPE (study group) to SCS (control group) in
ECD KT and LT. In the HOPE group, 55 livers and 55 kidneys
will be preserved by SCS at 4-10°C from the end of organ
retrieval until arrival at the transplant hospital. Afterwards,
grafts are preserved with HOPE at 4-10°C for a minimum of 1
hour for liversand 2 hours for kidneys until implantation in the
recipient. HOPE starts during back-table graft preparation.
During the back-table procedure, organs are flushed with a
preservation fluid (Bel zer solution). Then, the organis perfused
with HOPE through a closed recirculating system.

In the SCS group, 55 livers and 55 kidneys will be preserved
by SCS at 4-10°C from the end of the organ retrieval until
implantation in the recipient.

In this study, 220 patients will be enrolled, with 55 in each of
the following groups: LT-HOPE, LT-SCS, KT-HOPE, and
KT-SCs.

The trial design is outlined in Table 1, and the protocol
algorithm is shown in Figure 1.

Based on the number of transplants usually performed at the
participating center, this clinical study is estimated to be
accomplished in 2 years, including 12 months of patient
enrollment and 12 months of follow-up. Enrollment at the
Bologna Transplant Center started in January 2019 and will end
in January 2020 (Figure 2).
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Table 1. Tria design to evaluate the benefit of end-ischemic hypothermic oxygenated perfusion (HOPE) on extended criteria donor grafts for livers
and kidneys as compared with static cold storage (SCS), N=220.

Study group (HOPE) Control group (SCS)
Number of livers 55 55
Number of kidneys 55 55
Process flow
Step 1. Preservation in SCS at 4-10°C Preservation in SCS at 4-10°C
Step 2. Transfer to the transplant hospital Implantation in the recipient
Step 3. Preservation with flushing and HOPE for 30-40 minutes N/A
Step 4. Preservation with HOPE at 4-10°C for 1-3 hours N/A
Step 5. Implantation in the recipient N/A

Figure 1. The protocol algorithm for treatment of the study group undergoing preservation with hypothermic oxygenated perfusion (HOPE).
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Figure 2. Estimated 2-year timeline to conduct the study, with enrollment at Bologna Transplant center starting in January 2019 and ending in January
2020.
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Study Population

Donor and Patient Selection

Donors are considered eligible for the trial if they meet the
United Network for Organ Sharing criteria for ECD. For
kidneys, these include donor age =60 years or 50-59 years plus
2 or more of the subsequent risk factors. death due to
cerebrovascular accident, history of hypertension, donor serum
creatinine >1.5 mg/dL, or CIT >20 hours. For livers, these
include hemodynamic deterioration, donor age >65 years, donor
BMI >30 kg/m? serum bilirubin >3 mg/dL, aspartate
aminotransferase (AST) or alanine aminotransferase (ALT) >3
times the upper reference threshold, sodium >165 mmol/L,
intensive care unit stay >7 days, steatosis >40%, or CIT >12
hours[12,13].

Exclusion criteria include donor age <18 years, split-liver
recipients, LT for acute liver failure, pre-emptive renal
transplant, and intraoperative surgical complications beforethe
organ implantation. Donors after circulatory death will also be
excluded, because Italian law requires 20 minutes of a“no touch
period” before the death declaration, causing prolonged warm
ischemiaand subsequent mandatory perfusion of theorgan [14].

All adult (age =18 years) patients waitlisted for LT or KT will
be enrolled in the study after providing written informed
consent.

Randomization

Patients are randomized 1:1 to the HOPE and SCS groups
according to thetreatment list produced by the randomizer tool.
For KT, patients are stratified according to the duration of CIT
before HOPE starts (longer or shorter than 12 hours); grafts
with CIT >20 hours are excluded from the study. For LT,
patients are stratified according to the contemporary presence
of ECD liver criteria (more or less than 5 criteria). The study
information and informed consent form are distributed to
potential recipients. Randomization is performed for patients
who sign the consent form after the organ is deemed suitable
for transplantation.

To favor comparison between paired kidneys, when both kidneys
from the same donor are allocated to the same center, grafts are
automatically assigned to a study group and the corresponding
control group. Furthermore, in cases where there are multiple
transplants occurring at the same time, we prioritize LT over
KT, to reduce the CIT.

Organ Retrieval

Organs are procured using the technique developed by Starzl.
Following aortic clamping, abdominal organs are flushed in
situ through the aortaand portal vein with cold Celsior solution,
retrieved, dipped in a bag filled with preservation fluid, and
storedonice (1L, livers; 0.5L, kidneys). Pretransplant biopsies
are performed according to our retrieval protocol.

Retrieved organs are stored on ice during the transfer from donor
to the transplant hospital, during the biopsy analysis, until
cross-matched results are returned, and until the final decision
regarding donor and recipient eligibility.

http://www.researchprotocols.org/2020/3/e13922/
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Hypothermic Oxygenated Machine Perfusion

Organ perfusion is conducted with the Vitasmart (Medica,
Bologna, Italy) machine, expressly designed for ex vivo
perfusion of abdominal organs|7]. Thismachine system consists
of two pumps, one heat exchanger, and three flow and pressure
probes (Figure 2). The sterile disposable perfusion set is
composed of a membrane oxygenator, tubing for vessel
cannulation, and surgical cannulas.

Kidney perfusion is performed through the renal artery at a
pressure of 25-30 mm Hg. Liver perfusionis performed through
the portal vein at a pressure of 5 mm Hg.

Flow, pressure, and temperature are monitored and stored on a
USB memory device during organ perfusion. Gas analysis of
the effluent perfusate is accomplished at the start of perfusion
(TO) and then every 30 minutes to determine carbon dioxide
partial pressure, oxygen partial pressure (pO,), pH, and lactate
levels. Two perfusate samples are collected at the beginning
and at the end of perfusion to rule out bacterial or fungal
contamination.

Graft perfusion is performed in the operating room, from the
start of the back-table preparation to organ implantation. First,
each organ is connected to the perfusion device through
cannulation of the vessels with appropriately sized cannulas.
HOPE starts by flushing the organ at low flow values (20
mL/min) with new oxygenated perfusion fluid during the
back-table preparation, with the aim of removing waste products
and residual microthrombi. After the back-table preparation is
completed, the organ is treated with continuous HOPE until
transplant. Organ perfusion is continuously monitored. As
previously reported [7,8], minimal perfusion timeis 1 hour for
livers and 2 hours for kidneys.

Belzer machine perfusion solution (2 L, kidneys; 3L, livers) at
4-10°C, in sterile conditions, and with continuous oxygenation
(pO, of 500-600 mm Hg) is used for perfusion.

Static Cold Storage

Livers/kidneys undergoing SCS are stored in sterile organ bags
with Celsior solution and cooled on ice (0.5 L, kidneys; 1 L,
livers).

Transplantation, Immunosuppressive Therapy, and
Management During Hospital Stay

KT and LT are performed according to the center’s standard
techniques. Kidneys are implanted into either the iliac fossa
with arterial anastomoses to the external, common, or internal
iliac arteries or vein anastomoses to the external or common
iliac veins and ureter-bladder anastomoses over a single stent.
Livers are transplanted orthotopically preserving the inferior
vena cava with a piggyback technique.

Postoperative management, including immunosuppression and
antimicrobial, antifungal, and antithrombotic prophylaxis,
follows the standard local protocol [15].
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Analyses of Outcomes

Liver Transplant Primary Outcome

The rate of EAD and the Liver Graft Assessment Following
Transplantation (L-GrAFT) risk score [16,17] will be analyzed
to evaluate the postoperative outcomes of the enrolled liver
recipients (Figure 3).

Ravaioli et al

EAD isdefined by the presence of at least one of the following
[ab results: bilirubin >10 mg/dL, international normalized ratio
>1.6 on postoperative day 7, ALT >2,000 1U/mL within the
first 7 postoperative days, or AST >2,000 |U/mL within the
first 7 postoperative days [17]. The L-GrAFT risk score is
calculated from the peak AST level, bilirubin levels, platelet
counts, and international normalized ratio values from days 1
to 10 post-LT [17].

Figure 3. Inclusion criteria and postoperative outcomes of enrolled extended criteria donor (ECD) liver and kidney recipients.
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Kidney Transplant Primary Outcome

The incidence and timing of DGF will be evaluated and
correlated with the outcomes of the kidney recipients (Figure
3). DGF is defined as the need for renal replacement therapy
during the first week posttransplant [18]. The length of renal
replacement therapy is calculated as the interval between the
first day and last day of dialysis.

/

Liver Transplant Secondary Outcomes

Secondary outcome measuresinthe LT groups aretheincidence
of PNF, defined as patient death or the need for early
retransplantation within the first 7 postoperative days, excluding
acute vascular complications [18]; postreperfusion syndrome
rate; length of hospital stay (LHS); liver function test values
(ie, bilirubin, AST, ALT, and gamma glutamy! transferase) at
discharge and 1, 3, and 6 months after LT; occurrence of acute
rejection events, biliary complications, portal vein thrombosis,
or hepatic artery thrombosiswithin 6 months from thetransplant;
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graft survival, defined asthe time from transplant to retransplant
or patient death due to liver failure; and patient survival.

Kidney Transplant Secondary Outcomes

Secondary outcomes for kidney recipients are the incidence of
PNF, defined as irreversible graft dysfunction with graft loss,
which can aso be due to regjection or vascular thrombosis;
postreperfusion syndrome rate; number of dialysesrequired in
the posttransplant follow-up; LHS; renal function, as measured
using creatinine level and estimated glomerular filtration rate,
at discharge, 1, 3, and 6 months posttransplant; occurrence of
acute rejection events, anastomotic or nonanastomotic ureteral
stenosis, or vascular thrombosis within 6 months from the
transplant; graft survival, defined as the time from transplant
to graft loss or return to dialysis; and patient survival.
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Biomarkers of Oxidative Stress, | nflammation, and

I schemia-Reperfusion Injury

Tissue and perfusate samples are assessed for oxidative stress
and metabolic state using reversetranscription polymerase chain
reaction (RT-PCR), enzyme-linked immunosorbent assay
(ELISA), Luminex technology multiplex assays, and mass
spectroscopy analysis. Tissue and perfusate samples are aso
assessed for theinflammatory markers CD39, CD73, E-selectin,
vascular cell adhesion molecule 1, intercellular adhesion
molecule 1, hypoxia-inducible factorsto tumor necrosisfactor-a,
interleukin 6, and interleukin 8 using Luminex technology
multiplex assays and/or ELISA and RT-PCR.

Specific markers related to renal function and tubular injury,
including alpha-1-microglobulin, beta-2-microglobulin, albumin,
clusterin, cystatin C, epidermal growth factor, neutrophil
gelatinase-associated lipocalin, osteopontin, urinary total protein,
trefoil factor 3, hepatocyte growth factor, and macrophage
stimulating protein, are measured using Luminex technology
multiplex assays and/or ELISA in perfusate and/or ultrafiltrate
samples collected before and after ex vivo organ reperfusion.

Adenosine, ATP, adenosine diphosphate, adenosine
monophosphate, riboflavin, and succinate levels are measured
in tissue, perfusate, ultrafiltrate, and reperfusion fluid using
high-performance liquid chromatography.

Finally, miR-21, asmall target molecule involved in renal and
liver ischemia-reperfusion injury processes, is measured.

Tissue and Vascular M or phology

Tissueinjury isevaluated using histopathol ogical analysisbefore
and after ex vivo organ perfusion. Biopsy samples are taken
during organ retrieval to assess graft suitability, after graft
reperfusion into the recipient, and at the end of the transplant.
Pretransplant biopsies are obtained according to our center
practice. All tissue samples are sent to Bologna Transplant
Center to reduce interlaboratory biasin preparing the slides.

For thelivers, parenchymal and vascular damage are eval uated.
For the kidneys, glomerular, vascular, tubular, and parenchymal
damage are evaluated. Tissue samples are examined by two
double-blind pathol ogists, who grade any damage from moderate
to severe.

In addition, we perform immunohistochemical assays to
investigate endothelial and epithelial cell injury, ischemia-
reperfusion damage, the pro-inflammatory and anti-
inflammatory environment, growth factors, dedifferentiation,
repair, and apoptosis using specific stainings. Electron
microscopy is performed to assess the features of oxidative
injury, focusing on preservation of epithelial mitochondria,
endothelia cells of the glomerular and peritubular capillaries,
and liver sinusoids.

Tissue and perfusate samples are collected and coded to
guarantee privacy and data protection in accordance with EU
regulations. Perfusate and tissues samples collected for RT-PCR
are snap-frozen and stored at —80°C. Tissue collected for
immunohistochemical assays are preserved in glutaraldehyde
solution.
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Posttransplant Follow-up

Postoperative follow-up is carried out according to the local
protocol. Hepatic and rena function tests and abdominal
ultrasound are performed at each follow-up visit. Follow-up
will end at 12 months.

Risk Analyses

Technical assistance by ateam of expert techniciansis provided
during all phases of the machine perfusion procedures.

Vascular endothelial damage is avoided by perfusing the liver
solely through the portal vein, leaving the hepatic artery
untouched, and keeping the perfusion pressure of therenal artery
and portal vein at low levels, which we previously demonstrated
as being safein preclinical and clinical studies[7,8].

Data M anagement

Demographic, clinical, and biological data of donors and
recipients are collected and prospectively entered in the
database. The data registration is anonymous, and a study
identification codeisassigned to each transplant, in accordance
with the Helsinki Declaration.

Missing values are handled properly by the researchers to
achieve accurate inferences about the data during the analyses
of theresults.

Statistical Analyses

Sample Size Calculation

The sample size was cal culated using the primary outcomes of
EAD and DGF for LT and KT, respectively, and the secondary
outcomes of PNF and LHS, as reported in similar studies
[11,19,20].

In particular, therates of PNF and EAD are expected to decrease
for the LT-HOPE group, thereby improving the postoperative
course and LHS. We are expecting the following reductionsin
these parameters: PNF, 5% (HOPE) vs 10% (SCS); EAD, 10%
(HOPE) vs 20% (SCS); and postoperative LHS <21 days, 80%
(HOPE) vs 50% (SCS).

In KT, HOPE should reduce the rate of DGF from 50% to 30%,
with a general improvement in the postintervention outcomes.

Based on these parameters, the total sample size was estimated
at 220 patients, with distribution throughout the 4 groups as
already explained (alpha=.05, two-sided test, power of 80%;
calculated with nQuery Advisor 7.0, Statsols, Cork, Ireland).

The sample size was cal culated to account for adropout risk of
5-10% for the year.

A preliminary analysis will be performed when half of the
enrollment is completed.

Preliminary Analyses

To monitor and optimize the planned surgical and clinical
procedures, real-time data analyses are performed before the
final data collection. In detail, we are performing two interim
analyses on the data from the first 7 posttransplant days. The
primary analyses will be performed after the enrollment of 60
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patients. The second analyses will be performed after the
enrollment of 160 patients.

Statistical Tests

The continuous variables will be compared using parametric
(ANOVA) or non-parametric (Kruskal-Wallis) tests according
to the data distribution, and the categorical variables will be
compared using chi-squared tests. Multivariate analysiswill be
performed using forward stepwise logistic regression analysis.
Survival analysis will be conducted using the Kaplan-Meier
method. P values <.05 will be considered statistically significant.

Ethical Review

The research protocol, including the forms for data treatment,
study information, and participant content forms, were approved
by the Emilia-Romagna Region Ethics Committee, whichisthe
ethics committee for the transplant center, and the National
Health System Research.

Written, informed consent is obtained prior to final enrollment.
Randomization is performed as recommended by the ethics
committee, and all members of the research team learns the
treatment type of each recipient only after their inclusion.
Possible protocol changes will be applied after the approval of
their amendments by the National Health System Research and
then the local ethics committee.

Recipientsareinsured against study-related adverse eventswith
a protocol-specific insurance policy.

The principa investigator and all members of our research
scientific group have declared no conflict of interest.

Dissemination

Wewill describe the data and transcribe theresultswith theaim
to develop an original article for submission at a scientific
review, national conferences, and international conferences.
Clinical Relevance

With ECD LT and KT, the use of adequate organ preservation
techniques may improve posttransplant outcomes without
compromising graft function and survival, thereby increasing
the donor organ pool.

Results

Dynamic preservation methodsfor organsfrom high-risk donors
should improvethefunctional recovery of the graft with alower
expected DGF for KT and EAD for LT.

To date, we have recruited 108 participants. The study is
ongoing, and recruitment of participants will continue until
January 2020.

Ravaioli et al

Discussion

This study suggests that the use of adequate organ preservation
techniques may improve the posttransplant outcomes without
compromising graft function and survival, thereby increasing
the donor organ pool. The concept of dynamic organ
preservation was developed by Carrel and Lindbergh in the
1930s [21,22]. An increasing number of ECDs are used for
transplantation, which has triggered an interest in new
preservation techniques to improve organ quality and decrease
the occurrence of severe complications [23,24]. While the use
of oxygen in machine perfusion for liver preservation has been
extensively investigated in clinical trials, HOPE has been
reported less frequently for KT [25].

An important aspect of this study is the use of the same
perfusion devicefor liver and kidney grafts, which differsfrom
previous studies [11,20,26,27]. With this machine, organ
perfusion is a simple procedure that can be started during the
back-table preparation of the surgical graft, avoiding anincrease
inCIT.

Increasing evidence suggests that HOPE of the graft should
start immediately after retrieval. This might reduce the
accumulation of waste products, such as succinates, and the
perfusion should result in better restoration of mitochondrial
function [10-25].

Our protocol starts with washing the graft for 30-40 minutes
during organ preparation to completely remove the waste
elements that were released and accumulated from the start of
ischemia. And, the organ perfusion system is equipped with an
adsorbing hemofilter to remove cytokines and avoid fat
embolism. Following this step, oxygenation and recirculation
of the preservation fluid begin. Flow, pressure, and temperature
aremonitored and stored on aUSB memory device during organ
perfusion. Gas analysis of the effluent perfusate is conducted
at the start of perfusion (TO) and then every 30 minutes to
determine carbon dioxide partial pressure, pO,, pH, and lactate
levels. Two perfusate samples are collected at the beginning
and at the end of perfusion to rule out bacterial or fungal
contamination.

Another important aspect is the simplicity of this organ
preservation procedure in terms of organization and
management. We do not need a perfusion specialist, and we
have had no procedure-related adverse events. In addition,
starting from the back-table procedures, CIT is not prolonged.

Advantages of this HOPE system include its simplicity and
improved LT and KT outcomes.

In conclusion, we aim to demonstrate the ability of HOPE to
improve graft function and postoperative outcomes of ECD
kidney and liver recipients.
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Abstract

Background: There are large disparities between immigrants and native Norwegians in domains such as health, education, and
employment. Reducing such disparitiesis essential for individual and societal well-being. Social capital isassociated with positive
effects on these domains, and mentoring programs have the potential to boost social capital. However, few studies have assessed
mentoring asasocial capital intervention among youth or the potential barriers and facilitators of implementing digitally augmented
mentoring.

Objective: The goa of this paper is to describe a protocol for assessing the implementation and effectiveness of a digitally
augmented mentoring program for immigrant youth as a health intervention to promote social capital. The two-stage analytical
framework for a pilot study followed by a randomized controlled trial (RCT) is presented. The pilot aims to assess program
fidelity and make necessary intervention adjustments before the RCT. The RCT aims to assess the effects of the implemented
intervention program on social capital and the relationship between program fidelity and effects.

Methods: Both the pilot and RCT will use mixed methods with a process eval uation approach used to structure the intervention
and a pre-post test survey component to measure socia capital and fidelity of program implementation. Interviews will also be
used to enrich the quantitative data from the survey.

Results:  The pilot study is scheduled to begin in fall 2019. Based on data analyses in spring 2020, potential adjustments will
be made to the intervention, with findings used in preparation for the full-scale RCT study.

Conclusions: Digitally enhanced mentoring programs may be a helpful intervention for providing immigrant youth with tools
for increasing their social capital and indirectly improving health outcomes. This protocol provides new knowledge about the
implementation and evaluation of such programs.

International Registered Report Identifier (IRRID): PRR1-10.2196/16472

(JMIR Res Protoc 2020;9(3):€16472) doi:10.2196/16472
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Introduction

Background and Context

Globally, significant discrepancies exist between immigrant
youth and native-born individuals with regards to school
dropout, isolation, unemployment, and health. For example,
71% of immigrants in Norway report experiencing at least one
of eight listed health problems compared with 49% of the
population at large [1]. Relatedly, there is a 26% difference
between immigrant and native Norwegian youth with regard to
education and employment, with anxiety and depression
contributing to these discrepancies [2,3]. These issues aso
hinder inclusion and integration of new immigrants. Reducing
disparities among these vulnerable groups represents an
important area of focus, and Norwegian policymakers are
increasingly willing to test new approaches.

Social capital, afocus of this study, is associated with avariety
of positive health outcomes, including self-reported health [4-6],
psychiatric outcomes [7], and mortaity [8]. On average,
immigrants tend to have less access to certain forms of socia
capital compared with ethnic Norwegians [9], and investing in
social capital can potentially enhance health among immigrant
youth. Socia capital is multidimensional and has been
conceptualized in multiple ways [10-13]. Broadly, it includes
relational and cognitive (trust, sense of belonging) and structural
(networks or connections among individuas, aong with
community engagement) dimensions [14]. Analyses can be at
the individual or collective level, with focus on different types
of socia capital: bonding, bridging, and linking [13,15]. With
regard to immigrant populations, bonding refersto connection
with and support from individuals with a similar ethnic,
linguistic, or religious identity, whereas bridging implies
connections to those of dissimilar backgrounds, often the
majority population [13,16]. Linking relates to vertica
relationships between an individual and institutions or
individuals in positions of authority [17]. Although bonding
social capita is helpful for “getting by,” bridging capita is
important for “getting ahead” [13]. Bonding is the most
prevalent form of social capital amongimmigrants|[18] and can
provide social support and belonging, decrease isolation, and
allow sharing of local knowledge [9,19]. Bridging includes
benefits, such as increased ability to gather information [20],
and can facilitate positive labor market outcomes, such as
relevant employment [21]. Both bridging and bonding types
are important, and bonding appears to facilitate bridging [22].
Immigrant youth are an important target group for study, as
they generally have weaker social capital compared with natives
[9,22]. Thisis exacerbated for the unaccompanied refugeesin
the group who arrive with no family and lack this important
aspect of socia capital.

Although approachesfor strengthening social capital areclearly
worth pursuing, interventions to increase youth social capital,
such asthe one proposed in this paper, are quite new [23]. Little
isknown about how such interventions might be implemented,
and their effects [24]. Although not systematically studied as
such, mentoring programs have the potential to act as “social
capital interventions’ by assisting immigrants in expanding
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their networks, and thus their socia capital [25,26]. In this
setting, mentoring can be defined as “taking place between
young persons (ie, mentees) and older or more experienced
volunteers (ie, mentors) who are acting in a nonprofessional
helping capacity to provide relationship-based support that
benefits one or more areas of the mentee’s development” [27].
Participation in youth mentoring programs is associated with
improved outcomes across social, behavioral, and academic
domains [28]. Such programs, typically conducted by social
entrepreneurs, have few traditions in Norway. For the program
described in this paper, coordinators recruit, select, train, and
match mentors and mentees, and all mentees receive the same
basic program. Main program components include training for
both mentors and mentees before program start, mentee and
mentor sharing of their achievement story (aproud life moment),
identification and discussion of mentee strengths, a*“roadmap”
selecting agoal and describing tasks for the mentee to achieve
it, and a network mapping exercise for the mentees.
Additionally, the program requires six face-to-face dyad
meetings, with one meeting each month during the six-month
program period. Staff members aso follow up on the matches
monthly. Mentees are recently arrived immigrant youth recruited
fromlocal schools; willingness and interest in participating are
the main selection criteria. Mentor volunteers are recruited in
avariety of ways, including personal connectionswith program
staff, social media, and volunteer recruitment websites.

Although one might assume that digital support for thistype of
mentoring program holds potential for reach and effectiveness,
few programs employ digital tools or have been studied
systematically [29,30]. Therefore, a prior study [31] of
immigrant mentees’ and mentors  experiences and needs was
conducted to guide the development of adigital platform. This
platform isintegral to the mentoring program described in this
protocol. The platform was designed to augment and boost,
rather than replace, preexisting mentoring program components.
Key elements of the platform include a timeline to provide
oversight over dates of program events and show program
progress, messaging, cards for identifying persona strengths,
aforum for mentees and mentors, anetwork map, and atool box
containing helpful supplementary resources (eg, information
on writing agood resume). Figureswith screenshotsillustrating
planned iterations of the platform are available in Multimedia
Appendices 1to 4. Although the digital platform is expected to
enhance social interactionsand program fidelity compared with
the program without digital support, the protocol does not
directly addressthisissue.

Objectives and Significance

This paper describes a protocol for studying a digitaly
augmented mentoring program as a social capital intervention
for immigrant youth in Norway. The protocol proposes a pilot
study followed by a randomized controlled trial (RCT).
Ultimately, we are interested in assessing the implementation
and effects of mentoring program participation on social capital.
A process evaluation framework inspired by a previous study
[32] will be applied for investigating the implementation of the
mentoring program in this pilot study. Thisframework consists
of (1) contextua factorsthat affect theimplementation, (2) what
has been implemented and how, and (3) mechanism of impact
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(ie, the participants' responses to and interactions with the
program). Thus, the objective of the pilot study is to assess
program fidelity and design by investigating the context,
implementation process, and mechanisms of impact [32,33].
The questions guiding the pilot study are:

1. What contextual factors affect the implementation?

2. How is the mentoring program implemented (ie, fidelity,
dose, and reach)?

3. What are the participants experiences in the mentoring
program?

4. Arethe measures used for studying outputs and outcomes
valid, and are they acceptable and meaningful to
stakeholders?

The pilot allows adjustments of the social capital intervention
before full-scale implementation and the RCT. The intention
of the RCT is to investigate the effects of the implemented
program on the social capital of immigrant youth, guided by
the following questions:

1. Towhat extent wastheintervention implemented (outputs)?

2. What are the effects of the implemented program on social
capital indicators (outcomes)?

3. What is the relationship between program fidelity and
effects?

The study offers both theoretical and empirical contributions.
First, much of the work related to mentoring as an intervention

Figure 1. Logic model for the protocol (based on [36,37]).

The

The

intervention:

"problem":
Lack of youth .

connection to

Mentoring

Pl'OgI' am

Norway

The pilot study focuses on the first three boxes in Figure 1,
allowing adjustments before the RCT if certain outputs are not
achieved. Thefull-scaleimplementation of theintervention will
focus primarily on assessing outputs and outcomes. Impactsare
often indirect, and there are significant challenges in causal
attribution; thus, impacts are not measured as part of this study.
However, the implication is that if outcomes are achieved,
broader and more distal societal impacts will result.

The framework depicted in Figure 1 provides a general guide
for the study. Research suggests that multicultural youth have
narrower networks and less access to certain forms of socia
capital [9], which contributesto higher dropout rates and poorer
health than natives. There is evidence that social capita is
associated with improvements in these domains and may
facilitate integration and inclusion [4,21].

The mentoring intervention seeksto address these discrepancies.
An important focus is on how the program can strengthen
mentees networks through information exchange and socia
contact and increase trust and feelings of belonging (social
capital). Thus, the study emphasizes outputs and outcomes, as
well as theinfluence of contextual factors on these.
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has been done in the United States, with primarily qualitative
studies in the United Kingdom [28]. Therefore, this work will
contribute by extending the empirical context. Second, few
studies have assessed social capital interventions [34],
particularly among youth. More commonly, social capital is
used as an independent variable (see [35] for a health
intervention to increase social capital among Latinx and black
adults). Furthermore, little is known about the implementation
and effects of such interventions [23], although research
indicates potential in this area [25,35]. This study seeks to
address these gaps, providing both theoretical and summative
insights. The overall objective isto evaluate the intervention in
light of challenges and opportunities in implementation and to
explore the effects of thisimplementation.

