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Abstract

Background: A decreasein blood pressure, even modestly (ie, 2 mmHg), lowers cardiovascular morbidity and mortality. Low
patient adherence to antihypertensive medication is the most significant modifiable patient-related barrier to achieving controlled
blood pressure. Preliminary studies have shown that SM S text messaging and home blood pressure monitoring (HBPM) can be
effective in promoting medication adherence and blood pressure control. The best strategy to engage with older patients of low
socioeconomic status who are low adopters of technology and disproportionally affected by uncontrolled hypertension is still
unknown.

Objective: The objective of this study isto improve blood pressure control in the older, low socioeconomic status population.
The study will test two aims: First, we aim to evaluate the feasibility of conducting a randomized controlled trial by using an
SMS-based approach among nonadherent, older patients of low socioeconomic status who have uncontrolled hypertension.
Feasibility will be assessed in terms of recruitment rates per month (primary outcome); patient acceptability will be evaluated by
monitoring retention rates and SM S response rates and using the validated Systems Usability Scal e (secondary outcomes). Second,
we aim to estimate the effects of the SM S approach on lowering blood pressure and adherence to antihypertensive medications.

Methods: We will recruit 24 patients of low socioeconomic status with uncontrolled hypertension (systolic BP>140 mmHg or
diastolic BP>90 mmHg) showing low medication adherence and taking at least two antihypertensives, who have presented to
two outpatient clinics of Wake Forest Baptist Health (Winston Salem, North Carolina, USA). Participants will be randomly
assigned to either SMS and HBPM (n=12) or usual care and HBPM (n=12) intervention. Clinicians adjusting the patients
medications will be blinded to the study assignment. Text messages will be sent from a secure platform to assess medication
adherence and HBPM on a weekly basis. The content and delivery frequency of the proposed SMS intervention are based on
input from three focus groups conducted in Spring 2019. Participants in both study arms will receive education on HBPM and
using an HBPM device. We hypothesize that we will successfully recruit 24 participants and the intervention will be acceptable
to the participants. It will also improve medication adherence (assessed by question Medication Adherence Questionnaire scores)
and blood pressure control.

Results: Our study was funded in July 2020. As of May 2021, we have enrolled 6 participants.
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Conclusions: Our findings will help design a larger efficacy trial to advance the field of eHealth delivery systems particularly
for older adults of low socioeconomic status. This study addresses a highly significant topic and targets a population of high
morbidity and mortality that has been traditionally underrepresented in clinical trials.

Trial Registration:
International Registered Report Identifier (IRRID):

(JMIR Res Protoc 2021;10(5):€18984) doi:10.2196/18984

Clinical Trials.gov NCT03596242; https://clinicaltrials.gov/ct2/show/NCT03596242
PRR1-10.2196/18984

KEYWORDS

hypertension; home blood pressure monitoring; tel ehealth; medication adherence; SMS; health disparities

Introduction

The successful implementation of the American College of
Cardiology/American Heart Association (ACC/AHA)
hypertension guidelines based on the SPRINT (Systolic Blood
Pressure Intervention Trial) findings will lead to improvements
in the health of the American population and reduce the risks
posed by heart disease and stroke[1]. Heart diseaseisthe United
States' leading cause of death [1,2]. These guidelines have
lowered the blood pressure (BP) thresholds and recommended
incorporating home blood pressure monitoring (HBPM). Low
patient adherence to antihypertensive medication is the most
significant modifiable patient-related barrier to achieving
controlled BP [3]. Medication nonadherence contributes to poor
BP control that can lead to further cardiovascular complications,
including coronary heart disease and heart failure. Furthermore,
hospitalization rates are significantly higher among patients
with poor medication adherence [4-6]. Objective measures of
medication adherence include electronic monitoring of
medication administration (eg, Medication Event Monitoring
System, prescription records, and dose counts). These measures
are expensive, labor intensive, and difficult to incorporate in
routine clinic flows. Subjective measures of adherence include
physician reports, self-report, and adherence scales. The
8-question Medication Adherence Questionnaire (MAQ) has
been well validated to identify adherence among patients with
hypertension, and the scores have been shown to correlate well
with arange of objective adherence measures[7].

Preliminary studies have shown that SM S text messaging and
HBPM can be effective in promoting medication adherence and
BP control [8-11]. When HBPM is used in the surveillance of
hypertension, it is more cost effective than office visits in the
long run, as it reduces the number of unnecessary return visits
and antihypertensive drugs administered to chronic users [12].
The best strategy to engage with older, nonadherent patients of
low socioeconomic statuswho are most affected by uncontrolled
hypertension is still unknown. The potential of SMS text
messaging to engage patients in their own health care has been
met with great enthusiasm because of the relatively low cost,
transportability, and the widespread use of this technology
[8,13]. Internal medicine and nephrology clinics are two
outpatient clinics of Wake Forest Baptist Health Winston-Salem,
North Carolina, United States. The demographics of older
patients visiting those clinics include predominantly African
American patients (60%) who are dual Medicare/Medicaid
recipients (60%), suggesting that most of them are of low
soci oeconomic status. Between November 2018 and November

https://www.researchprotocol s.org/2021/5/€18984

2019, atotal of 8170 patients were seen in the two clinics, of
which 5889 patients had uncontrolled hypertension (systolic
BP [SBP]>130 mmHg or diastolic BP [DBP]>80 mmHg).
Among those, 1840 patients with uncontrolled hypertension
were adults over the age of 60 years. These numbersare aigned
with the literature, with studies reporting hypertension control
rates arelower in patients of lower socioeconomic status[2,14].
In 2018, we surveyed a random sample of 50 patients in the
outpatient clinic, and 85% of the sample had accessto acellular
phone with SMS capability (CL Campos, MD, unpublished
data, March 2017). Therefore, devel oping and evaluating mobile
health tools such as SMS to implement clinical guidelines is
essential and particularly relevant in settings like our clinic,
where the burden of cardiovascular disease and poor adherence
to medicationsis exceptionally high. Using SM Sto support this
patient population is logical because of its low cost and
widespread use [10]. Self - monitoring has been shown to be
pivotal in the management of patients with other chronic
diseases such as diabetes [15]. This pilot study aims (1) to
evaluate the feasibility of conducting a full-scale randomized
controlled trial of a patient-centric, bidirectional SMS with
HBPM intervention for older adults of low socioeconomic status
with uncontrolled hypertension (BP>130/80 mmHg) who
presented at two clinics at Wake Forest Baptist Health, and (2)
to explore intervention effectsin BP and medication adherence
in both groups.

Methods

Sample Characteristics

Twenty-four participants aged 60 years and older will be
randomized to either the monitoring intervention or to receive
usual care and education; they will befollowed-up for 12 weeks.
See Figure 1 for patient flow during usua care. The clinicians
inthe study will identify patientswith uncontrolled hypertension
during their visitsto the clinic. Nurses rooming the patients will
record their BP by using an automated BP monitor following
the AHA guidelines [16]. The study coordinator will approach
prospective patients, that is, those who are 60 years and older,
have uncontrolled hypertension (ie, SBP>130 mmHg or DBP>80
mmHg), and have two or more BP medications on their
medication list. Nurses will interview the participants in a
private room and those with less than college education and
with an MAQ score of 0 to 6 will be classified as nonadherent
and will beinvited to participate in the study. The MAQ cut-off
score of <6 was chosen for this study because it has been used
in previous studies and serves a highly sensitive tool for
identifying medication nonadherence [17-19]. Low education
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has been used a proxy for low socioeconomic status [2]. The
study coordinator will assess the potential participant’s phone
ownership, text messaging ability, text messaging willingness,
and receptivity to the intervention (and record al this
information). Participants will be excluded if they have
end-stage renal disease (on hemodialysisor peritoneal dialysis),
akidney transplant recipient, unable to afford BP medications,
institutionalized (hospice or nursing home care) or unable or

Camposet d

unwilling to provide consent to participation in this study (ie,
dementiaor cognitiveimpairment), or diagnosed with aterminal
illness (eg, cancer, chronic respiratory failure, or requiring
oxygen support). Participants who are unable to pay for their
medications will be excluded as the study will not provide BP
medications. The sample size of 12 patients in each group was
chosen based on the feasibility and budget [20] (Figure 2).

Figure 1. Usual care patient flow. DBP: diastolic blood pressure; SBP: systolic blood pressure.

Office visit 1

1. Rooming by nurse

e Blood pressure measured with automated blood pressure machine
following American Heart Association guidelines

Medication reconciliation

Blood pressure re-check if SBP>140 or DBP>90 after 5 minutes
Clinician visit

Medication reconciliation

Medication adjustment if warranted

Recommendation on home blood pressure monitoring
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Office visit 2- Follow up visit at two weeks (at clinician discretion)

1. Nurse visit

s Blood pressure measured with automated blood pressure machine
following American Heart Association guidelines

* Medication reconciliation

* Blood pressure re-check if SBP>140 or DBP>90 after 5 minutes

* In-basket message to clinician with normal blood pressure results
or if SBP>140 or DBP>90 then

2. Clinician visit

« Medication reconciliation

* Medication adjustment if warranted

Office visit 3 at 12 weeks

MNurse rooming

Blood pressure measured with automated blood pressure machine
following American Heart Association guidelines

Medication reconciliation

Blood pressure re-check if SBP>140 or DBP>90 after 5 minutes
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Medication adjustment if warranted
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Figure 2. Study algorithm. BP: blood pressure; HBPM: home blood pressure monitoring; MAQ: Medication Adherence Questionnaire.

Screen participants for eligibility,
consent and enroll in study

A

y

Baseline assessment: demographics,
medical history, BP, MAQ score

Intervention group (n=12):
education on HBPM,

12 weeks of SMS (weekly) and
HBPM (twice a week)

~

Control group (n=12): usual
care and education on HBPM

|

Final assessment: engagement rates, BP, medication
adherence (MAQ), satisfaction (System Usability Scale)

Study Intervention

Participants will be randomized to the two study groups by
using a computer-based random number generating algorithm.
Baseline demographic characteristics of the participants will
then be collected. All participants will receive a previously
validated Omron Bp785n 10 Series arm blood BP monitor and
printed instructions in English or Spanish (as per the AHA) on
how to perform HBPM [16]. Participants will be instructed on
checking their BP at home at least twice aweek [21,22]. Text
messages used in the intervention were vetted by patients with
hypertension in three focus groups held in the Spring of 2019.
A programmer will build the SM S text messaging system to be
used for the study intervention by using the Research Electronic
Data Capture (REDCap)/Twilio platform, keeping a record of
the participants contacted via SM S (sent and received messages).
Twilio is a cloud communication platform that embeds
messaging directly into REDCap. An example of the SMS
systemisasfollows:

+  Adherence checkpoint: Good morning! Did you take your
blood pressure medications today?
+  “No” response: Let’stry to stay on top of taking them
daily! You can do this!
»  Additiona prompt: Did you fill your prescription?
+  If no, alert to study coordinator to place phonecall
to determine barrier to filling BP medication.

»  Additiona prompt: Did you have any side effects from
your blood pressure medication?
+  If yes, phonecall to determine side effect from BP
medication.

+  “Yes' response: Keep it up! [ Thumbs up emoji]

+  Sdf-monitoring phase: Have you been checking your BP?
What is the top number? Bottom number?

If the participants report SBP below 90 mmHg and or above
180 mmHg and/or DBP below 50 mmHg and/or above 120
mmHg on more than one occasion, those numbers will be
considered to be outside of thethreshold range. These thresholds
are made based on the recommendations by AHA/ACC
hypertension guidelines, which designate ahypertensive urgency
to be 180/120 mmHg or higher and hypotension urgency to be
90/50 mmHg or lower [23]. The study coordinator will bealerted

https://www.researchprotocol s.org/2021/5/€18984

with any outlier BP recordings, who in turn will alert clinicians
through an in-basket message in the electronic medical record
(Wake One). The patient will then receive an SMS and a phone
call and will be prompted to make a clinic visit.

Patients who do not show up to the follow-up visit will be
contacted via phone to assess adherence barriers. The study
coordinator will create a telephone encounter in the patient’s
electronic health record to document their discussion and route
it to the patient’s primary care provider. Patients who refuse
participation in the study will be asked for the reason, and their
responses will be recorded to determine any barriers to
participation. The study coordinator will attempt to contact
patientswho missfollow-up visits every week up to three times,
if the patient still cannot be contacted after three attempts, the
patient will be considered “lost to follow-up.” Participants will
receive a stipend to compensate them for their time in
participating in the study.

Blinding of Outcomes Assessments

The personnel performing the outcome assessments will be
blinded to the participants’ study assignments.

Statistical Analysis

All statistical analyses will be performed using SAS 9.3 To
accomplish Aim 1, we will examine the number of participants
enrolled into the study at each study clinic by month over the
course of recruitment phase, aswell asthe average and overall
number of participants enrolled per month within each
clinic. These rates will assist us in determining the feasibility
of recruiting a sufficient sample for the larger trial, and it will
potentially inform protocol adjustments. We will estimate
additional indicatorsfor feasibility throughout thetrial, including
measures of retention of participants through the 12 weeks and
adherence to the protocol within each group, as well as
acceptability of the intervention as measured by the
questionnaire (Table 1). We will quantify missing data and
dropouts, and we will examine the reasons for ineligibility and
discontinuation in the study. For Aim 2, we will examine all
data distributions and calculate summary statistics by group
using an intention-to-treat approach. Although wewill not have
adequate statistical power for testing our hypotheses of improved
BP control and medication adherence as a result of the
intervention, we will conduct an exploratory analysis of any
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treatment effects (Table 1). An important end product of the
trial will be our estimates of variance and correlation for these
and other potential outcomes of interest for thelarger trial. These

Table 1. Evaluation and outcomes.

Camposet d

estimates will be compared with estimates from studies similar
to ours but focusing on other populations and will be used to
inform power for the larger trial.

Outcome and evaluation Method Baseline Duringthe 12- Atweek 12  Expected outcome
week interven-
tion
Primary outcome: Feasibility
Recruitment Track number of enrolled participants O 24 patientswill berecruit-
per week ed in 4 months.
Theteam will learn from
the study findings and
adjust the protocol to
achieve goals.
Secondary outcomes
Protocol adherence SMSS response rate/week Weekly Monitoring of adherence
I
BP? measurement transmission/week to protoco
Acceptability Systems Usability Scale (SUS) question- [ Weekly ad Monitoring of acceptabil-
naire. ity;
«  Track participant discontinuation the SUSyieldsasingle
and loss to follow-up score on ascale of 0to
«  Track proportion of patients 100. An SUS score >68
screened but excluded because they would be considered
did not own a phone with SMS ca- above average.
pability
o Track participant discontinuation
and loss to follow-up
« Informa comments from partici-
pants
Exploratory outcomes
SystolicBPand diass  BPwill bemeasured per clinic protocols [ O Systolic BPand diastolic
tolic BP change and extracted from the patient’s electron- BP will improve
ic medical record. The average change
will be calculated and reported in mmHg.
Medication adherence  8-item Morisky Medication Adherence [ O MAQ scoreswill im-

Questionnaire (MAQ)

prove

3BP: blood pressure.

Data Safety and Monitoring

The proposed study presents small risks to participants. They
will receive usual medical care. The principal investigator will
be responsible for the overall monitoring of the data and safety
of the study participants. We will use REDCap, a secure online
platform designed for research, to collect all patient data
Participants' demographics (including their education level),
comorbidities, number of medications, number of BP
medications prescribed, and BP measureswill be extracted from
Wake One records when available. The level of education will
be confirmed verbally with each participant during consent
process. Only one participant identifier will appear in the data
collection forms.

Results

Our study began recruitment in September 2020, and the
anticipated completion date for the recruitment phaseis March

https://www.researchprotocol s.org/2021/5/€18984
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31, 2021. This study is funded by CTSI Pilot funding from
Weake Forest Baptist Health. This trial has been registered in
Clinical Trials.gov (Identifier: NCT03596242).

Discussion

The proposed study will evaluate the feasibility of conducting
a randomized controlled trial of a new patient-centric SMS
delivery system tailored primarily for older adults of low
socioeconomic  status demonstrating nonadherence to
antihypertensive medication. The SMS system was designed
with theinput of threefocus groups composed of older minority
patientswith hypertension. The study isdistinctiveinits ability
to recruit and test theimplementation in apopulation particularly
affected by medication nonadherence and uncontrolled
hypertension. To engage patients in health care is considered a
key strategy to improve patients adherence, clinical outcomes,
and satisfaction about the care received [24-26]. If successful,
a larger efficacy trial will help advance the eHealth delivery
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system particularly for underrepresented minority patients in
the context of BP management. Reducing disparities is a key
component of promoting health equity. Assessing interventions
aimed to reduce health care disparities are needed to counteract
social risk factorsin order to achieve health equity [27-29].

We intend to publish the findings of this study. If successful,
wewill plan to conduct alarger efficacy randomized controlled

Camposet d

trial. The dissemination of these results will help improve BP
control in this patient population. In addition, our long-term
goal isto develop an automated patient-centric system that will
improve monitoring of BP and medication adherence in other
ambulatory clinics, to help improve BP control rates among
older adults with uncontrolled hypertension who visit other
primary care clinics at Wake Forest Baptist Health.
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Abstract

Background: Thereisan ongoing debate whether el ectronic cigarettes (e-cigarettes) should be advocated for smoking cessation.
Because of thisuncertainty, information about the use of e-cigarettesfor smoking cessation isusually not provided in governmental
smoking cessation communications. However, there is an information need among smokers because despite this uncertainty,
e-cigarettes are used by many smokers to reduce and quit tobacco smoking.

Objective: Theaim of this study isto describe the protocol of arandomized controlled trial that assesses the effect of providing
tailored information about e-cigarettes compared to not providing this information on determinants of decision making and
smoking reduction and abstinence. Thisinformation is provided in the context of adigital smoking cessation intervention.

Methods: A randomized controlled trial with a 6-month follow-up period will be conducted among adult smokers motivated
to quit smoking within 5 years. Participants will be 1:1 randomized into either the intervention condition or control condition. In
this trial, which is grounded on the I-Change model, participants in both conditions will receive tailored feedback on attitude,
social influence, preparatory plans, self-efficacy, and coping plans. Information on 6 clusters of smoking cessation methods
(face-to-face counselling, eHealth interventions, telephone counselling, group-based programs, nicotine replacement therapy,
and prescription medication) will be provided in both conditions. Smokersin the intervention condition will also receive detailed
tailored information on e-cigarettes, while smokersin the control condition will not receive thisinformation. The primary outcome
measure will be the number of tobacco cigarettes smoked in the past 7 days. Secondary outcome measures will include 7-day
point prevalence tobacco abstinence, 7-day point prevalence e-cigarette abstinence, and determinants of decision making (ie,
knowledge and attitude regarding e-cigarettes). All outcomes will be self-assessed through web-based questionnaires.

Results: Thisproject issupported by aresearch grant of the National Institute for Public Health and the Environment (Rijksinstituut
voor Volksgezondheid en Milieu). Ethical approval was granted by the Ethics Review Committee Health, Medicine and Life
Sciences at Maastricht University (FHML-REC/2019/072). Recruitment began in March 2020 and was completed by July 2020.
We enrolled 492 smokers in this study. The results are expected to be published in June 2021.

Conclusions: The experimental design of this study allows conclusionsto be formed regarding the effects of tailored information
about e-cigarettes on decision making and smoking behavior. Our findings can inform the development of future smoking cessation
interventions.

Trial Registration: Dutch Trial Register Trial NL8330; https://www.trialregister.nl/trial/8330

International Registered Report Identifier (IRRID): DERR1-10.2196/27088

(JMIR Res Protoc 2021;10(5):€27088) doi:10.2196/27088
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Introduction

Background

Tobacco smoking is a major public health threat, contributing
to increased morbidity and mortality [1]. In the Netherlands,
tobacco smoking is responsible for more than 19,000 deaths
per year [2]. Many smokers report that they want to quit
smoking, but only about 4% of smokers trying to quit without
assistance succeed in their cessation attempts [3,4]. Most
smokers find it hard to quit smoking because of the highly
addictive nature of nicotine [5], and while they smoke for the
nicotine, their probability of dying prematurely increases owing
to the by-products of burnt tobacco (eg, tar) [6]. In this paper,
wewill describethe study protocol for arandomized controlled
trial assessing an intervention aimed at quitting combustible
cigarette smoking and the potential added effects of providing
tailored information on electronic cigarettes (e-cigarettes).

e-Cigarettesfor Smoking Cessation

e-Cigarettes, also called as el ectronic nicotine delivery systems,
are handheld electronic devicesthat generate aerosol s by heating
a liquid that usually contains nicotine, flavorings, and other
compounds|[7]. Because e-cigarettes do not burn tobacco, users
are not exposed to the damaging substances of combustible
tobacco [7]. However, it is important to note that, although
e-cigarette aerosols generally contain fewer toxic chemicals
than cigarette smoke, all tobacco (and related) products,
including e-cigarettes, carry risks [8]. Smokers who want to
quit smoking can use e-cigarettes as an aid for smoking
reduction, cessation, and relapse prevention [7,9]. e-Cigarettes
may be advantageous over nicotine replacement therapy because
they are able to provide nicotine effectively and mimic the
smoking experience [10]. Using e-cigarettes for smoking
cessation can be considered as atobacco harm reduction strategy
[11]. There is an ongoing debate whether e-cigarettes should
be advocated for smoking cessation [12]. A recent Cochrane
systematic review concluded that the current evidence provides
moderate certainty that e-cigarettes with nicotine are superior
to e-cigaretteswithout nicotine and nicotine replacement therapy
concerning smoking cessation [7]. Reviews on the effectiveness
of using e-cigarettes for smoking cessation stress that more
evidenceis needed to be confident about the effects[7,8,13-15].
Furthermore, e-cigarettes devel oped quickly in recent years and
findings from studies conducted with past generations of
e-cigarettes (eg, cigalikes, battery pens) are not applicable to
state-of-the-art e-cigarettes (eg, pod mods) [8]. Hence, more
randomized controlled trials are needed to gain insight into the
effectiveness of e-cigarettes for smoking cessation.

Information Need on e-Cigarettes

Inlinewith thisongoing debate, e-cigarette users, smokers, and
nonusersreported that they have unanswered questionsregarding
e-cigarettes [16]. They raised questions about the harmfulness
of e-cigarettes, especially compared to cigarette smoking, about
the long-term health effects of e-cigarette use, and about

https://www.researchprotocol s.org/2021/5/€27088

e-cigarettes as a smoking cessation method. e-Cigarette users
also report a lack of knowledge regarding the ingredients of
e-cigarettes and its health effects [17]. Furthermore, incorrect
risk perceptions regarding e-cigarette use and tobacco smoking
are held by smokers. For instance, only haf of the smokers
believe that the use of e-cigarettesisless harmful than smoking
tobacco [18], and fruit or candy flavors in e-cigarettes are
perceived aslessrisky compared to tobacco flavors[19]. Thus,
there is an information need regarding e-cigarettes, especially
among smokers who may benefit from e-cigarettesasan aid in
smoking cessation.

Decision Making on e-Cigar ettes

Owing to the uncertainty surrounding e-cigarettes, it isimportant
that smokers have sufficient knowledge about e-cigaretteswhen
deciding whether to use them. An informed choice is often
defined based on relevant knowledge and the congruence
between attitudes and conducted behavior [20]. These
conceptualizations of informed decision making employ cut-off
points in order to dichotomize constructs into positive and
negative outcomes (eg, sufficient knowledge or not). These
cut-off points are chosen arbitrarily, indicating that there is
neither evidence for the choice of these cut-off points nor
evidence that there is an underlying dichotomy at al [21].
Furthermore, individuals who score values close to the cut-off
points but on opposite sites (eg, on a scale from 1-10, if 5 is
considered to be the cut-off point, individuals who score values
close to the cut-off point but on opposite sites would then for
instance score 4.9 and 5.1) are categorized as being very
different, while in redity being quite similar [21]. In this
research, we will avoid dichotomizing continuous variables by
examining the constructs of decision making separately.

Research Goal

The goal of this study will be to assess the effect of tailored
communication about e-cigarettesin adigital smoking cessation
intervention on determinants of decision making, smoking
reduction, and smoking cessation. In the context of atailored
eHealth program, smokers will be randomized into 1 of the 2
conditions—either receiving detailed tailored information about
e-cigarettes or not. Information provision about e-cigarettes can
have differential effects on smoking behavior, including
favorable effects (eg, decreased number of tobacco cigarettes
smoked, increased number of tobacco-abstinent participants)
as well as unfavorable effects (eg, decreased number of
tobacco-abstinent participants). Differences between conditions
in the number of dual users (ie, people using e-cigarettes and
smoking tobacco cigarettes) will be examined aswell. Regarding
decision making, we hypothesize that participants in the
intervention condition will have more knowledge about
e-cigarettes directly after the intervention compared to
participants in the control condition. We did not formulate a
hypothesisfor the determinant attitude as neither amore positive
nor amore negative attitude is directly associated with improved
decision making. Regarding smoking behavior, we hypothesize
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that participantsin the intervention condition will have smoked
less tobacco cigarettes (adjusted for baseline measurement) in
the past 7 days at the 6-month follow-up compared to
participants in the control condition.

Methods

Study Design

A randomized controlled trial will be conducted and the results
will be reported according to the CONSORT-EHEALTH
checklist [22]. Participants will be 1:1 randomized into either
the intervention condition or the control condition. Participants

Figure 1. Flowchart of the study design.
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in both conditions will receive the same underlying digital
smoking cessation intervention. The 2 conditions differ in the
provision of information about e-cigarettes. Smokers in the
intervention condition will receive detailed tailored information
on e-cigarettes whereas smokers in the control condition will
not receive that information. Measurements will be conducted
at 3 pointsin time. A baseline questionnaire will be conducted
at the start of the intervention. A first follow-up questionnaire
will be conducted directly after completion of the intervention
(ie, postintervention). A second follow-up questionnaire will
be conducted at 6 months from the baseline. All questionnaires
will be web-based and self-assessed. Figure 1 shows the study
design.

>18 years old
Internet literacy

Motivated to quit tobacco

Inclusion criteria
Sufficient command of the Dutch language

Smoked tobacco in the past 7 days

smoking within 5 years
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Baseline questionnaire

b

y

1:1 Randomization

Y
Intervention condition

Y

Control condition

Y

y

Postinterventio

n questionnaire

l

6-Month follow-up questionnaire

Participants and Recruitment

Inclusion criteriawerethat participantsare at least 18 yearsold,
have sufficient command of the Dutch language, have necessary
internet literacy to use the intervention, have smoked tobacco
in the past 7 days, and are motivated to quit tobacco smoking
within 5 years. Participants were recruited using multiple
strategies. A Dutch research agency was consulted in order to
recruit smokers from their participant pool. Google Ads were
used to recruit people who were searching the Google search
engine for terms around smoking cessation. Social media and
smoking-related forums were approached to recruit members
of those channels. Moreover, flyers were distributed
door-to-door in the Maastricht region, the Netherlands.
Incentives were provided to participants who took part in the
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intervention and who answered all the questionnaires (baseline,
postintervention, 6-month follow-up). Ten gift vouchers of €25
(US$1=€0.83) wereraffled off anong all participantswho were
recruited organically. Participants stemming from the research
agency collected points within the system of the research
agency, which could be exchanged for gift vouchers or
donations. Interested individuals were directed to an external
intervention website. Potential participants were informed that
they would receive tailored smoking cessation advice during
theintervention. The nature of tailoring was explained to clarify
that the advice will be based on the answers participants provide
to the questions during the intervention. The aim of this study
was stated as exploring the opinion of smokers on the
intervention. e-Cigarettes were not mentioned in the participant
information text. Potential participantswereinformed about the
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possibility to withdraw from the study at any time without
providing any reason. Participants did not need to register on
the intervention website in order to limit the participation
burden. After giving web-based informed consent, theinclusion
criteriawere verified by ashort questionnaire. Theintervention
would take about 20 minutes (including the baseline and
postintervention questionnaire). Answering the 6-month
follow-up questionnaire will take about 3 minutes.

Sample Size Calculation

The sample size was calculated using the ufs package [23] in
R. Acknowledging that the accurate estimation of effect sizes
ismoreimportant than relying on P val ues, we based our sample
size calculation on accuracy in parameter estimation for Cohen
d[24]. Unfortunately, we cannot infer the effect sizefrom earlier
research since we are not aware of any prior studies assessing
the influence of providing information about e-cigarettesin a
digital intervention on decision making and smoking cessation.
Thus, we assumed a small effect size asiit is usually found in
digital health research on smoking cessation interventions[25].
Taking into account the small effect size of Cohen d of 0.2, a
margin of error (half-width) of 0.15, and a confidence level of
95%, atotal sample size of 687 participantsis required.

Intervention

The intervention will be a digital computer-tailored smoking
cessation intervention that will be partly based on an earlier
developed intervention at Maastricht University [26-28].
Compared to generic information, computer-tailored
interventions provide highly individualized information that is
tailored to the motivational and behavioral characteristics of
the recipient [29]. According to the elaboration likelihood
model, information that is perceived as personally relevant is
expected to lead to more in-depth processing and, in turn, to
more sustained attitudinal and behavioral changes [30]. The
computer-tailored intervention will be based on the I-Change
model [31,32], a comprehensive model that integrates various
social-cognitive theories (see Figure 2). During the intervention,
participants in both conditions will receive tailored advice on
the pros and cons of quitting smoking (ie, attitude), socia
influence, preparatory plans, self-efficacy, and coping plans
concerning smoking cessation. Participantswill beableto decide
based on their own interests and needs on which determinants
of smoking cessation they would liketo receivetailored advice.

https://www.researchprotocol s.org/2021/5/€27088
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Theinformation for the tailoring process is gathered by means
of questionnaires that the recipient has to fill in during the
intervention. Subsequently, acomputerized process, employing
if-then rules, selects appropriate feedback messages from a pool
of all messages based on the answersthat the recipient has given
in the questionnaires [29,33].

Theitems of the questionnaires are based on previous research
[27,28] (Elling and de Vries, unpublished data, 2021) and are
reported in Multimedia Appendix 1. The pros and cons of
quitting smoking (eg, “If | stop smoking, my physical fitness
will improve”) will be assessed by 16 items. Social influence
will consist of 2 componentswith 2 items each: social modeling
(eg, “Doesyour partner smoke?’) and social support (eg, “ Does
your partner support you when you decide to quit smoking?’).
Figure 3 illustrates an example of tailored advice for socia
support. Preparatory plans (eg, “1 am planning to stop smoking
completely without cutting down on cigarettes first”) will be
assessed by 5 items. Self-efficacy (eg, “I find it difficult not to
smoke if | am stressed”) will be assessed by 11 items. Coping
plans (eg, “| have made clear plansto make surethat | will not
smokeif | am stressed”) will be assessed by 11 items, reflecting
the same situations as assessed for self-efficacy. After answering
and receiving information on the determinants of smoking
cessation, participantsin both conditionswill be ableto indicate
about which 6 clusters of smoking cessation methods they want
to receive information (face-to-face counselling, eHealth
interventions, telephone counselling, group-based programs,
nicotine replacement therapy, and prescription medication).

All advices concerning the pros and cons of quitting smoking,
socia influence, preparatory plans, self-efficacy, and coping
plans will be presented in the form of spoken animations with
little on-screen text in order to increase user experience and
user engagement [34] (Elling and de Vries, unpublished data,
2021). A screenshot of an example of a webpage of the
intervention with an animation is shown in Figure 4. All texts
will be written in simple language and no hyperlinks to other
resources will be presented. The website will be developed
employing responsive web design and will thus be accessible
on all common devices (eg, computer, smartphone) with all
types of screen sizes. A second screenshot of atypical webpage
presenting 2 questions of thetailoring processisshownin Figure
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Figure 2. I-Change model [34].

Information factors

Personal Message Channel Source
factors factors factors factors
Awareness Motivation Action
Cognizance Attitude Action planning .
Knowledge > Social support =B panenactment P> Behavior
Risk perceptions Self-efficacy Skills
Perceived cues Intention Barriers
Preceding factors
Biological Psychological Behavioral Environmental
factors factors factors factors

Figure 3. An example of tailored advice about the social influence of the partner.

Does your partner Does yvour partner support you when yvou decide
smoke? to quit smoking?

* Yes | @ Yes, he/she supports me

o No 2 Yes, he/she supports me a bat

< Not applicable = No, he/she does not support me

/{" ou indicate that your partner smokes. Quitting smoking 1s easier if vour partner does
not smoke. because you are less likely to be tempted to light a cigarette. You also indicate
that vour partner doesn't support vou in quitting. It may therefore become more difficult
for vou to quit smoking. Maybe vour partner doesn't know that vou could use some
support. Trv to explain why quitting 1s important for vou and vour partner. Your partner
can help vou to quit in many different ways. Give some clear advice, for example, that
yvour partner smokes as little as possible in front of vou for the first time. Or that he or
she shows understanding and occasionally asks how you are doing. Maybe vou can even

Qanvim:e vour partner to guit too. ’/
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Figure 4. Screenshot of awebpage of the intervention showing an animated video advice.

Verbetering van conditie

volgende M

Figure5. Screenshot of awebpage of the intervention showing 2 questions with answer options.

InfoRoken.nl ?

De mensen om u heen

De volgende vragen gaan over de mensen in uw omgeving. Vul in wat het meest op u van toepassing is.

Rookt uw partner?

Q.

Nee

Niet van toepassing
Steunt uw partner u wanneer u besluit te stoppen met roken?
Ja. hij/zij steunt me

Ja. hijfzij steunt me een beetje

° Nee, hij/zij steunt me niet

Volgende M

© TailorBuilder 2021

Tailored Information on e-Cigarettes

Participants in the intervention condition will receive tailored
information on e-cigarettes based on 5 items (Do you know
what an e-cigarette is? How harmful do you think e-cigarettes
are compared to tobacco cigarettes? Do you think e-cigarettes
are helpful in quitting smoking? Do you think using e-cigarettes
is difficult or easy? Have you seen reports in the media about
illnesses and deaths in the United States related to the use of
e-cigarettes?). Theseitemswere devel oped by the research team
and evaluated for comprehensibility and clarity by a

https://www.researchprotocol s.org/2021/5/e27088

XSL-FO

RenderX

communication expert of the National Institute for Public Health
and the Environment. In general, the information will convey
the message that, for smokers, the use of e-cigarettes is less
harmful than continuing smoking tobacco cigarettes. However,
it will be highlighted that this does not mean that using
e-cigarettes is harmless. Regarding smoking cessation, it will
be stressed that e-cigarettes are especialy interesting for
smokers who have tried to quit severa times but have not
succeeded. The possibility to (gradually) decrease the nicotine
content of the e-cigarette liquid in order to cope with nicotine
withdrawal symptoms will be discussed. The outbreak of lung
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injury associated with e-cigarette use in the United States of
Americawill be discussed in detail. Participantsin the control
condition will receive a short text explaining that e-cigarettes
are not actively recommended for smoking cessation (“A rather
recent method that can be used to quit smoking isthe e-cigarette.
There is till alot of uncertainty surrounding the e-cigarette.
The e-cigarette is therefore not actively recommended as a
method to quit smoking in the Netherlands.”). This short text
is aimed to resemble the status quo of communication on
e-cigarettes in smoking cessation interventions in the
Netherlands.

M easures

All items of the baseline questionnaire, postintervention
guestionnaire, and 6-month foll ow-up questionnaire are reported
in Multimedia Appendix 2.

Smoking Reduction and Abstinence

The primary outcome of thisstudy will be the number of tobacco
cigarettes smoked in the past 7 days[35]. Secondary outcomes
will be the average number of tobacco cigarettes smoked per
day [36], 7-day point prevalence tobacco abstinence [37], and
7-day point preval ence e-cigarette abstinence[37]. If participants
indicate to have used an e-cigarette, the nicotine content of the
e-cigarette will be assessed. All outcomes will be assessed at
baseline and at 6-month follow-up.

Smoking Cessation Methods

The intention to use a smoking cessation method (split-up per
method) will be assessed directly after the intervention on a
5-point Likert scale ranging from 1=definitely do not to
5=definitely do. At the 6-month follow-up, we will assesswhich
smoking cessation methods were actually utilized (ie, smoking
cessation method chosen) on adichotomous scale (yes/no). The
following methods will be assessed: face-to-face counselling,
eHealth interventions, telephone counselling, group-based
programs, nicotine replacement therapy, prescription medication,
and e-cigarettes. Participants can also indicate to have used
another smoking cessation method or to not have used any
smoking cessation method at all.

Determinants of Decision Making

Determinants of decision making will be assessed by 2
congtructs:  knowledge and attitude. Knowledge about
e-cigarettes (eg, Thereareless harmful substancesin e-cigarettes
compared to tobacco cigarettes) will be measured by 7 items
with response options being 1=True, 2=False, and 3=l do not
know. Correct answerswill be coded as 1 and incorrect answers
and the option | do not know as 0. The sum of the correct
answers is the overall score for the construct knowledge.
Attitude on e-cigarettes (eg, | think that using e-cigarettes is
better for my health than smoking cigarettes) will be measured
by 10 items on a 5-point Likert scale ranging from 1=| totally
disagreeto 5=I totally agree. All itemswill be assessed directly
after the intervention.

Process Evaluation

A process evaluation will be conducted by assessing an overall
grade for the intervention [27], asking open questions about
positive and negative aspects of the intervention, and by
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analyzing system usage data [27]. An overall grade will be
measured by 1 item on a scale ranging from 1=very bad to
10=very good. The open questions (eg, What do you like about
the intervention?) will be asked to capture aspects that are
perceived as both positively and negatively. The overall grade
and the open questions will be assessed directly after the
intervention. The time spent on the intervention website and
the device (eg, smartphone, tablet, desktop) of the userswill be
measured using the TailorBuilder software (OverNite Software
Europe BV). The time spent on the website will be provided
per condition, whereas the device used will be reported for all
participants together.

Demographics and Smoking Characteristics

We will assessthe demographi cs by asking for gender (O=male,
1=female, 3=not on the list), age, and education level (1=low,
2=intermediate, 3=high). Addiction level will be assessed by
the Fagerstrom Test for Nicotine Dependence [38]. The 6 items
of the scale will be summed into an overall score ranging from
0 to 10. We will classify the dependence level as 0-2=low,
3-4=moderate, 5-6=strong, and 7-10=very strong. Addiction
level will be measured at baseline. Theintention to quit smoking
will be assessed by 2 items. First, participants will be asked
when they are planning to quit smoking (1=within 1 month,
2=within 6 months, 3=within 1 year, 4=within 5 years) [39].
Second, participants will be asked to indicate whether they are
planning to quit smoking within 1 year on a5-point Likert scale
ranging from 1=definitely do not to 5=definitely do. The
intention to quit smoking will be measured at baseline and after
the intervention for every participant and at 6-month follow-up
for participants who indicated that smoking cessation was not
successful.

COVID-19 Pandemic and Smoking Behavior

The COVID-19 pandemic coincides with the recruitment and
follow-up period of this research project. Participants are
influenced by the pandemic in numerous ways, including the
information that tobacco smoking may increase susceptibility
to and severity of COVID-19 [40]. Thus, we included 15 items
about smoking-related beliefs and behavior in times of
COVID-19. Theseitems are reported in Multimedia Appendix
3.

Analyses

The focus of all the anayses will be on the effect size
accompanied by the confidence interval [41]. Multiple
imputations will be conducted to account for the missing
observations at 6-month follow-ups. Sensitivity analyses will
be conducted for complete cases and intention-to-treat [42]. The
primary outcome (number of tobacco cigarettes smoked in past
7 days) will be tested by analysis of covariance [43,44]. The
dependent variable will be the number of tobacco cigarettes
smoked weekly at the 6-month follow-up. The number of
tobacco cigarettes smoked weekly at baseline will be included
asthe covariate. Theindependent variable will be the condition.
The average number of tobacco cigarettes smoked per day will
be tested similarly. Logistic regression analyses will be
performed to assess the effect of theintervention condition and
control condition on 7-day point preval ence tobacco abstinence
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and 7-day point prevalence e-cigarette abstinence. Analyses of
variance will be performed to test for differences in the
determinants of decision making (knowledge and attitude on
e-cigarettes) between conditions. Addiction level will be
included as a covariate in additional sensitivity analyses.
Previous research suggests that the addiction level needs to be
considered when assessing the effectiveness of e-cigarettes for
smoking reduction and cessation [45]. The open questions will
be analyzed per question. Codes for recurrent themes will be
created and reported in a table with example quotes and the
number of times a theme was addressed.

Results

The study is registered in the Netherlands Trial Register [46].
Ethical approval was granted by the Ethics Review Committee
Health, Medicine and Life Sciences (FHML-REC) at Maastricht
University (FHML-REC/2019/072). This project is supported
by aresearch grant of the National Institute for Public Health
and the Environment (Rijksinstituut voor Volksgezondheid en
Milieu). Recruitment began in March 2020 and was completed
by July 2020. We enrolled 492 smokersin this study. Theresults
are expected to be published in June 2021.
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Discussion

Governmental public health institutes inform the public about
smoking cessation. Usually, only information on the best option
to quit smoking is provided, which is complete smoking
cessation using evidence-based smoking cessation methods.
Smokers may not follow this advice and they may do nothing
about cessation, thereby making it the worst option. Smokers
may also seek alternative advices for the second best option,
which can be using e-cigarettes for smoking reduction and
cessation. However, information about e-cigarettes is mostly
not included in governmental smoking cessation interventions.
Including information on e-cigarettes in smoking cessation
interventions can yield different effects, which can be both
favorable and detrimental to smokers specificaly and public
health in general. On the one hand, communication about
e-cigarettes could lead to more people quitting smoking with
the help of e-cigarettes, thereby reducing the number of people
choosing the worst option. On the other hand, communication
about e-cigarettes could lead to more people choosing the second
best option who would otherwise have chosen the best option.
This protocol describes arandomized controlled trial that aims
to investigate the effects of including tailored information about
e-cigarettes on decision making and smoking behavior. These
findings can inform the devel opment of future smoking cessation
interventions, in particul ar, and communi cation about the second
best option, in general.
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Abstract

Background: Youth experiencing homelessness are more likely than housed youth to experience premature death, suicide, drug
overdose, pregnancy, substance use, and mental illness. Yet while youth experiencing homelessness are 6 to 12 times more likely
to becomeinfected with HIV than housed youth, with HIV prevalence as high as 16%, many do not access the prevention services
they need. Despite adversities, youth experiencing homelessness are interested in health promotion programs, can be recruited
and retained in interventions and research studies, and demonstrate improved outcomes when programs are tailored and rel evant
to them.

Objective: The study aims to compare the efficacy of a nurse case management HIV prevention and care intervention, titled
Come As You Are, with that of usual care among youth experiencing homel essness aged 16 to 25 years.

Methods: The study is designed as a 2-armed randomized wait-list controlled trial. Participants (n=450) will be recruited and
followed up for 9 months after the intervention for a total study period of 12 months. Come As You Are combines nurse case
management with a smartphone-based daily ecological momentary assessment to develop participant-driven HIV prevention
behavioral goals that can be monitored in real-time. Youth in the city of Houston, Texas will be recruited from drop-in centers,
shelters, street outreach programs, youth-serving organizations, and clinics.

Results: Ingtitutiona review board approval (Committee for the Protection of Human Subjects, University of Texas Health
Science Center at Houston) was obtained in November 2018. Thefirst participant was enrolled in November 2019. Datacollection
is ongoing. To date, 123 participants have consented to participate in the study, 89 have been enrolled, and 15 have completed
their final follow-up.

Conclusions: Thereis a paucity of HIV prevention research regarding youth experiencing homelessness. Novel and scalable
interventions that address the full continuum of behavioral and biomedical HIV prevention are needed. This study will determine
whether a personalized and mobile HIV prevention approach can reduce HIV risk among a hard-to-reach, transient population
of youth at high risk.
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Introduction

HI1V Risks Among Youth Experiencing Homelessness

A number of systemic barriers and risk behaviors drive high
HIV infection rates among youth experiencing homelessness.
Youth experiencing homelessness have earlier sexual debuts;
are more likely to have multiple sexual partners; and trade sex
for food, shelter, money, drugs, or alcohol [1,2]. They are more
likely to use substances before sex, are less likely to use
condoms, and are overrepresented by youth who identify as
men who have sex with men; each of these characteristics
increaserisk for HIV [3,4], and those who trade sex are at high
risk for HIV infection as they are rarely able to negotiate
condom use due to the power dynamics [5] and often lack
knowledge about biomedical advancesin HIV prevention such
as preexposure prophylaxis and nonoccupational postexposure
prophylaxis[6]. In arecent 7-city (Houston, Denver, St. Louis,
Phoenix, Los Angeles, San Jose, New York City) study of 1427
youth experiencing homelessness (58% male, 81% youth of
color, 31% leshian, gay, bisexual, transgender, queer [LGBTQ]),
71% of participants had little to no knowledge of preexposure
prophylaxis [7]. Reassuringly, 53% of study participants had
undergone HIV testing in the preceding 3 months [7].
Unfortunately, youth experiencing homelessness experience
sexual assault and forced sex at high rates (22% and 24%
respectively); yet only 29% received a postsexual assault
examination which is when they could have received
nonoccupational  postexposure prophylaxis and sexually
transmitted infection (STI) treatment [8]. The Society for
Adolescent Hedth and Medicine has recommended the
development of screening tools, skill-building interventions,
and accessible preexposure prophylaxis delivery modelsfor all
youth and young adults, particularly those experiencing
disparities[9].

Implications of M ental Health and Substance Use on
HIV Risk

HIV risk among youth experiencing homelessness is further
exacerbated by multiple comorbid conditions, including mental
illness and substance use. Suicide is one of the leading causes
of death among youth experiencing homelessness [10], with
suicide attempt rates ranging from 12% to 48% [11-13]. Rates
of depression and posttraumatic stress among youth experiencing
homelessness vary across studies with ranges from 8% [14] to
61% [15] and 5% to 48% [16-18], respectively. A recent study
[19] found that 42% of youth experiencing homelessness
reported being moderately to severely stressed, 48% experienced
mental distress, 48% had depression, and 23% had posttraumatic
stress. Depression among youth experiencing homelessness
may be due to a lifetime of adversity, abuse, neglect, and
housing instability [20,21]—all of which can lead to inhibition
and riskier sexual decision making and behavior [22].
Furthermore, rates of substance use are twice those of housed
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youth [3,23]. In one study [24], 86% of youth experiencing
homel essness (n=173) met the Diagnostic and Statistical Manual
of Mental Disorders, fourth edition, criteriafor a substance use
disorder compared with only 14.2% in the general young adult
population [25]; drug overdose is a leading cause of death
among youth experiencing homelessness [10]. HIV prevention
efforts should address mental health and the intersection of
substance use and sexual behaviors.

Barriersto Health Care Access

Youth experiencing homel essness are underserved by the health
care system for several reasons. Structural barriers include
transportation, lack of health insurance, and costs [26]. Youth
also suggest that fear of or past experiences of being judged,
dismissed, or discriminated against by health care professionals
reduce utilization [27]. Other barriers to health care access
include fear of social service agency notification or legal
intervention, lack of familiarity with health care resources, and
lack of affordability [28]. As a result, youth experiencing
homel essness often interact with the health care system at lower
rates than their housed peers and frequently overtilize
emergency departments for care while experiencing reduced
access to prevention services [3]. Therefore, it is essentia to
increase access to and availability of HIV prevention services,
and these services should be colocated with other service
programs to foster trust and increase accessibility for youth
experiencing homel essness [29-31]

Interventions for Youth Experiencing Homelessness

A recent systematic review [32] of interventionsto prevent HIV
among youth experiencing homel essness highlighted the paucity
of HIV prevention research and concluded that more research
isnecessary. Interventionsfor youth experiencing homel essness
should include thefull continuum of behavioral and biomedical
HIV prevention, including HIV and STI screening and treatment,
preexposure prophylaxis, and nonoccupational postexposure
prophylaxis [33]. Engagement in these prevention services
requires interventions to increase preexposure prophylaxis
awareness, screen for preexposure prophylaxis eigibility,
promote condom use, provide assistance with heath care
navigation that includes care for mental health and substance
useissues[34], and addresstransportation and health insurance
challenges. Individuals impacted by mental illness,
homelessness, and substance use have greater preexposure
prophylaxis uptake and adherence when these abovementioned
issues are also addressed [35]. Nurse case management is an
evidence-based strategy that has been effective in addressing
the multifaceted and complex health and social challenges of
HIV prevention among youth experiencing homelessness
[27,36-38]

Nurse Case M anagement
A nurse-led intervention allows for multiple HIV prevention
services to be delivered during a single visit (eg, preexposure
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prophylaxis, nonoccupational postexposure prophylaxis, lab
draws, STI testing and treatment), which may increase
adherence. Thisisparticularly important as being homeless can
decrease effectiveness of linkages to care [39] as opposed to
providing that care at the point of contact. Nurse case
management has been efficacious in reducing drug use among
methadone users [40] and youth experiencing homelessness
[41], improving hepatitis B vaccination rates [42], and
facilitating HIV care coordination [43]. This comprehensive
approach of simultaneously addressing concomitant problems
(eg, mental health, substance use, and housing needs),
incorporating the full continuum of behavioral and biomedical
HIV prevention, is a promising strategy for engaging youth
experiencing homelessness in HIV prevention. Given the
widespread integration of nurses into current HIV programs
serving youth experiencing homelessness, nurse-led
interventions are likely scalable and can be integrated into
existing HIV prevention programs.

To further engage youth experiencing homel essness, they should
be met “where they are” [35] and interventions should be
implemented in collaboration with existing health and social
service providers by colocating the study activities at drop-in
centers, shelters, and service providers that are highly used by
youth experiencing homelessness. This strategy is particularly
important given that past-month use of adrop-in center has been
shown to predict HIV and STI testing [44], increase service
utilization, and improve HIV-related outcomes [31]. These
findings support the potential of delivering HIV prevention in
drop-in centers and shelters to connect youth experiencing
homel essness to other underutilizing services and health care.
Moreover, drop-in centers may be a preferred HIV prevention
service location of youth experiencing homelessness [31]. By
integrating the delivery of HIV risk reduction interventionsinto
already-established social services, we may enhance HIV
prevention, increase retention, and improve access to mental
health, substance use, and housing services.

Motivational I nterviewing and Behavior Feedback

Nurse-led interventions can aso integrate evidence-based
strategies that have proven effective in increasing motivations
for behavior change. Increasing motivation is particularly
important for populations that are potentially overwhelmed by
multifaceted and complex health and social challenges.
Motivational interviewing isaperson-centered counseling style
that aims to strengthen a person’s motivation and commitment
to change and addresses ambivalence about behavior change
[45]. Mtivational interviewing has been successfully used with
youth to improve uptake of and adherence to health behaviors
resulting in reduced alcohol [46] and substance use [47], and
increased condom [48] and contraceptive use [49]. Youth
experiencing homelessness are self-reliant, can be challenging
to engage, and may be distrustful of adults due to past trauma
and victimization on the streets [50,51]. Motivational
interviewing strategies can strengthen the relationship between
the youth experiencing homelessness and providers to evoke
participant driven HIV prevention goals [52].

Behavioral feedback technology might also increase motivation
to change behavior as tailored and targeted feedback could
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further engage youth  experiencing  homelessness.
Smartphone-based daily ecological momentary assessments
have been used with youth experiencing homel essness. Instant
feedback enhances cognitive appraisal of health-seeking and
coping behaviors and increases motivation in youth experiencing
homelessness[52,53]. Like many adolescents and young adults,
youth experiencing homel essness underestimate their HIV risk
[7], suggesting that self-monitoring may assist in aligning their
behaviors with their perceived HIV risk. Immediate
self-monitored behavioral feedback has been found to increase
condom use[52,54]. A high number of youth have phones, and
young adults, in general [55-57], and youth experiencing
homel essness, specifically, have apreference to use technol ogy
[58]. A review [59] of 42 studies showed high ecological
momentary assessments completion rates (78%) among youth.
Prior studies [60] have found similar high adherence rates
(82%-87%) with homeless and vulnerable populations.

Objectives

This study describes the design and implementation of a nurse
case management intervention (Come As You Are) efficacy
trial with youth experiencing homel essness aged 16 to 25 years
who received the active intervention or usua care. The
intervention aimsto increase uptake of HIV prevention strategies
(eg, pre- and postexposure prophylaxis uptake, HIV testing,
STI screening and treatment, sober sex, and condom use) when
compared with usual care youth experiencing homelessness
immediately postintervention and 3, 6, and 9 months
postintervention. The study also aimsto determine whether the
intervention improves mental health symptoms, substance use,
and housing status. Additionally, we will assess whether health
seeking, coping, HIV risk perception, pre- and postexposure
prophylaxis barriers and facilitators, and condom self-efficacy
mediate the effect of the intervention on uptake prophylaxis,
condomuse, and HIV/STI testing. This protocol paper describes
the study design, intervention, recruitment, and retention
strategies.

Methods

Study Design

This study uses a 2-armed randomized controlled trial design
with await-list control group to determine the efficacy of the
intervention compared to usual care. The primary outcomesare
the uptake of HIV prevention strategies (preexposure
prophylaxis and nonoccupational postexposure prophylaxis,
HIV and STI testing, and condom use). Secondary outcomes
of the intervention include the impact on mental health,
substance use, and housing status. Follow-up surveys are
conducted immediately after the 3-month intervention period
and 3, 6, and 9 months postintervention (Figure 1).

Participants are randomly assigned to the intervention or
wait-list control arm using a computer-generated blocked 2:1
allocation. By the end of the recruitment period, we anticipate
that 300 participantswill berandomized to theintervention arm
and 150 randomized to the wait-list control arm. Participants
areinformed in which group they are allocated after completing
the baseline survey.
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Figurel. Study flow diagram. CAYA: Come As You Are.
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Recruitment

Utilizing numerous recruitment sites in Houston—drop-in
centers, shelters, local youth experiencing homel essness service
locations, clinics, federally qualified health care centers in
locations with a high concentration of homel essness, magnet
(eg, hot meal) events, mobile clinics, and street outreach—will
increase generalizability of the findings by including a sample
of both connected and disconnected youth experiencing
homel essness. These recruitment sites serve young men, women,
families, and LGBTQ youth. We make use of group-based study
introduction sessions, flyers, and recruitment letters at the
agencies, clinics, street outreach, and the website and Facebook
pages of the agencies and Homeless Youth Network of Houston.
We have used these methods successfully in previous studies
[61]. The research staff will maintain a consistent, weekly
presence at the recruitment sitesthroughout the study to facilitate
both recruitment and follow-up efforts. In response to
COVID-19 physical distancing requirements and shelter
closures, we are also using snowballing participant referral
techniques and online advertisements.

Inclusion and Exclusion Criteria

Our sampleislimited to youth, 16 to 25 yearsold, to align with
youth homelessness services providers and adolescent risk
behavior studies [7], current guidelines for preexposure
prophylaxisand nonoccupational postexposure prophylaxisuse
[62,63], and evidence that experiencing homelessnessasayoung
adult under 26 years of ageisassociated with heightened sexual
risk behaviors and substance use [33]. Individuals are eligible
to be included if they (1) are 16 to 25 years old, (2) speak
English, (3) are experiencing homelessness, and (4) are not
planning to move out of the Houston metropolitan area during
the study.

Experiencing homelessness is defined as having sept on the
streets, in aplace not meant for habitation, in ashelter, hotel or
motel, or with someone where they cannot stay for more than
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30 days (eg, couch surfing). Youth experiencing homelessness
may stay in emergency shelters or on the streets (eg, parks and
tent cities); in abandoned or vacant buildings or apartments;
temporarily with friends, family, or acquaintances; or in rented
hotel or motel rooms [35], and they can go to great lengths to
stay hidden from the dangers of victimization [50]. This broad
definition of homelessness aligns with the McKinney-Vento
Homeless Assistance Act of 1987 [64], which alows us to
account for the transiency and instability of housing experienced
by youth experiencing homelessness and increases the
generalizability of the study findings.

Youth with very low literacy (Rapid Estimate of Adult Literacy
in Medicine-Short Form [65] health literacy assessment score
<4)[1] are excluded from the study due to the need to
independently read the daily smartphone-based assessments.
Additionaly, youth who are noticeably intoxicated or
experiencing acute mental distress are encouraged to be screened
for enrollment at a later time to assure safety and acute needs
are met prior to enrollment. Youth are connected to services at
the recruitment sites for acute needs.

Study Enrollment

Due to the transient nature of the study population, study
participants are being enrolled in a stepwise process that takes
place over the course of 3 weeks. The first step entails a
thorough review of the consent form and collection of contact
information including a photo, and the second step consists of
baseline data collection. During the third step, participants
receive the study phone and are notified of study group
assignment. Intervention participants receive the first
intervention session on the same day that they receive the study
phone. During the COVID-19 pandemic, consenting and the
baseline survey are being completed remotely as needed to
reduce the face-to-face study visits to only 1 enrollment visit.
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I ntervention Description

The Come As You Are intervention is based on the
Comprehensive Health Seeking and Coping Framework
(CHSCF; Figure 2), which describes how the nurse and client
work together to mutually develop goals and strategies to
improve hedlth in a context of nonjudgmental acceptance.
Accomplishment of goals occur by addressing cognitive
appraisals (clarifying misconceptions), promoting health
seeking, and addressing knowledge and coping behaviors that
incorporate the situational, personal, social, and resource needs
affecting health. The intervention involves coordinated,
individualized, comprehensive care delivered by a nurse that
includes a comprehensive health assessment, mutua care plan

SantaMariaet a

development, prevention education, and health and socia service
navigation [36-38,41]. An individualized, rather than group
based, intervention was chosen for this study due to the
heterogeneity of youth experiencing homelessness and their
risk behaviors and the challenges associated with group session
designs, including low attendance [66]. The intervention has 2
main components: 6 face-to-face sessions with a study nurse
and a behavioral assessment and feedback app. Additionally,
booster calls are made monthly for 3 months following the last
face-to-face session. Thisintervention is guided by the CHSCF
[67] and uses motivationa interviewing [45,68] strategies to
promote behavior change and uptake of HIV prevention
strategies by facilitating goal setting and evoking change talk.

Figure 2. Mativationa interviewing enhanced case management. CAYA: Come As You Are; HIV: human immunodeficiency virus, PrEP: preexposure
prophylaxis, nPEP: nonoccupational postexposure prophylaxis; ST1: sexually transmitted infection.
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Come AsYou Are Intervention Group

Face-to-Face Sessions

The 6 biweekly 1-hour face-to-face sessions are designed to
meet the complex, individual, multilevel health and social needs
of homeless youth to align with extant literature demonstrating
the strong connection between HIV risk behaviors and mental
health, substance use, and housing [69]. During each session,
the nurse uses motivational interviewing strategies to assess
current mental health, substance use, and housing needs to
establish a plan of care to assist youth in generating HIV
prevention behavioral goals while addressing barriers. During
these sessions, the nurse conducts an HIV risk profile and
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RenderX

preexposure prophylaxis eligibility assessment and guides
discussions about goal attainment strategies (Table 1). Six
sessions alow for the development of the nurse-client
relationship and for adequate time to establish, monitor, and
maintain HIV prevention goals [70]. The moativational
interviewing strategies allow the sessions to be youth-driven
and tailored to theindividua’s needs based on their current HIV
risk behaviors, HIV status, behavioral goals, and motivation
level. In response to the challenges experienced during the
COVID-19 pandemic, the nurses al so offered to conduct these
individual sessionsviavideochat or phone call as needed (when
shelter-in-place orders are enacted or service sites are closed)
to protect their clients.
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Table 1. Come As You Are session description.
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Number  Sessiontitle CHSCF? constructs Discussion topics Session goals
1 Introduction and S_ituational, personal, SO-  Review HIVP risk behavior and prevention strategy Establ_ish rapport; assess
needs assessment cia factors, and resources Con: HIV risk, preexposure
(condoms, HIV/STI" testing, treatment, preexposure prophylaxis ligibilit
prophylaxis, nonoccupational postexposure prophylaxis) Y y
knowledge, attitudes, beliefs, and self-efficacy
2 HIV prevention Nursing goals Review personal HIV risk; use motivational interviewing Select HIV prevention
strategies and goal to discussrisk reduction and prevention strategies; evoke goals and action plan
setting change talk
3 Behavioral feedback Health seeking and coping Identify gaps between goals and behaviors (eg, self- Revise/reinforce plan to
and goal aignment  behaviors management, coping, health care engagement); evoke meet/maintain HIV preven-
change talk tion goals
4 Addressing facilita-  Perceived behavior adher- Review goalsand action plan; use motivational interview- Revise/reinforce HIV pre-
tors and barriers ence and coping effective-  ing to discuss personal HIV prevention behavior change vention goals and action
ness facilitators and barriers; evoke change talk plantoincreasefacilitators
5 Establishingamedi- Immediate health out- Review goals and action plan; discusslocal clinic prefer- Revise/reinforce HIV pre-
cal home comes encesand schedule well-check asindicated; evoke change vention goals, action plan,
talk and behavioral maintenance follow-up care plan
6 Moving toward Long-term health out- Review goals and action plan; identify additional health, Reinforce HIV prevention

healthandwellbeing comes

housing, work, and education needs and goals; evoke

goals and action plan

change talk and behavioral maintenance plans

8CHCSF: Comprehensive Health Seeking and Coping Framework.
BH1V: human immunodefici ency virus.
CSTI: sexually transmitted infections.

HIV Risk Profileand Preexposure ProphylaxisEligibility
Assessment

HIV status is assessed at baseline using a rapid, finger stick
HIV test. During the first intervention session and at the
beginning of each subsequent session, the nurse usesa screening
tool developed from the Centers for Disease Control and
Prevention 2014 Clinical Practice Guidelines to assess
preexposure prophylaxis eligibility. This screener is used to
assess preexposure prophylaxis eligibility based on the
participants’ HIV risk behaviors (eg, having an HIV-positive
sexual partner, a recent bacterial STI, number of sex partners,
ahistory of inconsistent or no condom use, injection drug use,
or trade sex) to determine whether recent behaviors warrant
preexposure prophylaxis as a possible intervention for HIV
prevention. preexposure prophylaxis and HIV clinical care
guidelines and standing orders under the supervision of ahealth
care provider are incorporated into the 6 nurse sessions. The
care plan for these partici pants includes coordinating access to,
uptake of, and adherence to preexposure prophylaxis, and
promoting HIV-preventing behaviors (eg, HIV/STI testing,
using condoms, reducing sexual partners, reducing intravenous
drug use, engaging in sober sex, and avoiding trade sex). When
ayouth is HIV-negative and preexposure prophylaxis—eligible,
the nurse discusses what preexposure prophylaxis is, how it
works, itsrisks and benefits, and the implications of its use (eg,
follow-up lab work and appointment schedule) to promote
shared decision making. When participants are interested in
receiving preexposure prophylaxis, the nurse works with the
preexposure prophylaxis navigator who accompanies the youth
to the preexposure prophylaxis appointment to begin lab work
and assists with completing an application form to cover
preexposure prophylaxis medication costs.

https://www.researchprotocols.org/2021/5/€26716

HI1V Prevention Goal Setting

The nurse uses motivational interviewing strategies to evoke
youth-driven HIV prevention goals and behavior change talk.
Each session includes personalized HIV prevention education
(ie, personal risk behaviors and prevention strategies) and goal
setting. Session appraisals help align the youth’s goals with
their current behaviors and evoke personal motivation to adopt
and maintain HIV prevention strategies. For youth who are not
preexposure prophylaxis—€ligible, the nurse promotes the
adoption or maintenance of other HIV prevention strategies (ie,
condom use).