Analytical Framework

Thelogic model [36,37] depicted in Figure 1 providesavauable
framework for identifying and illustrating the relationship
between clusters of variablesin the study. The model identifies
a problem (youths lack of connection to Norway), which
requires aresponse, and specifies activities to address the issue
(the mentoring intervention). Theimplementation of the solution
leads to tangible outputs (program delivery) and measurable
outcomes (socia capital) asthe consequence of the outputs; the
broader impacts (socia inclusion) are the logical effects of the
intervention. Thereisatight relationship between theidentified
problem, the intervention, the program outputs, and the
outcomes of interest.

Qutcomes:

Social

capital

Methods

Study Design

The first stage is the pilot study, followed by the RCT. A
mixed-methods approach will be used combining quantitative
survey instruments (pre-post test design) with qualitative data
frominterviews and focus groups[38]. The survey will measure
outputs (program fidelity, dose, and reach); outcomes (cognitive
and structural socia capital), which are a result of the
implementation outputs; and contextual factors (respondents’
demographics, school characteristics, and usability of thedigital
platform). Specific cutoffs for assessing fidelity to the core
program components (described in the Background and Context
section) and effectivenesswill be devel oped based on pil ot study
results. Interviews with mentors, youth, and program staff will
allow a detailed qualitative understanding of the mechanisms
occurring and stakeholder experiences.

Sample and Participant Recruitment

Both stages of the study will be conducted in close cooperation
with mentor program staff (the individuals working directly to
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coordinate, match, train, and follow up on dyads), and with
feedback from the youth. The primary unit of analysis for the
study is recently arrived immigrant youth, ages 15 to 25 years,
attending school. These youth will bein or have completed their
first year of Norwegian schooling; therefore, they will have a
minimum basic level of Norwegian proficiency. We will offer
interviewsin Norwegian and English, but will also consider the
use of atrandator, as necessary, for the RCT to gain a better
understanding of the experiences of participants with varying
levels of Norwegian language comprehension. Information from
mentors and program staff will also be collected. Informed
consent will be obtained and the voluntary nature of participation
will be emphasized to the youth, with information that they can
end their participation at any time. A video will be used to
present the research project, handling of data (confidential, but
not anonymous), and privacy issuesin youth-friendly language
to gain fully informed consent and to increase stakeholder
(youth) involvement and interest [39].

For the pilot study, all mentees (approximately 40) participating
infour of the mentoring programswill be recruited to participate
in the survey at the beginning and end of the program. The
majority of these mentees have backgrounds from Syria and
Eritrea, and almost all will be attending school. At the end of
the six-month program, mentors (approximately 40) from these
programswill also beinvited to respond to asurvey. All mentee
respondents will receive small denomination gift cards
(approximately $28) on completion of the surveys as a gesture
of appreciation for their assistance with the project. We will
also discuss how the youth perceive receiving gift cards, with
a specific focus on any feelings of coerciveness, to make any
adjustments before the RCT. Qualitative respondents will be
selected from the individual s providing quantitative information
to investigate specific aspects of program fidelity and
implementation in more detail.

The full-scale RCT will recruit participants from Norwegian
schools and include both a control and an intervention group.
The study will try to select similar schools for both groups
regarding school size, socioeconomic characteristics, and school
type (age range of the student body). Within the intervention
group of schools, intervention classes will be drawn randomly,
whereas control classeswill be drawn randomly from the control
schools. Participants and nonparticipants will not attend the
same schools to avoid contagion effects. The exact number of
individuals will be estimated based on a power analysis of data
from the pilot study and is anticipated to encompass severa
hundred youth. Half will be in the intervention group and half
inthe control group. Studentswho are not assigned to the control
groups for the study will have the opportunity to receive the
intervention after the study has concluded. Although all the
youth will have a basic level of Norwegian proficiency,
additional potential inclusion and exclusion criteriafor the RCT
will be devel oped based on findings from the pilot study. Similar
to the pilot study, mentors will be surveyed at program
conclusion, and respondents will be invited to qualitative
interviews and focus groups, to supplement and nuance the
guantitative data.
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Data Collection Procedure

Pilot Study

After receiving information about the project in the form of a
video and giving informed consent, the mentees will receive an
individual link to participate in a Web survey. Questions on the
mentee survey at program commencement will focus on social
capital in the form of relationships with friends, native
Norwegians, connectedness to the school environment, and to
Norway more broadly. Thiswill be used to test out and adjust
measures for the full RCT study based on feedback from the
groups. A Web survey will be administered at program
completion, with the same survey questions as on the first
survey, supplemented with questions about program fidelity
(outputs) and a short battery to assess the relationship with the
mentor and implementation. Mentorswill recelve surveysrelated
to program fidelity and the relationship with mentees and staff.
Additionally, both mentees and mentorswill respond to survey
guestions on the usability of the digital platform. To supplement
the quantitative survey data, qualitative data will be collected
from mentors and mentees in interview form for both the pilot
and RCT. Individuals will be selected for interviews based on
characteristics such as age, sex, immigration background, and
length of timein Norway, with agoal to get avery diverse group
[38]. Interview questions will address barriers and facilitators
to implementation, possible contextual factors relevant to the
implementation and participants’ experiences of these factors,
and the acceptability and meaningfulness of the measures used
in the survey (see Outputs in the Measures section for details
on the operationalization of these concepts). Questions to
program staff will focus on resources such as program staffing,
finances, and technical support for the digital platform.

The pilot study has been approved by the Data Protection Office
at Oslo University Hospital. All pilot study data will be stored
on a secure remote server as per Oslo University Hospital
Personal Data Protection regulations. The pilot study isfunded
by a grant from the Norwegian Research Council and is a
partnership between the Center for Shared Decision Making
and Collaborative Care Research at Oslo University Hospital,
NORCE-Norwegian Research Centre, Halmstad University,
the Norwegian Labor and Welfare Administration (NAV), and
Fretex.

Full Study With Randomized Controlled Trial

The effects of the program as a social capital intervention will
be studied using a two-level clustered randomized trial, with
schools randomly assigned as intervention or control schools.
The analyses will be at the individual level. In using a
randomized comparison of mentees with non-mentees, the
effects of mentoring on social capital can be assessed, aso
controlling for individual differences.

Youthin both theintervention and control groupswill complete
Web surveys. The youth surveys cover questions related to
social capital and will be conducted at baseline (before program
commencement), six months after the baseline measurement
(at program completion for the intervention groups), and six
months after program completion (12 months after the baseline
measurement). Surveys to youth in the control group will be
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administered at the sametime pointsasfor the mentees. Mentors
will respond to surveys at program conclusion. Because youth
in the intervention group will receive mentoring outside of the
school environment, we do not have a specific activity planned
for the control group. However, control group youth will be put
on awaiting list to participate in the mentoring program after

Redlick et al

study completion, if they desire. Approval from theinstitutional
ethics board (Data Protection Officer) will be applied for and
obtained before RCT study commencement.

The following table (Table 1) summarizes the instruments,
respondents, and timeline for data collection.

Table 1. Overview of the study procedure.

Study stage and data collection instrument

Respondents

Description

Time point

Pilot

Web survey at program start (base-
line)

Web survey in program middle and
conclusion

Web survey at program completion

Interviews

Randomized controlled trial

Web survey at program start (base-
line)

Web survey at program completion

Postprogram survey after program
completion

Interviews

Mentees (approximately 40)

Mentees (approximately 40);
mentors (approximately 40)

Mentees (approximately 40);
mentors (approximately 40)

Mentees (5-10); mentors (5); pro-
gram staff (2)

Mentees; control group youth
Mentees; mentors; control group

youth

Mentees; control group youth

Mentees (10-20); mentors (5-10);

Social capital: cognitive and
structural); demographic variables

Usability of digital platform

Same as baseline survey; program
fidelity

Acceptability and relevance of so-
cial capital measures; barriersand
facilitators to implementation and
fidelity

Pre-post social capital measure-
ments; demographic variables

Pre-post social capital measure-
ments; program fidelity

Pre-post social capital measure-
ments

Supplementary information on so-

Program start (fall 2019)

Mid and end of program

Program completion (6 months
after start; spring 2020)

Midway and at the end of the
program (fall 2019, spring 2020)

Program start (estimated fall
2020)

Program completion (6 months
after program start)

Follow-up 6 months after pro-
gram completion (12 months af-
ter program start)

Midway and at the end of the

program staff (4)

Pilot and randomized controlled trial

Quialitative and metadata from the
digital platform

Mentees, mentors

cia capital based on survey re- program (fall and winter 2020)

sponses

App use data (frequency, length  Throughout the programs
of time, particular modul es used);

content of forum posts

M easures

Measures to be used for the study survey are adapted from
previous research and large-scale cross-national surveys[40-48].
Where relevant, new items were devel oped specifically for this
intervention context, particularly to measure fidelity of
implementation.

Outputs: Intervention | mplementation

Outputsare the process and mechanisms by which the“ problem”
and its consequences are targeted. More specificaly, thisisthe
implementation of the intervention. An important emphasis is
on fidelity of implementation of core program components
(including dose, or the amount of the intervention, and reach),
and mechanisms of impact (participants’ interactions with the
intervention) and the contextual factors that have an impact on
the implementation (discussed subsequently). Assessment of
fidelity is done using a self-developed scale for the study to
match the program environment. Program fidelity is measured
using the following indicators (previously described under
Background and Context): the total number of dyad meetings

https://www.researchprotocol s.org/2020/3/e16472

held with at least one dyad meeting each month (six meetings
in al), participation in training before program start, and
execution of the main program components, such as network
mapping. The proportion of participants that complete the
program (reach) will also be assessed. Identification of any
deviations or adaptationsto these key program componentswill
be noted. Because the intervention also includes a digital
component (forums for mentor-mentee contact), log data from
the platform, including the number of log-ins and time spent
on different parts of the platform, will be analyzed to assess

dosage.

Relationship quality (mechanism of impact) will be measured
using the 14-item Mentor Strength of Relationship scale [40],
adapted from the Big Brothers Big Sisters mentoring context
to this context (eg, terminology such as“my Little” isreplaced
with “my mentee”’). Answers are scored on a five-point Likert
scale (“strongly disagree” to “strongly agree”’). For mentees,
the positive statements from the Youth Strength of Relationship
Scale [40,41] will be used; response categories are on a
five-point scale and range from “not true at al” to “awaystrue.”
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The Strength of Relationship scales have been assessed for fit
using confirmatory factor analysis, with acceptable results[40].
Little research has been conducted on mentee or mentor
relationships with program staff and program training.
Therefore, self-developed single items will be used that ask to
what extent respondents were satisfied with the program
coordinator and the training they received (response categories
from 1="very dissatisfied” to 5="very satisfied”).

Outcomes: Social Capital

The outcome variable of interest for the RCT—socia
capital—includes cognitive and structural dimensions[14]. The
cognitive dimension of social capital is operationalized to
include youth feelings of belonging, support in relationships,
and trust. Feelings of belonging will be measured using a
question from the European Social Survey (ESS) Round 8 [42]
on how connected the youth feel to Norway. Theresponse scale
rangesfrom O (“not emotionally connected at all”) to 10 (“very
emotionally connected”).

Youth will aso be asked about how often they felt lonely during
the previous month (five-point scale: “not at all” to “al the
time") (similar to a question from a Statistics Norway survey
on social relations [43] and questionsin the ESS [42]).

Shared language is another indicator of cognitive social capital
related to belonging [44]. This will be measured by using a
salf-created question asking: How comfortable are you speaking
Norwegian? (scale from 1="very uncomfortable’ to 5="very
comfortable”).

Trust will be measured using the question on generalized trust
(A4) from the ESS [42] with a response range from 0 to 10
(“you can’t be too careful” to “most people can be trusted”).

The structural dimension of socia capital relatesto the presence
and patterns of connections between actors or network
characteristics  (bridging, bonding, linking), school
connectedness, and civic engagement or organizational
participation. To assess network characteristics, the respondents
will be asked about the proportion of their friendswith asimilar
ethnic background and religion (bonding), with an immigrant
background (bonding), and with a Norwegian background
(bridging). Thiswill be assessed using afive-point scale (“none”
to“al”; similar to [22,45]).

Civic engagement will be measured using questions about
organizations in which the youth are active. The youth will be
provided with a list of different organization types (religious,
sports, art and music, volunteer organization) and will be asked
to respond if they are a member, have participated previously,
or are not a member (similar measures are used in ESS and in
the Ungdata survey for Norwegian adol escents [46]).

Patterns and nature of contact with friends and family will be
measured in several ways. The youth will be asked if they have
at least one good friend that they can fully trust (four-point scale
from “no, | have no one | would call afriend at the moment”
to “yes, for sure”) (questions are taken from Ungdata [46]).
Respondentswill also be asked about frequency of contact with
their friends outside of school or work [42], with responses on
asix-point scale from “never” to “every day” (similar to [45]).
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To measure school social capital and connectedness, severa
dimensions (teachers, classmates, school) will be used.
Connectedness will be measured using indicators from the
Health Behavior in School-aged Children study protocol
guestionnaire [47], as used in a Swedish study on social capital
[4]. Connectedness with teachers will be measured with three
items (five-point scale from “strongly disagree” to “strongly
agree”); for example, “I feel that my teachers accept me as |
am.” Connectedness with classmates will be measured using
three items (eg, “most of the students in my classes are kind
and helpful”) with the same five-point scale. These two scales
have been validated using confirmatory factor analysis[47]. To
assess connectedness with school, three questionsfrom Ungdata
[46] (“1 am often bored at school,” “I don’t like going to school,”
and " It'simportant to do well at school”) will be used, alsowith
a five-point scale. One question from the Health Behavior in
School-aged Children [47] (“How do you feel about school at
present”) will also be used (4-point response scale from “I like
italot” to“l don't likeit at all”). To assess school attachment,
a self-developed item similar to that used in Ungdata [46] will
be used to assess if and how often the youth have considered
dropping out of school in the previous three months. Response
alternatives (four-point scale) range from “never” to “very
often.”

Context and Controls

Demographic characteristics of the youth in the sample, such
as age, sex, length of time living in Norway, and economic
status (inquiring about their finances during the past year), will
also beincluded in the survey. Characteristics related to setting
(school size and centrality) and the digital context in which the
respondents participate will also be taken into account. In the
pilot study, the usability of the digital platform will be assessed
in a survey, which will include questions from the System
Usahility Scale [48], arobust tool for analyzing usability [49].
The scale has 10 items (eg, “| thought the platform was easy to
use”) and response choices on afive-point scale from “ strongly
disagree” to “strongly agree.” Assessment of contextual factors
will also be collected from mentors and youth in interview form.

Data Analysis

Quantitative data will be analyzed using statistical software
packages. Descriptive statistics will be presented and pre-post
measures used to determine the impact of the intervention on
social capital and more distal outcomes. Additionally, because
theliterature suggests that mentoring produces better outcomes
for some groups (eg, high-risk male youth) over others [50],
we will conduct exploratory analyses to investigate differing
effects of the intervention based on age, gender, and time in
Norway. All interviews will be recorded and transcribed, and
qualitative analysis software (NVIVO 12) will be used on the
transcribed interviews and forum data. This will entail coding
of responses, first extracting broad themes from the data, and
then identifying subthemes[51]. Thistype of qualitativeanalysis
will supplement the data from the surveys, allowing a better
understanding of the implementation process and explain why
specific outcomes might have occurred [38].
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Results

This protocol wasinformed by a prepilot study conducted from
January to June 2019 [31], which focused on the experiences
and needs of stakeholderswith relation to the digital mentoring
platform and perceptions around the concept of social capital.
This enabled the identification of areas of focus and strategy
for this protocol, particularly in relation to social capital and
key components of the mentoring program. Therefore, the
resulting protocol is considered well-suited for providing avalid
analysis of program fidelity (which the mentoring program is
currently working to adhere to) and new knowledge about social
capital as a health promotion intervention among immigrant
youth.

The pilot study will commence in fall 2019 and conclude in
spring 2020. The participants (mentors and youth mentees;
approximately 40 of each) have already been identified for the
pilot portion of the protocol. Efforts related to recruitment for
the RCT will begin after the pilot study is finished.

Discussion

The overall objective of this protocol was to present a plan for
eva uating theimplementation and effects of digitally augmented
mentoring relative to social capital among immigrant youth.
The main working hypothesisis that students who receive the
intervention will have broader networks and higher levels of
trust and feelings of bel onging (greater social capital) compared
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with those students who do not receive the intervention.
Considering the paucity of research on social capital
interventions, the protocol should be relevant for researchers
interested in community-based health promotion and in social
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Because mentees self-select to the program in the pilot study,
these findings may not be generalizable to a larger group;
however, thisis not the primary objective of the pilot. The RCT
should ameliorate this issue owing to the random selection of
individuals and classes. Another potential limitation relates to
languageissues, particularly in the survey instrument. The pilot
study is intended to assess the relevance and acceptability of
the instruments to the target groups; comprehension will also
be a relevant consideration at this stage. Thus, this issue will
hopefully be minimal in the RCT. Attrition, particularly after
program completion, is another potential limitation, asin most
survey research.

If thisintervention is successful, it may have an impact on the
possibility for young peopleto be better included in Norwegian
society. Further work could potentially encompass cost-benefit
analysesif thereis support for the hypotheses. These preliminary
results from the pilot and RCT, if positive, could be promising
for a potential expansion of the intervention to other contexts
and target groups.
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Platform screenshot: Log-in screen with code access.
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Multimedia Appendix 2

Platform screenshot: Overview of program activities including program "launch™ and "achievement story"”.
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Multimedia Appendix 3

Platform screenshot: Overview of program activities including "roadmap”,
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Multimedia Appendix 4
Platform screenshot: Information on "network building".
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network mapping", and "reflection exercise”.
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Multimedia Appendix 5
Peer reviewer report from the Norwegian Research Council.
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Abstract

Background: Diarrhea is the second-leading cause of death in children under 5 years of age. In low- and middle-income
countries, 3%-20% of acute diarrheal episodes become persistent diarrhea (PD) (ie, duration =14 days), which resultsin 36%-56%
of al diarrheal deaths. In Bangladesh, PD causes >25% of diarrhea-related desths. Commensal gut microbiota dysbiosis is
increasingly recognized in the pathogenesis of PD. Hospital-based management of PD requires a hospital stay, which increases
therisk of infection and hospital costs. The higher cost of treatment and high case-fatality ratesreiterate PD asanimportant public
health problem. At the International Centre for Diarrhoeal Disease Research, Bangladesh (icddr,b), for the last two decades, a
consensus-based guideline has been followed for PD. Observation has revealed that green banana helps in the resolution of
diarrhea. However, no larger prospective study has been conducted to evaluate the efficacy of green bananain the management
of PD among children older than 6 months of age.

Objective: Our objective isto assess the efficacy of full-strength rice suji (semolina) with and without green banana compared
to three-quarter-strength rice suji in the management of PD in children aged 6-36 months at the Dhaka Hospital of the icddr,b.

Methods: This open-labeled, randomized controlled study aims to enroll atotal of 145 children with PD who have not been
improving on a diet of milk suji. Children will be randomized into three different diet-specific groups: full-strength rice suji
containing green banana, full-strength rice suji alone, and three-quarter-strength rice suji. The primary outcome isthe percentage
of children who recovered from diarrhea by day 5.

Results: Recruitment and data collection began in December 2017 and were completed in November 2019. Results are expected
by April 2020.

Conclusions; This study is expected to provide insights into the incorporation of green bananainto the dietary management of
PD. Thiswould be thefirst study to investigate the role of microbiota and metabolomicsin the pathogenesis of PD.

Trial Registration: Clinical Trials.gov NCT03366740; https://clinicaltrials.gov/ct2/show/NCT03366740

International Registered Report Identifier (IRRID): DERR1-10.2196/15759

(JMIR Res Protoc 2020;9(3):€15759) doi:10.2196/15759
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Introduction

Diarrhea, defined as the passage of loose or watery stool three
or more times in a 24-hour period, is the second-leading cause
of death in children under 5 years of age [1]. It accounted for
477,293 deaths among 5.4 million people globally and 7062
deaths among 99,608 Bangladeshi children under 5 years of
agein 2017 [2]. Use of oral rehydration salt solution and zinc
reduced the number of diarrheal deathsto 0.8%, especially from
acute diarrhea. However, when diarrhea continues for 14 days
or more, not including recurrent or chronic diarrhea as found
with celiac disease, cystic fibrosis, or congenital disorders, itis
known as persistent diarhea (PD) [3]. In low- and
middle-income countries, 3%-20% of acute diarrheal episodes
turn into PD, which is responsible for 36%-56% of
diarrhea-associated deaths [3-7]. In Bangladesh, PD accounted
for morethan 25% of all diarrhea-related deaths among children
aged 1-4 years, of which 40% were malnourished [4]. A total
of 60% of PD occurs before 6 months of age and 90% below 1
year of age [8]. Along with malnutrition, younger ages, lack of
breastfeeding, infection, and inappropriate use of antibioticsare
risk factorsfor PD [9-11]. Due to multifaceted etiology, proper
diagnosis and treatment are often warranted for quick recovery
from such episodes. In addition, the higher cost of treatment
and high case fatality rates reiterate PD as an important public

Figure 1. Flowchart for the proposed randomized controlled trial.

Sarmin et al

health problem [12]. Every year in Bangladesh, the Dhaka
Hospital of the International Centre for Diarrhoeal Disease
Research, Bangladesh (icddr,b)—the largest diarrheal hospital
in the world—treats a number of children with PD; aswell, PD
cases peak during the summer [13]. In the management of PD,
wefollow the algorithm based on earlier studiesfrom the Dhaka
Hospital of icddr,b [14,15] and that suggested by the World
Health Organization (WHO) [16]. It includes rehydration;
control of infection, if present; agorithm-based dietary
intervention; micronutrient supplementation; and management
of associated complications.

Algorithm-based dietary management increases the duration of
hospital stay (see Figure 1). To reduce the osmotic burden to
the gut, children are frequently given a diet three-quarters the
strength of aregular diet. Though these diets are iso-osmolar,
they provide suboptima energy to the children. Prolonged
diarrhea, diminished nutrient absorption [17], and low-calorie
intake causes children to be malnourished. Consequently, there
is an exaggerated risk of hospital-acquired infections, such as
septicemiaand pneumonia[ 18], with unwanted fatal outcomes,
which pose a great burden to resource-poor settings. A group
of icddr,b scientists have conducted studies to find a remedy
for PD that includes green banana[19,20], guar gum [21], and
probiotics[22].

(Breast milk is continued when possible)

Children aged 6 months to 36 months

Milk suji (low lactose)

(If no improvement within 3 days, ie, treatment failure)

Randomization

r

Three-quarter-strength rice
suji (lactose and cow’s milk-free)

Full-strength rice suji
(lactose and cow’s milk-free)

Study
Part

Green banana-mixed
full-strength rice suji

Treatment Tailure”

¥

Treatment failure® Treatment failure®

Y

Full-strength comminuted chicken (ie, minced chicken, glucose, and oil)

Treatment failure®

Hypoallergenic semielemental diet (Pregestimil)

has not improved

If diarrhea deteriorates (within 3 days) or

diet from rice suji to comminuted chicken
(CC) and from CC to Pregestimil

(after 7 days), change

Severa studies demonstrated the beneficial effect of green
banana (ie, whole green banana fruit, Musa paradisiacal
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content of amylase-resistant starch, which isnot digested in the
small intestine of humans [23,24]. On reaching the colon, this
starch isfermented by resident bacteriainto the short-chain fatty
acids butyrate, propionate, and acetate [24]. In the colon,
short-chain fatty acids stimulate salt and water absorption
[25,26]; they also provide energy and induce a trophic effect
on the colonic and the small-bowel mucosa[27].

The human body is home to trillions of microorganisms,
primarily bacteriain the gut, which are generally referred to as
the microbiota [28]. Commensal gut microbiota dyshiosis is
increasingly recognized in the pathogenesis of PD [29].
Therefore, analysis of the commensal gut microbiota and
adjusting theintestinal microbiotamight be apromising method
for the prevention or treatment of PD. In addition, there might
be some proteins, factors, or host-pathogen interactions
responsible for the continuation of diarrhea, which transform
acute watery diarrheainto prolonged diarrhea and finally into
PD [29]. Thus, we aimed to acquire knowledge about proteomics
and metabolomics related to PD to explore the
pathophysiological mechanisms of PD, which could lead to a
targeted management strategy.

To address this background and knowledge gap, we have
designed this randomized controlled clinical trial to include
6-36-month-old male and femae children with PD. Our
objective is to compare the efficacy of full-strength rice suji
(semolina) containing green banana, full-strength rice suji
without banana, and three-quarter-strength rice suji without
bananain the resolution of PD in children. In addition, we will
be ableto evaluate the role of the gut microbiotaand proteomics
in the pathogenesis of PD.

Methods

Ethics and Research Approval

This study has received approval from the Institutional Review
Board (IRB) at the icddr,b (approval No. 17075, version 3.0,
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dated October 22, 2017). Final data will be publicly
disseminated regardless of the study results. A report containing
the study results will be submitted for publication in an
appropriate journal after completion of data collection and
analysis. The study protocol follows the Standard Protocol
Items: Recommendations for Interventional Trials (SPIRIT)
guidance for protocol reporting [30] (see Tables 1 and 2).

All subjects will need to give written informed consent in
accordance with the Declaration of Helsinki. The privacy,
anonymity, and confidentiality of data and information
identifying study participants will be strictly maintained. All
medical information, description of treatment, and resultsfrom
laboratory tests will be confidential and kept under lock and
key; only the research staff will have accessto thisinformation.
A quality assurance audit and inspection of this study may be
conducted by the Ethical Committees of the IRB and will be
independent of the study investigators and the sponsor; the
quality assurance auditor will have accessto all medical records,
the investigator’s study-related files and correspondence, and
the informed consent documentation relevant to this clinical
study. The occurrence of any serious adverse event (eg, death)
will be reported to the IRB within 24 hours of the event and
their recommendations will be followed.

The study recruited patients and placed them into three different
groups. An addendum to the protocol (version 4.0, dated May
5, 2018) has been approved by the IRB and includes a plan to
collect stool and blood samplesfor microbiotaand metabol omics
analysis, respectively. The funder has not and will not have
influence at any stage of the research, from study design to
publication.

Traditionally, green bananais used as an antidiarrheal agent in
the community. It is also used as a vegetable in Bangladesh,
India, and other countries in Africa. Therefore, the IRB from
the icddr,b did not direct us to form a datamonitoring
committee.
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Table 1. Standard Protocol Items. Recommendation for Interventional Trials (SPIRIT) schedule of enrollment, interventions, and assessments.

Protocol items

Study period

Screening (day -3 Enrollment (day  Assessmentand  Study diets First follow-up  Second follow-
to-1) 0) adlocation (day 0) (days2-7) (days 14+3) up (days 21+3)

Enrollment

Eligibility screen
Informed consent

Randomization and allocation

Interventions

Different diets

Assessments

Demographics
Comorbidities

Physical examinations

Primary outcome

Resolution of diarrhea (by day
5)

Secondary outcomes

Resolution of diarrhea (by day
7

Consistency of stool
Frequency of stool

Recovery time
Hospital-acquired infection
Relapse at first follow-up
Relapse at second follow-up
Enteric pathogen detection by
TagMan assay®

Detection of gut microbiota by
16SrRNA sequencing®

Detection of proteomes and
metabolomes from blood®

X

8according to the addendum (Ethical Committee approval on May 5, 2018), at the end of the study, stored stool samples and blood samples will be
processed for the desired testing.
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Table 2. Standard Protocol Items: Recommendations for Interventional Trials (SPIRIT) 2013 checklist: recommended items are addressed in this
clinical trial’s protocol and related documents.

Section or item, item no. Description Page no. where
addressed

Administrative information
Title
1 Descriptive titleidentifying the study design, population, interventions, and, if applicable, trial acronym 1
Trial registration

2a Trial identifier and registry name; if not yet registered, name of intended registry (ie, Clinical Triadls.gov, 2
ID: NCT03366740)

2b All items from the World Health Organization Trial Registration Data Set N/A2

Protocol version

3 Date and version identifier 4
Funding
4 Sources and types of financial, material, and other support 20

Roles and responsibilities

5a Names, affiliations, and roles of protocol contributors 1
Sb Name and contact information for the trial sponsor (ie, the icddr,bb) N/A
5¢c Role of study sponsor and funders, if any, in study design; collection, management, analysis, and inter- 5

pretation of data; writing of the report; and the decision to submit the report for publication, including
whether they will have ultimate authority over any of these activities

5d Composition, roles, and responsibilities of the coordinating center, steering committee, end-point adju- 4,5
dication committee, data-management team, and other individuals or groups overseeing the trial, if ap-
plicable (see Item 21afor data-monitoring committee) (ie, Institutional Review Board and the icddr,b)

Introduction

Background and rationale

6a Description of research question and justification for undertaking thetrial, including summary of relevant 3, 4
studies (published and unpublished) examining benefits and harms for each intervention
6b Explanation for choice of comparators 3,4
Objectives
7 Specific objectives or hypotheses 18
Trial design
8 Description of trial design, including type of trial (eg, parallel group, crossover, factorial, or single 13,14

group), alocation ratio, and framework (eg, superiority, equivalence, noninferiority, and exploratory)
Methods: participants, interventions, and outcomes
Study setting

9 Description of study settings (eg, community clinic and academic hospital) and list of countrieswhere 12
datawill be collected; reference to where list of study sites can be obtained

Eligibility criteria

10 Inclusion and exclusion criteria for participants; if applicable, eligibility criteriafor study centersand 13

individuals who will perform the interventions (eg, surgeons and psychotherapists)
I nterventions

1la Interventions for each group with sufficient detail to allow for replication, including how and whenthey 13, 14
will be administered

11b Criteriafor discontinuing or modifying allocated interventionsfor agiventrial participant (eg, drugdose 17
change in response to harms, participant request, and improving or worsening disease)

11c Strategies to improve adherence to intervention protocols, and any procedures for monitoring adherence  N/A
(eg, drug tablet return and laboratory tests)

11d Relevant concomitant care and interventions that are permitted or prohibited during the trial 17,18
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Section or item, item no.  Description Page no. where
addressed
Outcomes
12 Primary, secondary, and other outcomes, including the specific measurement variable (eg, systolicblood 18

pressure), analysis metric (eg, change from baseline, final value, and timeto event), method of aggregation
(eg, median and proportion), and time point for each outcome; explanation of the clinical relevance of
chosen efficacy and harm outcomes is strongly recommended

Participant timeline

13 Time schedule of enrollment; interventions, including any run-ins and washouts; assessments; and visits 5, 6
for participants—a schematic diagram is highly recommended (see Table 1)
Samplesize
14 Estimated number of participants needed to achieve study objectivesand how it wasdetermined, including 19
clinical and statistical assumptions supporting any sample size calculations
Recruitment
15 Strategies for achieving adeguate participant enrollment to reach target sample size N/A

Methods: assignment of interventions (for controlled trials)
Allocation: sequence generation

16a Method of generating the all ocation sequence (eg, computer-generated random numbers), and list of any 18
factorsfor stratification; to reduce predictability of arandom sequence, details of any planned restriction
(eg, blocking) should be provided in a separate document that is unavailable to those who enroll partic-
ipants or assign interventions (ie, block randomization)

Allocation: concealment mechanism

16b Mechanism of implementing the allocation sequence (eg, central telephone and sequentially numbered, 18
opague, sealed envelopes), describing any steps to conceal the sequence until interventions are assigned

Allocation: implementation

16¢ Study members who will generate the allocation sequence, will enroll participants, and will assign par- 18
ticipants to interventions (ie, allocation sequence: senior scientist not related to the study; enrollment
and assignment: principal investigator and study physician)

Allocation: blinding (masking)

17a Study memberswho will be blinded after assignment to interventions (eg, tria participants, care providers, 18
outcome assessors, and data analysts), and how (ie, open-labeled trial)

17b If blinded, circumstances under which unblinding is permissible, and procedure for revealing a partici- N/A
pant’s allocated intervention during the trial

Methods: data collection, management, and analysis
Data collection methods

18a Plans for assessment and collection of outcome, baseline, and other trial data, including any related 15, 16
processesto promote data quality (eg, duplicate measurements and training of assessors) and adescription
of study instruments (eg, questionnaires and laboratory tests), along with their reliability and validity,
if known; reference to where data collection forms can be found, if not in the protocol

18b Plans to promote participant retention and complete follow-up, including list of any outcome datato be N/A
collected for participants who discontinue or deviate from intervention protocols

Data management

19 Plans for data entry, coding, security, and storage, including any related processes to promote data 19
quality (eg, double data entry and range checks for data values); reference to where details of data-
management procedures can be found, if not in the protocol

Statistical methods

20a Statistical methods for analyzing primary and secondary outcomes; reference to where other detailsof 19
the statistical analysis plan can be found, if not in the protocol

20b Methods for any additiona analyses (eg, subgroup and adjusted analyses) 19

20c Definition of analysis population relating to protocol nonadherence (eg, as randomized analysis), and /A

any statistical methods to handle missing data (eg, multiple imputation)

Methods: monitoring
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Section or item, item no.  Description

Page no. where

addressed
Data monitoring
2la Composition of data-monitoring committee, summary of its role and reporting structure, statement of 5
whether it isindependent from the sponsor and competing interests, and reference to where further details
about its charter can be found, if not inthe protocol; aternatively, an explanation of why adata-monitoring
committee is not needed
21b Description of any interim analyses and stopping guidelines, including who will have accesstothese  N/A
interim results and make the final decision to terminate the trial—no interim analysesin thistria
Harms
22 Plansfor collecting, assessing, reporting, and managing solicited and spontaneously reported adverse 5
events and other unintended effects of trial interventions or trial conduct
Auditing
23 Frequency and procedures for auditing trial conduct, if any, and whether the processwill beindependent 4
from investigators and the sponsor
Ethics and dissemination
Resear ch ethics approval
24 Plans for seeking research ethics committee (REC) and institutional review board (IRB) approval 4
Protocol amendments
25 Plans for communicating important protocol modifications (eg, changesto eligibility criteria, outcomes, 5
and analyses) to relevant parties (eg, investigators, RECs, IRBs, trial participants, trial registries, journals,
and regulators)
Consent or assent
26a Study memberswho will obtain informed consent or assent from potential trial participantsor authorized N/A
surrogates, and how (see Item 32) (ie, principa investigator and his or her representative)
26b Additional consent provisions for collection and use of participant data and biological specimensinan- N/A
cillary studies, if applicable
Confidentiality
27 How personal information about potential and enrolled participantswill be collected, shared, and main- 4
tained in order to protect confidentiality before, during, and after the tria
Declaration of interests
28 Financial and other competing interests for principal investigators for the overall trial and each study 20
site
Accessto data
29 Statement of who will have access to the final trial dataset, and disclosure of contractual agreements 4
that limit such access for investigators
Ancillary and posttrial care
30 Provisions, if any, for ancillary and posttrial care and for compensation to those who suffer harm from  N/A
trial participation
Dissemination policy
3la Plansfor investigators and sponsor to communicatetrial resultsto participants, health careprofessionas, 4
the public, and other relevant groups (eg, via publication, reporting in results databases, and other data-
sharing arrangements), including any publication restrictions
31b Authorship €eligibility guidelines and any intended use of professional writers N/A
3lc Plans, if any, for granting public accessto the full protocol, participant-level dataset, and stetistical code N/A
Appendices
Informed consent materials
32 Model consent form and other related documentation given to participants and authorized surrogates /A

(see Multimedia Appendix 1)

Biological specimens
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Section or item, item no.  Description

Page no. where
addressed

33

Plansfor collection, laboratory evaluation, and storage of biological specimensfor genetic or molecular 5, 6

analysisin the current trial and for future usein ancillary studies, if applicable (see Table 1)

3N/A: not applicable.
Bicddr,b: International Centre for Diarrhoeal Disease Research, Bangladesh.

Study L ocation

The study is being conducted at the Dhaka Hospital of the
icddr,b, Dhaka, Bangladesh. This hospital provides care and
treatment to over 166,624 patients annually of all ages and of
both genders. Patients usually come with diarrheal illnesses
and/or other associated problems, such as pneumonia,
malnutrition, sepsis, and electrolyte abnormalities. In 2018,
about 98,308 children under the age of 5 years were admitted.
The majority of care seekers were from poor socioeconomic
backgrounds and lived in urban and periurban Dhaka. Care is
provided by a professional team, including junior and consultant
physicians, nurses, counselors, and dietary workers in a
multidisciplinary approach. There are different wards to treat
patients with respiratory problems, diarrheal diseases, and
mal nutrition. The laboratory possesses well-equipped facilities
capable of performing most of the clinical tests proposedinthis
study. For critically ill patients, there is an intensive care unit
facility present within the hospital, equipped with necessary
life support measures, including mechanical ventilators and
syringe pumps for vasopressor support.

Study Population
This study includes patients who meet the criteria below.
Inclusion Criteria

1. Children aged 6-36 months, having diarrheafor 14 days or
more (up to 29 days), either at admission or developed at
some point during their treatment period in the hospital.

2. Children abletotake oral feedsat thetime of randomization.

Exclusion Criteria

1. Children whose parents or caregivers do not provide
consent.

2. Growth of Shigella, Salmonella, or Cholerain rectal swab
culture.

https://www.researchprotocol s.org/2020/3/€15759

Children having weight-for-length  Z-scores or
weight-for-height Z-scores of less than -5 SD or severe or
generalized edema.

Children presenting with septic shock, convulsion, or any
other illness that needs intensive care unit support during
admission.

Birth defects, such as complex congenital heart diseases,
cleft lip and cleft palate, Down syndrome, cerebral palsy,
and others, that may themselves cause a digestive problem
or failure to thrive.

Children diagnosed as having apparent or known
tuberculosis, HIV, or chronic (>30 days) or organic diarrhea
where the cause is known (eg, Crohn’s disease, ulcerative
colitis, and celiac disease).

Study Design

This is an open-labeled, randomized controlled clinical tria
with three treatment arms (see Figure 1 and Table 3). Children
6-36 months of age admitted to the DhakaHospital of theicddr,b
with PD or who developed PD during their treatment period
and failed to respond with milk suji—a low-lactose formula
made from milk powder and rice powder—have been screened
and enrolled in this study. The participant enrollment period
lasted 18 months.

Randomization

The permuted block randomization technique was followed to
select treatment arms for each child. The randomization
procedure was planned and set up by ascientist from theicddr,b
who was not involved in the data collection. The randomization
list containing the subject IDs and the corresponding group
alocation remained concedled. IDs were chronologically
assigned to each new study participant. After randomization,
opague envelopes containing the names of the allocated diet
groups were opened.
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Table 3. Proposed dietary composition for this randomized controlled trial.

Sarmin et al

Ingredients per liter Three-quarter-strength rice suji

Full-strength rice suji

Full-strength rice suji containing green banana

Green banana, g N/AR N/A
Glucose, g 30 30
Rice powder, g 40 60
Egg white, g 100 100
Soya bean ail, g 25 32
Sodium chloride, g 0.1 0.1
Magnesium chloride, g 05 05
Potassium chloride, g 1.0 1.0
Calcium carbonate, g 20 20
Energy, kcal/100 mL 57 70
Protein, g/100 mL 19 21
Osmolarity, mOsmol/L 296 298
Protein energy ratio, % 13 12
Fat energy ratio, % 40 41

200

25
50
80
26
0.1
05
1.0
20
70
20
<298
11
35

3N/A: not applicable.

Collection of Baseline I nformation

All children with PD, either at admission or developed at some
point during their treatment period, within the defined age group
were screened for study eligibility criteria by the study
physician. Parents or attending caregivers of those eligible
children, depending on the inclusion and the exclusion criteria,
were invited to provide their consent for enrollment of their
children in the study. Parents and caregivers signed a written
informed consent form (see Multimedia Appendix 1) and were
provided with information about the study and itsinterventions,
possible benefits and risks, and voluntary nature of participation,
including the right to withdraw children at any time after the
initial consent without providing any reason; after this, children
were enrolled by the study physician. One copy of the signed
consent document was given to the caregiver of each participant
and another copy was kept for the study documentation. A
pretested case record form was used to collect rel evant medical
history information, including nature and duration of illness
and medication for current illness. The form was also used to
collect information on sociodemographic characteristics, such
as age, sex, religion, gestationa age, parental age, parental
education, parents occupations, drinking water source and
sanitation, fuel use and smoking history, monthly family income,
number of siblings, and number of rooms in the home.
Information was also collected about each child's feeding
practice, such astheir history of breastfeeding, formulafeedings,
or other complementary feedings, aswell asimmunization status
and each child’s past history of pneumonia and diarrhea.

Dataon clinical characteristicsof participantswas also collected.
Clinical examination measurements recorded by the study
physician included pulse and respiratory rate, axillary
temperature, anthropometric measurements (ie, height, weight,
mid-upper-arm  circumference, weight-for-age Z-score,
weight-for-length Z-score, and wei ght-for-height Z-score), chest

https://www.researchprotocol s.org/2020/3/€15759

auscultation, oxygen saturation, presence or absence of
chest-wall indrawing, cyanosis, and menta status (ie, normal,
irritable, or lethargic). Weight was measured using an el ectronic
weighing scale with a precision of 0.1 kg; height/length was
measured using a locally made length board with a precision
of 0.5 cm by atrained and experienced nurse from the Dhaka
Hospital of the icddr,b. Fever was defined when the axillary
temperature was 38°C or greater. Respiratory rate was counted
for afull 60 seconds by exposing the trunk when the child was
awake and calm; the presence of lower-chest-wall indrawing
was noted at the same time. Frequency and consistency of stool
were monitored by either the study physician or ahealth worker
every 8 hours up to the resolution of the diarrhea.

At discharge, caregivers were asked to come back with the
children for a minimum of two, weekly follow-up visits.

Laboratory Tests

All laboratory tests were carried out according to the
management outline of PD based on the previous studies
[31-34], which include the following tests:

1. Stool for routine microscopic examination and culture for
Vibrio, Salmonella, Shigella, and Campylobacter jeuni
from rectal swab culture.

2. Total and differential blood count.

3. Chest x-ray of anteroposterior view for management of
pneumonia.

4. Serum electrolyte and creatinine if there is any clinical
evidence of electrolyte imbalance or renal insufficiency.

5. Blood culture for suspected septicemia, typhoid fever,
prolonged febrile illness, or hospital-acquired infection.

6. A rapid diagnostic test of stool by enzyme-linked
immunosorbent assay (ELISA) for the diagnosis of
Cryptosporidium spp and Giardiain selected cases, where
theresponseisdelayed or thereis strong clinical suspicion.
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With the aim to evaluate gut microbiota and proteomicsin PD,
additional investigations are planned as follows:

1. For gut microbiotaanalysis, fecal samples (2 g each) were
collected from every child over the course of the study as
follows: (1) on enrollment day, (2) at any time a diet was
changed, and (3) at the time of discharge. Different types
of microbiotaof diverse groups (eg, Bacteroides, Prevotella,
and Ruminococcus) will betested by 16SrRNA sequencing.

2. For the TagMan assay to detect other enteropathogens
causing PD, a fecal sample (2 g) on screening day was
collected.

For proteomic and metabolomic assays, two plasma samples
(150 pL each) were collected from 50 children over the course
of the study as follows: (1) on enroliment day and (2) at the
time of discharge from the study; samples are to be analyzed
and tested by a collaborative ingtitute (to be decided).

Clinical Management

Children with PD were admitted to the long-stay unit of the
DhakaHospital of theicddr,b. Initial routineinvestigationswere
completed to identify the etiology of diarrhea by performing
stool routine microscopic examinations and rectal swabs; if
stool routine examinations were suggestive of invasivediarrhea,
an appropriate antibiotic was provided according to hospital
protocol. During this period, milk suji, alow-lactose milk and
rice flour-based diet containing ~67 kcal and 1.3 g protein per
100 mL, was given as a routine diet. If the PD resolved with
milk suji, the child was discharged with health advice. On day
4 (ie, 3 days after milk suji was given), if diarrhea did not
resolve, the child was enrolled in the study and randomization
was performed. The child received one of the three diets:
full-strength rice suji containing green banana, full-strength rice
suji alone, or three-quarter-strength rice suji alone. Children on
al three diets were followed for 7 days. If there was
deterioration of diarrhea(ie, either increased frequency or watery
consistency) for 3 days or if the condition remained static for
up to 7 days, the child's status was decl ared as treatment failure.
Children whose treatment failed received dietary intervention
as per the standard management of diarrhea at the Dhaka
Hospital of theicddr,b (see Figure 1).

Volume of Diet

In this age group, we usually provide oral feeding equivalent
to 60-85 mL/kg/day (12 feeds/24 hours). If breast milk was
insufficient or the child was formulafed, the child received 120
mL/kg/day (12 feeds/24 hours). For a severely malnourished
child who often did not get sufficient breast milk, the diet
volumewas 120 mL/kg/day (12 feeds/24 hours). L ater, if achild
demanded more and diarrhea had not worsened, the amount
they were fed was increased to 144 mL/kg/day. The consultant
physician made the final decision about the dietary volume,
depending on the clinical condition of each patient. The volume
offered and actual intake were properly recorded.

Follow-Up After Discharge

Children who were fed full-strength rice suji, with or without
green banana, or three-quarter-strength rice suji were discharged
and were required to follow up for 2 weeks. At the end of 14
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days, they returned to the hospital and if they remained diarrhea
free, the diet was switched back to milk suji and caregiverswere
advised to introduce other family diet itemsgradually. Children
with severe acute malnutrition and severe pneumonia received
treatment according to the hospital’s standard management
protocol [35,36] and WHO guidelines [32], respectively. Last
but not the least, it isimportant to mention that caregivers who
were the mothers of the children were encouraged to continue
breastfeeding along with providing their children with aspecific
diet. Thefood in the study was prepared and provided by health
workers under the close supervision of aqualified dietician; the
diets were formulated based on localy available, culturally
acceptable, affordable foods, quite similar to the WHO's
recommendations [3,14,16].

Outcome M easures

Primary Outcome Variable

The primary outcome variableisthe percentage of children who
recovered from diarrheaby day 5 after being on the study diets.

Secondary Outcome Variables

There were eight secondary outcome variables, as follows: (1)
the percentage of children who recovered from diarrhea by day
7, (2) the consistency of stool on different days, (3) the
frequency of stool on different days, (4) the outcome after being
onthestudy dietsfor 1 week (eg, recovery time), (5) the number
of hospital-acquired infections, (6) the rate of relapse within 14
daysof follow-up, (7) the detection of enteric pathogensviathe
TagMan assay and gut microbiota via 16S rRNA sequencing,
and (8) the detection of proteomes and metabolomes related to
PD.

Sample Size

Rabbani et al [20] conducted a study where they enrolled
5-12-month-old children; they found that their recovery rates
from PD by day 4 on the green banana diet and rice suji was
78% and 23%, respectively. However, studies by Islam et al
[13] and Mahfuz et a [37] found that a higher percentage of
children recovered from PD after being given rice suji. There
has been no study conducted where diets of rice suji with or
without green banana were given to children 6-36 months of
age. Considering these facts, we assumed that in 6-36-month-old
children, the rate of recovery from diarrhea by day 5 in either
of the intervention diet groups (ie, full-strength rice suji with
or without green banana) would be 90% and that the rate of
recovery in the control diet group (ie, three-quarter-strength
rice suji) would be 65%.

With 80% power and a 5% type | error, and considering three
treatment arms, we needed 40 children in each arm. If we
enrolled 45 children in each arm, that would accommodate up
to an 11% rate of attrition. Therefore, the total target sample
size was 135 children (ie, 45 children x 3 arms).

Statistical Analysis

Data has been entered into a personal computer and will be
analyzed using SPSS Statistics for Windows, version 20.0 (IBM
Corp). Statistical analyses will include descriptive as well as
analytical methods. We will compare different characteristics
(eg, age, gender, diarrhea and its duration, stool consistency,
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presence or absence of blood, fast breathing, |ower-chest-wall
indrawing, and fever). We will also evaluate the PD outcome
as improved, death in hospital, relapse, or death during
follow-up. Categorical variables will be compared using the
chi-square test. When the variables of interest are continuous
and parametric, the statistical significance of group mean
comparisons will be evaluated by anaysis of variance
(ANOVA). When the main outcome measures are continuous
nonparametric variables, the dtatistical significance of
differences will be determined using the Kruskal-Wallis test.
The post hoc test will be done accordingly. A probability of
lessthan .05 will be considered statistically significant. Strength
of association will be determined by calculating relative risk
and 95% CIl. Our primary analysis is an intention-to-treat
analysis comparing the groups. Survival analysis will also be
carried out. Finally, regression analyses will be performed to
reach more definitive conclusions.

Results

Recruitment and data collection began in December 2017 and
were completed in November 2019. Results are expected by
April 2020.
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Discussion

The purpose of this clinical research isto improve the existing
standard dietary treatment to manage PD. PD incurs a great
amount of morbidity and has accounted for about 36%-56% of
diarrhea-related mortality inlow- and middle-income countries
[3-7]. Current algorithm-based management was developed
several years ago; different countries adopted these guidelines
with modifications depending on their local and cultura
backgrounds. This study will focus on whether a low-calorie,
low-osmolarity, or green banana diet works best for the early
resolution of diarrhea. The data gathered from this study will
hopefully be of great interest to scientists, who may seek to
modify the management strategy of PD or to pursue new
elements in PD where proteomics- and metabolomics-based
studies might provide more answers.

In conclusion, this study is expected to provide useful insights
into the efficacy of green bananain the management of PD in
children aged 6-36 months. If this diet results in improved
outcomes in this setting, then we can assume that it would also
be beneficial in other similar health care facilities. We will
demonstrate whether this simple yet practical solution for PD
works or not.
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Abstract

Background: The nonpharmacological approach to diabetic control in patients with diabetes focuses on a healthy diet, physical
activity, and self-management. Therefore, to help patients change their habits, it isessential to identify the most effective approach.
Many efforts have been devoted to explain changesin or adherence to specific health behaviors. Such efforts have resulted in the
development of theoriesthat have been applied in prevention campaigns and include brief advice and counseling services. Within
this context, motivational interviewing (MI) has proven to be effective in changing health behaviors for specific cases. However,
stronger evidence is needed on the effectiveness of M1 in treating chronic pathologies such as diabetes.

Objective: This study will obtain preliminary data on the impact of a nurse-led M1 intervention in improving glycemic control,
aswell asclinical, psychosocial, and self-care outcomes for individual s with type 2 diabetes mellitus when compared with usual
care, with the aim of improving diabetic control in patients with diabetes.

Methods: An open, two-arm, parallel, randomized controlled, pilot exploratory trial will be performed. Two government
outpatient clinicsinthe New Territories West Cluster in Hong Kong will beinvolved. Intotal, 20 to 25 participants will be invited
in each arm. Intervention participants will receive face-to-face M1 interventions in addition to their usual care from the clinic.
Control participants will only receive usual care. Outcomes are assessed at baseline, 6 months, and 12 months. The primary
outcome measureis glycated hemoglobin levels. Secondary outcomesinclude blood pressure, BMI, hip and waist circumference,
fasting blood, and psychosocia and self-care measures.

Results: This study is currently underway with funding support from the Hong Kong College of Family Physician Research
Seed Fund 2017.

Conclusions: M1 skills constitute the main strategies primary care nurses use on their patients. Having economical, smple,
effective, and applicable techniques is essentia for primary care professionals to help their patients change their lifestyle and
improvetheir health. Thisstudy will provide scientific evidence on the effectiveness of M. It will be performed with strict control
over the data collection, ensuring the maintenance of therapeutic integrity.

Trial Registration: Centrefor Clinical Research and Biostatistics CUHK_CCRBO00614; https://tinyurl.com/v9awzk6

International Registered Report Identifier (IRRID): DERR1-10.2196/15709

(JMIR Res Protoc 2020;9(3):€15709) doi:10.2196/15709
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motivational interviewing; diabetes; nurse; usual care; self-management; self-care

http://www.researchprotocols.org/2020/3/e15709/ JMIR Res Protoc 2020 | vol. 9 | iss. 3 [e15709 | p.48
(page number not for citation purposes)


mailto:man_kin1130@yahoo.com.hk
http://dx.doi.org/10.2196/15709
http://www.w3.org/Style/XSL
http://www.renderx.com/

JMIR RESEARCH PROTOCOLS

Introduction

Background

Self-management of diabetes mellitus (DM) requires that
patients can reconcile their resources and preferences with the
standard therapeutic regimen for diabetes, atask that can be a
challenging for many patients[1,2]. It has been widely accepted
that diabetes education is not only required in the first few
months following diagnosis, but is an important component of
ongoing diabetes care because of the demanding self-care
requirements, which requires multiple daily decisionsto balance
diet, physical activity, and medications [3]. There has been a
keen interest in examining the impact that different kinds of
patient education programs have on diabetes self-management.
The findings of several meta-analyses from randomized
controlled trials (RCTs) provide extensive evidence for the
effectiveness of behavioral and educational intervention on
fasting blood glucose and glycated hemoglobin (HbA,).
However, the long-term effects of such interventions are
uncertain [4-11]. Knowledge about the effectiveness of
behavioral and educational interventions on other
diabetes-related outcome measures including blood pressure,
lipid profile, body weight, self-management skills, health
behavior, and psychosocial aspects are currently inconclusive
[3,10-13]. There are few studies that have examined the impact
of these psychological interventions among Chinese patients
with diabetes. Critical assessment regarding the impact of
behavioral and educational programs requires further research
that is based on rigorous methods from high quality studiesand
are adequately powered as well as furnished with long-term
follow-ups. The precise magnitude of the effectiveness should
be examined, well-defined, and specific to the servicerecipients
when designed [12-14].

Motivational interviewing (MI), described by Rollnick and
Miller [15], is a well-defined and scientifically tested method
of client counselling that has successfully been used to elicit
and sustain a person’s behavior changesin a number of health
care areas. A recent review of MI showed improvements in
health behaviors such as diet and exercise in patients with
diabetes[16]. However, studies on the effectiveness of M1 have
not been able to offer unanimous conclusionson clinical [17-23]
and psychosocial attributes [18,21,24-27] in patients with
diabetes. Previous reviews emphasize the need for studies of
high methodological quality and adequate power to explore the
effect of M1 on glycemic control and well-being in patientswith
diabetes [14,16,28].

Given the fast pace of consultation flow in Hong Kong, where
consultation time for ageneral practitioner isaround 5 minutes
for each patient in government outpatient clinics (GOPC), it is
not possiblefor doctorsto carry out M1. Management of diabetes
involves a multidisciplinary approach in which allied health
professionals such as dietitians, occupational therapists, and
physiotherapists are also important team members. Our study
will be novel asit is the first RCT using samples of Chinese
patients with diabetes. In addition, we invited trained nursesto
participate in our intervention.

http://www.researchprotocols.org/2020/3/e15709/
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Knowledge Gap

Evidence-based M1 research in various health care aspects is
available abroad, but there is adearth of such research in Hong
Kong. It isimportant to build up local data on M| research.

Objectives

Thisproject aimsto obtain preliminary dataregarding theimpact
of M1 on diabetes control compared with normal care among
patients seen in primary care settings. The outcomes of interest
include glycemic control (as measured by HbA,.), blood

pressure, BMI, hip and waist circumference, fasting blood, and
psychosocial and self-care measures.