Behavioral I nterface

Building on the goal setting, participants in the intervention
group complete abrief, daily ecological momentary assessment
on their study-issued phone during the 3-month intervention
delivery period. The ecological momentary assessment asks
about sexual risk behaviors, sexual urges, stress, affect, social
interactions, coping, and circumstances from the prior day (eg,
where did you stay last night, sexual activity, substance use),
and it takes less than 5 minutes to complete. Once the daily
ecological momentary assessment is completed, the data
populate abehavioral goal interface accessible by password on
the study-issued smartphone (Figure 3). Thisinterface provides
avisua display based on the participant’sHIV prevention goals,
and their behaviors as reported in the daily ecological
momentary assessment. It allowsthe nurse and youth to review
how current behaviors align with the health goals established
during the Come As You Are session and facilitates discussion
about the barriers and facilitators that impeded or enhanced
uptake and adherence to HIV prevention strategies.
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Figure 3. Example behavioral interface.
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Booster Calls

After the face-to-face intervention sessions are completed, the
team makes monthly booster calls to intervention participants
on the study-issued phone for 3 months following the end of
the individual sessions. During these calls, the team members
inquire about the uptake and adherence to the HIV prevention
strategies outlined during the Come As You Are sessions, asks
if there are any other needs that they can address for the
participant at that time, and helps the participant access and
navigate services (ie, shelters, mental health counseling, health
care) as needed.

Wait-list Control Group

Youth in the control condition receive usual care from the
recruitment sites including assistance with housing, food and
clothing needs; basic health assessments and hedlth care; limited
anticipatory guidance; access to mental health counseling;
substance use treatment referrals; and preexposure prophylaxis
or nonoccupational postexposure prophylaxis referrals. Youth
receiving usual care also receive a study phone and complete
the baseline, 3-, 6-, and 9-month follow-up surveys. After the
12-month study period iscompleted, youth in the control group
areinvited to access the full Come As You Are intervention.

A Community Advisory Group and Youth Working Group
provided input on study procedures, protocol implementation
and will be active in the interpretation and dissemination of the
findings to the community. These groups assisted in the
development of study procedures, survey items, and recruitment
materials. Additionally, they oversaw the creation of a local
homeless resource guide to be given to all participants at the
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time of enrollment and preprogrammed into the study-issued
phones. This guide contains location and contact information
for local shelters, meals, social, legal, and education services,
and clinics. These resources are available in paper version and
preloaded to the phones (ie, suicide hotline, shelter contacts)
for al participants. The Community Advisory Group are current
service providers for youth experiencing homelessness. The
Youth Working Group members are youth with lived
homel essness experiences between the ages of 18 to 25 years.

Data Collection Procedures

Data collected include baseline and follow-up survey data, HIV
and STI test data, and data from smartphone-based daily
ecological momentary assessments. Assessments are collected
at baseline, at the end of treatment (3 months postbaseline), and
3, 6, and 9 months postintervention using REDCap (Vanderbilt
University). The surveys are done in person or through a link
to the survey sent to the participant via text message or email.
The baseline survey assesses demographics (eg, age when first
experiencing homel essness, duration experiencing homel essness,
race and ethnicity, sexual orientation, gender identity),
psychosocial factors, sexual behaviors, substance use, and
mental health. The end of treatment assessment for the
intervention group containsintervention process outcome items
including what participants found to be the most and the least
helpful, what made it easy or difficult to attend sessions. HIV
and STI test data are collected at baseline, at the end of
treatment, and 3, 6, and 9 months postintervention. Table 2
outlines measures used for primary outcomes. Youth with a
positive ST test receives treatment and care coordination from
the Hedlthcare for the Homeless Houston program, shelter
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clinics, or their medical home when preferred. Youth who test  alocal clinic by the nurse.
positive for HIV during the study will be linked to HIV care at
Table 2. Outcome measures.
Construct Scale or measure Cronbach a

Aim 1 outcomes

Prophylaxis uptake

Condom use

HIVY/STIC test uptake
Aim 2 outcomes

Mental health

Housing status

Substance use

Exploratory outcomes®

Health care engagement

Condom-use self-efficacy

HIV risk perception

Preexposure prophylaxis uptake; nonoccupational postexposure __a
prophylaxis uptake (NCM report, chart review)

Youth Risk Behavior Survey [71] (condom use at last sexual ~ —
encounter)

Rapid HIV test; gonorrhea, chlamydia, syphilistests —

Kessler Psychologica Distress Scale [72,73] —
In ashelter, apt/house, with someone, outside, in a car —

Texas Christian University Drug Screen |1 [74,75] .89

Health care utilization, Medical Mistrust Index 2.1 [76] —
Condom Control beliefs[77] .74-.83
Perceived Risk of HIV scale[78] .88

Preexposure prophylaxis facilitators and barriers

Facilitators and Barriers to Preexposure ProphylaxisUse [79] —

Health seeking General Help Seeking Questionnaire [80] .83
Coping Derived from Ways of Coping Questionnaire [81] —
3o data.

BH1V: human immunodefici ency Vvirus.
CSTI: sexually transmitted infections.

9Possible mediators based on Comprehensive Health Seeking and Coping Framework.

For HIV testing, we use the INSTI HIV-UHIV-2 Rapid
Antibody Test (99.5% sensitivity, 100% specificity; Biolytical
Laboratories Inc)[82]. Urine specimens are collected and
transported on the same day to a local clinic to test for
Chlamydia trachomatis and gonorrhea (Neisseria gonorrhoeae),
and results are shared with participants via phone call or in
person. Blood samples are tested for syphilis (Treponema
pallidum) using an antibody rapid immunochromatographic test
(Syphilis Health Check, Trinity Biotech plc)[83]. Due to
restrictions on in-person study visits during the COVID-19
pandemic, additional options for STI testing, including going
to conveniently located partner clinics or receiving an at-home
STI testing kits, are being provided to study participants as
attrition mitigation strategies.

Results

Institutional review board approval (Committee for the
Protection of Human Subjects HSC-SN-18-0993) was obtained
in November 2018. The first participant was enrolled in
November 2019. Data collection is ongoing—to date, 130
participants have consented to the study, 110 have enrolled, and
15 have completed the final follow up—and expected to
conclude in 2022.
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Discussion

This study will provide essential data on the efficacy of a
2-component nurse case management HIV prevention
intervention (ie, nursing visits and smartphone based behaviora
monitoring and feedback) among youth experiencing
homelessness. Findings from the study will significantly
contribute to thefield of HIV prevention in amarginalized and
hard-to-reach population. The intervention is designed to be
scalable within the practical parameters of care currently
provided through the Health care for the Homeless programs
across the nation.

This project is innovative in several ways. It addresses the
underutilized role of nurses, the most trusted professionals in
the United States [84], in the HIV prevention team.
Consequently, nurses abilities to provide HIV prevention
services may reduce the need to refer youth experiencing
homelessnessto other health care providers, which can decrease
referral no-show and treatment plan nonadherence. Combining
nurse case management with motivational interviewing and
behaviora feedback can potentiate motivation for adopting HIV
prevention behaviors and address the full continuum of
behaviora and biomedical HIV prevention with youth
experiencing homelessness. If found to be effective, this
intervention can be applied to improve existing youth
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experiencing homelessness HIV  prevention program,
maximizing the available resources and potential outcomes.

The eponymous intervention capitalizes on the “come as you
are” approach endorsed in clinical guidelines[85] put forth by
the National Healthcare for the Homeless Council and aligns
with NIH and Ending the HIV Epidemic High Priority areas
[86] for reducing HIV through behavioral prevention and access
to services in high HIV prevalence and substance-using,
high-risk populations. Additionally, the intervention facilitates
coordination with youth experiencing homelessness service
providers to meet mental health, substance use, and housing
service needs and connects youth to the health care services,
such asHIV and ST testing and treatment.

The potential benefits of study participation include increased
knowledge about HIV transmission and increased uptake of
prevention strategies. Participants may become more aware of
how thoughts and feelings can affect one's behaviors and
improve uptake and adhere to HIV prevention goals. Research
staff are provided with comprehensive lists of resources
available to youth experiencing homelessness and receive
extensive training on how to make referrals to appropriate
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resources if a participant indicates that they need services they
are not otherwise receiving. Participants will have access to
resources and contact information for services that will be
preprogrammed into the study-issued smartphones provided to
all participantsthroughout the duration of the study. Participants
in the intervention arm may also benefit from linkages to care
provided through the Come As You Are intervention. Through
the HIV and ST1 testing offered to all participants, youth may
become aware of a positive result and receive necessary
treatment and linkagesto care that they may not have otherwise
received. If efficacious, this scalable intervention has the
potential to be disseminated to young people experiencing
homel essness across the country without requiring significant
investments in infrastructure, equipment, or staff resources.
Some potential challengesrelated to whether youth have access
to a phone are present, though studies suggest that smartphone
use among youth experiencing homelessness is similar to that
in the general population, ranging from 47% to 78% [87,88].
Given the implementation of this study during the COVID-19
pandemic, there are unique learning opportunities related to
executing arandomized control trial focused on HIV prevention
during aglobal pandemic with youth experiencing homel essness.
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Abstract

Background: In Brazil and other low- and middle-income countries, excess interventions in childbirth are associated with an
increase in preterm and early-term births, contributing to stagnant morbidity and mortality of mothers and neonates. The fact that
women often report a negative experience with vaginal childbirth, with physical pain and feelings of unsafety, neglect, or abuse,
may explain the high acceptability of el ective cesarean sections. The recognition of information needsand of theright toinformed
choice during childbirth can help change thisreality. The internet has been the main source of health information, but its quality
ishighly variable.

Objective: This study aimed to develop and evaluate an information and communication strategy through a smartphone app
with respect to childbirth, to facilitate informed choicesfor accessto safer and evidence-based carein the context of the COVID-19
pandemic.

Methods: A randomized controlled trial, with 2 arms (intervention and control) and a closed, blind, parallel design, will be
conducted with asmartphone app designed for behavior and opinion research in Brazil, with women of reproductive age previously
registered on the app. After completing an entry questionnaire to verify the eligibility criteria and obtaining ethical consent,
approximately 20,000 participants will be randomly allocated to the intervention and control groups at a 1:1 ratio. Participants
allocated to theintervention group will beinvited to engagein adigital information and communication strategy, whichisdesigned
to expand evidence-based knowledge on the advantages and disadvantages of options for labor and childbirth and the safety of
the care processes. The information is based on the guidelines of the Ministry of Health and the World Health Organization for
apositive childbirth experience and has been updated to include the new challenges and disruptions in maternity care within the
context of the COVID-19 pandemic. The control group will receive information regarding disposable and reusable diapers as a
placebo intervention. The groups will be compared in their responses in generating the birth plan and the entry and exit
guestionnaires, regarding responses less or more aligned with the guidelines for a positive childbirth experience. A qualitative
component to map information needs is included.
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Results: Thedigital trial started recruiting participantsin late October 2020, and data coll ection has been projected to be complete
by December 2020.

Conclusions: Thisstudy will evaluate an innovative intervention that has the potential to promote better communi cation between
women and providers, such that they can make better choices using an approach suitable for use during the COVID-19 pandemic.

Trial Registration: TheBrazilian Clinical Trials Registry U1111-1255-8683; http://www.ensai osclinicos.gov.br/rg/RBR-3g5fof/

International Registered Report Identifier (IRRID):

(JMIR Res Protoc 2021;10(5):€25016) doi:10.2196/25016

KEYWORDS
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app; childbirth; communication; COVID-19; health literacy; informatics; internet; intervention; maternal health; neonatal health;

neonate public health; society; technology; women

Introduction

Improvement of Maternal and Neonatal Health: a
Permanent Challenge

Nationwide and worldwide studies have indicated, for many
years, the need to act in order to reduce maternal and neonatal
mortality, especially because a significant proportion of deaths
can be avoi ded with adequate and timely assistance, considering
the family planning continuum, prenatal care, childbirth
assistance, and postnatal care [1-3]. Many sociohistorical,
economic, and cultural factorsinteract, and theissue of maternal
mortality remains poorly addressed, primarily in low- and
middle-income countries such as Brazil. Thus, national and
international stakeholders search for interventions that may
contribute to significantly reduce maternal and neonatal
mortality [1,3,4].

There have been advancements in the past decades in Brazil,
with health professionals' training, research, and improved
access to prenatal care and childbirth assistance at health care
facilities [5]. However, quality of care remains limited by
non—evidence-based practices, within the context of increased
use of inappropriate technol ogy, which may be simultaneously
harmful and costly [5]. At the health system level, in networks
and facilities, women’s and families' safety and well-being
cannot be taken for granted, since recent studies have reported
disrespectful practices in childbirth care [6,7], and in Brazil,
infant and maternal mortalities have increased, raising public
concern regarding maternity services [8]. In some scenarios,
the uncertaintiesimposed by the COVID-19 pandemic in 2020
threaten the availability of medical resources and health care
services, and studies have reported that Brazil has the highest
COVID-19 mortality ratesin the obstetric population [9,10].

Maternal and Neonatal M orbidity and Mortality and
Childbirth Carein Brazil

In Brazil, monitoring and regulation of obstetric interventions
is limited. For example, the cesarean section rate remains as
high as 55% since 2015, with rates of >80% in the private sector.
This major surgery, when properly indicated and performed in
a timely manner, protects the mother's and the infant’s lives
[11,12]. However, if performed without adequate reason,
caesarean sections unnecessarily increase the risk to both
mothers and neonates. In other words, unnecessary cesarian
sectionsincrease maternal and neonatal morbidity and mortality,

https://www.researchprotocol s.org/2021/5/€25016

aswell asother negative outcomes, over the short and long term
[13,14].

Severd indicators show excess of interventions in childbirth
care in Brazil, such as amniotomy (39.1%), fundal pressure
(36.1%), episiotomy (53.5%), and oxytocin augmentation
(36.4%) [5]. Simultaneously, pathological conditions are not
adequately addressed, such as early identification of gestational
hypertension, syphilis, and other infections during pregnancy.
This is rather incompatible with current nationwide
developments and with the presence of a universal health
system.

Obstetric care can be characterized as a combination of “too
little too late” with “too much too soon,” a reference to the
insufficient and delayed use of necessary resources with the
excessive and inopportune use of technology, potentialy
resulting in harm [15]. Abuse of unnecessary interventions has
also been verified in the private sector, especialy with high
rates of caesarean sections. Furthermore, owing to the fact that
in the private sector, a greater proportion of neonates are born
inthe early preterm period (37-39 weeks), neonatal admissions
to intensive care units are more frequent, as are the cases of
transient tachypnea, hypoglycemia, jaundice, and breastfeeding
problems[5].

The main causes of neonatal death are prematurity (30.3%),
congenital malformation (22.8%), and infection (18.5%), and
mortality rates vary widely between regions. Late preterm
infants (which accountsfor 17.1% of all neonatal deaths) present
a 9-fold greater chance of neonatal death compared to those
born at term. In this context, it is recommended to improve the
quality of prenatal care and to prevent iatrogenic prematurity,
largely in cases of cesarean sections performed without technical
indication [16]. Evidence- and rights-based care can reduce
infant mortality by decreasing preventable neonatal deaths. This
comprises deaths from intrapartum asphyxia, an important
component of preventable neonatal deaths in the country [16].

Resourcesto Increase Women's Control Over Their
Experienceand I nformation Available on thelnternet

During pregnancy, women seek information and want their
needs to be heard, but educationa materias, prenatal
consultations, and support groups may not be sufficient or
adequate [17]. Women can gather information from different
sources such astheir relatives, friends, the internet, and popul ar
media [18-21]. Television shows and other popular media
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resources frequently resort to “experts’ or other sources of
information that are not scientifically validated. Thisinfluences
women'’s expectations and decisions regarding many aspects
of their health, including childbirth fears and desires [19-23].
Incomplete information about cesarean sections is often
disseminated, which “can lead women to underestimate
important maternal and perinatal risks associated with thismode
of parturition” [24]. A recent systematic review reported that
there are few campaigns aimed at the general public to reduce
the rates of cesarean sections[25].

The large volume of information available on the internet and
its heterogeneity impact women's curiosity about certain topics,
often to the detriment of others [26]. On Brazilian Portuguese
webpages, the quality of information on cesarean sectionsvaries
from regular to poor, with low reliability and comprehensiveness
[27]. This can cause anxiety among women [28], especialy if
the information is not discussed with health professionals [29]
or confronted with other sources. To change this situation and
contribute to increasing women's satisfaction, one possibility
is to encourage the use of a birth plan, which improves their
communication with health professionals and makes women
more aware of their options [30].

In a systematic review in 2019, two trials observed that birth
plans had a protective effect in promoting positive birth
experiences in line with women'’s perception. The quality of
the studies was considered low, and the review concludes that
more high-quality randomized studies are needed to assess the
hypothesisthat the use of the birth plan contributesto improving
women's satisfaction and promoting a more positive birth
experience [31].

Digital Technologies and Health Research

More than half of the world’'s population has access to the
Internet. In Brazil, asurvey in June 2020 by the Getulio Vargas
Foundation of Sdo Paulo [32] revealed that there are 190 million
computers—including  desktop, notebook, and tablet
devices—currently in use in the country, which correspondsto
9 computers for every 10 inhabitants (90% per capita usage).
Although approximately 25% of the population, especially the
oldest and poorest individuals, remain digitally excluded, there
areoverall 234 million smartphones currently in use. In addition,
considering notebook and tablet devices, there are 342 million
portable devices currently in use; that is, 1.6 portable devices
per inhabitant.

Throughout the 2010s, mobile phones spread digital health
communication in low- and middle-income countries in South
East Asia, sub-Saharan Africa, and Latin America, including
Brazil. In the field of reproductive health, the establishment of
opportunities  for  continuous communication, and
complementary to ingtitutional carefor prenatal care, postpartum
care and reproductive planning are associated with better
perinatal outcomes [33,34], increased confidence and
satisfaction with childbirth [35], increased knowledge of
obstetric interventions such as uterine fundal pressure,
episiotomy, and labor augmentation with oxytocin, increased
perception of being better prepared for the childbirth experience
[36], reduced anxiety [37], and reduced perinatal mortality [33].
Recent literature reviews revealed evidence of the effectiveness
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of digital interventions focused on pregnant and postpartum
women, suggesting the need for more large-scale clinical trials
[38,39].

To our knowledge, this will be a pioneering study, with
population sampling in the country, assessing the preparation
of abirth plan tool and women’s choices related to a safer and
more positive childbirth experience.

Emergenceof the COVID-19 Pandemic: New Priorities
Arise

On February 26, 2020, thefirst case of COVID-19 wasreported
in Brazil, and the disease was declared a pandemic by the World
Health Organization on March 11, 2020. Sincethen, COVID-19
has monopolized the news and significantly modified the daily
life of the population. Of note, Brazil ranks third worldwide
with respect to the number of cases (>5 million) and deaths
(>150,000) so far [40], while being amid amajor political crisis.
In addition, researchers in Brazil have observed an elevated
COVID-19 mortality rate in the Brazilian obstetric population
(12.7%), reporting 124 deaths among pregnant or postpartum
women in June 2020, which is possibly the highest rate reported
worldwide [9].

Innovative interventions have the potential to promote better
communi cation between women in reproductive age and health
care providers, such that they can make better choices. This
study aims to develop and evaluate an information and
communication strategy for a smartphone app on childbirth to
facilitate informed choice for accessto safer, more satisfactory,
evidence-based assistance, in the context of the COVID-19
pandemic.

Methods

Study Design

Thisstudy isarandomized controlled trial, with 2 parallel arms
(intervention and control) and a closed (only registered app
users can participate) and blind design (only the participants
are unaware of whether they are in the intervention or control
arms). It isregistered on the Brazilian Registry of Clinical Trials
as “Communication intervention to improve informed choice
at childbirth: a randomized controlled tria using digital
technology in the context of the Covid-19 pandemic” with the
World  hedth  Organization unique trial number
U1111-1255-8683. The work is being conducted under a
program supported by the Brazilian Ministry of Health
(Programa de Apoio ao Desenvolvimento Institucional do
Sistema Unico de Salide 25000.028646/2018-10).

Study Setting

The study will be conducted through the restricted segment of
a smartphone app. This app has been especially designed for
behavior and opinion research in Brazil and will be used for
participant recruitment, assessment of eligibility criteria,
delivery and control of the intervention, and data collection.

Currently, the app has registered approximately 1,360,000 active
users. Of them, 98,518 have accessed the internet in the past 14
days (September 2020); these individuals will be primarily
invited to participate at the recruitment stage, reaching women
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with different socioeconomic and demographic characteristics
in all States of Brazil.

All communication with participants will be carried out within
the native and private environment of the app. Engagement will
be voluntary, and participants will be financially reimbursed
for the value of mobileinternet use. The estimated compensation
for participation in this study was set between R $5.00 and R
$10.00 (US $0.92-$1.84), depending on the extent of
participation, to cover the cost of mobile internet usage.

The stages of the study conducted through the app will be
comprised of interactive questionnaires (called “missions’ in
the app), which are opportunitiesfor engagement through direct
communication with users. The questionnaires are as follows:

1. Eligibility criteria filter: the filter has 7 questions related
to the study variables (intention to have biological children,
number of children, those born through normal delivery,
year of birth of the oldest child, race, education, and
occupation) (Multimedia Appendix 1)

2. |nvitation to participate in the study: information on the
study and the investigators, objective of the study, and the
dynamics of the missions (Multimedia Appendix 2)

3. Questionnaireto complete and validate the informed consent
form: split across different screens, digitally validated by
the participant (Multimedia Appendix 3)

4. Entry questionnaire: prospecting of values and preferences
associated with the intended care (Multimedia Appendix
4)

5. Questionnaires on childbirth (intervention group)
(Multimedia Appendix 5) or on diaper use (control group)
(Multimedia Appendix 6)

6. Exit questionnaire: similar to the entry questionnaire
(Multimedia Appendix 4)

7. Birth plan questionnaire (Multimedia Appendix 7)

Participants

All women of reproductive age (18-49 years old) registered on
the app will be notified of the invitation to participate in the
study in order of priority.

Eligibility Criteria

To be included in this study, a participant must be a registered
user on the app; identify as awoman; be classified under class
A, B, C, D, or E in accordance with the Brazil Criteriaof 2015
of the Brazilian Association of Research Companies [41]; be
aged between 18 and 49 years, and be pregnant or have

biological children of any age or intend to have biological
children in the future.

Exclusion Criteria

Women without children and with no intention of having
children in the future will be excluded from the study.
Recruitment

A filter questionnaire will be administered to al women
registered on the app and aged between 18 and 49 years, from
all Brazilian States and socioeconomic strata. Those who are
pregnant or have biological children of any age or intend to
have biological children in the future will be notified of the
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invitation questionnaire to participate in the study. Thereafter,
the informed consent questionnaire will be sent to all women
who agree to participate in the study. The following stage
comprisesthe entry questionnaire, and all women who digitally
provide informed consent will be invited to answer it.

These questionnaires will account for sociodemographic data
in addition to those already available on the app’sregistry; type
of health care assistance and funding (public or private, birth
place including the hospital or health care ingtitution, or
professional including obstetricians and gynecologists,
midwives, and nurse-midwives); clinical-obstetric characteristics
(parity, mode of previous delivery, and the presence of arisk
diagnosis); perception of safety in childbirth (for the mother
and the neonate); and the perception of satisfaction or suffering
expected during childbirth (for the mother and the neonate).

Allocation and Randomization

Users will be recruited through the app, which is voluntarily
installed by the user. Registrations are carried out organically,
with no active screening for users and no advertising. Once
registered, the new user answers questions related to his/her
socioeconomic data. Missions will be sent to the profiles of
users of all social classes (paired to represent the composition
of the Brazilian population in the 5 regions of the country) and
aged between 18 and 49 years.

Randomness in the sample is guaranteed in the program
architecture of the missions, ensuring that those who undertake
1 mission will not be able to access the other mission, by
blocking the mission I D through the execution of filters. On the
app screen, the respondent sees only the name of the mission,
with no indication of whether that participant is in the
intervention or the control arm. To guarantee greater
confidentiality and not induce interests or scams, we assigned
the same name to the 2 missions. “Being a mother is making
choices”” To balance the sample, the statistician team distributes
the sample on the basis of the “n” defined for the study, thus
generating a balance between the geographical region and
economic class.

I ntervention

The intervention was developed on the basis of the guidelines
for childbirth care from the Ministry of Health and the World
Health Organization [42-44] updated with reference to the
COVID-19 pandemic [45-47]. It is an educational resource to
promote women'’s knowledge of labor and childbirth care, as
well as evidence-based choicesfor childbirth, which have been
shown to protect maternal safety and satisfaction. The
intervention consists of dummies, questions, and information
cards developed and illustrated especially for this study by
author BFF, agraphic artist specialized in maternal health.

The intervention presents information regarding the available
models of care for childbirth, including information on care
provider staff, obstetric practices in labor and childbirth,
procedures for perinatal safety, skin-to-skin contact and
breastfeeding in thefirst hour of life, and COVID-19 prevention
procedures (Figure 1). Theintervention requirestheinteraction
and engagement of participants with the contents presented in
aunigue electronic “route’ format, which will be available for
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engagement in a restricted segment of the app for 48 hours.  of the 6 cards with profiles associated with “childbirth styles”

After answering all questions, the women will be directed to 1

(Multimedia Appendix 8).

Figure 1. Screenshot of the app-based intervention: typical childbirth care and COVID-19.
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Participants alocated to the control group will receive
informative content on models of disposable and cloth diapers
that are widely available in the Brazilian market. The theme of
disposable diapers versus ecological diapers was selected for
the control arm of this trial because it is related to choices in
the maternity experience, without interfering with information
on labor and birth provided in the intervention arm. The
illustrated cards were developed on the basis of the following
themes: advantages and disadvantages of each type of diaper;
risks of allergies and dermatitis; chemica materials and
components; ecological aspects used in manufacturing;
decomposition, use of water; and practicality and costs
(Multimedia Appendix 6).
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Birth Plan

The birth plan isastructured means of reflecting on the desired
carefor labor and birth, including an assessment of possibilities
and uncertainties arising from the COVID-19 pandemic. It
allows assessing the understanding of the intervention through
guestions on topics such as companionship, mobility,
episiotomy, the Kristeller maneuver (funda pressure), and
augmentation with oxytocin. Upon completing the questionnaire
(Multimedia Appendix 7), the participant sees her consolidated
birth plan and is encouraged to take a screenshot to save this
information.

Participants in both the intervention and control arms will be
invited to elaborate a birth plan, and we will compare the
differences in engagement and the responses.
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Adherence and Study Withdrawal

During recruitment, women of reproductive age will receive
app notifications to take part in the study until sample size
requirement is fulfilled. Throughout the study, the app will
notify participants whenever they have to respond to a
guestionnaire, and they can save it to respond to it in the next
48 hours. Thisisintended to guarantee participant engagement
in the study, asfar it is comprised of 7 questionnaires.

Participants can opt out from the study at any time, withdrawing
their consent to participate or simply by the digital act of
“aborting amission.”

Outcomes

Primary Outcomes
The primary outcome measures (Table 1) will be thefollowing:

Table 1. Outcomes of interest and definitions.

Dinizeta

1. Preference reported for the gestational outcome (for a
healthy woman and neonate) the safety of which is
determined on the basis of evidence: waiting for
spontaneous onset of labor; waiting for the full 39 weeks;
preference for vaginal childbirth; preference for cesarean
delivery after labor; preference for elective cesarean
delivery; or indifference.

2. Differences between the responsesin the elaboration of the
birth plan, aligned with the information provided in the
intervention, in accordance with the Ministry of Health
guidelines.

3. Knowledge of the COVID-19 pandemic’'s impact in
childbirth care and alternatives available.

Endpoints

Definitions

Engagement in the intervention

Reduced interest in elective cesarean section

Increased engagement in seeking protagonism or informed choice

Knowledge of the safest, most effective options associated with amore
positive experience

Engagement or desire to elaborate and share the experience and concerns

Knowledge of the options available during the COVID-19 pandemic

Proportion of invited women who finish the missions

Reduction in the proportion of women who intend to schedule an elective
cesarean section

Proportion of women who develop a birth plan

Safer, more effective choices associated with a more positive experience
in the exit survey and the birth plan

Elaboration of a narrative of the experience, doubts, and expectations re-
garding childbirth

Responses compatible with the information offered

Participant Timeline

As the entire study will be carried out through a smartphone
app, the study duration is shorter than that of regular trials. The
first questionnaire (eligibility criteriafilter) will be accessible
to app users for 14 days. Once the user completes the
guestionnaire and is considered €ligible for the study, her
participation will last approximately 12 days (Multimedia
Appendix 9).

Parametersfor Calculating the Sample Size

The sample sizewas cal culated in accordance with the following
parameters:

1. Study population size: in total, 32,000 women of
reproductive age registered through the app (data collected
from July 2019 before the onset of the COVID-19
pandemic).

2. Prevalence of the outcome of interest: aprevalence of 2.6%
(Murcia, Spain) and 3% (Sao Paulo, Brazil) in the delivery
rate of the birth plan to the obstetric care service.

3. Estimated impact of the intervention: a previous study that
aimed to verify the effectiveness of a crowdsourcing
strategy in promoting testing for hepatitis among men who
have sex with men in China achieved arate of 72.1% for
the visualization of the multimedia components of the
intervention. An increase in the number of tests performed
was reported among 17.4% of the participants and
confirmed by sending pictoria evidence of the examination
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among 7.9% of the participants [48]. In this study, a 20%
impact on the outcome of preference for the elective
cesarean section was estimated.

4. Margin of error and safety: considering that part of the
parameters used during sampling was estimated from other
studies and the possibility of loss to follow-up among a
portion of the recruited women, atype | error (a) margin
of 1% was adopted with a99% confidencelevel, along with
a safety margin for type Il error (3) of 20%.

Thus, at least 9068 participants in each group will be required
to demonstrate the effect of the educational intervention on the
outcome measures of interest [49]. We expect to have 10,000
participants in each group. Expected recruiting numbers
(approximate, depending on engagement) are detailed in
Multimedia Appendix 9.

Data Collection M ethods

Collection of data on outcomes, baseline characteristics, birth
plan, and other trial datawill be collected automatically by the
app. All study questionnaires were developed specifically for
this study, and screenshots are available in Multimedia
Appendices 1-8.

Pilot Intervention and Adjustments

A pilot intervention was conducted with 1000 participants prior
to the fina study for final adjustment of the questionnaires
linguistic adequacy and to evauate the optimal sequence of
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missions to be administered to the participants. Engagement in
the study questionnaires was higher than expected.

Data M anagement

For this study, a series of data management procedures will be
implemented to ensure data protection, safety, privacy, and
confidentiality. Datamanagement will target the following three
aspects: participant datatreatment by the app’s parent company,
relevant information transfer to researchers, and data set
maintenance by al teams. It is worth mentioning that in
compliance with security measures established by the general
data protection law [50,51] and the resolutions of the National
Council of Health for human experimentation [52], researchers
will receive only the variables of interest for the study.

At the individua level, the collected data will be computed
directly in the parent company’s system. This will include the
following: verification of the individua's registration,
deidentification of the data and separation of the population
data for this study from the rest of the platform data, and the
creation of an individual cloud to store the data for this specific
study. Only the variables of interest in the deidentified data of
the study participants will be used.

When accepting the app’s terms of use and privacy policy, all
users have their data automatically pseudo-anonymized (ie,
unidentifiable). These datainclude thefollowing: personal data
collected upon registration; complementary data captured during
app use, such asaversion of the smartphone’'s operating system
or device model; and all user responses during interventions.

Atthelevel of database management by theresearchers, thefile
will be initially processed within the app’s servers, where the
raw data files will also be stored and will not be used for any
purpose other than this study.

Data Analysis Plan

Statistical Analysis

CONSORT (consolidated standards of reporting trials)
guidelines will be used in reporting the results. An
intention-to-treat analysis will be performed to compare data
from the study's entry and exit surveys. This approach promotes
a pragmatic assessment of the potential benefits of the
intervention, asit incorporateslossto follow-up in the analyzed
data of the intervention group.

Sociodemographic characteristics will be analyzed using
descriptive statistics; between-group comparisons will be
performed using chi-square analysis or a 2-tailed t test. For all
group comparisons, the results shall be expressed as an effect
(or relative risk for binary outcomes), corresponding 2-sided
99% confidenceintervals (a=1%; power=80%), and associated
P values. Adjusted analyses using baseline variables shall be
performed using regression analysisto determine the continuing
influence of key baseline characteristics on the outcomes,
including female app users in the public and private sectors,
cesarean sections, and vaginal delivery. The analyses will be
conducted using the R statistical analysis software (The R
Foundation) [53].

https://www.researchprotocol s.org/2021/5/€25016
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Qualitative Analysis

Audio narratives (entry and exit questionnaires and birth plan)
will be automatically transcribed and analyzed in accordance
with Bardin thematic analysis [54], using the Qualitative
Solutions Research NVivo software (version 12.0, QSR
International). A priori categories will include the following:
feeling informed to make choices, feeling physically and
emotionally secure, factors influencing satisfaction or
dissatisfaction, desire to do something differently, and
information needs. A posteriori categories are expected to
emerge, as experience is considered an expansive learning
opportunity [55].

Data Monitoring and Auditing

Since thisis an educational intervention with low risk among
participants, no data monitoring committee has been
contemplated. There will be no independent review of trial
processes (data auditing) during its execution, asthewholetrial
will last less than a month and routine data qual ity management
will be performed.

Potential Risksto Participants

In this type of study, minimum risks are expected for the
participants, such as the following: fatigue during the missions
due to the long duration of the study or the lack of motivation
with the topic of interest in the questionnaires; and discomfort
or embarrassment if the participant is unaware of any term or
situation presented during the study, despite effortsto adapt the
language.

Another risk is the loss of data confidentiality, which will be
minimized with protection measures by the researchers, as
outlined during data collection and management. At the app
level, users have preserved and guaranteed the rights to their
data under the terms of the Brazilian General Data Protection
Law.

Results

The digital trial started recruiting participants in late October
2020, and data collection has been projected to be completed
by December 2020.

The study will be conducted in accordance with Resolutions
466/2012 and 510/2016 of the National Health Council [52,56].
Information regarding personal interest will be obtained
exclusively for the study, and privacy, confidentiality, and
preservation of the participants’ identity will be ensured.
Furthermore, the protection of data of all users of the digital
platform, where the intervention will be applied, comply with
the procedures outlined in accordance with the Brazilian General
Data Protection Law.

Participation in the study must be voluntary and will be
confirmed only after digital validation of the informed consent
form. The study was approved by theinstitutional review board
of Hospital Israelita Albert Einstein (project# 4194-20) and by
the National Commission for Ethicsin Research of the National
Hedth Council of the Ministry of Hedth (CAAE:
32840920.7.0000.0071).

JMIR Res Protoc 2021 | vol. 10 | iss. 5 |[e25016 | p.46
(page number not for citation purposes)


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

JMIR RESEARCH PROTOCOLS

App users will individually provide consent to participate in
the study. Therisk to confidentiality will be minimized through
protection measures by the researchers. All participants
personal dataand responsesto participation will be kept private
and confidential, thus guaranteeing anonymity, and at no time
will participant identity be disclosed.

The data will be accessed only by the investigators. Since this
is an educational intervention, it is of low risk, and no adverse
effects are expected, and no compensation for study participation
is contemplated.

Discussion

There are presently no intentions to implement major protocol
modifications; in case they occur, relevant parties will be
solicited.

No restrictions are anti cipated among investigators and sponsors
to communicate trial results. We expect to disseminate the

Dinizeta

outcomes to the general public, health providers, and through
scientific publications by means of ajoint collaboration of the
School of Public Health, University of Sdo Paulo, with
Sociedade Beneficente Israelita Brasileira Hospital Albert
Einstein. The research teams from both institutions will author
the resulting publications, with no intention to use professional
Mmanuscript writing services.

We will request authorization from the sponsor to grant public
access to the complete protocol, anonymized participant-level
data set, and the statistical code, 2 years after the completion
of the study for both research and educational purposes, and to
explore new hypotheses arising from the study.

If successful, this educative intervention (which can be used
outside of the smartphone app) will be made publicly accessible
after the dissemination of results, with proper credit and
recognition.

Conflicts of Interest
None declared.
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Multimedia Appendix 2
Invitation questionnaire screenshot.
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Multimedia Appendix 3
Informed consent questionnaire screenshot.
[PNG File, 59 KB - resprot_v10i5e25016_app3.png ]

Multimedia Appendix 4
Entry and exit questionnaire screenshot.
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Multimedia Appendix 5
Intervention questionnaire screenshot.
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Multimedia Appendix 6
Control questionnaire screenshot.
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Multimedia Appendix 7
Birth plan questionnaire screenshot.
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Multimedia Appendix 8
Childbirth styles screenshot.
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Multimedia Appendix 9
Schedule of enrolment, interventions, and assessments.
[PDF File (Adobe PDF File), 34 KB - resprot v10i5e25016 app9.pdf ]
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Abstract

Background: My Diabetes Care (MDC) is a multi-faceted intervention embedded within an established patient portal, My
Health at Vanderbilt. MDC is designed to help patients better understand their diabetes health data and support self-care. MDC
uses infographics to visualize and summarize patients diabetes health data, incorporates motivational strategies, provides
literacy-level appropriate educational resources, and links to a diabetes online patient support community and diabetes news
feeds.

Objective: This study aims to evaluate the effects of MDC on patient activation in adult patients with type 2 diabetes mellitus.
Moreover, we plan to assess secondary outcomes, including system use and usability, and the effects of MDC on cognitive and
behavioral outcomes (eg, self-care and self-efficacy).

Methods: We are conducting a 6-month, 2-arm, parallel-design, pragmatic pilot randomized controlled trial of the effect of
MDC on patient activation. Adult patients with type 2 diabetes mellitus are recruited from primary care clinics affiliated with
Vanderbilt University Medical Center. Participants are eligible for the study if they are currently being treated with at least one
diabetes medication, are able to speak and read in English, are 21 years or older, and have an existing My Health at Vanderbilt
account and reliable access to a desktop or laptop computer with internet access. We exclude patients living in long-term care
facilities, patients with known cognitive deficits or severe visual impairment, and patients currently participating in any other
diabetes-related research study. Participants are randomly assigned to MDC or usual care. We collect self-reported survey data,
including the Patient Activation Measure (R) at baseline, 3 months, and 6 months. We will use mixed-effects regression models
to estimate potentially time-varying intervention effects while adjusting for the baseline measure of the outcome. The mixed-effects
model will use fixed effects for patient-level characteristics and random effects for health care provider variables (eg, primary
care physicians).

Results: This study is ongoing. Recruitment was closed in May 2020; 270 patients were randomized. Of those randomized,
most (214/267, 80.1%) were non-Hispanic White, and 13.1% (35/267) were non-Hispanic Black, 43.7% (118/270) reported being
65 years or older, and 33.6% (90/268) reported limited health literacy. We obtained at least 95.6% (258/270) completion among
participants through the 3-month foll ow-up assessment.

Conclusions:  This randomized controlled trial will be one of the first to evaluate a patient-facing diabetes digital health
intervention delivered viaa patient portal. By embedding MDC into Epic’'s MyChart platform with more than 127 million patient
records, our intervention isdirectly integrated into routine care, highly scalable, and sustainable. Our findings and evolving patient
portal functionality will inform the continued development of MDC to best meet users’ needs and a larger trial focused on the
impact of MDC on clinical end points.

Trial Registration: Clinical Trials.gov NCT03947333; https://clinicaltrials.gov/ct2/show/NCT03947333

International Registered Report Identifier (IRRID): DERR1-10.2196/25955
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Introduction

Background

Diabetesis aleading cause of several highly morbid and costly
conditions, including chronic kidney disease, cardiovascular
disease, and visual impairment [1]. Attention to diabetes
self-management behaviors can help patients avoid or delay
many diabetes-related complications; however, consistent
engagement in self-care behaviors is challenging for many
patients [1,2]. Patient activation (ie, knowledge, skills, and
confidence in managing one's own health) isvital to achieving
optimal diabetes self-management and i s associated with lower
health care costs [3-5].

Patient portals are computerized tools that can connect patients
with electronic health data maintained by their health care
system. Patient portals can provide an engaging and convenient
means for patients to track and visualize health data, obtain
education and guidance, and connect patients and doctors [6].
Research has shown that patient portals offer a promising
platform to increase patient activation, enhance care, and
promote self-management while overcoming the limitations of
costly and difficult-to-scale face-to-face interventions[ 7,8]. We

recently applied auser-centered design sprint methodology and
key strategiesfor patient engagement to devel op a patient portal
intervention called My Diabetes Care (MDC; formerly Diabetes
Dashboard) [9].

MDC is embedded within an established patient portal, My
Health at Vanderbilt (MHAV), at Vanderbilt University Medical
Center (VUMC) [10]. MDC is a multi-faceted intervention
designed to hel p patients better understand their diabetes health
data and support self-management [9]. MDC usesinfographics
to visualize and summarize patients diabetes health data;
incorporates motivational strategies (eg, social comparisons);
provides literacy-level appropriate educational resources;
contains secure messaging capability; and links to a diabetes
online patient support community and diabetes news feeds,
highlighting new discoveries, medicines, and recipes. MDC
was founded on the well-established Chronic Care Model
adapted for eHealth—eHealth Enhanced Chronic Care Model
(eCCM) [11]. By leveraging elements within the model’s 5
domains (self-management support, delivery system design,
decision support, clinical information systems, and eHealth
education), MDC hasthe potential to create more informed and
activated patients, leading to improved outcomes (Figure 1).

Figure 1. The eHealth Enhanced Chronic Care Model with key aspects of My Diabetes Care shown in italics under the corresponding domain.
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Improved outcomes

A 1-month usahility study of MDC among 60 patients found
that participants, including those with limited health literacy,
highly rated MDC's usability and acceptability [12]. User
experience data showed that most participants found that the
infographics and links to literacy-level appropriate diabetes
health information hel ped them better understand their diabetes
health data. Participant feedback also identified areas for

https://www.researchprotocol s.org/2021/5/€25955

RenderX

improvement, including adding information about diabetes
medications and links to diabetes news feeds, highlighting new
discoveries, medicines, and recipes. Consistent with theeCCM,
the study also found a significant pre-post increase in patient
activation scores among the study participants. However, a
larger randomized controlled trial (RCT) is needed to assess
MDC'simpact on patient activation more definitively.
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Objectives

This study aims to evaluate the effects of MDC on patient
activation in adult patients with type 2 diabetes mellitus
(T2DM). In addition, we plan to explore secondary outcomes,
including system use and usahility, and the effects of MDC on
diabetes sdlf-efficacy, knowledge, self-care, medication
adherence, distress, and clinical endpoints. The study will serve
as a pilot for a larger definitive trial evaluating the effect of
MDC on clinical endpoaints.

Methods

Study Design

To achieve this abjective, we are conducting a 6-month, 2-arm,
parallel-design, pragmatic pilot RCT of MDC. Participants in
both arms are told the purpose of the study is to determine
satisfaction with 2 versions of MHAV among patients with
diabetes. One version is the currently available version of
MHAV. The second version of MHAV contains the MDC
intervention. Participants in both arms complete the study
questionnaires at 3-time points: T,=baseline, T;=3 months, and
T,=6 months.

The study protocol is registered with Clinical Trials.gov (ID
NCT03947333) and is being conducted in accordance with the
principles outlined in the CONSORT (Consolidated Standards
of Reporting Trials) Statement, extension for pragmatic trials
[13]. Pragmatic trials are designed to evaluate the real-world
effectiveness of interventions in routine practice environments
[14]. Unlike a strictly controlled trial, participantsin our study
are not constrained to receive a controlled dose of the
intervention [ 14]. Due to necessity, participants are not blinded
to theintervention, and we do not attempt to control participants
communication or information-seeking behaviors beyond the
2-arm randomization described here. The Vanderbilt University
institutional review board approved this study.

Recruitment and Eligibility

Participants are recruited from 14 VUMC-affiliated adult
primary care clinics located throughout Middle Tennessee (4
urban and 10 suburban clinics). An electronic health record
(EHR; Epic Systems Corp) stores al clinical data. Patients
receive accessto their clinical dataviaan integrated and highly
adopted patient portal, MHAV, that is accessible on desktops
and via a native mobile app for iOS and Android mobile
operating systems.

Participants are eligible for the study if they are a patient at a
participating primary care clinic and have T2DM, are currently
being treated with at |east one diabetes medication, are able to
speak and read in English, are 21 yearsor older, have an existing
MHAV account, and have reliable access to a desktop or |aptop
computer with internet access. We exclude patients living in
long-term carefacilities, patients with known cognitive deficits,
patients with a severe visual impairment, and patients currently
participating in another diabetes-related research study.

https://www.researchprotocol s.org/2021/5/€25955
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Onaroalling basis, potentially eligible patients are sel ected from
a randomly ordered list of established adult patients with
diabetesfrom participating clinic sitesand are sent arecruitment
letter describing the study. In addition, we also use My Research
at Vanderbilt to send the recruitment letter to current patient
portal users who elected to alow investigators to contact them
about research opportunities via email. Interested patients
contact a research assistant to learn more about the study. To
enroll, participants complete a web-based study eligibility
screener and electronic consent form on the web via REDCap
(Research Electronic Data Capture) version 5.0.8. [15].

Procedures and Randomization

A study coordinator contacts all enrolled participantsto review
study procedures, answer the remaining questions, and confirm
eligibility criteria. The enrolled participants are sent a baseline
guestionnaire via REDCap. After receiving the completed
baseline questionnaire, the study coordinator randomly assigns
participantsto 1 of 2 groups: (1) intervention or (2) usual care.
The randomization sequence was generated by the research
team biostatistician using a permuted block randomization
scheme stratified by clinic site and participants' age group (65
years and older vs younger than 65 years) to obtain balance
across treatment groups on key variables. The randomized
assignment for eligible participants is accessible only to the
study coordinator and biostatistician using the REDCap
randomization modul €; the other investigators are blinded. Once
a randomization assignment is finalized, participants in both
arms receive an email with their treatment assignment and an
explanation of how to navigate to features of MHAV specific
to their treatment group. Participants are asked to reply to the
email affirming that they can access MHAV and/or MDC in
accordance with their group assignment. Monthly quality
assurance checks are used to ensure that MDC is functioning
correctly (eg, displaying data correctly) and to ensurethefidelity
of theintervention.

A participant may withdraw from the study at any time by
notifying the study team. In addition, participants are withdrawn
from the study by the investigatorsif they do not complete the
baseline questionnaire needed for randomization. If aparticipant
is withdrawn from the study for any reason, they are notified,
and areason is provided.

I ntervention and Control

Participants randomized to the intervention arm are provided
access to a version of MHAV embedded with MDC, as
described in the Introduction section. Participants randomized
to the intervention are advised to view MDC on a desktop or
laptop device because the present version of MDC isnot mobile
friendly. Figure 2 shows a screenshot of MDC and illustrates
its features [16,17]. Participants randomized to the usual care
arm have access to the currently available version of MHAV,
whichincludesthe ability for patientsto review pertinent health
data, review medical information about their conditions, and
communicate with their health care team.
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Figure 2. My Diabetes Care screenshot and features. Stars across the top fill in when the patient's glycated hemoglobin, blood pressure, cholesterol,
or flu vaccine status are within goal range (ie, a value in the green zone on the infographic for each measure). Info icons provide a brief literacy-level
appropriate description of each measure. Infographics display health datarelative to agoal (green), caution (yellow), and warning (red) ranges. Patients
Like Meindicates the average value of similar patients (ie, Vanderbilt patients with diabetes of the same gender, age group, and insulin-use status), and
hovering over the icon reveals this description to the patient. Me indicates the patient's value, and hovering over the icon displays historical values.
Literacy-level appropriate educational materials (hyperlinks) are paired with each measure. Message Your Doctor allows patients to send a secure
message to members of their health care team. Online patient support community allows usersto navigate directly to the American Diabetes Association
(ADA) support community; a separate ADA account (username and password) is required. News Feeds provide newly published diabetes-related
content, including recipes, discoveries, and new medications. FAQ provides answersto frequently asked questionsregarding site features and navigation.
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Data Collection and M easures

Enrolled participantsreceive 3 study questionnairesviaREDCap
at the associated time points (Ty-T,): baseline questionnaire,
3-month follow-up questionnaire, and 6-month follow-up
guestionnaire. On the basis of pilot testing, we estimate thetime
to completion for the baseline questionnaire to be about 25
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minutes and 20 minutes each for the 3-month and 6-month
follow-up questionnaires. Participants are compensated US $40
for completing the enrollment questionnaire and US $35 each
for completing the 3-month and 6-month follow-up
guestionnaires.

To describe the study population at baseline, we collect the
following sociodemographic and clinical variables (Table 1).
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Health literacy isassessed by avalidated 1-item screener asking
respondents to rate their confidence independently filling out
medical forms [18,19]. Consistent with previous studies,
participants noting any lack of confidence are classified as
having limited health literacy [20,21]. eHedth literacy is
assessed by the 8-item eHealth Literacy Scale (eHEALS) [22].
The eHEAL Susesa5-point Likert scale ranging from strongly
disagree to strongly agree. Total scores range from 8 (worst)
to 40 (best). The presence of comorbidities (ie, hypertension
and hyperlipidemia) is assessed by 2 clinicians who
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independently review patients’ problem lists and medications
abstracted from the EHR, and disagreements are resolved by
consensus.

Table 2 showsthe primary and secondary outcomes and related
measures contained within the study questionnaires and their
associated time points. The same study measures are
administered to all participants in both arms, except for the
system use and user experience, which contain items unique to
the participants’ assigned condition (ie, intervention vs control).
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Table 1. Sociodemographic and clinical variables collected at baseline.

Variable and units or categories Form of collection

Age (years) Questionnaire
<35
35-44
45-54
55-64
65-74
75-84
=85
Ethnicity Questionnaire
Hispanic or Latino
Non-Hispanic or Latino
Race Questionnaire
White
Black or African American
American Indian or Alaska Native
Asian
Native Hawaiian or Other Pacific Islander
More than one race
Other
Gender Questionnaire
Female
Male
Other
Marital status Questionnaire
Never married
Married or partnered
Separated or divorced
Widowed
Education Questionnaire
8 gradesor less

Some high school

High school graduate or GED?
Some college or technical school
College graduate (bachelor’s degree)
Some graduate work or school
Graduate degree
Employment status Questionnaire
Working full-time: 35 hours or more aweek
Working part-time: less than 35 hours aweek
Unemployed or laid off and looking for work
Unemployed and not looking for work

Homemaker
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Variable and units or categories Form of collection

In school
Retired
Disabled: not able to work
Something else
Insurance Questionnaire
An individual plan: the member pays for the plan premium

A group plan through an employer or union: the employer pays al or part of the plan premium

US governmental health plan (eg, Military, CHAM PUSb, Veterans Affairs, Medicaid, and Medicare)

| have not had an insurance plan in the past 12 months

Diabetes duration Questionnaire
Years

Health literacy Questionnaire
Adequate
Limited

eHealth literacy Questionnaire

eHealth Literacy Scale score

Insulin status Questionnaire
No
Yes

Previous diabetes self-management education Questionnaire
No
Yes

Previousvisit with dietician or nutritionist Questionnaire
No

Yes

Comorbidities EHRS abstraction
Hyperlipidemia: no or yes
Hypertension: no or yes
Baseline clinical data EHR abstraction
Glycated hemoglobin (%)
Systolic blood pressure (mm Hg)
Diastolic blood pressure (mm Hg)
Mean arterial pressure (mm Hg)
Low-density lipoprotein (mg/dL)

2019-2020 influenza vaccination status. no or yes

8GED: Graduate Equivalency Degree.
PCHAMPUS: Civilian Health and Medical Program of the Uniformed Services.
°EHR: electronic health record.
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Table 2. Outcome measures.
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Outcomes Measures Variabletype Form of collection Time points
Primary outcome
Patient activation Patient Activation Measure-13 (R) [23] Continuous  Questionnaire T T2, and T,°
Secondary cognitive and behavioral outcomes
Diabetes self-efficacy Perceived Diabetes Self-Management Scale [24] Continuous Questionnaire To Ty, and Ty
Diabetesknowledge  Short Diabetes Knowledge Instrument [25] Continuous Questionnaire To Ty, and Ty
Diabetes self-care Summary of Diabetes Self-Care Activities [26] Continuous Questionnaire To Ty, and Ty
Diabetes medication  Adherence to Refills and Medications Scale for Diabetes[27]  Continuous Questionnaire To, Ty, and Ty
adherence
Diabetes distress Problem Areasin Diabetes Scale-5 [ 28] Continuous Questionnaire To Ty, and Ty
Understanding of dia=  Unique study-specific itemsto assess participants understanding Categorical Questionnaire To, Ty, and Ty
betes health measures  of measures of diabetes health status
Usability and satisfac-  System usability scale [29] Continuous Questionnaire To, Ty, and Ty
tion
System use data *  Number of MHAVY or MDCE visits Continuous System analytics T,
. Duration of MHAV or MDC visits (if available), self-
«  Number of MDC health data-rel ated tasks performed (eg, report
view most recent low-density lipoprotein value)
o Number of MDC information-seeking tasks performed
(eg, click links to embedded educational materials)
o Number of MHAV or MDC health management—rel ated
tasks performed (eg, utilization of embedded functionality
to secure message health care team)
o Number of MDC social support seeking tasks performed
(eg, click link to American Diabetes Association Online
Community)
User experience Unique study-specificitemsto assess participants’ perspectives Categorical Questionnaire To
on specific features and functionality and qualitative
Clinical endpoints Changein: Continuous  EHRf apgtraction  Tor T, ad Ty
Glycated hemoglobin

Low-density lipoproteins

« Blood pressure
o  Fluvaccination status

8T : baseline.

lez 3-month follow-up.

“T,: 6-month follow-up.

IMHAV: My Health at Vanderbilt.
°MDC: My Diabetes Care.

fEHR: electronic health record.

Outcome M easures

Patient Activation

The primary outcome measure isthe changein patient activation
as assessed by the Patient Activation Measure (R) (PAM) [23].
The 13-item PAM (R) survey uses a 4-point Likert scale of
response options ranging from strongly disagree to strongly
agree and has excellent internal consistency reliability (Cronbach
0=.87). The PAM-13 (R) survey item responses result in total
raw scores ranging from 13 to 52, which are converted to the
linear interval scale of patient activation scores, ranging from
0 (lowest activation) to 100 (highest activation).
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Diabetes Self-Efficacy

The Perceived Diabetes Self-Management Scale (PDSMS) is
used to measure diabetes self-efficacy (ie, how confident
participants feel about their ability to perform multiple
self-management tasks) [23]. The 8-item scale is scored on a
5-point Likert scale and has excellent internal consistency
reliability (Cronbach a=.83). The total PDSMS score ranges
from 810 40, with higher scoresindicating agreater confidence
in managing diabetes.
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Diabetes Knowledge

The Short Diabetes Knowledge Instrument (SDKI) is used to
measure diabetes knowledge, including diabetes diet,
hypoglycemia symptoms, foot care, and the importance of
physical activity [25]. The SDKI isa 13-item scale with scores
ranging from 0 to 13, representing the number of itemsanswered
correctly, and has demonstrated good internal consistency
reliability (Cronbach a=.73) in adiverse sample of older adults.

Diabetes Self-care

Change in diabetes self-care is measured using the Summary
of Diabetes Self-Care Activities (SDSCA) [26]. The SDSCA
is an 11-item questionnaire of diabetes self-management that
assesses the following 6 aspects of the diabetes self-care
regimen: general diet (2 items), specific diet (2 items), exercise
(2 items), blood glucose testing (2 items), foot care (2 items),
and smoking (1 item). Item responses use the metric days per
week, except for a single item about smoking status, which is
ayesor no item. Each of the 6 aspectsis assigned a mean score
based on the number of days per week.

Diabetes Medication Adherence

Changein diabetes medication adherenceis measured using the
Adherence to Refills and Medications Scae-Diabetes
(ARMS-D) [27]. The 11-item ARMS-D scale has excellent
internal consistency reliability (Cronbach a=.86). Responses
range from 1=none of the time to 4=all of the time and are
summed to generate an overall score ranging from 12 (best) to
48 (worst).

Diabetes Distress

The Problem Areas in Diabetes Scale (PAID-5) is used to
measure changes in diabetes distress [28]. The 5-item
unidimensional scale has scores ranging from 0 to 20, with
higher scores suggesting greater diabetes-related emotional
distress. The PAID-5 has excellent internal consistency
reliability (Cronbach 0=.86) and is associated with measures
of depression.

Understanding of Diabetes Health Measures

Unique study-specific items are used to measure patients
understanding of the diabetes health measures displayed within
MDC. For example, patients are asked to identify the goal range
for glycated hemoglobin (HbA ), low-density lipoprotein (LDL)
cholesterol, and systolic blood pressure.

Satisfaction With Usability

Usahility of MDC is assessed by the 10-item System Usability
Scale that measures users perceptions of ease of use, the
likability of theinterface, and overall satisfaction using a5-point
Likert scale (strongly disagreeto strongly agree) [29]. Theitem
scores are summed and then converted to a score ranging from
0 (worst) to 100 (best), with ascore above 68 considered above
average [30].

System Use Data

We are collecting MDC system use data, including the total
number of visits, total duration, and use of embedded
educational resources; secure messaging; participation in the

https://www.researchprotocol s.org/2021/5/€25955

Martinez et al

online patient support community; and hovers over the
information icon about diabetes health measures and diabetes
news feeds.

User Experience

User experience is assessed by unique study-specific
multiple-choice and open-ended questions that solicit
participants’ perspectives on specific MDC features and
functionality. For example, participants are asked to identify
which features, if any, helped them better understand their
diabetes health data and are asked to describe any problems
they encountered using MDC.

Clinical End Points

Change in the following clinical endpoints is assessed by
abstracting from the EHR the cl osest measurement on or before
To Ty, and T, time points for each of the following measures:
HbA ., blood pressure, LDL cholesterol, and flu vaccination
status. For the final time point (T,), we allow measures on or
before T, plus 2 weeks, as these measures can be reasonably
assumed to reflect the study period.

Data Analysis

Statistical Analysis Plan

The study is designed to evaluate the effects of MDC on patient
activation (primary analysis) and explore the effects on other
secondary cognitive and behavioral outcomes relative to the
control group. We will use mixed-effects regression models to
estimate potentialy time-varying intervention effects while
adjusting for the baseline measure of the outcome. Nonlinear
associations will be modeled with regression splines. The
mixed-effects model will use fixed effects for patient-level
characteristics and random effects for health care provider
variables, such as primary care physicians. We will provide
point estimates with Cls for each follow-up and graphically
depict our results. The analysis will follow a conservative
intention-to-treat principle, and participantswith missing values
will be included along with those with compl ete data. Multiple
imputation will be used to impute the missing values. The
analysis with multiple imputation assumes missing at random
(ie, the model properly handles missing data by including
covariates associated with reasons for dropout). The
characteristics of participants who do not complete the study
or do not comply with the treatment will be compared for both
conditions. Mixed-effect models will also be used to evaluate
the effects of MDC on secondary outcomes. For dichotomous
secondary outcomes, such asflu vaccination status, we will use
mixed-effects logistic regression. Given the smaller effective
size when modeling dichotomous outcomes, the model for the
dichotomous outcomes will not support as many covariates as
the model for continuous outcomes.

Primary Analysis

Wewill test theimpact of MDC on patient activation compared
with the control condition (Table 2). We hypothesize that
participants assigned to MDC will experience greater
improvements in patient activation than participants assigned
to the control condition.
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Secondary Analysis

In addition, we will test the effects of MDC on other behavioral
and cognitive outcomes (Table 2). Finaly, we will assess
whether participants assigned to MDC experience greater
improvements in HbA ., blood pressure, LDL, and influenza
vaccination status compared with those assigned to MHAV
only.

Sample Size and Power

Assuming an up to a 20% dropout rate, approximately 240
patients (approximately 120 in each arm) are expected to
complete the study. A conservative approach of a2-sided t test
performed at a5% significancelevel would detect an effect size
of 0.36 SDs for each continuous outcome with 80% power. In
the context of the primary outcome PAM (R) survey and
assuming acommon SD of 12 points, this would be equivalent
to detecting atrue mean difference of 4.4 points; 4-point changes
inthe PAM (R) are associated with positive changes concerning
particular diabetes self-care behaviors [31].

https://www.researchprotocol s.org/2021/5/€25955
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Results

Recruitment

Figure 3 shows the flowchart of the recruitment process.
Recruitment began in March 2020 and ended in May 2020.
Throughout the recruitment period, 4388 unique letters were
sent to patients identified as potentially eligible. Separately,
2609 unique emails were sent to patients who use MHAV and
previously agreed to be contacted by email about research
studies for which they might be eligible. Asit was not possible
for the study team to cross reference the list of those who were
sent letters against the list of those who were sent emails, some
overlap is possible. The letters and emails generated 702 visits
to the web-based REDCap eligibility screener, resulting in 576
completed screeners. Of the 576 complete screeners, 163
(28.3%) were ineligible and 413 (71.7%) were eligible. Of the
413 eligible screeners, 113 (27.4%) declined to participate and
300 (72.6%) were enrolled. We administratively withdrew 10%
(30/300) of those enrolled, and the remaining 270 participants
were randomized.
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Figure 3. Recruitment and enrollment flowchart. MHAV: My Health At Vanderbilt; MRAV: My Research At Vanderbilt; T2DM: type 2 diabetes

mellitus.