The findings could inform the efficacy of MI for diabetes
management in patients in family practices and contribute to
better disease control.

Methods

Study Design

A pilot multicenter, parallel-group, RCT will be performed. It
is an assessor-blinded study, involving two GOPCs in Hong
Kong. They will be randomized with one alocated to an
intervention group and the other to a control group.

Patients who attend the nurse-led clinic (NLC) in the
intervention group will receive up to fiveindividual counselling
sessions based on M1 in 1 year, in addition to their usual care.

A RCT design was chosen to minimize contamination between
the control and intervention participants that could occur if
participants in the same health service were randomized to
different treatment groups. Furthermore, because the
intervention will be targeted at changing the behavior of health
professionals, once trained, treatment leakage could occur, as
it will be difficult for them to avoid using the intervention
techniques with control participants.

Subjects

Inclusion Criteria

Patients are eligible if they were diagnosed as having type 2
DM for at least 1 year and are 18 to 65 years of age with poor
DM control (defined as HbA ;:>8). Patients who have or have
not received maximum dosages of oral hypoglycemic agents
areequally eligible.

Exclusion Criteria

Patients who are pregnant as well as those with severe
debilitating diseases that preclude adherence to
recommendations (eg, end stage cancer), cognitive deficits, or
medical conditions rendering the individuals incapable of
completing informed consent or participating in the study are
excluded.

Hypotheses

Our hypotheses are that M1 can reduce HbA . levels, improve

clinica and psychosocia outcomes, and increase diabetes
self-care when compared with patients' usual care.
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Recruitment Procedure

The patients will be informed while participating in the NLC.
Advanced practice nurses (APNs) will assist participants in
achieving the primary goal of treatment for HbA . levels less
than 7.0%, which is the target defined by the Manual for Risk
Assessment and Management Programme (Diabetes Méllitus)
in the Primary Care Setting under the Hospital Authority of
Hong Kong. This primary goal is applicable for both groupsin
the study.

After randomization, all outcome measures will be assessed at
baseline, 6 months, and 12 months in both groups.
Randomization is generated by a research randomizer with a
1:1 alocation ratio in both groups. Each GOPC is considered
asasingle unit of randomization.

Sample Size Calculation

Sample size estimates were calculated using the fixed number
of clusters (2) available to the current study. The intracluster
correlation coefficient (ICC) accounts for the greater similarity
of responsesin patients within clusters compared with between
clusters, and we could apply an ICC of 0.05 astypical in primary

Wong et a

care settings [29]. The effect size for the primary outcome,
HDbA ., was anticipated to be 0.32%, based on findings from a
published meta-analysis[29]. Using these parameters, asample
size calculator for cluster-randomized trials[29] could estimate
atotal number of samples that would be required to achieve a
power of 80%, while maintaining an alpha of 5% and a
participant attrition rate of 20%.

However, sincethisisapilot study, wewill deploy aconvenient
sampling of 20 to 25 samples in each arm depending on
resources. We anticipate performing a pragmatic cluster RCT
in the future when resources are available so that sample size
can be calculated with adequate power.

Stratification and Randomization

Participantswill be sampled by computerized random allocation
software to achieve balance. The sampling procedure produces
an ordered list of eligible participants. Then, recruiting officers
systematically invite eligible participants into the study. Once
a participant declines participation, the recruiting officer will
move to the next person on the list. APNs will provide all
participants an explanatory statement and consent form in person
at their GOPC visit. Participant flow is shown in Figure 1.

Figure 1. Tria participant flow. DM: diabetes mellitus; HbA 1. glycated hemoglobin.
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Usual Care

Medical treatment is not a part of the intervention. All
participants, irrespective of participation in the intervention
group or the control group, will undergo the same routine
check-up at the GOPC in charge of their diabetes care.
Biochemical tests and examinations will be performed during
these visitsin accordance with protocols.
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Individual counsalling and recommendationswill be given based
on the results of the examinations, biochemical tests, and
self-monitoring of blood glucose. Renewal of prescribed
medication will also be done at these check-up visits. Patients
could bereferred toindividua counselling for diet modification,
optimization of physical activity, smoking cessation if
applicable, and minimization of alcohol useif required by their
usual health care provider.
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Research Intervention

The theoretical approach of the intervention is based on the
self-efficacy theory and M1 spirit. Perceived self-efficacy is
defined as peopl €' s beliefs about their capabilities of producing
designated levels of performance on exercising influence over
events that affect their lives [30]. Ml is used as a method to
facilitate this process and is a directive counselling style for
eliciting behavior change by helping patients to explore and
resolve ambivalence [31,32]. In addition to their usua care,
patients in the intervention group will receive a 1-year Ml
program consisting of up to fiveindividual counselling sessions
lasting approximately 30 to 45 minutes. Each participant in the
intervention group isassigned an APN who hasreceived training
in MI. The style of the interview is standardized with the
following components: seeking to understand the person’sframe
of reference; expressing acceptance and affirmation; eliciting
and selectively reinforcing the client’s own self-motivational
statements of problem recognition, concern, desire and intention
to change, and ability to change; exploring the client’s degree
of readiness to change; and affirming the client’s freedom of
choice and self-direction. Exploring readinessto changeisused
as acomponent of the therapeutic process and not an outcome.
Each session follows a semistructured M| format, specifically
developed for thisintervention program. Participants may bring
up any concerning issues related to diabetes self-care during
the intervention sessions. The participants in the intervention
group may be referred by the health care professiona to
individual counselling for lifestyle modification, which may
include dietary changes, promation of physical activity, and
counseling on quitting smoking and minimizing alcohol
consumption.

Education of the Health Care Professionals Prior to
the Intervention

A number of APNswill be educated to carry out M1, depending
on funding and resources. They will be coached by trainersfrom
the Motivational Interviewing Network of Trainers.

The theoretical and practical part of the education includes
training in the key elements of M1, which isgenerally facilitated
through dliciting change talk and exploring ambival ence about
behavioral change while trying to examine discrepancies
between the individual’s current behavior and core values or
personal goals. The health care professionalswill beintroduced
to MI methods including reflective listening and
acknowledgement, so they will be able to clarify the patient’s
goals and concerns, as well as elicit reasons for change using
the patient’sown words. Therole of the health care professionals
is to coach and support the patients in discovering and
developing their own resources for change and management at
the patient’s request.

After the course, the health care professionals will be
individually supervised by the MI trainer in 10 real patient
situations. The supervision will include audiotaping and
evaluation inspired by the Motivational Interviewing Treatment
Integrity (MITI) coding system version 4.2.1 [33]. The MITI
coding system is divided into a global rating and behavioral
counts. The global rating is a 5-point Likert scale, where 1
indicates|low competencein MI and 5 indicates high competence
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in MI. The behavior counts reveal M1 behavior in proportion
to all behavior, where a high percentage indicates a high
competencein MlI.

M easurements and Outcomes

The primary outcome measure is HbA .. Secondary clinical
outcomesinclude systolic and diastolic blood pressure, weight,
BMI, waist and hip circumference, and fasting blood samples
(fasting plasma glucose, total cholesterol, triglyceride,
high-density lipoprotein, and low-density lipoprotein).
Additionally, secondary psychosocial and self-care behavior
outcomes include: psychological distress (Kessler 10 [K10];
score range 10-50) [34], quality of life (QOL)
(WHOQOL-BREF; domain score range 0-100) [35], diabetes
self-care activities (Summary of Diabetes Self-Care Activities
[SDSCA]; score range 0-7, representing number of days per
week) [36], and diabetes management self-efficacy (Chinese
Diabetes Management Self-Efficacy Scale [C-DMSES]; score
range 0-200) [37]. These surveys have been shown to
demonstrate satisfactory psychometric properties.

K10 is a 10-item questionnaire intended to yield a global
measure of distress based on questions about anxiety and
depressive symptoms that a person has experienced in the most
recent 4-week period.

The WHOQOL-BREF instrument comprises 26 items that
measure the following broad domains: physical health,
psychological health, socia relationships, and environment.
The WHOQOL-BREF is a shorter version of the original
instrument that may be more convenient for useinlargeresearch
studies or clinica trials. Both the self-administered and the
interview version of the Hong Kong Chinese WHOQOL -BREF
will be available [38].

The SDSCA measuresfrequency of self-care activity inthelast
7 days for five aspects of the diabetes regimen: general diet
(adherence to headlthy diet), specific diet (ie, ate fruits and
low-fat foods), foot care, blood-glucose testing, exercise, and
taking recommended diabetes medication. Participants rate
themselves from O to 7 on each item. The mean scores of the
11 items are then used to assess a participants' self-care
behavior.

C-DMSES assesses the extent that participants are confident
they can self-monitor nutrition, blood sugar, foot exams,
physical exercise, weight, and medical trestment. Participants
rate themselves on an 11-point scale ranging from “0=can’t do
at al” to “10=certain can do”. The mean scores of the 20 items
are used to assess participants' self-efficacy.

All patient level outcomes will be assessed at baseline, and
again at 6 monthsand 12 months, during aclinical health check
and an interviewer-administered questionnaire. All participants
will beinstructed to fast overnight for a minimum of 12 hours,
and participant fasting timeswill be recorded prior to each blood
test. When fasting times are insufficient, participants will be
asked to reschedul e their appointment. I ntervention and control
groups will both undergo the same assessments, and all
participantswill beinformed of their clinical results. Participants
who are absent for outcome assessments will be contacted
whenever possible by a phone call and asked to reschedule.
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Owing to the pragmatic nature of thistrial, data collectors will
not be blinded to group allocation; however, laboratory
technicians will be blinded. Blood samples will be analyzed
centrally at the Chemical Pathology Laboratories at Tuen Mun
Hospital in Hong Kong.

Fidelity

To externaly verify that M|l and usua care differ as expected,
2 out of 20 participants (10%) in both the MI and usua care
sessions will be randomly selected for coding on adherence to
MI principles using the MITI coding system by an expert
independent coding group. Coders are blind to the study arm
of the session and the study hypotheses. We anticipate that M|
sessions will receive scores of 4 or higher on the 1 to 5 global
rating and be significantly higher than usual care sessions on
ratings of evocation, collaboration, empathy, and autonomous
support. With respect to frequency measures for counselor
behavior we expect MI sessions to have a higher
reflection-to-question ratio and significantly fewer instances of
giving information.

Statistical Analysis

Descriptive statistics will be used to summarize the
characteristics of the GOPCs and participants with regard to
baseline characteristics and patterns of mean change over time.
The primary analysis will examine the changesin HbA . at the
6- and 12-month follow-ups in comparison to the baseline.
Secondary analyses will include al clinical, psychosocial, and
self-care measures that are continuous outcomes. For data
analyses, SPSS (IBM Corp, Armonk, NY) will beused. Asthis
isapilot study, nonparametric statistical testswill be used. The
baseline values will be reported as means (SD). A P-value<.05
will be regarded as statistically significant.

Ethical Considerations

This study isin compliance with the Helsinki Declaration and
local legidation. Ethical approval was sought and granted by
the New Territories West Cluster Clinical & Research Ethics
Committee on July 3, 2018, with Ref. No.: NTWC/CREC/18038
at Tuen Mun Hospital in Hong Kong. All participants signed
an informed consent from the nurses before participating in the
study. This study is noncommercial.

To protect the interest of vulnerable subjects, confidentiality
will be ensured according to the guidelines from the Hospital
Authority in Hong Kong. For example, the data, including
personal information, will be stored in encrypted files during
and after the study. The investigators will be responsible for
the safekeeping of the personal data, and only they will have
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access to the personal dataduring and after the study. The data
will bekept in alocked cabinet for 5 years after the study. After
completion of this storage period, the data files will be
destroyed.

Results

Thisstudy iscurrently underway with funding support from the
Hong Kong College of Family Physician Research Seed Fund
2017. Participants could start the study at different times. All
testing was completed in mid-November 2019. The results of
the study will then be communicated via publications.

Discussion

I mpact

Demonstrating which of the two methods tested here is more
effective can have a major impact on clinical practices when
designing and proposing clinical protocolsfor the management
of diabetes. Clinical interviewing skills and health education
are the essential strategies used by nurses with their patients.
Obtaining scientific evidence on the effectiveness of Ml in
primary care through strict monitoring of the training methods
and controlling the integrity of the therapies applied will alow
usto have economical, brief, effective, and applicable techniques
to help patients change their health habits and achieve better
health outcomes.

Limitations

Thisstudy design has several limitations. First, astheresources
for this study are limited, we will not be able to collect alarge
sample size. Consequently, it might be more difficult to identify
statistically significant intervention effects. Thisissue highlights
the importance of preventing dropouts from the intervention.
Dropouts will be prevented by sending telephone reminders to
participants for follow-ups. In addition, to test our hypotheses,
participants will need to fill out many questionnaires, which
may cause higher levels of attrition.

Conclusions

This study is one of the first attempts to assess the extent that
the MI approach helps in overall diabetic care. The results
obtained will help us understand the practical effectiveness of
this approach, including its limitations and actual impact on
Chinese patients with diabetes. If this method proves to be
effective, our intention is to disseminate and promote that
intervention used in APN sessions to promote better
self-management.
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Abstract

Background: Power mobility devices (PMD) are critical to achieving independent mobility and social participation for many
individuals who have trouble walking. Provision of PMDs is complex, with cognitive functioning expressed by clinicians as a
major concern. Even if PMD use can be predicted by the level of cognitive functioning, outcome tools used to assess readiness
do not consider how cognitive functioning may affect PMD use.

Objective: The specific aims of this review are to identify existing assessments used to assess cognitive functioning and PMD
use, classify cognitive functions that are identified within existing assessments related to PMD use, and explore the relationships
between cognitive functioning (ie, executive functions and attention) and PMD use.

Methods: A systematic review will be conducted using the el ectronic databases MEDLINE (Ovid), CINAHL, Embase, PsycNFO
(Ovid), and Web of Science based on the concepts of PMD performance and capacity, and cognitive functioning. To beincluded,
studies must have: a sample of PMD users (inclusive of age and diagnoses), an assessment of cognitive functioning, and an
assessment of PMD capacity or performance. The International Classification of Functioning, Disability and Health will be used
to classify cognitive functions. Study quality will be assessed using the Mixed Methods Appraisal Tool. Qualitative and quantitative
studies will be analyzed in acomplementary manner depending on their designs; a result-based convergent synthesis design will
be applied.

Results:  This proposed systematic review protocol has been registered in PROSPERO (CRD42019118957). It was funded by
the Quebec Rehabilitation Research Network and approved on February 2019.

Conclusions: Results will inform the development of a PMD driving program that aims to enhance cognition. The results of
this study will enhance understanding of the influence of cognitive functioning on PM D use and will support the clinical practice
in choosing appropriate evaluative tools.

Trial Registration: PROSPERO CRD42019118957; https://www.crd.york.ac.uk/PROSPERO/display_record.php?
RecordI D=118957

International Registered Report Identifier (IRRID): DERR1-10.2196/16534

(JMIR Res Protoc 2020;9(3):€16534) doi:10.2196/16534
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Introduction

Individuals with mobility impairments can benefit from power
mobility devices (PMD), such as powered wheel chairs; scooters
[1]; and, specifically for children, adapted ride-on toys [2]. A
national survey in Canada stated that, in 2016, approximately
160,000 individuals 15 years of age and older used a PMD
(42,400 users of powered wheelchairs and 108,550 users of
scooters) [3]. The prevalence of PMD useis expected to increase
for both older adults, asthe population continuesto age[ 3], and
children, as recommendations on early PMD provision are
increasing [4].

According to the “Convention on the Rights of Persons with
Disabilities’ PMD useis critical for independent mobility [5].
In the International Classification of Functioning, Disability
and Health (ICF) framework, mobility is described within the
activitiesand participation chapter (d4). Mobility requiring use
of a PMD is defined in “Moving around using equipment”
(d465) as “moving the whole body from place to place, on any
surface or space, by using specific devicesdesigned to facilitate
moving or create other ways of moving around, such asmoving
down the street in awheelchair or awalker” [6]. The impact of
PMD use is considerable, including the possibility to move
throughout the user’s environment [7,8]. Optimal PMD use can
also enhance mobility confidence and participation in various
occupations [9-11]. Thus, using a PMD facilitates autonomy,
independent living, and social participation in all aspectsof life
for children, adults, and older adults [5,12-14].

For exampl e, the associ ation between PMD use and participation
has been demonstrated for older adults. Sund et a [11]
conducted a prospective study and investigated the influence
of PMDs over aperiod of 1 year. Among community-dwelling
older adults, PMD use was associated with an increased
frequency of grocery shopping and going for awalk, aswell as
other aspects of everyday life such as going to a restaurant,
sending letters at the post office, going to the bank, and visiting
family and friends became easier after PMD acquisition [11].
Additionally, Rossen et a [15] conducted a qualitative study
exploring how PMD users experience their everyday life and
how PMDsinfluencetheir daily occupations. The study reported
that community-dwelling older adults reported a satisfaction
with well-being, self-esteem, dignity, and socia life that was
associated with using aPMD [15].

However, to benefit from PMD use, a person must first obtain
the device, which often requires a prescription from a health
care professional and adaptationsto their environment, and then
demonstrate that they have the capacity to use it safely. For the
purpose of this systematic review, PMD use encompasses
capacity (ie, what a person can do in a standard environment)
and performance (ie, what a person actually doesin their actual
environment) as defined by the ICF [16]. Accordingly, driving
aPMD involves complex interactions between the person (social
and cognitive factors), the environment, and the device itself.
Therefore, PMD provision requires careful consideration of the
diagnoses and prognoses; motor, cognitive, and perceptual
capacities; and the built and social environments[17]. However,
in practice, occupational therapists often report feelings of
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uncertai nty when considering safety, autonomy, and risk through
PMD acquisition [18].

Cognitive functioning is the major concern expressed by
clinicians who prescribe PMDs [18,19], as learning new skills
(ie, capacity) and applying the skills in the real world (ie,
performance) requires adequate cognitive abilities. There is
evidence to suggest that successful PMD use can be predicted
by the level of cognitive functioning [20]. For example, Cullen
et al [20] demonstrated that cognitive functions such as memory
and visual perception upon PMD provision predicted frequency
of PMD use 1 month |later. However, one evaluation of cognition
was based on an index score that combines multiple tools.
Through evaluation of a PMD training program among
individuals living in long-term care, Mendoza et al [21] aso
reported an increased number of accidents among PMD users
who had executive dysfunction. Despite the perceived
importance of cognition, global or specific cognitive functions
required for PMD use remain unclear.

Clear clinical guidelines related to cognition and PMDs are
limited by adearth of literature that has not yet been adequately
synthesized. Furthermore, existing PMD use assessment tools
focus predominantly on motor skills and performance-based
outcomes, and seldom consider how cognitive functions and
application of knowledge (ie, executive functioning, problem
solving) could influence PMD driving. For example, the Power
Mobility Indoor Driving Assessment [22] and the Power
Mobility Community Driving Assessment considers whether
more training is required; the Wheelchair Skills Test assesses
specific driving skills [23]; the Power Mobility Road Test
evaluates driving capacities in structured and unstructured
environments [24]; and the Wheelchair Use Confidence scale
measures self-efficacy for using a PMD [25]. In addition, the
Functional Evaluation Rating Scale evaluates driving
performance in simulated programs [26]. However, existing
assessment tools do not consider how cognitive functioning
may affect PMD use [27]. Consequently, subjective clinical
judgment often plays a central role in determining if an
individual has the necessary cognitive functions for using a
PMD [18].

Given that cognitive functioning isfundamental to usingaPMD
and that decision making around PMD provision often relies
onclinical judgement, it iscritical to gain abetter understanding
of the relationships between cognitive functioning and PMD
use, whichisimportant for the devel opment of assessment tools
and training programs. To our knowledge, there has not been a
systematic review describing the relationship between PMD
use and cognitive functioning.

The specific aims of this review are to identify existing
assessments used to evaluate cognitive functioning and PMD
use; classify, according to the ICF, cognitive functions that are
identified within existing assessments related to PMD use; and
explore the relationships between cognitive functioning (ie,
executive function, attention) and PMD use.
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Methods

Prospero Registration and PRISM A-P Statement

The present protocol has been registered within the PROSPERO
database (CRD42019118957). Given that there are no guidelines
for mixed-method reviews [28], this review will follow the
relevant domains of the PRISMA-P (Preferred Reporting Items
for Systematic Reviews and Meta-Analyses Protocol s) statement
for quantitative aspects[29] (Multimedia Appendix 1), and the
relevant domains of the Enhancing Transparency in Reporting
the Synthesis of Qualitative Research (ENTREQ) statement for
qualitative aspects [30].

Literature Search

A librarian contributed to the devel opment of the search strategy.
Appropriate keywords were selected according to Medical
Subject Headings (MeSH) terms, terms used in existing studies
on cognition and PMD use, and the “Mental functions” and
“Learning and applying knowledge” chapters of the ICF. The
search was conducted in online databasesincluding MEDLINE
(Ovid), CINAHL, Embase, PsycINFO (Ovid), Scopus, and Web
of Science. The search strategy included the concepts: “PMD”,
“cognitivefunctioning”, and related synonyms. |n each database,
the subject headings rel ated to the two concepts were used. The
keywords and writing rules (eg, truncation, quotation marks,
operators) were adapted for each database. An example of the
search strategy is provided in Multimedia Appendix 2. The
results were searched independently by two authors (AP and
MDL) to identify relevant studies. All searches were
documented including terms used and the number of hits or
studies obtained.

Eligibility Criteria

The PICOS (Population, Intervention, Comparison, Outcomes,
and Study Designs) structured approach [29] was used to frame
inclusion and exclusion criteria. Included studies must: be
scientific peer-reviewed manuscripts, dissertations, or theses
(including al quantitative and qualitative methods and study
designs); present original data; be written in English or French;
include asample of PMD users (inclusive of age and diagnoses);
assess cognitive functioning; and assess PMD capacity or
performance. No restriction will be applied regarding year of
publication. Studies not involving human subjects will be
excluded.

Data Management

The data will be imported from the databases in Endnote
reference management software (version X9). Then references
will be exported to Covidence systematic review software
(Veritas Health Innovation, Melbourne, Australia), where
duplicates will be removed automatically based on the title of
the references. Remaining duplicateswill be deleted during the
abstract and title screening.

Screening and Selection Process

Titles and abstracts will be screened for eigibility by two
independent reviewers (AP and LK). Thefull text of all relevant
studies will be retrieved and independently assessed for
inclusion by two reviewers (AP and LK). Any disagreement in
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study eligibility will be resolved through discussion with athird
reviewer (KB). References of all considered studieswill be hand
searched to identify any relevant reports missed in the search

strategy.
Data Extraction

Datawill be extracted independently by two reviewers (AP and
LK) into study-specific extraction tables. The same data
extraction approach will be applied acrossall studiesfollowing
astandard data extraction template, but with flexibility according
to various methodol ogies and designs [28]. Study designs will
be extracted according to Portney and Watkins' definitions[31].
All tableswill include the following general categories: author;
year of publication; country; study design; purpose of study;
type of power mobility device (wheelchair or scooter);
participant demographics (sample size, sex, age, marital status,
diagnosis); primary outcome: cognitive functions (classified
using the ICF and including outcome tools when applicable)
(Multimedia Appendix 3); and secondary outcome: PMD use
(including outcome tools when applicable). Specific tables for
randomized control design, pre-post design, and intervention
design will include categories such as intervention, control
group, and outcome measure. Only select qualitative data will
be extracted according to the specific aims of the protocol (ie,
cognition and power wheelchair mobility outcomes) [32]. For
exampl e, phrase and keywords (codes) related to cognition and
PMD capacity and performancewill be reviewed and extracted
[33]. Theauthorswill read each article repeatedly to ensure that
all concepts and relationships are explored [34]. Discrepancies
will be identified and resolved through discussion, using a
mediator (KB) when necessary. Missing datawill be requested
from study authors.

Data Analysis

Embracing no restriction related to the study purpose and design
assumes complementarity between methodologies, as such a
transparent and systematic process will be used [28,35]. The
studies will be andyzed in the same time and in a
complementary manner depending on their design. Then the
results of both syntheses will be integrated during a final
synthesis. A result-based convergent synthesis design will be
applied [36]. Thisdesign impliesthat qualitative and quantitative
studies are analyzed separately using different synthesis
methods, and that the results of the qualitative synthesis
informed the quantitative synthesis [37]. First, qualitative and
guantitative data will be analyzed separately. Codes extracted
from all qualitative studies will be organized accounting for
similarities and differences in the study findings and will lead
to new interpretations of the phenomena studied [30]. For
guantitative data, if studies are sufficiently homogenous,
guantitative synthesis will be used (aggregate level data) and
correlations between cognitive functioning and PMD measures
will be calculated with SPSS Statistics (SPSS Inc, Chicago,
Illinois). Second, a narrative synthesis will be integrated to
merge the results of both qualitative and quantitative syntheses,
which will then be combined using a third synthesis in a
convergent manner [36]. Throughout analyses multiple
researcherswill beinvolved in peer debriefings. Consensuswill
be reached among three researches (AP, LK, and KB) to assure
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reliability and trustworthiness. The interpretation of the results
will occur in the discussion section.

Critical Appraisal

The studies will be organized by study design in descending
order from the highest level of evidence to the lowest level
according to an evidence-based practice toolkit [38]. The
methodological quality of eachincluded study will be appraised
using the Mixed Methods Appraisal Tool (MMAT), evaluating
qualitative and quantitative designs [39]. It is noteworthy that
this tool is currently being updated; if the new version is
available during this study, the most recent version will be used.
Methodological limitations identified in primary studies will
be taken into account to discuss the results and conclusions
regarding the rel ationship between cognitive functionsand PMD
use. This systematic review does not have restrictions related
to the study designs; therefore, the methodological quality of
each article will be essentia to the interpretation of the results.
The two appraisals will be completed independently by two
authors (AP and LK). Discrepancies will be identified and
resolved through discussion with a third author (KB) when
necessary.

Ethical Considerations

Thereareno ethical issues of concernin this secondary analysis
of published evidence.

Results

Thereview hasbeen designed according to the Cochrane method
[40], such that each step will be performed in duplicates
(screening and selection, data extraction and data analysis).
Transparency will be enhanced by regular team meetings and
presentations on emerging findings at internal seminars, aswell
as by sharing the findings with an advisory group. All stepsand
decisions such as discussions about keywords or the exclusion
of a study will be recorded in a logbook. None of the authors
have conflicts of interest that would affect their interpretation
of evidence.

Discussion

This paper describesthe protocol for asystematic review aiming
to identify the cognitive functions that are currently assessed
before PMD provision and to expl ore the rel ationshi ps between
cognitive functions and PMD use. Results of this study will
improve knowledge about the assessment of cognitive
functioning and the relationship between cognitive functions
and PMD use. It is apparent that cognitive functioning is
required for PMD use. For example, Bottos et al [41] assessed
the effects of early provision of a powered wheelchair, and
found that children classified as “norma” or “mild learning
disability” according to their 1Q achieved independent use of
PMD easily and rapidly. However, there is a need to better
understand theinfluence of specific cognitive functionson PMD
use, and to determine cognitive functionsthat predict successful
PMD use. There is little evidence describing an explicit
relationship between cognitive functioning and PMD use.
Moreover, the most commonly used assessments of readiness
for PMD use [27] focus on PMD capacity or performance
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outcomes (ie, assess activity and participation of awheelchair
user) [19], and may overlook modifiable cognitive functions.

Existing assessments of PM D use and assessments of cognitive
functioning identified in this systematic review will be classified
according to the ICF. Therefore, the results of this systematic
review may guide therapists in the selection of outcome tools
for PMD screening and assessment. Moreover, identification
of important cognitive functions may provide valuable insight
into the development of new PMD driving interventions, and
specific cognitive functions (eg, problem solving and executive
functioning) may be directly targeted using safe and specialized
approaches such as wheelchair simulator environments and
virtua reality.