4388 Letters sent

702 Visits to eligibility

screener

576 Screeners completed

2609 Emails sent (MRAV)

163 Ineligible:
48 not a patientata
participating site
25 no T2DM
23 not on diabetes
medicines
7 participating in other

413 Eligible

300 Enrolled

diabetes-related study

4 memory impairment

2 no MHAV account

2 no computer with
internet access

1 severe visual
impairment

51 combination of two or
more of the above

113 Declined to participate

30 Withdrawn:
* 13 unable to contact
* 4 did not complete the

270 Randomized

Participants

Of those randomi zed, most (214/267, 80.1%) were non-Hispanic
White; 13.1% (35/267) were non-Hispanic Black; and 6.7%
(18/267) reported being of another race, including American
Indian or AlaskaNative, Asian, Native Hawaiian or other Pecific
Islander, more than one race, Hispanic Black, and Hispanic
White. In addition, 43.7% (118/270) reported being 65 years
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baseline questionnaire
13 determined to be

ineligible

or older. Furthermore, 10.1% (27/268) reported educational
attainment of a high school degree or less, 33.6% (90/268) had
limited health literacy, and 39.6% (106/268) had only a US
governmental health plan (eg, Military, Civilian Health and
Medical Program of the Uniformed Services, Veterans Affairs,
Medicaid, and Medicare). Approximately one-third (82/270,
30.4%) were taking insulin, the mean duration of diabetes was
12.5 (SD 8.6) years, and the mean HbA ;. level at baseline was

JMIR Res Protoc 2021 | vol. 10 | iss. 5 [€25955 | p.61
(page number not for citation purposes)


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

JMIR RESEARCH PROTOCOLS

7.1 (SD 1.3). The overall clinical population with diabetes has
a somewhat different demographic distribution: 66.49%
(5317/7997) are non-Hispanic White, 21.83%% (1754/7997)
are non-Hispanic Black, and 42.34% (3386/7997) are 65 years
or older. The mean HbA ;. of the 7997 patientswithin the overall
clinical population and alaboratory valuein the past 12 months
was 7.40. Asof October 2020, we have at |east 95.6% (258/270)
completion among participants through the 3-month follow-up
assessment.

Discussion

Principal Findings

Our study will be one of the very few RCTs to evaluate a
patient-facing diabetes digital health intervention delivered via
a patient portal. Although diabetes digital health interventions
have great potential, their impact has been limited due to the
difficulty in integrating the interventionsinto routine care [32].
By embedding MDC into Epic’'s MyChart platform with more
than 127 million patient health records[33], our interventionis
directly integrated into patients health care systems and is
highly scalable and sustainable. Unlikeindependent health apps,
patient portals, by their very nature, are integrated into routine
care and therefore offer greater potential for uptake and
sustained use [7]. The chalenge for health systems and
investigators is how to make the most of patient portals to
improve care.

We designed MDC to enhance and expand on existing aspects
of patient portals, including access to personal health data and
education, to better support diabetes self-management. Although
patient portals offer easy accessto personal health data, previous
research suggests that complex data displays—showing many
testsin small format on a single page without any indication of
their clinical significance—make it difficult for patientsto find
and correctly interpret a particular test result [7]. MDC uses a
simplified infographic to indicate normal, modestly abnormal,
and more severely abnormal results and literacy-level
appropriate materials to help patients better understand their
diabetes health data. Thus, this research will inform how
different data displays and user interface designs impact
patients’ ability to understand their personal health data.

Studies of other technol ogy-enabled diabetes self-management
solutions suggest additional strategiesthat may benefit patients
[32,34]. Theseinclude analysis of patient-generated health data
and tailored education and feedback [32,34]. To maximize
scalability and sustainability, functionality enabling these
strategies is best built directly into the EHR vendor’s patient
portal platform (eg, Epic’'s My Chart). Solutions built external
to the platform may be more challenging to integrate into routine
practice and run the risk of quickly becoming out of date and
requiring reprogramming when vendors release platform
updates. For this reason, we did not include these strategiesin
our intervention. However, EHR vendor solutionsare emerging
and may allow us to incorporate these additional patient
engagement strategies into future iterations of MDC [35].

We designed MDC to be usable by the greatest number of
patients, including those with limited health literacy [12].
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Limited health literacy is typically associated with worse
outcomes among patients with diabetes and can be a barrier to
patient portal use [36,37]. Previous research has shown that
patients with limited health literacy struggle to use patient
portals because of complex medical terminology and alack of
literacy-level appropriate health information [20,21]. Although
patient portals have the potential to worsen health inequities by
further advantaging well-educated patients with greater
resources, if designed and implemented appropriately, patient
portals also have the potential to lower health literacy demands
by ensuring that patients are presented with the health
information and resources in a format that is convenient and
easy to navigate and understand [38].

Our study population has a somewhat smaller proportion of
racia or ethnic minorities than the overall clinical population,
suggesting that additional strategies may be needed to increase
adoption among these groups. Digital navigators—trained staff
or volunteerswho assist patientsin accessing and learning how
to use technology to meet their needs—have been used to
increase patient portal adoption among vulnerable populations
[20,39]. Smartphone useisincreasingly common across different
socioeconomic and racia or ethnic backgrounds, and for patients
that lack broadband home internet connections, smartphones
may be their only way to access the internet [40]. Thus,
developing interventions suitable for mobile platforms may
reduce barriersto adoption. Since theinitiation of thistrial, we
have begun the devel opment of amobile-friendly version MDC
that we hope will further increase its utility and accessibility.

Finaly, given that racial and ethnic minorities are
disproportionately affected by T2DM, future studies of MDC
and other technology-delivered diabetes self-care interventions
should consider using oversampling techniques, as demonstrated
by Nelson et al [41,42], to recruit study populationsthat closely
represent the overall population of patients with T2DM. Doing
so will help ensure that technol ogy-delivered diabetes self-care
interventions are effective in the populations with the greatest
need and inform any revisions to those interventions and/or
their implementation needed to address disparities.

Limitations

This study has important limitations. It relies on self-reported
measures of patient activation and several secondary outcomes
that are subject to socia desirability and recall bias. However,
the chosen measures are validated, widely used, and accepted,
offering the advantage of being brief, inexpensive, and
unobtrusive compared with more objective measures. Our study
ispowered to examinethe effects of MDC on patient activation;
therefore, analyses examining the effects of other outcomes (eg,
self-care behaviorsand HbA ;) and comparing the effectsamong
subgroups (eg, patients with limited health literacy or poorly
controlled diabetes) may be very informative but may aso be
underpowered. We hope that this study will serve as apilot for
alarger definitivetrial evaluating the effect of MDC on clinical
endpoints. Should MDC prove effective at increasing patient
activation, the 6-month trial duration will not allow us to
determine if the effect istemporary or sustained. A longer trial
of ayear or more in duration is needed to examine sustained
effects. MDC is currently available only in English. This was
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necessary to increasethefeasibility of designing theintervention
and successfully completing thisinitial trial. However, diabetes
disproportionately affects Spanish-speaking groups, so
trandlation into Spanish will be an important goal, if MDC
should prove beneficial. Finaly, although patient portal
interventions offer the advantages of direct integration into
routine care, scalability, and sustainability, they are subject to
inequities in patient portal adoption [43] and may appeal to
more activated patients [44]. However, research shows that
patient portal adoption is increasing [10,45], and if designed
appropriately, patient portals could reduce health disparities

Martinez et al

portal users are morelikely to have internet access and a higher
level of education [47].

Conclusions

We expect that this study will help determine the effectiveness
of MDC in increasing patient activation among patients with
diabetes. Beyond this primary objective, we will also be able
to examine data on secondary cognitive, behavioral, and clinical
outcomes and users' perceptions of and satisfaction with the
intervention. Our findings and evolving patient portal
functionality will inform the continued development of the

intervention to best meet users’ needs and alarger trial focused
on the impact of MDC on clinical endpoints.

[38,46]. Moreover, recent research findsthat patient portal users
have similar levels of patient activation as nonusers, athough
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Abstract

Background: Inconsistent toilet usage is a continuing challenge in India. Despite the impact of social expectations on toilet
usage, few programs and studies have devel oped theoretically grounded norm-centric behavior change interventions to increase
toilet use in low-income settings.

Objective: The objective of this paper is to detail the rationale and design of an ex ante, parallel cluster-randomized trial
evaluating the impact of a demand-side, norm-centric behavior change intervention on exclusive toilet use and maintenance in
peri-urban Tamil Nadu, India.

Methods: Following formative research, we developed an evidence-based norm-centric behavior change intervention called
Nam Nalavazhvu (Tamil for “our well-being”). The multilevel intervention aims to improve toilet usage by shifting empirical
expectations or beliefs about other relevant people’'s sanitation practices. It also provides action-oriented information to aid
individuals to set goals and overcome barriers to own, consistently use, and maintain their toilets. Thistrial includes 76 wardsin
the Pudukkottai and Karur districts, where half were randomly assigned to receive the intervention and the remaining served as
counterfactuals.

Results: We enrolled wards and conducted a baseline survey among randomly selected individualsin all 76 wards. The 1-year
behavior change intervention is currently ongoing. At the endline, we will collect relevant data and compare results between
study armsto determine the impacts of the Nam Nalavazhvu intervention on sanitation-rel ated behavioral, health, and well-being
outcomes and potential moderators. This study is powered to detect differences in the prevalence of exclusive toilet use between
study arms. We are also conducting a process eval uation to understand the extent to which the intervention was implemented as
designed, given the specia pandemic context.

Conclusions: Findings from thistrial will inform norm-centric behavior change strategies to improve exclusive toilet usage.
Trial Registration: ClinicalTrials.gov NCT04269824; https.//www.clinicaltrials.gov/ct2/show/NCT04269824

International Registered Report Identifier (IRRID): DERR1-10.2196/24407
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Introduction

Study Rationale

Open defecation practices enable environmental contamination
and contribute to poor health, well-being, and safety globally
[1-3]. In the past decade, national sanitation programs, such as
the Swachh Bharat Mission (SBM), have significantly increased
coverage of private, shared, and public toilets to end persistent
open defecation practicesin India[4,5]. In addition, they have
promoted exclusive use or using a toilet every time for
defecation. Despite increased access to toilets, in many
communities, complex sociocultural norms, aong with
technological and financial barriers, prevent individuals from
using a toilet every time or exclusively using a toilet for
defecation purposes[6-8]. Recent behavior changeinterventions
designed to promotetoilet usein rural Indiayielded, on average,
a 5% increase in reported use amongst toilet owners, which is
comparable to results generated by SBM [9-11]. Sustaining
exclusivetoilet use among all household membersisanational
priority for the current SBM 2.0, also known as the Open
Defecation—Free plusscheme[12]. Thisisa so aligned with the
United Nations' Sustainable Development Goal 6.2, which calls
on countries to “achieve access to adequate and equitable
sanitation and hygienefor al and end open defecation” by 2030
[13].

Numerous studies have highlighted the importance of social
beliefs and preferences on toilet construction and adoption
[14-17]. Studies based in India found that several factors such
as sociocultural inequalities, access to resources, and
psychosocial determinants, such as perceived use among others
in one's community, impacted toilet ownership and use
[11,18-20]. Socia networks were aso found to be relevant: a
study in rural Karnataka showed that individuals were more
likely to own toilets if their social contacts owned one [21].
Following the achievements of SBM, in a context of high toilet
ownership and use, perceptions of others' toilet ownership and
approval might be particularly important motivators of
toilet-related behavior changein India[11,19].

Previous studies that assessed psychosocial determinants of
toilet use and included norm-based messaging to promotetoil et
use in India were primarily guided by Community-Led Total
Sanitation (CLTS); the Risks, Attitudes, Norms, Abilities, and
Self-regulation (RANAS) approach; or Behavior Centered
Design (BCD). These approaches include norms as one driver
of behavior but do not systematically evaluate and leverage
specific socia expectationsthat influence the norm [11,22-24].
It is not well understood whether the collective behavior of
toilet usage is conditional on social expectations held by
individuals. Social norms theory (SNT) uses a hovel norms
diagnostic approach to understand social expectations in
distinguishing between independent or socially interdependent
behaviors [25]. We based our theoretical investigation on SNT
to conduct formative research asthefirst part of the Longitudina
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Evaluation of Norms and Network Study (LENNS). We
specifically investigated whether toilet use behavior is driven
by beliefs that most other people are using one (empirical
expectations) or whether others think one should use it
(normative expectations) [26]. By measuring social expectations
and other social determinants, we determined that toilet useis
socially conditional on empirical expectations in these
communities (further detailsin following section). Thisallowed
us to leverage specific normative components to focus our
behavior change strategy.

This study protocol summarizes the rationale and methods of
acluster-randomized trial (CRT; LENNS) that aimsto evaluate
the impact of a multilevel, demand-side behavior change
intervention package called Nam Nalavazhvu on exclusivetoil et
use and maintenance. Prior studies have not explored
norm-based intervention techniques specificaly designed to
change empirical expectations of sanitation behaviors in
low-income communities. Findings from this multilevel
intervention can be used to adapt them for other communities
to shift norms around toilet use. There is limited evidence on
whether intervening upon empirical expectations of others
sanitation behaviors can lead to the emergence of normative
expectations of toilet use. This type of phenomenon is
theoretically plausible, and if demonstrated through this study,
our findings can lead to insights to inform the design of
norm-focused behavior change strategies [27,28]. Finaly, our
study isbased in peri-urban communities, which will add to the
currently limited sanitation literature regarding interventions
that benefit peri-urban populations [29-31].

Specific Aims

The primary research aim of thisstudy isto evaluate the impact
of the Nam Nalavazhvu intervention on behavioral and health
outcomes. The aim specifically focuses on the following:
exclusive toilet usage, defined as reported use of atoilet every

time for defecation among individuals aged 5 years and older
(primary outcome).

Secondary aimsinclude ng theimpact of theintervention
on the following: access to improved toilets (individual or
shared) for households without a toilet; maintenance of
sanitation facilities for sustained use; empirical expectations,
normative expectations, and other behavioral antecedents;
mental well-being of respondents; and diarrheal outcomes in
all household membersand respiratory health in children under
5years.

Methods

Study Setting

The study is being conducted in 76 wards in peri-urban areas
of Pudukkottai and Karur districtsin Tamil Nadu, India(Figure
1). The unit of randomization for this study was the ward, the
smallest administrative unit of atown panchayat. According to
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the 2011 Census, these are urbanizing districts, where in
Pudukkottai and Karur respectively, the residents were mainly
agricultural laborers (31% and 34%, respectively), workersin
industries (1.3% and 1.2%, respectively), and other private
businesses (16% and 43%, respectively). These districts consist
primarily of Hindus (88% and 93%, respectively) and aminority

Ashref et al

of Muslims (7.1% and 5.1%, respectively). Although both
districts were declared open defecation—free in October 2019,
there were variations in toilet coverage and use across
congtituent wards, which we captured through informal
conversations with officials.

Figure 1. Study sitesin Karur and Pudukkottai districts of Tamil Nadu, India.
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Study Design

The LENNS trial is an ex ante, parallel CRT. We will collect
data relevant to our research questions in both study arms and
compare results between the intervention and counterfactual
armsto determine theimpact of the intervention on the primary
and intermediate outcomes. This study is powered to detect
differences in the prevalence of exclusive toilet use between
study arms.

Clusters are defined as wards within purposively selected town
panchayats. Half of the clusters were randomized to receivethe
Nam Naavazhvu intervention, while the other half will not
receive any active intervention as part of the study. Prior to our
enrollment of study participants, we created a buffer zone,
minimally one ward in distance, between study clusters to
minimize spillover. Asthisstudy isbeing conducted in acontext
where the Indian government is actively implementing SBM,
both study arms may be subject to government-led sanitation
program activities.
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Treatment and control wards
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The Nam Nalavazhvu intervention is further detailed in the
following section. We co-designed this intervention with our
implementation partner, alocal nongovernmental organization
called Swasti. Prior to the CRT, we conducted a 3-month tria
of improved practices to test, refine, and revise our behavior
change intervention activities and materials among a separate
population in the same study districts (Figure 2). In the CRT,
theintervention will be implemented for 12 months. A baseline
and 1-year follow up survey will be used to assess the impact
of the intervention. We will also conduct a process evaluation
to determine the extent to which the intervention was
implemented as designed and identify successful pathways or
barriers to the adoption of improved sanitation behaviors. Our
process evaluation will assess fideity of intervention
implementation, reach, and contextual changes in community
and household conditions that may facilitate improved
behavioral adoption and outcomes. In addition, we will also
conduct qualitative research with respondents and stakehol ders
to assess exposure and dose received of theintervention. Further,
we aim to assess the extent of spillover in the control and the
adjacent wards using mixed-method research tools.
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Figure2. Summary of overall study design, including the timeline for impact eval uation to assess the effectiveness of the Nam Nalavazhvu intervention

in Tamil Nadu, India. HH: household.
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Rationale and For mative Research

The Nam Nalavazhvu intervention design leverages 2 years of
mixed-method formative research which included 2 rounds of
surveys with the following aims. (1) map social networks in
similar communities and (2) systematicaly diagnose the
collective behavior of toilet use with SNT. These sequential
assessments were conducted concurrently in both Bihar and
Tamil Nadu [26]. Specificaly, theformative research comprised
the following: asocial network survey (n=3370) to understand
the size, structure, and nature of social ties related to sanitation
behaviors and ownership; 18 focus group discussionswith men
and women, including young unmarried women and older
women to explore social and gender norms related to toilet
construction and use; and a social norms survey (n=5052) to
assess socia beliefs, expectations, and determinants of open
defecation.

As mentioned, the Nam Nalavazhvu intervention is based on
the SNT, which highlights the role of social expectations and
conditional preferences in guiding collective behaviors [25].
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includes 4 months of COVID-19 pandemic-related delays

We drew on previous literature and investigated known social
factors, such as preference for open defecation, perceived
barriers related to toilet ownership and maintenance, and
implications of social expectations of othersin one’scommunity
[32,33]. We measured social beliefs, along with empirical (what
others in their community do) and normative expectations
(beliefs about what others should do), related to toilet usage
and used the results to assess if toilet use was a socialy
interdependent behavior in Indian communities. Using vignettes
and regression analyses, we found that empirical expectations
were astrong driver of toilet use, while normative expectations
were not [26]. This suggested toilet use in this context was a
“descriptive norm” or an interdependent behavior where beliefs
of what most other people do influence one's behavior [25].
This is consistent with other recent studies that reported
empirical expectationsasasignificant psychosocia determinant
for toilet ownership [11,15]. Based on these findings, we
designed a theoretically grounded, evidence-based behavior
change intervention. We will evaluate its effectiveness on the
uptake of exclusive toilet use and maintenance through this
randomized trial.
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Theory and Evidence-Based I ntervention Design

Empirical expectations can be powerful drivers of human
behavior [34,35]. Norm nudging is a technique that aims to
changethe social expectations of animproved behavior of those
around the respondent, preferably relevant social members[27].
The key assumption is that compliance is conditional or
dependent on this change in expectation. Previous research to
improve proenvironmental behaviors showed that telling
individuals about their neighbors electricity consumption
reduced their own usage [36]. Using similar techniques, another
study successfully nudged hotel guests to reuse towels during
their stay [37]. Evidence also suggests that descriptive norm
messages are more effective when provided through
personalized normative feedback than through broadcasting
[38-4Q].

We synthesized the insights from our norm and social network
assessment in Tamil Nadu to employ a systematic, multistep
process to design the Nam Nalavazhvu intervention and used
a theory of change approach to do so [41]. We used problem
and solution tree analysis to depict causal streams of open
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defecation practices, including the sanitation-related social
norms that supported these practices. We used theory and
evidence to articulate the mechanisms through which change
and maintenance of improved behaviors may occur. Based on
the specific behavioral factors, we developed an
intervention-mapping matrix and identified potential intervention
techniques guided by Michie et al [42]. We acknowledged that
norm compliance for individuals is influenced by household,
community, and contextual factors by using a socioecological
framework [43]. By 2019, SBM had increased coverage of
toilets and had declared most states open defecation free [4].
We leveraged this context to disseminate descriptive norms
information about those with improved sanitation practices in
one’'scommunity to shift empirical expectations and encourage
others to conform to the norm of toilet use. We intentionally
did not focus on techniques that use injunctive norms or
perceived disapproval of others due to potential unintended
negative consequences; to leverage personalized normative
messages, we included techniques to engage community
members across gender and age groups (Figure 3) [26].

Figure 3. Theory of change for the Nam Nalavazhvu behavior change intervention, Tamil Nadu, India 2020
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Description of Intervention

Nam Nalavazhvu means* our well-being” in Tamil and reflects
a demand-side, norm-centric intervention designed to improve
exclusive use of sanitation facilities for defecation purposes.
Intervention activities focus on shifting empirical expectations
by broadcasting improved sanitation behavior of relevant others
in the community through activities at all levels and capacity
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building and increased action knowledge through expanded
social networksand access at the group level. The program will
not directly provide hardware or build toilets but actively address
opportunity limitations. Details of the intervention design
process aswell asthetheoretical and behavioral framework will
be published in separate forthcoming articles.

Thismultilevel intervention includes activities at theindividual,
household, group, and ward levels (Textbox 1).
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Textbox 1. Nam Nalavazhvu intervention activities for the peri-urban area, Tamil Nadu.

Ward level
e Community mobilization and public commitment events
o  Massaudio broadcasting descriptive information

«  Wall paintings promoting toilet ownership and use

Group level

o Peerlearning sessions

Household level
«  Tailored counseling sessions with household members

«  Visual signals of improved sanitation practices

Theindividual level, in concurrence with household counseling sessions

o Descriptive norm messages delivered to social network members via community influencers

«  Personalized advice, including information regarding similar others' practices

Descriptive | nformation Dissemination and Capacity
Building

To update empirical expectations regarding others' improved
sanitation practices, we will periodicaly collect information
about sanitation practicesfrom all householdsin study clusters.
We will then disseminate related descriptive norm information
during community events, household visits, and via text
messages from peers in socia groups. Action knowledge and
socia connections between ward memberswill beincreased by
connecting neighbors, outreach workers, and similar individuals
in the ward who have adopted improved sanitation practices
through events and activities. Information about available
financial schemes, sanitation markets, and masons will be
provided, and the outreach workers will assist in setting goals
and taking steps to make progress towards them. Details of the
activities are described in the following sections.

Ward L evel

Prior to the intervention delivery, ward outreach workers will
meet local stakeholders to conduct a social and resource
mapping to engage them, foster support for the project goals,
and identify influencers who can be leveraged during the
activities. Preliminary meetings will be conducted with these
influencers (eg, teachers, religious leaders, self-help group
coordinators) to mobilize them. Ward outreach workers will
also leave their contact cards to establish communication
channels.

Roving Audio Announcements

Automobileswith loudspeakerswill announce the launch of the
program and invite community membersto group sessions and
community events. The audio content will include customized
jingles to promote toilet use and later disseminate ward level
dataregarding peopl € sactual and intended sanitation practices.

Wall Paintings
Wall paintings (6 x 4 feet) will be used in at least four public
locations per ward. Permissions will be secured from required
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private or government officialsto paint the publicly visiblewall.
The motto, tagline, and norm-centric images will be painted to
encourage others to “join the proud toilet owners”

Community Mobilization and Commitment Events

Participants will include influential political and community
leaders to applaud exclusive toil et users and promote improved
sanitation practices. Messages will highlight the change
happening in their communities and the benefits of using atoilet
for families, and facilitate a public commitment to exclusive
toilet use. These messageswill reinforce those heard by residents
through other group and household activities.

Group Level

Peer Learning Session

Six to eight sex-segregated groups will be convened in each
ward over 1 year to facilitate social networking between toilet
users and nontoilet users. The outreach worker’s supervisor will
facilitate these 60-90—minute sessions. The facilitator will use
social and behavior change communication materials (eg, story
cards, video content) to enable norm-focused conversationsand
information sharing among group members on the access of
sanitation markets, barrier identification, planning, and coping
by discussing personal experiences, challenges, and solutions
regarding target sanitation practices. Peer-to-peer knowledge
sharing will be encouraged.

Social Media to Reference Networks

Influential community memberswho are active on social media
will be recruited as volunteer promoters or advocates. We will
invite them to use their socia media groups to send key
messages promoted by the project. The LENNS team will
develop messages and monitor their deployment as per the
schedule. These advocates will also use their socia groups to
broadcast testimonials from toilet adopters, and related
community events and activities.
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Household L evel

Household Counsedling Visits

Household counseling will allow outreach workers to acquire
information about the household’s potential for change. The
outreach workers will communicate ward-specific toilet use of
similar households to motivate change. Flipbooks and story
cardswill be used to engage and motivate household members.
The outreach worker will counsel them on how to achieve their
goals by mapping out the next steps using goal cards. These
households will also be informed of their neighbors’ improved
practices. Ward outreach workers will focus on those lagging
behind to motivate them to change, pointing out others like
them who aready have.

Visual Signalsof Improved Practices

Improved behaviors of neighbors will be signaled using bright
decalsor stickers, placed in public view on the household wall.
These aim to serve as a goal and a source of pride for the
househol ds who receive and display them.

During thetrial of improved practices, weincorporated feedback
from community members and pilot intervention recipients to
ensure the feasibility, appropriateness, and acceptability of the
content, and the delivery mechanism of the Nam Nalavazhvu
intervention activities. Notably, we confirmed that signaling
toilet ownership and use through stickers, household visits,
group meetings, and testimonia swere acceptable and perceived
as encouraging and aspirational. We ensured that all content
used positive framing and included engagements with
community stakeholders to collaboratively host group and
community events. We also assessed whether incentives were
necessary for the influencers, and found they preferred
nonmonetary compensation or incentives. We plan to recognize
them at community events for their work, present them with a
volunteer experience certificate, and invite them to group
sessions held as a part of the intervention activities.

The implementation team is hired and managed by Swasti.
Investigators at the Center for Social Norms and Behavioral
Dynamics (CSNBD) at the University of Pennsylvania will
provide training, technical input, and oversight to the
implementation process. The main delivery agent will be ward
outreach workerswho areresidents of theward with aminimum
of 12 years of formal education. Field supervisors will help
organize and facilitate group and ward-level activities. In
addition, the study will include influential members from the
community to disseminate promotional and motivational
messages to their social networks.

Participation in these activities will be voluntary. The audio
announcements and visual cues or paintings in public spaces
will be apparent during the intervention. Ward outreach workers
will consider any requests to adjust the recipient's level
engagement in the activities to ensure the consent and comfort
of participants.

Public I nvolvement

Asmentioned in theintervention details, members of the public
will be used to disseminate promotional messagesthrough social
media, using decals, active participation in groups and
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community events. During the pil ot phase, we a so incorporated
their feedback for improving intervention delivery techniques
and platforms prior to thetrial.

Eligibility Criteria

We randomly selected 5 town panchayats from each district.
Researchers visited several wards with local Swasti officiasto
ensure they reflected the generalized peri-urban setting. To
identify potential study wards within these town panchayats,
we met local executive officers to assess ward maps. We used
the following exclusion criteria: commercialized wards with
few residential households, urbanized wards with known high
or complete coverage of improved toilet access according to
town panchayat official records, and wardswhich bordered two
or more adjoining wards (to reduce spillover).

Our sampling frame excluded town panchayats where we piloted
our interventions (n=3) or those where we did not receive
permission to proceed due to political concerns (n=1).

The unit of randomization for this CRT was the ward. The
demarcation of the ward was derived from the 2011 census
conducted by the Ministry of Home Affairs of the Government
of India [34]. Trained field teams generated ward maps to
delineate the ward boundaries, confirmed it with residents, and
ensured a buffer zone. We a so engaged ward-level stakeholders
to assist in the mapping process and gain accessto communities.
From the ward maps, we identified the adjoining wards, which
sharethe bordersand excluded 1 from thelist of potential wards
to ensure we reduced the possibility of spillover between
clusters. Of the total of 153 wards considered in 10 town
panchayats, we found 79 eligible wards based on our criteria.
We selected a random sample of 76 wards to include in our
study. These wards are more representative of residential
peri-urban wards in Tamil Nadu. As the treatment arm was
randomly selected, we do not expect to find systematic
differences between the treatment and control arms. Following
thisexercise, aminimum of 1 km distance was ensured between
theresidential unitsin each cluster.

All ward residents from intervention clusters are eligible to
participate in the intervention activities. For data collection,
field workers surveyed randomly selected household members
who were 18 years or above, planned to residein that household
continuously for the next year, and were willing and able to
participate.

Selection and Assignment of I nterventions

Following the baseline data collection, a coinvestigator (UD)
randomly assigned the wardsto counterfactual and intervention
armsin al:1 ratio, using a computer-generated randomization
sequence. Therandomization was geographically pair-matched
within each town panchayat (Multimedia Appendix 1).
Balancing the study arms across geography will alow us to
adjust for spatialy clustered features or events that may be
associated with our outcome. Given the nature of the
intervention, the study investigators and the participants will
not be masked to the intervention assignment. The data
collection team will be masked to the treatment assignment.
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Recruitment

Trained enumerators conducted a listing exercise to generate a
sampling frame of digible individuals within each ward.
Enumerators approached the household and asked the selected
individuals if they would consent to participate in the study. If
the selected individual was absent or unavailable, up to three
repeat visits were made to enroll them. If unsuccessful, the
enumerators approached the next randomly selected individual
from that cluster. Following randomization, households in
intervention wards were enrolled following an oral consent
process.

The individuals enrolled in qualitative studies will be
purposively selected from intervention wards to address relevant
research questions. Those sampled from the counterfactual
wards will allow us to investigate spillover of the Nam
Nalavazhvu intervention.

Sample Size

This study is powered to detect differencesin the prevalence of
exclusive toilet use between study arms. Measuring exclusive
useisproblematic dueto recall and desirability bias. Asaresult,
during our formative research phase, we asked individual s about
their defecation place the last time they needed to defecate
during 2 rounds of data collection conducted 8 months apart.
We incorporated the correlation between these 2 measures in
our sample size cal culation. We powered our study at 80% based
on the prevalence of reported toilet use during last defecation
in peri-urban Tamil Nadu (estimated at 64.4% in 2018) and
assumed a 10-percentage-point improvement as the minimum
important effect [26]. To detect such a minima effect in
exclusive toilet use (given an observed intracluster correlation
of 11% and correlation of last use with the one measured in the
fall of 2017 of 47.5%) [26], we estimated a requirement of 76
clusters (38 clusters per arm). We require 30 individuals per
cluster. Assuming 10% loss to follow-up, we will engage 34
individuals per cluster for a total of 2280 individuals. As we
will collect household level toilet usage data, we will have data
for moreindividuals beyond the actual number of respondents.

Study Outcomes and M easures

We will evaluate these outcomes at baseline and at endline in
both the intervention and counterfactual clusters 1 year after
the intervention implementation using verbal surveys. We will
characterize  sanitation facilities using standardized
categorizations through direct observations.

Primary Outcome

The primary outcome will be the proportion of households
where all members (18 years or older) exclusively use atoilet
every timethey defecate. We will combine responsesto several
self-reported toilet use behaviors to determine exclusive toilet
usein the previous 2 days. Wewill also observetoiletsto check
for signs of use (Multimedia Appendix 2).

Secondary Outcomes

There will be 5 secondary outcomes: (1) presence and access
to improved toilets will be assessed using standard questions,
while spot observations of toilets will be used to assess
maintenance, functionality, and recent use; (2) mental well-being
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will be measured using The 5-item World Health Organization
Well-Being Index (WHO-5); (3) diarrheal disease for all
household memberswill be measured using the WHO definition
of three or moreloose stoolsin a24-hour period, with or without
the presence of blood; (4) respiratory illness for children under
5yearswill be measured using reported cough and/or difficulty
breathing or shortness of breath according to the WHO's
Integrated Management of Childhood illness;, and (5)
intermediate behavioral antecedents such as empirical
expectations (ie, what other people do), normative expectations
(ie, what other people think one should do) of prevalence of
toilet ownership, exclusive use, and maintenance will be
measured using tested indicators (see Multimedia Appendix 2)

Data Collection

Randomly selected individuals were enrolled for the impact
evaluation. They responded to a baseline survey and will be
approached to complete a 1-year follow-up survey administered
by trained enumerators. The enumerators will be masked to the
intervention assignment. However, given the nature of the
intervention, they might observe Nam Nalavazhvu intervention
products in the household during the follow-up survey.

We enrolled 34 respondents from each cluster and will attempt
to reinterview them at endline. We will consider respondents
lost to follow-up if any of the following occur: they refuse to
participate in the follow-up survey, they relocate elsewhere
outside the intervention ward, or the field team is unable to
reach them after 3 attempts during data collection. We will
replace respondents lost to follow-up by recruiting additional
respondents from the sampling frame of the ward. We will
ensure 34 respondents per ward at the endline to have adequate
power to conduct cross-sectional posttest design analysis.

CSNBD researcherswill work with trainersto conduct a 10-day
training session prior to each survey round. Thetraining sessions
will be conducted in Tamil. Prior to the baseline survey, the
instrument was administered to respondents similar to the target
group to ensure comprehension. We incorporated feedback to
clarify language, framing, answer choices, and administration
of the survey. The survey data were collected using personal
handheld devices. These electronic surveys were tested to
address issues with data capture, skip patterns, and validity
checks for each item in a pilot study. Quality assurance steps
were taken to improve data accuracy and included regular
field-level data checks and dual data capture of objective
measures from a subset of households by field supervisors.
Researchersfrom CSNBD al so visited the study sitesrandomly
to assess the situation pertaining to the survey. Weekly phone
meetings were conducted with the data collection agency to
ensure the quality of data.

Theimplementation partner will collect routine monitoring data
to captureinformation about intervention fidelity and exposure.
Wewill take stepsto ensure that they do not involve participants
enrolled in the impact evaluation to reduce participant fatigue.

We will conduct 3 rounds of qualitative data collection as part
of the process documentation for this study. These will be at 3
months, 6 months, and 1 year after the start of the intervention
and will assess participant response, acceptability, and the
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beliefs about the improved sanitation behavior among
respondents in the intervention and counterfactual groups.
Trained qualitative researcherswill conduct in-depth interviews
and focus group discussions with purposively selected
respondents in intervention clusters to assess their interaction
and experience with the Nam Nalavazhvu intervention. We will
use semistructured questionnaires, memos, and note-taking to
record observations and will record interviews as required.
Verbal consent will betaken before every data collection activity
except for observations made in public spaces. Results from
thisqualitative investigation will be used to interpret the impact
of theintervention.

Data M anagement

All survey datawill be transmitted through secured serversand
stored in password-protected folders in the Penn+Box (The
University of Pennsylvania). To protect confidentiaity, all
subjects will be deidentified for analysis. Data will only be
accessibleto University of Pennsylvaniafaculty, staff, and data
management personnel.

Statistical Analyses

We will use intention-to-treat analyses to assess the difference
in specific outcomes between study arms after exposure to 1
year of the Nam Nalavazhvu intervention. For most of the
outcomes, wewill usealog-binomial regression model to assess
prevalence ratios of postintervention sanitation-related outcomes
across intervention groups. We will consider adjusting for
variables that were imbalanced between the groups at baseline
in adjusted models. We will also use generalized estimating
equations with robust SEs to account for the clustering of
observations within each cluster (ward). We will use
postestimation commands to estimate and report the average
marginal effects. We will not adjust P values based on multiple
comparisons.

In additional analyses, we will use appropriate multivariate
models to assess the impact of the intervention on secondary
outcomes. Both unadjusted and adjusted effect estimates will
be reported for al outcomes. Following the process evaluation
findings, if fidelity or intervention quality are found to vary
considerably inthetrial, wewill consider a per-protocol or other
appropriate analysisto assesstheimpact of the Nam Nalavazhvu
intervention on our outcomes of interest. The analyses will be
conducted by the scientific team (SA, AS, UD, JK, CB) with
statistical software including R (The R Project for Statistical
Computing) and Stata (StataCorp).

Qualitative data will be collected until saturation is reached.
Wewill validate key findings using triangul ation of data across
multiple data sources. We plan to conduct gender-stratified
analysesto understand challengesto adoption of exclusivetoilet

usage.
Ethics and Dissemination

The ethics review board at the University of Pennsylvania
(ingtitutiona review board protocol no. 833854) and the Catalyst
Foundation in India reviewed and approved this research
protocol. The tria is registered with ClinicaTrias.gov
(NCT04269824). All amendments and protocol modifications
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will be updated there. All enrolled study communities provided
verbal consent to enroll in the study. Surveyed individuas
provided informed consent. This consent process was conducted
inthelocal language, Tamil. Participantswill receive messages
that may encourage them to improve their sanitation conditions
or practices. Our assessment is that the benefits to study
participation outweigh the minimal risks. Deidentified datawill
be used during analysis.

Research findings will be disseminated through presentations
at conferences and submitted to peer-reviewed journalsfor open
access. Our results will be shared with relevant local
stakehol ders through community-based meetingsin participating
wards through presentations made to the district and state level
officialsin Tamil Nadu.

Data Monitoring, Reporting Harms, and Auditing

Theresearch team (SA, KC, AS, UD) has text message groups
and weekly calls with the implementation partner to discuss
progress and issues from the field, including adverse events, so
that prompt action can be taken. No harm is anticipated to the
intervention recipients in this study. There are no plans for a
data monitoring committee or audits for thistrial.

Results

This study completed its baseline survey in January 2020.
Endline assessments are planned for July 2021. Results are
anticipated to be published by the end of 2022.

Discussion

This study will evauate the effectiveness of the Nam
Na avazhvu intervention, a demand-side, descriptive norm- and
network-centric intervention approach that aims to shift
empirical expectations on targeted sanitation behaviors. Our
behavior change communication approach employs dynamic
signaling (ie, dissemination of descriptiveinformation regarding
others actual or intended improved sanitation practices) and
reflects astrategy that isnovel to the sanitation sector but which
has been effective in changing a variety of behaviors, such as
water use, drinking behavior, and energy consumption
[36,44-46]. Evaluating the impact of such an approach may
have widespread implications for policy and practice for
sanitation programs in India and beyond if the intervention
proves effective in improving sanitation behaviorsvia changing
people’ sempirical expectations. Our plan to aso track normative
expectations will also alow us to determine whether an
intervention focused on shifting of empirical expectations has
spillover effects on normative expectations.

Evidence from this study will address knowledge gaps regarding
the application and effectiveness of anorm-diagnostic approach
in the design of behavior change strategies that intervene upon
the socia determinants of collective sanitation behaviors. The
intervention uses outreach workers and social media users to
deploy most of its messages. Understanding the transmission
of messages during household visits, peer learning sessions,
and text messages will inform recommendations on the
feasibility and effectiveness of using these platforms for
norm-centric interventions. Insights generated in this study may
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generally contributeto the tool s avail able to address descriptive
norms for community-based interventions.

Limitations of this CRT include the use of wards as clustersin
peri-urban communities. Although these are the smallest
geographic operational units, some boundaries in specific
districts were redrawn following the start of the intervention,
leading to concerns about spillovers across buffer areas. Two
critical  country-specific incidences are impacting the
implementation of the interventions. One is the highly

Ashref et al

contentious Citizens Amendment Act passed in December 2019
that led to nationwide protests in India. In our study, it led to
refusals by households in predominantly Muslim wards, who
resisted participating in any study that includes survey-based
instruments. Secondly, the ongoing COVID-19 pandemic has
led to considerable interruption in the implementation of
group-level intervention activities. These aspects are being
assessed through our process evaluation and will inform the
interpretation of the results from this CRT.
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Abstract

Background: Inadequate diets and life-threatening infections have profound adverse implications for child growth, development,
and survival, particularly among indigenous peoples. Evidence of the effectiveness of community-based nutrition education
interventions in improving child feeding and nutrition outcomes among indigenous Mbororo population in Cameroon is scarce.

Objective: This study aims to investigate the impact of culturally tailored community-based nutrition education intervention
on caregivers knowledge, attitude, and practice regarding complementary feeding and on nutrition outcomes of indigenous
Mbororo children (aged 3-59 months) in the Foumban and Galim health districts of the West Region of Cameroon.

Methods: A two-arm cluster randomized controlled trial will be conducted in the Foumban Health District and Galim Health
District. The intervention and control arms will each comprise 5 clusters with 121 child—caregiver pairs. Participants in the
intervention arm will be organized into 5 caregivers peer-support platforms. A total of 12 educational sessions will be assigned
to theintervention group by trained female Mbororo nutrition volunteers (n=6) and community health workers (n=6). The control
arm will receive routine facility-based nutrition education. Data will be collected at 3-month and 6-month follow-up. Both
descriptive statistics and multivariate logistic models will be used to estimate the effect of culturally tailored community-based
nutrition education intervention (independent variable) on outcome variables (caregivers' knowledge, attitude, and practice),
child growth (weight, height/length, weight for age), and morbidity status (diarrhea, cough, and fever) between both arms. Data
assessors will be blinded to the group allocation. Ethical approval (reference no. 2019/1002-07/UB/SG/IRB/FHS) was obtained
from the Faculty of Health Sciences Institutional Review Board at the University of Buea.

Results: Baseline data were collected in September 2019. In February 2020, 10 Mbororo communities (clusters) with 242
child—caregiver pairswere selected and all ocated to the experimental and control armin a1:1 ratio. Community nutrition volunteers
(n=6) and community health workers (n=6) were selected and trained. Data collection and analysis are ongoing, and results are
not available for this manuscript.

Conclusions: Thefindings of this study will provide evidence on theimpact of culturally tailored and health belief model—based
nutrition education on behavior change as a complementary strategy for strengthening health facility—based approaches in the
reduction of malnutrition burden among the study population

International Registered Report Identifier (IRRID): DERR1-10.2196/23115
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Introduction

Every year, 5.6 million children die before their fifth birthday,
with 80% of these deaths occurring in sub-Saharan Africa and
Asia[1]. Malnutrition accounts for more than 45% of all child
deaths globally [2]. Thus, achieving the Sustainable
Development Goal Target 2.2 [3] of ending al forms of
malnutrition will significantly contribute to the reduction of
child mortality to 25 deaths per 1000 live birthsin every country
by 2030 [3]. Effective malnutrition reduction strategies hinge
largely on reducing key underlying factors, particularly among
those groupsidentified as high-risk according to evidence-based
approaches [4].

Poor dietsand life-threatening infections during childhood, such
asdiarrheaand pneumonia, are theimmediate and major causes
of childhood undernutrition in developing countries[1,5]. Low
maternal socioeconomic status, inadequate nutrition capacity,
limited access to hedth care, and poverty are important
contributing factors [1]. In particular, inadequate maternal
knowledge regarding exclusive breastfeeding and
complementary feeding practices has been implicated in
childhood undernutrition [5,6]. In Cameroon, more than half of
children aged 6-23 months do not receive adequate
complementary feeding, and only 33% of these children receive
the minimum dietary diversity [7]. Improving
mothers' /caregivers’ child-feeding behavior isthusan important
target and has the potential to improve child nutritional status
and survival.

Community - based programs are unique platforms for the
delivery of nutrition interventions [8]. Pooled analyses show
that home-based and community-based nutrition education
interventions for mothers improve the nutritional status of
children younger than 5 years in developing countries [9,10].
Similarly, hygiene counseling components of interventions
significantly decrease diarrhea episodes and dysentery among
children younger than 5 years [11]. Intervention delivery
strategies, such as home visiting, conducting group meetings
of caregivers and community leaders, providing education
regularly, and the use of cooking demonstrations, have been
shown to produce positive outcomes [9].

In Cameroon, the nutrition education for mothers is
predominantly facility based. Within the context of a weak

https://www.researchprotocols.org/2021/5/€23115

health care system, characterized by low coverage,
underresourcing, and workforce shortage[12], community-based
strategies are needed to complement and strengthen
facility-based approaches. Further, facility-based education
often fails to adequately address context-specific barriers to
behavior change. M oreover, the potential for community-based
nutrition education targeting the Mbororo population in
Cameroon has not been adequately explored. As an ethnic
minority indigenous people [13], the Mbororo reside
predominantly in hard-to-reach rura settings where child
malnutrition rates are disproportionately higher [7]. It isworth
nothing that indigenous children experience higher
nutrition-related problemsthan their nonindigenous counterparts
worldwide[14,15]. It is against this background that this study
is designed to evaluate the effect of a nutrition education
intervention on caregivers’ nutrition-related knowledge, attitude,
and practice (KAP) and nutrition outcomes of indigenous
Mbororo children younger than 5 years in the study area. The
study design is informed by the hedth belief model and
contextua realities of the target community obtained from the
formative study. The study isinnovative and culturally tailored
to ensure acceptability and sustainability. The findings will
contribute to the growing body of evidence on community-based
nutrition education for behavior change as a complementary
strategy for strengthening health care systems and achieving
overall child health—related goals in Cameroon.

Methods

Trial Registration Status

The protocol was submitted to the Wealth Health Organization
(WHO) Pan Africa Clinical Trial Registry in South Africafor
review. Feedback istill being awaited. Thelast correspondence
was on July 4, 2020.

Trial Design

As presented in Figure 1, this is a 2-arm parallel intervention
study designed as a cluster randomized controlled trial. The
randomization units will be clusters to prevent contamination
between the experimental and control ams. A
computer-generated list of 10 randomly selected clusters will
be produced and placed in sealed, opagque envelopes.
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Figure 1. Flow chart showing cluster randomization and follow-up for the nutrition, water, sanitation, and hygiene (Nu-Wash) model.

Foumban and Galim Health Districts
(10 clusters with 242 child—caregiver pairs)

Baseline data collection

Randomization

(Clusters)

Experimental arm
5 clusters with 121 child—caregiver pairs
(Intervention)

o

Control arm
5 clusters with 121 child—caregiver pairs
(No intervention)

(—[ 3- and 6-months’ follow-up ] _—

[ Midline and endline data collection and analysis ]

The clusters will be alocated in a 1:1 ratio in both arms. The
study will be single blinded, as only the data assessors (data
collectors and analysts) will be blinded to the group allocations.
Within each cluster, children and caregivers meeting the
inclusion criteria will be recruited for the study. Informed
consent and assent will be obtained from caregivers before the
intervention. Caregivers in the experimental arm will receive
nutritional education under the nutrition, water, sanitation, and
hygiene (Nu-WASH) model, and caregiversin the control arm
will be exposed to routine nutrition education offered by health
staff in the study area. Data will be collected at 3-month and
6-month follow-up.

Trial Setting

The study will be conducted in the West Region of Cameron
with an estimated population of 1,785,285 inhabitants and a

surface area of 13,960 km? [16]. The populationislargely rural
and relies on agro- and commercial businesses for livelihoods
and income. The region is host to severa cultural groupings,
including theindigenous Mbororo peoples, whoresidein larger
communitiesin the Bangouraim, Bangante, Foumban, Foumbot,
Kouoptamo, Galim, and Mbouda health districts of the region.
Foumban Hedlth District and Galim Health District were
randomly selected for the study.

Study Participants: Inclusion and Exclusion Criteria

The study will comprise Mbororo children and their primary
caregivers sel ected from 10 participating Mbororo communities
in the Foumban Health District and Galim Health District.
Participants enrolled in the study will include Mbororo
households with child—caregiver pairs who participated at
baseline data collection and who meet the following inclusion
criteria: the children should be between 3 and 59 months of age,
while their female primary caregivers should have 6 months

https://www.researchprotocols.org/2021/5/€23115

[ Midline and endline data collection and analysis ]

minimum residence status, no intention to leave before the end
of the study, and have provided their verbal or written informed
consent and assent to participate in the study. Mbororo
households without children younger than 5 years, those who
did not participate at baseline data collection, those without
permanent residence, children and caregivers who become
seriously sick, and caregivers who refuse to participate in the
study will be excluded.

Sample Size Deter mination

The following formula for comparing 2 groups [17] was used
for the calculation of the minimum sample size (n):

]

where z,,, = 715, = 1.44 (from z score table), ZP/2 = zy 15 =
0.75 (from z score table at 75%), P,= 0.32, P, = 0.22, P,—P, =
pooled prevalence (prevalence in intervention group [P1] +
prevalence in control group [P2]/2):

@

Considering the 10% nonresponse rate, the sample size (n) was
adjusted to 242.

Sampling Strategy for the Trial

A multistage sampling approach, using probability and
nonprobability sampling methods, was used to select the study
sitesand population asillustrated in Figure 2. In thefirst stage,
Galim Health District and Foumban Health District were
selected randomly by lottery method from the 7 health districts
with the highest Mbororo populations. In the second stage, 7
health areas were purposively selected, and a list of Mbororo
communities (n=23) was established.
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Figure 2. Flow chart of multistage sampling strategy for the intervention.
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Bafang, Baham, Bandja, Bandjoun, Bamendjou, Bangante, Bangouraim,
Batcham, Dschang, Foumban, Foumbot, Galim, Kekem, Kouoptamo,
Malantouen, Mbouda, Mifi, Penka Michel, Sancho

West Region
20 health districts

!

Purposive sampling

7 health districts
Bangante. Bangouraim, Foumban,
Foumbot, Galim, Kouoptamo, Mbouda

b
-

Eandom sampling

Foumban Health District
23 Health Areas

Purposive sampling ————— =

/\

Galim Health District
9 Health Areas

4 health areas

(14 Mbororo communities)

Bafole, Mambain, Mancha, Mataket

3 health areas
Bamenjing, Galim, Menfoung
{7 Mbororo communities)

Random sampling

l

¥

9 Mbororo communities

6 Mbororo communities

Random sampling

=

10 Mbororo communities (clusters)

(242 households with child—caregiver pairs)

Randomization

,/\

Intervention arm
5 Clusters

(121 households with child—caregiver pairs)

Control arm
5 Clusters
(121 households with child—caregiver pairs)

Intervention

Our Nu-WASH model comprises nutrition, and water, sanitation,
and hygiene components. The nutrition component includesthe
following: complementary feeding, which involvesthe nutrition
needs for young children; benefits of continuous breastfeeding
for up to 24 months of child age; nutritional value of locally
available plant-based and animal-based food items; dietary
diversity (nutrient-rich homemade recipes); benefits and
challenges of adequate complementary feeding practices, and
susceptibility to, and severity of, child undernutrition. The
WASH component, aimed at improving caregivers WASH
knowledge and practices, will include the following:
WASH-related childhood diseases, including causes,
susceptibility, and severity; water quality, including point-of-use
household drinking water treatment (boiling and filtration), and
safe storage; environmental sanitation, including safe collection
of child feces; persona hygiene, including proper hand washing

https://www.researchprotocols.org/2021/5/€23115

RenderX

with soap before food preparation, before child feeding, after
using the toilet, after disposing of garbage, and after cleaning
the baby’s feces; food hygiene (preparation, covering, serving,
and heating); and the perceived barriers and benefits of food
hygiene.

Intervention Development

To improve on the abilities of caregivers to prevent child
malnutrition, Nu-WASH will be implemented and evaluated.
The target for behavior change will be caregivers assigned to
theintervention arm. Asillustrated in Figure 3, theintervention
will be delivered through 6 logical steps: baseline data
collection; the formation of caregivers peer support groups
(CPGs); the sdlection and training of female community
nutrition volunteers (CNVs) and community health workers
(CHWS); health education for caregivers through CPGs,
monitoring and evaluation; and midline and postintervention
data collection and analysis.
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Figure 3. Summary of treatment given in the intervention and control arms. CHW: community health workers; CNV: community nutrition volunteers;

Nu-WASH; nutrition, water, sanitation, and hygiene.

Nu-WASH intervention

\

\

Intervention arm
5 clusters with 121 child—caregiver pairs

Control arm
5 clusters with 121 child—caregiver pairs

v

Baseline data collection

A4

v

Baseline data collection

A4

Formation of caregivers’ peer support groups

No caregivers’ peer support groups

v

Selection and training of CNVs and
CHW3s

v

Nutrition education for CPGs and
routine facility-based nutrition

education and counseling

h 4
Monitoring and evaluation

W
Midline and endline data collection

Step 1: Baseline Data Collection

A formative study was conducted from August 2019 to
September in 2019 to understand the local contextual factors
and to inform the experimental design. A total of 10 Mbororo
communities, comprising 242 motherg/caregivers and their
children (aged 3-59 months), were selected for the intervention
study. Baseline data on the household, caregivers, and child
variables, caregivers nutrition-related KAP; and child
anthropometric and morbidity status data were collected.

Step 2: Formation of CPGs

Caregiversintheintervention arm (n=121) were organized into
5 peer-support groups of 20 to 30 members. Each group per
cluster will serve as the platform for group sessions and for
interactions to enhance learning.

Step 3: Selection and Training of the CNVsand CHWs

Each participating community designated 1 Mbororo female
(15 yearsand older) for training asa CNV. Selected CNVsand
existing CHWSs in the health areas were trained to lead the

https://www.researchprotocols.org/2021/5/€23115

v

No CNVs
No training of CHWs

v

Routine facility-based nutrition
education and counseling

b

Monitoring and evaluation

b

Midline and endline data collections

nutrition education and act as resource persons for nutrition
information within their communities.

Step 4: Nutrition Education for CPGs

The CPGsin theintervention arm will be exposed to Nu-WASH
and routine nutrition education offered during visitsto the health
care facilitiesin the study area. Two facilitators (1 CNV and 1
CHW) will be assigned to each CPG of the intervention arm.
The intervention delivery strategy will involve group sessions
and individual counseling. Each CPG will be exposed to 12
sessions: 1 session every fortnight for 6 months, each lasting
for 90 to 120 minutes. A participatory and interactive delivery
strategy will include lectures, discussions, question-and-answer
sessions, and demonstrations.  Participatory — cooking
demonstrations using selected combinations of food itemsfrom
7 food groups will be aimed at improving self-efficacy of
preparing nutrient-rich diets. Posters showing various food
groups with educational messages on nutrition (cuesto action)
will be provided to reinforce behavior change. Caregiversfacing
challenges will be given personalized counseling sessions by
the CNVs and CHWSs. Nutrition and WA SH-related perceived
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barriers and benefits will be explored and discussed during the
training. The control group will receive routine health
facility—based nutrition and counseling offered by health care
providersin the study area.

Step 5: Monitoring and Evaluation

CNVsand CHWswill visit households once monthly to monitor
compliance and encourage proper child-feeding practices,
treatment, and safe storage of drinking water. Data relevant to
the study will be collected during each visit with the use of
structured observation forms.

Step 6: Midline and Endline Data Collection and
Analysis

Data will be collected from both the intervention and control
arm at 3-months and 6-month follow-up with the same data

collection tools, methods, and procedures as those used at
baseline.

Study Objectives

Primary Objective

The primary objective will be to investigate the impact of a
Nu-WASH versus facility-based nutrition education on
caregivers KAP regarding complementary feeding at baseline,
3-month follow-up, and 6-month follow-up. In the absence of
a gold standard test in the measurement of KAP, composite
measures will be used in this study. A composite knowledge
score will be built on 4 measures based on 4 self-report
guestionnaire items. Knowledge will first be estimated by each
measure and classified into 2 categories as adequate and

Manjong et al

inadequate before the results of the 4 measures are finally
combined into the composite knowledge score. Similarly,
composite scores for attitude and practice will comprise 10 and
7 measures, respectively, as derived from corresponding
numbers of self-report questionnaire items.

Secondary Objective

The secondary objectivewill beto compare nutrition outcomes
of Mbororo children (aged 3-59 months) at baseline, 3-month
follow-up, and 6-month follow-up in the control and
experimental groups. Nutrition outcomes will be defined as
child growth measured as length/height, weight, and
weight-for-age at baseline and endling; and child morbidity
status will be measured as self-reported incidence of diarrhea,
fever, and cough at 2 weeks preceding baseline, and at 3-month
and 6-month data collection.

Outcome M easurements

Primary Outcomes

The primary outcomes will be caregivers nutrition-related
knowledge, and attitudes and practices of caregivers asmeasured
using self-reported items as shown in Table 1.

Secondary Outcomes

As shown in Table 1, the secondary outcomes will comprise
child growth (height/length, weight, and weight-for-height),
which will be measured at 6-month follow-up, and child
morbidity status (diarrhea, fever, and cough 2 weeks preceding
baseline), which will be self-reported.

Table 1. Primary and secondary outcome variables among study participants at baseline, 3 months, and 6 months.

Outcome measures Scale Type Measure Analysis method
Primary Outcomes
Caregivers' knowledge Ratio Continuous Change in knowledge scores t test
Caregivers' attitudes Ratio Continuous Change in attitudes scores t test
Caregivers' practices Ratio Continuous Change in practices scores t test
Secondary Outcomes
Child growth at 3 and 6 months
Weight Ratio Continuous Change in weight t test
Height/Length Ratio Continuous Change in height/length t test
Weight-for-height z score Ratio Continuous Change in weight-for-height ANOVAR
Child morbidity at 3 and 6 months
Diarrhea Nominal Categorical % of children with diarrhea Risk ratio
Fever Nominal Categorical % of children with fever Risk ratio
Cough Nominal Categorical % of children with cough Risk ratio

SANOVA: analysis of variance.

Data Collection Tools and Procedures

Data Collection Plan

Application of baseline tools and procedures will be repeated
by the field staff who participated in baseline data collection to

https://www.researchprotocols.org/2021/5/€23115

collect datafrom both arms. Before the data collection, a 1-day
refresher training session will be organized for the 8 data
collectorsand 2 field supervisors. Recruitment of field staff was
onthebasis of proficiency in French, English, and Fulfulde (the
dialect of the Mbororo people), familiarity with the Mbororo
culture, and prior experience with surveys.
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Caregivers Interviews

Face-to-face interviews will be conducted by trained data
collectors (interviewers) using pretested
interviewer-administered questionnaires. The
interviewer-administered questionnaireswere adapted from the
UNICEF (The United Nations Children's Fund) multiple
indicator cluster surveys tool [18]. The adapted questionnaire
was prepared in English and then trans ated and back-transl ated
into French and Fulfulde. The components of the questionnaire
are household and caregiver’'s sociodemographic characteristics,
child demographic and hedth status characteristics,
complementary feeding practices, and WASH facility and
practices. Based on the health belief model constructs, the
guestionnaire contains 4 questions on caregiver's perception of
child susceptibility to malnutrition, 4 questions on caregiver's
perception of the severity of child malnutrition, 6 questions on
caregiver’'s perception about barriers to practicing appropriate
complementary feeding and WASH, 4 questions on caregiver's
perceived benefits of appropriate complementary feeding and
WASH practices, and 4 questions on caregiver's self-efficacy
toimplement recommended actions. Each interview isestimated
to last between 50 to 60 minutes and will be conducted
according to the time, day, venue, and language convenient to
the interviewee. The interviewerswill read out the questionsto
the respondents and compl ete the questionnaires accordingly.

Anthropometric Measurements

Pretested portable anthropometry tools (battery-powered digital
infant and toddler weighing scales, stadiometers, measuring
tape, and lying wooden boards) will be used. The weight and
height/length measurements will be performed using standard
procedures[19]. Lying or sitting weightsfor children aged 0-23
months will be measured to the nearest 0.01 kg, and standing
weights for older children will be measured to the nearest 0.1
kg. The weighing scale will be calibrated to O before each
measurement. Recumbent lengthsfor children aged 0-23 months
will be measured to the nearest 0.1 cm with measuring tape and
lying boards placed on aflat ground surface. Standing heights
for older children will be measured to the nearest 0.1 cm, with
the head, shoulder, buttock, and heel touching the vertical
surface of the stadiometer. Measurements will be taken twice
and the mean recorded.

Data Analysis Plan

Like the procedure at baseline, 1 biostatistician and 2 trained
data entry clerks will be responsible for the endline data
management and analysis. Data will be cross-checked for
inconsistencies (outliers and extreme points) and errors and
incompleteness before, during, and after manual entry into SPSS
version 23 (IBM Corp). The data will be further treated for
reverse coding, potential points, and outliers, aswell asmissing
data, before being exported to SmartPLS2 for further
investigation and fitting of the structural model.

Sociodemographic and child morbidity data will be analyzed
and summarized using descriptive statistics. The data will be
expressed as mean (SD) or median (range) for continuous
variables and as a number (percentages) for categorical
variables. The t test and analysis of variance for comparing

https://www.researchprotocols.org/2021/5/€23115

Manjong et al

group means will be used for primary and secondary outcome
variables. A chi-square test will be applied to analyze the
categorized variables. Child nutrition outcomes will be
computed from anthropometric indices using Stata version 11
(StataCorp) and compared with the WHO 2006 growth standard
median [20].

Results for group comparisons will be expressed asarisk ratio
for binary outcomes, corresponding to 2-sided 95% Cls, and
associated P values. P values will be adjusted to 2 decimal
places with values less than .01 reported as <.01. Adjusted
analyses using baseline variables will be performed using
multivariate logistic regression to determine the continuing
influence of key baseline characteristics on the outcomes. The
Kaplan-Meier survival analysiswill be used for timed variables
like morbidity. Intention-to-treat analysis will be used, and the
clustering effect will be considered inthe analysis. All analyses
will be performed at a 95% Cl. The significance level will be
set at a P value <.05.

Ethical Consider ations

Ethical approval (reference no. 2019/1002-07/UB/SG/IRB/FHS)
for the study was obtained from the Faculty of Health Sciences
Ingtitutional Review Board at the University of Buea
Administrative authorization was sought from the West Regional
Déelegation of Public Health. Informed verbal and signed consent
and parental assent will be obtained from study participants
before inclusion in the study. Participation will be voluntary
with participants being able to withdraw from the study at any
time. Anonymity and confidentiality will be assured and
maintai ned.

Dissemination Plan

The results will be disseminated to internal and international
audiences through publications in peer review journals, open
access publications, and national and international conferences.
Compensation will be provided in the form of workshops for
those communities participating in the study.

Results

From the preintervention study undertaken from August 2019
to September 2019, baseline data were collected and partially
analyzed to inform the design and implementation of the
intervention study. In February 2020, 10 Mbororo communities
with 242 child—caregiver pairswere selected for thetrial, while
6 CNVsand 6 CHWswere selected and trained to lead thetrial.
Data collection and analysis are ongoing, and results are not
available for this manuscript.

Discussion

Nu-WASH is a multicomponent health education model that
will be deivered simultaneously to caregivers in the
experimental arm to improve their nutrition capacity and child
nutrition outcomes. To enhance its acceptability, sustainability,
and cost-effectiveness, theinterventionis culturally tailored for
delivery in the community setting through CPGs, and led by
trained female Mbororo CNVs and existing CHWSs. The
language of communication is predominantly Fulfulde.
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Additionally, dietary diversity for young children will be based
on localy available and consumed food items in various
communities. It is expected that caregivers will perceive child
undernutrition as an important health concern and will be
motivated to practice recommended actions to bring about a
positive behavioral change.

Theory-based behavioral change communication to promote
healthy feeding practices is central to interventions that are
aimed at improving infant and young child nutrition [8]. Our
education intervention is based on the health belief model. The
model posits that people will take action to prevent a negative
health outcome if they regard themselves as susceptible to a
condition, if they perceive a negative health outcome to be
severe, and if they perceive that the benefits of adopting a

Manjong et al

particular behavior outweigh the perceived barriers they need
to overcome [21]. The chances are higher if they are exposed
to factors that prompt action (cues to action) and if they have
the confidence to take action (self-efficacy) [21]. Based on these
constructs, the intervention module is designed to enable
participantsto perceive malnutrition asasevere yet preventable
condition that can affect their children (susceptibility).
Additionally, skills acquisition will enhance their self-efficacy
to overcome some perceived barriers and to take recommended
action, leading to a positive behavior change. We predict that
our community-led and culturally sensitive Nu-WASH
intervention will improve caregivers complementary feeding
KAP and child nutritional outcomes as compared to routine
health facility—based nutrition education among the study
popul ation.
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Abstract

Background: Recent studies have revealed that many discharged patients with COVID-19 experience ongoing symptoms
months|ater. Rehabilitation interventions can hel p address the consequences of COVID-19, including medical, physical, cognitive,
and psychological problems. To our knowledge, no studies have investigated the effects of rehabilitation following discharge
from hospital for patients with COVID-19.