Redlization of the proposed systematic review is the first
iterative step within alarger program of research that will lead
to the development of a PMD training program that targets
cognitive functioning. The Medica Research Council
methodological framework will guide the development and the
evaluation of a novel PMD training program that considers
important cognitive functions [42]. This framework follows
four phases for the development of complex interventions
including: the theoretical and developmental phase (phase 1),
thefeasibility phase (phasell), the evaluation phase (phase 1),
and the long-term implementation phase (phase IV) [43]. The
theoretical phase suggests conducting a systematic review to
synthesize existing knowledge. Findings from this review will
be used to design the prototype for anew PMD training program
that targets cognitive functioning, which will then be refined
and evaluated with key stakeholders and experts (eg, PMD
users, caregivers, clinicians) through focus groups and Delphi
surveys.

The results from this systematic review will enhance the
understanding of the influence of cognitive functions on PMD
use, which is critical for the development of assessment tools
and training programs. Results of this systematic review may
inform the development of clinical practice guidelines and
training programs that consider cognition and the devel opment
of smart wheelchairs. There may be practical applications for
PMD users, caregivers, and clinicians.

Onelimitation of thisreview isthat the strategy will not include
literature. Moreover, the broad population being targeted (ie,
individualswith cognitive and physical impairments) may pose
some challenges. However, we chose to include participants of
all agesand diagnosesto not restrict or exclude relevant studies.
If data are available, subgroup analyses and descriptions will
be considered to describe specific relationships between
cognitive functioning and PM D usein different populations (ie,
age, sex, diagnoses). The anticipated high variability between
existing assessments such as qualitative descriptions versus
guantitative outcome tools may also limit the ability to make
compari sons between studies and to synthesizefindings. Finally,
inclusion of qualitative and quantitative studieswill potentially
limit our ability to make any conclusions regarding strength
and magnitude of relationship between cognitive functions and
PMD use.

This systematic review will aim to explore the relationships
between cognitive functioning and PM D use. Theresultsof this
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study will improve knowledge about the influence of cognitive  systematic review thus ensuring transparency and a priori
functions on PMD use. This protocol provides a detailed directionsfor future research.
description of the methods that will be used to conduct the
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Abstract

Background: Conversational agents (also known as chatbots) have evolved in recent decades to become multimodal,
multifunctional platforms with potential to automate a diverse range of health-related activities supporting the general public,
patients, and physicians. Multiple studies have reported the development of these agents, and recent systematic reviews have
described the scope of use of conversational agentsin health care. However, there is scarce research on the effectiveness of these
systems; thus, their viability and applicability are unclear.

Objective: The objective of this systematic review is to assess the effectiveness of conversational agents in health care and to
identify limitations, adverse events, and areas for future investigation of these agents.

Methods: The Preferred Reporting Items for Systematic Reviews and Meta-Analyses Protocols will be used to structure this
protocol. The focus of the systematic review is guided by a population, intervention, comparator, and outcome framework. A
systematic search of the PubMed (Medline), EMBASE, CINAHL, and Web of Science databaseswill be conducted. Two authors
will independently screen thetitles and abstracts of the identified references and select studies according to the éligibility criteria.
Any discrepancies will then be discussed and resolved. Two reviewers will independently extract and validate data from the
included studies into a standardized form and conduct quality appraisal.

Results: Asof January 2020, we have begun a preliminary literature search and piloting of the study selection process.

Conclusions:. This systematic review aims to clarify the effectiveness, limitations, and future applications of conversational
agents in health care. Our findings may be useful to inform the future development of conversational agents and promote the
personalization of patient care.

International Registered Report Identifier (IRRID): PRR1-10.2196/16934

(JMIR Res Protoc 2020;9(3):€16934) doi:10.2196/16934
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Introduction

Digital technologies are driving transformation in the health
sector and show promise in contributing to the resolution of
major challenges facing hedth care systems worldwide,
including the provision of personalized medicine, prevention
of chronic conditions, care of anincreasingly elderly population,
and provision of health care to hard-to-reach populations.
Intelligent digital platformswith aconversational user interface
(ie, conversational agents) constitute arepresentative technology
that has been investigated in these contexts[1-4]. Conversational
agents mimic human interaction using natural language
processing to analyze user inputs and respond appropriately
using human language via auditory or textual methods [5].

Thefirst technology of this kind emerged in 1966, constituting
a text-based platform that mimicked a psychotherapist,
“ELIZA”, using prerecorded answers sel ected based upon user
input [6]. Over the past two decades, developments in natural
language processing and deep learning have contributed to the
development of more sophisticated artificial intelligence
technologies, many of which employ conversational functions.
Current agents are available via multiple digital platforms,
including telephones, mobile phones, tablets, and computers,
and in many virtual formats such as chatbots, embodied
conversational agents, and three-dimensional avatars [2,7,8].
The input channels have similarly expanded in recent years;
notably, conversational agents have evolved to integrate
movement analysis and gesture or eye movement recognition,
which may enhance the user-agent interaction by integrating
multimodal signals asis the case in human-human interactions
[9]. Within the health care field, conversational agents have
been designed to automate specialized tasks to support health
care professionals, patients, or at-risk populations [2,10-12].
The investigated uses for these systems include triage,
diagnostics, counseling, health promotion, and training of health
care professionals [1,4,11-16]. The widespread availability of
thedigital platformsthrough which these conversational agents
operate enables populations with limited health provision or
health literacy to access these services [14,17]. Finally, these
agentsare hel ping to provide patient-centered care by increasing
the patients’ involvement in their health care and decision
making [2,17,18]. Personalization features have also been
integrated into conversational agents to improve user
satisfaction, user engagement, and dialogue quality [19].

Despiteawealth of literature on conversational agentsand their
application to health care, the majority of reviews on the topic
focus on a specific therapy area or function, whereas few
reviews have comprehensively examined the overall scope and
progress in the field [20-23]. Laranjo et a [24] conducted a
systematic review of conversational agents in 2018, in which
they investigated the characteristics, applications, and evaluation
measures of conversational agents; however, this was limited
to agentswith unconstrained natural language input and systems
that had been tested with human participants. Similarly, in 2019,
Montenegro et a [25] surveyed the literature related to
conversational agents applied to health care with a focus on
their patterns, goals, and interactions. Although they described
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ageneral taxonomy detailing the functions and architecture, the
implications for the users were not addressed.

Thereisaclear need to understand the effectiveness of current
conversational agents to achieve their intended outcome and
facilitate the user experience with these agents. Thisinformation
can then be used to determine the direction that these
technologies are most likely to follow in health care and identify
the functions or populations that will derive the most benefit
from these resources. Furthermore, these conversational agents
have potentia to alleviate current health care resource burdens
by automating functions that previously required face-to-face
interaction; thus, it is important to identify whether thisis an
observed outcome of the use of these technologies.

Thus, the aim of this systematic review is to evaluate the
effectiveness and implications of conversational agentsin health
care. Thisreview will focus on three main questions. First, are
the intended health-related outcomes of current conversational
agents being fulfilled, and doesthe effectiveness vary depending
on the population or function of the agent? Second, what are
the capabilities of health-focused conversational agents, and
how might the availability of these agents impact the use of
health care resources? Finally, what are the current limitations
and gaps in the utility of conversational agents in the health
care field that could inform future research?

Methods

Study Design

Wewill usethe Population, Intervention, Comparator, Outcomes
(PICO) template and the Preferred Reporting Items for
Systematic Reviewsand Meta-Analyses Protocols (PRISMA-P)
guidelines[26] to identify appropriate Medical Subject Headings
(MeSH) for the literature search and to structure the review.
This systematic review will be composed of aliterature search,
article selection, dataextraction, quality appraisal, dataanaysis,
and data synthesis.

Eligibility Criteria
The following PICO framework is based on our three main
research questions stated above.

- Population: The population will include the general
population, patients, students, and health care professionals
of any age who have interacted with a conversational agent
for any health-related purpose.

- Intervention: Interaction with a conversational agent that
utilizes natural language processing via any interactive
device.

« Comparator: No comparator is required for the studies to
be included in this systematic review.

+  Outcomes: Themain health outcomes assessed will bethose
related to improvements in clinical, behavioral, and
psychosocial parameters, along with health literacy, shared
decision making, practica improvement in health care
provision, or user-based evaluation outcomes, including
acceptability, usability, engagement, and satisfaction.
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Search Strategy

We will search the following databases. PubMed (Medline),
Embase, CINAHL, ACM Digital, and Web of Science. Key
terms relating to conversational agents were extracted from an
initial review of the literature, and specific search terms and
strings were chosen in consultation with a medical librarian.
Search terms will include MeSH terms and keywords related
to conversational agents, natural language processing, health
care, and evaluation. A draft of the search terms that will be

de Cock et al

used in thisreview are grouped into four themesin Table 1. All
terms in the MeSH and keywords columns are included with
the structure: (conversational agents[MeSH OR keywords] OR
natural language processing [MeSH OR keywords]) AND
(health [MeSH OR keywords] OR health-related
education/training [MeSH OR keywords]) AND evaluation
(MeSH OR keywords). We will adapt the search strategy as
needed to return a breadth of papers without retrieving an
unmanageably large number of irrelevant articles.

Table 1. Search terms.

Category MeSH?2

Keywords (title, abstract)

Conversational agent Speech recognition software

Health Healthcare facilities OR health services OR health commu-
nication OR health services accessibility OR delivery of
healthcare OR health behavior OR simulation training OR
health education OR health literacy OR patient acceptance
of healthcare OR health knowledge, attitudes, practice OR
asthma OR sex education OR exp aged OR exp counseling
OR smoking cessation OR exp diet OR exp education,
medical OR exp substance-related disorder OR socia skills
OR autism spectrum disorder OR patient education as topic
OR exercise OR diabetesmellitus OR cardiovascul ar disease
OR pulmonary disease, chronic obstructive

“Conversational agent*” OR “embodied conversationa
agent” OR chatbot* OR avatar OR dialog* system OR
“virtual assistan*” OR “virtua nurs*” OR virtual patient
OR virtual coach* OR intelligent assistan* OR “relation*
agent” OR *“ assistance technol*” OR “voice-based inter-
fac*” OR “virtual coach” OR speech recoghition software
OR voice recognition software

Health OR healthcare OR “ health behavio?” OR hospital
OR exercis* OR diet OR healthcare delivery or hedthcare
access or simulation training or education or elderly care
or sex* education or health literacy or counsel 2ing or
well-being or smoking cessation or cognitive dysfunction
or mental health or social skillsor autism spectrum disor-
der OR diabetes OR heart health OR chronic obstructive
pulmonary disease OR COPD OR sun protection OR
physical activity

Evaluation Outcome assessment

(Health Care) OR program eval uation OR feasibility studies
OR pilot projects OR diffusion of innovation OR cost-benefit

analysis OR reproducibility of results

Feasibil* OR usabil* OR evaluat* OR outcome* OR ac-
ceptability OR acceptance OR treatment adherence OR
effectiv* OR adoption OR assess* OR user experience*
OR efficacy OR utility OR utili?ation OR patient* accep-
tance OR patient* acceptability OR user* acceptance OR
user* acceptability OR user* perce* patient* perce* or
user perspective* OR patient* perspective* OR user*
view* OR patient* view* OR cost*

3\leSH: Medical Subject Headings.

Inclusion Criteria

The main criteria for inclusion will be interventional studies,
including randomized controlled trials and non-randomized
studies (eg, non-randomized controlled trials, before-and-after
studies, and interrupted time-series studies), and observational
studies, including cross-sectional surveys, cohort studies, and
qualitative studies. Only studies published in English will be
included.

Therewill be no restriction regarding the year of publication of
studies to provide a comprehensive overview of the evolution
of conversational agents in health care and the obstacles or
successes that these agents have met to inform future research.
Studies that evaluated at |east one conversational agent will be
included. Any population groups, geographical locations, or
function intending to influence any aspect of physical or mental
health or provide health-related education or training will be
included to enable an assessment of the breadth of applications
of conversational agents. Studies of conversational agents
acquiring information viaany input will be included; however,

https://www.researchprotocol s.org/2020/3/€16934

the agent must interact with ahuman user and adapt the response
according to user input.

For aninitia search, al study designswill beincluded; however,
the studies included in the final review may be refined based
on the initial results. An evaluation of the number of studies
that are retrieved from an initial search may result in the
exclusion of quasi-experimental trials or other study types.

Exclusion Criteria

We will exclude studies that are not published in English and
studies of conversational agent interventions that have no
health-related function. Studies of conversational agents that
utilize the Wizard of Oz technique, whereby a human operator
isinvolved in response generation, or those not utilizing natural
language processing will be excluded, asthese do not constitute
autonomous conversational agents. Conversational agentssolely
producing proactive communication will also be excluded (eg,
reminder texts or €l ectronic messages that cannot be responded
to). Studiesthat report no eval uation of the conversational agent,
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such as papers discussing solely the design, development, or
intention of the agent, will also be excluded.

Screening and Article Selection

All articlesidentified from the database searches will be stored
in the citation management software Mendeley (L ondon, UK),
whichwill be used to eliminate any duplicates. Two independent
reviewers will screen the titles and abstracts of al studies.
Studiesthat fail to meet the eligibility criteriawill be excluded,
with any disagreements being discussed until consensus is
reached. The full text of the remaining articles will then be
examined to determine final digibility.

A PRISMA flow diagram will be used to record the details of
the screening and selection process so that the study can be
reproduced.

Data Extraction

To extract data from the included studies, we will use a
standardized Excel form that includes general information (title,
author[s], year, country of study), study characteristics (study
design, aim, study population, duration of study), risk of bias
or quality assessment (depending on study design), details of
the conversational agent (developer, architecture, intended
application, design features), outcomes (including but not limited
to health outcomes, user perception, usability, feasibility, and
resource implications), limitations (including functional and
user-reported limitations or potential improvements), and
adverse events (such as data breaches, misinformation, or
improper use). We will pilot the data extraction form on asmall
number of studiesto develop thefinal dataextraction form. One
reviewer will review the full text of all the papers included in
the final selection and extract data that will be validated by a
second reviewer. Disagreementswill be resolved by discussion,
and if consensus cannot be reached, a third reviewer will be
consulted.

Quality Appraisal and Risk of Bias Assessment

After the final selection of the studies, two independent
reviewers will assess the risk of bias of the included studies. If
there is disagreement in judgment, the reviewers will discuss
before consulting athird reviewer. The Cochrane Collaboration
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Risk of Bias tool will be used to assess any randomized
controlled trialsincluded in the review [27]. Since many of the
included papers are anticipated to assess nonrandomized
interventions, the Risk Of Bias in Non-randomized Studies of
Interventions (ROBINS-I) will also be used [28]. The National
Ingtitutes of Health - National Heart, Lung, and Blood Institute’s
quality assessment tool [29] will be used for observational cohort
and cross-sectional studies. A tablewill be created summarizing
the quality of all included studies.

Data Analysisand Synthesis

It isunlikely that a meta-analysis will be feasible owing to the
anticipated variety of study aims, methods, and reported
outcomes. Therefore, we will conduct a descriptive analysisto
summarize the extracted data. If possible, we will provide a
narrative overview of results by subgroups. The discussion will
synthesize the data to describe the effectiveness of current
conversational agents as well as comment on the scope of the
field; draw conclusions about their feasibility, usability, and
acceptability; identify limitations and adverse events, and
establish directions for future research and devel opment.

Results

As of January 2020, we have begun a preliminary literature
search and piloting of the study selection process.

Discussion

We will perform a systematic review and do not anticipate any
issues with the implementation of the proposed protocol. This
systematic review of the literature reporting the evaluation of
conversational agents will offer new insight into the viability
and progress of conversational agentsin health care, and uncover
challenges and limitations that have been encountered in order
to inform the future devel opment and evol ution of these agents.
This research will also add to the growing body of evidence
and understanding of how health care can be further
personalized. Our findings may also identify potential obstacles
to the widespread implementation of these technologies, and
aid in the future integration of conversationa agentsin clinical
practice.
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Abstract

Background: Depressionisone of theleading causes of disability worldwide. Internet- and computer-based interventions (IBIs)
have been shown to provide effective, scalable forms of treatment. More than 100 controlled trials and a growing number of
meta-analyses published over the past 30 years have demonstrated the efficacy of IBIs in reducing symptoms in the short and
long term. Despite thelarge body of research, no comprehensive review or meta-analysis has been conducted to date that eval uates
how the effectiveness of I1BIs has evolved over time.

Objective: This systematic review and meta-analysis aims to evaluate whether there has been a change in the effectiveness of
IBls on the treatment of depression over the past 30 years and to identify potential variables moderating the effect size.
Methods: A sensitive search strategy will be executed across the Cochrane Central Register of Controlled Trials (CENTRAL),
MEDLINE, EMBASE, and PsycINFO. Data extraction and evaluation will be conducted by two independent researchers. Risk
of biaswill be assessed. A multilevel meta-regression model will be used to analyze the data and estimate effect size.

Results: The search was completed in mid-2019. We expect the results to be submitted for publication in early 2020.
Conclusions: The year 2020 will mark 30 years since the first paper was published on the use of IBIs for the treatment of
depression. Despite the large and rapidly growing body of research in the field, evaluations of effectiveness to date are missing
the temporal dimension. Thisreview will address that gap and provide valuable analysis of how the effectiveness of interventions
has evolved over the past three decades; which participant-, intervention-, and study-related variables moderate changes in
effectiveness; and where research in the field may benefit from increased focus.

Trial Registration: PROSPERO CRD42019136554; https://mww.crd.york.ac.uk/prospero/display_record.php?Recordl D=136554

International Registered Report Identifier (IRRID): PRR1-10.2196/14860

(JMIR Res Protoc 2020;9(3):€14860) doi:10.2196/14860
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Introduction

Background

Depression isone of the leading causes of disability worldwide,
with global prevalenceratesestimated at 4.7% [1,2]. Depression
has been identified as a risk factor for many chronic health
conditions [3], is associated with poor quality of life [4], hasa
significant burden of fatal and nonfatal disease[5], and ahighly
negative economic impact [6].

Cognitive behavioral therapy (CBT) isthe most widely practiced
and researched form of psychotherapy for depression, with an
extensive body of research supporting its efficacy in reducing
depressive symptoms [7,8].

Despite the demonstrated efficacy, the World Health
Organization estimates that approximately 34 million people
suffering from major depressive disorder go untreated each year
in Europe and the United States alone, representing atreatment
gap of more than 56% [9]. Barriers to effective care include
difficulty accessing a nearby provider, the prohibitive cost of
treatment, lack of insurance and trained health care providers,
long waiting list times, and the socia stigma associated with
mental disorders[10,11].

The development of internet- and computer-based therapy has
provided an effective method of meeting some of these
challenges. Emerging in 1990, the first version of
computer-based CBT (cCBT) was effectively a CBT manual
delivered viaa CD-ROM [12]. However, with the devel opment
and widespread adoption of the internet in the 1990s, internet
delivery became the norm [13].

During an internet- or computer-based intervention (1BI),
patients typically log in to a website to read, watch, hear, and
download materialsarranged into a series of lessons or modules.
They receive homework assignments and regularly complete
computer-administered questionnaires relevant to their
presenting problems, allowing atherapist or other support person
to monitor their progress and outcomes [14,15].

There are a number of advantages offered by IBls over
traditional forms of face-to-face therapy [14]. First, in the case
of onlineinterventions, the ability for patientsto access IBls at
anytime and from anywhere with an internet connection
significantly lowersthe barrier to access. Second, the anonymity
of IBIs alows patients to circumvent the stigma surrounding
mental disorders, which prevents many from even mentioning
their problems when consulting genera practitioners. Finally,
the time savings associated with internet-delivered therapy has
enabled health care providersto increase the delivery of therapy
and reduce wait-list times, making it a highly scalable form of

therapy.

Over the past 30 years, |Bls have been devel oped and tested for
a range of mental disorders, the most common of which are
anxiety and depression disorders [16]. Interventions have
employed avariety of therapeutic approaches—from CBT [16]
to acceptance and commitment therapy [17], psychodynamic
approaches [18], and interpersonal psychotherapy [19].

http://www.researchprotocols.org/2020/3/e14860/
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Effectiveness of I nternet- and Computer-Based
I nterventions

The most widely researched type of IBI is internet-delivered
cognitive behavior therapy (iCBT), with more than 100
randomized controlled trials (RCTs) and a growing number of
effectiveness studies [20-22] and meta-analyses [8,23-35]
demonstrating its efficacy. One of the earliest meta-analyses by
Spek et a [23] found amoderate posttreatment effect size across
12 RCTsfor participants with depression compared with control
groups. Subsequent reviews have reported similar findings, with
pooled standardized mean differences ranging from Cohen d=.32
[23] to Hedges' g=0.78 [25] for interventions compared with
placebo, treatment as usual, and wait-list. A particularly
important comparison for IBIs is traditional, face-to-face
therapy. Although there have been few trias to date, a
meta-analysis by Carlbring et al [35] indicated that there was
no significant difference between iICBT and face-to-face
treatments, afinding supported by Webb et a [36]. In addition
to RCTs, anumber of effectiveness studies have demonstrated
that iCBT can be effectively delivered in routine clinical
practice, with effects similar to those observed in efficacy trials
[21,22]. One notable (although widely debated) exception to
these findings was the large-scale REEACT (Randomised
Evaluation of the Effectiveness and Acceptability of
Computerised Therapy) trial, which compared two iCBT
interventions (Beating the Blues and MoodGY M) with usual
genera practitioner carein aprimary care setting intheinwhich
it was concluded that the benefits of IBIs demonstrated in
efficacy trials may not transfer to clinical settings[37].

Finally, small but significant effect size superiority has been
shown at both 3- to 6- and 9- to 18-month follow-upsindicating
the potential for IBIs to deliver sustained benefits over time
[26].

Despite these positive findings, the growing number of RCTs
and meta-analyses conducted to date only provide a pooled
estimate of effect sizeat asingular point in time. To the best of
our knowledge, no research has been published that evaluates
how the effectiveness of I1BIs has evolved over time. That isto
say, have outcomes improved, deteriorated, or remained the
same? Therefore, the primary aim of the proposed study is to
examine the effect of time on the effectiveness of I1BIsin the
treatment of depression, in which the term “effectiveness” will
be used to encompass both efficacy and effectivenesstrials[38].
As aresult of significant advances in digital technology over
the past 30 years, together with a greater understanding of the
moderators of change in IBls, we hypothesize that the
effectiveness of IBls hasincreased with time.

Factors|nfluencing the Effectiveness of I nternet- and
Computer-Based Interventions

As the field of IBIs has developed over the past 30 years, an
increasing number of studies have looked at the factors
influencing effectiveness. Researchers have identified a broad
range of factors related to (1) participant characteristics, (2)
intervention components, and (3) study design and quality.

Regarding participant characteristics, marital status, education
level, gender, and pretreatment depression severity have all
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been shown to influence outcomes [39-42]. However, it is
important to note that methodological and power limitations
may affect the reliability of these findings, which may also
account for the considerable variability found across studies
[43,44]. In asmall but growing number of trialslooking at age,
IBls have also been shown to be effective in the treatment of
depression for both children and older adults [45,46].

When it comes to intervention components, IBIs vary
considerably in the therapeutic approach adopted, the design of
the platform, the content used, and the mode of delivery. Perhaps
the most significant and consistent finding regarding the impact
of intervention components on effectivenessistherole of human
support or “guidance” in which a number of RCTs and
meta-analyses have demonstrated that guided interventionslead
to greater effect sizes than wunguided interventions
[15,32,33,44,47]. Additional research hasalso studied theimpact
of the amount of guidance received (the dose-response
relationship), the qualification of those providing guidance (eg,
therapist versus administrative personnel), the communication
mode (email, phone, video chat) [15,32,34], and the acceptability
of guided and unguided interventions compared with other
delivery formats [47].

Another important factor influencing the reported effectiveness
of IBIsisstudy design and quality. Researchers have long been
aware of the substantial heterogeneity between studies in the
field, leading to inconsistent effect sizes. In recent years,
concerns over a number of methodological shortcomings
affecting much of the research have beenraised. A meta-analysis
by Richards and Richardson [15], for example, revealed ahigh
risk of missing data in RCTs as well as possible publication
bias. In anin-depth review of study design and quality, Arnberg
et al [48] reported on the lack of proper quality assessment and
objective outcome measures, the paucity of noninferiority trials,
the relatively small sample sizes in most trials, a focus on
short-term outcomes, the failure to report on deterioration and
adverse events, and the overrepresentation of trials conducted
in a limited number of countries threatening generalizability.
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The type of control used in the study has also been shown to
have a significant impact on effectiveness. As Webb et al [36]
pointed out, the majority of iCBT studies have used await-list
as their control condition, which a number of researchers have
demonstrated leads to a significantly greater effect size than
care asusual [49-52]. If thisisindeed the case, research would
benefit considerably from understanding whether any potential
increase in the effectiveness of IBIs over the past decadesis a
result of an improvement in the interventions themselves or
simply a result of changes in study design and quality. In so
doing, we would also reveal how methodological standardsin
the field have developed over time, exposing potential
shortcomings that need to be addressed.

Aims and Objectives

Using a metaregression anaysis, this study will examine
whether there has been a change in the effectiveness of IBlsfor
the treatment of depression over the past 30 years independent
of study-related moderating variables. It will also describe
relevant developments in the field over time (eg, populations
studied, changes in intervention design, study quality, and
sample size).

Methods

This protocol has been developed in line with the PRISMA
(Preferred Reporting Items for Systematic Review and
Meta-Analysis) protocols statement [53]. The systematic review
and meta-analysis has been registered with the PROSPERO
(International Prospective Register of Systematic Reviews)
database (registration number: CRD42019136554).

Eligibility Criteria
In accordance with the PRISMA checklist recommendations,
thisreview will use the participants, interventions, comparators,
and outcome(s) process for framing and reporting the review
criteria, and the study design of the included studies will be
reported (Textbox 1).
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Textbox 1. PICOS (participants, interventions, comparators, outcomes, and study design) elements of the study inclusion criteria.

Participants

« Individuals of all age groups and gender with depressive symptoms

Interventions

« Internet- and computer-based psychological interventions (IBI) (eg, Bl with guidance, 1Bl without guidance)

Comparators

o Wait-list

e  Treatment as usual
« Attention control

o No treatment

Outcomes
o Symptom-specific: depression severity

« Intervention-related: acceptability

Study design

«  Randomized controlled trials published in peer-reviewed journas

Participants

We will include studies of people of al age groups and genders
with depressive symptoms. No restrictions regarding ethnicity
and cultural background will be applied.

I nterventions

Included studies must report on one or more interventions that
are based on psychologica interventions. A multitude of
different psychological interventions are available. Following
Kampling et a [54], we differentiate between (1) CBT (eg,
problem solving), (2) psychodynamic psychotherapy (eg,
psychoanalytic therapy), (3) behavior therapy or behavior
modification (eg, exposure therapy), (4) systemic therapy (eg,
family therapy), (5) third-wave CBTs (eg, acceptance and
commitment therapy), (6) humanistic therapies (eg, Rogerian
therapy), (7) integrative therapies (eg, interpersona therapy)
and other psychological-oriented interventions (eg,
bibliotherapy) [54].