Objective: The specific aims of this project are to investigate the effects of a 12-week exercise program on pulmonary fibrosis
in patients recovering from COVID-19. A further aim will be to examine how Chinese herbal medicines as well as the gut
microbiome and its metabolites regulate immune function and possibly autoimmune deficiency in the rehabilitation process.

Methods: Inthistriple-blinded, randomized, parallel-group, controlled clinical trial, wewill recruit adult patientswith COVID-19
who have been discharged from hospital in Hong Kong and are experiencing impaired lung function and pulmonary function. A
total of 172 eligible patientswill be randomized into four equal groups: (1) cardiorespiratory exercise plus Chinese herbal medicines
group, (2) cardiorespiratory exercise only group, (3) Chinese herbal medicines only group, and (4) waiting list group (in which
participants will receive Chinese herbal medicines after 24 weeks). These treatments will be administered for 12 weeks, with a
12-week follow-up period. Primary outcomesinclude dyspnea, fatigue, lung function, pulmonary function, blood oxygen levels,
immune function, blood coagulation, and related blood biochemistry. Measurements will be recorded prior to initiating the above
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treatments and repeated at the 13th and 25th weeks of the study. The primary analysisisaimed at comparing the outcomes between
groups throughout the study period with an a level of .05 (two-tailed).

Results. Thetrial hasbeen approved by the university ethics committee following the Declaration of Helsinki (approval number:
REC/19-20/0504) in 2020. Thetria has been recruiting patients. The data collection will be completed in 24 months, from January
1, 2021, to December 31, 2022.

Conclusions: Given that COVID-19 and its sequelae would persist in human populations, important findings from this study

would provide valuable insights into the mechanisms and processes of COV1D-19 rehabilitation.

Trial Registration:
International Registered Report Identifier (IRRID):

(JMIR Res Protoc 2021;10(5):€25556) doi:10.2196/25556

Clinical Trials.gov NCT04572360; https://clinicaltrials.gov/ct2/show/NCT04572360
PRR1-10.2196/25556

KEYWORDS

COVID-19; rehabilitation; cardiorespiratory exercise; Chinese medicine

Introduction

In January 2020, the World Health Organization announced the
outbreak of anovel coronavirusdisease, called COVID-19. The
COVID-19 pandemic has had devastating impacts globally,
with 39,944,882 confirmed casesand 1,111,998 deaths recorded
by October 20, 2020. Indeed, the number of cases of COVID-19
infection is continuously increasing with time, especially inthe
Americas, Europe, and Southeast Asia [1]. Although most
people develop mild or uncomplicated forms of COVID-19, it
has been estimated that approximately 14% of cases are
associated with severe acute respiratory infection and may
reguire hospitalization and oxygen support. Moreover, 5% of
patientswill require admissionto an intensive careunit [2]. The
COVID-19 pandemic has overwhelmed health systems
worldwide. After discharge from hospital, some patients with
COVID-19 continue to experience symptoms, which may last
for months or even longer. These consequencesinclude medical,
physical, cognitive, and psychological problems. Although the
long-term consequences are still unclear, recent studies have
revealed that most patients (74%-87%) experience ongoing
signs and symptoms 2-3 months after discharge from hospital,
including fatigue, shortness of breath, impaired functions, and
secondary mental problems|[3,4]. Rehabilitation may contribute
to patient recovery and is crucial in endowing patients with
health improvements related to functional ability and quality
of life.

For patients who have been unwell and sedentary for long
periods, increased strength [5], aerobic ability [6], and exercise
performance arevital to facilitate physiological [ 7], biochemical,
psychological [8], and genera recovery [9]. Considering the
clinical conditions caused by prolonged immobilization and
musculoskeletal deterioration, patients with COVID-19 need
rehabilitation treatments following hospital discharge [10].
Exercise has direct effects on the cellular immune system;
natural killer cells and T lymphocytes (T cells) become
mobilized in the circulation through stress-induced shear stress
and adrenergic signaling during exercise performance, providing
protection and repair.

In addition to exercise intervention strategies, Chinese herbal
medicines targeting gut microbiome dyshiosis have also been
reported to improveimmune function [11], facilitating patients

https://www.researchprotocol s.org/2021/5/€25556

recovery. The gut microbiomeinfluencesimmune function and
immune homeostasis both within the gut and systematically
[12]. Chinese herbal medicines, the gut microbiome, and
microbial metabolites regulate immune function and intestinal
permeability involved in the pathological processes of
virus-induced autoimmune diseases [11]. Restoring gut
microbiome composition and its regulatory metabolites could
be vital in boosting immune function and aiding recovery from
COVID-19. Additionaly, patients with COVI1D-19 experience
loneliness, anxiety, depression, and decreased quality of life
[13]. In summary, evidence suggests that exercise or Chinese
medicines can hel p patientsrecover from virus-induced immune
diseases and respiratory conditions such as pulmonary fibrosis.
However, the potential beneficial individual and combined
effects need further investigation.

In our proposed study, we will develop anew paradigm for the
patient rehabilitation that is needed now and in the future. The
specific aims of this project are (1) to investigate the effects of
al12-week programmeinvolving cardiorespiratory exercise and
Chinese herbal medicine, both singly and combined, on patients
recovering from COVID-19 who exhibit pulmonary impai rment
and (2) to collect qualitative and quantitative data to examine
the patients’ loneliness, anxiety, depression, quality of life, and
mental health. A further aim will be to examine how Chinese
herbal medicines as well as the gut microbiome and its
metabolites regulate immune function, intestinal permeability,
and possibly autoimmune deficiency inthe pathological recovery
and rehabilitation process. The specified study objectives and
hypotheses are listed below:

1. Evaluate the effects of cardiorespiratory exercise and
Chinese herbal medicine, both individually and in a
combination, on rehabilitation on pulmonary function
among patients with COVI1D-19 through four intervention
groups, including a cardiorespiratory exercise plus Chinese
herbal medicines group, a cardiorespiratory exercise group
in isolation, a Chinese herbal medicines group, and a
waiting list control group (primary outcome). We
hypothesize that the combination of cardiorespiratory
exercise and Chinese herbal medicines will more greatly
facilitate the rehabilitation of patients with COVID-19.

2. Revea whether and how the gut microbiome plays arole
in the effects of cardiorespiratory exercise and Chinese
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herbal medicines, both individually and in combination, on
the rehabilitation of impaired pulmonary function. We
hypothesize that the combination of cardiorespiratory
exercise and Chinese herbal medicineswill better modul ate
the gut microbiome and the related metabolites and thus
better mediate the effects.

Assessthe effects of cardiorespiratory exercise and Chinese
herbal medicines on immune functions, both individually
and in combination, on the rehabilitation of other relevant
symptoms and signs of COVID-19. We hypothesize that
the combination of cardiorespiratory exercise and Chinese
herbal medicineswill better modul ate theimmunefunction
and thus better mediate the effects.

Evaluate the effects of cardiorespiratory exercise and
Chinese herbal medicines, both individually and in
combination, on recovery from menta health-related
outcomes (loneliness, stress, anxiety, depression) and on
quality of life (QoL). We hypothesize that the combination
of cardiorespiratory exercise and Chinese herbal medicines
will better help postdischarge patients in recovery from
mental health-related outcomes and improve their QoL.
Assess the lasting effects of cardiorespiratory exercise and
Chinese herbal medicines after a12-week follow-up period.
We hypothesize that some effects (eg, dyspnea, mental
health-related outcomes, QoL ) will be sustainable, while
others (outcomes sensitively responded to cardiorespiratory
exercise, eg, physical fitness, lung function) will partially
relapse after the intervention cessation.

Figurel. Flow diagram of thetrial.

Gao et a

Methods

Study Design

The proposed study will be a triple-blinded randomized
controlled trial comprising four groups: (1) a cardiorespiratory
exercise plus Chinese herbal medicines group, (2) a
cardiorespiratory exercise group, (3) aChinese herbal medicines
group, and (4) awaiting list group. The target population will
be postdischarge adult patients recovering from COVID-19 who
were diagnosed with pulmonary impairments. Recruitment will
take place in Hong Kong via our International Rehabilitation
Network Center for Patients With COVID-19. The proposed
rehabilitation period will last for 12 weeks, with a 12-week
follow-up [14]. Primary outcomes will include the clinical
symptoms of pulmonary fibrosis (dyspnea, fatigue, lung
function, blood oxygen levels, immune function, blood
coagulation, and related blood biochemistry). Blood
biochemistry will be further analyzed using unique
metabol omicstechniquesto identify potential synergiesrelated
to immune function response to the interventions [ 15]. We will
investigate glucose metabolism and its association with the
degree of infection and prognosis. We will aso profile the gut
microbial metabolome to establish associations between
(virus-induced) dyshiosis and the outcomes of COVID-19
infection. Pulmonary function tests will be completed using
clinical spirometry, as outlined by the American Thoracic
Society. Blood gas levels, immune function, and coagulation
levels of the patientswill be measured pre- and post-intervention
in venous blood samples [16]. The trial has been registered on
Clinical Trials.gov (NCT04572360). A flow diagram of thetrial
isshown in Figure 1.
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Eligibility Criteria

The target population will be adult patients with COVID-19
who have been discharged from the hospital and are till
experiencing respiratory impairments. Patientswill berecruited
from Hong Kong. Inclusion criteria will include (1) age =18
years, (2) discharged from hospital for no less than 4 weeks;
(3) percentage of predicted forced vital capacity (FVC) <90%
or apercentage of predicted carbon monoxide diffusing capacity
<90% [17]; (4) smartphone user; (5) able to communicate in
Cantonese or Mandarin. Exclusion criteriawill include (1) being
pregnant or planning to become pregnant in the coming 6
months; (2) having acute exacerbations in the 12 weeks
preceding recruitment; (3) having any contraindications for
exercise (eg, physical disability, uncontrolled mental disorders,
unstable heart disease, inability to perform muscle strength
tests) [18]. The last two exclusion criteriawill be evaluated by
aphysician.

Randomization and Allocation Concealment

Participants will be randomly and equally assigned to the four
groups using block randomization [19]. The random allocation
sequence will be computer generated by a blinded statistician
outside of the research team, who will use randomly mixed
block sizes of 4 and 8 and conceal the randomization procedure
from the research team. The results of the allocation will be
randomly coded with an identification number according to the
random number table. An investigator will dispense the
identification numbers according to the order of the patient’'s
recruitment and will not be allowed to arbitrarily alter the
numbering.

Blinding

One copy of the blind codes will be held by the
project-responsible unit. The investigator operating the
allocation of patients will not be involved in the intervention
delivery, outcome measurements, or data analysis. The results
of the alocation (being in the intervention or control groups)
will be concealed from patients due to the waiting list control
design, where patients in the control group will also receive a
type of intervention and therefore will not know they are control
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participants. In addition, investigators assessing effects and
those analyzing the datawill also be blinded from the allocation.

Interventions

Cardiorespiratory Exercise Intervention

This intervention will be a 12-week progressive and
individualized exercise program with afrequency of 3 sessions
per week and asession duration of 60 minutes (total: 36 exercise
sessions). The intervention is designed to alleviate symptoms
of dyspnea, improve functional capacity, and relieve mental
health problems in the short term. A further aim isto preserve
physical function while improving health-related QoL in the
long term. Asrecommended by the Official American Thoracic
Society/European Respiratory Society Statement [20], 12
education sessions (30 minutes per session) will beincludedin
and delivered together with the first exercise session in each
week to motivate and empower the patients to form regular
exercise habits and improve health [21,22]. A steering group
will be formed to design the exercise intervention, develop
relevant documentation, and monitor theimplementation. Group
memberswill include exercise experts, public health specialists,
occupational therapists, doctors, and other stakeholders. Textbox
1 and Table 1 provide a summary of the intervention.

Thisprogram will be delivered using ahome-based tel e-exercise
approach to reduce the potential to infect other individuals[24],
reduce health care burden and costs for both hedth care
providers and patients, and improve participation and retention
of rehabilitation [25]. Some evidence, athough not for
COVID-19, has suggested that home-based pulmonary
rehabilitation with minimal exercise equipment is effective and
may be aviable alternative to equi pment-intensive clinic-based
programs [18,26]. Other studies concluded that the web-based
tele-exercise approaches were as effective as conventional
face-to-faceinterventions[27] and could enhancethereach and
engagement of the rehabilitation process[21,25]. We will build
and develop a web-based platform in our International
Rehabilitation Network Center for Patients With COVID-19to
deliver the intervention.

Textbox 1. Description of the cardiorespiratory exercise intervention (educational session).

Educational session

« Each session will last 30 minutes and will be held before the first exercise session of each week, for atotal of 12 sessions.

« The sessions will be developed mainly based on social psychological theories of intentional behavior and motivation, and aimed to improve
motivation, self-regulation, and habit-formation relating to exercise [20,22,23].

«  Our team members published a similar theory-based behavior change intervention in 2020 [22]. In brief, in each session, the patients will be
asked about their exercise and other types of physical activity (PA), related theoretical determinants (eg, self-efficacy), and other related factors
(eg, socia and environmental factors). They will then receive personally tailored feedback incorporating effective behavioral change techniques
(eg, goal setting) to promote motivation, solve problems, make action plans, prevent relapse, enhance self-regulation, and form healthy habits.
A recap of the previous session will be added starting in the second session. Pictures, graphs, and videos will also be used where needed.
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Table 1. Description of the cardiorespiratory exercise intervention (exercise session).

Content

Description

Exercise session

Warm-up

Aerobic training

Resistance training

Cool-down

Inspiratory muscle training

3 sessions per week for atotal of 36 sessions; session duration will gradually increase from 40 to 60 minutes.
Initial face-to-face briefing will be given to enhance compliance and ensure that the patients can exercise properly.
Video feedback will be provided during each session.

Warm-up will last 5-8 minutes, including both static stretching and dynamic stretching.

There will be no requirement of intensity in theinitial sessions (1-2 weeks).

Exercise intensity will start from Rating 3 of the Borg Category-Ratio 0-10 Scale (Borg Dyspnea Scale) and pro-
gressively increase to Rating 6.

The training mode will beinterval training in the first 4-6 weeks, followed by continuous training.

The duration will gradually increase from 10 to 30 minutes.

Effective exercises will be selected after athorough review of the existing literature, such as walking, high knees,
butt kicks, and stepping.

Theintensity will be onethat evokeslocal muscular exhaustionin 6to 12 repetitions (ie, a6-12 repetition maximum)
for major muscle groups; workload will increase when an individua can perform the current workload for 1 or 2
more repetitions than the required number in two consecutive exercise sessions [23]; there will be no requirement
of intensity in the initial sessions (1-2 weeks).

The volume will be 2-4 sets, 8-12 repetitions, with 1-minute rest intervals (approximately 10 minutes).

A resistance band will be used to strengthen the muscles of either upper or lower extremities alternatively in each
session.

Effective exercises will be selected after athorough review of existing literature. Exercise examples include band
bicep curl (arms), band lateral pull (arms), lateral band walk (legs), and seated banded leg extensions (legs).

Cool-down will last 5-8 minutes, including static stretching and dynamic stretching.

The device used will be a POWERbreathe Classic (IMT Technologies Ltd).

The volume and intensity will be 30 breaths at 50% of maximal inspiratory pressure (approximately 5-8 minutes).
The increment of intensity will be 5% load increase each week.

Additional Inspiratory muscle training sessions will be performed without supervision according to a suggested
frequency of twice daily.

Maximal inspiratory pressure will be measured with a portable hand-held mouth respiratory pressure meter (Mi-
croRPM, CareFusion Micro Medical).

Structure of the Exercise I ntervention

The intervention will include the following components: (1) a
set of home-based tele-exercise sessions during which remote
monitoring of vital signswill be required; (2) anindividualized
action plan to perform various daily physica activities; (3)
educational sessions on self-management and habit formation;
(4) accessto acall center; (5) counselling sessions to enhance
motivation to regularly engage in daily physical activities. The
counseling intervention will be facilitated via a remote patient
monitoring system. Patients will be equipped with an activity
monitor (Mi Band 5, Xiaomi Corporation) that connects to a
customized smartphone or tablet with aglobal system for mobile
communication (GSM) connection that will receive, display,
and send the data via the internet to a secure web-based server
at the university. Patientswill receive real-time feedback on the
smartphone or tablet about their physical activity levels and
their daily adjusted physical activity goals. A teleconference
between the patient and the counselor will also be possible via
the smartphone or tablet (using Zoom) in order to continually
enhance adherence and goal achievement. Patients' daily
physical activities will be acquired by the Mi Band 5 via
Bluetooth technology to the smartphone or tablet; from the
smartphone or tablet, data will be sent to the central server.
Following the completion of the intervention, all patients will
receive detailed individual feedback in relation to the outcome
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measures obtained via a meeting with the research team. This
will comprise a question and answer session with relevant
experts in their field of expertise. Patients will also receive a
detailed personalized report with recommendations and
information relating to the outcomes of the intervention.

The content of the exercise intervention will be devel oped with
reference to the Official American Thoracic Society/European
Respiratory Society Statement published in 2013 [20]. Each
exercise session (40-60 minutes) will includeawarm-up, aerobic
training, resistancetraining, acool-down, and inspiratory muscle
training (IMT) [20,28,29]. Aerobic exercise will be arranged
before resistance training, as recent evidence has shown that
this order produces greater benefits than performing resistance
training first [30]. Additional IMT sessions will be performed
without supervision according to asuggested frequency of twice
daily [20]. Before the first exercise session of each week, an
additional educational session (30 minutes) will be delivered
to improve motivation, self-regulation, and habit formation
relating to exercise[20]. The contents of the educationa sessions
will be devel oped mainly based on social psychological theories
of intentional behavior and motivation and effective behavioral
change techniques (Textbox 1) [20,22]. All patients will be
briefed face-to-face initialy to ensure that they can undertake
the intervention properly and to enhance their compliance with
theintervention. In addition, they will be videotaped during the

JMIR Res Protoc 2021 | vol. 10| iss. 5 [€25556 | p.93
(page number not for citation purposes)


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

JMIR RESEARCH PROTOCOLS

exercise sessions, and real-time feedback will be given viathe
internet.

Aerobic exercise intensity will be determined using the Borg
Category-Ratio 0-10 Scale (Borg CR10 Scale) modified for
dyspnea, as recommended by the American College of Sports
Medicine guidelinesfor patients with pulmonary diseases[23].
The exercise intensity will start from Rating 3 (equivalent to
53% peak work rate, ie, moderate intensity) in the first 2-4
weeks and progressively increase to Rating 6 (equivalent to
80% peak work rate, ie, vigorous intensity). Exercise intensity
and session duration will be adjusted according to each patient’s
response and tolerance. Lighter intensities than Rating 3 may
be adopted when there is a need (eg, for those with severe
conditions). Patients will be given specific and standardized
instructions on theratingsin advance. A pulse oximeter (Beurer
PO 40, Beurer GmbH) will be used to monitor oxygen saturation
in the initial exercise sessions to avoid exercise-induced
oxyhemoglobin desaturation. In terms of intensity of resistance
training, a practical approach to determine the appropriate
intensity will be adopted, in which workloads will be set at
levels that evoke local muscular exhaustion in 6 to 12
repetitions, as the one repetition maximum approach may
overestimate or underestimate the optimal resistance for
individuals[20,31]. Progressivetarget goalsand detailed training
plans will be set up together with each patient based on their
physiological measurement results [21].

The exercise intervention will be delivered and supervised by
experienced instructors. Wewill recruit personswho have been
educated in either exercise science or rehabilitation. Each
exercise session will be facilitated by two instructors dedicated
to a group of 5-7 patients through the web-based platform in
our International Rehabilitation Network Center for Patients
With COVID-19. They will also be responsible for monitoring
developments and training during the intervention.

Chinese Herbal Medicines

The Chinese herbal formula of Modified Bai He Gu Jin Tang
(including Rehmanniae Radix 10 g, Rehmanniae Redix
Praegparata 10 g, Ophiopogonis Radix 10 g, Lilii Bulbus 15 g,
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Paeoniae Radix Alba 10 g, Angelicae Sinensis Radix 10 g,
Fritillariae Thunbergii Bulbus 5 g, Glycyrrhizae Radix et
Rhizoma 10 g, Platycodonis Radix 15 g, and Salviae
Miltiorrhizae Radix et Rhizoma 15 g) will be prescribed in
granules. Therationale for the formula selection is as follows:
(1) based on the syndrome differentiation, pulmonary fibrosis
post—COVID-19 appears as qi-yin deficiency of the lung [32];
(2) a previous study has shown that many herbs using this
formula and Salviae Miltiorrhizae Radix et Rhizoma have
antifibrosis effects [33]; and (3) Bai He Gu Jin Tang has the
effects of nourishing lung gi and ying deficiency [34]. Therefore,
the formulation of Bai He Gu Jin Tang was modified to match
the therapeutic purpose. A dose of 10 g per day (5 g, twice per
day) will beingested. Patientswill dissolve asachet of granules
(5.0 g) in 200 ml of hot water twice per day after breakfast and
dinner, 7 days per week, for 3 months. The entire manufacturing
process will be in strict compliance with the standards of good
manufacturing practice.

Waiting List Control

The waiting list control sign will be adopted to conceal the
allocation resultsfrom the patients aswell asto reduce selection
and confounding bias and increase the participants’ adherence
to the study. Patients in the waiting list control group will
receive no treatment in the study period (including a 12-week
intervention period and a 12-week foll ow-up period). However,
they will receive Chinese herbal medicines after the completion
of the study (ie, after the third wave of measurements in the
25th week).

Outcomes

Table 2 lists adescription of the outcomes and other measures,
which are not exhaustive. All measurements will be recorded
at baseline and repeated at the 13th and 25th weeks of the study.
Patientswill be assessed for risk prior to data collection. Further
information from patients using appropriate data collection
methodol ogies, including clinical symptoms, treatment history,
comorbidities, physical activity, nutrition, and other potential
variables, will be obtained and adjusted for during dataanalysis.
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Table 2. Description of the outcome measures.

Measure Outcomes

Cardiorespiratory fitness e Six-minute walk test
o  Performancetimetest

Dyspnea .  Borg Category-Ratio 0-10 Scale (Borg Dyspnea Scale)
Body composition . BMI

o  Waist circumference

o  Stature

« Body mass

e Segmental muscle mass
«  Anatomical circumference

Lung function test «  Forced vital capacity
«  Forced expiratory volume 1
«  Forced expiratory volume 1/forced vital capacity
«  Fractional exhaed nitric oxide

*  DLCO?
Cardiopulmonary exercise test/blood gas « yEb
* VCO,©
* vVO,YPCO,®
L] Pozf
Blood biochemistry tests
Metabolic function e Insulin
Immune function «  Coagulation
e Lymphocytes
. CD3
« CD4
. CD8
. CD19

« CD16+CD56 T cells

Neurological function *  BDNFY
«  Corticosterone

Cytokine profiles o Interleukin 1
o Interleukin 6
o  Tumor necrosis factor alpha

Gut microbiome «  Fecal metagenomics anaysis
Glucose, fructose, and related metabolites *  UPLC-QTOF-MS" andysis
M etabol omi cs-rel ated measurement of depression «  Metabolomics analysis of selected neurotransmitters as potential

markers of depression

Quiality of life and other mental health—related measures o  Sef-reported scales

8DLCO: diffusing capacity of the lungs for carbon monoxide.

BV E: ventilation.

YV CO,: carbon dioxide output.

dVOZ: oxygen uptake.

€PCO,: partial pressure of carbon dioxide.

fPOZ: partial pressure of oxygen.

9BDNF: brain-derived neurotrophic factor.

hUPLC-QTOF—M S: ultra-performance liquid chromatography coupled with quadrupole/time-of-flight mass spectrometry,
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Outcome M easures

Cardiorespiratory Fithess

Functional exercise capacity that reflectsdaily physical activities
will be assessed using the six-minute walk test (6MWT) to
assessthe outcome of theintervention. Thistest isrecommended
by the American Thoracic Society to evaluate the global and
integrated responses of all the systemsinvolved during exercise,
including the cardiopulmonary systems, systemic and peripheral
circulation, blood, neuromuscular units, and muscle metabolism.
Heart rate and blood pressure will be measured before and after
exercise. The test has high test-retest reliability (intraclass
correlation coefficient=0.88-0.91) [35].

Dyspnea

Dyspnea is a common exercise-induced symptom of disease
and usually occursin patientswith pathophysiol ogy that results
in inefficient gas exchange and ventilator impairments. The
Borg CR10 Scale (Borg Dyspnea Scale) will be used to rate the
dyspnea and overall fatigue levels of the patients at the
beginning and end of the BMWT. The scale will also be used
during the cardiopulmonary exercise test (CPET).

Body Composition

Segmental muscle massand BMI (kg/m?) will be used to assess
the body composition of the patients. A bicimpedance analysis
approach (InBody 770 analyzer, InBody Co, Ltd) will be used
to assess the patients' segmental muscle mass. A stadiometer
(Seca 284, Seca Corporation) will be used to measure stature
and body mass. Anatomical circumference will be measured
using a distensible measuring tape.

Lung Function

TheFVCtest, forced expiratory volume (FEV,), and FEV,/FVC
ratio will be assessed to indicate the functional severity and
capacity of the patients’ lungs (Vmax Encore V229, VIASY S
Respiratory Care Inc). Fractional exhaled nitric oxide (FeNO)
will be used to assess inflammatory response to exercise and
medicinal intervention (NObreath, Bedfont Scientific Ltd,
England).

Cardiopulmonary Exercise

The CPET will be performed using the Vmax Encore V229.
The CPET providesinformation concerning thelevel of exercise
that the patient can perform without undue stress. Thetest results
will guide the research team regarding the prescription of
exercise for physical rehabilitation methodologies. It aso
provides quantitative evidence of the benefits of arehabilitation
program as well as information on the mechanisms involved.
Improvement in exercise tolerance cannot be objectively
assessed without CPET [36]. Anincremental ergometry exercise
test (Excalibur ergometer, Lode Ergometry), will be used to
assess the responses of the cellular, cardiovascular, and
ventilatory systems under preci se conditions of metabolic stress.
Breath by breath measurements of minute ventilation (VE),
carbon dioxide output (VCO,), O, uptake (VO,), VE/VCO,,
VE/VO,, deviation in the responses from the pulmonary to
cellular respiration and arterial blood gas, partial pressure of
carbon dioxide (PCO,), and oxygen saturation as measured by
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pulse oximetry (SpO,, Sentec AG), will be monitored
continuously during the exercisetest. Depending on the physical
condition of the patients, modification of the protocolsto smaller
work rateincrements may bewarranted. Intensitiesand durations
will be specific to each individual to facilitate measurement and
data capture. Before each test, the O, and CO, analyzers of the
CPET system will be calibrated using standard gases (Gas 1:
0,: 25.89%, CO,: 0%; Gas 2: O,: 16.44% CO,: 3.89%), and
the flow volume integration system will be was calibrated by
applying a standard volume (3 L) of gas at various flow rates.
Canopy studies within the Vmax software suite will be used to
validate the accuracy of the gas-exchange measurement
instruments that measure VO, and VCO, using the methanol
burning technique. Theratio of VCO, to VO, in the combustion
of methanol yields a respiratory quotient (RQ) of 0.667. We
will use a3% difference asthe accuracy threshold for measured
RQ (RQ range of 0.647-0.687).

Quality Assurance, Calibration, Accuracy, and Precision
for the Laboratory-Based Assessment Measures

All the devices used for measurement will be calibrated
according to the manufacturer's specifications. The protocols
of the measurements and sources of variability will be controlled
by following the standards outlined in the American Thoracic
Society calibration guidelines for spirometers and gasometers.
Anatomical circumference measurementswill be adopted from
the anthropometry procedures manual provided by the US
Centersfor Disease Control and Prevention [37]. Repeated tests
will be performed at the same time of day in a controlled
laboratory environment of constant humidity, temperature, and
pressure. Patients will arrive at the laboratory at designated
timesfor al physiological and clinical assessments. All patients
will be transported to the laboratory for testing and returned
home by coach. A recovery period will be observed
postassessment to ensure that the participants have no negative
responses to the measurements. Once the recovery period is
complete, all participants will be returned home.

Blood Biochemistry

Venous blood will be drawn at 3 time points, namely at
pretreatment, at posttreatment, and after the 12-week follow-up.
After coagulation at room temperature for 30 minutes, the
sampleswill be centrifuged at 3000 rpm for 20 minutes. Serum
as the supernatant will be extracted and stored at —80 “C until
assay. Serum levels of insulin will be assessed by a
commercialy available enzyme-linked immunosorbent assay
(ELISA) kit (Merck & Co). Serum will be isolated by
centrifugation (1000 rpm for 30 minutes, 4 °C) and stored at
—80 °C until analysis. The prothrombin time test will be used
to measure blood coagulation. Venous blood will be collected
by venepuncture in a tube with sodium citrate. Plasmawill be
isolated after centrifugation at 1000 rpm for 30 minutesat 4 °C.
Thromboplastin will be added to the plasma and maintained at
37 °C for 2 minutes. Calcium chloride will be added to the
mixture, and the plasmawill be allowed to coagulate. Thetime
needed for the coagulation will be recorded as the prothrombin
time.
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Flow cytometry for counts of main lymphocyte subpopul ations
(CD3, CD4, CD8, CD19, and CD16+CD56 T cells) will be
performed to test immune function. Venous blood will be stored
in tubes with EDTA (anticoagulant). 100 pL of blood will be
stained within 24 hours of sampling by the BD Multitest 6-color
TBNK reagent (BD Biosciences). The lymphocytes with the
antigens CD3, CD4, CD8, CD19, and CD16+CD56, which are
the main populations of lymphocytes, will be labelled by a
fluorochrome-conjugated antibody in the reagent. The whole
blood will be incubated in the reagent at room temperature for
30 minutes, and red blood cells will be lysed with ammonium
chloride solution. Cell sorting and analysis will be performed
with aBD Accuri C6 flow cytometer (BD Biosciences). Each
subpopulation of lymphocytes will be expressed in absolute
value and percentage of total lymphocytes.

As suggested by Hacimusalar and Esel [38], the following
markers related to emotional disturbances will be studied.

Brain-Derived Neurotrophic Factor

Serum concentration of brain-derived neurotrophic factor
(BDNF) will be measured with acommercially available ELISA
kit (Millipore) according to the manufacturer’s instructions.

Corticosterone

Serum concentration of corticosteronewill be assayed by ELISA
kit (Enzo Life Sciences, Inc) according to the manufacturer’'s
instructions.

Cytokine Profile

The serum concentrations of interleukin-1, interleukin-6, and
tumor necrosis factor apha will be assayed by multiplex
cytokine analysis. A multiplex cytokine kit (20-plex, Bio-Rad
Laboratories) will be used according to the manufacturer's
instructions. The result will be generated by the Bio-Plex 200
suspension array system (Bio-Rad Laboratories) that isavailable
inthe University Life Sciencefacility of Hong Kong Polytechnic
University.

Gut Microbiome Test

All patients will be requested to self-sample their first morning
fecesby following detail ed printed instructions. Collected stool
sampleswill beimmediately frozen in ahomefreezer (20 °C),
then transported to our facilitiesin aprovided freezer pack and
stored at —80 °C for long-term use. Total DNA of 200 mg fecal
samples will be extracted and purified as described [39]. The
DNA concentrations and size distributions will be estimated
using a NanoDrop instrument (Thermo Scientific) and agarose
gel electrophoresis, respectively. The DNA one-paired-end
library will be prepared using a TruSeq DNA HT Sample Prep
Kit (Illumina Inc), and whole-genome shotgun sequencing of
the samples will be carried out using the HiSeq 2000 platform
(IMlumina Inc). Low-quality reads with N bases, adapter
contamination, or human DNA contamination will be filtered
from the raw data, and the remaining high-quality sequences
will be mapped with the published gene catalog of reference
genesin the human gut microbiome[40]. Taxonomic assignment
of the predicted genes and

Kyoto Encyclopedia of Genes and Genomes (KEGG) analysis
will be performed as described previously [41]. The relative
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abundances of phyla, genera, species, and KEGG orthologs will
be calculated from the relative abundances of the respective
genes. For dataanalysis, the quantitatively measured metabolites
for each participant will be merged into the participants’ clinical
information through their individual sample IDs.

Mass Spectral Analysis of Glucose, Fructose, and
Related Metabolites

Human serum or plasma sampleswill be thawed on anice bath
to minimize sample degradation. Metabolites will be extracted
by adding 0.5 mL of 50% methanol (—20 °C) followed by
homogenization for 3 minutes using a Bullet Blender Tissue
Homogenizer (Next Advance, Inc) and centrifugation at 13,500
g for 10 minutes at 4 °C. The resulting 50 uL of supernatant
will be transferred to a 1.5 mL tube and mixed with 10 L of
200 mM 3-nitrophenylhydrazine (3-NPH) solution and 10 L
of mixed 96 mM ethylene dichloride/pyridine methanolic
solution. Derivatization will be conducted by incubation at 30
°Cfor 1 hour before evaporation to dryness under nitrogen. 400
uL of 50% aqueous methanol will be used to resuspend the
samples. The supernatants will be used for ultra-performance
liquid chromatography coupled with quadrupol e/time-of -flight
mass spectrometry (UPLC-QTOF-MS) analysis according to
previous reports with minor modifications [42,43].

M etabolomics-Related Measurement of Depression

M etabolomics Analysis

Ultra-performance liquid chromatography triple quadrupole
mass spectrometry (UPLC-TQ-MS) (Xevo TQ-Ssystem, Waters
Corp) will be used to quantitatively measure the metabolites
(neurotransmitters) selected as potential markers of depression.
Briefly, an aliquot of 40 pl of urine or plasma will be spiked
with 10 pL of internal standard (L-4-chlorophenylalanine in
water, 30 pg/mL) and extracted with 200 pL of acetonitrile and
methanol (9:1, v/v). The mixture will be vortexed and
centrifuged. After centrifugation, the supernatant will be
transferred to the sampling vials and subject to UPLC-TQ-MS
analysis. The raw data generated will be processed using the
TargetLynx Applications Manager Version 4.1 (Waters Corp)
for targeted metabolite annotation and to obtain the calibration
equations and the concentration of each metabolite in the
samples.

Quality Control

Reproducible and valid results are critical for biomarker
development. To achieve this, three types of quality control
(QC) sampleswill be used in our metabolomicsanalysis. internal
standards, test mixtures, and pooled biologica samples. In
addition to these QC samples, conditioning and solvent blank
samplesare required to obtain optimal instrument performance.
Test mixtures comprise a group of commercialy available
standards with amass range across the system mass range used
for the study samples. These samples are analyzed at the
beginning and end of each batch run to ensure that the
instruments are performing within analytical specifications,
such as retention time stability, peak resolution, peak signal
intensity, and mass accuracy. Internal standards will be added
to the test samples to monitor analytical variations during the
entire sample preparation and analysis processes. The quality
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assurance criteriaused to monitor theinternal standardsinclude
(1) coefficient of variation (CV) <15% within 100 injections,
(2) CV <20% within 300 injections. The CV is defined as the
ratio of the standard deviation to the mean peak signal intensity.
A pooled plasmasampl e containing aliquotsfrom representative
participantswill be used asa study QC samplefor the correction
of interbatch analysis. The QC samples for this project will be
prepared with the test samples and injected at regular intervals,
every 12 testing samples, throughout each analytical run. The
purpose of using the pooled QC samplesisto provide a set of
data that can be used to assess overall reproducibility and to
correct for potential analytical variations. To minimize the
batch-to-batch and day-to-day variations, we will attempt to
arrange one case and one control sample adjacent to each other
in each batch and on each day of testing. (3) Dataassembly: for
data analysis, the quantitatively measured metabolites for each
participant will be merged with the participant’s clinical
information through their individual sample IDs.

QoL and Other Mental Health-Related Measures
(Self-Reported)

QoL will be measured using the Personal Well-being
Index-Chinese Version. It is a subjective QoL measure that has
been translated and validated. Anxiety will be measured using
the Chinese version of the Depression Anxiety Stress Scale-21,
which has been proven to have internal consistency [44,45].
The scale will discriminate between the negative emotional
syndromes of depression, anxiety, and stress in Chinese
populations. Only the subscales of anxiety and stress will be
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used. Loneliness will be measured using the Revised UCLA
Loneliness Scale) [46,47]. This scale consists of 20 items and
has been widely used to assess loneliness in research. General
mental health will be measured using the General Health
Questionnaire, which is commonly used to screen minor
psychiatric symptoms [48].

Safety Observations

During thetrial, each participant will receive saf ety monitoring.
All adverse events will be forwarded to the ethics committee.
They will review all documented harms during the trial and
adjudicate them with regard to causality. The observations are
listed below:

1. Vital signs. Body temperature, heart rate, blood pressure,
and respiration (once at each follow-up visit)

2. Blood routine, urineroutine, stool routine plus occult blood
(oncebefore and after treatment, respectively; twiceintotal)

3. Hepatic function (alanine aminotransferase, aspartate
aminotransferase, total bilirubin, akaline phosphatase,
gamma-glutamyl transferase), renal function (serum
creatinine, blood urea nitrogen) (once before and after
treatment, respectively; twicein total)

4. Electrocardiogram (once before and after treatment,
respectively; twice in total)

5. Severity and incidence of adverse events (recorded in detail
at any time)

The schedul e for the enrollment, interventions, and assessment
issummarized in Table 3.
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Table 3. Schedule of enrollment, interventions, and assessmentsin thetrial.
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Time point

Enrollment

Washout (-3 to -1)

Study period (week)

Allocation Post-allocation

0

Follow-up

Run-in (-1) 12 12

Enrollment
Eligibility screen
Informed consent
Randomization
Allocation

Intervention

Cardiorespiratory exercise plus Chinese herbal
medicines

Cardiorespiratory exercise
Chinese herbal medicines
Waiting list
Assessment
Cardiorespiratory fitness
Dyspnea
Body composition
Lung function test
Cardiopulmonary exercise test
Blood biochemistry tests
Gut microbiome
Glucose, fructose, and related metabolites
Metabolomics-related measurement of depression

Quality of life and other mental health-related mea-
sures

Safety

O Ooooooogoogoo o
O oooooogoogoo o

Infectious Control

Prior to and foll owing the testing procedures, all equipment will
be subjected to rigorous disinfection methods for clinical
populations as outlined by the Guidelines on Infection Control
Practice in the Clinical Setting of the Department of Health
[49]. Further to this, individuals involved in testing and data
collection will be required to wear the necessary protective
clothing and observe personal hygiene regulations as further
outlined in the document [49].

Data Management and Storage

The origina medica records will be kept intact by the site
investigators as the original documents of the clinical trial. All
researchers will receive training regarding data management.
Web-based application and user sessions will be encrypted
between the server and client browser through the use of
industry standard secure sockets layer (SSL) certificates. The
datawill be entered into the electronic case report form and the
database will be established before recruitment. The
investigators will be responsible for verifying the accuracy of
the data. Data locking will be completed by the data
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management team, and the researcherswill not be ableto modify
thedata. All research documents, including paper and electronic
documents, will beretained for at least 5 years after publication.
All individua participant data collected during the trial will be
deidentified and made availabl e to anyone who wishesto access
the dataimmediately following publication.

A Data and Safety Monitoring Board (DSMB) has been set up
to review the protocol and the research data. The DSMB will
meet regularly to review the protocol according to ethical and
safety standards, monitor the safety of thetrial, and monitor the
authenticity and completeness of the data based on the study
design. The DSMB will review the progress of the tria,
determine adverse events, and have the authority to decide
whether the study needsto end early.

Data Protection

All data protection and patient anonymity considerations will
apply throughout the experimental and postexperimental period.
All patients prior to participation will be required to complete
an informed consent form, clearly outlining experimental
procedures and information relating to the study. All data will
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be anonymized with the unique experimental 1Ds provided to
the patients. Data collected will be stored in a secure location
under lock and key. Computer-generated information will be
given specific passwords, with access granted to the principal
investigator. Patients will be informed that they can withdraw
from the study at any time. Prior to data collection, ethical
approval will be obtained from the ethics committee. All data
collection procedures, confidentiality issues, and patient integrity
will be subject to methodological rigor as outlined by the data
protection act.

Sample Size Calculation

Aiming to achieve a large effect size of 0.8, based on a
meta-analysis of effectiveness of exercise interventions on
dyspnea and exercise capacity in patients with pulmonary
fibrosis diseases [28], using a significance level of 0.05, power
level of 90%, and 20% drop-out rate, a sample size of 172
patients (43 per group) was preliminarily estimated for the study.
Themeta-analysisresult was chosen becausethereisno similar
rehabilitation program available that combines exercise and
Chinese herbal medicine. Furthermore, the outcome variables
inthat meta-analysisare similar to our primary outcomes. Given
that the effects of Chinese herba medicine were not considered,
the final sample size will be re-estimated using preliminary
outcomes from the pilot study.

Statistical Analysis

A generalized linear mixed model will be used to compare
between-group differences in changes of outcome variables at
the 12- and 24-week periods of the study, where group and time
are the two factors of interest. Mediating effects of the gut
microbiome and immune function tests will be determined by
fitting linear regression models for pulmonary and other
outcomes, respectively. A significance level of 0.05 will be
adopted (two-tailed test). Intention-to-treat procedures will be
applied to the data sets obtained. Missing data will be imputed
using multiple imputations with chained equations, except for
those from dropouts, which will be imputed with the baseline
data. Data will be scrutinized for normal distribution prior to
dataanalysis. Sensitive analyses, such as per-protocol analysis,
as-treated analysis, and analysis for complete cases, will only
be performed to assess the robustness of the data analyses.

Gao et a

Data Sharing

All individua participant data collected during the trial will be
deidentified and will be available to anyone who wishes to
access the dataimmediately following publication.

Results

The trial was approved by the university ethics committee
following the Declaration of Helsinki (REC/19-20/0504) in
2020. Thetrial has been recruiting patients. The data collection
will be completed in 24 months, from January 01, 2021, to
December 31, 2022.

Discussion

As revealed in recent studies, long-term (12 weeks or more)
interval exercise can significantly improve ventilatory, central
hemodynamic, and peripheral muscle capacities [50]. During
the COVID-19 pandemic, home-based tel e-coaching techniques,
such as a smartphone and step counter, could provide a
comfortable and safe environment for rehabilitation that is as
effective as that of hospital-based rehabilitation [51-53].

Because of the focus on rehabilitation, using a combination of
exercise and Chinese medicine, and exploring the role of the
gut microbiome in a mechanistic manner, the proposed study
would be the first of its kind for this type of experimental
intervention. Given that COVID-19 could persist in human
populations, the important findings from this study would
provide valuable insights into the mechanisms and processes
that are active during rehabilitation.

The proposed multiple components of the rehabilitation program
will benefit patients post—-COVID-19 who use the various
treatment modalities in the process. The findings and
implications of this study will have long-lasting positive health
benefitsfor patients with COVID-19 and will help treat related
comorbidities. The findings from the study will also provide
economic comparative data relating to the development of a
cost-effective model for postevent rehabilitation of patientswith
COVID-19.
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Abstract

Background: Stroke has profound impacts on families. Often, family members, including stroke survivors and the person who
takes up the role of the primary caregiver, would encounter demands on finances, rehabilitation arrangement, and even conflicts.
Hence, afamily-oriented intervention is expected to enable families to rebuild internal and external resources to achieve optimal
rehabilitation and community reintegration.

Objective: This study aimsto describe a design of atwo-tier family-oriented care management intervention for enhancing the
family functioning and care capacity of the caregivers of stroke survivors.

Methods: Thetwo-tier care management intervention was guided by a standardized protocol conducted by trained professional
care managers (first tier) with the support of trained volunteers (second tier), which lasted for 8-12 weeks. Participants were
recruited through collaborating hospitals according to inclusion and exclusion criteria. In order to examine the effectiveness and
cost-effectiveness of the two-tier care management intervention, a two-arm randomization multicenter study was designed,
including an active comparison group, which was guided by a standardized protocol conducted by trained volunteers. Dyadic
participants, including both stroke survivors and their primary caregivers for both groups, were invited to participate in a
guestionnaire survey using standardized and purposefully devel oped measures 3 times: before the intervention, immediately after
theintervention, and 2 months after the intervention. The primary outcome was family functioning measured by the Family Role
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Performance Scale and Family Assessment Device-General Functioning Scale. The secondary outcomes included caregiving
burden, depressive symptoms, care management strategies, and the incremental cost-effectiveness ratio.

Results. Recruitment began in January 2017 and was completed at the end of April 2019. Data collection was completed at the
end of March 2020. As of March 2020, enrollment has been completed (n=264 stroke caregivers). A total of 200 participants
completed the baseline questionnaires. We aim to publish the results by mid-2021.

Conclusions: Thisstudy successfully devel oped atwo-tier care management protocol that aimsto enhance the family functioning
of the caregivers of stroke survivors. Guided by a standardized protocol, this family-oriented two-tier intervention protocol was

found to be feasible among Chinese families.
Trial Registration:
International Registered Report Identifier (IRRID):

(JMIR Res Protoc 2021;10(5):€16703) doi:10.2196/16703

Clinical Trials.gov NCT03034330; https://ichgcp.net/clinical-trial s-registry/NCT03034330
RR1-10.2196/16703

KEYWORDS

two-tier family-oriented intervention; family functioning; family caregivers; stroke survivors; randomized controlled trial

Introduction

Background and Rationale

Stroke has profound impacts on families. In particular, after
stroke survivors return home from discharge, they often rely on
family members to meet their daily needs for care and support
[1,2]. Often, family members, including stroke survivors and
the person who takes up the role of the primary caregiver, would
be under high stress to face the demands of supporting the
activity of daily living, theinstrumental activity of daily living,
financial and emotional support, rehabilitation arrangement,
etc. During this sudden and unexpected caregiving journey,
stroke caregivers need to not only equip themselves with
knowledge and skills to provide hands-on care on adaily basis
but also adjust their roles and functions within the family
context. The process of rehabilitation after stroke is often long
and challenging, and feelings of frustration, depression, and
even family conflicts are common. A study showed that stroke
survivor characteristics and family conflicts surrounding
recovery was associated with mental distress and physical ill
health [3]. In turn, increased psychological distress and poor
family function can undermine the stroke survivor’'s recovery
and rehabilitation process[1,4,5]. Apart from the direct impact
of stroke caregivers, poor recovery and rehabilitation of stroke
survivors impose a significant financial burden on the health
care system [6].

Stroke accounts for 30%-50% of admissions to long-term
residential care homesin Hong Kong [6]. Hence, interventions
targeting family dynamics are vital. Interventions focusing on
primary caregivers revealed the importance of enhancing
self-efficacy in reducing the burden and enhancing their
well-being at theindividual level [7-11]. However, aswe argued
above, stroke affects the entire family and not only the primary
caregivers. Hence, we devel oped afamily-oriented intervention
to support families with stroke survivors. A family is the most
important socia unit that isexpected to provide care and support
when family members fed sick or ill. When a person
experiences a stroke, the family as a whole is affected, and
therefore, interventions that enable family functioning as a
whole are required.

https://www.researchprotocols.org/2021/5/€16703

Research has shown that a volunteer-led community education
program successfully improved stroke knowledge [12],
indicating that volunteers are untapped resources that can be
integrated into interventions. However, studies have shown that
aprofessional-led intervention group produced better outcomes
in preventing mood disorders among stroke patients as compared
to the volunteer support group [13]. Considering that
professional-led and volunteer-led interventions could have
unique roles, our research team designed a two-tier care
management intervention protocol. In the first tier, trained
professional sfocused on conducting the assessment, conducting
family-oriented interventions such as work-family balance,
family communication, and family conference, and assigning
and supervising volunteer-led intervention sessions. In the
second tier, trained volunteers focused on interventions on
enhancing stroke knowledge, enabling exercise, etc. By
integrating the two-tier care management intervention,
professionals and volunteers could supplement each other to
optimize the intervention intensity and to maximize
cost-effectiveness.

In summary, our research team developed a two-tier
family-oriented intervention that aims to enhance the family
functioning of the caregivers of stroke survivors and it has 3
unique features. These features are (1) a family-oriented
intervention that focuses on family functioning, (2) a two-tier
care management approach consisting of trained professionals
(first tier) and trained volunteers (second tier) purposefully
designed, and (3) last but not the least, a family-oriented care
management intervention, starting from needs assessment,
followed by the care plan, implementation, and review.

Objectives and Hypothesis

The main objective of this 8-12-week randomized controlled
trial isto investigate the effectiveness and cost-effectiveness of
atwo-tier family-oriented intervention in enhancing the family
functioning of caregivers of stroke survivors. We hypothesized
that a two-tier family-oriented intervention for caregivers of
stroke survivors can enhance their family functioning and care
capacity as compared to a volunteer-led control intervention.

JMIR Res Protoc 2021 | vol. 10 | iss. 5 |e16703 | p.106
(page number not for citation purposes)


http://dx.doi.org/10.2196/16703
http://www.w3.org/Style/XSL
http://www.renderx.com/

JMIR RESEARCH PROTOCOLS

Methods

Study Setting

This is a two-armed, multicenter, double-blind randomized
controlled trial (NCT03034330). Stroke survivors and their
primary caregivers (up to n=300) wereincluded and randomized
in a 1:1 allocation ratio to a two-tier family-oriented care
manager—-ed intervention group (up to n=150) and a

Table 1. Details of the study sites.

Lou et al

volunteer-led control group (up to n=150). In this study, the
research team collaborated with 5 local hospitals in the Hong
Kong West Cluster, New Territories East Cluster, and New
Territories West Cluster and 3 nongovernmental organizations
(NGOs) in the Southern, Shatin, and Tuen Mun districts with
varied settings. Three on-siteteams established theinfrastructure
to provide direct rehabilitation and support services to stroke
patients. The details of the partnering NGOs are listed in Table
1

District Setting Services
Southern District Elderly Community Centre Providing support servicesto healthy, vulnerable, and frail older adults
living in the community and family caregivers
Shatin Home Support Team of the Integrated Discharge Providing postdischarge support services for older adult patients, such as
Support Program for Elderly Patients meal delivery, household cleaning, home assessment, and modification
Tuen Mun Community Rehabilitation Day Centre Providing both professional and psychosocial rehabilitation servicesto

discharged patients with stroke, neurological, or physical impairments

Ethical Approval

We obtained ethical approval from the Institutional Review
Board of The University of Hong Kong/Hospital Authority
Hong Kong West Cluster (UW 16-1019), The Joint Chinese
University of Hong Kong-New Territories East Cluster Clinical
Research Ethics Committee (2016.679-T), and New Territories
West Cluster Research Ethics Committee
(NTWC/CREC/16123). The clinical trial was registered at the
United States National Institutes of Health (clinicaltrials.gov;
NCT03034330). Informed written consent was obtained from
all participantsincluded in the study. This study started in June
2016 and ended in March 2020.

Inclusion Criteria

All caregivers of stroke survivors identified by the NGOs or
referred by the hospitals were recruited if they (1) were
Cantonese-speaking adults aged 18 years or older, (2) had a
family member who had a stroke (ischemic or hemorrhagic
stroke) at the age of 18 yearsor older, (3) provided care or were
with a stroke survivor for no less than 10 hours per week
(including time supervising a domestic helper) after discharge
from the acute hospital, and (4) reported significant caregiver
burden (a score =6 using the four-item Zarit Caregiver Burden
Interviews[14]), depressive mood (a score =2 using the Patient
Health Questionnaire-2 [15]), or family dysfunction (a score
=6 using 4 items selected from the Family Caregiver Conflict
Scale[FCCS] for Stroke[16]). These 3 parameterswere chosen
because this study aims to enhance the family functioning and
care capacity of stroke caregivers. The inclusion criteria for
stroke survivors were (1) being a Cantonese-speaking adult
aged 18 years or older, (2) having a family caregiver
participating in this study, (3) being able to communicate with
interventionists and interviewers, and (4) being competent to
provide written informed consent.

Exclusion Criteria

Caregivers were excluded if they were diagnosed with
Alzheimer disease or other types of dementia (clinically
diagnosed), or were suffering from acute health conditions (eg,

https://www.researchprotocols.org/2021/5/€16703

conditions caused by avirus, infection, injury, misuse of drugs
or medication) that prevented them from providing caregiving
support. As this intervention involves strong engagement and
commitment from caregivers, peoplewith cognitiveimpairments
are not suitable for this study. Acute health conditions include
cancers and other major illnesses such as stroke and a broken
bone that negatively affect the caregivers physical and mental
conditions, which prevented them from providing caregiving
or joining the intervention. Stroke survivors (1) who had a
transient ischemic attack without a major ischemic or
hemorrhagic stroke, (2) whose family caregiver refused to
participate in this study, (3) who were not able to communicate
with interventionists and interviewers, or (4) who were not
competent to give written informed consent (eg, illiterate or
with cognitive impairment) were excluded from this study.

Sample Size Calculation

We used the G*Power 3 software (Psychonomic Society, Inc)
to determine the minimum sample size required for obtaining
a significant medium effect size of family functioning, given
0=.05 and statistical power of 0.80, with a two-sided
significance of .05. While we estimated the sample size, we
could only take referencesfrom similar relevant studiesreported
intheliterature that were available. References weretaken from
studies using individual -based outcomes such asthe readmission
rate of stroke survivors[17], depressive symptoms of caregivers
[18], family role performance [19], and caregiver burden [4].
We admit that this is a limitation of our study. Based on a
previous study, readmission rates within 6 months after
discharge were significantly lower among patientswho received
follow-up home visits (26%-34%) compared to those who
received standard aftercare only (44%) [17]. Besides, stroke
accounts for 30%-50% of admissions to long-term residential
care homes in Hong Kong [6]. To the best of our knowledge,
since no intervention has utilized both care managers and
volunteers in providing support to stroke families, we
hypothesize that our designed intervention will lower the
readmission rates of stroke survivors. As per this, we
hypothesized that 15% of the stroke survivorswhose caregivers
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were in the intervention group will be readmitted to a hospital
or admitted to aresidential care facility within 6 months after
discharge, whereas 30% of the stroke survivorswhose caregivers
were in the control group will be readmitted to a hospital or
admitted to aresidential care facility over the same period. The
resulting sample size estimate was 140 dyads per group;
however, to ensure a sufficient effect size, and considering
attrition, asample size of 150 dyads per group will be used. We
estimated that the attrition rate will be 25% based on the risk
of second stroke occurrence within 1 year [20] as well as the
fact that the previous intervention study lasted for around 6
months [17].

Screening, Randomization, and I ntervention Allocation

Stroke survivors and their primary caregivers were first to be
identified by physicians in the abovementioned 5 hospitals.
Potential dyads were referred to the 3 NGOs using a
standardized referral form developed by the research team.
Stroke survivors and their primary caregivers were aso
identified from the pool of existing service users of the 3NGOs.
The care team consisted of trained socia workers from the 3
NGOswho performed screening using a standardized screening
form that comprised dataon demographics, family functioning,
caregiving burden, depressive symptoms, and willingness to
join. Participantswererecruited if they met theinclusion criteria,
passed at |east one threshold in the areas of family functioning,
caregiving burden, or depressive symptoms, and showed a
willingnessto join.

After recruitment, trained social workers from the 3 NGOs
notified the research team to conduct randomization. To avoid
bias and to ensure an equal number in each group within each
study site, group alocation was determined using
computer-generated block randomization with a block size of
4 by using SPSS Statistics (version 23.0, IBM Corp). A member
of the research team informed the care managers about the
subject code for group allocation. The participants and
researchers were blinded to the group assignment. The care
managers and volunteers were not blinded to the group
assignment, because they needed to know the participants’ group
assignment to provide interventions.

Upon randomization, trained care managers were assigned to
different cases by the NGOs' internal control while 2-3 trained
volunteers were assigned to the same group depending on their
availability and gender. The research team was cautious about
the gender of the volunteers; female caregivers may find it
difficult to face many male volunteers dueto traditional values,
while male caregivers may be more willing to receive support
from male volunteers.

Three strategies were adopted to ensure that the intervention
and control groups were separated throughout the study. First,
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both interventions were guided by a standardized protocol
conducted by the trained interventionistsindependently. Second,
interventions were home-based, which prevented participants
from meeting with each other during the intervention period.
Last but not the least, the research team served as a safe guide
during the monthly field visit to secure protocol compliance.

Protocol Development

Theresearch team devel oped a standardized protocol consisting
of 3 guidelines, that is, a Care Manager Manua (with 4
chapters), an Intervention Group Protocol for Volunteers (with
13 chapters), and a Control Group Protocol for Volunteers (with
6 chapters) to facilitate the intervention program. The research
team provided training to the care managers and volunteers
separately. First, we conducted a 4-day (32-hour) training
session for 9 care managers (3 from each NGO) in 2016,
covering the topics of the medical aspects of stroke, the
intervention and assessment framework, care management,
family therapy, coping with stress, problem-solving, stroke
rehabilitation, and family intervention skills. Second, we
provided a 5-day (40-hour) training workshop to 46 volunteers
recruited by the 3 NGOs, focusing on the impact of stroke,
psychoeducation, in-home exercise training, personal care
techniques, counseling skills, swallowing and communications,
intervention assessment, and code of practice. The number of
volunteers recruited was estimated by care managers of the 3
NGOs based on the intervention protocol and resource
management.

I ntervention Group

Both groups followed a standardized protocol designed by the
research team. The intervention group received a two-tier
family-oriented care manager—ed intervention consisting of a
trained social worker (care manager) and trained volunteersfor
2-3 months.

Control Group

The control group received a volunteer-led psychosocial
education for 2-3 months. Care managers did not provide any
direct intervention for the participants in the control group.
Stroke survivors were not involved in the control group
intervention. All participants completed a questionnaire at 3
different time points (Figure 1). A basdine assessment (T0O)
was conducted by care managers or volunteers before the start
of the intervention. The first follow-up (T1) was conducted by
atrained research assistant immediately after completion of the
intervention, and the second follow-up (T2) was conducted by
atrained research assistant at 2 months after completion of the
intervention. Time points were chosen to better evaluate the
effectiveness of the intervention and to reduce the attrition rate.
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Figure 1. CONSORT flow diagram of the randomized controlled trial with 2 groups. HK: Hong Kong.
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Intervention

Stroke caregiver participantsin the intervention group received
the following interventions.

Two-Tier Family-Oriented Care Manager—Led
I ntervention

Theintervention wasindividualized and tailor-made according
to the caregivers needs assessment results. Care managers
conducted an initial family needs assessment with caregivers
to determine the care plan. Baseline assessments and a family
genogram were used to assess caregivers needs. Measures
covered demographic information, stroke knowledge, care
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management strategies, family conflicts, family functioning,
socia network, caregiver burden, physical and mental health,
and depressive mood. The intervention lasted for 2-3 months
with 6-10 weekly sessions at the homes of the caregivers or
stroke survivors. Each session lasted for 60-90 minutes. The
flexibility in the duration was provided based on the
consideration that some participating familieswere morewilling
to share and discuss in detail, as evidenced in the pilot
experiences. The research team visited each study site every 4
weeks to ensure project progress and held afull team meeting
with the 3 NGOs every 12 weeks to share good practices.
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The care managers determined the intensity of the intervention
after the initial family needs assessment. The weekly sessions
selected out of 22 choicesarelistedin Table 2. Thetrained care
manager provided the first tier of the intervention, consisting
of (1) thefamily needs assessment (session 1), (2) family support
and counseling (sessions 2, 3, 4, 5, 6, and 7), (3) psychological
support to caregivers (session 12), and (4) care planning and
coordination (session 22). Trained volunteers, supervised by
the trained care managers, form the second tier of intervention.
They mainly provided in-home services, including (1)
psychoeducation (sessions 13, 14, 15, 16, and 17), (2)
skill-building (sessions 8, 9, 10, and 11), and (3) social support
(sessions 18, 19, 20, and 21). Stroke survivors also took part in
up to 4 sessions (sessions 18, 19, 20, and 21) if they agreed and
were competent to take part in the intervention. However, the

Table 2. Domains and themes of the intervention sessions.

Lou et al

participation of the stroke survivors did not affect their
caregivers involvement in the study and the intervention.
Although the intervention was individualized and tailor-made,
the research team provided a standardized protocol to guidethe
trained care managers as well as the trained volunteers in
ddlivering theintervention. Further, the interventionists recorded
the sessions conducted as well as the duration of each session
in a service log. Because the collaborating NGOs provided
social services or rehabilitation services to stroke survivors,
rapport building between care managers and stroke families
was ensured. All participating stroke families agreed on the
intervention and signed consent forms. Further, care managers
built a constant feedback mechanism with the participants,
which can ensure participant adherence.

Domain Theme I nterventionist
Care Manager Volunteer

Family Needs Assessment Project orientation, family needs assessment, and goal setting d
Family Support | Family conference ad
Family Support I Addressing relationship and caregiving issues of spousal caregiver O
Family Support 111 Addressing relationship and caregiving issues of adult-child caregiver O
Family Support IV Rediscovery of family strengths O
Family Support V Emotion management O
Family Support VI Empower stroke survivor O
Skill Building | Caregiver self-care and relaxation O
Skill Building 11 Mastering care skills O
Skill Building 111 Communicating with stroke survivor with communication or swallowing

problems
Skill Building IV Communicating with health care professionals ad
Skill Building V Stress coping and problem-solving d
Psychoeducation | Understand poststroke health issues ad
Psychoeducation |1 M edication management d
Psychoeducation I11 Home safety and emergency handling ad
Psychoeducation IV Promoting healthy lifestyle d
Psychoeducation V Navigating community resources ad
Social Support | Speech training d
Socia Support Il Cognitive stimulating activities ad
Socia Support 111 In-home rehabilitation exercise d
Socia Support 1V Family outing ad ad

Socia Support V Care plan and coordination

Volunteer-Led Psychoeducation (Control Group)

The control group received a standard, non—family-based
psychoeducation intervention provided by trained volunteers
under the supervision of trained care managers. Theintervention
lasted for 2 months with 4 weekly sessions held at the homes
of the caregivers of stroke survivors in the first month and 2
telephone contacts made in the second month (6 contact points
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intotal). Each session lasted for 60-90 minutes. Care managers
did not provide any direct intervention for participants in the
control group. Stroke survivorswere not involved in the control
group intervention. Intervention in the control group consisted
of 4 weekly home visits by trained volunteers who provided
psychoeducation to caregivers, including (1) medication
management and communication with health care professionals,
(2) headthy lifestyle, (3) stroke care skills, and (4) stroke
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rehabilitation knowledge. Finally, 2 telephone contacts were  Qutcomes

made by trained volunteers to educate caregivers on (1)
navigating community resources, and (2) preventing recurrent
stroke.

Table 3. Outcome measures.

Primary Outcome Measures

The primary outcome revolves around the family level. The
family-level outcome measures to be obtained include the
Family Role Performance Scale, Care Management Strategies
Scale, FCCS, and Family Assessment Device-General
Functioning (FAD-GF) scale. The details of each scale are
described below (Table 3).

Outcome measures Baseline First follow-up Second follow-up Six months after
second follow-up

Primary outcomes

Family Role Performance Scale

Family Assessment Device-General Functioning Scale [ ad O
Secondary outcomes

Care Management Strategies Scale ad ad O

Family Caregiver Conflict Scale

Cantonese short version of Zarit Burden O O O

Interview

The Patient Health Questionnaire-9 item ad ad O

Caregiving Ambivalence Scale ad ad O

Social care services used by stroke survivors d O O

Medical care services used by stroke survivors ad ad O

Clinical profile and service use data of stroke survivors

Cost of study participation

Family Role Performance Scale

The research team devel oped this scal e to measure the frequency
and ability of the family member to perform 6 major family
roles, that is, advisor, emotional connector, breadwinner,
caretaker, decision maker, and caregiver by using the structure
developed and validated by Chen et al [19]. This scale contains
2 parts. Thefirst part contains 6 items and asks parti cipants how
often they perform the 6 family roles. Each item is answered
on a scale ranging from 0 (never) to 4 (very frequently). The
second part contains 6 items and asks participants to rate their
performance regarding family roles. Each item is answered on
ascaleranging from O (very poor) to 4 (very good). The 2 parts
will be scored separately.

Care Management Strategies Scale

The research team devel oped this scale to measure caregivers
care management strategies. The Care Management Strategies
Scale consists of 18 items describing care management
behaviors, including both positive and negative aspects,
developed by the research team. The positive part contains 9
items and asks participants how often they perform positive
care management strategies. Each item is answered on a scale
ranging from O (never) to 4 (very frequently). The negative part
contains 9 items and asks participants how often they perform
negative care management strategies. Each itemisanswered on
ascaleranging from O (never) to 4 (very frequently). The 2 parts

https://www.researchprotocols.org/2021/5/€16703

will be scored separately, and then reverse coding will be applied
to the negative part to provide acomposite score. A higher score
indicates better management strategies.

FCCS

The FCCS consists of 15 itemsto assess family conflict due to
stroke. Each item is answered on a scale ranging from 1
(strongly disagree) to 5 (strongly agree). It has 4 subscales,
namely, communication, problem-solving, general family
functioning, and perceived criticism [16].

FAD-GF Scale

The FAD-GF scale is the 12-item general functioning of the
McMaster Family Assessment Device[21] to measurethefamily
functioning of caregivers. Each item is answered on a scale
ranging from 1 (strongly agree) to 4 (strongly disagree).

Secondary Outcome Measures

The secondary outcome is related mainly to the personal level.
Personal-level outcome measures include the Cantonese Short
Version of Zarit Burden Interview (CZBI-short), Patient Health
Questionnaire-9 item (PHQ-9), and Caregiving Ambivalence
Scale. The study team will a so obtain service utilization records
and perform acost-effectiveness evaluation. The details of each
secondary outcome measure are described above (Table 3).
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CZBI-Short

The CZBI-short is a spoken Cantonese version of the 12-item
ZBI to assess the burden on Chinese dementia caregivers in
clinical and social care settings[22]. Each item is answered on
ascaleranging from O (never) to 4 (very frequently).

PHQ-9

The PHQ-9 is a reliable and valid instrument for assessing
depressive symptoms in the general Hong Kong population. It
consists of 9 items and was developed to correspond to the
Diagnostic and Statistical Manual of Mental Disorders (Fourth
Edition) criteria for major depression [23]. Each item is
answered on a scale ranging from O (not at all) to 4 (nearly
every day).

Caregiving Ambivalence Scale

The Caregiving Ambivalence Scale is adapted from the
Intergenerational Ambivalence Scale [24] to measure the level
of ambivalence between caregivers and care recipients. The
scale for caregivers consists of 6 items—3 asking the positive
components and 3 asking the negative components of their
relationships. Each item is answered on a scale ranging from 0
(never) to 4 (very frequently).

Service Utilization Record

The service utilization of medical and social care services by
stroke survivors was obtained. Medical care services include
inpatient hospital admission, specialist outpatient, accident and
emergency service, and hospital rehabilitation service. Social
care services include home care service, daycare service,
community rehabilitation service, and residential care service
(admission after study intake). The clinical profile and service
use data of stroke survivors and the electronic medical records
from the Hospital Authority Clinical Management System of
Hong Kong will be retrieved regularly until 6 months after the
completion of the second follow-up assessment.

Cost and Cost-€effectiveness Evaluation

In this study, the cost of study participation, including staff cost,
travel expenses, and program materials, will be calculated. The
research team will use the incremental cost-effectiveness ratio
as well as the additional cost incurred to bring about one
additional unit of a positive outcome to evauate
cost-effectiveness.

Statistical Analysis

We will use descriptive statistics to present baseline
characteristics and outcome measures, and we will transform
any skewed variables and correct their skewness before
inferential analysis. To assess normality, we will perform the
Shapiro-Wilk test of normality aswell asthe normal Q-Q Plot,
while we will use the Wilcoxon signed-rank test for the
nonparametric test. We will also perform the chi-square or
independent two-tailed t tests to examine the differencesin the
baseline characteristics between the intervention and control
groups. For the primary and secondary outcomes, we will
perform a multi-factor analysis of variance or general linear
model to compare the differential changes in each outcome
across the 3 assessment time points, that is, TO, T1, and T2
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between the 2 treatment groups. This model can account for
repeated measures datathat are intercorrelated and that produce
unbiased estimates even in the presence of the missing data,
provided that the data are missing at random. Multivariate
regression will be used to compare the differences in the
outcomes between the 2 treatment groups and will control for
the effect of potential covariates such as depressive symptoms
and caregiver burden. Recruitment rate, attrition rate, and
missing data will also be examined and reported. All outcome
measureswill be analyzed based on intention-to-treat principles.
Every participant who is randomized according to the
randomized treatment assignment will beincluded. Thismethod
of analysis preserves the prognostic balance afforded by
randomization [25]. The cost of study participation, including
staff codt, travel expenses, and program materials, will be
expressed in Hong Kong dollars. All the statistical analyseswill
be performed using SPSS Statistics. All statistical testswill be
two-sided with the level of significance set at .05.

Data Handling and Record Keeping

Hardcopies of the data forms will be anonymized after data
entry and will be stored in alocked cabinet inside the premises
at The University of Hong Kong (2/F, HKJC Building for
Interdisciplinary Research). Electronic personal data will be
stored in a secured server of the university. The principal
investigator will be responsible for safekeeping of persona data
during and after the study. The data will be used for academic
and clinical research only and will be kept for up to 5 years after
thefirst publication. Thisstudy will inform the participantsthat
the institutional review board and ethics committee authority
will have access to source data or documents related to this
study directly to monitor and review the study.

Results

The clinical trial began recruiting in January 2017, and
recruitment was completed at the end of April 2019. Data
collection and data set construction were completed at the end
of March 2020. As of March 2020, enrollment has been
completed (=264 stroke caregivers). A total of 200 participants
completed the baseline questionnaires. We aim to publish the
results by mid-2021. Theintervention protocol isin Traditional
Chinese only and is available upon request from the
corresponding author.

Discussion

This is the first randomized controlled trial to investigate the
effectiveness and cost-effectiveness of atwo-tier family-oriented
intervention that utilized trained care managers and trained
volunteersto support stroke caregiversin Hong Kong. The study
results will provide evidence on the feasibility, sustainability,
and monetary value, and thusinform stakeholders. Stakehol ders
include policymakers in various government bureaus and
departments such as L abor and Welfare Bureau, Social Welfare
Department, and Hospital Authority; health care professionals;
socia work professional's, including those who provide services
in the government, NGOs, as well as the private sector;
semiformal caregivers such as foreign domestic helpers; stroke
caregivers, stroke patients, and stroke families; and media and
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social media, on decisions in integrating this new model into
the current stroke care services. This intervention attempts to
fill a service gap in the current stroke care system and serves
asanimportant basis on which future evidence-based programs
supporting family caregivers of stroke survivors could be
developed.

Lou et al

This study is not without limitations. First, the latest official
statistics that we could retrieve was those of 2016 when this
study began. Subsequent statistical datarelated to stroke patients
and caregivers were not available; therefore, statistical data
obtained in 2016 formed the basis of our study design. Another
limitation is the potential bias and the effect of confounding,

but we provided standardized training to all care managers and
volunteers to minimize intervention bias.
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Abstract

Background: Entertainment-education media can be an effective strategy for influencing health behaviors. To improve
entertainment-education effectiveness, we seek to investigate whether the social authority of a person delivering ahealth message
arouses the motivation to reject that message—a phenomenon known as reactance.

Objective: In this study, using a short animated video, we aim to measure reactance to a sugar reduction message narrated by
achild (low socia authority), the child’s mother (equivalent social authority to the target audience), and afamily physician (high
social authority). The aims of the study are to determine the effect of the narrator’s perceived social authority on reactance to the
sugar reduction message, establish the effectiveness of the video in improving behavioral intent to reduce the intake of added
sugars, and quantify participants’ interest in watching the entertainment-education intervention video.

Methods: Thisisaparallel group, randomized controlled trial comparing an intervention video narrated by alow, equivalent,
or high social authority against a content placebo video and a placebo video. Using a web-based recruitment platform, we plan
to enroll 4000 participants aged between 18 and 59 years who speak English and reside in the United Kingdom. The primary end
pointswill include measures of the antecedentsto reactance (pronenessto reactance and threat level of the message), its components
(anger and negative cognition), and attitudinal and behavioral intent toward sugar intake. We will measure behavioral intent using
list experiments. Participants randomized to the placebo videos will be given a choice to watch one of the sugar-intervention
videos at the end of the study to assess participant engagement with the entertainment-education video.

Results. The study was approved by the ethics committee of Heidelberg University on March 18, 2020 (S-088/2020). Participant
recruitment and data collection were completed in December 2020. The data analysis was completed in April 2021, and the final
results are planned to be published by August 2021.

Conclusions: In thistrial, we will use several randomization procedures, list experimentation methods, and new web-based
technologies to investigate the effect of perceived socia authority on reactance to a message about reducing sugar intake. Our
results will inform the design of future entertainment-education videos for public health promotion needs.

Trial Registration: German Clinical Trials Registry DRKS00022340:
https.//www.drks.de/drks web/navigate.do?navigationld=tria. HTML& TRIAL_|D=DRK S00022340.

International Registered Report Identifier (IRRID): DERR1-10.2196/25343

(JMIR Res Protoc 2021;10(5):€25343) doi:10.2196/25343
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Introduction

Background

Entertainment-education media can be an effective strategy for
influencing health behaviors [1-3]. However,
entertainment-education media face the same challenges as
other traditional persuasion methods [4]. Persuasive hedlth
messages often fail to achieve the desired effect [5], and in some
cases, may arouse the motivation to reject a message, a
phenomenon known as reactance [6].

Thetheory of reactance comprises 4 elements[6]: (1) freedom,
which individuals possess insofar as they are aware of it and
can enact it; (2) threat to freedom, which involves any pressure
ontheindividual, making it more difficult to enact that freedom,;
(3) reactance, which isthe motivation to re-establish the freedom
if that freedom is eliminated or threatened with elimination;
and (4) direct restoration, which involves the freedom of the
individual to perform aforbidden act. Research in thisfield has
led to the devel opment of several strategiesto reduce reactance
to health messages pertaining to littering [ 7], use of e-cigarettes
[8], use of alcohol [9], and eating behaviors [10], among other
health-related messages [11-16].

We are particularly interested in the effect of socia authority
on reactance to persuasive health messages. Our starting
assumption is that an agent (human or otherwise) that delivers
a health message possesses some influence or socia authority
[17]. For example, personswho have high socia authority, such
as experts or doctors, are often recruited to promote health
messages [ 18-20]. However, research has shown that individua s
may perceive health messages from experts as coercive,
threatening, or having an ulterior motive [21], which could
provoke reactance and negate the impact of the intervention
[22,23].

Objective

In aweb-based entertainment-education video setting, thereis
limited, high-quality experimental evidence on the relationship
between reactance and the perceived social authority of a
message agent. Using arandomized controlled trial (RCT), we
will evaluate the effect of social authority status on reactance
to a short animated video on the intake of added sugars. The
sugar message will be narrated by either (1) a preadolescent
daughter, who has low authority status relative to the other
narrators, (2) the daughter’s mother, who has equivalent social
authority to the target audience, or (3) the family physician,
who is an expert with high social authority. Results from this
study will facilitate the development of videos for reducing

https://www.researchprotocols.org/2021/5/€25343

reactance and improve the persuasiveness of health messages
in web-based settings.

This study aims to achieve the following objectives:

1. Determine the effect of the narrator’'s social authority
(daughter, daughter’s mother, or family physician) on
reactance to a sugar reduction message.

2. Establishthevideo'seffectivenessin improving behavioral
intent to reduce the intake of added sugars.

3. Quantify participants' interest in watching ashort animated
video about reducing the intake of added sugars.

Our null hypothesisisthat the social authority of the child, who
has low perceived social authority, the mother, who has
equivalent perceived socia authority, or the family physician,
who has high perceived social authority, will have no effect on
reactance to a video about reducing sugar intake.

Methods

Trial Design

This study consists of a paralel group RCT. Participants will
berandomizedto 1 of 5 arms: either the same sugar-intervention
video narrated by a preadolescent daughter (arm 1: low social
authority), the daughter’'s mother (arm 2: equivalent social
authority), or afamily physician (arm 3: high social authority),
or acontent placebo video with a health message about tanning
and sunscreen (arm 4: no sugar message), or a placebo video
about earthquakes (arm 5: no sugar or health message). We will
randomize the participantsina1:1:1:1:1 ratio to the tria arms.
Participants will watch 1 video once from start to finish.

Nested in each of the five trial arms is a list experiment. For
each list experiment, participants will be randomized at a 1:1
ratio to a control or treatment group. The control group will
receive a list of 5 items about behavioral intent (unrelated to
sugar consumption). Thetreatment group will receive the same
5 items and a sensitive item about behavioral intent to reduce
sugar intake. We will use the list experiment to reduce social
desirability bias, as participants may already be primed to
answer favorably to questions about sugar consumption.

At the end of the study, participants assigned to the content
placebo (arm 4) or placebo (arm 5) will be given a choice to
watch the video intervention. Their choices will be recorded.
Participants who choose to watch will berandomizedat a1:1:1
ratio to the sugar video narrated by the daughter, mother, or
physician. The complete trial flowchart is presented in Figure
1.
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Figurel. Tria design.
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Study Setting

The study setting will be on the internet. We will use the
web-based recruitment platform Prolific [24] to enroll study
participants. We host and deploy our study on a web-based
platform called Gorilla [25], a cloud platform that provides
versatile tools for web-based, experimental, and behavioral
research [26].

https://www.researchprotocols.org/2021/5/€25343

RenderX

Sugar video

Eligibility Criteria

Eligibility criteria included being between the ages of 18 and
59 years (male, female, or other), being able to speak English,
and being aresident in the United Kingdom; not being eligible
according to any of the inclusion criteria was the exclusion
criteria. We will not exclude participants on an existing health
condition (eg, diabetes) because Prolific does not collect health
information from its users.
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Who Will Take I nformed Consent?

The participants will undergo a process of informed consent.
The consent form, which will be hosted on the Prolific platform,
explains the purpose of the study, the risks and benefits of the
research, and how a participant can contact the researcher or
the human subjects review board at Heidelberg University. By
clicking a link, participants will consent to participate in the
study and will be redirected to the Gorillaplatform. The Gorilla
landing page contains additional information about the platform.
Participants can exercise their freedom to not participate at any
point during the study.

Interventions

I ntervention Description

The intervention consists of an entertainment-education video
about reducing sugar intake [27-29]. Devel oped by our coauthor
(MA) at the Stanford School of Medicine, the sugar video is
animated and designed for a diverse and global audience. The
2 main characters, a mother and her preadolescent daughter,
engage in food-related activities, such as grocery shopping and
cooking dinner. The video presents educational content on health
problems associated with consuming added sugars in foods,
such as yogurt, chocolate milk, and breakfast cereals; areview
of the World Health Organization recommendations for the
daily consumption of added sugars is included. The narrative
also includes the story of the father in this family, who dies
from diabetes-associated complications because of frequent
consumption of soda drinks. It concludes with a text message
from the World Health Organization regarding the maximum
number of teaspoons of sugar per day.

Explanation for the Choice of Comparators

Wewill comparethe 3intervention videos (arms 1-3) with each
other (pairwise) to determine which social authority status is
associated with the largest change in reactance and behavioral
intent to reduce the intake of added sugars. In addition, we will
compare the 3 intervention videos with the content placebo
video (arm 4) and the placebo video (arm5).

The content of the placebo video is similar in style to the sugar
video. It isalso animated, with a duration of 3.42 minutes, and
has a health message about tanning and using sunscreen [30].
We used the content placebo video to isolate the content effect
of the sugar-intervention video. It is possible that any video
with a health message (eg, sunscreen protection) can improve
overall health awareness and thus increase behavioral intent to

Vandormael et d

reduce sugar intake. As both the intervention and content
placebo videos have a health message, we expect that a
significant differencein behavioral intent between the 2 videos
(after random assignment) can be attributed to the content of
the sugar message.

We will also compare each sugar-intervention video with a
placebo video. The placebo describes the causes and
characteristics of earthquakes[31] and containsno health-related
or sugar consumption content. A significant difference in
behavioral intent to reduce sugar intake between the content
placebo and placebo videos (after random assignment) can
therefore be attributed to the content of the sunscreen message.
We call thisdifference the health awareness effect. We describe
the total intervention effect as the difference between the
sugar-intervention and the placebo videos, which is the sum of
the content and health awareness effects.

We will also implement alist experiment in each arm with the
control list as the comparator. The control list will include 5
items about general behavioral intent. The treatment list will
include the same 5 control items plus a sixth item about
behavioral intent toward reducing sugar intake. The control list
(comparator) is heeded to measure the prevalence of behavioral
intent to reduce sugar intake, described in the Behavioral Intent
section.

Outcome M easures

Overview

We will measure primary and secondary outcomes. Primary
outcomes are based on the intertwined process
cognitive-affective model, as described by Dillard and Shen [5]
and Zhang [32] (Figure 2). In this model, there are two
antecedents to reactance: the strength of the threat to freedom
and trait proneness to reactance. Reactance is conceptualized
as a mediator between the antecedents of reactance and
behavioral intent to promote health-related activities. It is an
intertwined process consisting of a cognitive and affective
component that can be an experience of hostile, aggressive, or
angry feelings. Furthermore, attitudinal and behavioral intentions
arethe consequences of reactance. The assessment of behavioral
intentions can also help measure the direct restoration of
freedom, which involves performing forbidden behavior and
restoring participants’ need for self-determination and control
[33]. Inaddition, source appraisal, which refersto the perception
of the message source, is another important outcome of
reactance [34].

Figure 2. Anintertwined process cognitive-affective model as described in Dillard and Shen with the addition of source appraisal from Zhang.
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Primary Outcome Measures

Trait Reactance Proneness

Trait reactance refers to reactance being a persona trait that
causes some people to be more or less prone to experiencing
reactance [35]. This implies that individuals tend to differ in
their ways of perceiving and reacting to situations when their
freedom is threatened, depending on their personalities. The
propensity totrait reactancein this study will be measured using

Vandormael et d

the Hong Psychological Reactance Scale developed by Hong
et al [35]. The scale consists of 11 items that comprise 4 major
factors: emotional response to restricted choice, reactance to
compliance, resistance to influence from others, and reactance
to advice and recommendations [35] (Textbox 1). These items
aremeasured on a5-point Likert scalewith thefollowing points:
(2) strongly disagree, (2) disagree, (3) neither agree nor disagree,
(4) agree, and (5) strongly agree [35].

Textbox 1. Trait reactance items based on the Hong Psychological Reactance Scale.

Emotional Responseto Restricted Choice

« | become angry when my freedom of choice is restricted.

Reactance to Compliance
« Regulations trigger a sense of resistance in me.

« | find contradicting others stimulating.

Resistance to I nfluence From Others

o | resist the attempts of othersto influence me.

Reactance to Advice and Recommendations

. | consider advice from others to be an intrusion.

o | become frustrated when | am unable to make free and independent decisions.

« ltirritates me when someone points out things that are obvious to me.

«  When something is prohibited, | usually think, “ That's exactly what | am going to do.”

« It makes me angry when another person is held up as arole model for meto follow.

«  When someone forces me to do something, | feel like doing the opposite.

«  Advice and recommendations usually induce me to do just the opposite.

Threat to Freedom

To measure the threat level of the message, we will use the
following 4 items from Dillard and Shen [5], each measured
using a5-point Likert scale:

1. The message threatened my freedom to choose.
2. The message tried to make a decision for me.

3. The message tried to manipulate me.

4. The message tried to pressure me.

Psychological Reactance

Following Dillard and Shen's model, psychological reactance
is assessed by measuring anger and negative cognition.
Therefore, the average of al items on anger and negative
cognition is an indicator of reactance. To measure anger, we
will use a5-point scale for the following 4 affirmations [5]:

1 This message makes me fedl irritated.

2. This message makes me feel annoyed.

3. This message makes me feel aggravated.
4. This message makes me feel angry.

Negative cognition will be measured using the Likert scalefrom
Quick et al [36-38] instead of the thought-listing procedure used
by Dillard and Shen [5] because of the large sample sizein this
study. In a recent comparison of 3 methods for measuring

https://www.researchprotocols.org/2021/5/€25343

negative cognition [39], the Likert scale was reported to have
several advantages, including measurement economy as well
astheflexibility to usethese measures outside of the [aboratory
and when examining multiple candidate messages. The
following 3items, each measured on a5-point Likert scale, will
be used to measure negative cognition:

1 Thethoughts | had while watching this video were mostly
unfavorable.

2. Thethoughts | had while watching this video were mostly
negative.

3. Thethoughts | had while watching this video were mostly
bad.

Source Appraisal

Source appraisal will be assessed using the question, “The
narrator of thisvideo was...” and 7 semantic differential items
anchored on either end with opposing adj ectives: stupid or smart,
unknowledgeable or knowledgeable, uninformed or informed,
unintelligent or intelligent, unqualified or qualified, unreliable
or reliable, and inexpert or expert [40]. The category ratings
will be scored from 1 to 5, and higher scores will imply more
unfavorabl e evaluations of the message source.
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Attitude

Attitude toward message advocacy will be measured using four
5-point Likert items from Shen [41]:

1. | agree with what the message recommends.
2. | support what the message advocates.

3. | amin favor of the position in the message.
4. | endorse the claims made in the message.

Data from trait reactance proneness, threat to freedom,
psychological reactance, source appraisal, and attitude will be
used to assess objective 1.

Behavioral Intent

The behavioral intent to reduce the intake of added sugars will
be measured using a list experiment approach. In Textbox 2,
we present the 6 experiments and their list items. The control
group will receivealist of 5 items, whereas the treatment group
will receive the same list but with 1 additional sensitive item.
The sensitive item covers the topics of natural versus added
sugar, consumption of sugar-sweetened beverages, fresh fruit
intake, reading of sugar content on package labels, teaspoons
of sugar consumed per day, and home cooking.

https://www.researchprotocols.org/2021/5/€25343

Vandormael et d

We will assess whether participants are motivated (inlists 1, 3,
and 4) or unmativated (in lists 2, 5, and 6) to undertake the
sensitive item. For example, in list 1, imagine that the control
group selects an average of 2 out of the 5 items, and the
participants in the treatment group select an average of 2.2 out
of the 6 items. Holding all else equal, we conclude that the
prevalence of participants who would cut their daily intake of
sugar is 20%. The intention to restore one's freedom will be
present if there are higher scoresfor the unmotivated listsin the
treatment group than the control group. Theintention to reduce
sugar intake will be present if there are higher scores for the
motivated lists in the treatment group than the control group.

To avoid alerting the participant to the purpose of the list
experiment and order effects, the 6 list experiments will be
presented in random order. We designed the items to minimize
ceiling and floor effects [42]. As described in the Statistical
Methods section, we will use regression modelsto estimate the
prevalence of each sensitive item [43]. These datawill be used
to assess objective 2.
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Textbox 2. List experiment items. Each list experiment will be preceded by the question “How many of the five/six statements do you agree with? We
don’'t want to know which ones, just answer how many. This week | feel motivated/unmotivated to...”

List 1: Added Versus Natural Sugar
o  Thisweek | feel motivated to...
«  spend timewatching TV.
o do the vacuuming in my home.
« spend time chatting with my friends on the web.
«  pick afight with my partner.
« rinsemy nose with salt water daily.

« cut my daily intake of added sugar (sensitive item).

List 2: Sugar-Sweetened Bever ages
o Thisweek | feel unmotivated to...
« wash my hands frequently.
o spend time watching movies.
. cleanthetoiletsin my home.
«  smoke marijuana.
o clipmy toenails.

o reduce the amount of sugar-sweetened beverages | drink (sensitive item).

List 3: Fresh Fruit
o  Thisweek | feel motivated to...
« Openup anew savings plan at the bank.
«  practice playing amusical instrument.
« watch apornographic movie.
« do some shopping on the web.
«  cleankitchen counters after use.

. eat fresh fruit daily (sensitive item).

List 4: Food L abels
o  Thisweek | feel motivated to...
o watchanew TV series.
«  practice meditation daily.
« haveacoholic drinks on at least 3 evenings.
«  catch up onlast week’s work.
« cleanall floor surfaces.

«  check food labels for sugar content (sensitive item).

List 5: Teaspoons of Sugar

o Thisweek | feel unmotivated to...
« clean my dishes after use.
« gpend time on the internet.
« trylearning a new language.
« play aprank on my partner.

« Visit acar saleswebsite.
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List 6: Home Cooking
o Thisweek | feel unmotivated to...
«  stock up on household supplies for a month.
o spend time gardening by myself.
«  plan my next holiday.
»  takeaweb-based course.
« goout with my friends.

o cook with fresh, whole foods (sensitive item).

o count how many teaspoons of added sugar | eat each day (sensitive item).

Secondary Outcome Measure

We will measure participant engagement as a secondary
outcome. At the end of the study, we will offer participants
randomized to the placebo videos the choice to watch the
sugar-intervention video or end the survey. The Gorillaplatform
will record this response. If the Watch Video button is clicked,
Gorillawill randomize the participant to 1 of the 3 sugar videos
and record the time (in milliseconds) from the start of the video

https://www.researchprotocols.org/2021/5/€25343

until the participant clicks the Finish button or until the end of
the video, whichever comes first. These data will be used to
assess objective 3.

Participant Timeline

Participants are expected to finish the trial (watch the video,
answer the survey questions, and complete the list experiment)
in 10 minutes. The complete schedule of enrollment,
interventions, and assessmentsis shown in Figure 3.
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Figure 3. Schedule of enrollment, interventions, and assessments.
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Study period

Enrolment

Allocation Post-allocation

-tp

Timepoint
P Minute 1

to to
Minute 0 Minute 1-10

Enrolment:

Eligibility screen X

Informed consent X

Allocation

Interventions:

Arm 1

Arm2

Arm 3

Armd4

Arm5

Assessments:

Questionnaire survey

X | X | X | X [ X | X | X

Sample Size

We calculated the sampl e size needed for pairwise comparisons
between the 3 groups using aone-way analysisof variance. The
formula used to calculate the sample sizeis [44]

@

where k=1, which isthe matching ratio, p, and |z are the group
A and B means, o, and og are group A and B standard

deviations, a=.05 isthe type-1 error, 3=.20 isthe type-Il error,
zisthequantilefunction, and 1=2 isthe number of comparisons
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to be made. For the control and treatment groups, we assumed
amean of [,=2.0 and pg=2.15, respectively (in other words, we
expect, on average, that the control group will agree with 2 out
of the 5 items and the treatment group will agree with 2.15%
of the 6items). We selected 0,=0.85 and 0=1.0; this cal culation
yields a sample size of n=769 per group. For a 5-way
comparison, the sample size is n=3845. To ensure sufficient
power and account for attrition, we will select a sample size of
n=4000.
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Recruitment

Wewill usethe Pralific platform to recruit the study participants.
The user must create an account on Prolific and provide their
personal information. Participants must agree with Pralific’'s
data privacy terms and conditions. Prolific will assign each
participant a unique, anonymized ID. The study investigators
will aso create a Prolific account. We will instruct the Prolific
platform on how many participants need to be recruited, and it
will filter out all participants who do not meet the dligibility
criteria. Participant entry into our study will happen on a
first-come, first -served basis until the recruitment number
(sample size) is reached. We will compensate the participants
an equivalent of £1 (US $1.4) for the expected 10-minute
completion time.

Assignment of Interventions: Allocation

Sequence Generation

The Gorilla platform is specifically designed to host and
implement web-based experimental studies. Gorilla will
randomly allocate participants to the five trial arms.

Concealment Mechanism

The Gorillaplatform uses aweb-based randomization algorithm
that is unknown to us.

I mplementation
The Gorilla platform will complete the implementation.

Assignment of Interventions: Blinding

Who Will Be Blinded?

As Prolific handles the interaction between the study
investigators and participants, the participantswill be completely
anonymous to the study investigators. Only the participant’s
unique, anonymized ID will be used to manage the linking
between the Prolific and Gorilla platforms. The outcome
measureswill be self-reported and submitted anonymously. The
study investigators and those involved in the data analyses and
statistics will be blinded to the group allocation.

Data Collection and M anagement

Plans for Assessment and Collection of Outcomes

Datawill be collected onthe Gorillaplatform, where participants
can submit data by clicking on the response buttons. We expect
to collect data over a 1- to 2-week period.

Plansto Promote Participant Retention and Complete
Follow-up

The expected completion time for the experiment is 10 minutes.
Participants will be automatically timed out of Gorillaif they
takelonger than 45 minutesto completethe survey. Thetime-out
is to ensure that participants do not clog up the system with
incomplete surveys. As the participants will be anonymous to
us, there is no way to initiate follow-up in the maximum
45-minute time limit.

Data M anagement

All tria participants will be assigned a unique, anonymized
string ID. TheD will be used on the Gorillaplatform and linked
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to the participants’ responses. Gorilla will store the trial data
onitscloud platform hosted on Microsoft Azurein the Republic
of Irdland. The Gorilla database is encrypted using
industry-standard cryptography. The study investigators own
the research data collected using Gorilla and have complete
control over it. The study investigators can generate and access
the completely anonymized datafrom the Gorillaplatform. The
datawill be downloaded and stored safely for statistical analysis
on a computing system maintained by Heidelberg University
in Germany.

Confidentiality

Participants, who are completely anonymous to us, will have
no identifying information associated with their unique IDs.
We will inform participants that if they email the study
investigatorsthen their names could be revealed to us. The study
investigators will keep thisinformation confidential.

Statistical M ethods

Statistical Methodsfor Primary and Secondary Outcomes

For the descriptive statistics, we will obtain means and SDs of
age, sex, country of residence, and education status variables.
We will use an analysis of variance to estimate pairwise
differences in means between the sugar-intervention videos,
content placebo video, and placebo video. Wewill usethe Tukey
range method to create confidence intervals for all pairwise
differences between the means while controlling for the family
error rate. Within each trial arm, we will estimate the prevalence
of behavioral intent asthe difference between the treatment and
control list for each list experiment. From these estimates, we
will obtain the differences in means between trial arms. This
approach is analogous to a difference-in-difference analysis,
whichwewill implement by specifying the main and interaction
termsin an ordinary least squares (OL S) regression model. The
OL S equation for each list experiment is given as follows:

y = by + b;VideoArm + b,TreatList + b;VideoArm x
TreatList

where y is the number of statements in the list that the
participant agreed with, VideoArm indicates the arm to which
the participant was assigned, and TreatList indicates if the
participant was assigned to the treatment list within that arm.
We will calculate standard errors, 95% Cls, and P values for
linear combinations of coefficients from the OLS model. We
will use R statistical software to perform the analysis.

Methodsin Analysisto Handle Protocol Nonadherence
and Any Statistical Methods to Handle Missing Data
Participants who do not complete the survey will be excluded
from the final analysis. Thislosswill be reported.

Plansfor Granting Public Accessto the Full Protocol,
Participant-L evel Data, and Statistical Code

This document is the full protocol. Additional data or
documentation can be requested from the corresponding author.
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Oversight and Monitoring

Composition of the Data Monitoring Committee, ItsRole,
and Reporting Structure

As the intervention is relatively short and takes place on the
web, adata monitoring committee is not needed.

Adverse Event Reporting and Harms

As participants are anonymous to us, we will not be able to
report any adverse events or harm. It is unlikely that there will
be adverse events, given theformat of our 10-minute web-based
trial.

Criteria for Discontinuing or Modifying Allocated
I nterventions

We will not discontinue or modify the allocated interventions
during the course of the study.

Provisionsfor Posttrial Care

After completing the study, participantsin the health awareness
placebo and content placebo arms will receive the sugar video
as postaccess to treatment.

Plans for Communicating | mportant Protocol
Amendments to Relevant Parties

All relevant parties, including the ethics committee of the
University of Heidelberg and the German Clinical Trials
Register, will be notified about any modificationsto the protocol
that may impact the conduct of the study, the potential benefit
of participants, or participant safety.

Dissemination Plans

We will disseminate the study findings through journal
publications and conference presentations.

Ethical Approval and Consent to Participate

Ethical approval was obtained from the Heidelberg University’s
ethics committee (Universitat Hel del berg Ethikkommission der
M edizinische Fakultat) on March 18, 2020, protocol S-088/2020.
All participants will undergo a process of informed consent.
The consent form, which will be hosted on the Prolific platform,
explains the purpose of the study, the risks and benefits of the
research, and how a participant can contact aresearcher (and/or
the human subjectsreview board at Heidelberg University). By
clicking the link, participants consent to participate in the study
and are redirected to the Gorilla platform. The landing page
contains additional information about the Gorilla platform.
Participants can exercise their freedom to not participate at any
point during the study (see Multimedia Appendix 1 for the
informed consent form).

Availability of Data and Materials

The data will be collected and stored on the Gorilla platform.
The study investigators own and have complete control of the
research data, which can be accessed at any time. For statistical
analysis, the data will be downloaded and safely stored in a
computing system maintained by the University of Heidelberg.
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Results

The study was approved by the Heidelberg University ethics
committee on March 18, 2020 (S-088/2020). Participant
recruitment and data collection were completed in December
2020. The data analysis was completed in April 2021, and the
final results are planned to be published by August 2021.

Discussion

Principal Findings

Thereis growing evidence that entertainment-education media
can be an effective strategy for promoting healthy behaviors
[45-48]. However, further research is needed to understand
which entertai nment-education components can be modified to
reduce reactance to health messages[3,49,50]. In this proposed
study, we focus on a modifiable component—the perceived
social authority of the health messenger—and its effect on
reactance to a message about reducing sugar intake.

In recent years, video-based animation has emerged as a
potentially powerful entertainment-education strategy for
changing behavior [51-53]. This animation format has enabled
the creative use of nonhuman and nonadult charactersto promote
more persuasive health messages [54]. We leveraged this
animated format to create 3 culturally neutral characters that
narrate a health message about sugar consumption. During the
design phase, we assumed that achild narrator would be amore
persuasive messenger because she would be perceived as
nonthreatening or lacking avested interest and therefore would
belesslikely to arouse reactance when compared with an adult
narrator. However, we also considered that the child would not
be taken seriously or that her lack of expertise would nullify
the persuasiveness of the health message. We were unable to
find prior research studiesto inform our decision to use achild
narrator. To thisend, we propose an RCT to investigate whether
reactance to the sugar message would be reduced if it was
narrated by a preadolescent daughter, the daughter’s mother, or
afamily physician. Our results may show that a child can be a
powerful and persuasive health promotion agent, which could
inform future choicesregarding the design and delivery of hedlth
messages.

Strengths and Limitations

In a systematic review, Shen and Han [4] concluded that there
isalack of experimental methods to evaluate the effectiveness
of entertainment-education media. They call for “controlled
experiments to uncover the cognitive and/or affective factors
that mediate entertainment-education’s effects’ [4]. Our protocol
responds to this call by leveraging experimental methods and
carefully considering several factors that may mediate therole
of social authority on reactance to the sugar reduction message,
which we discuss below.

Firgt, our study will usean RCT design to randomize participants
to 1 of 3 sugar-intervention videos, a content placebo video, or
aplacebo video. The 3intervention videos are exactly the same,
except that the sugar message is narrated by the daughter, the
daughter’s mother, or the family physician. The RCT should
ensure that the enrollment stage does not introduce systematic
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differences between trial arms. For example, participants may
have pre-existing health conditions, such as diabetes, which
could affect their responses to the survey questions. However,
random assignment will take care of this potential source of
biasby distributing it uniformly acrosstrial arms. Thus, holding
al else equal, and because of randomization, differences in
reactance toward the sugar message should be because of the
experimental manipulation of the narrator’s socia authority.

Second, the content placebo and placebo videos are an
innovative feature of our study and will enable usto isolate the
health awareness effect and content effect of the intervention
video. The content effect can be quantified as the differencein
mean state reactance (M SR) between the intervention arm and
the content placebo arm. As both videos promote a health
message, and because we will randomize, any significant
difference in MSR should be because of the sugar reduction
content of the intervention video. We can calculate the health
awareness effect as the differencein M SR between the content
placebo arm and placebo arm. As the content placebo video
promotes a health message and the placebo video does not, the
difference in MSR should be because of the health awareness
generated by the sunscreen message. Thus, we can decompose
the total intervention effect—the difference in MSR between
the intervention and placebo arms—as the sum of health
awareness and content effects. We are not aware of any previous
entertainment-education study that has used an experimental
approach to partition the effect of an intervention video in this

way.

We do not believe that the differences between the placebo
videos (which we did not create) and the sugar-intervention
videos (which we created) will confound our results. Such
differences may relate to the animation style, background shapes
or colors, and target audience, among other design decisions.
As mentioned, the main interest of our study is the difference
in state reactance toward the sugar reduction messagefollowing
random assignment to the 3 social authority levels. Onthebasis
of the theoretical model described earlier, it is only the content
of the message or the characteristics of the messenger that can
threaten an individual’s freedom and arouse reactance. As the
placebo video of earthquakes does not promote a health
message, we expect it to arouse avery small (or even null) level
of state reactance (the type of animation style of the placebo
videos, for example, cannot realistically threaten an individual’s
freedom). Therefore, the placebo video will provide a baseline

Vandormael et d

measure of state reactance, which will enable usto quantify the
content and health awareness effects. Further, we were very
careful to select acontent placebo video in which the messenger
had culturally neutral or agnostic characteristics. In this case,
the narrator of the sunscreen message is not seen, and it is not
possibleto determine his social authority. A possible exception
is that the placebo videos are narrated by male voices and the
sugar-intervention videos by female voices. However, it is
unlikely that this design difference will be sufficiently large to
bias our results significantly.

Third, we will conduct alist experiment in each of the 5 arms.
Thisisthe second experimental method that we leveragein our
study design. We use a list experiment to reduce social
desirability bias in participants responses to the behavioral
intent questions about reducing sugar intake.lt is likely that
participants will already be primed to give socially acceptable
responsesto questions about their health and sugar consumption.
The indirect questions (ie, how many statements do you agree
with) provide protection to participants if they want to reject
the sugar message without revealing this intention. To the best
of our knowledge, few (if any) studies have used a list
experiment approach to evaluate the effectiveness of an
entertainment-education video to improve a given health
outcome.

Finally, we will also use an experimental approach to measure
participants’ engagement with the sugar videos. We will do this
by piggy-backing this objective on the ethical requirement to
give participants not randomized to the intervention the
opportunity of watching the intervention video at the end of the
study. Participants will be informed that they will not be
compensated for their additional time, thus enabling us to
estimate the proportion of participants who will voluntarily
watch the sugar video and how long they watch thevideo. These
findings will help us determine participants willingness to
watch an entertainment-education video, especially when this
willingness must be balanced against atime cost, asisgenerally
the case in areal-world scenario.

Conclusions

We expect that our study will make important contributions to
entertainment-education literature. Thelessonslearned can help
us improve the design of entertainment-education videos that
facilitate disseminating persuasive health messages to a global
audience at arapid scale.
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Abstract

Background: Latediagnosesof HIV, hepatitis B, and hepatitis C are important public health problems that affect the population
at large and migrantsin particular. Missed opportunities of HIV and hepatitis screening are numerous, with language differences
being a significant barrier to testing. Severa studies have shown that migrants who do not speak the language of the health
provider arelesslikely to get tested, dueto health providers’ reluctanceto offer atest and to migrants' rel uctance to accept testing.

Objective: The aim of our study is to develop a multilingual electronic tool (app) that assists health providersin offering and
explaining HIV and hepatitis screenings to migrants with alanguage barrier and to evaluate its acceptability and impact in terms
of public health.

Methods: The study will go through 3 stages: (1) concept devel opment, (2) app development, and (3) app evaluation. A qualitative
study has been undertaken to explore language barriers during health care encounters and their effect on communication, specificaly
when ascreening test isoffered. In parallel, asystematic review of the literature was conducted to have acomprehensive overlook
of electronic tools designed to help health care providers communicate with migrants with alanguage barrier. To generate alist
of itemsto be trandated for inclusion in the app, we will conduct afocus group and Delphi survey. The development of the app
will include translation and voice recording of items. The electronic development will also include 3 steps of user testing. The
acceptability of the app will be evaluated using the System Usability Scale. Evaluation of the app’s efficacy will consist of a
stepped wedge randomized controlled trial. The study will be carried out in 16 centersthat treat migrants and offer them screening
tests for infectious diseases. The primary outcome is the percentage of screening tests realized. The secondary outcomes are the
rate of screening proposal by health professionals, acceptance rate by migrants, number of positive cases using this app, and
frequency of use of the app.

Results: The app evaluation study received a 3-year grant from the Agence Nationale de la Recherche contre le SIDA et les
hépatites virales (ANRS) and from the Office Frangais de I'lmmigration et Intégration (OFII). At the time of publication of this
protocol, the initial qualitative study and systematic literature review were compl eted.

Conclusions: Thisstudy will develop an app that assists health providersin offering and explaining HIV and hepatitis screenings
to migrants with alanguage barrier and measure its acceptability and effectiveness in terms of public health. When completed,
this app could be distributed to numerous professionals carrying out screening with migrant populations in various health care
settings.
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Introduction

There are currently around 150,000 persons living with HIV in
France, and late diagnosisisan important public health problem.
In addition to theindividual therapeutic benefit, early diagnosis
contributes, according to modeling, to primary infection
prevention[1,2]. Early antiretroviral treatment initiation inhibits
the multiplication of the virus, reducing the viral load and
therefore the risks of future contamination. This strategy,
however, requires extended screening [3,4]. Migrants (people
born outside France and of non-French nationality at birth) are
apopulation particularly at risk of the late diagnosis of HIV, as
well as hepatitis B and C [5-7]. Migrants are also more prone
to late diagnosisthan nonmigrants[8-10]. The disproportionate
risk of contracting HIV infection that migrantsfacein their host
country islikely the result of acombination of factors, including
stigma, increased risky behavior, and limited access to HIV
prevention services [8]. Among the reasons for late diagnosis,
the language barrier for non-French—speaking migrants might
play an important role.

Research has been extensively conducted to investigate the
language barrier among migrants in accessing care and
prevention services and their consequences on health.
Specifically, qualitative and quantitative studies carried out
among different population of migrantsin Australia[11], Canada
[12,13], and England [14] found that lack of proficiency in
English is a barrier to accessing testing for either HIV or
hepatitis B or C. Those results have been confirmed in studies
of health professionals caring for migrant patients in Belgium
[15], England [14], and Australia[ 16] who state language barrier
asareason for not offering a screening test for those infectious
diseases.

Beyond language proficiency issues, migrants may aso face
health literacy issues. The World Health Organization defines
health literacy as “the cognitive and social skills which
determine the motivation and ability of individualsto gain access
to, understand and use information in ways which promote and
maintain good health” [17]. Health literacy can aid apersonin
making informed choices, reducing health risks, and improving
their quality of life [18]. Thus, health literacy is important to
understand to what extent the communication barrier is due to
the patient's low level of health literacy in their mother tongue
and to what extent it is due to the language difference.

The STRADA study (Screening strategiesfor infectious diseases
[tuberculosis, HIV, hepatitis C, hepatitis B] in the migrant
population in France) is a current, ongoing, prospective,
multicenter, observational study to assess the effectiveness of
a strategy for screening HIV, hepatitis B virus (HBV), and
hepatitis C virus (HCV) among migrants undergoing a medical
examination at the French Office for Immigration and

https://www.researchprotocol s.org/2021/5/€22239

Integration (OFII) [19]. Eligible migrants undergoing amedical
examination at OFI| are offered rapid screening for the 3 viruses.
During theinformed consent process, participantsareinformed
that the study is voluntary and independent from the residency
permit. This screening is preceded by a short risk factor
guestionnaire, available in 11 languages (French, English,
Arabic, Mandarin Chinese, Bengali, Russian, Lingaa,
Portuguese, Spanish, Turkish, Haitian Creol€). This screening
isnot mandatory, and individual s are given the option to decline
or accept such testing. Migrants who are invited to participate
receive information in their own language; this information
indicates that they are free to refuse this test, that their refusal
to participate will not change anything regarding their residency
permit or their level of care (during the medical check-up or in
thefuture), that the participation and results of thetests are kept
confidential and separate from administrative papers, and that
in case of a positive result, they will be able to access free
treatment in France. It is made clear to the participant that a
positive result is not grounds for refusing a residency permit.
Throughout STRADA,, we set up astudy of acceptability aimed
at measuring the obstaclesimpeding screening so asto identify
strategies for achieving a better acceptance rate. A 3-minute
online form is filled out by the health practitioners to report
practitioners' reasons for not offering and patients’ motives for
refusing testing [20-22]. The results from over ayear show the
proposition and acceptability rates are 87.1% and 49.9%,
respectively, of the patientswho attended the medical check-up.
Impeded communication is reported in 29.6% of the reasons
health professionals are not offering screening tests, of which
93.6% arerelated to language barriers (see Table 1). In addition,
other cited obstacles to communication include illiteracy, the
presence of informal translators (which might hinder screening
where sensitive and confidential information is shared), or a
general lack of understanding. Among migrantswho are offered
screening, amajority who refuse (38.0%) said they have already
been screened, although health professionals do not mention if
they asked when the last screening was performed or checked
thoroughly if the screening was indeed performed for the 3
diseases (HIV, HBV, HCV). Communication barriers and low
health literacy might make it difficult for health professionals
to investigate whether migrants need a repesat screening.
Impeded communication is reported in 7.5% of the reasons
migrants refuse screening when it is offered. Other reasons for
refusing screening include patients do not want screening or do
not see any relevance (19.2%), and 5.2% feel either not at risk
or not concerned (Table 2). Those reasons might be linked to a
lack of knowledge regarding HIV and hepatitis risks and
necessity for regular testing, which might be overcome with
clear explanations by a health professional.

Overall, communication isamajor issue in the implementation
of screening, and, as such, alinguistic app targeted at improving
how screening is proposed to patients could potentialy meet
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anidentified need, by reducing the language barrier on one hand
and by providing motivational content to health care workers

Table 1. Reasons health professionals are not offering screening.

Thonon et al

to help them explain the benefits of testing on the other hand.

Reason stated Responses, %
Organizational issues 36.6
Language, communication 29.6
Not known 10.8
Pregnancy 6.1
Already screened 39
Lack of time 39
Technical problems 36
Religious 32
Other 24
Table 2. Reasons migrants refuse screening when it is offered.

Reason stated Responses, %
Already screened 38.0
Not interested 19.2
Not known 14.9
Language, communication 75
No reason given 5.8
No risk factor or not concerned 5.2
Lack of time 4.0
Other reasons 4.0
Religious 13

Health care professional s use multiple sol utionsto communicate
with migrants with a language barrier: informal interpreters,
formal interpreters in person or over the phone, and genera
trandlation applications. Informal interpreters are a no-cost
solution that enables building arelationship of trust but represent
a burden for patients who have to adjust to their availability.
Informal interpreters also commit more errors with serious
clinica consequences [23,24] and do not allow frank
communication [25,26]. Professional interpreters provide
high-quality trandations that result in a better quality of care
[23,27]. Medical doctors and patients are generally satisfied
with professional interpretersbut arelimited by their availability
and number of languages [26]. Professional interpreters over
the phone offer the same quality of trandation with greater time
flexibility and more languages. However, hedth care
professionalsreport less satisfaction [28,29], longer consultation
times[28], and moretechnical problems[29] than with in-person
interpreters. Although less expensive than in-person interpreters,
this service still has a cost that cannot be met by various health
organizations [30].

General trandation applications (eg, Google Trandate,
Lexilogos, i Trandate) have the advantage of being free of charge
and available 24/7. Some studies have tested their efficacy in
the medical context with mixed results. Studies have found the
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quality of trandlation ranging from similar to professional
trandation [31] to incomprehensible [32] or potentialy
dangerous [33], depending on the specific application and
language tested. The trandation of languages that are widely
spoken tended to be of better quality than less widespread
languages. Online trandlation apps are not appropriate for long
or complex sentences [31], for critical situations, [34], in case
of emergency, or if consent is needed [35]. They are also time
consuming [36], not appropriate to use with patients who cannot
read, and do not allow patients to respond [30].

Besides the general translation applications mentioned earlier,
some applications or electronic tools have been specifically
developed to be used in medical consultations to facilitate the
dialogue between health care professionals and migrants with
low language proficiency. Those medical trand ation applications
have devel oped different featuresto overcome such drawbacks.
They usually consist of alist of sentences commonly used in a
medical setting, trandated into several languages, either by
bilingual researchers or by professiona trandators. Those
sentences are often supported by an audio recording and/or
culturally adapted picturestoillustrate them. Patientscan rarely
givefeedback on the health professional’s sentences. Given the
quantity and diversity of sentencesthat can be usedinamedical
setting, those applications are usually targeted to a specific
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medical setting, such as patient’s assessment [37]; emergency
medicine [38] or anesthesia[39]; specific pathologies, such as
asthma[40]; or aspecific population, such asrefugees[41-43].
No existing application has been developed to facilitate
communication between migrants with alanguage barrier and
health professionalsregarding testing for HIV, HBV, and HCV.

The aim of the Apidé study (Electronic Application to promote
screening among Migrants) is to develop and evaluate an app
to assist with screening for HIV, HBV, and HCV among
migrants who have low French proficiency. This will include
a databank of phrases to offer, explain, and conduct atest for
HIV, HBV, and HCV screening in several languages, with a
voice version and pictograms, sociocultural adaptation, and
adaptation to the patient'slevel of literacy. It will include ashort
evaluation questionnaire and items adapted according to the
level of understanding. It will help health professionals test
migrants who do not speak French and/or have alow level of
health literacy. The tool will also include motivational content
to improve acceptability, depending on the situation. For
example, afrequent reason for migrants' refusal to screen was

Figure 1. Overview of the stepsin the Apidé project.
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a lack of risk perception. The app will help overcome this
objective using motivational content and explanations of the
risks associated with a failure to be screened.

Methods

The study will take place in 3 parts that are detailed in the
following paragraphs: development of the conceptual model,
development of the app, and evaluation of the app (Figure 1).
The approach we use is similar to the agile methodology for
developing software, which is centered on users satisfaction
and collaboration and consists of 10 stages. communication
(with potential users), requirements gathering (from the demands
of users), feasibility study, system analysis (of limitations and
impact), software design and coding, testing , integration (of
the different modules of the software), implementation (on
users computers), operation and maintenance, and disposition
[44]. In our study, the users are primarily health care workers
(doctors, nurses, midwives) and other professionals involved
in migrants’ testing, asthey will use the app for themselves and
guide migrants to use it.

|Qualitative study of patients and providers

Content of the app

Focus group

Features of the app

|
Part 1:

Systematic review of
literature

Tool

Delphi survey of providers

Approved content

| conceptual model

Approved features

Translations and voice
over

Developing minimally viable product

Systerm  reguirement
specifications

Piloting the application (feasibility, user-friendliness...)

Part 2: Development

| of the application

Developing final product

Evaluating impact on

Evaluating acceptability

In the first part of the project, we will develop the tool’s
conceptual model based on a qualitative study of migrants and
health care providers, a systematic review of the literature on
electronic appsfor migrantswith alanguage barrier, and afocus
group and modified Delphi survey with hedth care providers
who propose screening teststo migrants. After conducting those
different steps, we will have the app conceptual model, as well
as language selection and a proposed layout for the app.

In the second part of the project, we will develop the app. The
conceptual model will be trandated by a service provider with
experiencein translation with cultural adaptation. All sentences
will be voice-recorded in the chosen languages. The app will
be developed, followed by apilot study of the acceptability and
usability of the app.

https://www.researchprotocol s.org/2021/5/€22239

public health | Part 3: Evaluation |

Inthethird part of the project, we will evaluate the acceptability
and efficacy of the tool. The acceptability will be evaluated
using the System Usability Scale (SUS) [45]. The efficacy of
the tool will be evaluated in an epidemiological study set upin
various settings where migrants go for medical consultations:
OFI1 medica check-up, free hospital consultations (Permanences
d'acces aux soins de santé [PASS]), and charity outreach that
offersrapid tests. The chosen methodology is a stepped wedge
randomized trial [46,47].

Qualitative Study

A gqualitative study was undertaken to explore language barriers
during health care encounters and their effect on communication
with health care professionals, specifically in the situation when
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a screening test (HIV or hepatitis) is offered. The language
barrierswere analyzed in relation to the cultural background of
the interviewed migrants and their past screening experiences
in their country of origin. Participants were all legal migrants
who were present at OFII in order to undergo the aobligatory
routine medical visit needed to validate their residency permit.
The study has been completed, and the results have been
analyzed [48,49] for publication in a peer-reviewed journal.
This study provides feedback from the expected user cohort on
the content and features of the application.

Systematic Review of the Literature

Developing the app requires an in-depth knowledge of existing
electronic tools facilitating communication between migrants
and health professionals, the methods used to develop them,
and avail able data on their acceptability and efficacy, including
evidence on whether specific features or options improve the
efficacy or acceptability. The objective of our systematic review
of the literature is to have a comprehensive overview of
electronic tools designed to help health care providers
communicate with migrants who have low proficiency in the
language of the country of destination or alow level of health
literacy and critically synthesi ze evidence about the acceptability
and efficacy of those el ectronic tools. We have written aprotocol
prior to starting the search, established inclusion and exclusion
criteria, and evaluated the quality of selected articles. The
database search, study selection, and data extraction were
independently performed by 2 researchers, and the resultswere
reported according to the PRISMA (Preferred Reporting Items
for Systematic Reviews and Meta-Anayses) standard for
reporting systematic reviews. This systematic review will help
create an overview of existing apps helping to improve health
communication with migrants, as well as identify the best
features of the app for improving screening.

Focus Group and Delphi Survey

In order to generate alist of items and phrases to be trandated
and added to the electronic tool, we will use the following steps.
First, we will create alist of suggested sentences used to offer,
explain, and carry out a screening test. It will be informed by
current guidelines on testing [50-54]. Thislist will be enriched
by findings from the qualitative study. Then, we will conduct
focus groups with health professional s. Focus groups are group
interviews that include a moderator and an observer, where
guestions and items are being discussed in an interactive way.
We will organize 2-3 focus groups of 20 individuals who have
experience or expertise in testing migrants for HIV, HBV, and
HCV. Unlike the qualitative study, which discussed genera
themes about communication with migrants with a language
barrier, the focus groups will specificaly discuss the text
suggested by the literature to be used in the app. Health care
professionals will provide suggestions for adaptation to a low
level of literacy and adaptation to different cultures. Once the
focus groups have been completed, their resultswill be used to
enrich the initial list. We will also create a separate list of
technical features of the app that could be incorporated. This
list will be created from findings of the systematic review and
will be enriched by findings from the qualitative study. The
final list of items to be included in the electronic tool will be
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selected with a modified Delphi survey. The modified Delphi
technique is a structured process that uses a series of
guestionnaires or “rounds’ to gather information. Rounds are
held until group consensus is reached [55,56]. The panel of
invited participants will include a large panel of health care
professionals treating migrants or conducting HIV, HBV, and
HCV testing, as well as migrants community organizations.
At the end of this process, we will have a databank of phrases
to be included the app.

Preparation of the App

Following those steps, we will have a validated conceptual
model in the form of a pilot in French, with the content and
features of the app approved (ie, aminimally viable product).

The pilot's items will be trandated by a service provider with
experience in trandation with cultural adaptation. The choice
of the languagesto include in the app will be determined in the
Delphi survey previously described.

Voice recordings in languages will be produced. Then, a pilot
version of the electronic tool will be developed. Devel opment
of the app will be guided by system requirement specifications
(SRS) that will be written by our team.

Piloting of the App

Thisfirst version will be tested in 3 stages: First, the research
team will test thefirst version according toitsintended use. The
team will test al the languages and audio versions and all
different combinations of sentences and different scenarios of
use, as well as the technical quality of the app. All feedback,
problems, and difficulties will be carefully documented and
provided to the app devel opers.

Second, the revised app will be tested among health
professionals outside real -life situations. We will invite asmall
but diverse sample (5-10 health professionals representing all
intended categories of users) to try the app in the presence of
the research team. Each session will be audio-recorded; users
will be invited to navigate the app and comment aloud on its
ease of use, ergonomics, and user-friendliness. All comments
will be transcribed, then compiled and sent back to the
developer's team for adjustments. This piloting will be
performed with the Cognitive Walkthrough approach, which is
amethod used to evaluate the design of a user interface [57]. It
is often used for the development of health care information
systems and is recommended for infrequent or inexperienced
users[58].

Then, the third version will be tested in real-life situation by
health professionals and migrants. A large sample of health
professionals will be provided with an electronic tablet or set
up to use their own computer, depending on the situation. All
participants will receive a demonstration of the app's
functioning. Health providers will be invited to use the app
during consultations with migrants and then will give specific
feedback in the form of cognitive debriefing.

During the second and third steps, we will use cognitive
interviews and cognitive debriefing. Cognitive interviewing is
traditionally a key technique in uncovering potential problems
with survey questionnaires through a process of administering
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draft survey questions and then probing how subjects
comprehend, recall, decide, and respond to the questions [59].
Although this technique is primarily for questionnaire
development, it is also relevant for software usability testing
[60]. Cognitive debriefing consists of the use of both verbal
probing by the interviewer and think aloud in which the
interviewer asks the respondent to verbalize whatever comes
to mind as he or she answers the question [61].

Evaluation of the Acceptability

The acceptability of the electronic tool will be evaluated in a
survey with the SUS questionnaire in French. The SUS is a
simple, 10-item scale giving a global view of subjective
assessment of usability. It was constructed from a pool of 50
potential questionnaires [45]. The original SUS instrument is
composed of 10 statements that are scored on a 5-point scale
of strength of agreement. Final scores for the SUS range from
0 to 100, where higher scores indicate better usability.

The advantages of the SUS compared with other similar
instruments are that it is flexible enough to assess awide range
of interface technologies; the survey isrelatively quick and easy
to use by both study participants and administrators; the survey
provides a single score on a scale that is easily understood by
the wide range of people (from project managers to computer
programmers) who are typically involved in the development
of products and services; and the survey is nonproprietary,
making it a cost-effective tool [62]. Given the diversity of
potential users of the app, alarge sample of potential usersis
necessary to evaluate its acceptability. Nielsen and Molich [63]
recommend a maximum of 30 users; therefore, we aim to have
asample of 30 participants for this study. The participants will
be the future users of the app; therefore, the sample of
participantswill consist of health professionals (doctors, nurse,
midwives), volunteers, and other health care workers involved
in the screening of migrants.

Evaluation of the Efficacy

Judtification of Analysis

The study design for evaluating the tool will be astepped wedge,
randomized controlled trial. In this design, an intervention is
launched sequentially to clusters over anumber of time periods.
This design is characterized by the fact that clusters are
randomized for the time at which the cluster will switch from
the control condition to the intervention condition. Stepped
wedge designs incorporate data collection at each point (step)
where a new group receives the intervention [46]. The period
with no intervention is used as the control, which allows the
study to take into account independent variables that might
affect screening rate (such as migration changes or behavior
changes brought on by the COVID-19 pandemic). This
pragmatic design enables evaluations of how interventions
would work in areal-world setting with limited exclusion criteria
[64]. The other reason for choosing a stepped wedge cluster is
ethics; it could be unethical or politically controversia to
withhold an intervention that is deemed more effective than
harmful to a control cluster [47]. The stepped wedge
methodology is often used in public health research projects,
especidly in the field of HIV [47].
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Setting

The study will be carried out in 16 centers taking care of and
treating migrants, including the provision of screening tests:
immigration centers (OFIl), hospital consultations specialized
for underserved persons (PASS), nonprofit organizations
offering rapid tests to migrants (not exclusively), ambulatory
health care professionals (general practitioners, gynecol ogists,
midwives) with large migrant patient populations. Different
regions of France will be represented.

Inclusion and Exclusion Criteria

For participating centers, the inclusion criteria are as follows.
For the types of settings, OFIl centers having participated in
the STRADA study, PASS hospital services, medical doctors
or midwives, and organizations accredited to conduct HIV and
hepatitis B and C rapid tests will be used. Regarding the level
of experience of the centers, we will require that they be
consulting with a significant number of migrants (=500 the
previous year), experienced in offering those screening teststo
migrants, and experienced in orienting patients with a positive
result to an appropriate hospital service and in orienting patients
to other support services if needed. Centers must also have the
following resources and organi zation: have sufficient resources
to get a phone interpreter or solution in case of a positive result
and sufficient privacy to conduct a test with the assistance of
an audio app.

For individua participants (migrants), theinclusion criteriaare
migrant status (born outside of France), over 18 years of age,
having alow level of proficiency in French (not able to follow
the consultation alone), not speaking another language in
common with the health professional, and fluently speaking a
language available in the app. The exclusion criteria are being
French, speaking French, or not able to understand any of the
languages available in the tool.

I ntervention and Control

The control period will correspond to the typical processes of
these centersfor screening migrants (use of phone or in-person
interpreters, informal interpreters, or not offering screening tests
to migrants because of the language barrier). The intervention
will be the use of the app during consultations with non-French
speaking migrantsto offer, explain, and carry out the screening
test, with the possible help from professional interpreters if
necessary.

Outcomes

The primary outcome measured is the percentage of screening
testsadministered. The secondary outcomes are rate of screening
proposals by health professionals or associate workers,
acceptance rate by migrants, number of positive cases during
screening using this app, and frequency of use of the app.

Sample Size

The overall rate of screening currently carried out as part of the
STRADA study in OFII centersis around 45% (average of 2
years, taking into account health professionals not offering a
test and migrants refusing when the screening is offered). The
primary hypothesis of this study is that the addition of the
electronic screening app will increase this rate by 10%, from

JMIR Res Protoc 2021 | vol. 10 | iss. 5 [€22239 | p.136
(page number not for citation purposes)


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

JMIR RESEARCH PROTOCOLS

45% to 55% (including an increase in the rate of screening
offered by health professionalsand adecrease in therefusal rate
among migrants to whom screening is offered). With an alpha
risk of 0.05 and abetarisk of 0.20, the total number of subjects
required is 778 (ie, a workforce of 900 participants to be
included to take account for missing data). Statistical
comparisons will be made at the threshold of P<.05.