Interventions must be provided viaa computer or mobile device
(eg, tablet or mobile phone) in either an offline or online setting,
defined as computerized-, online-, internet-, or Web-based.
Interventions that are delivered solely via mobile apps will be
excluded dueto differencesin the way they approach diagnosis
and delivery of theintervention compared with IBls, aswell as
significant heterogeneity between the apps themselves (eg, the
use of ecological momentary assessments, duration of tasks or
modules, and use of conversational agents) [14,55]. We will
include both guided and unguided interventions. Guided
interventionswill refer to interventionsthat are primarily based
on self-help material but accompanied by someform of minimal
human guidance related to the therapeutic content. In line with
Karyotaki et al [44], guidance will be considered minimal if it
isprovided at low intervals and through electronic means, such
asemail, phone, and online messaging (eg, brief email feedback

http://www.researchprotocols.org/2020/3/e14860/

on weekly homework). We will consider an intervention
unguided if it is self-help with no human guidance or support
relating to the therapeutic content. Studies involving “blended
therapy” (where computerized therapy is combined with
face-to-face therapy) will be excluded because the therapeutic
support here differs substantially from minimal therapeutic
contact provided in guided interventions.

Comparators

We will include all RCTs with an inactive control condition
(eg, treatment as usual, attention control condition, wait-list
control, or no treatment). Studies will be excluded if they
compared the intervention to an active control (eg, face-to-face
therapy or pharmacotherapy). In cases of multiple comparators
or multiple interventions and one comparator in one study, all
comparisons between intervention group(s) and comparator(s)
will be included separately. We will use a three-level
meta-regression model to account for dependencies (see Data
Anaysis).

Outcomes

The primary outcome will be effect size in depressive
symptomatology measured by validated self- or clinician-rated
depression scales. Multiple effect sizes (eg, multiple outcomes
or multiple groups) will be included separately. Resulting
dependencies will be accounted for in the threelevel
meta-analysis [56].

Intention-to-treat data, if available, will be used for the primary
analysis. Secondary analyses will be reported for per-protocol
data. The per-protocol analysis will be based on the sample of
participantswho adequately adhered to the intervention protocol
by completing at least 80% of sessions[57].

As a secondary outcome, we will include acceptability of
treatment, operationalized asthe proportion of patientswho | eft
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the study early for any reason during the acute phase of
treatment [58].

Study Design

Paralel RCTs will be included. Published, peer-reviewed,
full-text articlesin all languages will be included.

Predictors and M oder ator s

This study will investigate the following potential moderators
of effect size over time: (1) pretreatment depression severity,
(2) guidance, (3) comorbidities, (4) control group, and (5) study
quality. Timewill be operationalized asthe year of publication.

Pretreatment depression severity will be operationalized using
the sum score of a validated rating scale. Preference will be
given to the measure reported by the majority of the included
studies. In studies using different outcome measures, the score
will be converted into the most commonly used scale using the
established conversion algorithms [59]. If this approach does
not cover a substantial proportion of the obtained data, scale
scoreswill betransformed into z scoresto create a standardized
common metric for pretreatment depression severity [34,60].

Guidance will be operationalized as being either “guided” or
“unguided” interventions. Guided interventionswill be defined
as support related to the therapeutic content provided by a
human at low intervals during the intervention and delivered
through electronic means, such asemail, phone, and online chat.
Unguided will be defined as an intervention that that does not
provide support related to the therapeutic content but may
involve support related to the intervention itself (eg, instruction
on how to use the program) and/or automated feedback.
“Blended” interventions or those involving any face-to-face
support during the intervention will be excluded from either
definition.

Comorbidities will be defined as target populations with a
comorbid somatic disorder. Control group will be
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operationalized according to the Comparators section and study
quality according to the Risk of Bias section.

Study Identification and Selection

Relevant articles will be identified according to the following
steps. First, adatabase search will be conducted using asensitive
search strategy for the Cochrane Central Register of Controlled
Trials (CENTRAL), PsycINFO, EMBASE, and MEDLINE.
The sensitivity of the strategy will be validated a priori using a
sample set of articles from previous meta-analyses. In asecond
step, studies included in reference lists of relevant existing
systematic reviews and meta-analyses will be checked for
digibility. In a third step, a hand search will be conducted of
thereference lists of al included studies.

In the case of missing data, we will contact trialists for
information on unpublished or ongoing studies, or to request
additional trial data and determine eligibility for inclusion in
this review. The search will be restricted to studies published
in the 30 years from January 1990 to April 2019.

The selection of articles will be conducted by two independent
reviewers (IM and IC). Inthefirst step, they will screen al titles
and abstractsyielded by the database search. In the second step,
full texts of the selected articles will be retrieved and screened
interms of the aforementioned eligibility criteria. Disagreement
will be resolved by a discussion among the reviewers. When
needed to resolve a disagreement, athird reviewer (LS) will be
consulted. We will identify and exclude duplicate records, and
wewill collate multiple reports that relate to the same study so
that each study rather than each report is the unit of interest in
the review. We will record all decisions made during the
selection process in sufficient detail with numbers of studies
and references to complete a PRISMA flow diagram and
“characteristics of included studies’ and “characteristics of
excluded studies’ tables at the end of thereview (see Figure 1).
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Figurel. PRISMA flow diagram.

Moshe et al

c
-,,9_, Records identified through Additional records identified
E database searching through other sources
b (n=) (n=)
c
(7]
7]
A 4 Y
Records after duplicates removed

(n=")
oo
£
(=
8 \ 4
L™=
a Records screened Records excluded

(n=) 7 (n=)

A 4
Full-text articles assessed Full-text articles excluded,
...:." for eligibility with reasons
i (n=) (n=)
)
i
Y
Studies included in
qualitative synthesis

(n=")
-] A4
(7]
e Studies included in
‘_é guantitative synthesis
- (meta-analysis)

(=)

Data Collection

We will use a data extraction spreadsheet to extract study
characteristics and outcome data. Two review authors (IM and
IC) will extract study characteristics and outcome datafrom the
included studies. Individuas involved in the data extraction
process will not be blinded regarding study authors, journal, or
institution. We will extract the following study characteristics:

1. Study identification items: description of trial, including
primary researcher and year of publication;

2. Study design: sample size, methodology, target mental
disorders, control group, and duration of intervention;

3. Study setting: nationality, environment (community,
primary care, secondary care), and specific population
groups (eg, worker population, students, diabetes patients);

4. Participants: N, mean age, gender, primary diagnosis,
comorbid diagnoses, and severity of condition;
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5. Interventions: therapeutic theoretical approach (eg, CBT),
guidance (guided or unguided); and

6. Qutcome measures. primary and secondary outcomes as
listed in Main Outcomes and Additional Outcomes herein.

Risk of Bias (Quality) Assessment

To evaluate the quality of the research, two independent
reviewers will assess the risk of bias for each study using the
criteria outlined in the risk of bias tool for randomized trids
[61,62]. Any disagreement will be resolved by a discussion
among the reviewers. When needed to resolve a disagreement,
athird researcher (LS) will be consulted.

Risk of bias will be assessed in the following domains: (1)
selection bias, (2) performance bias, (3) detection hias, (4)
attrition bias, (5) reporting bias, and (6) other bias. Risk of bias
in each domain will be judged as “low,” “unclear,” or “high.”
We will summarize the risk of bias judgments across different
studies for each of the domains listed. Overall risk of bias will

JMIR Res Protoc 2020 | vol. 9 | iss. 3 [e14860 | p.74
(page number not for citation purposes)


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

JMIR RESEARCH PROTOCOLS

be derived based on therisk of biastool for randomized trials;
ascore of low=1, unclear=2, and high=3 will be given for each
domain. The sum of all domain scoreswill be used asthe overall
risk of biasindicator.

Study heterogeneity will be calculated with the I? statistic. A
random-effects model will be assumed. A value of 0% indicates
no heterogeneity; higher values indicate higher heterogeneity.
A heterogeneity of 25% is defined asthe threshold for low, 50%
for moderate, and 75% for high [63]. To account for uncertainty,

95% confidence intervals will be calculated for I2. In addition,
predictive intervalswill be reported to estimate the range of the
true effect [64].

We will use a funnel plot and Q-Q plot to detect potential
biasing effects. Asymmetry will be tested using the Egger test
[65].

Strategy for Data Analysis and Synthesis

Interrater Reliability

Cohen kappa will be calculated to assess interrater reliability
for categorical variablesand intraclass correlation for continuous
variables[66,67]. Disagreements will be solved by discussion.

Effect Sizes

Cohen d will be used for between-group effect size [68]:
Differences in groups means will be divided by their pooled
standard deviation. If d is not reported, available coefficients
(eg, r) will betransformed or d will be calcul ated based on given
information (eg, t value, N, F value, beta). If insufficient
information is provided for the calculation, the corresponding
author will be contacted [69].

Quantitative Data Synthesisand Statistical Calculations

The meta-analytic effect size will be estimated using a
three-level meta-regression model with random effects[70,71].
By assuming a three-level structure, we account for three
different variance components distributed over the three levels
in the model. This includes sampling variance of the extracted
effect sizes at level one, variance between the extracted effect
sizes from the same study at level two, and variance between
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studies at level three [56]. The three-level model will be
compared with a two-level model by information criteria to
evaluate the need for athree-level structure.

To investigate the development in effect size over time, the
primary moderator of interest will be time. Both linear and
guadratic time trendswill be assumed. In addition, moderators,
as outlined previoudly, will be inserted in the model. Two
regression models will be used: (1) a parsimonious model, in
which only single meta-regression significant predictors are
included (“parsimonious model”) and (2) amodel including all
predictors. Modelswill be compared using information criteria.

All analyses will be conducted using R [72]. The package
“metafor” will be used asthe primary analysis package[71,73].

Results

The search was completed after submitting the protocol in
mid-2019. Data analysis was completed at the end of 2019. We
expect the results to be submitted for publication in early 2020.

Discussion

Thissystematic review will addressasignificant lack of research
examining thefield of IBlsfor thetreatment of depression from
a temporal perspective. Specificaly, it will provide valuable
analysis of how the effectiveness of interventions has changed
over time and identify relevant moderators and study
characteristics that may be related to possible changes in
efficacy. This is especially important given the rapid rise in
internet-based interventionsfor the treatment of depression over
the past decade and the challenges that exist in treating the
enormous disease burden of depression.

To the best of our knowledge, thisisthefirst planned study that
will review the field of IBIsfrom atemporal perspective. In so
doing, it will shed light on where research has been both over-
and underfocused over the past three decades, alert researchers
and funding bodies to important research questions that have
not been given sufficient attention, and expose methodol ogi cal
shortcomings affecting research to date, thus providing valuable
guidance on next steps for the field.
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Abstract

Background: Airline passengers often experience symptoms when travelling on long and ultra-long flights. These range from
minor discomforts such as gastrointestina symptoms to more serious life-threatening clinical conditions such as deep vein
thrombosis. The food and supplement industry have responded with a plethora of products that claim to prevent one or more of
the physiological or psychological symptoms associated with air travel.

Objective: The aim of this literature review is to evaluate the efficacy of functiona foods, beverages, and supplements that
claim to address the unwanted effects of air travel in healthy adult populations.

Methods: This research is a two-stage process. The first step is a scoping review of the functiona foods, beverages, and
supplements making claims that they lessen or prevent the physical or psychological symptoms associated with commercial air
travel. Databases (ie, Medline, Embase, PsycINFO, and Web of Science), gray literature (ie, the flight catering magazines PAX
International, APEX, and Onboard Hospitality), and search engines (ie, Google and Bing) will be used to identify products and
generate a database. The second stage is a systematic literature review of the evidence supporting any health claims made for
such products. The search will be conducted in Medline, Embase, PsycINFO, Cumulative Index to Nursing and Allied Health
Literature, and Cochrane Central Register of Controlled Trials. Additionally, gray literature that includes the reference list of
studies included in the systematic literature review and scientific articles referenced by the products within our database will be
hand searched. Randomized and nonrandomized controlled trials reporting on changes in flight-related physical or cognitive
symptomsin healthy adults that were conducted in commercial flight or flight simulation settings will be included. Two authors
will independently screen, extract data, and assess the strength of evidence and risk of bias of the studies. The strength of evidence
will be judged using the Grading of Recommendations, Assessments, Developments, and Evaluations approach, and the risk of
biaswill be assessed using the appropriate Cochrane Collaboration tool (Risk of Biasfor Randomized Control Trials|l or Robins
| for Nonrandomized I nterventions).

Results: The scoping review of available functional foods, beverages, and supplements was conducted from March 6, 2019, to
August 31, 2019. The systematic literature review commenced on October 1, 2019. The review is expected to be completed in
2020.

Conclusions: Thereview findingswill help consumers and employees of commercial airlines make informed decisions on their
use of functional foods and beveragesfor aleviating air travel-related symptoms.

International Registered Report Identifier (IRRID): DERR1-10.2196/16155

(IMIR Res Protoc 2020;9(3):€16155) doi:10.2196/16155
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Introduction

With the increasing popularity of international air travel, more
people are exposed to extended flight conditions. Long (12-16
hours) and ultra-long (16+ hours) range flights [1] have been
associated with several physiologica and psychological
symptoms that can affect both the air travelling public and
commercial cabin crews.

Jetlag, the desynchronization of the normal circadian rhythm
due to rapid travel through multiple time zones, is perhaps the
most iconic condition associated with prolonged flight [2,3].
Typical symptoms of jetlag include fatigue, sleep disruption,
hindered capability to perform cognitive and physical tasks,
and mood disturbances [3,4]. The severity of these symptoms
isrelated to the number of time zones crossed and the direction
of travel, especially for eastward travel over multipletime zones
[3-5].

Prolonged flight conditions can also produce physical symptoms.
Theaverage cabin air pressure at typical cruising altitudesresults
in a 35% expansion of gases within the gastrointestinal tract
causing the sensation of abdominal distension and bloating
[6,7]. Low cabin humidity combined with the diuretic effects
of acohol and caffeinated beverages commonly consumed
preflight or in-flight contributes to dehydration [8], dry skin
[9], and irritation of the mucosal membranes in the nose and
throat [ 7]. Compromised mucosal membranes and the proximity
of passengers may increase passenger susceptibility to upper
respiratory tract infections[7,10]. The mildly hypoxic conditions
in pressurized cabins combined with dehydration and reduced
physical activity increases the risk of developing deep vein
thrombosis, pulmonary embolism, and edema[7,8]. Of concern
to cabin crews and frequent travel ers, the high altitude of flights
increasesindividual’s exposure to cosmic radiation and reactive
oxygen species[11].
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A number of pharmacologica and nonpharmacological
treatments exist to lessen the symptoms associated with flight,
such as light therapy for jetlag [12] and high-efficiency
particulate air filters to improve air quality [7,10]. In addition,
the food and supplement industries have responded with a
plethora of products claiming to reduce or relieve one or more
of these physiological or psychological symptoms. These
products include melatonin to improve sleep and reduce jetlag,
caffeineto addressfatigue, herbal extractsto improve immunity
or reduce risk of thrombotic events, and various vitamins and
minerals for hydration or as protection against DNA damage
from cosmic radiation. However, companies may fail to provide
evidence from in-flight settings or flight simulations to justify
their claims, and an evidence-based approach is required to
provide appropriate advice for passengers and produce
guidelines for airlines.

This study aims to evaluate the efficacy of functional foods,
beverages, and supplements that claim to alleviate the effects
of air travel in healthy populations.

Methods

Study Design

This study isatwo-phase process outlined in Figure 1. Thefirst
phase is a scoping review of functional foods, beverages, and
supplements that claim to alleviate the physical or cognitive
symptoms associated with commercial air travel. This stage
will be guided by Arksey & O'Malley’s (2007) Scoping Study
Methodological Framework [13], and the identified products
will form the database. The second stage is a systematic
literature review of the evidence surrounding any health claims
made by the products in the database. The PRISMA (Preferred
Reporting Items for Systematic Review and Meta-Analyses)
framework [14] will be used to direct the systematic review
process and report the outcomes.
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Figure 1. Flow diagram of study design. RCT: randomized controlled trial; GRADE: Grading of Recommendations, Assessment, Development and
Evaluations; PRISMA: Preferred Reporting Items for Systematic Reviews and Meta-Analysis.
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STAGE 1 - Scoping review of functional foods and beverages and supplements
guided by Arksey & O’Malley’s (2007) Scoping Study Methodological Framework

Step 1 — Research Question
“To identify the ingredients and claims of the functional foods, beverages and supplements which claim to
prevent or lessen the physiological or psychological effects of air flight™

v

Step 2 — Identify Relevant Products
Products will be identified using databases, grey literature and search engines

v

Step 3 — Product Selection Based on Inclusion Criteria
Products will be screened against inclusion criteria

v

Step 4 — Product Database Formation
The following information will be charted about each product: product information, health claims, evidence
provided by manufacturer, ingredients, price, recommended consumption method and nutritional
information

v

Step 5 - Collating Ingredients of Products within the Database
Ingredients with potential beneficial effects will be extracted from the database and sorted according to the
following categories: vitamins, minerals, macronutrients, consumption method and other
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Step | — Research Question
“What is the efficacy of functional foods and beverages and supplements which claim to address the
unwanted effects of air flight in healthy human adult populations?”

v

Step 2 — Inclusion and Exclusion Criteria
Inclusion: RCTs/non-RCTs in healthy human adults performed inflight or flight simulations

Step 3 — Database Searching
Databases: Medline, Embase, PsycINFO, CINAHL and CENTRAL

v

Step 4 — Study Screening
Two researchers will independently screen articles against inclusion and exclusion criteria

v

Step 5 — Data Extraction and Risk of Bias Assessment
Two researchers will independently assess the Risk of Bias using Cochrane Tools (Risk of Bias for
Randomised Control Trials IT or Robins I for Non-Randomised Interventions)

v

Step 6 — Data Synthesis (Qualitative or Meta-Analysis)
Body of evidence synthesised using the GRADE approach (with Meta-Analysis if appropriate)

STAGE 2 - Systematic Literature Review of the evidence supporting any health claims made
'« by the products identified in Stage 1 guided by the PRISMA framework
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catering gray literature (ie, PAX International, APEX, and
Onboard Hospitality) that includes articles and advertisements
Scoping Review Search Strategy to | dentify Relevant of relevant functional foods, beverages, and supplements will
Products also be searched. Search terms will include combinations,
truncations, and synonyms of: “drinks’, “beverages’, “food”,
“snacks’, “nutrition”, or “supplements’ combined with
“arplane’, “aviation”, “deep vein thrombosis’, “flight”,
“hydration”, “jetlag”, or “sleep”.

Scoping Review

The scoping review of available functional foods, beverages,
and supplements will be conducted in databases (ie, Medline,
Embase, PsycINFO, and Web of Science) and search engines
(ie, Google and Bing). Well-known publicly available travel
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Product I nclusion and Exclusion Criteria

Products identified in the scoping review will be included in
the database if they meet any one of the following inclusion
criteria.

1. The product is stocked or marketed to airlines, airports, or
commercia cabin crews.

2. The product is claimed to be used or developed by
commercia cabin crews.

3. There is a scientific publication performing trials of the
product in aflight setting or flight simulation.

4. The product is specifically designed for or indicatesit can
be used in commercial flight settings.

Products will be excluded from the database if they were
discontinued at the time of the search.

Product Database Formation

The following information will be transcribed into Microsoft
Excel 2011 (Microsoft, Redmond, WA).

1. Product information including: brand, product name, flavor,
serving size, product type, country of origin, parent
company, location of procurement, nutrient reference range,
website, date of initial product entry, and date of latest entry
update

2. Headlth claims classified into one or more of the following
categories: jetlag, fatigue, deep, cognitive ability, immunity,
hydration status, cardiovascular, protection against
radiation, inflammation, anxiety, or gastrointestinal
symptoms

3. Evidence provided by the manufacturer supporting any
claims made will be categorized as: scientific article in
flight setting; scientific article not in flight setting; trial of
product; food authority; academic research institute,
government agency, Or nhongovernment organization;
customer testimonies; medical or academic professionals,
generalized statements without evidence; or other

Advertised ingredients and full ingredients list

Price per serve (AUD) at time of entry

Recommended method of consumption

Nutritional Information per serve and per 100 g

Collating Ingredients of Products Within the Database

Active ingredients of functional foods and nutrients will be
extracted and sorted according to the following categories:
vitamins, minerals, macronutrients, consumption method, and
other. Ingredients with possible beneficial effects on symptoms
relating to flight will be further examined by a systematic
literature review.

N o ok

Systematic Literature Review

Search Terms

Search terms will be the ingredients of products within the
database. These will be combined with synonyms and
truncations of aviation terms such as air travel, aviation, cabin
crew, and travel medicine. The Medline Thesaurus MeSH
(Medical Subject Headings) term will be refined according to
each database. The Scottish Intercollegiate Guidelines Network
(SIGN) randomized controlled trial study filter [15] will be

http://www.researchprotocols.org/2020/3/e16155/
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adapted to capture nonrandomized controlled trials and applied
to searches conducted within Medline, Embase, and Cumulative
Index to Nursing and Allied Health Literature (CINAHL).

Search Strategy

The databases CINAHL, Cochrane Central Register of
Controlled Trials (CENTRAL), Embase, Medline (including
PreMedline), and PsycINFO will be searched from inception
for studies. Any published scientific articles referenced by
products in the database and the reference lists of included
studies will be hand searched for additiona citations.

Study Eligibility Criteria
Eligibility criteria for studies have been selected based on

PICOS (participants, interventions, comparisons, outcomes,
and study designs) standards.

Types of Participants

Thetarget age group for included studiesisadults aged 18 years
or older. No animal studieswill beincluded. Participants should
be healthy with no pre-existing health conditions that could
impact the primary outcome of intervention, such as
hematological abnormalities. Studies that involve pregnant
women or participants aged 18 years or younger arenot eligible
for inclusion. There will be no limitations placed on gender or
ethnicity.

Types of I nterventions

Intervention must involve administration of a functional food,
beverage, or nutritional supplement to participants at any time
before, during, or after acommercial flight or flight simulation
that is intended to improve the well-being of the participant.
No limitations will be placed on length of intervention or
follow-up period. Studies that solely involve the use of
pharmacological agents (with the exception of melatonin and
caffeine) or nonpharmacol ogical treatments other than nutrition
such as physical activity will be excluded. Interventions that
use a combination of nonpharmacological treatments but also
test functional foods, beverages, or nutritional supplementswill
be eligible for inclusion if the effect of the functional or
nutritional products can be isolated.

Types of Comparisons

Studies must make a comparison between those who received
intervention and those who did not receive intervention or were
given aplacebo, and both groups must have undergone the same
in-flight or flight simulation.

Types of Outcomes Measured

The primary outcome of this systematic literature review isto
determineif thereisan improvement in the physical or cognitive
symptoms associated with air travel between participants that
received intervention and the controls. This can be reported
using valid qualitative and quantitative measures.

The secondary outcomes that will be investigated are the
incidence of toxicity or negative effects within the intervention
or control groups, study funding sources, and the prevalence of
industry funding.
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Types of Study Designs

Studies will be limited to randomized and nonrandomized
controlled trials conducted using in-flight or flight simulation
settings. All other study types and non-English studies will be
excluded. Studies completed under space or military flight
conditionswill aso be excluded, asthe conditions of speed and
altitude are not comparable to commercial air travel.

Study Selection

Bibliographic records for all papers will be exported into
Endnote X9 reference management software (Clarivate
Analytics, Philadelphia, PA). After duplicates are removed, the
titles and abstracts of studies will be screened against the
eligibility criteria and placed into two groups: further review
or excluded. Thefull text of studies classified for further review
will be obtained and reviewed again against the eligibility
criteria. The reasons for exclusion of studies will be recorded
in a PRISMA diagram. Two reviewers will independently
complete each step of the process. Any disagreements between
the two reviewers will be resolved through discussion. In the
instance that a resolution cannot be reached, a third reviewer
will be consulted to reach afinal decision.

Data Extraction

The data extraction table will be designed using the principles
of the PRISMA statement for reporting systematic reviews. The
itemsto be extracted from theincluded papers are study details
(ie, authors, year, country of publication, funding, and
affiliations), participants (ie, characteristics, flight and
simulation details, inclusion and exclusion criteria, attrition,
and blinding), intervention and comparator details (ie,
intervention, sample size, length of intervention and follow-up,
and retention rate), and outcomes (ie, qualitative and quantitative
measures of symptoms associated with flight and adverse
effects).

Data Analysis

Reporting of I ntervention Outcomes

A narrative synthesis of findings structured around the nutrients
and herbal compounds investigated will be provided. Tests of
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heterogeneity between the studies will be conducted using the

12 statistic. Meta-analysis by nutrients or supplements will be
conducted using Stata software provided there is low

heterogeneity (1? value <40%) between two or more studies
[16]. The strength of evidencewill be judged using the Grading
of Recommendations, Assessment, Development, and
Evaluation (GRADE) approach [17].

Risk of Bias Assessment

Two review authors will independently assess the risk of bias
of the included studies using the appropriate Cochrane
Collaboration tool (Risk of Biasfor Randomized Control Trials
Il or Robins| for Other Non-Randomized Interventions) [18,19].
The body of evidence from studies with a high risk of bias will
be interpreted with caution.

Results

The scoping review of available functional foods, beverages,
and supplementswas conducted from March 6, 2019, to August
31, 2019. The systematic literature review commenced on
October 1, 2019. The review is expected to be completed in
2020.

Discussion

Thereisalack of vaid scientific evidence for the use of foods
and nutritional supplements to prevent and manage symptoms
and medical conditions arising from long flights. Thisresearch
employs a combination of both a scoping and traditional
systematic literature review to identify the types of products
available and examine the evidence surrounding their health
claims.

These findings will inform the decision making of commercial
airlines, retailers, commercial cabin crews, and theair travelling
public around the use of functional foods, beverages, and
supplements when flying.
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Abstract

Background: Childhood obesity is a serious global issue, leading to increased medical spending on obesity-related diseases
such as cardiovascular diseases and diabetes. Thereisaneed for health care servicesthat link health behavior to risk factors, such
asdiet and physical activity, and that provide better advice and feedback to users, which Internet of Things—enabled technol ogies
could facilitate.

Objective: The objective of the systematic review will be to identify available Internet of Things—enabled technologies for
weight management of children and adol escents (users younger than 18 years). It will also aim to understand the use, effectiveness,
and feasibility of these technologies.

Methods: We will search the Medline, PubMed, Web of Science, Scopus, ProQuest Central, and |EEE Xplore Digital Library
databases for studies published after 2010, using a combination of keywords and subject headings related to health activity
tracking, youth, and Internet of Things. In addition, a Google search to identify grey literature will be conducted. Two authors
will independently screen the titles and abstractsidentified from the search and accept or reject the studies according to the study
inclusion criteria. Any discrepancies will then be discussed and resolved. The quality of the included studies will be assessed
using the Critical Appraisal Skills Programme (CASP) checklists. Datafrom included studieswill be extracted into a predesigned
form to identify the types of devices or apps, Internet of Things applications, and health outcomes rel ated to weight management.
Results: A preliminary search on Medline returned 484 results. The publication of the final systematic review is expected in
mid-2020.

Conclusions: The effectiveness and feasibility of physical activity trackers and consumer wearables for different patient groups
have been well reviewed, but there are currently no published reviews that ook into these technologies in the wider Internet of
Things context. Thisreview aimsto address this gap by examining Internet of Things—enabled technologies that are designed for
youth weight management and thus inform further research and clinical studies to reduce childhood obesity.

International Registered Report Identifier (IRRID): PRR1-10.2196/16930

(JMIR Res Protoc 2020;9(3):€16930) doi:10.2196/16930
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Internet of Things; |0T; childhood obesity; wearables; physical activity tracking
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Introduction

Background

Childhood obesity and related costs are increasing worldwide
[1-3]. It has been shown that the majority of children with
obesity remained obese in adulthood, resulting in significant
health care costs[4]. Promoting better diet and regular physical
activities[5] can help prevent childhood obesity and thus reduce
the occurrence of obesity-related metabolic and cardiovascul ar
diseases [6], and in turn reduce health care costs.