A moderate improvement was chosen because it would be a
realistic but meaningful improvement, whereas a small effect
size would be too small for clinical significance. Thus, our
sample size will allow for the detection of moderate
improvements, with ample data for subgroup analyses as well.

We will do a simple and pragmatic step wedge with 2 groups
and 3 steps: first step without intervention, second starting
intervention for 1 group (haf of the centers), and third all centers
with the intervention [65,66]. We plan to have 2 clusters with
450 participantsin the OFII centers and 450 participantsin the
other structures (PASS, associated structures). Power and
sensibility fit sample size and step wedge configuration were
checked with the design effect method [67,68].

Subgroup analyseswill be performed based on severa variables
(screening structure, level of health literacy, geographic origin
of migrant, level of education, gender, age group) without
adjusting the significance threshold.

Enrollment and Data Collection

At the beginning of the study, all participating investigators will
have a briefing session about the aims of the study and the
enrollment process and instructions. During the control period,
the participants will receive a quick daily questionnaire to
calculate the number of eligible patients seen in consultation
and the number of patients to whom a screening test is offered
and accepted (see Multimedia Appendix 1).

Statistical Analysis

We will use a mixed effects approach that allows computing
effects with step wedge [69]. Mixed models will alow us to
evaluate effects of treatment and covariates in one model.

Reporting the Results

Theresultswill be published according to the validated reporting
guidelines for stepped wedge randomized trials, which is the
CONSORT (Consolidated Standards of Reporting Trials)
guideline with the specialized extension [70]. A specialized
CONSORT extension for thereporting of eHealth clinical trials
has been created [71], which we will also use. We will present
the 2 reporting guidelines as separate attachments.

Ethical Aspects and Possible Risks

The study will be submitted to the appropriate authorities:
Comité de Protection des Personnesd'’ e de France (institutional
review board) and Commission Nationale de I’ Informatique et
des Libertés (data protection agency). And the protocol will be
registered in aclinical trials database [72].

Asthe study will be conducted among providerswho are aready
experienced in conducting HIV and hepatitis B and C tests, the
risks related to the testing and referral are minimal.

https://www.researchprotocol s.org/2021/5/€22239
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One potential risk is the introduction of atest to a population
of patientswho would not have been tested because of language
barriers: patients not understanding the results of a test and
having either a false sense of security or unjustified panic,
receiving a positive result being distressed and the provider not
ableto comfort them because of language barriers, or receiving
a positive result and not fully understanding the need for
follow-up appointment.

To prevent and control these potential risks, wewill only include
centers that have sufficient resources to call for a phone
interpretation service in case of a positive result or difficult
communication.

Other risks specific to the use of an app to ad the
communication around testing relateto confidentiality and data
security. For example, there could be alack of confidentiality
if the audio version is played aloud and other people can hear
from an adjacent room. It should be noted that thisrisk already
exists for other consultations where health care professionals
and migrants have alanguage barrier and use aphoneinterpreter
service on a loudspeaker. There could also be a lack of data
confidentiality if the sentencesrelated to the results of the tests
are recorded during the app session.

To prevent and control this risk, investigators conducting the
study will beinstructed to only use the app on afixed computer
or tablet securely kept (locked in a secure building) with a user
password. During the development of the app, we will ensure
that data security concerns are emphasized in the SRS. Sessions
will be erased after a short period of time.

Results

The study has received preliminary financing from the Agence
Nationale delaRecherche contrele SIDA et leshépatitesvirales
(French Agency for Research against AIDS and viral Hepatitis
[ANRS]), followed by 1 year of funding from the Office
Francais de I'lmmigration et Intégration (French agency for
migration and integration [OFI1]) and then by 3-year funding,
including doctoral funding from ANRS. Further funding has
been requested from private sponsors and Région |le-de-France.

At thetime of publication of thisprotocol, theinitial qualitative
study and systematic literature review have been completed.
The study has been completed, and the results have been
analyzed [48,49,73] for publication in a peer-reviewed journal.
For the qualitative study, we interviewed 33 migrants
undergoing amedical check-up at OFIl. Migrants reported that
difficult communication with a French doctor resulted in lack
of confidence and lower compliance with treatment. Migrants
with aFrench-speaking partner were either sidelined during the
medical visits, being completely dependent on trandlation, or
their partners helped them in learning new words needed for
the medical visits. For migrants who preferred trandation, the
preference between physically present interpreters versus
interpretation by phone or the use of applicationswasinfluenced
by mainly 4 factors: perceived quality of trandation
(interviewees were divided, with some perceiving a human
interpreter with knowledge of medical jargon most accurate and
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others trusting the application more), trust, intimacy, and
empathy.

For the systematic review, we collected general information
about the app, information about health literacy and cultural
adaptation, information about the development of the app,
evidence about the app’s acceptability and efficacy, and
information about the use of apps. We included 61 articles
presenting a total of 48 applications. About one-third of the
applications (16/48) were designed solely to facilitate the
interaction between migrants and a health care provider during
a consultation, while the remaining two-thirds (32/48) were
designed to promote health among migrants with a language
barrier. Overal, the applications had good levels of
acceptability, while only half had their efficacy evaluated. In
those evaluations, the endpoints used are mostly related to
reported behavior change and knowledge improvement, which
is common for evaluations of health promotion programs.

Focus groups and Delphi consensus panel for selection of the
tool’s content are currently underway.

Discussion

Implications of the Study

The project is well underway, with the qualitative study and
systematic reviews completed. Their resultswill be used for the
development of the app and the design of our study. The
gualitative study has highlighted the necessity to have
professional interpreters announce a positive result, preferably
who can be reached easily. The qualitative study has also given
us clues on how migrants use translation applications that can
be useful for the development of our app: For example, the
study found a strong desire to learn new medical terms; this
possibility will be considered for the development of the app.
Thanks to the systematic review, we have critically reviewed
existing trandation applications and noted the lessons learnt
from their development and recommendations. We have
compiled specific lists of features of such applications that are
associated with an increased acceptability or efficacy. Those
features will be suggested as options to include in our app in
our Delphi survey.

If the study demonstrates an increase in screening rates and
acceptability by migrants, further development may include
international deployment, so as to make this app available for

Acknowledgments

Thonon et al

other countries and in other languages. Other developments
might include expanding the health promotion features of the
electronictool, such as educational videos and atext messaging
follow-up service for migrants who did not wish to undertake
the screening immediately but were interested in a screening
consultation in the future.

Strengths and Limitations

The strength of this study is that it is conducted by a research
team with multidisciplinary skills, including experience in
developing patient-reported outcomes (including electronic
patient-reported outcomes). The team has extensive experience
with working with migrants within the STRADA study [74]
and has worked with many professionals working in migrants
health or HIV testing, all of whom are included in the steering
committee, scientific committee, or associated committee. This
study includes severa methods (qualitative, quantitative,
systematic literature review) and includes users in the
development process.

The COVID-19 pandemic has disturbed the advancement of
the study in many ways. The research team, specialized in public
health and infectious diseases, has been developing research
projects related to the pandemic, with a priority that has taken
precedence over other existing research projects, including this
study. This focus on COVID-19, as well as the postponement
of recruiting new staff due to social distancing and remote
working requirements and postponement of the focus groups
for the same reasons, has delayed the advancement of the study.
However, those short delays do not jeopardize the integrity and
ultimately, the completion, of our study. Infact, better screening
of infectious diseases is al the more necessary in the era of a
pandemic.

Conclusion

This study will develop an electronic screening app to aid
migrants who speak little or no French and measure its
acceptability and effectivenessin terms of public health. At the
end of this project, this app will be able to be distributed to
numerous health care workers, including nonprofessionals (such
asvolunteers), conducting screening with migrant audiencesto
be used in current practice. If proven effective, the electronic
tool will make testing for HIV and hepatitis B and C among
migrants more readily available and more widespread and will
be an asset in the fight against infectious diseases.
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Abstract

Background: Theratesof physical inactivity and related cancer incidence and mortality are disproportionately high in the Deep
South region in the United States, a rural, medically underserved region with a large African American population compared
with the rest of the nation. Given this region’s lower rates of literacy and internet access, interactive voice response (IVR)
system—automated telephone-based interventions have the potential to help overcome physical activity intervention barriers
(literacy, internet access, costs, and transportation) but have yet to be extended to rural, underserved populations, such asin the
Deep South. Thus, extensive formative research is being conducted to devel op and betatest the Deep South IVR System—Supported
Active Lifestyle intervention in preparation for dissemination in rural Alabama counties.

Objective:  This paper aims to describe the design and rationale of an ongoing efficacy trial of the Deep South IVR
System—Supported Active Lifestyle intervention.

Methods: A two-arm randomized controlled trial will be conducted to compare a 12-month physical activity intervention versus
await-list control condition in 240 underactive adults from 6 rural Alabama counties. The Deep South IVR System-Supported
Active Lifestyle intervention is based on the Social Cognitive Theory and includes 1V R-automated physical activity—related
phone counseling (daily in months 0-3, twice weekly in months 4-6, and weekly in months 7-12) and support from local rura
county coordinatorswith the University of Alabama O’ Neal Comprehensive Cancer Center Community Outreach and Engagement
Office. The primary outcome is weekly minutes of moderate- to vigorous-intensity physical activity (7-day physical activity
recall; accelerometry) at baseline, 6 months, 12 months, and 18 months. Rural Active Living Assessments will be conducted in
each rural county to assess walkability, assess recreational amenities, and inform future environment and policy efforts.
Results: This study was funded in March 2019 and approved by the institutional review board of the University of Alabama at
Birmingham in April 2019. As of February 2020, start-up activities (hiring and training staff and purchasing supplies) were
completed. Study recruitment and assessments began in September 2020 and are ongoing. As of February 2021, a total of 43
participants have been enrolled in Dallas County, 42 in Sumter County, and 51 in Greene County.

Conclusions: IVR-supported phone counseling has great potential for addressing physical activity barriers (eg, culture, literacy,
cost, or transportation) and reducing related rural health disparitiesin this region.

Trial Registration: Clinical Trials.gov NCT03903874; https://clinicaltrial s.gov/ct2/show/NCT03903874.
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Introduction

Background

Despite the health benefits associated with physical activity,
the levels of engagement in regular physical activity remain
low in the United States, especialy in the Deep South (ie,
Alabama, Georgia, Louisiana, Mississippi, and South Carolina)
[1]. Furthermore, the rates of related cancer incidence and
mortality are generally higher inthisunderserved (rural, mostly
minority) region [2] compared with the national average.
Physical activity interventions are needed to address barriers
related to transportation, finances, culture, and low literacy and
education in the Deep South [3].

Telephone-based strategies do not require frequent clinic visits
[4], literacy, or expensive technology and have led to substantial
increasesin physical activity in past studies[5]. However, there
has been a paucity of research in this area among underserved
(rurd, minority) populations [6-10]. Moreover, most
telephone-based interventionsto date have invol ved counseling
from health care providers or research staff [4] but can be
automated with interactive voice response (IVR) systems for
improved reach and reduced cost in resource-strapped rural
counties.

In response, our research team developed a tailored,
IVR-supported physical activity intervention for cancer risk
reduction in the Deep South. The development of the Deep
South Interactive Voice Response System—Supported Active
Lifestyle (DIAL) intervention was guided by extensiveformative
research (11 focus groups with African American community
health advisors and community members) [11] on physical
activity intervention preferences and barriers in our target
population. Results from the subsequent pilot randomized
controlled trial with 63 participants supported the feasibility
and acceptability of the DIAL intervention. At 12 weeks,
retention (88.9%) and participant satisfaction (71.4%) were
high. Furthermore, intervention participants reported greater
increasesin moderate-to-vigorous physical activity than control
participants from baseline to 12 weeks (median change of 47.5
vs 5 min per week, respectively) and statistically significant
improvements in physical activity self-regulation and socia
support [12]. Pilot trial findings and participant feedback guided
intervention refinement (providing more accountability and
encouragement) in preparation for scale-up.

Objectives

Given the promise shown in the pilot study, this study involves
an amply powered randomized controlled trial (N=240) of the
refined DIAL intervention in 6 rural counties in Alabama. To
our knowledge, this study is the first to implement an IVR
system—supported physical activity interventioninrural, mostly
minority populations. The primary aim of this study is to test

https://www.researchprotocol s.org/2021/5/€29245

the efficacy of the DIAL intervention versus await-list control.
We hypothesize that the participants receiving the DIAL
intervention will report significantly greater increases in
moderate-to-vigorous physical activity based on the 7-day
physical activity recall (PAR) interviews and accel erometers at
6 months compared with participants randomized to a 6-month
wait-list control arm.

The exploratory aims are to examine (1) changes in
moderate-to-vigorous physical activity at 12 months and 18
monthsto assess|ong-term maintenancein theintervention arm
and ascertain replicability of intervention effectsinthewait-list
control arm; (2) intervention effects on physical performance,
anthropometrics, and  psychosocial  variables;  (3)
cost-effectiveness; (4) potential mediators (Social Cognitive
Theory [SCT] constructs directly targeted by the intervention)
and moderators (education and neighborhood and environmental
features) of treatment efficacy; and (5) potential barriers to or
facilitators of widespread implementation of the DIAL
intervention in the rural Deep South, aregion spreading across
central Alabamaand Mississippi that is known for both itsrich
black soil and high population of non-Hispanic Black individuals
[13].

Methods

Recruitment and Eligibility Criteria

A total of 240 participants will be recruited from 6 rura
Alabama counties (Hale, Choctaw, Greene, Marengo, Dallas,
and Sumter) by local rura county coordinators from the
University of Alabama (UAB) O’ Neal Comprehensive Cancer
Center Office of Community Outreach and Engagement (O’ Neal
CCC COE). The local rural county coordinators are
well-respected and trusted individualswho residein the targeted
rural communities and collectively have over 50 years of
experienceworking in their communities, implementing various
community outreach and research programs.

Thelocal rural county coordinators received training on study
protocols from the DIAL program manager and the O'Neal
CCC COE program director and program manager. Thetraining
included acomprehensive project overview that covered project
goas with an emphasis on the county coordinators role,
participant recruitment, and data collection during assessments.
Coordinators were provided with training manual sthat included
project protocols, assessment tools, and other forms.

Primary forms of recruitment include local newspapers and
radio advertisements, study flyers, and word-of-mouth. The
trial was approved by the UAB Ingtitutional Review Board
(IRB) and registered with Clinical Trials.gov (NCT03903874).
Although IRB approval was obtained for recruitment viasocial
media, this option is yet to be used in this study. Recruitment
occurs on arolling basis, staggered by county. Approximately

JMIR Res Protoc 2021 | vol. 10 | iss. 5 [€29245 | p.145
(page number not for citation purposes)


http://dx.doi.org/10.2196/29245
http://www.w3.org/Style/XSL
http://www.renderx.com/

JMIR RESEARCH PROTOCOLS

40 participants will be recruited from each of the 6 counties
over a 30-month period.

Potential participants are screened for eligibility via telephone
by the research staff. The inclusion criteria are as follows: (1)
>18 years of age; (2) inactive (ie, reporting less than 60 min of
moderate-to-vigorous physical activity per week); and (3)
residing or working in one of the participating counties.
Individuals will be excluded on the basis of the following
criteria: (1) presence of a medical condition that could make
unsupervised physical activity unsafe (ie, history of heart
disease, stroke, or orthopedic conditions that limit mobility
based on the Physical Activity Readiness Questionnaire [14]);
(2) plansto movefrom the areain the next 18 months; (3) unable
to speak or read English; (4) unwilling to be randomized to
either the DIAL intervention or wait-list control arm and adhere
to the respective protocols; and/or (5) lack of access to a
telephone.

https://www.researchprotocol s.org/2021/5/€29245
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Informational Session

Once screened for eligibility, the participantswill be scheduled
for an information session via Zoom (Zoom Video
Communications, Inc). The program manager will providethem
with an overview of study protocols, participant expectations,
research staff expectations, and informed consent and then
schedule baseline assessments.

Basaline Assessments

Baseline assessments occur at convenient local community
locations (eg, church halls, local high schools, or county health
departments). At this visit, participants will complete
anthropometric measurements (ie, height, weight, and waist
circumference), surveys, and the Two Minute Step Test (see
the Outcomes section for further details). Participants will also
receive an accelerometer with instructions to wear the device
for 7 days and scheduled a 7-day PAR telephone interview.
Figure 1 shows the study flow.
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Figure 1. Study flow. DIAL: Deep South Interactive Voice Response System—Supported Active Lifestyle. IVR: interactive voice response.
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Randomization

Participantswill be randomly assigned to the DIAL intervention
condition after completing the baseline assessment using a
stratified block randomization scheme, stratifying by county,
and using ablock size of 4. Therandomization lists are computer
generated using SAS (version 9.4). Participants will receive
group assignment information viamail along with a pedometer
and/or FitBit Inspire, if assigned to the DIAL intervention arm.

DI AL Orientation

During the intervention orientation, participants will be
instructed to wear their physical activity tracker daily during
waking hoursfor the next 12 months and learn how to complete
the IVR system calls. Persona identification numbers are
provided to confirm the identity and preserve confidentiality.
IVR system calls will be scheduled per the participants
preferred time.
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The staff encourage participants to gradually increase their
physical activity from week to week until reaching the national
guidelines of 150 minutes per week [15] of
moderate-to-vigorous physical activity with an emphasis on
safety and injury prevention (moderate-intensity physical
activity, stretching, warming up, and cooling down).

DIAL Intervention

The 12-month DIAL intervention is based on the SCT, which
positsthat attitudes and beliefs, physical and social environment,
and behaviors mutualy influence each other [16]. Key SCT
constructs (social support, self-efficacy, self-regulation, outcome
expectations, and enjoyment) are targeted through the use of
study-provided pedometers (Accusplit, AX2790MV), a FitBit
Inspire, and individually tailored physical activity counseling
cals[12].
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The physical activity counseling calls are automated using the
Twilio cloud communications platform and Amazon Polly for
narration. Participants will complete calls daily in months 0-3,
twice weekly in months 4-6, and weekly in months 7-12. There
arethreetypes of cals: physical activity tracking, goal setting,
and counseling. Thetracking callsallow the participant to report
the number of steps and minutes of moderate-to-vigorous
physical activity for the previous day. Participants set new step
goalsin weekly goal-setting calls and reflect on their progress.
To encourage incremental increases toward 10,000 steps per
day, participantswill be asked if they areready for achallenge,
and if so, they will be encouraged to increase their step goal by
250 steps per day for that week. The intentionally modest
number of steps was selected as it represents approximately an
eighth of a mile and can be easily achieved while walking in
place for the duration of the 2- to 3-minute IVR system call.

During the monthly 1VR system counseling calls, participants
will complete 4 brief SCT surveys (physical activity
self-efficacy, enjoyment, outcome expectations, and social
support) and receiveindividualized I VR system feedback based
on their responses. Tailored agorithms focus on whether
generaly high or low levels of each SCT construct were
described and whether these values represent improvements
from the previous report. For example, for lower self-efficacy
scores, participants may receive the message, “ You do not sound
very sure about your ability to exercise, but it's better than last
time we spoke. Try squeezing in a 10 minute walk this week.
Meeting this small goal will help you feel more sure that you
can fit physical activity into your life.”

Asfresh, evolving IVR system call content will be critical for
maintaining participant engagement over 12 months, libraries
of rotating message options for greetings, step and
moderate-to-vigorous physical activity feedback, goal setting,
and SCT counseling were developed. Calls also include new
physical activity tips each week on how to get more steps and
physical activity benefits (eg, stronger bones and joints, toned
muscles, and improved function of the heart, lungs, and other
body systems) and addresses barriers (eg, lack of time, lack of
support, or negative expectations). Participants will be alerted
during the call when new tips are available, for example, “We
have a new tip thisweek to encourage you as you become more
active. Check it out at the end of the call!”

Participants will aso receive support from their local rura
county coordinator, who will call to check in on physical activity
motivation and goals at months 3 and 9. Moreover, participants
will receive the monthly newsletter, The Deep South Interactive
\oi ce Response System-Supported Active Lifestyle I ntervention
Dispatch, highlighting local physical activity resources (ie,
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recreational facilities, walking and hiking and biking trails, and
playing fields and courts) and opportunities. Also featured in
thenewdletter areinterviewswith local rural county coordinators
and sdlfies of participants engaging in physical activity in their
community.

Treatment Fidelity

The treatment fidelity plan is based on the National Institutes
of Hedth Behaviora Change Consortium framework [17],
which will be implemented with checklists, scripted treatment
manuals, audio-recordings of participant encounters, and
transcripts of sessions (eg, for intervention orientations and 3-
and 9-month local rural county coordinator support calls). The
staff will carefully monitor 1IVR system call completion via
weekly generated reports and contact and/or re-engage
participants who have reported medical events, nonadherence
to pedometer use, and/or moderate-to-vigorous physical activity
or who missed two or more scheduled calls.

Toidentify any glitcheswith automated physical activity—related
telephone counseling, communicate these issues to
programmers, and ensure appropriate feedback isbeing provided
to the participants, 5 investigators and 6 research staff members
began quality control for the VR system regularly (daily inthe
first 3 months, biweekly in months 4-6, and weekly in months
7-12, similar to the intervention call schedule) in June 2020.

Wait-List Arm (Control Arm)

Participants in the wait-list control arm are encouraged to
maintain their usual activity levels until completion of the
6-month assessments and then receive the same 12-month DIAL
intervention. During the wait-list period, these participantswill
receive monthly University of Alabamaat Birmingham O’ Neal
Comprehensive Cancer Center Office of Community Outreach
and Engagement (UAB O'Neal CCC COE) newsletters and
webinar invitations on cancer-rel ated topics other than physical
activity (ie, plant-based diet, healthy grocery list, mental health,
developing a self-care routine, and cancer prevention).

Assessmentsat 6, 12, and 18 Months

At 6, 12, and 18 months, participantswill repeat accelerometer
protocols, 7-day PAR interviews, anthropometric assessments,
Two Minute Step Tests, and psychosocial surveys. Participants
will complete additional surveysand exit interviews on program
satisfaction at 12 months (for the intervention arm) and 18
months (for the wait-list arm).

Outcomes

The study measures are listed in Table 1. Outcome measures
will be conducted at baseline and at the 3-, 6-, 12-, and 18-month
assessments.
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Table 1. Deep South Interactive Voice Response System—Supported Active Lifestyle study measures.

Outcomes

Baseline Month 3 Month 6 Month 12  Month 18

Physical activity
7-day physical activity recall
ActiGraph GT3X accelerometers
Two Minute Step Test
Potential moder ators
Anthropometrics (height, weight, or waist circumference)

Demographics

Rural Active Living Assessment (environment, walkability, or community

programs)
Potential mediators
Self-regulation scale
Social support for exercise scale
Outcome expectations scale
Physical activity enjoyment scale
Walking self-efficacy
Cost-effectiveness analysis measures

Health care use

EuroQol-5D°

I ntervention participation questions
Other

Psychosocial measures

Participant satisfaction measure

Stakehol der acceptability survey

a 0O 0 0

O 0 d

O

O o o o o
I I I I
O 0o o o o
O o o o o
I I I N

O
O

#Time point of assessment.
bEuroQoI-5D: EuroQol- 5 Dimension.

Primary Outcomes

The main outcome is minutes per week of moderate- to
vigorous-intensity physical activity. The 7-day PAR interview
is administered by trained research staff, who will contact
participants by telephone and ask about the amount, intensity,
and types of physical activities over the past 7 days [18,19].
The 7-day PAR hasdemonstrated reliability, congruent validity,
and internal consistency [20-28]. Theinstrument is sensitive to
moderate changesin physical activity over time[29,30] and has
been validated by telephone[22]. M oreover, these self-reported
datawill provide useful insights regarding the specific types of
physical activities occurring in rural counties.

ActiGraph GT3X accelerometers are worn continuously for 7
days during waking (on the nondominant hip) and sleeping (on
the nondominant wrist) hours at baseline and at 6, 12, and 18
months. This device measures movement, intensity of physical
activity, and deep efficiency, latency, and number of
awakenings. The devices have been validated using heart rate
telemetry [31] and total energy expenditure[32] and have been
shown to provide valid estimates of sleep [33]. A minimum
threshold of 1952 counts per minute [32,34] will be used for
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moderate- to vigorous-intensity physical activity with an epoch
of 30 seconds. The minimum valid wear time has been set at 4
daysof at least 600 minutes of wear. This objectively measured
datawill be used to corroborate self-reported PAR data.

Secondary Outcomes

The secondary outcomes include physical performance and
anthropometrics. Physical performance is assessed with the
Two Minute Step Test, in which participants step in place as
fast as possible for 2 minutes while lifting the knees to a
premeasured height midway between the upper tips of their
patellaand iliac crest when standing [35]. A scoreiscalculated
based on the number of times the right knee meets the marked
height, which can be used to estimate the current level of
physical function and predict future physical independence
[36,37]. Anthropometric measurementsinclude height, weight,
and wai st circumference. Height will be measured without shoes
and with a portable stadiometer (Seca 213). Weight will be
measured without shoesand in light clothing with adigital scale
(Healthometer, model no: 349K LX) that is zeroed before each
measurement. Waist circumference will be measured with a
Gulick 11 tension-controlled tape measure (County Technology,
Gary Mills). The tape is positioned around the natural waist,
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just above the iliac crest. The measurement is recorded to the
nearest 0.1 cm upon exhal ation.

Psychosocial factors will aso be assessed at baseline and at 6,
12, and 18 months using Patient-Reported Outcome
M easurement Information System scalesfor anxiety, depression,
fatigue, and sleep disturbance with previously demonstrated
validity and reliability (0=.95, .98, .84, and .83, respectively)
[38].

SCT measures will be assessed in person at the 4 assessment
visits and by mail at 3 months (for mediation analyses). The
measuresinclude the 10-item self-regul ation scale (a=.78) [39],
13-item socia support for exercise scae (0=.61-.91) [40Q], 9-item
outcome expectations scale (0=.89) [41], 18-item physical
activity enjoyment scale with high internal consistency and
test-retest reliability [42], 10-item walking self-efficacy scale
(0=.82) [43], and the 12-item exercise confidence scale (0=.92)
[44].

Secondary measures at baseline, 6 months, and 12 monthswere
included in the cost-effectiveness analyses. We will use ahealth
care utilization survey that captures information on physician
and emergency room visits and hospitalizations [45]; the
EuroQol-5 Dimension, which estimates utility weights to
estimate quality-adjusted life years (QALY s) [46]; and a set of
guestions to measure time spent and expenses related to
participation and time devoted to physical activity [46].

An 18-item measure adapted from similar past studies [47,48]
will assess participant satisfaction with the DIAL intervention
and request suggestionsfor program improvement at 12 and 18
months. Finally, a similar survey will be administered at 18
monthsto the rural county coordinatorsto examine stakehol ders
perspectives on acceptability, barriers to and facilitators of
implementation, and sustainability of the DIAL interventionin
the Deep South.

The research staff will complete the three components of the
Rural Active Living Assessment (RALA) for each county at
baseline. This assessment consists of the street segment
assessment to evaluate factors such as walkability, safety
features, and terrain of individual, specific street segments; the
town-wide assessment that examines community characteristics
such as population, total area, and the presence of recreation
activities; and finally, the program and policy assessment, which
identifies community programs and policies that support
physical activity [49]. These tools have been successfully used
in similar past studies conducted by our research team in the
Deep South [11].

Protocol Changesin Responseto Feedback From
Community Partners

M odificationsto assessment and intervention protocols are often
necessary to meet the needs of study populations and occur
frequently in response to concerns and guidance from
community stakeholders in this study. For example, the
originaly proposed 12-month wait-list control phase was
reduced to 6 months due to stakehol der concerns (UAB O’ Neal
CCC COE, local rura county coordinators, etc) regarding
withholding active intervention for so long and how this might
affect participant and community engagement. In addition, we
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added 3-month SCT surveys to address stakeholders' concerns
and till be ableto comment on potential mediators. Participant
frustrations with malfunctioning pedometers and enthusiasm
and desire for wristbands resulted in offering FitBit options for
tracking steps.

As for assessment protocols, several instruments were cut to
reduce participant burden. More specifically, short-form versions
of social support and exercise and walking self-efficacy were
adopted [50,51]. The Patient-Reported Outcome M easurement
Information System subscales on anxiety, depression, and
fatigue and exercise confidence scales were eliminated.
Moreover, incentivesfor compl eting assessmentswere increased
from the proposed amount of US $25-US $50 based on UAB
O'Nea CCC COE feedback on the time spent completing
surveys and incentive amounts from past studies.

Safety Precautions Related to COVID-19

In responseto COVID-19, intervention and assessment protocols
were substantially modified for participant and research team
safety (and adherence to UAB IRB requirements). The staff are
now relying solely on socially distanced recruitment strategies
such as posting flyers, newspaper advertisements, emails, text
messages, and telephone calls. Rather than attending in-person
group information sessions to learn more about the study and
complete informed consent, participants initially received a
protocol overview by telephone with UAB O'Neal CCC COE
county coordinators. However, these brief study descriptions
were perhaps|ess detailed than the longer in-person information
sessions and resulted in some participant confusion regarding
study protocols and expectations. Thus, a compromise was
reached by holding full study information sessions via Zoom
(Zoom Video Communications, Inc). To further reduce
face-to-facetime, wewill conduct theinformed consent process
on the web before the baseline assessments.

During the appointment reminder call and upon arriving for the
baseline assessments, participants will complete COVID-19
symptoms and exposure screenings, including two survey items
(ie, “Have you had any of the following symptoms in the last
14 days?’ “To your knowledge, have you been in close contact
with anyone diagnosed with COVID-19 in the last 14 days?’).
The temperature of the participants is measured using a
contact-free thermometer. If a participant has a temperature of
100.4°F or higher and/or answers yes to screening items, their
assessment appointment will be postponed, and the participant
will be asked to contact their primary care physician.

Baseline assessments still occur in convenient community
locations but with social distancing and appropriate personal
protective equipment. Participants will be offered masks (if
needed) and hand sanitizers. Research staff will wear personal
protective equipment and wipe down all surfaces and egquipment
with antiseptic wipes between each participant contact.
Assessment stations (for surveys, anthropometric measurements,
accelerometers, and scheduling) will be spaced at least 6 feet
apart. Participant appointments will be carefully scheduled
throughout the day to avoid crowding. Clear plastic dividers
will be set up as needed at assessment stations. To reduce
face-to-face assessment time, the 7-day PAR interviewswill be
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conducted by telephone using previously validated protocols
[21].

To further reduce exposure, randomization to the DIAL
intervention arm and I VR call orientation are no longer provided
a local community locations but only by mail and
videoconferencing. Participantswill receive COVID-19 physical
activity safety precaution handouts in their intervention
orientation packets, which will encourage them to wear aface
mask and distance themselves from others while being
physicaly active. Moreover, we have edited any IVR system
counseling messages that might be unsafe or unwise during a
pandemic.

County coordinators initially planned to organize community
walking groupsfor interested participants but are now pursuing
distance-based approaches to build community support for
physical activity. For example, participants are encouraged to
text selfies of themselves being active in their community to
their local rural county coordinators for a prize (ie, resistance
bands, water bottles, or sweatbands) and the chance to have
their selfie featured in the monthly newsletter. The wait-list
control group was originally scheduled to attend in-person
monthly lunch-and-learns with the county coordinators, but
this cancer control education is now provided virtually through
webinars.

RALA protocols have also been modified in response to the
pandemic. The driver and observer no longer sit adjacent to
another in the vehicle. These assessments are now completed
in a three-row van or sports utility vehicle to allow both
individuals to be positioned at least 6 feet apart for social
distancing. We have also reduced the number of designated
street segments to decrease the amount of time spent in the
vehicle. Moreover, research team members and local rural
county coordinatorswill carefully track the COVID-19—elated
changes in the available physical activity resources and
programming (ie, facility hours and physical activity classes)
in these rural counties while conducting RALAs and add two
items on COVID-19—+elated physical activity changes and
barriers to the 3-month surveys.

Data M anagement

Data were entered into databases created using the Research
Electronic Data Capture System. Relational logic checks, such
as out-of-range values and internal inconsistencies, will be
implemented at the time of initial data entry and will then be
assessed periodically to minimize and detect data entry errors.
Statistical progress reports will be generated to include the
following: (1) the tota number of participants screened,
consented, and randomi zed on study entry and compl eting each
follow-up assessment and (2) a summary of demographic and
baseline characteristicsfor comparability between randomization
arms.

Sample Size Justification

Resultsfrom our previous UAB pilot study indicated an increase
in minutes of moderate-to-vigorous physical activity among the
DIAL intervention group compared with the control group. The
SD of this measure was 90 minutes. Assuming amean difference
of 35 (SD 90) minutesin moderate-to-vigorous physical activity
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between the two groups from baseline to 6 months, atwo-tailed
two-group t test, and a significance level of 5%, we will have
80% power to detect this difference (with an effect size of 0.388)
with 105 participants per arm (210 for the study). Assuming a
mean change of 35 (SD 90) minutes in moderate-to-vigorous
physical activity from baseline to 6 months for the intervention
group, atwo-tailed paired t test, and a significance level of 5%,
we will have 80% power to detect this within-group change
(with an effect size of 0.276) with 105 participants. Allowing
for 15% attrition, we will recruit 240 participants (120 per arm).

Statistical Analyses

Analyses will be performed on an intent-to-treat basis (ie,
participants will be analyzed by the arms to which they were
randomized). The characteristics of the study populations will
be summarized for each study arm using descriptive statistics,
such asmeansand SD for continuous variables and frequencies
and proportions for categorical variables. Unadjusted
comparisons of baseline characteristics between study armsand
those between participants who compl eted the study and those
who dropped out will be performed using the two-group t test
for continuous variables and the Pearson chi-square test for
categorical variables. Unadjusted within-group changes (from
baseline to postintervention) will be assessed using the paired
t test.

The primary method of anaysis for physical activity,
anthropometrics, and psychosocial measures, all of which will
be measured at baseline, 6 months, 12 months, and 18 months
(as illustrated in Table 1), will be mixed model repeated
measures analyses. Other general linear mixed model techniques
may also be used. These analyses will allow us to examine
changes from baseline to follow-up (within-group changes) and
differences between the study groups simultaneously, while
also accounting for the group-by-timeinteraction aswell asany
covariates and interactions that are of scientific interest. An
appropriate covariance matrix (eg, autoregressive or
unstructured) will be selected based on the final data. The
Tukey-Kramer multiple comparisons test will be used to
determine specific pairwise differences for satisticaly
significant main effects. Some of these modelswill include the
stratification variable of county and confounding variables (as
covariates) such asthe baseline BMI category, age, gender, and
education level. Some of the models that include physical
activity asthe dependent variable will be adjusted for wear time.
Study variables that will be analyzed using these techniques
include the change in minutes of moderate-to-vigorous physical
activity. Pearson correlation analysiswill be performed to assess
the relationship between self-reported and measured physical
activity.

Distributions of the aforementioned continuous variables will
be examined for normality using box plots, normal probability
plots, and the Kolmogorov-Smirnov test. Variables that are
determined to deviate from a norma distribution will be
log-transformed before statistical testing. Nonparametric tests
(eg, the Wilcoxon rank-sum test and the Wilcoxon signed-rank
test) may also be used to analyze nonnormally distributed data.
All statistical tests will be two-sided. All analyses will be
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performed using SAS, and P<.05 will be deemed statistically
significant.

Although a large amount of missing data is not expected for
any of our study variables, a senditivity analysis may be
performed using alternative methods for handling missing data
(such as multiple imputation) to assess the most appropriate
approach based on the amount of missing data and effect sizes
observed.

Wewill investigate potential mediators of the intervention effect
(social support) using a multiple mediation approach in SPSS,
inwhich all potential mediators aretested simultaneoudly, using
aproduct of the coefficients method [52] with bootstrapped SEs
(5000 samples with replacement). The interest isin estimating
the path coefficients, effect sizes, and Cls rather than strict
hypothesis testing.

Potential moderators and interactions will be assessed as
follows. A variable will be considered a moderator if evidence
exists of either qualitative or quantitative interaction with the
intervention. We will use a similar analytic approach asin the
primary ams, models will include the main effects of
intervention (DIAL intervention vs control), the potential
moderator (eg, education and neighborhood and environmental
features), and the interaction between the two. Evidence of
moderation exists if the coefficient of the interaction term is
statistically different from zero.

Descriptive analyses of quantitative stakeholder acceptability
survey items and content analyses of open-ended items from
stakeholder acceptability surveys and focus group transcripts
will be conducted to inform future efforts toward sustainability
and large-scale dissemination in rural counties.

Cost-effectiveness Analysis

If, ashypothesized, the DIAL intervention resultsin significantly
greater increases in moderate-to-vigorous physical activity
minutes, we will conduct a within-trial cost-effectiveness
analysis [53-57] to determine if the DIAL intervention is
cost-effective compared with no activeintervention. Perspectives
will be those of the health care sector, participants, and society.
The time frame will be 6 months. We will estimate the DIAL
implementation costsand participants medica and other
costs that may be affected. Effectiveness will be measured by
the change in moderate-to-vigorous physical activity minutes
and QALY.

Implementation costs will include start-up and ongoing costs
necessary to implement the DIAL intervention in other settings
and will not include costs of intervention development and
research activities (eg, consent process). Start-up costs will
include time spent on training by trainers and intervention
personnel, materials, space, and other supplies needed. To
identify and value the DIAL intervention’s ongoing costs, we
will devel op process maps with intervention staff to identify all
key processes (eg, supervision and orienting the participantsto
the IVR system, preparing, and IVR system tracking and
maintenance) and the personnel involved in those processes,
and develop atime tracking system to record the time spent in
the identified processes. To reduce burden, this system will be
used in random weeks by each intervention staff member.
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County coordinatorswill also completetime studiesto estimate
their time. Over the course of the study, we will select 1 week
per month randomly for each intervention staff member. Data
will then be annualized and combined with hourly wages and
fringe benefits of the personnel to value annual personnel costs
per activity. Costs of workbooks, handouts and other materials,
phone and 1V R system, office space, shipping, and others will
be tracked and valued using project records or current market
prices. Implementation cost data will be summed overall and
by intervention-related categories, for example, VR tracking
and maintenance or feedback reporting. We will calculate
the average DIAL intervention cost per participant and per
minute moderate-to-vigorous physical activity increase.

The implementation costs of participants will include
participation time costs, which will be captured with our surveys
at baseline, 6 months, and 12 months. Survey questions will
ask participants about the time spent reviewing intervention
materials and calling into the IVR system and completing
surveys and other intervention activities. These activities will
also betracked using the IV R system user data. Time costswill
be valued using hourly wages and fringes based on average age
and gender groups [58].

As improving physical activity has effects on well-being and
potentially health care use, in the cost-effectiveness analysis,
we will estimate medical costs for the DIAL intervention
participants and control participants. At baseline, 6 months, and
12 months, wewill use ahealth care utilization survey to capture
information on physician and emergency room visits and
hospitalizations [45]. To calculate medical costs, we will
combine self-reported health care use and associated time and
out-of-pocket costs and third-party payer unit costs. We will
measure the cost of time spent exercising using the self-report
7-day PAR data and accelerometer data. All time costs will be
valued using hourly wages and fringes based on average age
and gender groups [58].

Medical and other costs will be added to the implementation
costs. Incremental cost-effectiveness ratios (ICERs) will be
caculated as the average net cost per minute of
moderate-to-vigorous physical activity. In a previous study,
physical activity interventions had |CERs of US $0.05-US $0.15
per moderate-to-vigorous physical activity minute [59,60]. We
will also calculate the ICERs per QALY gained. QALY s will
be calculated over a 6-month follow-up period using utility
weights derived from the EuroQol-5D [46]. To determineif the
DIAL intervention is cost-effective compared with no active
intervention, ICERswill be compared with the commonly used
threshold of US $50,000-US $100,000 per QALY [61].

To examine uncertainty, we will sample the replacement costs
and outcomes from the two trial arms and calculate the mean
costs and outcomes for each bootstrap sample, repeating the
procedure 1000 times. Differences in costs and outcomes
between the two groups from each sample will be plotted in a
cost-effectiveness plane [61,62]. ICERs will be obtained for
each sample, and confidence limits around the ICER will be
obtained by taking the values at the 5th and 95th percentile of
the distribution. Analyses will be repeated to examine the
uncertainty around datainputs, such as hourly wages or medical
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care costs. In addition, wewill construct an acceptability curve
by considering the proportion of bootstrap replicationsfor which
the ICER falls below the possible thresholds of cost per QALY
[63].

Results

Start-up activities (staff hiring and training, ordering supplies,
and equipment) have been completed. Although the suspension
of nonessential research activities at UAB in March 2020 due
to COVID-19 delayed the start of the clinical trial, this time
was used to refine intervention and assessment protocols to
address new health and safety concerns and further beta test
and improve the automated telephone counseling system.
Participant recruitment and data collection began in September
2020 and is ongoing. In Dallas County, 43 participants
completed baseline assessments at the local Young Men's
Christian Association in September 2020, and al participants
have been randomized to the study arm. In addition, all 43 Dallas
County participants have completed their 3-month surveys. In
Sumter County, 42 participants compl eted baseline assessments
at alocal community center in November 2020. Moreover, 51
participants completed baseline assessments in Greene County
at a local high school in early February 2021. Baseline
assessments for the next county (Marengo) are projected to
begin mid-March 2021, followed by 3-month surveysin Sumter
County, and 6-month assessments in Dallas County.

Discussion

Principal Findings

Thisstudy will test the efficacy of the DIAL intervention versus
await-list control condition for increasing physical activity in
the Deep South region of the United States, an area with high
rates of physical inactivity and related cancer disparities. To
our knowledge, this is the first study to implement an IVR
system—supported physical activity intervention for underserved
(minority, rural) populations. Past | VR-based physical activity
interventionswere conducted in largely White and well-educated
[6] populations. Some studies relied on unidirectional VR
system calls(ie, system-initiated) [7,8], whereas othersinvolved
bidirectional 1VR system calls [6,9] (system and participant
initiated), as in this study. Promising findings, for example,
increasesin physical activity [6,8], increasesin muscle strength,
improvements in balance [7], and decreases in one-mile walk
time [9], bode well for the success of the current efforts. Past
physical activity—related IVR system-based studies [6-9] were
grounded in evidence-based behavioral sciencetheory (ie, SCT
and/or Transtheoretical Model) and were found to be effective
for increasing physical activity. Some past studies involved a
short intervention duration (ie, 12 weeks) [8,9]. Studies
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conducted over longer periods (ie, 12 months) found relative
maintenance of physical activity over the course of the
intervention [6,7]. This study will extend this line of research
to an at-risk sample of rural, mostly minority adultsin the Deep
South and extend the follow-up to 18 months.

Asfor limitations, at 12 months, wewill not be able to compare
the DIAL intervention arm to atrue control arm. Aspreviously
mentioned, a12-month wait-list was proposed but stakeholders
felt that the 12-month waiting period was too long and could
consequently result in a lack of interest in the study, reduced
engagement, and/or drop out among wait-list control
participants. Finally, we had to reduce our survey battery and
used short-form versions in response to concerns regarding
participant burden. Despite the established validity of these
measures, using the short versions could result in potentially
less validation through assessments of these psychosocial
constructs.

The strengths of the ongoing study include the randomized
controlled design, hybrid (ie, efficacy combined with
implementation  outcomes),  multilevel intervention,
evidence-based theoretical framework, collection of built
environment data, and assessment of barriersto and facilitators
of future broader dissemination and implementation of the DIAL
program with rural county coordinators and UAB O’'Neal CCC
COE. Another key strength is the use of high-reach, low-cost,
technology-supported strategies for addressing rural health
disparities. Tracking intervention costswill alow usto comment
further on the cost-effectiveness of this approach. We will assess
physical activity objectively using accelerometers as opposed
to relying solely on subjective, self-reported data, unlike
previous studies [6,8,9]. Other areasin which this work moves
the field forward include (1) assessing long-term outcomes
(12-18 months) and (2) determining the effectiveness and
convenience of scheduled calls made by the out-DIAL program
(as opposed to solely participant-initiated calls).

Conclusions and Clinical Implications

The findings from this study will help establish the efficacy of
IVR system—supported physical activity promotion strategies
for underserved rura regions. Moreover, these findings have
implicationsfor health care providersand public health practice
for physical activity promotion when barriers such as distance,
transportation, and lack of staff hinder face-to-face visits and
interaction. Future directions include (1) working with
stakeholders to address identified barriers to implementation
and sustainability in rural counties, (2) pursuing further
large-scale dissemination of the DIAL intervention, and (3)
addressing built environment concernsin therural communities
through policy advocation and implementation, based on RALA
findings.
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Abstract

Background: Thousands of Rohingya refugee mothers at the world’s largest refugee camp located in Bangladesh are at risk of
poor mental health. Accordingly, their children are also vulnerable to delayed cognitive and physical development.

Objective: The aim of this study is to evaluate the effectiveness of an integrated care package in reducing the prevalence of
developmental delays among children aged 1 year and improving their mothers' mental health status.

Methods: Thisis a parald, two-arm, single-blind, cluster randomized controlled trial (cRCT). A total of 704 mother-child
dyadsresiding at the Kutupal ong refugee camp in Cox’s Bazar, Bangladesh, will berecruited from 22 clusterswith 32 mother-child
dyads per cluster. In the intervention arm, an integrated early childhood development and maternal mental health package will
be delivered every quarter to mothers of newborns by trained community health workers until the child is 1 year old. Our primary
outcomeis areduction in the prevalence of two or more childhood developmental delays of infants aged 1 year compared to the
usual treatment. The secondary outcomes include reduced stunting among children and the prevalence of maternal depression.
We will also assess the cost-effectiveness of the integrated intervention, and will further explore the intervention’s acceptability
and feasihility.

Results: At the time of submission, the study was at the stage of endpoint assessment. The data analysis started in December
2020, and the results are expected to be published after the first quarter of 2021.

Conclusions: This study will address the burden of childhood developmental delays and poor maternal mental health in a
low-resource setting. If proven effective, the delivery of the intervention through community health workers will ensure the
proposed intervention’s sustainability.

Trial Registration: ISRCTN Registry ISRCTN10892553; https://www.isrctn.com/| SRCTN10892553

International Registered Report Identifier (IRRID): DERR1-10.2196/25047

(IMIR Res Protoc 2021;10(5):€25047) doi:10.2196/25047

KEYWORDS

mental health; refugee health; early childhood development; Rohingya; Bangladesh; community health care; community health
worker

approximately 911,566 Rohingya refugees settled in both
refugee camps designated by the government as Forcibly
Displaced Myanmar Nationals[2]. Among the camp residents,
52% are women, 23% of whom arewithin reproductive age[3].

Introduction

Rohingya refugees settled in Bangladesh are one of the largest
groups of refugees in the world [1]. Cumulatively, by 2019,
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These refugees residing in the camps live in drastic situations
and suffer from hunger, poverty, lack of safety, and appropriate
access to health services [3]. The mental health status of
Rohingya refugee women has been reported to be poor, which
could be due to prolonged exposure to violence, trauma, and
stressof living under terrible circumstances[4]. Maternal mental
health isacrucial factor in ensuring healthy child development
[5]. However, women who have experienced a traumatic event
in their lives, as is the case for refugees, are at higher risk of
postpartum depression, which can impact the growth and
nutrition [6] and development of their child [7], as childhood
development is mediated by mothers' responsive feeding and
caregiving skills. Moreover, prolonged exposure to psychosocial
risks such as maternal depression, violence, and lack of
stimulation can profoundly affect children’s health and cognitive
development under the age of 2 years [8]. Studies have shown
that at least 2% of the total refugees who are children
(approximately 17,200) aged less than 1 year [9] are at risk of
delayed devel opment at the refugee camps.

Health care barriers faced by refugees continue to increase the
risk of delayed child development and poor mental health for
women [10]. Only 10 hospitals currently serve refugee
settlements with an allocation ratio of 1 per 130,000 people.
The health care systems are overburdened, short-staffed, and
lack the necessary resources and infrastructure to provide
adequate care, and have been reported to show significant gaps
in treatment available for mental health and child development
care. These health care challenges indicate the need to evaluate
a service delivery model for early child development that will
help support the health care providers with effective, scalable,
and cost-effective aternativesto promote the child devel opment
and maternal mental health of refugees [11]. Integrated
childhood development care within maternal, neonatal, and
child health services has already proven to be effective in
preventing developmental delays for children 2 years of agein
asimilar context [12,13].

To address the challenges highlighted above, this study hasthe
objectivesto: (1) evaluate the effectiveness of an integrated care
package in reducing the prevalence of two or more
developmental delaysamong infantsaged 1 year and improving
childhood stunting compared to the usual treatment, (2) evaluate
the effectiveness of the integrated care package in reducing
maternal depression, (3) explore the cost-effectiveness of the
integrated care package in reducing childhood devel opmental
delays, and (4) perform a mixed method process evaluation
study to explore the acceptability and feasibility of the
intervention for both the providers and participants.

Methods

Study Design, Settings, and Participants

We will use a parallel arm, single-blind, cluster randomized
controlled trial (cRCT) design [14] to evaluate the integrated
and contextualized package's effectivenessin reducing childhood
developmental delays compared to the usual treatment.

The study will be performed in the Kutapalong Rohingya
refugee camp located in Cox's Bazar, Bangladesh, selected
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based on its size and distance from the district city and ease of
communication. The Kutupal ong refugee settlement isacluster
of 20 camps, most of which are adjacent to each other. Each
camp has definite boundaries and segments called “blocks.”
Two blocks are combined to form a cluster for randomization
in this study.

The research participants will be 704 mother-child dyads
recruited from the 22 clustersin the Kutupal ong refugee camp.
The inclusion criteria for mother-child pairs are that the child
should be less than or egual to 6 weeks old, live with their
biological mother, had a gestational period of at least 36 weeks,
and weighed at least 2.5 kilograms at birth. Children with
congenital abnormalities and mothers that have to move out of
the area during the study period will be excluded from thetrial.
Participation of mother-child dyadsin the study will be required
for 12 months.

Procedures

Randomization and Masking

To minimize the risk of contamination between research
participants, the randomization unit will be acluster comprising
two blocks. Blocks are geographical areas with defined
boundaries in refugee camps. A sampling frame of eligible
blocks within camps in the study site will be drawn before
randomization using the population data and live birth record
rates. Eligible clusterswill be randomized before the recruitment
of research participants from each cluster. The clusters taking
part in the study will be randomized to the intervention or
control arm by an independent statistician on a 1:1 alocation
ratio. SAS PROC PLAN will be used to generate the
randomization sequence code.

Given the nature of the intervention, it will be impossible to
blind participants to the treatment allocation status. However,
the assessment team, principal investigators, and the tria
statistician will be blind to clusters' alocation status.

Sample Size Calculations

For atwo-sided hypothesistest with 22 clusters randomized at
al:1 allocation ratio, and assuming an effect size of 0.35 with
outcome proportions ranging from 34% to 20% for child
development and from 30% to 15% for maternal depression,
with 80% power, .05 significance, an intracluster correlation
coefficient of 0.12, and accounting for 10% attrition, we will
need 704 mother-child dyads (ie, 352 in each group), with 32
participants from each cluster on average. Findings from
evidence synthesis indicate that early child development
interventionsusually yield small effect sizes[15], ranging from
0.2 to 0.4, per the Cohen criteriafor effect sizes[16].

Package of Carein Intervention and Control Arms

The care package will be delivered by the community health
workers (CHWSs) identified from the selected clusters. CHWs
having at least 10 years of forma education and willing to
contribute to the community will be preferred for collecting
data and delivering the intervention.

For standardization of research results, the control arm will be
strengthened by providing a 2-day training to CHWs on
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recruitment of the mother-child dyads, administration of
outcome measures, record-keeping, log maintenance,
compliance, and communication. They will also be trained on
taking anthropometric measurements to record the children’s
height, weight, and mid-upper arm circumference (MUAC)
every quarter. These inputswill be the same for the control and
intervention arms.

In addition to the procedures mentioned above, CHWSs in the
intervention arm will be provided an additional 2 days of
training on delivering the intervention to mothers. They will be

Al Azdi et d

trained on using necessary counseling skills while interacting
with the mothers, such as empathy, rapport-building, trust,
sympathy, privacy, mindfulness, and suggestion. They will also
learn how to deliver counseling sessions to participants using
apictorial training flipbook with educative messages.

The integrated care package delivered in the intervention arm
has been adapted and contextualized in consultation with
international early childhood development and mental health
experts. A logic model describing the intervention mechanism
is presented in Figure 1.

Figure 1. Logic model for intervention mechanism. CHW: community health worker; ECD: early childhood development; ASQ-3: Ages and Stages

Questionnaire third edition; PHQ-9: Patient Health Questionnaire-9.
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A total of four counseling sessions will be delivered to
mother-child dyads by CHWsin theintervention arm to promote
early child development and materna mental health. The
counseling sessions will focus on the child's cognitive and
physical development, and the mother’s mental health based
on afew key messages (see Table 1). The counseling contents
are developed in consultation with technical experts, supported
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by apictoria flipbook that has been modified according to the
local context and translated into Burmese to be consistent in
delivering the messages. The flipbook pictures are
self-explanatory, and the CHWswill explain each of the pictures
regardless of the mother’s ahility to read thetext of the flipbook.
Each session will take at least 10-15 minutes.
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Table 1. Key counseling messages and their delivery time for the intervention arm according to child age.

Theme

Key messages to the mother

First quarter: 0-6 weeks old

Nutrition

Mental ability

Physical ability
Mother’'s health

Second quarter: 3 monthsold
Mental ability
Physical ability

Third quarter: 6 monthsold

Nutrition

Diet

Protecting health

Mental ability

Physical ability
Fourth quarter: 9 monthsold

Mental ability

Physical ability
Maternal mental health

Frequent and exclusive breastfeeding, avoiding intake of other food items, and timely
immunization are essential to the child’s health

Ensure your presence and attention toward the child by caressing, talking, and looking
at them with affection and asmile

To improve the child’s physical ahility, encourage the movement of their body parts

Eating full meals thrice aday, using iodized salt, and taking rest are essential to the
mother and child’s health

Play with the child and make them aware of different parts of the face, sounds, and colors

Increase the movement of different body parts of the child for the development of their
physical health

Roti, rice, curry, and other food items at home (eg, kheer, mashed fruits) are important
components of a child's soft food

After cooking properly with necessary ingredients, smash them and prepare soft food for
your child

Clean/wash utensils, regularly wash your hands, and cover food to prevent the child from
becoming ill

Encourage the child to pronounce words, identify facial parts, be with other children of
the same age group, and find hidden items

Encourage the child to use different body parts for improved physical ability

Encourage the child to participatein daily activities/identify items/follow instructions/find
hidden items

Encourage the child to use different body parts for improved physical ability

Make a routine to pray, share your emotions with a trustworthy person, and make time
for yourself and your mental well-being

Data Collection and Outcomes

Our primary outcome is the reduction in the prevalence of two
or more childhood developmental delays of infants aged 1 year
compared to the usual treatment, which will be measured by
the Ages and Stages Questionnaire (ASQ) 3rd edition[17]. The
ASQ is a brief, valid, and reliable measure of childhood
development that is widely used to assess childhood
developmental difficulties[18]. The ASQ has also been widely
used in lower-middle-income countries and has been reported
to be culturally valid [19,20]. It has 30 items and consists of 5
subscales to measure communication skills, fine motor, gross
motor, problem-solving, and personal-social skills.

Secondary outcomesinclude stunting and maternal depression.
Children’s anthropometric data on height, weight, and MUAC

https://www.researchprotocol s.org/2021/5/€25047

will be collected as part of the delivery process by the CHWs
every quarter.

Patient Health Questionnaire-9 (PHQ-9) will be used to measure
maternal depression at the endpoint of the study by the trained
external assessors. The PHQ-9 has 9 items, which are rated on
a 3-point Likert scale of 0 (not at al) to 3 (nearly every day)
[21,22].

Project Evaluation

Thetria flow isgivenin Figure 2. The project implementation
will be evaluated to understand the scal ability and sustainability
of the intervention. We will use the following evaluation
methods: (1) process evaluation and (2) economic evaluation.
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Figure 2. Tria flow. ECD: early childhood development; ASQ-3: Ages and Stages Questionnaire third edition; PHQ-9: Patient Health Questionnaire
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In process evaluation, the trial will be followed by a mixed
methods approach following the Medical Research Council
guideline [23]. Quantitative data on the trial’s implementation
will be extracted from the study records. Simultaneously, the
qualitative data will be collected via in-depth interviews with
participants and providers to explore the intervention's
acceptability and feasihility.
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An exploratory economic evaluation will be performed to assess
theintegrated early childhood devel opment and maternal mental
health program’s cost-effectiveness in refugee camps. Project
budgets and expenditure reports will be used to estimate the
costs of theintervention, followed by calculating theincremental
cost-effectiveness ratio using World Health Organization
guidelines[24].
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Statistical Analysis

Thefindings of the study will be reported following CONSORT
guidelines for cRCTs [14]. The data will be entered regularly
after receiving the paper formsfrom thefield, and then checked
for missing data before the next visit scheduled in the clusters,
allowing researchersto communicate with the CHWsto address
such issues. Furthermore, we will follow the recommended
methods for treating missing data per the guidelines of the
outcome measures being used. Finally, we will analyze data
using intention-to-treat analysis that handles any missing data
at the endpoint. Descriptive statistics will be calculated for
outcome variables and baseline characteristics of participants
according to treatment arm to ensure the comparability of all
outcomes acrossarms. Adjusted analysis and subgroup analysis
will be based on covariates determined at baseline.

Data will be analyzed using cluster trials with relatively few
clustersin each arm in IBM SPSS Statistics version 23. Crude
analysis to estimate cluster-level proportions will be used for
categorical outcomes. Anindependent samplet test to calculate
the absolute difference in outcome proportions between the two
study arms at the endpoint will be calculated with 95% Clsand
significance values. For continuous outcomes, cluster-level
outcome values based on the mean outcome scores in each
cluster will be calculated, and an independent t test will be used
to estimate the treatment effect as the mean difference in the
cluster level outcome val ues between the two arms (control and
intervention) at the endpoint, with associated 95% Cls and P
values. A two-stage method will be used to adjust for
confounding variables using a logistic regression model for
individual-level outcome data. We will then calculate the
covariate-adjusted difference residuals for each cluster by
cal culating the mean difference between observed and predicted
outcomes. Independent t tests will be used to estimate the
covariate-adjusted treatment effect as the risk difference in the
cluster-level difference residuals between the two arms, with
associated 95% Cl and P values. No interim analysis of
outcomesis planned.

Ethical Approval

Ethical approval for the study has been obtained from two
government bodies in the country: (1) Bangladesh Medical
Research Council for research under reference number
BMRC/NREC/2016-2019/843 and (2) Refugee, Rehabilitation
and Repatriation Commission for project implementation under
reference number ShoTraProKa/RHU/ARK
Foundation/13/2019/589.
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Results

During the submission of this paper, the study was at the stage
of endpoint assessment. The analysis of data obtained from the
field started in December 2020, and we expect to publish the
study results after the first quarter of 2021.

Discussion

The aim of this study is to address the health and economic
burden of childhood developmental delays and maternal mental
health by delivering acommunity-based integrated care package
in Bangladesh's refugee camps. Intervention delivery by the
community health care volunteers will ensure the proposed
intervention’s sustainability if proven useful in the context. To
theauthors' knowledge, thisstudy isthefirst to test an integrated
care package for early childhood development and maternal
mental health in refugee camps.

The intervention and its components were designed in
consultation with international experts, collaborators, and
primary health care specialists in Bangladesh. However, some
anticipated challengesin implementing the intervention can be
anticipated. First, retention of the project’'s CHWs might be a
challenge, as they continuously look for better income
opportunities. In that case, repeated search of CHWs may be
needed for clusters, and additional refresher training sessions
may need to be organized. Second, thelanguage barrier between
the field coordinators and the CHWSs may result in
communication gaps, affecting intervention delivery; a
trand ation expert might be used to addressthis challenge. Third,
mothers of the intervention arm will be more familiar with the
child’s development activities, creating recall bias during the
endpoint assessment of a child’s development at 12 months.
Thisissue may be addressed by performing on-site observations.
The qualitative aspect of the process will help us to better
understand the participants’ and providers challenges during
implementation.

The study results will be used to achieve impact by being
embedded within the country’s health care system. Stakeholders
at different levels will be engaged for the maximum impact of
maternal mental health on childhood devel opment. Moreover,
general practitioners in emergency settings such as those
working inside the refugee camps, set up by different national
and international organizations, can adapt and integrate the
approach with their “First 1000 Days’ health interventions for
better health outcomes of both mothers and children. Upon
success, a similar intervention can be replicated in the host
community with the help of the existing health workforce.
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Abstract

Background: Many older adults spend the majority of their waking hours sitting, which increases their risk of chronic diseases.
Given the challenges that many older adults face when engaging in moderate-to-vigorous physical activity, understanding the
health benefits of decreasing sitting time and increasing the number of sit-to-stand transitions is needed to address this growing
public health concern.

Objective: Theaim of this 3-arm randomized controlled trial isto investigate how changesin sitting time and brief sit-to-stand
transitions impact biomarkers of healthy aging and physical, emotional, and cognitive functioning compared with a healthy
attention control arm.

Methods: Sedentary and postmenopausal women (N=405) will be recruited and randomly assigned to 1 of the 3 study conditions
for 3 months: healthy living attention control (Healthy Living), reduce sitting time (Reduce Sitting), and increase sit-to-stand
transitions (Increase Transitions). Assessments conducted at baseline and 3 months included fasting blood draw, blood pressure,
anthropometric measurements, physical functioning, cognitive testing, and 7 days of athigh-worn accelerometer (activPAL) and
ahip-worn accelerometer (ActiGraph). Blood-based biomarkers of healthy aging included those associated with glycemic control
(glycated hemoglobin, fasting plasmainsulin and glucose, and homeostatic model assessment of insulin resistance).

Results: Recruitment began in May 2018. The intervention is ongoing, with data collection expected to continue through the
end of 2022.
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Conclusions: TheRisefor Health study isdesigned to test whether 2 different approachesto interrupting sitting time canimprove
healthy aging in postmenopausal women. Results from this study may inform the development of sedentary behavior guidelines

and interventions to reduce sitting time in older adults.
Trial Registration:
International Registered Report Identifier (IRRID):

(JMIR Res Protoc 2021;10(5):€28684) doi:10.2196/28684

Clinical Trials.gov NCT03473145; https://clinicaltrials.gov/ct2/show/NCT03473145
DERR1-10.2196/28684
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Introduction

Background

Many older adults find it challenging to engage in
health-enhancing physical activity (PA) and can spendupto 11
hours a day sitting [1]. Greater amounts of sedentary time,
including time spent sitting and lack of PA, are associated with
an increased risk of type 2 diabetes; all-cause mortality;
cardiovascular disease; higher insulin; hypertension; and,
specifically in older adults, poorer physical functioning [2-11].
Older women, in particular, are at an increased risk of chronic
diseases and disabilities[3]. Furthermore, older women require
more health care than other segments of the population and
account for approximately 14% of all outpatient physician visits
and 22% of hospitalizations, although they represent only 7%
of the US population [12]. With the high use of hedlth care,
feasible behavior change interventions are needed to improve
health and physical function.

Despite decades of public health effortsto encourage aminimum
of 30 minutes per day of moderate-to-vigorous physical activity
(MVPA), which has many positive health effectsin older adults
[13], only 3% to 6% of older adults meet public health
guidelines for MV PA [14,15]. Although there have been some
successful PA interventions for older adults (eg, Lifestyle
Independence for Elders [16]), socia and environmental
conditions, functional challenges, and disease factors may limit
the capacity of many older adultsto engagein MV PA [17]. One
promising alternative strategy to improve health is to interrupt
sitting behaviors. This may be a more viable behavior change
goal for many older adults because it does not involve
high-intensity or high-impact activity and can be done anywhere
and at any time. It is also possible that intervening on sitting
behaviors, for example, by reducing the time spent sitting or
increasing sit-to-stand transitions, could be thefirst step toward
a more active lifestyle [18]. Changing sedentary behavior by
reducing the time spent sitting has yielded favorable changes
inblood pressure, glucose control, insulin sensitivity, and wai st
circumference [19]. Data from randomized controlled trias
(RCTs) are needed to determine if changes in sedentary time
lead to health improvementsin older adults outside of worksite
settings.

Severd feasibility studies have indicated that time spent being
sedentary can be reduced in older adults by 30-60 minutes per
day [20-24]. Existing studies with older adults generally have
small sample sizes, poor methodological quality, and relatively
short durations [25]. The magjority of previous studies have

https://www.researchprotocol s.org/2021/5/€28684

focused on reducing sitting time and, therefore, have not found
appreciableimprovements in sit-to-stand transitions. However,
sit-to-stand transitions have been shown to increase postural
blood flow and positively impact insulin and homeostatic model
assessment of insulin resistance (HOMA-IR) [8,26-29]. There
is a need to better understand how changing these distinct
aspects of sedentary time, sitting less and transitioning more,
may impact biological, physical, cognitive, and emotional health.

Objectives

The Rise for Health trial seeksto address gapsin the literature
and isbased on apilot study conducted by our team. In a2-week
study, older adults were randomized to either reducing their
sitting time or increasing their sit-to-stand transitions [21]. This
preliminary study found that those in the reducing sitting arm
decreased their sitting by 130 minutes without changing their
sit-to-stand transitions, and participants in the increasing
sit-to-stand transition arm increased their transitions by about
13 per day but did not change their sitting time [21]. These
findings highlight the distinct nature of these 2 aspects of
sedentary time and the need to understand how changing each
affects health. Rise for Health builds on the findings of this
study by conducting afully powered 3-month intervention. The
ultimate goal of Riseto Healthisto determine whether reducing
the overall time spent sitting or increasing brief sit-to-stand
transitions, as measured with a thigh-worn accelerometer
(activPAL; PAL Technologies), results in changes in health
outcomes, including glucose control, blood pressure, and
physical and cognitive function, in older, overweight women.

Methods

Overview

Rise for Health isa 3-arm RCT of 2 interventions that address
changing sitting in overweight, postmenopausal women over a
3-month period, compared with an attention control condition.
This study is one of the three projects within the National
Institute on Aging Program Grant named Sedentary Time and
Aging Mortality and Physical Function (STAR). The program
grant proposes a paradigm shift away from energy expenditure
as the primary mechanism for improving health outcomes to
investigate potentially feasible behaviors such as brief
sit-to-stand transitions that expend little energy but engage
muscles, improve postural blood flow, and may impact physical
functioning in older adults. The STAR program includes 3
projects and 2 cores for studying postmenopausal women at
risk of chronic diseases. In addition to the RCT described here
(project 2), STAR includes a 3-condition randomized crossover
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laboratory trial of strategies to interrupt sitting time (n=78;
project 1) and a study that optimizes new computational
techniques for objectively measuring sedentary behavior to
apply to existing prospective hip-worn accelerometer datafrom
the Objective Physical Activity and Cardiovascular Disease
Health in Older Women (OPACH) cohort of the Women Health
Initiative (N>6000, project 3). All projects are investigating the
consequences of sitting and brief sit-to-stand transitions on the
mechanisms of healthy aging, including glucose regulation and
endothelial functioning. The STAR program will provide a
comprehensive evidence base that can inform public health
guidelines on sitting behaviors and healthy aging.

Study Objectives

Rise for Health will examine 3-month changes in biomarkers
of heathy aging and physical, emotional, and cognitive
functioning across a 3-arm randomized tria: (1) healthy living
attention control (Healthy Living), (2) reduce sitting time
(Reduce Sitting), and (3) increase sit-to-stand transitions
(Increase Transitions). The study ams to enroll 405
postmenopausal women into the 3-month trial. The primary aim
is to compare changes in glucoregulatory biomarkers (fasting
plasmainsulin and glucose, HbA ;;, and HOMA-IR) and blood
pressure over 3 months for the 2 intervention arms compared
with the attention control condition. We hypothesize that,
compared with those alocated to the attention control arm,
participants in the 2 intervention arms will have greater
improvements in glycemic control and blood pressure. In
addition, we will evaluate the dose-response effects of sitting
behavior changes on glucoregulatory biomarkers and blood
pressure. We hypothesi ze that greater improvementsin the target
behavior will be associated with greater improvements in
glucoregulatory biomarkers and blood pressure. The secondary
aims of the study are to examine the effects of the intervention
on physical, emotional, and cognitive functioning. This project
will also explore (1) the modifying effects of age on the
relationship between the 3 conditions and primary and secondary
outcomes, (2) the psychosocial and mediators and moderators
of changes in sitting behaviors, and (3) the differences in
outcomes between the 2 sitting interruption intervention arms.
The purpose of this paper is to describe the study protocol of
Rise for Health, a 3-arm randomized trial, to assess ways of
interrupting sitting in postmenopausal women.

Theingtitutional review board of the University California San
Diego (UC San Diego) approved al study procedures, and all
participants will provide written informed consent. Study
recruitment, participant safety, and progress are reviewed
semiannually by an external independent data safety monitoring
board appointed by the National Institutes of Health (NIH).

Participants

Eligibility

To be dligible, participants must be female and meet the
following inclusion criteria: currently 55 years or older; sit for
more than 7 hours on a majority of device-measured days, as
assessed by activPAL (as given in the Screening Visit section);
do 70 or fewer sit-to-stand transitions on a majority of
device-measured days, as assessed by activPAL; no hedth
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conditions that would inhibit standing; able to read and write
fluently in English; postmenopausal, defined as no menstrual

period in the last 12 months; BMI>25 kg/m? and <45 kg/m?;
abletowalk, stand, and perform sit-to-stand transitions without
a high risk of falling, determined by the Short Physical
Performance Battery (SPPB); and able to travel to study visits.
Exclusion criteria include the use of insulin, uncontrolled
diabetes defined as HbA ;.>10%, uncontrolled blood pressure
defined as systolic blood pressure>180 or diastolic blood
pressure>110, and participation in another research study or
program that would impact the outcomes of this study.

Recruitment and Screening

The primary methods of recruitment are contacting UC San
Diego patients identified through electronic health records and
contacting women in San Diego through marketing lists. Women
are mailed aletter and aflyer to explain the study. Prospective
participants areinformed that the study staff would contact them
or they could call to opt out. Additional recruitment methods
include advertisements on socia media platforms, such as
Facebook and Instagram, flyers and listserv postings, and
ResearchMatch [30].

Trained recruiters describe the study activities and conduct
phone eligibility screening with potential participants. After
phone screening, eligible women are scheduled for an in-person
screening visit at UC San Diego.

Screening Visit

At theinitial visit, study requirements are reviewed and signed
informed consent is obtained. Next, participants complete a
medical history questionnaire and self-report their current
medication and supplement use to confirm they do not have a
medical condition that would inhibit standing or sit-to-stand
transitions and do not use insulin. Measurements of height,
weight, and blood pressure are taken to screen for BMI and
blood pressure. Hip and wai st circumference measurementsare
also recorded. Participants perform SPPB to assess physical
functioning and the ability to safely stand and perform
sit-to-stand transitions. If all the preliminary screening criteria
are met, participants complete a battery of cognitive tests and
guestionnaires on self-reported demographics and PA.
Participants are given an activPAL, athigh-worn accelerometer
that objectively measures sitting time and number of sit-to-stand
transitions, and an ActiGraph GT3X+ (ActiGraph, LLC)
accelerometer, a waist-worn device that objectively measures
minutes of PA. Participants are shown how to attach activPAL
using waterproof Tegaderm dressing so that it does not have to
be removed, and replacement waterproof dressing is provided.
Participants are asked to wear these devices for 24 hours
continuously, except they are asked to remove the ActiGraph
GT3X+ accelerometer before bathing or swimming for the next
7 days.

Baseline Visit

Participants return to the clinic after at least seven days of
wearing the two devices. Data from activPAL are screened for
sitting time (more than 7 hours on amajority of measured days)
and sit-to-stand transitions (70 or fewer transitions per day on
amajority of measured days) to confirm eligibility. Participants
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provide fasting blood samples via a finger prick to screen for
HDbA ;.. Those who pass these final eligibility criteriathen have
a venous blood draw taken by a certified phlebotomist and
complete additional questionnaires. Participants receive a total
of US $35 for completing baseline measures. After all baseline
assessments are compl ete, the participants are then randomized.

Randomization is stratified by BMI (overweight vs obese) and
employment status (full-time vs nonfull-time employment). A
computerized randomization scheme was created using the
STAR program grant Biostati stics Core, using arandom number
generator. A stratified permuted block design is used in this
study. After randomization, the participants review the
expectations and requirements of their study group assignment
(details given in the 3-Month Intervention section). Data
collectorsand the principal investigator are blinded to the study
group assignment.

3-Month Final Visit

Beforetheir final visit, participants are mailed the accel erometer
and activPAL and asked to wear both devices continuously for
7 daysbeforethevisit. At thisvisit, participants repeat the same
mesasures collected at the screening and baselinevisits, including
blood draw, anthropometric measures, battery of cognitivetests,
SPPB, and questionnaires. Participants receive up to US $110
for completing the final measures.

3-Month Intervention (Rise for Health)

Reduce Sitting and I ncrease Sit-to-Stand Transitions

The primary goal of the respective intervention arms is to
interrupt the current sitting patterns by targeting 2 specific
behavior changes: reducing the amount of time spent sitting
(Reduce Sitting) or by increasing the number of sit-to-stand
transitions each day (Increase Transitions). Both interventions,
Reduce Sitting and Increase Transitions, use habit formation
[31-34], social cognitive theory [35], and moativational
interviewing techniquesto support behavior change. See Figure
SlinMultimediaAppendix 1 for the outline of theintervention
topics and schedule of activities.

Health Coaching Sessions for Reduce Sitting and I ncrease
Transitions

Participants in both intervention arms receive 5 in-person,
individual coaching sessions (weeks 1, 2, 3, 4, and 8) and 2
individual phone coaching sessions (weeks 6 and 11) over the
course of the 12-week program. Participants are asked to wear
activPAL on their thigh continuously for the first 4 weeks of
the study and then again during weeks 7 and 8 to help with
self-monitoring, goal setting, and personalized feedback.

During the first 60-minute in-person session, the health coach
provides an overview of the intervention and gives participants
abinder of printed educational materialsand safety tips, printed
action plan forms, and tracking logs. First, participants are asked
to share their motivation to join the study. Next, they review
reasons for sitting, dangers of prolonged sitting, and benefits
of breaking up sitting. Tips for safely reducing sitting or
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increasing sit-to-stand transitions based on group assignments
are reviewed. The health coach models the target behavior by
having participantsin the Reduce Sitting arm practice standing
for up for 5 minutesin the middl e of the session, and participants
in the Increase Transitions arm perform 3 brief sit-to-stand
transitions in a row, holding each for 5 seconds, twice during
the session. Participants are then given a wrist-worn activity
band that is programmed to prompt sitting breaks based on
group assignment (refer to the Toolbox section). Participants
are shown graphs from activPAL data, either of time spent
gitting or sit-to-stand transitions, depending on the group
assignment (Figures 1 and 2). The health coach and participants
use the graphs to (1) review a typical day and identify times
during the day when participants may be able to take sitting
breaks or perform sit-to-stand transitions, (2) set behavior
change goalsfor the next week, and (3) create a specific action
plan. Participants complete an action plan by identifying the
specific strategy, location, days of the week, time of day, and
tailored goals for the participant (number of minutes to reduce
sitting by or number of transitions to complete). Participants
brainstorm potential obstacles to following the action plan and
solutions for overcoming each obstacle. Using motivational
interviewing techniques, confidence is assessed and supported
using a 0 (very low confidence) to 10 (very high confidence)
scale (ruler). To further support behavior change, participants
are provided with several toolsthey can chooseto use. Aspeople
vary in their preferences and needs, atoolbox approach allows
participantsto select toolsthey want to try (refer to the Tool box
section). At the end of the session, participants are given an
activPAL to wear for the next 7 days and bring in the following
week so that they can review their behavior with their health
coach. If the participant provides consent, the health coach
ons are audio recorded for quality checks and training.

At each subsequent coaching session, the health coach starts by
assessing the adverse events that may have occurred since the
last session. The health coach and the participant then model
the respective behavior, gradually increasing the number of
minutes of standing or number of transitions each week until
week 4, when standing time may be up to 10 minutes and the
number of transitions at the beginning of the session may be 5.
The health coach reviews any key topics from the previous
session before introducing the new behavior change topic
(Figure S1in Multimedia Appendix 1). When worn, the previous
week’s daily activPAL data are reviewed using daily graphs of
data (Figures 1 and 2), as described above for week 1. Graphs
of weekly data are shown to discuss progress toward the target
behavior (Figures 3 and 4). At each session, the health coach
supports the updating of personalized goals and action plans.
There is a second break to model the target behavior before
completing the action plan. Discussions on barriers and solutions
and the confidence to meet the goal are addressed. Weeks 2, 3,
4, and 8 sessionsare carried out in person and last approximately
60 minutes each. Weeks 6 and 11 sessions are carried out over
the phone and last approximately 30 minutes each. Participants
are given activPAL to wear inweeks 1, 2, 3,4, 8, and 9.
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Figure 1. Sample feedback graph for the Reduce Sitting group: day-level activPAL data; red indicates where sitting occurred.
Fri, Sep 27 2019  Sitting Time: 7H 55 M

5am 6am 7am 8am 9am 10am11am12pm 1pm 2pm 3pm 4pm 5pm 6pm 7pm 8pm 9pm 10pm11pr

Sat, Sep 28 2019  Sitting Time: 10H 33 M

5am 6am 7am 8am 9am 10am11am12pm 1pm 2pm 3pm 4pm 5pm 6pm 7pm 8pm 9pm 10pm11pr

Sun, Sep 29 2019  Sitting Time: 10H 7M

5am 6am 7am 8am 9am 10am11am12pm 1pm 2pm 3pm 4pm 5pm 6pm 7pm 8pm 9pm 10pm11pr

Mon, Sep 30 2019  Sitting Time: 13H 6 M

5am 6am 7am 8am 9am 10am11am12pm 1pm 2pm 3pm 4pm 5pm 6pm 7pm 8pm 9pm 10pm11pr

Tue, Oct 12019  Sitting Time: 8H 24 M

5am 6am 7am 8am 9am 10am11am12pm 1pm 2pm 3pm 4pm 5pm 6pm 7pm 8pm 9pm 10pm11pr

Wed, Oct 2 2019  Sitting Time: 22H 11 M

5am 6am 7am 8am 9am 10am11am12pm 1pm 2pm 3pm 4pm 5pm 6pm 7pm 8pm 9pm 10pm11pr
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Figure 2. Sample feedback graph for sit-to-stand transitions. day-level activPAL data; green indicates where a sit-to-stand transition occurred.
Fri, Sep 13 2019 Sit-to—Stand Transitions: 35

5am 6am 7am 8am 9am 10am11am12pm 1pm 2pm 3pm 4pm 5pm 6pm 7pm 8pm 9pm 10pm11pr

Sat, Sep 14 2019  Sit-to-Stand Transitions: 50

5am 6am 7am 8am 9am 10am11am12pm 1pm 2pm 3pm 4pm 5pm 6pm 7pm 8pm 9pm 10pm11pr

Sun, Sep 152019  Sit-to—Stand Transitions: 30

5am 6am 7am 8am 9am 10am11am12pm 1pm 2pm 3pm 4pm 5pm 6pm 7pm 8pm 9pm 10pm11pr

Mon, Sep 16 2019  Sit-to—Stand Transitions: 49

5am 6am 7am 8am 9am 10am11am12pm 1pm 2pm 3pm 4pm 5pm 6pm 7pm 8pm 9pm 10pm11pr

Tue, Sep 17 2019  Sit-to-Stand Transitions: 62

5am 6am 7am 8am 9am 10am11am12pm 1pm 2pm 3pm 4pm 5pm 6pm 7pm 8pm 9pm 10pm11pr

Wed, Sep 18 2019  Sit-to-Stand Transitions: 37

5am 6am 7am 8am 9am 10am11am12pm 1pm 2pm 3pm 4pm 5pm 6pm 7pm 8pm 9pm 10pm11pr
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Figure 3. Sample feedback graph during intervention for the Reduce Sitting group: week-level activPAL data; average sitting time.
Table 1: Weekly Average on Sitting Time

Time Type sitTime
Week 1 Sitting Time 12.05
Week 2 Sitting Time 9.65
Week 3 Sitting Time 8.61
Week 4 Sitting Time 8.70
124
4 sitting Time
11 1
4
=
[=]
: 1 0 4
9
Week 1 Week 2 Week 3 Week 4 Week 8 Final

Weekly Average on Sitting Time

Figure 4. Sample feedback graph during intervention for Sit-to-Stand Transition Group: week-level activPAL data; average sit-to-stand transitions.
Table 1: Weekly Average on
Sit-to-Stand Transitions
Week Transitions
Wkl 43.83

Wk2 63.17
Wk3 84.50
‘Wk4 08.25
100 4
n 80+
c
(=}
=
n
c
2
60 -
Wk Wk2 Wk3 Wkd WkS Final
Weekly Average on Sit-to-Stand Transitions
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I ntervention Toolbox

Participants are provided with atoolbox of optionsto help with
their personalized behavior goals. Participants can choose
different tools at each in-person session and can keep tools for
the duration of the study or trade them in for new tools as
desired. All participants are encouraged to use a wrist-worn
device (eg, Watchminder) that provides remindersto engagein
the behavior. The wrist-worn device is programmed to vibrate
and display the message Rise Up periodically from 8 AM to 9
PM every day; however, participants have the option to change
these times to match their personalized action plan. For
participants in the Reduce Sitting arm, the reminder is set to
once an hour. For participants in the Increase Transitions arm,
the reminder is set to every 20 minutes. Other tools offered to
help prompt behavior changeinclude lists of computers, tabl ets,
and phone appsthat prompt sitting breaks; egg timers; and visual
reminders (cue cards and a study-branded bracelet). Participants
in the Reduce Sitting arm have the option of a standing desk to
use at home or work starting in week 2, and participantsin the
Increase Transitions arm have the option of atally counter to
count transitions throughout the day.

Healthy Living

Participants in the healthy living attention control (Healthy
Living) condition receive an equal number of contacts as those
inthe 2 intervention arms. Thefirst session (week 1) isdelivered
in-person, whereas the remaining sessions (weeks 2, 3, 4, 6, 8,
and 11) are delivered over the phone. During the first session,
the health coach provides an overview of the study group and
gives the participant a folder that includes information,
worksheets, and resources on various healthy aging topics that
may be discussed throughout the study. A new healthy aging
topic is discussed at each session, with sleep and aging as the
first topic. For all future phone sessions (weeks 2, 3, 4, 6, 8,
and 11), the participant chooses which healthy aging topic to
discuss. Example topics include safe driving, stress reduction,
and healthy bones (Figure S1 in Multimedia Appendix 1). At
each session, the health coach first provides an introduction to
the selected topic. The health coach then reviews the learning
objectivesfor the session, provides additiona information about
the health topic, and prompts the participant to complete the
topic’sworksheet. The health coach and participant then set the
goa of the participant’s choice related to the topic for that
session and develop a related action plan. Using motivational
interviewing techniques, confidence is assessed and supported
using a0-10 ruler question. At theend of each session, the health
coach summarizes the session and confirms the date and time
of the next session. The initial in-person session lasts 60
minutes, and subsequent phone sessions last 30 minutes.

COVID-19 Consider ations

Owing to the COVID-19 pandemic, temporary pauses in
enrollment of new study participants and in-person sessions
occurred and may continue to occur consistent with UC San
Diego research policies and San Diego County health orders.
To minimize data loss during the pause of in-person visits,
enrolled participants whose final 3-month assessment visitsare
scheduled during office closures will be asked to complete
measures remotely. For remote measures, the participants are
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mailed an automated blood pressure machine and a measuring
tape. A Zoom videoconferencing session is scheduled to obtain
the blood pressure, waist and hip circumferences, balancetests,
chair raises (as part of the SPPB), and NIH Toolbox measures
(oral symbol digit test and the list sorting working memory test)
using the NIH Toolbox recommendations for remote delivery
[36]. Participants are mailed activPAL and ActiGraph to
objectively measure sedentary time and sit-to-stand transitions
per protocol on the due date. Survey measuresthrough REDCap
(Research Electronic Data Capture) [37-39] are emailed to
participants on the due date. Participants are offered extended
phone coaching with continued behavior change support until
they are able to complete a blood draw either via mobile
phlebotomy that goes to their home or upon our ability to
conduct in-person assessments. Additional measures of anxiety
(PROMIS Bank v.10-Anxiety and Cognitive and Affective
Mindfulness Scale-Revised) have been added to better
understand how anxiety and stress during this period relate to
behavior change.

The study protocols may continue to shift to support remote
delivery and to respond to the changing requirements related
to the COVID-19 pandemic to maintain safety for participants
and study staff.

M easures and Outcomes
Primary Outcomes

Glucose Regulation and Blood Pressure

The primary outcomes are glucose regul ation and blood pressure
assessed at baseline and at 3 months. Glucose regulation will
be assessed by fasting plasmainsulin and glucose, HbA ., and
HOMA-IR. Fasting blood (45 mL) is collected in EDTA and
Li-Heparin vacutainers. Frozen processed sampleswill be stored
in locked freezers at —80 C. Plasma and whole blood samples
will beused for glucose and HbA ;. assays, and all analyseswill
include normalization and quality control standards. HbA . is
measured in wholeblood inreal time (DCA Vantage, Siemens).
After blood sample collection is complete, fasting plasma
glucose will be measured using the standard glucose oxidase
method (Y S| Bioanalyzer) and fasting plasma insulin will be
measured using an immunoassay kit (Meso Scale Discovery,
catalog #K 151BZC). Standard curve samplesand quality control
replicates (minimum of 2 per plate) will be run on each assay
plate. Linear dilution and spike-in controlswill also beincluded
in each assay run. Additional aiquots of sampleswill be stored
at —80 °C should repeat analyses be required and for future
ancillary analyses. Blood pressure is measured using the
Dinamap or Accutor 7 or Dinamap V 100 blood pressure monitor
after participants have rested while seated for at least 5 minutes.
Measures are taken at least three times, and the mean of the
second and third readings will be calculated.

Objective M easure of Sitting Time and Sit-to-Stand
Transitions

Measures used to examine the dose-response effects of
behavioral changes on glucoregulatory biomarkers and blood
pressureare activPAL and ActiGraph GT3X+. For 7 daysbefore
the baseline and 7 days before the 3-month final visit,
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participants are asked to wear the 2 devices for 24 hours a day.
activPAL isasmall and lightweight accelerometer worn on the
anterior aspect of the thigh that produces a signal related to
thigh inclination, which is used to estimate the time spent in
different body postures (sitting and standing) and the number
of sit-to-stand transitions [40]. activPAL has demonstrated good
reliability and validity [41-43]. activPAL data will be
downloaded using activPAL Professional Research Edition
software package using the 15-second Epoch. To filter nighttime
sleeping, participants are asked to keep a sleep log each night
they wear the activPAL. ActiGraph GT3X+ is a small device
attached to abelt, positioned over the right hip. The ActiGraph
collects data on 3 axes at 30 Hz to estimate the minutes spent
in sedentary, light, moderate, and vigorous activity using
calibration thresholds. ActiGraph has been validated against
heart rate telemetry [44] and total energy expenditure [45,46].
Nonwear time will be classified using Choi algorithm with 90
consecutive zero counts on the x-axis [47]. We will use the
newly validated OPACH cut points to assess moderate PA [48].
In addition, data will be provided to the Biostatistics Core and
project 3for further analysis of bouts, time of day, and clustering
with sleep and to validate the machine-learned algorithms.

Secondary Outcomes

Secondary outcomes focus on physical, emotional, and cognitive
function and will be measured at baseline and at 3 months.
Objective lower extremity functioning will be measured using
the SPPB to measure balance, gait speed (4 meters course), and
chair stand [49]. Self-report physical functioning will be
measured using 6 items from the Activities of Daily Living
Survey, which focuses on the ability to perform basic tasks of
everyday life, such as eating, bathing, or dressing with or
without assistance [50,51]. Physical and emotional functioning
will be measured using the Physical Functioning Survey [52].
It comprises 36 items that assess 8 health concepts: physical
functioning, rolelimitations caused by physical health problems,
role limitations caused by emotional problems, social
functioning, emotional well-being, energy or fatigue, pain, and
general health perceptions. Physical Functioning Survey has
been found to be reliable, valid, and responsive for avariety of
medical diagnoses. Depressive symptoms will be measured
using the validated 10-item Center for Epidemiologic Studies
Depression Scale short form [53]. These outcome measures
were selected for consistency with the outcome measures used
in the cohort for project 3 of the STAR program.
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Objective cognitive functioning will be measured using the
Dimensional Change Card Sort, List Sorting Working Memory,
and Oral Symbol Digit from the NIH Toolkit [54,55]. These
tests assess executive function, memory, and processing speed,
respectively. These 3 tests take about 17 minutes to administer
viaaniPad (Applelnc) app and have been validated and normed
in individuals aged 3-85 years [54,55]. Self-report cognitive
functioning is assessed using the 8-item Cognitive Function
Questionnaire  from the Patient-Reported Outcomes
Measurement Information System (PROMIS) [56].

Additional Measures

As psychosocial factors may mediate and moderate sedentary
behavior changes, these domains are aso measured.
Self-reported perceptions of deep quality, sleep depth, and
restoration associated with sleep are measured using the NIH
PROMIS Sleep Disturbance 8a Short Form [57]. Self-reported
barriers and benefits related to sitting are assessed on a 9-item,
5-point Likert scale assessing the mental and physical factors
that affect their ability to sit adapted from a scale for PA [58].
Participants are asked to rate their confidencein performing the
targeted sedentary behaviors (sitting reduction and increase in
sit-to-stand transitions) on a 2-item confidence scale, which is
modeled after a PA self-efficacy scale [59]. Self-reported PA
ismeasured at baseline using the Community Healthy Activities
Model Program for Seniors Physical Activity Questionnairefor
Older Adults, which asks about weekly frequency and duration
of avariety of lifestyle physical activities that are meaningful
and appropriate for older adults [60]. Community Healthy
Activities Model Program for Seniors was selected for
measurement consistency acrossall the STAR projects. Anxiety
will be assessed using the NIH PROMIS computer-adaptive
version of their anxiety measure [61]. Cognitive and Affective
Mindfulness Scale-Revised is a 12-item measure that captures
mindful approaches to thoughts and feelings [62]. Pain will be
measured using the PROMIS pain interference NIH PROMIS
pain interference and intensity short forms and modified items
recommended by the NIH Task Force for Research Standards
for Chronic Low Back Pain [63,64]. Additional measures that
were adapted from validated measures to specifically address
sedentary behavior include the Self-Report Behavioral
Automaticity Index [65] and habits and perceptions [66]. A
complete list of measuresis given in Textbox 1.
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Textbox 1. Rise for Health study measures. Measures are collected at baseline and at 3 months except where noted.

Primary outcomes
e Glucose regulation biomarkers
e Glucose, insulin, and HbA . measurements. Glucose and insulin will be assessed individually and in combination to measure insulin
sensitivity
«  Blood pressure

«  Mean of the second and third readings of 3 measures

Objective sedentary and physical activity
o Sedentary behavior
«  7-day, 24-hour, thigh-worn activPAL

o Physical activity
«  7-day, 24-hour, hip-worn ActiGraph GT3X+

Secondary outcomes
«  Physical function—objective
«  Short Physical Performance Battery (balance, gait speed, and chair stands) [49]

«  Physical function—self-report
« Activitiesof Daily Living [50] and Medical Outcome Study 36-item short form health survey [52]

«  Depressive symptoms
«  Centersfor Epidemiologic Studies Depression Scale short form [53]

«  Cognitive function—aobjective

« Nationa Institutes of Health (NIH) Toolbox Cognition Tests: Dimensional Change Card Sort, List Sorting, and Oral Symbol Digit [54,55]

«  Cognitive function—self-report

«  Patient-Reported Outcomes Measurement |nformation System (PROMIS) Cognitive Function Measure [56]

Other relevant measures
« Height and weight
« Digita scale and stadiometer (height baseline only)

«  Waist and hip circumference

o  Assessed in centimeters

«  Demographics (baseline only)

«  Age, education, income, race, and marital status with standard surveys

« Medica history—self-report
«  Maedical history, recent medical history, and medications

«  Psychosocial measures

« NIH PROMIS Anxiety [61], Cognitive and Affective Mindfulness Scale-Revised [62], benefits and barriers [58], self-efficacy [59],
Self-Report Behavioral Automaticity Index [65], habits, and perceptions [66]

«  Physica activity—self-report
«  Community Healthy Activities Model Program for Seniors Physical Activity Questionnaire for Older Adults (baseline only) [60]

o  Sleep—self-report
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« NIH PROMIS Sleep Disturbance 8a Short Form [57]

e  Pain—sdf-report

« NIH PROMIS Pain Interference and Pain Intensity Short Form [63,64]

Statistical Analysis and Sample Size Considerations

We aim to recruit 405 participants for the study to ensure 80%
power to detect meaningful improvementsin glucose regulation
after accounting for a 10% dropout or missing data (eg,
unassayable sample) rate. Given the multiple correlated
biomarker outcomes, we will create a composite outcome
derived as a sum of z-scores of the (possibly transformed)
markers. A few previous interventions aimed at decreasing
sedentary time in adults or increasing standing observed effect
sizes between 0.39 and 0.49 on fasting insulin. Thus, we based
sample size estimates on an assumed effect size of 0.4 at 3
months. We set the significancelevel a=.025 for 2 comparisons
(each of the sitting interruption interventions compared with
the control). Under these assumptions, we would need 121
subjects per arm, based on a 2-sided (2-tailed), 2-samplet test
to detect an effect size of 0.4 with 80% power between the 2
sitting interruption arms compared with the control arm. To
trandate these effect sizes to biomarker values, we used
preliminary datafrom our OPACH study of approximately 6000
postmenopausal women who had a mean of 98.3 mg/dL (SD
27.7) for fasting glucose and a log-transformed mean of 4.17
pmol/L (SD 0.77) for insulin. Assuming the same SDsasin the
OPACH study, we have 80% power to detect the average
changes of 11.1 mg/dL for glucose (SD 27.7) and 0.31 pmol/L
(SD 0.77) for (log)insulin in the intervention arms versus no
change in controls. Recruitment projections before the
commencement of the study indicated 405 participants to be
feasible. Recruitment will stop when the study reaches either
the required sampl e size or the maximum number of participants
who can be recruited in the study’s allotted recruitment
timeframe, while complying with the unforeseeablerestrictions
and conditions related to the COVID-19 pandemic.

To check if randomization achieved balance on key covariates,
study groupswill be compared based on baseline characteristics
using the analysis of variance (for continuous variables) and
chi-square (for categorical) variables. Variables that are not
balanced across study groupswill be adjusted for in subsegquent
analyses. For intervention effect comparisons, we will apply a
mixed effects analysis approach in which all available
assessments on an individual can be included in the mode.
Gaussian link functions will be used for continuous outcomes
(eg, biomarkers), and a binomial or loglinear link will be used
for binary or categorical outcomes. Biomarker outcomes will
be transformed as needed to better approximate the Gaussian
distributions for model residuals. The primary superiority
analysis comparing the Reducing Sitting and Increasing
Transitionsinterventionswith controlswill usetheintent-to-treat
principle. We will include adherence measures to explore
intervention differences by compliance level.

https://www.researchprotocol s.org/2021/5/€28684

Analysis Plans

RCT Analysis Plan for Primary and Secondary Outcomes

We will use mixed effects regression with repeated measures
of the biomarker values (at baseline and 3 months) as the
outcome variable. The main predictors included in this model
will be randomization group, visit (baseline or 3 months) and
thegroup*visit interaction. A subject-specific (random) intercept
will be included to model heterogeneity in marker levels. A
significant groupxtime interaction for an intervention will
indicate that biomarker changes differ between theintervention
and control groups. Additional covariates, that is, stratification
variables (obesity status and employment status) and any factors
found to be imbalanced between treatment groups at baseline
will be included to examine the impact of covariates on
estimated treatment effects. By using appropriate contrasts,
intervention effect estimates (and 95% Cls) for the group
comparisons of primary interest, that is, mean differences
between each of the sitting interruption interventions with the
control, will be calculated. To model multiple outcomes, we
will use the sum of biomarker z-scores as a single outcome in
the models, as described earlier, and explore O’ Brien test [67]
for multiple outcomes and multivariate mixed models. A similar
analysiswill be conducted for the secondary outcomes, namely,
physical, emotional, cognitive functioning, and depressive
symptoms, at 0 and 3 months.

For sensitivity analyses, we will include an indicator variable
for COVID-19 (yesor no) and interactions, to test if participants
who received dtered protocol s (eg, remote assessments) because
of COVID-19 had similar changes compared with those who
received the originally planned protocol.

For secondary analysis, we will include the targeted sedentary
behavior (eg, minutes spent sitting, number of sit-to-stand
transitions) as atime-varying covariate in the mixed models to
test dose-response effects, that is, if a greater change in
sedentary behavior is associated with greater change in
biomarker or blood pressure outcomes.

Exploratory Moderator and Mediation Analysis

Moderators (eg, age) will be tested by including 3-way
interaction terms between the putative moderator, time, and
treatment condition in the mixed models described in the RCT
analysisplan. In addition, accelerometer and activPAL daysare
nested within participants; therefore, when examining changes
in sedentary behavior (outcome), we will further account for
this hierarchical structure in the model. The device wear time
will be entered as a fixed effect.

To assesswhether psychosocial factors (eg, self-reported sleep)
statistically mediate the effects of the interventions on sedentary
behavior, we will apply the 4-step causal mediation framework
to obtain direct and indirect effects [68]. Bootstrap resampling
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will be used to compute SEs and to test the significance of
indirect or mediated effects [69].

Comparison of 2 Intervention Arms

By using appropriate contrasts in the RCT analysis mixed
models, intervention effect estimates (and 95% Cls) for the 2
intervention conditions, that is, the mean differencesin outcomes
between the sit-to-stand and increased standing arms, will be
calculated. The 95% Cls for these contrasts will be useful for
quantifying the degree to which these interventions have
equivalent effects on the biomarkers. For this analysis, we will
conduct an intent-to-treat analysis and per-protocol analysis, as
protocol violations and informative dropouts could bias the
results toward equivalence.

Results

Recruitment began in May 2018 and is currently ongoing. Data
collection is expected to continue through 2022. Biomarker
assays will be run theresfter, and data analysis and results are
expected at the end of 2022.

Discussion

Principal Findings

Rise for Health will examine whether interrupting sitting time
through 2 different behaviora changes in overweight
postmenopausal women can impact glycemic control biomarkers
of healthy aging and improve physical, emotional, and cognitive
functioning. Thisisthefirst large-scale RCT to investigate the
unique effects of brief sit-to-sand transitions in a real-world
setting in postmenopausal women [25,70]. This study will
provide important, new evidence to help inform public health
and guide clinical and occupational health recommendations
regarding the specific health effects of different ways of
interrupting sitting.

Despite gapsin the evidence, public health agenciesworldwide
recommend reductions in sedentary behavior [71,72]. Many
agencies suggest engaging in PA as away to reduce sedentary
time, although the goal of increasing exercise may not be
possible for many older adults [73]. The World Health
Organization recommends that adults aged 65 years or older
limit the amount of time being sedentary and replace sedentary
time with PA of any intensity and that older adults do more
MV PA than recommended asaway to offset the negative impact
of sedentary behavior [71]. However, there are many ways to
reduce sedentary time, and it isunknown what types of aternate
behaviors are beneficial to health and well-being. Disrupting
sedentary time by sitting less or more sit-to-stand transitions
may be more feasible behavior targets as they do not involve
high-intensity or high-impact activity and may be morereadlistic
for populations with some physical limitations. To date, most
studies investigating sedentary time in older adults have been
small, cross-sectional studies, with only ahandful of intervention
studies [25]. Little is known about the impact of interrupting
sitting behaviors on emotional, cognitive, and functional
outcomes, which are important for quality of life and healthy
aging [74,75]. Although some previous studies have shown
promising improvements on health outcomes, there has been a
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call for more rigorous study designs in large samples to study
the effects of physical function, quality of life, diseaserisk, and
healthy aging in older adults in a real-world, nonoccupational
setting [25,70,76].

There is growing evidence of the importance of sit-to-stand
transitions for health, distinct from sedentary time. Laboratory
studies have shown that the frequency of disrupting sitting is
important and that brief interruptions can increase postural blood
flow and muscle contraction and induce changes in blood
pressure, heart rate, and vascular tone [77,78]. Our pilot work
findings support the paradigm that reducing sitting and
increasing sit-to-stand transitions are 2 independent behaviors
that require distinct and specific interventions [21]. Previous
intervention studies have shown that a decrease in time spent
sitting has no effect on sit-to-stand transitions [22,79]. These
interventions have generally been aimed at decreasing sedentary
time without focusing on sit-to-stand behavior and delivering
mixed messages, encouraging participantsto sit less, stand more,
take breaks, and move more. This general approach makes it
difficult to determine which types of alternative behaviors are
linked to improved health. Therefore, it is important to study
the specific behavioral targets of reducing sitting time and
increasing brief transitionsindependently to examine how these
different behaviors impact a variety of health outcomes.

The study limitations will be addressed whenever possible.
Difficulty in recruiting a diverse sample or meeting our
enrollment goal dueto COVID-19 may limit the generalizability
of thefindings. Thisstudy is specifically enrolling older women,
therefore, the results may not apply to men or younger women.
Other limitations related to the COVID-19 pandemic are
currently unknown but may occur if study protocols shift to
support remote intervention delivery to maintain safety for
participants and study staff. As the limited number of trials
published to date are short in duration with small sample sizes,
it is not known whether a 3-month intervention is long enough
to support changes in our primary and secondary outcomes. A
further limitation is that we are not ng long-term effects
or maintenance of effectsinthisstudy. A multilevel intervention
using policy changes and environmental cues may improve
long-term adherence and exceed the individual approach in this
study.

Conclusions

Rise for Hedlth is a free-living intervention, RCT, within the
STAR program grant, an National Institute of Aging funded
program grant designed to provide more rigorous and
comprehensive evidence on how to interrupt the sitting time
and maximize positive impacts on healthy aging. Overall, this
program grant aims to encourage a shift away from energy
expenditure as the primary mechanism for health outcomes of
reduced sitting to investigate sitting behaviors such as brief
sit-to-stand transitions that expend little energy but engage
muscles and improve postural blood flow and may impact
physical functioning in older adults. Results from Rise for
Health will be combined with results from our other STAR
projects to collectively inform public health guidelines,
occupational health practices, and related policies. By studying
2 distinct behaviorsand awide range of aging-related outcomes,

JMIR Res Protoc 2021 | vol. 10 | iss. 5 [e28684 | p.177
(page number not for citation purposes)


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

JMIR RESEARCH PROTOCOLS Hartman et &

we will be able to better understand intervention-specific guidelinesfor which alternative behaviorsimpact what aspects
differences in outcomes and, therefore, provide specific of health and well-being.
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Abstract

Background: Sickle cell anemia (SCA) isagenetic blood disorder that puts children at arisk of serious medical complications,
early morbidity and mortality, and high health care utilization. Until recently, hydroxyurea was the only disease-modifying
treatment for this life-threatening disease and has remained the only option for children younger than 5 years. Evidence-based
guidelines recommend using a shared decision-making (SDM) approach for offering hydroxyurea to children with SCA (HbSS
or HbS/B0 thalassemia) aged as early as 9 months. However, the uptake remains suboptimal, likely because caregivers lack
information about hydroxyurea and have concerns about its safety and potential long-term side effects. Moreover, clinicians do
not routinely receive training or tools, especialy those that provide medical evidence and consider caregivers' preferences and
values, to facilitate a shared discussion with caregivers.

Objective: The aim of this study is to understand how best to help parents of young children with sickle cell disease and their
clinicians have a shared discussion about hydroxyurea (one that considers medical evidence and parent values and preferences).

Methods: We designed our study to compare the effectiveness of two methods for disseminating hydroxyurea guidelines to
facilitate SDM: aclinician pocket guide (ie, usual care) and a clinician hydroxyurea SDM toolkit (H-SDM toolkit). Our primary
outcomes are caregiver reports of decisional uncertainty and knowledge of hydroxyurea. The study also assesses the number of
children (aged 0-5 years) who were offered and prescribed hydroxyurea and the resultant health outcomes.

Results: The Ethics Committee of the Cincinnati Children’s Hospital Medical Center approved this study in November 2017.
As of February 2021, we have enrolled 120 caregiver participants.

Conclusions: Thelong-term objective of thisstudy istoimprovethe quality of carefor children with SCA. Using multicomponent
dissemination methods developed in partnership with key stakeholders and designed to address barriers to high-quality care,
caregivers of patients with SCA can make informed and shared decisions about their health.

Trial Registration: Clinical Trials.gov NCT03442114; https://clinicaltrials.gov/ct2/show/NCT03442114
International Registered Report Identifier (IRRID): DERR1-10.2196/27650

(JMIR Res Protoc 2021;10(5):€27650) doi:10.2196/27650

KEYWORDS
dissemination; decisional uncertainty; quality of care; child health; NHLBI guidelines

as early as 9 months of age [7]. Previously, medical providers
only offered hydroxyureato children with SCA with persistent
pain or other severe SCA-related complications. Despite these
guidelines, hydroxyurea uptake remains low in young children
with SCA [8]. Barriersto taking hydroxyureainclude alack of
caregiver knowledge about hydroxyurea, providers hesitancy
to prescribe hydroxyurea, and concerns about poor adherence
to the treatment [9].

Introduction

Background

Sickle cell anemia(SCA) isagenetic blood disorder that affects
approximately 100,000 individuals in the United States [1]. It
isthe most common disorder identified by newborn screening,
with approximately 1 in 2000 babies born with SCA in the
United States each year [2]. SCA is a chronic disease that is

associated with significant morbidity and early mortality [3].
Until 2017, hydroxyurea was the only approved
disease-modifying treatment for individuals with SCA, and it
has remained the only treatment option for children younger
than 5 years [4]. Hydroxyurea has many beneficial effects,
including reduced pain and acute chest syndrome episodes,
reduced hospital admissions, and less need for blood
transfusions, among patients with SCA [5,6]. In 2014, the
National Heart, Lung, and Blood Institute (NHLBI) published
guidelines that recommended clinicians offer hydroxyurea to
children with SCA (HbSS and HbS/B0 thalassemia), beginning

https://www.researchprotocol s.org/2021/5/€27650

NHLBI guidelines encourage using shared decision making
(SDM) when providers offer hydroxyurea, which involves a
collaborative process wherein clinicians, patients, and families
work together to reach amutual agreement about the course of
treatment [7,10]. However, the only widely distributed tool to
assist providers in implementing the NHLBI guidelines for
hydroxyurea is a clinician pocket guide developed by the
American Society of Hematology (ASH) [8]. The pocket guide
wasacritical first step, but it only targeted clinician motivation.
Pocket guides do not provide training to build clinician
self-efficacy in prescribing medications, feedback to reinforce
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behavior change, or decision support tools to help clinicians
engage and support caregiversin SDM.

Objectives

We developed the hydroxyurea SDM toolkit (H-SDM toolkit),
which is a caregiver-centered, technology-enhanced decision
support tool. We designed the H-SDM toolkit to strengthen
SDM, reduce caregiver uncertainty, allay potentia fears,
increase the offering of hydroxyurea, and ultimately improve
hydroxyurea uptake[10,11]. In this paper, we present a protocol
for a multisite randomized controlled trial (RCT; ENGAGE
HU). The objective of the ENGAGE HU trial is to determine
whether the use of the H-SDM toolkit is more effective than
the ASH clinician pocket guide (ie, usual care) as a
dissemination method. This study aims to improve the quality
of the available evidence so that caregivers and providers have
the appropriate tools to make an informed decision about
hydroxyurea.

Methods

Framework

The Reach, Effectiveness, Adoption, Implementation, and
Maintenance (RE-AIM) model provides a framework for
evaluating dissemination methods that can improve the
sustainable adoption and implementation of effective,
generalizable, and evidence-based interventions by attending
to 5 factors: (1) Reach: doestheintervention reach theintended
population?; (2) Efficacy or effectiveness: doestheintervention
impact the essential outcomes?; (3) Adoption: istheintervention
supported by staff, settings, or ingtitutions?; (4) I mplementation:
istheintervention delivered consistently?; and (5) Maintenance:
what isin place to ensure that the intervention continues over
time?[12]. We devel oped our study plan using RE-AIM because
this framework improves the quality, speed, and impact of
dissemination methods [13].

Specific Aims
The H-SDM toolkit engages both caregivers and cliniciansand
targets (1) clinician motivation and self-efficacy and (2)

Hood et al

caregiver readiness. Therefore, we propose that it will lead to
change in caregiver's and clinician’'s behavior, which will
increase SDM about hydroxyurea between caregivers and
cliniciansaswell asimprove decisional outcomes (ie, decisional
uncertainty, hydroxyurea knowledge, and satisfaction with the
decision-making process; Figure 1) [10]. If caregivers of
children with SCA feel more confident and knowledgeable
about hydroxyurea and more involved in the decision-making
process, then they may be more likely to initiate hydroxyurea
and subsequently ensure that their child adheres to the
medication. Thus, the primary aims of the ENGAGE HU study
are asfollows:

«  Aim1: To determine whether the H-SDM toolkit is amore
effective dissemination method than the ASH clinician
pocket guide (ie, usual care) by assessing the following:

» Caregiver report of decisional uncertainty for
hydroxyurea

- Caregiver report of experiencing SDM while talking
with their child’s clinician about hydroxyurea.

« Hypothesis 1: The H-SDM toolkit dissemination method
will result in greater perceptions of SDM and less
uncertainty among caregivers of children with SCA than
the ASH clinician pocket guide (ie, usua care).

«  Aim2: To determine whether the H-SDM toolkit isamore
effective dissemination method than the ASH clinician
pocket guide (ie, usual care) by assessing the following:

- Caregiver knowledge of hydroxyurea

»  Whether the children are offered hydroxyurea

*  Number of children with an active hydroxyurea
prescription

» Child hedth outcomes. pain, cognitive function,
SCA-related quality of life, and health care utilization.

« Hypothesis 2: The H-SDM toolkit dissemination method

will result in greater improvementsin caregiver knowledge
about hydroxyurea, more children being offered and
receiving hydroxyurea, and better health outcomesthan the
ASH clinician pocket guide (usual care).

Figurel. Engaging parentsof childrenwith sickle cell disease and their providersin shared decision making for hydroxyurea (ENGAGE HU) conceptual
model. H-SDM: hydroxyurea shared decision making; SDM: shared decision making.
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Overview of Study Design

ENGAGE HU is an adapted stepped-wedge, stratified,
multicenter RCT [14] withthe H-SDM toolkit astheintervention
and the ASH clinician pocket guide as the active comparator.
We selected sites in the United States with sickle cell clinics
that work with patient populations from urban, suburban, and
rural communities. Each clinic begins to enroll patients using
the ASH clinician pocket guide as the dissemination method.
Each site then crosses over to using the H-SDM toolkit (Figure

Hood et al

2). Clinician training for the H-SDM toolkit begins during the
last month of each usual care period. A stepped-wedge design
with sequential assignment was chosen to ensure that all sites
received the intervention and could step in at different
timepoints. All siteswill completethe usual care conditionfirst,
as clinicians would not be able to unlearn skills gained from
the H-SDM toolkit. Each site enrolls approximately 4-5
participants per period. Enrollment ends 44 months after the
study initiation (Figure 2).

Figure 2. Study timeline. H-SDM: hydroxyurea shared decision making; IRB: institutional review board.
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Randomization

We chose an adapted stepped-wedge randomized trial (clinic
isthe unit of randomization) with sites not previously exposed
to the H-SDM toolkit. This design maximizes our confidence
that differences in outcomes between the groups occur due to
the dissemination method and not baseline discrepancies among
participant groups, confounding, or chance. We randomize at
the site level to reduce the risk of contamination and because
the NHLBI guidelines require clinics to make system-level
changes to deliver high-quality care. The order in which the
sites crossover is random (Figure 2). The randomization
minimizes differences among large (>501 patients), medium
(270-500 patients), and small (<270 patients) sites.

Patient | nvolvement

Patientswith SCA and their caregivers provided input at severa
stages of the trial, including development, design, feasibility,
and trial conduct. They also assisted with the toolkit
components, choice of outcome measures, and recruitment
methods. They helped us carefully assess the trial burden on
caregiversof patientswith SCA. Stakeholderswill be coauthors
of peer-reviewed publications, and the study resultsin aformat
suitable for anonspecialist audience will be sent to the patients
and caregivers.

https://www.researchprotocol s.org/2021/5/€27650

Training

Eligibility and Consent

Eligibility criteriafor the caregiver participantsin the ENGAGE
HU study include the following: their child has a diagnosis of
SCA and receives care at the recruitment site; their child isaged
0-5 years; their child is eligible for hydroxyurea according to
NHLBI guidelines (HbSS and HbS/B0 thalassemia); they can
participate in both study visits; and they can read, understand,
and speak English fluently. Exclusion criteriaincludetheir child
has an active hydroxyurea prescription filled in the past 3
months; they have previously made a decision about whether
to initiate hydroxyurea (after November 2019, we changed this
criterion to include whether the research team had approached
the caregiver reinitiation of hydroxyurea within the past 3
months); any diagnoses or conditionsthat, in the opinion of the
siteinvestigator or hematol ogist, would prevent the patient from
being a suitable candidate for the study; and their child is a
sibling of a participant actively or previously enrolled in the
study.

The Cincinnati Children’s Hospital Medical Center (CCHMC)
is the co-ordinating center (CC) for this multisite tria
(Multimedia Appendix 1 [14-39]). The CCHMC oversees the
study conduct, regulatory and institutional review board (IRB)
administration, and compliance. The protocol for ENGAGE
HU includes an IRB-approved waiver of the documentation of
consent for clinicians participating in the trial. The trial also
has an IRB-approved waiver of consent that permits clinical
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sitesto generatealist of eligible patients. Caregivers participate
in the informed consent process and are required to provide
written or electronic consent.

Recruitment and Retention

The ENGAGE HU trial consecutively enrolls caregivers of
patients with SCA across the United States. Caregivers are
identified as potentially eligible for hydroxyurea by provider
referral or electronic health record review. A member of the
site research team approaches the child’s hematology provider
to obtain approva before contacting the potential caregiver
participant. Caregivers of patients deemed eligible will receive
an invitation via regular mail or phone or may be approached
during a clinic visit, with research coordinators at each site
screening participants and completing the informed consent
process.

Evidence-based strategies for optimizing participation and
retention include scheduling visits at times convenient for the
family, reminder phone calls, allowing participantsto complete
guestionnaires on the internet, scheduling phone or video
problem-solving sessions at a convenient time, and check-in
cals during the COVID-19 pandemic. In addition, the
importance of the follow-up visit is reviewed with each family
at baseline to engage them as partners in the research process.
We aso seek to aid sites in developing solutions to reach
nonresponders during weekly study meetings. To improve
retention, we collect multipleformsof contact information from
multiple contacts (eg, family members and friends) to stay in
close contact with families. In addition, we use a graduated

https://www.researchprotocol s.org/2021/5/€27650
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incentive system for visits to reduce attrition. A Stakeholder
Advisory Council, whose members include the caregivers of
patients with SCA, reviews and provides ongoing feedback on
the recruitment and retention plan.

Hydroxyurea Dissemination Methods

H-SDM Toolkit

Guided by the socia cognitive theory, and considering
preidentified barriers[40], the team designed the H-SDM toolkit
to increase the likelihood that caregivers and heath care
providers would engage with one another to make a joint
decision about hydroxyurea. The social cognitive theory posits
that behavior change occurs when an individual is motivated,
feelsconfident in hisor her ability to perform the new behavior
(self-efficacy), and observes that the behavior is successfully
performed and reinforced by others (observational learning and
reinforcement). The development of the H-SDM toolkit is
described in detail elsewhere [11]. Briefly, our research team
collaborated with clinicians, educators, community-based
organizations, and patients with SCA and their caregivers to
identify barriers related to decision making regarding
hydroxyurea. We designed the H-SDM toolkit with core and
optiona components tailored to individuals' needs while also
being broadly applicable (Table 1).

Clinicians participate in guided practice using thevisit decision
aids in an immersive virtual reality environment [41] (Figure
3). The virtual reality simulation was adapted from a general
pediatric practice protocol to train clinicians to discuss the
influenzavaccine with racial and ethnic minority families[42].
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Table 1. Hydroxyurea shared decision-making toolkit components.

Hood et al

Materias Component Process Core Optional
Virtua reality simulation Guided practice Cliniciansreceivevirtual redlity training to increase their self-effi- 2 N/AP
cacy in describing hydroxyurearisks, benefits, and other treatments;
dliciting caregiver preferences; assessing decision readiness; and
moving caregivers toward a decision
Previsit brochure Decision aid To increase caregiver motivation to make a decision by providing N/A ad
information about hydroxyurea as a treatment option
In-visit issue card Decision aid To increase caregiver self-efficacy by providing them with thein- O N/A
formation needed to eval uate the benefits and risks of hydroxyurea
and other treatment options
After-visit booklet Decision aid Includes links to reputable resources; caregivers can takenotes [ N/A
and take thisresource hometo share with other caregiversinvolved
in decision making
Parent video narratives Decision aid Four videos (3 mothers and 1 father)—caregivers telling their N/A ad
story about how they made a decision about hydroxyurea
Previsit planning template  Identifying eligible  Secure SharePoint site with electronic health record templates(eg, N/A ad
patients EPIC builds)
Care gap report template Identifying eligible  Secure SharePoint site with tools to identify eligible patientswho N/A ad
patients were missed or not approached
Checklist template Identifying eligible  secyre SharePoint site with a SCAC data collection form for N/A O
patients tracking whether hydroxyurea was offered and prescribed
Process map template Implementation Sites are provided with quality improvement toolsthat helpinte- [ N/A
grate guidelines into their care delivery system. Process maps vi-
sually describe the flow of work or ideas
Failuremode effect analysis  Implementation Failure mode effect analysistemplates assist teamsindetermining  N/A ad
template how their clinic process needsto changeto incorporate the NHLBI¢
guidelinesinto routine care
Plan-do-study-act template  Implementation Plan-do-study-act templates assist teamsin determining how their  N/A ad
clinic process needsto changeto incorporate the NHLBI guidelines
into routine care
Key driver diagramtemplate Implementation Siteteams completekey driver diagrams, which areavisua display N/A d
of ateam’stheory of what “drives” or contributesto the study aims
Implementation planning Implementation Teams are invited to weekly calls and booster sessionsto review [0 N/A
tool best practices in the implementation, particularly for the clinical
decision support
Run chart template 1 Monitoring For use in shared decision making O N/A
Run chart template 2 Monitoring To track eligible patients who have been offered hydroxyurea g N/A
Run chart template 3 Monitoring To track hydroxyurea prescriptions N/A O
Hydroxyurea navigator Monitoring Table of dates and laboratory values with away for cliniciansto  N/A d

monitoring tool (dose, labs,
and adherence)

indicateif avalueisinrange or moving in the right direction

8Check marks indicate whether a component of the toolkit is core or optional.
BNI/A: not applicable.

CSCA: sickle cell anemia.

dNHLBI: The National Heart, Lung, and Blood I nstitute.
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Figure 3. Theclinical environment viewed through the virtual reality headset.
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The ASH clinician pocket guide contains information that may
motivate clinicians to use an SDM approach (eg, the NHLBI
guidelines). The guide also includes information that may
increase clinician confidence in describing hydroxyurea risks,
benefits, and other treatments to caregivers. All sites receive
printed copies of the guide, alink to download copies, and a
link to the app to distribute to their clinicians. Site clinicians
also view alive or recorded didactic presentation that reviews
the NHLBI guidelines for hydroxyurea. Sites then develop or
update their site-specific care guidelines for hydroxyurea and
create a plan for implementation.

Procedures

Once the research team obtains consent from interested
caregivers, they can compl ete baseline assessments at that time
or a more convenient date. If caregivers prefer or cannot
complete measures in person, then they can complete them on
internet using Research Electronic Data Capture (REDCap)
[43]. If a caregiver does not complete baseline assessments
within 30 days of consent, then the caregiver may be rescreened,
reconsented, and asked to complete baseline assessments one
moretime. At baseline, caregiver participants discussinitiating
hydroxyurea with providers, and measures may be completed

https://www.researchprotocols.org/2021/5/e27650
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over 1-2 visits with 3 baseline visit types: (1) Full baseline:
caregiver completes all baseline measures during one visit, (2)
Baseline part 1. caregiver participants complete baseline
measures not dependent upon the hydroxyurea discussion, and
(3) Baseline part 2: caregiver participants complete baseline
measures relevant to hydroxyurea discussion (Table 1).

The follow-up visit occurs between 3 and 7 months after
baseline, and caregiver participants can complete measures
during a clinic visit or on the internet. After both the baseline
and follow-up visits, clinicians or research staff document
whether they offered or prescribed hydroxyurea, whether they
used Usual Care or H-SDM toolkit, patient’s health care
utilization, and hematology lab values (Figure 4). Study sites
complete a follow-up survey to assess whether and how their
siteis continuing to implement guidelines and whether they are
offering hydroxyurea 3 months after recruitment ends. Caregiver
participants are compensated US $40 for compl etion of baseline
measures, US $20 for partial completion, US $20 for
hydroxyurea discussion, and US $40 for completing all
follow-up measures. We al so compensate caregiver participants
US $5 each time they refilled hydroxyurea between baseline
and follow-up time points, verified by electronic medical record
review.
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Figure 4. Study flowchart. H-SDM: hydroxyurea shared decision making; SCD: Sickle Cell Disease.
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enrollment
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87 subjects 87 subjects
Baseline assessments and administer study intervention
(SCD quality of life, ages & stages, health literacy, demographics, decisional conflict scale, dyadic option, hydroxyurea knowledge, COVID-19
Baselineand attitudes, satisfaction with decision making)
intervention
Final visit assessments of outcome measures and safety
. L (SCD guality of life, ages & stages, medication adherence, adverse events, COVID-19 attitudes, use of decision aids)
Final visit
(3-7 months later)

L1l

Maintenance assessment

Study closeout
Site follow-up survey

Primary Outcomes 16, and multiplied by 25. The scores range from 0 to 100. The

dyadic OPTION (observing patient involvement) scale is a
The decisional conflict scale (DCS) is a 16-item measurethat  measure of the caregiver perception of clinician behaviors
assesses decisional uncertainty [15]. Itemsarerated ona4-point  jnvolved in SDM [16]. Parents respond to the following item:
Likert scale of O=strongly agree to 4=strongly disagree. To  “My doctor and | made the decision together.” The scoresrange
calculate the total score, the 16 items are summed, divided by  from 0 to 100 (Table 2).
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Table 2. Primary and secondary outcome measures and covariates and fidelity assessments completed at baseline and follow-up visits in the engaging
caregivers and providers of children with sickle cell anemiain shared decision making for hydroxyureatrial.

Construct Measure Brief description Baseline  Follow-up
Primary outcomes
Caregiver-reported deci-  Decisiona conflict scale Measures uncertainty experienced whenfeeling uninformed ja N/AP
sional uncertainty [15]—€ffectiveness about options, unclear about personal values, or unsupported
in making a choice
Caregiver-reported percep- Dyadic OPTION [16]-€ffec-  Describesclinician behaviorstoinvolve apatient or caregiver [ N/A
tion of shared decision tiveness in decision making
making
Secondary outcomes
Caregiver-reported satisfac-  6-item survey [17,44]—effec-  Three items adapted from the empirical research relatedto [ O
tion with decision making tiveness procedural justice and 3 items assessing theinfluence of faith
on decision making
Caregiver-reported hydrox-  8-item survey—effectiveness  Hydroxyurea knowledge survey (8 items): developed based [ O
yurea knowledge on the existing literature, the Ottawa Knowledge User
Manual, and it was used by caregiver and clinician stakehold-
ersin our pilot work
Caregiver report of PedsQLY SCD module Measures several domains of health-related quality of life [ o
SCDS-specific quality of  [18]—effectiveness including painimpact, fatigue, pain management, emotions,
life and pain communication, and treatment adherence
Caregiver report of neu-  Agesand stages question-  Reliable, accurate developmental and social emotional O O
rocognitive functioning naire [45]—effectiveness screener for children aged between 2 and 60 months
Caregiver report of hydrox- Medical adherencemeasure A 9-item survey that measures adherence problems and the  N/A ad
yurea adherence subscale [46]—effectiveness  extent of nonadherence in pediatric populations
Caregiver report of contin-  y_gp\e follow-up survey For the H-SDM condition, caregiver report of continueduse  N/A O
ued use of decision aids of decision aids: previsit brochure, postvisit booklet, and
narrative videos, including sharing information with others
Hydroxyurea uptake Activehydroxyureaprescrip-  One item reported by the research coordinator. They report [ O
tion—effectiveness whether patientsenrolled in the study have an active prescrip-
tion for hydroxyureausing the EM R (prescriptioninthelast
6 months)
Hydroxyureaadherence  Lab values and pharmacy L absreported by the research coordinator based ontheEMR  [J ad
refill records—effectiveness  (nagt 12 months): HbFY level, which increases when taking
hydroxyurea as prescribed, ANC", which decreases when
taking hydroxyureaas prescribed, and MCV', which increas-
es when taking hydroxyurea as prescribed
Hydroxyurea offered 1item reported by research 1 of 3 responses completed by the research coordinator based [ O
coordinator—reach on areview of EMR data: hydroxyurea was not offered, of-
fered, or previously prescribed. If not offered, coordinators
choose areason why (ie, not eligible because the patient is
on transfusions)
Health care utilization Hospitalizations, emergency EMR data on the number of hospitalizations, ill visits,and [ ad
roomyvisits, andill visits—f-  emergency room visitsin the 6 months before enrollment (if
fectiveness possible, some participants may be 9 months of age) and the
6 months after enrollment
Covariates
Demographics Demographics survey 10-item survey assessing family demographics including O N/A
patient and caregiver age, gender, race and ethnicity, socioe-
conomic status, insurance (public vs private), and caregiver
highest level of education completed
Health literacy Newest vital sign[19] Newest vital sign (3 min): tests literacy skillsfor both num- [ N/A

bers and words
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Construct Measure Brief description Baseline  Follow-up
Caregiver report of the ef-  cppg [47] The CEFIS was designed to be used in ongoing and new ad ad
fects of COVID-19 studies where COVID-19 may impact study outcomes. It
conceptualizes the exposure to potentially traumatic aspects
of COVID-19 and assesses the pandemic's impact on the
family
Caregiver report of COVID-19andtelemedicine  Items from the telemedicine usability questionnaire assess  [J O
telemedicine use use survey [48] the impact of telemedicine on care
Fidelity
Caregiver-reported fidelity H-SDM toolkit parent Checklist to assess the toolkit components that wereused [ N/A
checklist during the hydroxyurea discussion with the clinician
Research coordinator obser-  Observer OPTION scale Observer quantifiesclinician behaviorstoinvolveacaregiver [ N/A
vation of decision making [20]-implementation in decision making. A total scoreiscalculated, ranging from
0 (no involvement) to 100 (exemplary involvement)
Intervention fidelity Intervention fidelity check- Checklist to assessif the clinician used theintervention ma- [ N/A
list—implementation terias
Study sitereport of contin-  Follow-up survey—mainte-  Survey to assess the continued implementation of the sites  N/A 1-3months
ued use of intervention nance guidelinesand clinical characteristicsto understand barriers after enroll-
and facilitators to maintain implementation ment ends

8The check mark indicates that participants completed the measure either at baseline, follow-up, or both.