Management of childhood obesity usualy involves patient
lifestyle counseling [7], but face-to-face counseling can be
expensive and difficult for patientsin rural areas[5]. Thereis
agrowing emphasison patient-centered health care, where care
extends beyond the hospital and is* respectful of and responsive
to individua patient preferences, needs, values, and ensuring
that patient values guide al clinical decisions’[8]. A promising
solution for patient-centered careisthe deployment of connected
health technologies for remote diagnosis, monitoring, and
treatment and patient self-care and support [9,10]. Thetracking
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of physical activity has been studied extensively since the 2000s
[11]. It isonly in the previous 5 years that wearables, such as
wristwatches with activity sensors, have become sophisticated
enough to provide measures beyond steps, distance, calories,
and sleep. For example, wearables can how measure activity
minutes, heart rate, and goal and target-oriented designs [12].
These advances in wearables allow more accurate tracking of
physical activities and provide greater insight into the type and
form of physical activity undertaken by the user, such asexercise
intensity and metabolic rate [13].

The use of these wearables can further be enhanced through
integration with the Internet of Things (10T) [14]. Since the
advent of 10T in 1999 [15], loT-enabled devices and networks
have been applied to a range of applications including smart
cities [16], virtual power plants [17], and health care [18,19].
In the health care setting, 1oT-enabled devices—technologies
that are connected to a network—can give accurate and real-time
feedback that can generate health datato improve understanding
of user behavior and personalize treatment regimes. Acampora
et a [20] surveyed the applications of 10T in health care and
identified six main applications in health care (Table 1).

Table 1. Summary applications of Internet of Things—enabled technologies in health care.

Application God

Health monitoring, behavioral
monitoring, emergency detection

Assisted living

Therapy and rehabilitation
Persuasive well-being
Emotional well-being

Smart hospitals

Sensor networks for physiological measures (electrocardiogram, electroencephalogram, etc), health behaviors
(such as physical activity) and hazard detection (such asfalls)

Smart environments are created to support patients and older adultsin their daily lives
Remote and autonomous rehabilitation service provision

Motivate users to adopt a healthier lifestyle

Analyze emotions and improve mental well-being of users

Improve communication among hospitals

Technologies that track physical activity are widely used in
health care applications. Previous studies have reviewed
different applications of 10T and non-loT physical activity
trackers for various patient groups, including patients with
rheumatic and musculoskeletal diseases [21], epilepsy,
Parkinson, patients who have had a stroke [22], working-age
women [23], people with serious mental illness [24], obese
adults [25], and children [26,27]. These wearable activity
trackers have generally shown significant effectiveness in
increasing physical activity in the short-term [28], but there are
il relatively few studiesjustifying their long term effectiveness
[29]. Furthermore, long-term user adherence remains
challenging [30].

Most systematic reviews on physical activity tracking and
weight management in children were published several years
ago. However, one recent review examined the feasibility and
effectiveness of wearable activity trackers for young people
(5-19 years old) [27]. Overal, they found that measures of
effectivenesswere mostly positive but nonsignificant. However,
this review included any type of wearable activity tracker and
did not focus on l0T.

With regard to user perspectives of mobile health interventions
for weight management, it was found that user acceptance of
trackers can vary greatly depending on their age group [31,32].

https://www.researchprotocol s.org/2020/3/€16930

In addition, although the data from wearables can be avaluable
source of data for diagnosis and patient monitoring, they are
oftentimes not standardized or validated, which limits their
clinical significance in supporting clinical decision making
[22,33].

Objectives

There is a gap in the literature regarding children and
adolescent’s use of digital weight management technologies
that are connected to a wider network. Currently, no studies
focusing on the wider context of loT-enabled technologies for
weight management in children and adolescents have been
published. Previously published reviews have focused on
elements of this (ie, weight management in children and
adolescents, the use of 10T inweight management technologies),
but none have examined the intersection. This review will aim
to understand how | oT-enabled technol ogies designed for youth,
such as physical activity trackers and wei ght management apps,
fit in the wider 10T context, how data obtained through these
devices can improve health care delivery, and whether these
address privacy concerns by considering regulations.
Specifically, thereview aimsto answer thefollowing questions:
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1 What loT-enabled solutions are used for weight
management and physical activity encouragement in
children and adolescents (<18 years old)?

2. How are the data collected with loT-enabled solutions
analyzed, and how do the technologies connect and
contribute to the wider 10T ecosystem?

3. What aretheethical and regulatory barriersinimplementing
these technologies, especially with regard to data sharing
and privacy?

4. What are the effectiveness measures used and reported by
researchers?

Methods

Protocol

This protocol is developed in accordance with the Preferred
Reporting Items for Systematic Reviews and Meta-Analyses

Table 2. Search terms.

Lametd

Protocols (PRISMA-P) statement [34] and the systematic review
to be executed based on this protocol will also be conducted in
accordance with PRISMA.

Search

We will search Medline, Pubmed, Web of Science, Scopus,
ProQuest Central, Engineering Village Compendex, and the
IEEE Xplore Digital Library for studies published after 2010
using a combination of keywords and subject headings related
to health activity tracking, youth, and 10T (Table 2). The search
string will be constructed in this format: (Health activity
tracking) AND (Youth) AND (loT). Additionaly, a Google
search will be used to identify gray literature. A sample search
conducted in Medline can be found in Multimedia Appendix 1.

Theme MeSH? terme?

Search terms

Hedlth activity-tracking  Fitness Trackers

device

electronic track* OR (electronic activ* AND track*) OR (electronic activ: AND mon-
itor*) OR electronic fitness track* OR fitness track* OR (wearable AND track*) OR

wearable OR sens*

Weight management Weight Reduction, Body Mass

Index
Youth Pediatrics, Child, Adolescent

Internet of Things N/AC

(Weight AND (manag* OR monitor* OR reduc* OR loss OR maint*)) OR (“body mass
index” OR BMI) OR diet OR obes*

Child* OR teen* OR youth OR paed* OR ped* OR adolescent* OR young*
IoT OR Internet of things OR connected health OR digital health OR mobile health OR

mhealth OR Bluetooth OR wireless OR application processing interface OR API

3\ieSH: Medical Subject Headings.

BMeSH terms were included in the search terms and are only identified separately in this table to describe which search terms were MeSH terms.

°N/A: not applicable.

Eligibility Criteria
The study was defined as follows using the PICO (population,
intervention, comparator, outcomes) model:

«  Population: Children and adol escents younger than 18 who
have interacted with |oT-enabled technologies for weight
management, physical activity tracking, and encouragement
of ahealthy lifestyle.

- Intervention: Wearable loT-enabled weight management
and tracking technologies (eg, physica activity tracker,
food tracker, sleep tracker) and other physical activity or
dietary interventions designed to help young people lose
or maintain weight.

- Comparator: Studies with and without a comparator will
be included.

« Outcomes: This study will provide information on (1) the
available weight management technologies and products
for young people (designed for users below the age of 18),
(2) the reported effectiveness of these technol ogies and the
measures used to assess them, and (3) the benefits and
limitations of each of these technologies reported by the
studies.

Theinclusion and exclusion criteriafor the study can be found
in Textbox 1.

https://www.researchprotocol s.org/2020/3/€16930

Study Records

Data Management and Selection Process

All search results will be exported into aMendeley library and
duplicates will be removed. Two authors (CL and MM-I) will
independently screen thetitles and abstractsidentified from the
search and accept or reject the studies according to the study
inclusion and exclusion criteria. Any discrepancieswill then be
discussed and resolved. The full texts will be downloaded for
the selected studies and analyzed to determine éigibility. Where
thereisdisagreement in either the screening or full-text analysis
stages, a third reviewer will be consulted until consensus is
reached.

Data Extraction

Onereviewer will extract datafrom theincluded studies, which
will be validated by a second reviewer. Data from eligible
publicationswill be extracted into a predesigned form toidentify
the types of devices or apps, |oT architecture employed,
effectivenessfor youth weight management, and relevant ethics
and regulations if mentioned (Textbox 2). The form was
custom-built to reflect reported itemsidentified in apreliminary
search of the literature that were relevant to the stated research
guestions.
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Textbox 1. Study inclusion and exclusion criteria.

Lametd

Inclusion criteria

«  English publications

«  Studies published between 2010 (year of first published study identified by Ridgerset al for wearable activity trackersfor youth [27]) and present

.  Studies that describe a wearable device or mobile app for health activity tracking connected to a wider network (including internet and other

networks beyond the standalone device)

« Health activity tracking and other weight management devices for young people that have data analysis functionalities connected to a network
«  Studiesthat describes the data analysis process and how data is connected to the wider network

Exclusion criteria

«  Studiesthat do not describe weight management intervention
«  Studiesthat describe devices or mobile apps that are not connected to a wider network/platform for data analysis
« Health activity tracking devices that are not connected to a network beyond simple data storage

«  Studiesthat are not focused on children or adolescents (below 18 years of age)

Textbox 2. Data extraction by theme.

Background information of study
e Year

«  Country

«  Target patient age group

o« Testsamplesize

o Trid type

«  Length of study

.  Scientific theory

Sensing layer

«  Product

«  Typeof device (eg, mobile app, wearable tracker)

«  Sensor type

« Datacollected (eg, activity, food intake, heart rate, sleep)

Networking layer
«  Datatransfer method

Servicelinterface layer

«  What user needs does the product aim to satisfy
o Stakeholders (if identified)

« Dataanalysis methods

Effectiveness

»  Researcher-reported effectiveness measures and outcomes (if any)

Ethics and governance
«  Mention of ethics

«  Mention of regulation

https://www.researchprotocol s.org/2020/3/€16930
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Data Analysis

Asthe number of studies are expected to belimited, theanaysis
will be qualitative, focusing on how existing technologies
interact with 10T and connect to the wider internet.

Quality Appraisal

Two reviewers will independently review the identified
randomized controlled trial susing the risk of biastool developed
by the Cochrane Collaboration [35]. The quality of other
included studies and systematic reviews will be assessed using
relevant Critical Appraisal Skills Programme (CASP) checklists
(eg, CASP checklist for randomized controlled trials, CASP
checklist for systematic review) [36]. As we do not expect a
large number of studies to meet the inclusion criteria, risk of
biasand quality will be reported, but no studieswill be removed.

Results

Thisstudy aimsto identify the types of 10T-enabled technol ogies
used for weight management of children and adolescents and
identify the benefits, effectiveness, and limitations of each of
these technologies. A sample search conducted on PubMed
returned 592 results (search string and results can be found in
Appendix 1). The results will inform future development of

Acknowledgments

Lametal
weight management technologies for children and adolescents
to reduce the cost burden of childhood obesity on health care
systems. Full results will be published mid-2020.

Discussion

Although wearables and apps for health activity management
have been well-reviewed, their integration with the wider 10T
network represents a gap in the knowledge for improving
patient-centered health care. This systematic review will allow
the hedlth care and app development community to better
understand how current technologies interact with the internet
and provide insights for future loT—enabled technology
development for children and adolescents. The results of this
work will inform future development of weight management
technologies for young people. A potentia limitation of this
review is that studies of loT devices might overrepresent
children and adolescents from high socio-economic status, if
the devices were preowned and not provided for the study.

This systematic review protocol will be executed within the
next 12 months and the review will be published in a
peer-reviewed journal to inform future developments in
|oT-enabled childhood obesity management technologies.
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Abstract

Background: Internet of Things (10T), or Industry 4.0, represents a smart shift to more interconnected manufacturing processes
where individual entities within the supply chain communicate with each other to achieve greater flexibility and responsiveness
in general manufacturing and leaner manufacturing to reduce the cost of production. 10T has become instrumental in driving
leaner manufacturing and more efficient systems in other industries such as transportation and logistics. Cell-based therapeutic
products could potentially transform various diseases; however, the delivery of these products is complex and challenging.

Objective: This study aims to understand the applicability of 10T in cell-based product supply chains and delivery.

Methods: We will search Medline, EMBASE (OvidSP), Web of Science, Cochrane Library &amp; HEED, Scopus, ACM
digital library, INSPEC, ScienceDirect, and the [IEEE XploreDigital Library for studies published after 2008 using acombination
of keywords and subject headings related to 10T used in cell therapies. Additionally, a Google search to identify gray literature
will be conducted. Two authors will independently screen the titles and abstracts identified from the search and accept or reject
the studies according to the study inclusion criteria. Any discrepancies will then be discussed and resolved. The quality of the
selected literature will be assessed using the Critical Appraisal Skills Programme systematic review checklist.

Results. Datafrom eligible publications will be abstracted into a predesigned form to map the current and future directions of
the technologies, applications, benefits, and challenges in the implementation of 10T in regenerative medicine. This study will
be published in apeer-reviewed journal in accordance with the Preferred Reporting Itemsfor Systematic Reviewsand Meta-Anayses
guidelines. This systematic review will be executed by June 2020, and the completed review will be published in a peer-reviewed
journal to inform future developmentsin |oT application for the delivery of cell-based therapies.

Conclusions; This review paper will provide an overview of all technologies available in the area and inspect the current 0T
applications in cell-based therapies to identify the benefits, challenges, and future directions of using |0T to alow safe and
cost-effective delivery of cell-based therapies.

International Registered Report Identifier (IRRID): PRR1-10.2196/16935

(IMIR Res Protoc 2020;9(3):€16935) doi:10.2196/16935
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Introduction

Background

Internet of Things (10T) is a concept first proposed by Ashton
[1] at apresentation at Procter & Gamble (Cincinnati, Ohio) in
1999. By collecting datafrom individual things and using these
data efficiently to facilitate the exchange of information within
the network, material and product flows can be tracked to
achieve more accurate and real time visibility of the supply
chain, which improves communication between entities and
streamlines the different steps in the supply chain.

Over the last two decades, |oT has been successfully
implemented in variousindustriesincluding aerospace, aviation,
automotive, telecommunications, medicine and health care,
independent living, pharmaceutical, retail, logistics and supply
chains, manufacturing, process, environmental, transportation,
agricultural and breeding, media and entertainment, recycling,
and insurance[2,3]. Various benefits have been realized through
the application of 10T. Constant monitoring and real-time data
acquisition and analysislead to benefits such as earlier detection
of risks, faster responsetimes, and cost savings. Thishasawide
range of usagesfrom mine production safety [4] to home health
care applications [5]. Usage of radio frequency identification
(RFID), sensor technol ogies, and networking architecture, allows
better perception and transmission of underground environment
information, which leads to better and more timely decision
making and safer mine production. Miniature wearable sensors
are used to monitor older adults and patients with chronic
conditionsin order to allow monitoring beyond the boundaries
of hospitals. Thisimprovesthe standard of health care reducing
labor costs by lowering the required amount of contact hours
withmedical staff. Interoperability from connecting information
from one domain to others allows better use of resources [6].
One of the most significant applications is in smart highway
systems where sensors and cameras are used to collect traffic
information that then feeds into a real-time update of an
indicator’s operating rules on the highway such as speed limit
[7].

A survey of thetrends and topicsin 10T research conducted by
Whitmore et a [8] in 2015 looked into the evidence base
available in the |0T research space and identified gaps in
literature for specific applications and governance frameworks
for theregulation of loT. Theimplementation of 10T isgenerally
divided into three layers—the sensing layer, the architecture
layer, and the application layer [9]. In the context of cell
therapies, which are therapies where whole living cells are
administered to patients for treatment of diseases, Harrison et
al [10] reviewed the application of fluorescent optical sensors
on cell therapy manufacturing, and connecting real-time
metabolic measurementsto quality attributes of products, which
could allow more scal able processes and better quality products.
Outside of manufacturing, sensors can also be used for in vivo
monitoring postadministration [11].

Technology platforms for facilitating information flow and
exchange have been made available by industry and academic
partnerships. Vitruvian Networks, for instance, is a partnership

https://www.researchprotocol s.org/2020/3/€16935
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set up by GE Ventures (Menlo Park, California) and Mayo
Clinic (Rochester, Minnesota) to make use of biomarkers, cell
therapy processes, and clinical outcome data to guide therapy
development [12]. |oT alowsreal-time control, moreintegrated
maintenance, better adaptability to changing demands, better
collaboration across the supply chain of cell therapies, better
traceability, smarter products, and new business models for
continuous improvement of products [13]. Frameworks for
distributed manufacturing and service-oriented 10T deployments
have been proposed and discussed in previous literature
[9,24-17], but for highly regulated manufacturing environments
such as for cell-based therapies, the interface between loT
architecture and Good Automated Manufacturing Practice[18]
has not been documented. To allow successful implementation
of 10T, the challenges specific to the area have to be identified.
Issues such as privacy and security encountered in other 10T
applications [19] have to be identified and considered in a
manner specific to cell therapy manufacturing and delivery to
inform a tailored 10T approach that facilitates trandation and
delivery of cell-based products.

This paper aims to systematically review all technologies
availablein the area, and inspect the current 10T application in
cell-based therapies to identify the benefits, challenges, and
future directions of using 10T to alow safe and cost-effective
delivery of cell-based therapies.

Aims and Objectives

The aim of this review is to understand the current available
technologiesfor |0T, the extent of implementationin cell-based
therapy delivery, and the drivers and chalenges for
implementation of loT. This will alow the gaps for IoT
implementation to beidentified and will inform future directions
in cell therapy supply chain optimization.

Key Research Questions
Our research questions are as follows:

1. Whatisthecurrent state of 10T implementationin cell-based
therapy delivery? What companies and partnerships are
engaged in loT (especially for autologous therapies)?

2. What are the technologies available for 10T specific to
cell-based therapy delivery?

3. What arethe benefitsof 10T in cell-based therapy delivery?

4. What arethe challenges of implementing loT on cell-based
therapy delivery?

Methods

Study Design
This systematic review will be conducted following the

PRISMA (Preferred Reporting Items for Systematic Reviews
and Meta-Analyses) guidelines (Multimedia Appendix 1) [20].

In accordance with the PRISMA-P (Protocols) checklist
recommendation, the inclusion criteria of this protocol are in
accordance with the PICO (Participant, Intervention,
Comparator, and Outcomes) standards. Details of the PICO to
be included in the review are described in Textbox 1.
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Textbox 1. Participant, I ntervention, Comparator, and Outcomes and study type review inclusion criteria.

Participant

«  Patientsreceiving cell-based therapy

Intervention

Compar ator

Outcomes

Study type

o Any study type (study type will not be subjected to any restrictions)
«  Publications between 2008-2018

«  English publications

« Any supply chain step using or interacting with the Internet of Things (I0T) technologies/networksin a cell-based therapy delivery process, from
patient cell collection (if autologous) or cell sourcing (if allogeneic) to postadministration monitoring and follow-up

« Nointervention, standard practice, or any other type of intervention that is not 0T such as paper-based batch records

« Benefitsand challenges of 10T implementation in tissue or cell-based therapy delivery

Exclusion Criteria

The fields of both 10T and cell therapy are rapidly advancing;
therefore, to ensure that studies found are up to date, only
publications from 2008-2018 will be considered. Studies not
published in the English language are excluded due to a
language barrier. Studies relevant only to the discovery,
research, and development phases of cell-based therapies are
not in the scope of this review.

Table 1. Search terms.

Search Strategy

The following databases will be searched: Medline, EMBASE
(OvidSP), Web of Science, CochraneLibrary & HEED, Scopus,
ACM digita library, INSPEC, ScienceDirect, and the IEEE
Xplore Digital Library. In addition, a search on Google to
identify gray literature will be conducted. Table 1 shows the
search concepts and keywords to be searched for this review.
Search strings will be constructed using cell-based therapy
keywords and keywords from other concepts. A sample search
was conducted on the PubMed database, and the search strings
used are described in Table 2.

Concept Keywords

Cell-based therapeutics Cell* therapy

loT?@

10T technologies

Communication

Data security Privacy, security, GAMP, data integrity

Data management Data stor*, data analy*

Industry 4.0, smart factory, business intelligence, internet of things, |0T

Sensor, biosensor, monitoring device, machine learning, barcode, RFI Db, Auto ID, WSNE, Cloud computing, paperless

remote operation, automated workflow, data-driven, traceability, (network AND automat*)

30T Internet of Things.

PRFID: radio frequency identification.

SWSN: wireless sensor network.

dGAMP: Good Automated Manufacturi ng Practice.
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Table 2. Sample search conducted on the PubMed database.
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Search string

Number of results

(“cell* therapy”) AND (loT OR Industry 4.0 OR "business intelligence* OR "internet of things")

(" cell* therapy”) AND (sensor OR biosensor OR “monitoring device” OR *

‘machine learning” OR “barcode” OR

42

70

“RFID” OR “Auto ID” OR “WSN” OR “Cloud computing” OR “paperless’)

(“cell* therapy”) AND (“remote operation” OR “automated workflow” OR
work” AND automat*))

("cell* therapy”) AND (Privacy OR security OR GAMP OR dataintegrity)
(“cell* therapy”) AND ("data stor*“ OR (data analy*))
Total results from PubMed search

Duplicates removed

“data-driven” OR “traceability” OR (“net- 21

41
74
248
170

Study Selection

EndNote X8 softwarewill be used for the removal of duplicates.
Textbox 1 describes the inclusion criteria of the review. Two
independent reviewers will screen the titles and abstracts of
papers to ensure no bias occurs. Papers that are ineligible will
be eliminated, and the full text of those that appear to meet the
review’s eligibility criteria will be obtained and read in full to
ensure eligibility. Any contradictions or discrepancies between
the reviewers that arise will be discussed until consensus is
reached.

Quality Assessment and Risk of Bias

Two reviewers will independently check each article to
minimize bias using the collaboration’s risk of bias tool as

Textbox 2. Sample data abstraction form.

described in the Cochrane Handbook for Systematic Review of
Interventions [21]. All selected articles will be judged for their
quality based on the Critical Appraisal Skills Programme
systematic review checklist [22] and data analysis.

Data Extraction

The eligible literature will then be described for its three-layer
architecture of 10T proposed in various literature [9,23]. Any
observed benefits and challenges of 10T in cell therapy delivery
will be extracted and mapped against its status of
implementation identified in the included studies. A sample
data abstraction form can be found in Textbox 2. The data
extracted will then be analyzed qualitatively.

Current practice/company and futuredirections for the items below

Sensing layer:

Network layer:

Application layer:

Functionalities of Internet of Things
Observed benefits (if any)
Observed challenges (if any)

Sensing devices and technologies such as radio frequency identification tags

Service entities arrangement, virtual entity and information, resource modules

Results

The study aimsto provide alandscape of the application of 10T
technologies in the cell therapy field and identify the gaps and
challengesfor 10T application. A sample search was conducted
on the PubMed database, and the search strings used are
described in Table 2. This systematic review will be executed
by June 2020, and the completed review will be published in a

https://www.researchprotocol s.org/2020/3/€16935
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peer-reviewed journa to inform future developments in loT
application for the delivery of cell-based therapies.

Discussion

Thisreview paper will provide an overview of all technologies
available in the area and inspect the current |0T application in
cell-based therapies to identify the benefits, challenges, and
future directions of using 10T to alow safe and cost-effective
delivery of cell-based therapies.
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Abstract

Background: Cardiovascular disease (CVD) remains the leading cause of degath in the United Arab Emirates (UAE). One of
the common CV Dsis hypertrophic cardiomyopathy (HCM). Recent studies conducted in heart cells of mice have shown that this
condition involves a chemical modification called hydroxymethylation of the DNA of heart cells.

Objective: Objectives of the proposed research are to profile the distribution of 5-hydroxymethylation in the cardiomyocyte
(CMC) genome of cadaveric cardiac tissue and cardiac biopsy specimens; to compare the hydroxymethylome of cadaveric CMCs
with that of cardiac biopsy specimens from HCM patients and/or cardiac transplant patients (control) undergoing cardiac
catheterization; to histologically appraise sarcomere distribution and mitochondrial morphology of CMCs in the presence of
HCM; to correlate the mitochondrial genome with the HCM phenotype; and to integrate anatomy with biochemistry and genetics
into theinstructional design of HCM in the core medical curriculum at Mohammed Bin Rashid University of Medicineand Health
Sciences (MBRU).

Methods: Norma and hypertrophic heart specimens will be obtained from 8 whole-body cadavers (2/8, 25% control and 6/8,
75% HCM). Myocardia biopsy specimens will be obtained from cardiothoracic and transplant units at the Cleveland Clinic in
Abu Dhabi, UAE. Asthisis a proof-of-concept study, we plan to recruit 5 patients with HCM, where HCM has been diagnosed
according to the guidelines of the 2014 European Society of Cardiology Guidelines. Patients with valvular heart disease, history
of myocarditis, regular alcohol consumption, or cardiotoxic chemotherapy will be excluded. The control biopsy specimens will
be obtained from patients who had received heart transplants. Three investigational approaches will then be employed: (1) gross
anatomical evaluation, (2) histological analysis, and (3) profiling and analysis of the hydroxymethylome. These investigations
will be pursued with minor modifications, if required, to the standard protocols and in accordance with ingtitutional policy. The
obj ective associ ated with the education of health professionalswill be addressed through a strategy based on Graham’sknowledge
translation model.

Results: This study is at the protocol-development stage. The validated questionnaires have been identified in relation to the
objectives. The MBRU and the Cleveland Clinic Abu Dhabi Institutional Review Board (IRB) are reviewing this study. Further
clarification and information can be obtained from the MBRU IRB. There is funding in place for this study
(MBRU-CM-RG2019-08). Currently, we are in the process of standardizing the protocols with respect to the various molecular
techniques to be employed during the course of the study. The total duration of the proposed research is 24 months, with a
provision for 6 months of a no-cost extension.
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Conclusions: The spectrum of CVDs has recently received significant focus from the public health sector in the UAE. HCM
is a common familial heart disease, contributing to the sudden increase in the mortality rate of young Emiratis in the UAE.
Incorporating artificial intelligence into the identification of epigenetic risk factors associated with HCM will promote accurate
diagnosis and |ead to the devel opment of improved management plans, hence, positive patient outcomes. Furthermore, integration
of these findings into the instructional design of undergraduate, postgraduate, and continuous professional development medical

curriculawill further contribute to the body of knowledge regarding HCM.

International Registered Report Identifier (IRRID):

(JMIR Res Protoc 2020;9(3):€17241) doi:10.2196/17241

KEYWORDS

PRR1-10.2196/17241

epigenomics; mitochondrial genome; hypertrophic cardiomyopathy; undergraduate medical education

Introduction

Background

Geographically, the Arab world is comprised of 22 countries
from North Africato Western Asia—Algeria, Egypt, Bahrain,
Comoros, Djibouti, Iraq, Jordan, Saudi Arabia, Kuwait,
Lebanon, Libya, Mauritania, Morocco, Oman, occupied
Palestinian territory, Qatar, Yemen, Somalia, Sudan (including
South Sudan), Syria, Tunisia, and the United Arab Emirates
(UAE). These countries comprise the members of the League
of Arab States. Each country has an inimitable set of historical,
geopolitical, socia, cultural, and economic characteristics, which
define its public health systems and the burden of disease and
injury. In 2014, Mokdad et al assessed the burden of disease
and injuriesin the 22 Arab countriesin 1990, 2005, and 2010,
employing data and methods from the Global Burden of
Diseases, Injuries, and Risk Factors Study 2010 [1,2].
Interestingly, the study showed that since 1990, premature death
and disability caused by communicable, newborn, nutritional,
and maternal disorders, with the exception of HIV/AIDS, has
decreased in the Arab world with a stark increase in ischemic
heart disease, which contributed to 14.3% of deaths (see Figure
1) [1-3]. Inaddition, if one compares age-standardized mortality
rates registered by the World Health Organization for specific
countries in the region [4], a marked augmentation of
cardiovascular deaths in most countries from the Middle East
is observed, including in the UAE, when compared with data
from comparator western countries (ie, the United Kingdom,
Germany, and the United States); these deaths are predominantly
fromischemic heart disease and hypertensive heart disease (see
Figure 2).

Hence, with recent public health concerns focused on the high
prevalence of cardiovascular diseases (CVDs) inthe UAE, and
with the sudden increase in deaths of relatively young Emiratis
from CVD and associated disorders, the UAE National Service
has implemented routine screening of all recruits for heart
disease[5]. Interestingly, hypertrophic cardiomyopathy (HCM)
has been identified as one of the four maladies contributing to
the escalation in the mortality rate of young Emiratis, although
the detailed statistics are till pending [5].

This necessitates that the molecular mechanism underlying
HCM be elucidated, such that novel management and treatment
strategiestargeting the disorder can be identified and designed.

https://www.researchprotocol s.org/2020/3/e17241

Additionally, it is imperative that the concept of genomics
education of physicians be integrated into the medical
curriculum in the UAE, such that Emirati medical students can
present findings based on correlation with known clinical
information about the patients’ diseases and traits.

Thisis pivotal in light of the revelation that HCM is the most
common familial heart disease with vast genetic heterogeneity.
Two decades of rigorous investigation have described the vast
and intimidating heterogeneity of the HCM substrate. Early
reports of seven mutationsin one gene—the myosin heavy chain
betaisoform (MY H7) [6,7]—have now expanded to 11 or more
causative genes with over 1400 mutations, expressed primarily
or exclusively in the heart. These genes encode thick and thin
myofilament proteins of the sarcomere or contiguous Z-disc.
Mutationsin several additional sarcomere, or calcium-handling,
genes have been proposed, but with less evidence supporting
pathogenicity [8]. Also, HCMs show remarkable variability in
their age of onset, phenotypic presentation, and clinical course
[9], alluding to the fact that disease mechanisms must exist that
modify the occurrence and progression of HCM, either by
genetic or epigenetic factors that may interact with
environmental stimuli and external influences. According to
Frey et a [10], HCM develops in response to externa
influences—ischemia, valvular insufficiency and stenosis,
fibrillation, and hypertension—and may eventually progressto
heart failure[10]. Further, in the cardiovascular system, histone
modifications and chromatin remodeling are believed to
modul ate adaptive, aswell as mal adaptive, molecular pathways
in HCM and heart failure [11]; as well, methylation of DNA
has been responsible for the hypermutability of specific cardiac
genes [12]. Additionally, investigations by Jirtle and Skinner
[13] aswell asHerceg and Vaissiere [14] aludeto the potential
interplay between environmental factors and the disease
phenotype by epigenetic mechanisms. Thishasbeen successfully
demonstrated in HCM in animal model studies, especially those
originating from the Condorelli group [15-17]. Also, studies
from the Hein group indi cate strict epigenetic regulation during
prenatal development and postnatal maturation, as well as in
diseased human cardiomyocytes (CMCs) [18-20]. However,
the knowledge about the impact of epigenetic alterationson the
disease phenotype, specifically in HCM in human patients, is
still very limited. Thiscan be attributed to the limited avail ability
of study specimens, because cardiac biopsy is a delicate
procedure requiring cardiac catheterization.
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Figure 1. Top 25 causes of death in the Arab population in 1990 and 2010 (mean rank). A comparative analysis is provided. Solid blue lines indicate
the elevation in rank for a condition or factor responsible for causing death in the Arab population from 1990 to 2010. Green dotted linesindicate afall
inrank of acondition or factor responsible causing death in the Arab population from 1990 to 2010. Red solid linesindicate the elevation or fall in rank
of thefactors contributing to cardiometabolic syndrome (CMS) in causing death from 1990 to 2010 (note: all the factors contributing to CM S are elevated
in rank when compared between 1990 and 2010). Redrawn with modifications from Mokdad et al, 2014. COPD: chronic obstructive pulmonary disease;
CV: cardiovascular.
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Figure 2. Death rates (ie, number of deaths per 100,000 people) from vascular diseases in selected countries in Africa and the Middle East compared
to western countries. Drawn from data presented by the World Health Organization. UAE: United Arab Emirates.
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Thanatology, which prioritizes the scientific study of death in
the context of other fields of interest (ie, medicine, education,
psychology, etc), has paved the way for genomic investigation
of the pathological state; this is possible as formalin-fixed
paraffin embedding of embalmed human cadavers preserves
DNA, reducestherate of decay, and promotes expansion of the
available resource bank [21]. In fact, with the improvement in
DNA isolation techniques, amplifiable DNA of high quality
and quantity has been isolated from nonparaffin-embedded
embalmed cadaver tissue [21].

This proposal is founded on the working hypothesis that the
hydroxymethylome of cadaveric CMCswith HCM will exhibit
epigenetic modification in the form of 5-hydroxymethylation
of cytosine (5-hmC) in the genes, in line with observationsfrom
animal studies[19].

Study Aims

In line with our working hypothesis, the primary objective of
this study involves profiling the distribution of 5-hmC in the
CMC genome in cardiac tissue obtained from cadavers and
comparing them with the hydroxymethylome of biopsy
specimens obtained from the apical part of the freeleft ventricle
(LV); these were collected during left ventricular assist device
surgery from HCM patients or cardiac transplant patients
(control) undergoing cardiac catheterization using astandardized

https://www.researchprotocol s.org/2020/3/e17241
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protocol. Additionally, as HCM is attributable to mutations in
the mitochondrial DNA [22], wewill compare the mitochondrial
genome of cadaveric CM Cswith that of biopsy specimensfrom
HCM patientsor cardiac transplant patients (control) undergoing
cardiac catheterization. A summary of the study is shown in
Figure 3.

The secondary objective of thisstudy aimsto integrate genomics
education into medica education, specificaly anatomy
education, whereby we will blend Graham’'s knowledge
trandlation (KT) process [23] with instructional design models
from Gagne and Peyton [24]. By doing so, we will strategize a
lesson plan using the epigenetics of HCM as a case study to
integrate anatomy with genetics and biochemistry into the core
medical curriculum at Mohammed Bin Rashid University of
Medicine and Health Sciences (MBRU).

In summary, this proposal ams to augment knowledge with
regard to epigenetic regulation of HCM—one of the key
cardiovascular concerns  in the  UAE—concomitantly
strengthening medical education by integrating genomics
education into anatomy. This will stimulate scientific inquiry
among medical students, thereby providing KT, such that
medical students can present new biomedical findings,
correlating them with known clinical information about the
patients' diseases and traits.
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Figure 3. Summary of the proposed study; important steps are indicated (note: the results from this study will be used for competency-based medical
education at different levels of training). 5mC: 5-methylation of cytosine; CCAD: Cleveland Clinic Abu Dhabi; HCM: hypertrophic cardiomyopathy;
LVAD: left ventricular assist device; SOAP: short oligonucleotide alignment program.

| Undergraduate level
«+ Genomics in anatomy

Cardiac biopsy and
% tissue samples collected
o during LVAD surgery: 5
PASA patients recruited from
CCAD

Cadaveric
tissue
samples:
2/8, 25%
control
and 6/8,
75%

HCM

—

Sequencing
a

Library

(bisulfate
treatment)

and data
is

/s

Library preparation

Amplicon
Pooling

Long PCR

1

Mitochondrial DNA
isolation from
cardiomyocytes

construction mmmp Sequencing

Rav

- -

Clean read

-

SOAP alignm

-

Identification of 5mC

-

Identification of differentially

methylated

ads

n analysis "\

= —

=

N\

education using Gagne
and Peyton's instructional
\ design strategies
1 b

5

ent f'/fllesident level

% Integrate knowledge

= generated from this
,jf KNOWLEDGE i pro]el‘cl to lrl;:m re::idenls
=<  S— employing Reporter,
I\. TRANSLATION y Interpreter, Manager,
B - Educator (RIME)

framework

regions

=

continuing professional

Methods

In order to address the primary objective, the following
methodology will be implemented.

Sample Coallection

Thetotal sample serieswill be obtained from two different types
of tissue specimens, as follows. (1) cadaveric tissue and (2)
biopsy specimens.

Cadaveric Series

Normal and hypertrophic heart specimenswill be obtained from
8 whole-body cadavers (2/8, 25% control and 6/8, 75% HCM),
which have been donated for the promotion of teaching and
research to MBRU. As indicated in the cadaver records, 6
cadavers presented with a previous history of pathological
conditions causing HCM. All cadavers were commercially
embalmed according to standard protocols[25].

Dissection Protocol and Gross Anatomical Evaluation

The thickest heart slice will be selected and subjected to
morphometric assessment. A digita caliper—Mitutoyo
Digimatic Caliper, Model No. CD-8° C (Mitutoyo
Corporation)—will be used to measure thefollowing parameters:

1. Thickness of the anterior, lateral, and posterior LV walls
(ALV, LLV, and PLV, respectively).

2. Thickness of the anterior, lateral, and posterior right
ventricle (RV) walls (ARV, LRV, and PRV, respectively).

Endocardia trabeculations, papillary muscles, and epicardial
fat will be excluded from morphometric assessment.

In an effort to reduce intraobserver error, each parameter will
be measured three times, from which a mean value will be
determined. Clinical history with associated findings and
demographic data (ie, age, race, sex, and nutritional status)
pertaining to each cadaver will be documented. Ventricular wall
thicknesses that exceeds 1.5 cm and 0.5 cm in the LV and RV,
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respectively, will be indicative of hypertrophy. These values
will also be correlated with the weight of the heart and
histological attributes of the CMCs to account for the effects
of embalming, duration and method of storage, position of
cadaver during storage, and rigor mortis. Heart specimens
weighing more than 400 g will be described as hypertrophic.

Recruitment Criteria: Myocardial Biopsy Series

Myocardial biopsy specimens will be obtained from the
cardiothoracic and transplant units at the Cleveland Clinic in
Abu Dhabi, UAE. Collection will be in accordance with the
principles of the Declaration of Helsinki. All participants of the
study must provide written informed consent, and the study will
be appraised and approved by the relevant ethics committees.
HCM will be diagnosed according to the 2014 European Society
of Cardiology Guidelines [26]. Patients with valvular heart
disease, history of myocarditis, regular alcohol consumption,
or cardiotoxic chemotherapy will be excluded. The control
biopsy specimens will be obtained from patients who had
received heart transplants. To be included in the control cohort,
patients would have received successful cardiac transplants
more than 6 months previously, with normal systolic and
diastolic function and no evidence of relevant vascul opathy as
judged by coronary angiography. Furthermore, all control
patients will have to exhibit freedom from relevant acute or
chronic organ rejection. Details regarding processing of
ventricular biopsy specimens are described bel ow.

Processing of Left Ventricle Biopsies

Tissue samples, measuring approximately 2 mm in length, will
be extracted from the apical region of the LLV wall of 5 patients
diagnosed with HCM and 3 cardiac transplant patients (control)
undergoing cardiac catheterization, utilizing a standardized
protocol used at the Cleveland Clinic in Abu Dhabi. Biopsies
will be washed with NaCl (0.9%) and immediately transferred
and stored in liquid nitrogen until DNA or RNA are extracted
and histological analysisis pursued.
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Histological Analysis

Tissue Preparation

Cadaveric and biopsy specimenswill befixed in an embedding
medium. Each specimen will then be dehydrated in a series of
alcohol solutions of increasing concentration up to 100%
alcohol. Washing will occur for 6-18 hours to remove water.
Alcohol will be removed by infiltration of xylene. The specimen
will then be placed in a cassette containing liquid paraffin. Once
the melted paraffin has cooled and hardened into amold, it will
be trimmed into a suitably sized block. The block will be
mounted in a specimen holder of the microtome sectioning
machine. By careful rotary movement of the hand wheel, the
block will cut thin sections in the form of aribbon. Individual
sections will be partitioned from the ribbon and placed in a
water bath of 40°C. They will then be mounted on glass slides
with albumin and allowed to dry.

Staining

The glass dide will be placed in xylene before it is passed
through aseries of solutions of decreasing alcohol concentration.
Each glassdlide will undergo routine staining with hematoxylin
and eosin. Lee's stain (ie, methylene blue and basic fuchsin)

will then be employed to further highlight cytoplasmic
organelles and enhance the contrast of the tissue.

The following connective tissue elements will be depicted: (1)
nuclei in blue and (2) cytoplasm, mitochondria, and cilia in
reddish-pink. The dlide will then be passed through xylene to
a nonagueous mounting medium. A coverslip will be placed
over the specimen on the slide to attain permanent preparation.

Semiquantitative Analysis

A total of three field areas per dlide will be examined.
Cross-sectional area, length, and width of CMCs will be
quantified. In addition, organization of sarcomeres,
mitochondrial size, and arrangement of cristae will be described.

Level of Significance

Statistical analysiswill be performed using SPSS Statistics for
Windows, version 24.0 (IBM Corp). The meansand frequencies
of the continuous and categorical variables, respectively, will
be compared for difference or equival ence between parameters
and demographically relevant factors.PP s of lessthan .05 will
be considered statistically significant.

Profiling, Sequencing, and Analysis of the
Hydroxymethylome

Extraction of DNA

DNA will be collected from cadaveric tissues according to the
method of Gielda and Rigg, which involves modification of
existing techniques of tissue disruption, combined with
phenol-chloroform treatment [21]. For biopsy samples, wewill
use the protocol of Haas et al [27].

Total DNA will be extracted from CMCs from 6 cadaveric
hearts diagnosed with HCM, 2 normal cadaveric hearts (control),
and biopsy specimens obtained from the apical part of the free
LV wall from 5 HCM patients. In addition, DNA will be
extracted from the CMCs of 3 cardiac transplant patients
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(control) undergoing cardiac catheterization. DNA will be
enriched for 5-hmC using abiotin-based streptavidin pull-down
technique—Hydroxymethyl ~ Collector, Active  Motif
(Epigenie)—originally described by Song et a [28,29]. The
rational e behind employing Song'stechniqueisthat it has been
successfully used in other studies [30,31].

Sequencing and Analysis of the Hydroxymethylome

Libraries will be prepared using 500 ng of 5-hmC-enriched
DNA using the NEBNext Kit (New England Biolabs) and will
be sequenced on the BGISEQ-500 platform (Beijing Genomics
Ingtitute, BGI), carried out by the BGI epigenetic sequencing
service [32], where the corresponding author has collaborative
projects.

The BGISEQ-500 generates approximately 500 Gb of sequence
data per flow cell, or about 62 Gb per lane. Therefore, asingle
human genome library can be run across two lanes of the
eight-lane flow cell to generate approximately 120 Gb of data
per sample. Additional sequencing will be pursued for higher
coverage.

Hydroxymethylation analysis will be performed using the
Bismark online module for reading bisulfite sequence maps. In
summary, FASTQ files will be quality filtered and adapter
sequences will be trimmed using the Trimmomatic tool [33].
A bisulfite-converted human genome (HG19) reference genome
file will be generated using Bowtie [34], and the EpiGnome
(Epicentre) library sequence datawill be aigned to the reference
genome.

Hydroxymethylation information will be extracted from the
output *.sam file, and genome tracks will be the output for
visualization and reporting of downstream differential
methylation calculations.

The hydroxymethylation extraction report should show minimal
bias. A perfectly unbiased sequencing run would be ahorizontal
line. Visualization of hydroxymethylated sites of the genome
will be performed using the Integrative Genomics Viewer
(Broad Institute) [35].

To identify regions that gained or lost 5-hmC at specific
differentially hydroxymethylated regions (DhMRs), the normal
samples will be set as the control group and the HCM samples
asthetreated group, and the diffReps program [36] will be used
with default settings. The diffReps program normalizes each
sample by removing regions of low read counts and then
calculates a normalization ratio for each sample based on the
remaining reads. The medians of the ratios will then be used as
normalization factors. To assess differential sites, diffRepsuses
anegative binomial test on dliding windows and the significant
windows will be selected by a predefined cutoff (P<.001). The
significant windows that overlap with each other will then be
merged, and the differential sites will be used to perform the
statistical tests again. ThePP for each differentia site and the
bestPP for the sliding window within each differential site will
be documented and reported. Subsequently, DhMRs will be
classified by diffReps into genomic locations and annotated
using the human (HG19) reference genome.
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Mitochondrial DNA |solation

Mitochondrial DNA will beisolated from cadaveric and biopsy
samples, for both HCM and control groups, employing the
method of Quispe-Tintaya et al, as this technique exhibits an
approximately 2000-fold enrichment of mitochondrial DNA in
comparison to commercial kits and is also relatively cheaper
[37]. Briefly, the process has two steps. (1) extraction of a
mitochondrial DNA-enriched fraction employing a common
plasmid miniprep kit and (2) additional purification of
mitochondrial DNA using the Agencourt AMPure XP system
(Beckman Coulter).

Naidoo et al

Library Preparation and Sequence Analysis of the
Mitochondrial Genome

The CMC mitochondrial DNA will be amplified in two
fragments using high-fidelity, long-distance polymerase chain
reaction (PCR) with aproofreading polymerase—L A Tag DNA
polymerase (TaKaRa)—as described by Tang et a [38]. The
primersthat will be used to amplify cardiac CM C mitochondrial
DNA fragment 1 (9289 bp in length) and fragment 2 (7626 bp
in length) are shown in Figure 4. The amplified fragments will
be used for preparation and sequencing.

Figure 4. Sequence of primers that will be used to amplify cardiomyocyte (CMC) mitochondrial DNA fragment 1 (9289 bp in length) and fragment 2
(7626 bp in length). 18srRNA: 18S ribosomal RNA; MT-ND1: mitochondrial NADH-ubiquinone oxidoreductase chain 1.

57 -
5/-
57 -
5/ -
57 -
5/ -
5/ -
57-

Fragment 1 forward

Fragment 1 reverse
Fragment 2 forward
Fragment 2
MT-ND1 forward
MT-ND1 reverse
18srRNA forward

18srRNA reverse

reverse

Complementary DNA (cDNA) libraries will be prepared with
Nextera sample preparation kits (1llumina). Theselibrarieswill
be quantified using a PicoGreen assay (Invitrogen) and a Kapa
guantitative PCR (gPCR) library quantification kit (Kapa
Biosystems). Size and quality of cDNA libraries will be
confirmed using an Agilent Bioanalyzer 2100 DNA
high-sensitivity chip. The cDNA libraries will then be pooled
based on gPCR values. cDNA products will be sequenced in
rapid mode using the BGISEQ-500 platform.

Paired-sequence reads will be demultiplexed using bcl2fastq,
version 1.8.4 (Illumina). Reads will then be mapped to the
reference mitochondrial genome—NC_012920.1 (version Gl:
251831106)—and will undergo variant calling using the CLC
Genomics Workbench, version 8.0.1 (QIAGEN), aignment
tool. This will require a minimum coverage of 1000x and a

minimum frequency of 1.00 x 10°°. An average of 7.50 million
reads will be mapped per sample. Sequencing datawill then be
compiled into Microsoft Excel spreadsheet form for analysis.
Datain theform of mitochondrial DNA alterations—mutations
in specific genes and single-nucl eotide polymorphisms (SNPs)
at specific loci—between the control and HCM samples will
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AACCAAACCCCAAAGACACC - 37
GCCAATAATGACGTGAAAGTCC - 3’
TCCCACTCCTAAACACATCC - 3’
TTTATGGGGTGATGTGAGCC - 3’
CCCTAAAACCCGCCACATCT - 3-
GAGCGATGGTGAGAGCTAAGGT
TCAAGAACGAAAGTCGGAGG - 3
GGACATCTAAGGGCATCACA - 3’

3!

be analyzed using the chi-square test and the Fisher exact test.PP
sof lessthan .05 will be considered statistically significant.

Knowledge Translation

In order to address the secondary objective, we will employ
Graham’s KT process (see Figure 5). KT is a dynamic and
iterative process that includes synthesis, dissemination,
exchange, and ethically sound application of knowledge to
improve the health of Emiratis, provide more effective health
services and products, and strengthen the health care system
[23].

In order to integrate genomicsinto anatomy education, we will
use a blended approach where we will blend Gagne's approach
with Peyton’s approach [24]. A successful implementation of
such KT using these approaches is explained using a scenario
of familial hypercholesterolemia [39-41], which is the key
research interest of the corresponding author. Here, data
obtained from a project on familial hypercholesterolemia is
used to augment knowledge regarding bioinformatics in
undergraduate medical education. Data shown here arefrom an
article by Tambi et a, published in IMIR Medical Education
(see Figure 6) [24].
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Figure5. Graham'sknowledgetransation process (Strauset al, 2011). The central idea of this processisto create knowledge through diverse knowledge
tools, which may bein the form of research, that could create new knowledge.
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Figure 6. The framework for knowledge translation to be implemented in this study, elaborated using a vignette of autosomal dominant familial
hypercholesterolemia. A. Description of the blended lesson plan: Gagne's events of instruction and Peyton's approach. B. The sequential steps of the
lesson plan and skills gained. EXPASy: Expert Protein-Analysis System of the Swiss Institute of Bioinformatics, GOF: gain of function; NCBI: National
Center for Biotechnology Information; PCSK9: proprotein convertase subtilisin/kexin type 9; PI: isoelectric point; MW: molecular weight.
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The proposed research will generate new knowledge with regard
toHCM. We aim to add thisto the existing knowledge available
in the literature and adapt it to suit the needs of medical
education in the UAE by assessing barriers to knowledge use
(see Figure 5). We will do this viathe following proposed KT
strategies:

1 At the undergraduate medical student level, integration of
genomics into anatomy education will be pursued by the
implementation of instructional design strategies,

Naidoo et al

specifically by blending Gagne's and Peyton’s approaches
(see Figure 6) [24].

2. Attheresident level, KT will involve Pangaro’'s Reporter,
Interpreter, Manager, Educator (RIME) framework [42],
as this model has particular merit for providing feedback
to residents.

3. At the practicing physician level (noncardiologists), KT
will be facilitated through outcomes-based continuing
professional development devised by Moore (see Figure 7)
[43,44].

Figure 7. Framework for outcomes-based continuing professional development (CPD) to be used in the proposed research.

Community
health

Level 7

Patient health I Level 6

Outcomes framework of Moore

CPD framework

Level 1 - participation
the CPD activity
Level 2 - satisfaction
participants’ expectations

Level 3a - The degree to which participants can articulate what the CPD activity
learning: declarative intended to convey

knowledge

Level 3b - The degree to which participants state how to do what the CPD activity
learning: procedural intended for them to do

knowledge

Level 4 - competence

Level 5 - performance
them to be able to do in practice

Level 6 - patient health

participants

Level 7 - community

participants

Results

This study is at the protocol-devel opment stage. The validated
questionnaires have been identified in relation to the objectives.
The MBRU and the Cleveland Clinic Abu Dhabi Institutional
Review Boards (IRB) are reviewing this study. Further
clarification and information can be obtained from the MBRU

https://www.researchprotocol s.org/2020/3/e17241
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Number of physicians and health care professionals who participated in

The degree to which the setting and delivery of the CPD activity met the

The degree to which participants demonstrate,/show in an educational
setting how to do what the CPD activity intended them to be able to do

The degree to which participants do what the CPD activity intended

The degree to which the health status of a community of patients
changes in response to changes in the practice behaviour of CPD

The degree to which the health status of a community of patients
changes in response to changes in the practice behaviour of CPD

Attendance records

Questionnaires completed by attendees
following the CPD activity

Objective: pre- and post-test knowledge
Subjective: self-report of knowledge gain

Objective: pre- and post-test knowledge
Subjective: self-report of knowledge gain

Objective: observation in an education
setting

Subjective: self-report of competence,
intention to

Objective: abservation of performance in
patient care setting, patient charts,
administrative databases

Subjective: self-reports of performance

Objective: health status measures recorded
in patient charts or administrative
databases

Subjective: patient self-report of health
status

Objective: epidemiological data reports
Subjective: community self-report

IRB. There is funding in place for this study
(MBRU-CM-RG2019-08). Currently, we are in the process of
standardizing the protocol s with respect to the various molecular
techniques to be employed during the course of the study. The
total duration of the proposed research is 24 months, with a
provision for 6 months of a no-cost extension. Key project
milestones and the timeline are shown in Figure 8.
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Figure8. Timeline and key milestonesfor the study; the sites where the research will be conducted are also indicated. BGI: Beijing Genomics I nstitute;
IFAA: International Federation of Associations of Anatomists, MBRU: Mohammed Bin Rashid University of Medicine and Health Sciences;, UAE:

United Arab Emirates.

TIMELINE AND IMPORTANT MILESTONES IN THE CURRENT PROPOSED RESEARCH
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Discussion

Overview

To the best of our knowledge, this is the first study exploring
the correlation between the HCM phenotype and alterationsin
mitochondrial DNA. If a correlation is observed, then a study
inalarger HCM cohort is warranted.

Additionally, we believe that specific adjustments will be
required in the protocol by Quispe-Tintaya et a [37] when
isolating mitochondrial DNA from cadaveric samples. Thiswill
provide astandardized protocol for such aprocedure, benefitting
medicine as well as forensic research.

The problem of nuclear copiesof mitochondrial DNA (NUMTYS)
is often encountered while sequencing mitochondrial DNA.
Double bandsin PCR results or double peaks in mitochondrial
DNA sequences indicate NUMTSs, however, the case of
mitochondrial DNA heteroplasmy has to be ruled out first. In
order to avoid NUMTs, we are using mitochondria
DNA-specific primers and a rigorous mitochondrial DNA
purification process. Furthermore, this work will be pursued at
BGI [45], where the protocol for the required experimentation
is standardized [38].

For the secondary objective, data will be collected through
semistructured interviews regarding participants use of
genomicsin their understanding of HCM, aswell asthe ability
of different frameworks to raise awareness regarding the
importance of HCM with regard to the Emirati population.

We believe that successful implementation of KT frameworks
will support the primary objective, as increased participation
in these frameworks will ensure successful dissemination of
segquence analysis—in the form of undergraduate students

https://www.researchprotocol s.org/2020/3/e17241
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participating in the process—and obtainment of specimens—in
the form of resident and physician participation.

Conclusions

The spectrum of CVDs has recently received significant focus
from the public health sector in the UAE. While HCM is a
common familial heart disease, it is now considered to be one
of four CVDs contributing to the sudden increase in the
mortality rate of young Emiratis in the UAE. Incorporating
artificial intelligence to identify the epigenetic risk factors
associated with HCM will promote accurate diagnosis and lead
to the development of improved management plans, hence,
positive patient outcomes. Furthermore, integration of these
findings into the instructional design of undergraduate,
postgraduate, and continuous professional devel opment medical
curricula will further contribute to the body of knowledge
regarding HCM. In summary, this proposal aims to augment
knowledge with regard to epigenetic regulation of HCM. This
concomitantly strengthens medical education by integrating
genomics education into anatomy to stimulate scientific inquiry
among medical students. KT is thereby provided, such that
medical students can present new biomedical findings,
correlating them with known clinical information about patients
diseases and traits.

Firstly, whilethis study will include asmall cohort of specimens
due to tissue accessihility, it will begin to answer the question,
“Is there a correlation between epigenetic modification of the
genome and HCM phenotype?’ and will alude to whether
mitochondrial DNA alterations have detrimental consequences
with regard to CM C structure and function. If theinvestigational
approaches employed in this study hint toward a positive
correlation, future study of the hydroxymethylome in a larger
cohort of HCM patients will be warranted.

JMIR Res Protoc 2020 | vol. 9 | iss. 3 |e17241 | p.109
(page number not for citation purposes)


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

JMIR RESEARCH PROTOCOLS

Secondly, as cadaver and patient records will provide
information regarding other comorbidities (eg, diabetes,
metabolic syndrome, and dyslipidemia), the underlying effect
of these conditions on the severity of HCM may be elucidated,
which, like above, will require confirmation in a larger cohort
of patients with HCM. This study will also pave the way to
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design the strategy of integrating genomics education into
anatomy teaching, aswell asKT through different frameworks
at different levels and competence of medical training. The
success of thisintegration may be evaluated viadifferent models
of feedback, such as that of Pendleton [46], and structured
guestionnaires.
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