ON/A: not applicable.

¢SCD: sickle cell disease.

9dPedsQL: Pediatric Quality of Life.

€H-SDM: hydroxyurea shared decision making.

‘EMR: emergency medical record.

9HbF: fetal hemoglobin.

PANC: absolute neutrophil count.

IMCV: mean corpuscular volume.

ICEFIS; COVID-19 Exposure and Family Impact Survey.

Secondary Outcomes

A 6-item survey assesses satisfaction with decision making
[17,44], and an 8-item survey assesses hydroxyurea knowledge.
If the Cronbach alpha for items on these scales is acceptable
(=.70), then we will sum the ratings to obtain a total score;
otherwise, we will analyze items separately. The medical
adherence measure assesses problems associated with
hydroxyurea adherence [46]. Nonadherence and | ate adherence
are calculated as a continuous variable (0%-100%). The
Pediatric Quality of Life Inventory Sickle Cell Module [18] is
a 43-item scale with 9 dimensions that assesses health-related
quality of lifein patientswith SCA. Caregiversrated how much
of aproblem an issue had been for a child on a 5-point scale of
Never to Almost Always. Responses are reverse scored and
linearly transformed to a 0-100 scale. Total scores are the sum
of theitemsdivided by the number of itemsanswered. The Ages
and Stages Questionnaire[45] isaset of questionnairesinwhich
caregivers complete questions appropriate for their child's
developmental stage. Each developmental area is scored on a
3-point scale of 0=not yet, 5=sometimes, and 10=yes and then
totaled and compared with area cut-off scores. The H-SDM
toolkit follow-up survey measures caregivers continued use of
decision aids (Table 2).

https://www.researchprotocol s.org/2021/5/€27650

Covariates

Covariate analyses will include data from the caregiver
participant completed Demographics Survey and the Newest
Vital Sign Survey [19]. The Newest Vital Sign Survey contains
10 items that assess health literacy skills using a mix of free
response, yes or no, and Likert scale questions such as “how
confident are you filling out medical forms by yourself?’ The
research team reviews the electronic health records to collect
dataon hydroxyurea(ie, if offered, if thereisactive prescription,
adherence) based on lab valuesin the past 12 months, pharmacy
refill records, and health care utilization.

To understand how the COVID-19 pandemic may impact trial
study outcomes (eg, differential levels of distress), we added 2
additional measures in May 2020. The caregiver participants
complete the COVID-19 Exposure and Family Impact Survey
(CEFIS) [47]. The CEFIS contains following subscales: part 1
(exposure) comprises 25 items (yes or no responses) and part
2 (impact) comprises 12 items with 10 items using a 4-point
scale rating impact on caregiver participant’s and family’slife
and 2 items that use a 10-point distress scale. Part 3 is an
open-ended question, so that participants could expand upon
their experiences. Higher scores denote amore negative impact
or exposure. The caregiver participants also complete the
COVID-19 and telemedicine use survey [48], which contains
24itemsrated on a7-point Likert scale of 1=completely disagree
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to 7=completely agree, with statements such as “telehealth
improves my access to health care services”

Fidelity Assessments

The site study coordinator completes the intervention fidelity
checklist and assesses whether the clinician used the treatment
materials outlined in the protocol. The number of fidelity
assessments that sites complete is determined based on
site-specific expectations for enrollment. We developed the
parent checklist specifically for this study to assessthe H-SDM
toolkit components used during the hydroxyurea discussion
with theclinician. To ensureréliability, 2 research coordinators
from the CC site independently code the recorded visits using
the Observer OPTION scale[20]. Clinicians must obtain ascore
of 80 or higher. If a score of less than 80 is received, then it
indicates that the clinician or site needs additional training
(1-hour video conference call). Encounters will continue to be
reviewed for fidelity to ensure that the clinician or site is
implementing 80% of the required toolkit components. Finally,
afollow-up survey 1-3 months after enrollment ends assesses
whether sites have continued implementing the H-SDM tool kit
guidelines.

Data Analyses

Dataquality will be maintained through double data entry from
site research team members and data quality checks from the
coordinating site coordinator that assesses the conformance,
completeness, and plausibility of electronic REDCap data. The
coordinating site manager will also monitor dataquality through
random inspections. Any reliability issues were addressed with
additional training. Discrepancieswill be resolved by checking
source data and, if necessary, by returning to patient charts to
correct any inaccuracies.

All analyses will be conducted using Stata version 16 [49].
Before conducting analyses, the primary and secondary outcome
measures’ psychometric properties will be assessed (eg, the
measures’ dimensionality). The characteristics of the sites (eg,
number of clinicians) and participants (eg, health literacy) will
be summarized using descriptive statistics. Additional health
care utilization variables will be analyzed as count variables
and examined in the exploratory analyses.

Primary Outcomes Analyses

To examine differences between usual care and H-SDM toolkit
groups on the DCS scale assessed at a single time point during
theintervention session, alinear mixed-effects regression model
with a robust variance estimator and maximum likelihood
estimation will be used, with observations clustered within site
and alpha set to .05. To examine differences between the usual
care and H-SDM toolkit groups on the OPTION scale, we will
conduct alogistic mixed-effects regression model with arobust
variance estimator, maximum likelihood estimation, and
observations clustered within site with alpha set to .05.

Secondary Outcomes Analyses

Parental knowledge and child health outcomeswill be analyzed
using linear mixed-effect regression models, with observations
clustered within the site. To account for possible type | error
inflation dueto alarge number of secondary outcomes, wewill
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use the Benjamini-Hochberg procedure [50] to decrease the
false discovery rate, with the overall alphaset to .05. For health
care utilization outcomes, generalized mixed-effect regression
modelswill be employed, with binary outcomes estimated using
logistic models and count outcomes analyzed with negative
binomial models. The interaction between these demographic
variables and treatment conditions will be included in the
regression models. We will examine the impact of the
COVID-19 pandemic on our trial outcomes by assessing the
interaction between our treatment groups and scores on the
CEFIS in regression models. Observations will be coded as
occurring prepandemic or during pandemic, regardiess of
treatment condition assignment.

Subgroup Analyses

Wewill compare the characteristics of the following subgroups
on outcome variables. (1) caregiver participants who enroll
versus those who decline, (2) dropouts versus completers, (3)
clinicians who adopt the H-SDM toolkit versus those who do
not, (4) sites who adopt the full H-SDM toolkit versus those
that adopt only the core components, (5) sites that continue to
implement guidelines versus those who do not, and (6)
observations collected prepandemic versus during the pandemic.

Process | mprovement Analyses

During the H-SDM toolkit period, data are tracked on monthly
run charts, which will be converted into p-charts or control
charts to determine if the process of offering hydroxyurea is
under control (ie, minimal variation in the data) and if there are
any notable changes (ie, factors that change the process). The
upper and lower control limits will be calculated as 3 sigma
from the mean (ie, standard Shewhart chart method) [21]. We
will consider any data point outside the control limit variation
from aspecial cause.

Fidelity Analyses
We will examine the differences between sites that continue to

implement the intervention components and those who
discontinue the toolkit use.

Statistical Power

We based sample size calculations on the smallest effect sizes
(Cohen d) reported in previous studies using the DCS (effect
sizes range from d=0.4 to 1.2) [22], our primary outcome, and
a stepped-wedge design (eg, Hussey and Hughes approach)
[14,23]. We cal cul ated power analyses using the optimal design
[51] power analysis software. With our planned sample size of
n=87 per group (total sample size N=174) and up to 10%-15%
missing dataon our primary outcome, we will have at least 80%
power to detect a standardized effect size difference of d=0.40
between our treatment groups on our primary outcome.

Data and Safety Monitoring

The study oversight will be under the direction of a Data and
Safety Monitoring Board (DSM B) comprising members having
expertisein SDM, hematol ogy, psychology, biostatisticsaswell
asaparent of ayoung child with SCA and an adult patient living
with SCA. The DSMB will assess safety and efficacy data (if
applicable), along with study’s progress and data integrity.
These experts will review and evaluate the accumulated data
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for participant safety, adverse events, and study’s conduct and
progress every 6 months. The DSMB will make
recommendations to the appropriate regulatory agencies (IRB
and Patient-Centered Outcomes Research Ingtitute [PCORI])
concerning the continuation, modification, or termination of
the study. Given the study is low risk, there are 2 conference
calls scheduled each year.

Although no adverse events are anticipated, we will ensure that
each site has proceduresto refer any parents who become upset
to appropriate resourcesfor follow-up. The principal investigator
(P1), a clinical psychologist with experience in managing
parental distress, will provide study staff and clinician training.
The PI and site Pl will be notified if any individual needs
psychological follow-up dueto study participation. The IRB at
CCHMC will be notified as soon as the immediate needs of the
participant are addressed. For any severe adverse events (ie,
life-threatening), the study staff will inform the PI within 1
working day. All serious adverse events will be reported to the
IRB within 48 hours of the event.

Results

The ENGAGE HU tria was funded in August 2017, and the
Ethics Committee of CCHMC approved the study (Approval
No. 2017-6612) in November 2017. Patient recruitment started
in July 2018 and will end in November 2021. The study will be
completed in February 2022. As of February 2021, we have
enrolled 120 caregiver participants. We expect to disseminate
the findings of the trial through peer-reviewed journals in the
summer of 2022.

Discussion

Principal Findings

The ENGAGE HU trial compares the existing ASH clinician
pocket guide with the H-SDM toolkit, which is a
caregiver-centered, technology-enhanced decision support
toolkit to help cliniciansimplement SDM for hydroxyurea[11].
We designed the H-SDM toolkit components to increase the
likelihood that caregivers and health care providerswould make
achangeintheir behaviors (ie, engage with one another to make
adecision about hydroxyurea). The H-SDM toolkit targets the
worries, fears, and uncertainty of caregivers regarding
hydroxyurea initiation. Improving hydroxyurea uptake is an
important issue, asit is efficaciousfor patientswith SCA. Given
the broad stakeholder input and our preliminary studies, we
believe that the H-SDM toolkit dissemination method has the
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potential to promote SDM and enhance the quality of care
provided to children with SCA [52].

Strengthsand Limitations

Several aspects of this trial will enable the rapid adoption of
findings into practice. First, we developed the H-SDM toolkit
with substantial clinician and caregiver input; thus, it contains
components these stakeholders felt were feasible, acceptable,
and essential for improving clinical care. Second, we designed
the H-SDM toolkit with core and optional components so that
it can be tailored to the needs of individual families and be
broadly applicable across many clinical settings. Third, virtual
reality simulation provides guided practice in facilitating an
SDM process. Itisalso alow-cost clinician training intervention
that will be made accessible on national SCA-focused websites
shared across SCA networks. Virtual reality training can occur
in person or using web-based video conferencing tools (eg,
Zoom or Microsoft Teams) [41], which is especially useful in
the context of the ongoing COVID-19 pandemic. Finally, sites
included in this trial were selected because their patient
populations mirror the larger US SCA population with respect
to economics, geography, and racial and ethnic diversity. This
diversity increasesthe applicability of our findingsto nonstudy
settings and increases the available study poal.

There are some limitations to this study that should be
acknowledged. A critical consideration for the ENGAGE HU
trial is that SCA primarily affects individuals of African and
Hispanic or Latino descent. Although the ENGAGE HU tria
design includes best-practice strategies for recruiting people of
color in research, we may experience recruitment difficulties
because potentia participants are mistrustful or have child care
and transportation issues [53]. Furthermore, a successful and
timely completion of clinica trials in the SCA population is
compounded, as it is a rare disease with a smaller pool of
available participants [54]. A potential barrier to intervention
fidelity is the intrinsic difficulty in changing behavior. Given
our goals to alter caregiver-clinician interactions, we address
this barrier through guided practice in the virtual reality
environment and audio recordings of a percentage of
caregiver-clinician hydroxyureainteractions. Theseinterventions
should foster fidelity. Our pilot work indicates that clinicians
currently using the toolkit decision aids find them beneficial
and recommend them to others [11]. Ultimately, we hope that
our study findings will have a substantial impact on improving
health outcomes and decreasing health care costs in pediatric
SCA and other chronic conditions.
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Abstract

Background: Barth syndromeis arare, life-threatening, X-linked recessive genetic disease that predominantly affects young
males and is caused by abnormal mitochondrial lipid metabolism. Currently, there is no definitive treatment for Barth syndrome
other than interventions to ameliorate acute symptoms, such as heart failure, cardiac arrhythmias, neutropenia, and severe muscle
fatigue. Previous mechanistic studies have identified the lipid-lowering drug bezafibrate as a promising potential treatment;
however, to date, no human trials have been performed in this popul ation.

Objective: The aim of this study is to determine whether bezafibrate (and resveratrol in vitro) will increase mitochondrial
biogenesis and potentially modify the cellular ratio of monolysocardiolipin (MLCL) to tetralinoleoyl-cardiolipin (L4-CL),
ameliorating the disease phenotype in those living with the disease.

Methods: The CARDIOMAN (Cardiolipin Manipulation) study is a UK single-center, double-blinded, randomized,
placebo-controlled crossover study investigating the efficacy of bezafibrate in participants with Barth syndrome. Treatment was
administered in two 15-week phases with a minimum washout period of 1 month between the phases where no treatment was
administered. The primary outcome is peak oxygen consumption (VO, peak). Secondary outcomes include MLCL/L4-CL ratio
and CL profile in blood cells, amino acid expression, phosphocreatine to adenosine triphosphate ratio in cardiac muscle and
skeletal muscle oxidative function on phosphorus-31 magnetic resonance spectroscopy, quality of life using the Pediatric Quality
of Life Inventory questionnaire, absolute neutrophil count, cardiac function and rhythm profiles at rest and during exercise, and
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mitochondrial organization and function assessments. Outcomes were assessed at baseline and during the final week of each
treatment phase.

Results. A total of 12 patients were scheduled to participate across three consecutive research clinics between March and April
2019. In total, 11 participants were recruited, and the follow-up was completed in January 2020. Data analysis is ongoing, with
publication expected in 2021.

Conclusions: Thistrial was approved by the United Kingdom National Research Ethics Service Committee and the Medicines
and Healthcare products Regulatory Agency. The feasibility of the CARDIOMAN study will help to inform the future conduct
of randomized controlled trials in rare disease populations as well as testing the efficacy of bezafibrate as a potential treatment

for the disease and advancing the mechanistic understanding of Barth syndrome.

Trial Registration:
https://www.isrctn.com/I SRCTN58006579

International Registered Report Identifier (IRRID):

(JMIR Res Protoc 2021;10(5):€22533) doi:10.2196/22533

International Standard Randomized Controlled Trial Number (ISRCTN):

58006579;

DERR1-10.2196/22533

KEYWORDS

randomized controlled trial; Barth syndrome; cardiomyopathies; inherited cardiomyopathy; bezafibrate; placebo controlled; rare
disease; resveratrol; cardiomyopathy; metabolism; lipid; genetic diseases; x-linked; genes; mitochondrial; controlled clinical trial;
placebos; mitochondrial diseases; metabolic diseases; lipid metabolism; lipid metabolism disorders; cross-over studies

Introduction

Background

Barth syndrome is a very rare, life-threatening, X-linked
recessive genetic disease that almost exclusively affects young
males. The causative gene TAZ encodes the protein tafazzin,
whose aberrant function perturbs the metabolism of the
phospholipid cardiolipin (CL). CL is a mgor constituent of
inner mitochondrial membranes and, therefore, magjorly affects
the muscular tissuesthat are most reliant on energy production.
This results in infantile cardiomyopathy (including stillbirth)
and lifelong severe exercise intolerance, lethargy, and fatigue
[1]. Low neutrophil numbers (neutropenia), poor feeding, and
growth delay are less intuitive but common features [1].
Neutropenia predisposes to serious bacterial infection and is
symptomatically treated in two-thirds of UK patientswith Barth
syndrome via chronic subcutaneous injection therapy with
granulocyte-colony stimulating factor—a distressing and
expensive medication [2]. Lethargy and fatigue interfere with
schoolwork, play, and working life and often necessitate the
use of wheelchairs. Tafazzin defects also result in excessive
conversion of the mature form of cardiolipin (L4-cardiolipin)
to monolysocardiolipin (MLCL), which results in a grossly
perturbed cardiolipin ratio that is diagnostic for the disease.

There are no specific treatments for Barth syndrome other than
supportive symptomatic care. Overall, 30% of UK patientswith
Barth syndrome have undergone cardiac transplantation, several
of whom have died of related complications. Sudden cardiac
death in patients can also occur [3], the possibility of which
remains a cause of chronic anxiety in the families of affected
persons. Disease-specific therapy is required to prevent
morbidity, mortality, psychological distress, disruption of quality
of life (QoL), and ameliorate the high socioeconomic burden.
Experiments using lymphoblasts from patients with Barth
syndrome showed that treatment with either bezafibrate or
resveratrol can partially normalize the deranged ratio [4],
suggesting their potential as specific therapies.

https://www.researchprotocols.org/2021/5/€22533

Resveratrol, a naturally occurring food supplement available
from nutraceutical companies, affects energy metabolism and
mitochondrial function and has a short half-life in blood. This
may explain the lack of consistent clinical efficacy in arange
of mammalian and human conditions[5]. In contrast, bezafibrate
is well established as a lipid-lowering agent in adults and
children with a good safety record for long-term use [6].
Encouragingly, it has been shown to improve left ventricular
(LV) function at supraphysiological dosesin aBarth knockdown
mouse model [7], to protect LV function at aclinically relevant
dose [8] and to ameliorate impaired exercise capacity [8].
Therefore, gold standard evidence from arandomized controlled
trial (RCT) isnow required to investigate the potential risksand
benefits of bezafibrate in the population with Barth syndrome.
The United Kingdom's Nationa Heath Service (NHS)
Specialized Services Barth Syndrome Service (BSS) at
University Hospitals Bristol and Weston NHS Foundation Trust
(UHBW) isuniquely well positioned to explore such atherapy
in an RCT, as it cares for the world's highest density of
diagnosed patients and is the only national multidisciplinary
service. The BSS currently cares for 26 living boys and 1 girl
(from approximately 200 diagnosed worldwide).

Objectives

The objective of this study isto determine whether bezafibrate
(and/or resveratrol in vitro) will increase mitochondrial
biogenesis and potentially modify the cellular ratio of MLCL
to L4-CL, amdliorating the disease phenotype in those living
with the disease and establishing whether the drug is free of
any significant side effects at clinically effective doses. The
specific objectives are as follows:

1. Mesasurethe effects of bezafibrate treatment on biochemical
and clinical outcome measuresand QoL in comparison with
placebo in Barth syndrome

2. Correlate clinical improvements with the in vitro analysis
of CL ratio and profile and mitochondrial morphology when
exposed to bezafibrate and resveratrol in laboratory culture
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3. Determine the most feasible methods and standardized
outcome measures to allow for better conduct of future
trials and evaluations in Barth syndrome

4. Createaresearch infrastructure that optimizesrecruitment,
retention, and communication with families and people
with Barth syndrome

5. Evauate participant and family perceptions of research and
any important potential barriers to participation.

Figurel. Study schema.

Dabner et a

Methods

Trial Design

This is a phase 2, UK, single-center, double-blinded,
randomized, placebo-controlled crossover study that was
conducted at UHBW, a tertiary care research and teaching
hospital. Treatment was administered in two 15-week phases
with aminimum washout period of 1 month between the phases
where no treatment was administered. Participants were
followed up for 1 month after the end of the second treatment
period (Figure 1).

Males aged =6 years attending Barth Syndrome Service clinic
appointment approached about participating in the study

l

Take informed consent

i

Randomize participants to order of treatment .
P P Baseline data
_/
_______________________________________________________________________________________________________________________________________________________________
Bezafibrate: Placebo: Phase 1 data
Taken daily for 15 weeks Taken daily for 15 weeks collected

________________________________________ ¢

¢ _________________________________________

Minimum 1 month washout period
(no treatment)

____________________________________________ # e C

_____________________________¢ ___________________________________________

Placebo:
Taken daily for 15 weeks

Bezafibrate: l

Phase 2 data
Taken daily for 15 weeks

collected

Follow-up
(1 month)

Adverse event
data collected

______________________________________________________________________________ =

Decision made about whether to continue treatment, made
on a case-by-case basis.

'

Data analysis

Study Population

Males aged =6 years in the United Kingdom with a confirmed
diagnosis of Barth syndromewereincluded in thisstudy. Males
aged <6 years were not included in this patient population
because of the difficulties in obtaining data on the primary
outcome through bicycle ergometry in young children.

Patients could enter the study if al thefollowing criteriaapplied:
(1) maes aged =6 years, (2) clinical diagnosis of Barth

https://www.researchprotocols.org/2021/5/€22533

RenderX

syndrome with acharacteristic abnormality of the L4-CL/MLCL
ratio plusidentified mutation in the Tafazzin gene, (3) receiving
care from the NHS BSS, (4) stable cardiac condition, and (5)
able to swallow bezafibrate tablets (similar size to ibuprofen
tablets).

Patients were not able to enter the study if any of the following
applied:
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1. Known hypersensitivity to bezafibrate, to any component
of the product, or to other fibrates

2. Known photoallergic or phototoxic reactions to fibrates

3. Hepatic dysfunction and/or liver function tests greater than
2 times the upper limit of normal.

4. A LV shortening fraction of <25% (or asignificant dropin
the shortening fraction in the previous year)

5. Documented atrial or  ventricular  arrhythmia
(atrial/ventricular  tachycardia or  atrial/ventricular
fibrillation) that had not been stabilized with treatment

6. Rena impairment (defined as creatinine clearance <90
mL/min)

7. Preexisting known gallbladder disease

8. Recent unspecified significant deterioration in general
health

9. Prisoners and adults lacking capacity to provide informed
consent.

There have been reports of rhabdomyolysis occurring in patients
treated with acombination of bezafibrate and statins. Therefore,
with agreement from the patients' cardiologists, patients who
underwent cardiac transplantation and were administered statins
ceased their statin medication 2 weeks before their tria
participation.

Randomization

Using blocks of undisclosed size, random sequence all ocations
of bezafibrate or placebo were generated by a computer before
the start of the study by an independent statistician. The
allocation sequence, concealed from all clinical and research
personnel, was then attached to a list of consecutive study IDs
and provided directly to the UHBW Pharmacy Trials Unit
(PTU), which dispensed the study medication. The allocations
of the drug or placebo in the second phase of the trial were
opposite to those in the first phase. Once consent had been
granted for a participant and eligibility had been established
and confirmed, they were all ocated to the next consecutive study
ID and the medication prescribed and dispensed according to
the study 1D and trial phase.

Trial Interventions

Many of the potential participants had difficulty in swallowing
large tablets; therefore, to recruit and retain as many participants
as possible, we commissioned the manufacturing of small 100
mg bezafibrate and placebo tabletsfor thetrial. All participants
received 15 weeks of theintervention (bezafibrate) and 15 weeks
of placebo. The order in which bezafibrate and placebo were
administered depended on the first alocated treatment at
randomization. Both the bezafibrate and placebo arms had a
minimum washout period (without treatment) of 1 calendar
month before starting the alternative treatment arm. The study
intervention was prescribed once at the start of the study and
again at the end of phase 1 (for the forthcoming phase 2 period).
Participants administered their own medication at home,
according to the prescribed regimen detailed below. The trial
prescription did not specify the medication to be taken, as this
was determined by the randomization list provided to UHBW
PTU.

https://www.researchprotocols.org/2021/5/€22533
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Bezafibrate was taken orally in atablet formulation (100 mg
tablets, standard rel ease formulation):

«  Children aged 6-9 years: commenced on 100 mg omnein
die (ie, once a day, OD) for the first month, and if well
tolerated, increased to 100 mg BD (ie, twice aday, bisin
die) for the remaining 3-month treatment period.

«  Children aged 10-17 years: commenced on 200 mg OD for
the first month, and if well tolerated, increased to 200 mg
BD for the remaining 3-month treatment period.

« Adults (=18 y): 200 mg BD.

The placebo was a visually identical tablet containing a
formulation with no active substance, taken orally as per the
number of tablets and frequency described above.

Participants remained on theinitial loading dose until they were
instructed to increase the dose after a satisfactory assessment
of safety by the principal investigator. Serious adverse events
(SAEs) could prompt an immediate withdrawal of the drug for
a period at the discretion of the treating physician. Guidance
on the use (and any restrictions) of concomitant medicationsis
available in the full protocol. Once participants completed the
study treatment, their medical care was reverted to the standard
care received from the BSS.

Adherence to study treatment was assessed by patient-reported
missed doses and returned unused medications. During monthly
follow-up telephone calls, the participants (or the carers of
young children) were asked if any doses were missed and, if
so, the number of missed doseswas recorded. Participantswere
also asked to return all their study medication bottles at the end
of each treatment phase. Unused tablets were counted and
compared with the expected number of tablets to be taken. All
tablets were assumed to be taken if the bottle was empty.
Participantswere classified as adherent if they took at least 70%
of their tablets.

Statistical Analysis Plan

All participants completed and contributed data to both phases
of the crossover study, irrespective of any periods when the
intervention was suspended because of ill health. The primary
analyses will adhere to the intention-to-treat principle, but we
envisage that additional secondary or sensitivity analyses may
be specified in a detailed analysis plan, written before
completing the final data queries for final analyses. The data
will be analyzed to follow the reporting guidelines of
Consolidated Standards of Reporting Trials.

Our plan for analyses assumes that the continuously scaled
outcome data (or transformed data) will be distributed
satisfactorily to allow parametric methods to be applied. We
aim to analyze the data using mixed-effects regression methods
that will allow participants’ datato beincluded if not complete.
The regression models will estimate the effects for both the
treatment factor (2 levels) and period of intervention (2 levels),
adjusting for the baseline assessments of outcomes at the time
of recruitment. Participantswill befitted asrandom effects. We
will test for the presence of acarryover effect (ie, the possibility
that results obtained during the second treatment phase are
affected by what happened in the first treatment phase) by
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including a treatment-by-time period interaction in the model.
We do not expect any statistical evidence of an interaction.

Similar methods will be used for analyses of the additional
objectives to ensure that (1) the data hierarchy is respected (ie,
repeated measurements within subjects) and (2) available data
for all participants can be included. Regression models will be
fitted to estimate the differences in secondary outcomes when
treated with bezafibrate versus placebo and, additionaly, to
quantify the extent to which more proximal biomarkers are
associated with moredistal clinical and symptomatic outcomes.
Nonadherence to random allocations will be documented, and
every effort will be made to include all the randomized
participants.

Access to study data will be limited to authorized personnel.
The data will be collected and retained in accordance with the
UK General Data Protection Regulation 2018. An anonymized
data set will be held for future research, as per the National
Ingtitute for Health Research (NIHR) contractual arrangements.

Primary and Secondary Outcomes

The primary outcome measure is the change in peak volume
oxygen consumption (peak VO,) on bicycle ergometry from
baseline to the final week of each treatment phase, as thisis
strongly associated with activity intolerance and may correlate
with subjective fatigability, which is the most important
determinant of QoL.

Secondary outcomes are (1) MLCL/L4-CL ratio/CL profilein
blood cells, (2) PCr/ATP ratio in cardiac muscle on
phosphorus-31 (31P) magnetic resonance spectroscopy (MRS),
(3) skeletal muscle oxidative function on 31P MRS, (4) QoL
assessed using age-appropriate PedsQL (Pediatric Quality of
Life Inventory) questionnaires, (5) absolute neutrophil count,
(6) amino acid expression (serum arginine and cysteine levels),
(7) cardiac function (including left ventricular gjection fraction
[LVEF] and 2D LV mean peak systolic strain), (8) mitochondrial
size in lymphocytes, (9) number of mitochondria (per
lymphocyte), (10) total area of mitochondria per lymphocyte,
(12) area of mitochondria as the proportion of cytoplasm, (12)
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mitochondria function and cristae organization in lymphocytes
or neutrophils, and (13) arrhythmia profile from 12-lead
electrocardiogram (ECG) at rest and during exercise (for
potential rhythm abnormalities).

In addition, we will integrate qualitative research methods to
explore participants’ and families’ experiences of the different
interventions and their participation perceptions. Parents of
younger participants (<18 y) and participants (>14 y) will be
invited to participate in semistructured one-to-one interviews
during the assessment periods after the first and second
interventions.

The validity of the outcome measurements is guaranteed by
placebo control and blinding, providing this is not broken. In
addition, all measurements were obtained according to the
standard hospital or outcome-specific protocols. Stress
echocardiography and VO, measurements were obtained using
a modified McMaster protocol (Multimedia Appendix 1 [9]).
Cardiolipin measurements were obtained using amatrix-assisted
laser desorption/ionization mass spectroscopy protocol
(Multimedia Appendix 2), and the characterization and control
of mitochondrial morphology were performed as previously
described by Acehan et a [10], using electron microscopic
tomography. Interobserver variability was also minimized,
where possible, by obtaining data using the same study
personnel. For example, electron microscopy datawere obtained
by a single laboratory technician.

Data Collection

The data collection schedule for this study is shown in Table 1.
Data were collected on paper Case Report Forms and then
entered into a password-protected and access-restricted
electronic spreadsheet. A second spreadsheet was created for
independent double data entry to minimize data entry errors
and opportunities for manipulation.

Throughout the study, monthly blood tests were taken at the
patients’ local hospital or general practitioner’s surgery to assess
the ongoing safety of treating participants with bezafibrate.
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Table 1. Datacollection for trial participants.

Event Baseline  Phasel Washout ~ Phase 2 Follow-
period up
Month 0 Monthl Month2 Month3 Month4 Month5 Month6 Month7 Month8 Month9 Month10
Informed consent 0 N/AP N/A N/A N/A N/A N/A N/A N/A N/A N/A
Height and weight g N/A N/A N/A ad N/A N/A N/A N/A O N/A
Medical history g N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A
Clinical examination® U NA NA  NA O N/A NA  NA  NA O N/A

Bicycle ergometry (exercise bike test)

Peak oxygen con- O N/A N/A N/A O N/A N/A N/A N/A O N/A
sumption
TissueDoppler stud- O N/A N/A N/A O N/A N/A N/A N/A O N/A
ies
Echocardiogram (at rest O N/A N/A N/A O N/A N/A N/A N/A O N/A
and during exerci se)d
12-lead ECG® at rest and U N/A N/A N/A O N/A N/A N/A N/A O N/A
during exercise (during
echo)

Blood sample (20-30 mL totaJ)f

Transformed lym- O N/A N/A N/A N/A N/A N/A N/A N/A N/A N/A
phoblast linefor in

vitroincubation with

bezafibrate and

resveratrol

FBCY. absoluteneu- U NA  NA  NA O N/A NA  NA  NA O N/A

trophil count,
urea/electrolytes,
LFT", cK!, plasma
arginine/cysteine,
full lipid profile (to-
tal cholesterol, high-
density lipoprotein,
and triglycerides),
and brain natriuretic
peptide

Mitochondrid assesss [ N/A N/A N/A g N/A N/A N/A N/A O N/A
ment

Blood sample (safety assessment) done locally to the patient

FBCincludingabso- N/A O O O N/A O ] d O N/A N/A
|ute neutrophil

count, routine renal

and LFT, plasma

triglyceride/total

choles-

terol/L DLI-choles-

terol and creatineki-

nase, and creatinine
Cardiac/skeletal muscle 0O N/A N/A N/A 0 N/A N/A N/A N/A 0 N/A
MRI®/MRS™" scan

PedsQLO g N/A N/A N/A ad N/A N/A N/A N/A O N/A

Adverse events N/A O g g ad ad O ad ad | O

Drug prescribing 0 N/A N/A N/A g N/A N/A N/A N/A N/A N/A

Quialitative interview N/A N/A N/A N/A ad N/A N/A N/A N/A | N/A
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3Data was collected (or event took place) at thistime.

BNI/A: not applicable.

CIncluding resting blood pressure, heart rate, and oxygen saturation.
dcardiac status: left ventricular gection fraction and 2D strain.
®ECG: electrocardiogram.

Dabner et a

fSamplasfor detailed cardiolipin profiling and cal cul ation of ML CL/L4-CL ratio; examination of mitochondriaof the blood cells by electron microscopy;
measurements of size, number, and shape recorded; and the analysis of mitochondrial function studiesincluding the analysis of respiratory chain enzyme

complexes.

9FBC: full blood count.

PLFT: liver function test.

ICK: crestine kinase.

iLpL: low-density lipoprotein
KMRI: magnetic resonance imaging.

lcardiac magnetic resonance imaging will be used to assess right and left ventricular functions and volumetrics.

MMRS: magneti ¢ resonance spectroscopy.

"Magnetic resonance spectroscopy will be used to assess phosphocreatine to adenosine triphosphate ratio and oxidative function (phosphocreatine

recovery kinetics) in cardiac and skeletal muscles.
%PedsQL : Pediatric Quality of Life Inventory.

Blinding and Code Breaking

Neither the participants nor investigators (or any other member
of the research team apart from the pharmacist) knew about the
allocated treatment being administered or the order in which it
was administered. The placebo was visually identical to the
bezafibrate tablets and was as similar as possible in taste and
smell. The tablets containing bezafibrate or placebo did not
have a strong or unusual smell or taste, which minimized the
unblinding of participants and subsequently the investigators.
Therefore, we did not anticipate any unblinding because of the
characteristics of the drug. However, bezafibrate may have
induced side effects in some participants that could have
inadvertently unblinded them, and we acknowledge that this
may be alimitation of the study.

Members of the participants' health care team could request
unblinding of the study medication in either phase in the event
of aparticipant experiencing a SAE, if they considered that the
information would alter their management of the SAE.
Participants were given an unblinding card to carry with them
containing instructions for the attending doctor on how to
request unblinding (24 hours). All instances of unblinding
requests were documented, including who requested the
unblinding, why it was required, the time and date, and who
performed the unblinding.

Sample Size Calculation

The number of study participants are clearly limited because of
the rarity of the disease. A total of 20 males aged between 6
and 24 years currently attend the NHS National BSS at
University Hospitals Bristol and Weston NHS Trust. We
anticipated that between 12 and 15 UK patients would be
eligible and consent to take part in thetrial.

In a simple crossover trial (a single intervention and control
comparison), the SD of the within-subject difference between
treatments is given as follows: square root (2xwithin-subject
SD) [11]. In addition, all participants constitute their own
control. In this trial, the difference in the mean peak oxygen
consumption between the placebo and bezafibrate phases will

https://www.researchprotocols.org/2021/5/€22533

be tested, assuming a 2-tailed alpha of .05. For a sample size
of 12 participants, thetrial will be able to detect a difference of
0.90 (within subject) SD with 80% power or 1.05 SD with 90%
power.

Research Procedures

Eligibility was assessed and written informed consent was
obtained by amedically qualified doctor at the baseline research
clinicvisitin Bristol. Patientswho did not live near Bristol were
offered accommodation so that they (and their families) could
attend the research clinicswithout incurring additional expenses.
Detailed assessments were performed at baseline clinic visits
and at the end of each treatment phase. The assessments were
timed during the final week of therapy so that participantswere
still receiving the intervention or placebo at the time of testing
but had maximum cumulative exposure to the drug or placebo.
Assessments included the following:

«  Anthropometric data (height and weight)

« Maedica history and examination (including resting blood
pressure, heart rate, and oxygen saturation)

«  Transthoracic echocardiographic determination of cardiac
function at rest using gjection fraction, pulsed wave tissue
Doppler, and 2D myocardial strain at rest and during
guantitative exercise stress echo [12]

« Modified McMaster exercise protocol to assess the peak
oxygen consumption using an electronically braked Genera
Electric health care exercise echocardiography couch

« PCr/ATP ratio and oxidative function (PCr recovery
kinetics) in cardiac and skeletal muscle using MRS

« QoL questionnaires (PedsQL) [13]

« Qualitative assessments (semistructured one-to-one
interviews) to assess patients experiences of the
intervention and participating in atrial

«  Cardiac arrhythmia profile from 12-lead ECG at rest and
during exercise

« Cardiac magnetic resonance imaging (Siemens 3T
Magnetom Skyra) to assess the ventricular function and
volumetrics (regional wall motion abnormalities).
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In total, 20 mL of blood was taken at each assessment visit for
the following tests:

1 Full blood count, absolute neutrophil count, urea and
electrolytes, liver function tests, creatine kinase, plasma
arginine and cysteine, full lipid profile (total cholesteral,
high-density lipoprotein, and triglycerides), and brain
natriuretic peptide (as a blood marker of LV function)

2. Mitochondrial tests: assessment of detailed CL profiling
and calculation of the MLCL/L4-CL ratio. The
mitochondria of the blood cellswere examined by electron
microscopy for lymphocytes or neutrophils, and the
measurements of size, number, and shape were recorded.
Neutrophils or lymphocytes extracted from 5-mL whole
blood were analyzed for mitochondrial function, including
the analysis of respiratory chain enzyme complexes using
established spectrophotometric methods.

At baseline, the establishment of an Epstein-Barr virus
(EBV)—ransformed lymphoblast line for in vitro incubation
with resveratrol or bezafibrate and the assessment of CL ratio
also occurred. Some participants had existing EBV cell lines
available from a separate study. Rather than trying to establish
new cell lines from these participants (a time-consuming and
not always successful process), we sought consent to use their
existing cell linesfor this study.

Subjective QoL will be assessed using age-appropriate PedsQL
assessment forms (core and fatigue scales) and parental
guestionnaires. These include forms suitable for young adults
(18-25Yy).

Patient and Public I nvolvement

The study was conceptualized with inputs from patient and
family stakeholders, including the chair of the UK Barth
Syndrome Trust (BST), who is a coapplicant of the study. She
advised on the acceptability of the study design for potential
participants, helped arrange clinic dates with prospective
families, and optimized the groups of individualsin each clinic
to increase the likelihood of engagement and retention. In
addition, a member of the public with experience of Barth
syndromeis amember of the Trial Steering Committee (TSC),
advising on aspects where family views are needed.

Both the TSC member and the Chairperson of the BST will be
involved in reviewing the information about study results that
will be disseminated to the Barth syndrome community. Study
findingswill be disseminated to the Barth syndrome community
through ajoint pressrelease by the research team and the patient
or family stakeholders (BST) and on a patient and family study
day. Thefinal study report will be published in the open-access
NIHR Journals Library.

Regulatory Approvals

Research ethics approval was granted by the UK (South
West—Central Bristol) National Research Ethics Service
Committee (reference 15/SW/0228) on November 12, 2015.
Bezafibrate also comes under the regulation of the Medicines
and Healthcare products Regulatory Agency (MHRA), asit is
classified as an Investigational Medicina Product. MHRA
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approval was obtained on November 3, 2015 (Eudract Number:
2015-001382-10).

Trial Management

Thetrial ismanaged by the Bristol Trials Centre (Clinical Trials
and Evaluation Unit) and sponsored by the UHBW. Participants
had the right to withdraw at any time. Data collected until the
time of withdrawal were included in the analyses, unless the
participant expressed a wish for their data to be destroyed.
Participants who withdrew from the study continued to be
treated according to the standard procedures (ie, management
of symptoms only).

Changesto the Protocol Since It Was First Approved

The exclusion criteria were updated with the following
additional items before commencement of recruitment: (1)
known hypersensitivity to bezafibrate, to any component of the
product, or to other fibrates and (2) known photoallergic or
phototoxic reactions to fibrates.

On request of the funding body, an interim analysiswas planned
during the washout phase of the trial. This was not supported
by the TSC or the Data Monitoring and Safety Committee and
was subsequently removed.

Other amendments to the protocol were (1) the addition of
participant unblinding cards, (2) theinclusion of neutrophil cells
on which to perform mitochondrial function tests, (3) the
removal of collection of near-infrared spectroscopy data (these
were found to be too unstable during the exercise tests), (4)
change to the treatment period from 4 calendar months to 15
weeks, (5) clarification of the estimated glomerular filtration
rate formulato be used for pediatric participants, and (6) change
to the cardiac function measurement from shortening fraction
to 2D strain. Severa other minor clarifications and
administrative updates were made to the protocol. Version 5.0
(dated October 15, 2019) of the protocol is currently in use.
Relevant regulatory approvals were obtained for al the
amendments to the protocol.

Results

Twelve patients were scheduled to participate across three
consecutive research clinics between March and April 2019. In
total, 11 participants were recruited, and follow-up was
completed in January 2020. Data analysis is ongoing, with
publication expected in early 2021. Thefull protocol isavailable
[14].

Discussion

Funding for this study was awarded by the NIHR in relation to
acommissioned call for research on interventions for very rare
diseases (defined as a disease that affectslessthan 1 in 100,000
people). Thisfollowed a consultation by the United Kingdom’'s
Department of Health, which found that people with rare
diseases face multiple barriers to receiving appropriate care.
Most barriers are aconsequence of limited scientificand clinical
knowledge of the disease, which leads to delays in diagnosis
and few treatments of proven effectiveness. The commissioned
call demonstrates adriveto improve health carefor peoplewith
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very rare diseasesin the United Kingdom. It also highlightsthe  RCTs of treatments for populations with rare diseases as well
historic dearth of experience in conducting randomized trials  astesting the efficacy of bezafibrate as a potential treatment for
in this area. The feasibility of the CARDIOMAN (Cardiolipin  the disease and advancing the mechanistic understanding of
Manipulation) study will help to inform the future conduct of  Barth syndrome.
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MRS: magnetic resonance spectroscopy
NHS: National Health Service
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PTU: Pharmacy Trials Unit

QoL : quality of life

RCT: randomized controlled trial

SAE: serious adverse event

TSC: Trial Steering Committee

UHBW: University Hospitals Bristol and Weston NHS Foundation Trust
VO,: volume oxygen (consumption)
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Abstract

Background: Impairments of the forearm, wrist, and hand affect a sizable proportion of individuals and impose a significant
economic burden on health care systems. FEPSim isamedical devicefor hand and wrist rehabilitation. The FEPSim device could
be part of the standard of carefor upper extremity rehabilitation during therapeutic activitiesto increase range of motion, dexterity,
and strength. FEPSIm has not yet been tested in a health care setting; therefore, atrial of the effectiveness of FEPSIim in upper
extremity rehabilitation is warranted.

Objective: This study aims to assess the feasibility of conducting a definitive trial in terms of recruitment, eligibility criteria,
the type and number of diagnoses included, the length and dosage of the intervention, and data collection methods. This study
also ams to gather clinical and statistical information as well as information related to the cost and usability, which allows for
an economic evaluation of the device.

Methods: The trial will use a randomized controlled design comprising 47 intervention participants and 47 control group
participants. Participants will be adults (age>18 years) attending outpatient rehabilitation with limitationsin their forearm, wrist,
or hand function dueto distal radial or ulnar fractures, stroke, or osteoarthritis. This study’s primary outcome variables are related
to patients’ range of motion and strength, specifically active and passive wrist flexion and extension range of motion; active and
passive forearm pronation and supination range of motion; grip strength; and pinch strength. The secondary outcome variables
are related to patients' perceived wrist pain and disability in activities of daily living. The patients’ perceived wrist pain and
disability in activities of daily living will be measured using the patient-rated wrist evaluation questionnaire. The control group
will receive the standard of care at each of the 2 hospital facilities (Glenrose Rehabilitation and Royal Alexandra Hospitals). The
intervention group will receive the same standard of care as the control group at each facility and will use the FEPSIim device for
therapeutic activities to increase strength, range of motion, resistance, and dexterity. All the participants will be assessed at
baseline (week 0); weeks 2, 4, and 8; and postintervention (week 10).

Results: The FEPSIm study was launched in April 2020. This study is currently on hold because of the global COVID-19
pandemic. The recruitment process is expected to resume by September 2020, and the primary impact analysisis expected to be
conducted by December 2020.
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Conclusions: Thisstudy will provide valuable information on the measurement of comparative intervention effects, technology
acceptance by hand therapists, and how associated treatment and product costs will contribute to the evidence planning process,

which will be crucial for the future adoption of FEPSIim.

Trial Registration:
https.//www.isrctn.com/ISRCTN 13656014

International Registered Report Identifier (IRRID):

(JMIR Res Protoc 2021;10(5):€22145) doi:10.2196/22145

International Standard Randomized Controlled Trial Number Registry

ISRCTN13656014;

PRR1-10.2196/22145

KEYWORDS

technology assessment; hand therapy; technology for rehabilitation; clinical engineering; biomedical engineering

Introduction

Background and Rationale

People affected by musculoskeletal disorders (MSDs) of the
forearm and wrist, such asfractures (including those exacerbated
by osteoporosis) and osteoarthritis, aswell as people who have
had a stroke will experience impairments of the upper limbs
[1]. Impairments of the upper limbs affect functioning in
everyday life and are correlated with a low quality of life [2].
Impairments of the forearm, wrist, and hand represent a
health-related problem that affects a sizable proportion of
individual s and impose a significant economic burden for health
care systems. For example, in Alberta, Canada, by 2017, forearm
fractures accounted for 17,031 cases with an incidence rate of
441 (new cases), the prevalence of osteoporosis accounted for
174,481 cases with an incidence rate of 18,603 (new cases);
21.00% (36,641/174,481) of people who have osteoporosiswill
have a fracture (eg, wrist fractures) [3]; the prevalence of
different types of strokes accounted for 5277 cases with an
incidence rate of 115 (new cases); 49.54% (2614/5277) of
people who had a stroke also experienced an upper limb
impairment; and the prevalence of osteoarthritis accounted for
449,561 cases with an incidence rate of 34,479 (new cases).
The economic burden on Alberta’s health system as aresult of
caring for impairments of the forearm, wrist, and hand is
significant and is expected to increase al ong with the projected
increase in the age and size of the population. By 2017, the
average cost of hospital inpatient care in Alberta totaled CAD
$18,642,407 (US $15,287,926.24), an increase of 7.7%
compared with the average cost in 2016 [4].

FEPSIm, developed by Karma Machining & Manufacturing
Ltd, isamedical device for hand and wrist rehabilitation. The
FEPSim device could be part of the standard of care for upper
extremity rehabilitation during therapeutic activities designed
to increase range of motion, dexterity, and strength. These
activities include controlled movements, strengthening, and
exercisesfor retraining different grasp patternsthat are used for
activities of daily living and work tasks. Grading these activities
is important to achieve therapeutic objectives and measure
improvement. However, the equipment that isusually available
in clinical settings does not allow therapists to ascertain their
patients' range of motion or the strength of their arms and hands
(eg, wrist pronation or supination and flexion or extension)
during functional hand movementsand grasp patterns. FEPSIim
is a medical device that was developed for upper extremity
rehabilitation and is used to strengthen the hand and wrist with
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movements such as wrist flexion and extension; hand and
forearm pronation and supination; and different grasp patterns
such as power grasp, spherical grasp, lateral grip, and disk grasp.
FEPSim can be adjusted according to the patient’s capabilities
during the rehabilitation process, thus allowing the therapist to
grade the activitiesin terms of resistance and repetitions of any
given exercise. FEPSIim also alows the therapist to ascertain
the patient’s strength and the degrees of range of motion that
are achieved during active movements of the hand or forearm.

The FEPSim device appears to have potential advantages over
current technologies. Hand therapy devices fall into 1 of the
following 2 categories:

1. Low-cost and portable devices (average price: CAD $127.07
[US $104.16]) designed to offer specific hand therapies
(eg, pronation or supination), such as Rolyan
Pronation/Supination (CAD $188.57 [US $154.58]), or
strengthen the forearm, such as The Pronator (CAD $108.64
[US$89.05]; apricelistisavailable at Performance Health
Trademarks [5]). The main disadvantage of these devices
is that important measurements during hand therapy
activities cannot be taken directly from them, and they are
not adjustable.

2. High-cost (portable and nonportable devices) commercial
electromechanical devices designed to simulate the basic
motions are required by the upper extremities in most
occupations and to conduct hand therapy. This is the case
for the Batimore Therapeutic Equipment (BTE) work
simulator and SaeboReJoyce[6]. For example, the estimated
price of the BTE is between CAD $60,012.80 (US
$49,193.99) and CAD $113,357.52 (US $92,921.99; email
communication with the BTE Senior National Sales
Representative) [ 7], whereas the SaeboReJoyce costs CAD
$17,350.68 (US $14,222.79) [8]. The high cost of the BTE
and SaeboReJoyce meansthat these devices are simply not
affordable in many health care settings; thus, the FEPSIm
device could be a more affordable alternative for hand
therapy purposes. The current prototype selling price of an
FEPSIim device is approximately CAD $6000 (US $4920;
unit cost; eg, cost of goods sold). After evaluation and
market analysis, to determine the scale of production, the
FEPSim device should retail for lessthan CAD $1300 (US
$ 1065.64) if the company adopts injection molding and
bringsin more purchased parts, with future model s bringing
costsdown further. In addition, FEPSim has other potential
advantages, such as compactness, portability, and ease of
use.

JMIR Res Protoc 2021 | vol. 10 | iss. 5 [e22145 | p.211
(page number not for citation purposes)


http://dx.doi.org/10.2196/22145
http://www.w3.org/Style/XSL
http://www.renderx.com/

JMIR RESEARCH PROTOCOLS

Robots could be an alternative to assist in the rehabilitation
process of the hand. However, these robotic systems are not yet
available in hand therapy settings. A recent survey that aimed
to examine patents and developments for hand rehabilitation
robots found 28 systems, among which only 1, the Hand
Exoskeleton Rehabilitation Robot, was designed to provide
continuous passive motion (ie, the robot executes the motion
of the patient’s upper limbs) as well as active independent
movements (ie, the patient performs a motion according to his
or her own ability) to the fingers and the thumb [9]. In another
review, only 2 robotic deviceswere found for active independent
movement of the hand [10]. All these robotic devices for hand
rehabilitation were still in the prototype design phase, which
corresponds to a technology readiness scale lower than 5 [11];
therefore, they have not yet been tested in real rehabilitation
contexts.

Hand Therapy: Existing Knowledge

The standard of care for rehabilitation for impairments of the
forearm, wrist, and hand includes a combination of modalities
and techniques such as immobilization, management of scar
tissue, sensory modification, edema management, and
therapeutic activities to increase the range of motion; dexterity
and strength; and, ultimately, hand function [2]. The current
evidence for the therapeutic standard of care activities depends
on the medical condition and the strategies or modalities used
to achieve therapeutic outcomes. In general, Roll and Hardison
[2] found that for all MSDs, the strongest evidence for
occupational therapy interventions supports postsurgical early
active motion protocols and splinting for various conditions.
However, few studies have shown significant differences in
long-term outcomes among the compared interventions. For
osteoarthritis, in particular, there is limited evidence that
education and exercise can help patients regain function and
reduce pain, whereas the evidence for the use of splinting for
the same purposes is mixed. A systematic literature review
summarized the outcomes of 26 studies for rehabilitation after
distal radial fractures, finding that all the studies had low-quality
designs and no clinically essential outcome differences among
the modalitiesimplemented in the interventions. The outcomes
were categorized as functional (eg, range of motion, pain, grip
strength, and activities of daily living), clinica (eg, residual
soft tissue swelling), and resources (eg, humber of outpatient
attendances). The authors also found that, despite a lack of
evidence for greater effects regarding long-term (3 months)
goals, early occupational therapy led to more short-term
improvementsin gripping, pinching, and range of motion[12].

Strokes aso affect hand function. The interventions that have
been effective in managing spasticity are constraint-induced
movement therapy, mirror therapy, and functiona skill
retraining. Furthermore, the recommended activities are passive
range of motion (PROM) and active range of motion (AROM)
activities, along with movements and functional activitieswith
high levels of repetition [13]. Another review stated that a
patient with aneurological condition that affects hisor her hand
movement (eg, stroke) needs to repeat a motion 300 to 400
times to learn a movement, but in current therapy sessions, the
standard is closer to 30 repetitions. In a clinical setting, the
recommended dosage would be a 60-minute session, 3timesa
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week for 6 weeks, wherethe use of technology can help achieve
more repetitions in a shorter period of time [14]. Burns may
also affect hand function. In general, the standard of care
includes edema management, splinting, patient caregiver
education, range of motion and strengthening, scar management,
and retraining in activities of daily living [15]. We did not find
any research that examined the evidence for these modalities.
Finaly, a literature review about the cost-effectiveness of
physiotherapy interventions found only 2 studies about hand
rehabilitation in neurological conditions. None of these studies
reported any significant cost-effectiveness between the
interventions under study. However, one study in which a
high-tech device (ie, arobotic system) was used to support hand
therapy showed that a group that used robot intervention used
less health care, which reduced the overall cost [16].

Evaluation Objectives and Research Questions

FEPSIim has not yet been tested in a hedlth care setting;
therefore, a trial of the effectiveness of FEPSIim in upper
extremity rehabilitation is warranted. The primary objective of
this study is to assess the feasibility of conducting a definitive
trial in terms of recruitment, eigibility criteria, the type and
number of diagnoses included, the length and dosage of the
intervention, and the data collection methods. This study also
aims to gather clinical and statistical information as well as
information related to the costs and usability (adoption) of the
new technology used in this study. Thus, this study has 6
secondary objectives:

1. Toexploretheclinica effectiveness of adding the FEPSIm
deviceto the standard of care for patients with injuriesand
clinical conditions of the forearm, wrist, and hand.

2. To assess the outcome measures for measuring changesin
the dependent variables.

3. To gather and synthesize the data, from which the sample
size of a definitive randomized controlled trial (RCT) can
be estimated.

4. Tomeasurethe key outcome domains (for completion rates,
missing data, estimates, variances, and 95% CI for the
differences between the intervention and control groups)
for patients with injuries and clinical conditions of the
forearm, wrist, and hand.

5. To examine the total and component costs associated with
the FEPSIim device and with standard of care interventions
for patients with injuries and clinical conditions of the
forearm, wrist, and hand from an institutional perspective
(ie, hospitals).

6. To investigate the usability of the FEPSIm device by
therapists.

Methods

Study Design

Thisstudy will useamultimethod research design. The Methods
section will be presented with regard to the objectives of the
study.
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Primary Objective and Secondary Objectives 1 to 4:
Resear ch Design

The feasibility parallel-group RCT will follow the CONSORT
(Consolidated Standards of Reporting Trials) guidelines for
randomized feasibility studies [17]. The experimental group
will receive an intervention consisting of sessions with the
FEPSim device plus the standard of care, whereas the control
group will only receive the standard of care for hand therapy.

Secondary Objective 5: Study Design
For the economic evaluation component of this study, we will
follow the Consolidated Health Economic Eval uation Reporting

Standards [18] and Guidelines for the Economic Evaluation of
Health Technologies: Canada[19].

Secondary Objective 6: Study Design

For the usability component of this study, we will follow a
qualitative description design [20].

Study Setting

The study will be conducted in 2 health carefacilities: the Royal
Alexandra Hospital Outpatient Clinic and the Glenrose
Rehahilitation Hospital Specialized Rehabilitation Outpatient
Program Hand Class. Both ingtitutions arelocated in Edmonton,
Alberta, Canada.

Eligibility Criteria
Inclusion Criteria: Participants (Patients)

This study will include outpatient adults (=18 years) with
limitationsin their forearm, wrist, or hand function dueto distal
radial or ulnar fractures, stroke, or osteoarthritis (eg, patients
who have undergone awrist salvage procedure).

Inclusion Criteria: Participants (Therapists)

This study will include hand therapists from hand therapy
services who have used the FEPSIm device.

Exclusion Criteria: Participants (Patients)

Outpatients will not be included in our study if they (1) have
chronic regional pain syndrome as these participants’ baseline
measurementswoul d differ too much and they would experience
abnormal pain responses; (2) report subjective or patient
limitations that prevent them from participating (eg, excessive
pain and edema); (3) are unable to participate in the program
(outpatient hand clinic) twice a week (eg, transportation and
limited buy-in); (4) have limitationsin their reading and listening
comprehension of the English language that prevent them from
understanding the patient-rated wrist evaluation (PRWE)
guestionnaire; or (5) have limitationsin following instructions
due to a severe cognitive impairment.

Interventions

The €eligible participants will be randomly assigned in a 1:1
ratio to either the experimental group or the control group.
Control Group

This group will receive the standard of care at each hospital,
which consists of immobilization for 7 to 8 weeks (for fractures)
after thetime of theinjury or surgery, followed by hand therapy
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sessions for 10 weeks to manage scar tissue, sensory
modifications, and edema as well as therapeutic activities to
increase strength, range of motion, and dexterity. These
therapeutic activities will be carried out using the equipment
and materials available at each hospital, including weights and
elastic or gripping equipment and materials. The sessions’ length
and frequency will depend on the patients’ needs and diagnoses.
The length of each session will be between 30 minutes and 45
minutes, and they will be carried out once or twice per week.

Experimental (I ntervention) Group

Thisgroup will receive the same standard of care asthe control
group at each hospital, which consists of immobilization for 7
to 8 weeks after the time of the injury or surgery, followed by
hand therapy sessions for 10 weeks to manage scar tissue,
sensory aterations, and edema. The experimental group will
use the FEPSIim device for therapeutic activities to increase
strength, range of motion, and dexterity. For this group, the
sessions' length and frequency will depend on the patients
needs and diagnoses. Thelength of each session will be between
30 minutes and 45 minutes, and they will be carried out once
or twice per week.

Outcome Variables

Primary Objective and Secondary Objectives 1 to 4:
Primary Outcome Variables

The retention rates and intervention compliance will be
calculated for the primary objective. The retention rateswill be
calculated according to the participants’ discontinuation of the
interventions and their absence at the posttest at week 10.
Intervention compliance means all of the hand rehabilitation
sessions are completed by each group [21]. Thisstudy’sprimary
outcome variables for secondary objectives 1 to 4 are related
to range of motion and strength: (1) AROM and PROM of wrist
flexion and extension and forearm pronation and supination,
(2) grip strength, and (3) pinch strength.

Primary Objective and Secondary Objectives 1 to 4:
Secondary Outcome Variables

The secondary outcome variables are the patients’ perceived
wrist pain and disability in activities of daily living.

Primary Objective and Secondary Objectives 1 to 4:
Confounding Variables

The confounding effects of the participants age, gender, and
medical condition (distal radial or ulnar fractures, stroke, or
osteoarthritis); whether the participants are taking any pain
medication; what activities the participants perform at home or
work; and the therapist providing the intervention will be
determined.

Secondary Objective 5: Estimating the Costs and
Resource Use

This study aims to ascertain which factors result in differences
in costs or outcomes when comparing the standard of care with
the FEPSIm device. The estimated costs of the interventions
will be from an institutional perspective, that is, the Glenrose
Rehahilitation and Royal AlexandraHospitals. To estimate the
resource use and costs, we will use a single study—based
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economic evaluation approach (patient-level data). The costs
will include resources related to the following categories [19]:
cost of the time spent by the human resources (hand therapists
and support personnel, if applicable) involved in each of the
interventions; this time will be converted to cost based on the
average saary for each level of staff. It will also include the
time human resources spend on the training sessions, learning
to use the FEPSIm device (ie, training sessions), and seeking
technical support (in the intervention group).

Secondary Objective 6

We will determine the usability and technology acceptance of
the FEPSim device based on the Unified Theory of Acceptance
and Use of Technology constructs, that is, performance

Miguel-Cruz Sr et d

expectancy (FEPSim was useful); effort expectancy (learning
to use FEPSim was easy); facilitating condition (using FEPSIm
was well suited to my needs); social influence (people who are
important to me think that | should use FEPSim); behavioral
intention to use FEPSIim (I plan to use FEPSIim in the near
future); and actual use of FEPSIim, if applicable [22].

Participant Timeline

Thisfeasihility trial consists of a 10-week intervention treatment
phase; this study does not have a follow-up phase. The total
trial data collection period will be 9 months. As shown in
Figures 1 and 2 and in Table 1, measurements will be taken at
4 points in time for each group: at baseline (week 0); during
weeks 2, 4, and 8; and after the intervention (week 10).

Figure 1. Flow of participants. AROM: active range of motion; PROM: passive range of motion; PRWE: patient-rated wrist evaluation questionnaire;
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Screening of elegibillity based on inclusion and exclusion criteria

" Excluded (n=7)

1 1. <18 years

| 2. No medical conditions of
+ interest

1 3. No time {commitment)

Enroliment

Y

| 4. Excessive pain and edema |
1 5. Cognitive impairment

Declined (n=?)

Sign consent

A

Y

A

:mu consent form (n=7)

Complete the demographic forms and
baseline PRWE questionnaire and AROM, PROM, Grip strength, and
Pinch Grip test
(Week 0)

¥

Randomization (n=94 spots)

£ TO=Week 0 ¢

Allocation to intervention:
FEPSim+standard of care
(n=7)

Allocation

Allocation to control groups:
standard of care
(n=7)

¥

v

Week 4

Lost to follow-up (reasons; n=7)
Discontinued intervention (n=7)

Week 4

Lost to follow-up (reasons; n=7}
Discontinued intervention (n=7)

v

v

Week 8

FO”OW-UP Lost ta follow-up (reasons; n=2)

Discontinued intervention (n=7)

Week 8

Lost to follow-up (reasons; n=7)
Discontinued intervention (n=7)

!

!

Week 10

Lost to follow-up (reasons; n=?)
Discontinued intervention (n=7)

Week 10

Lost to follow-up {reasons; n=7)

Discontinued intervention (n=7)

|

|

Analyzed (n=7)
Excluded from the analysis (n=7)

Analysis

Analyzed (n=17)
Excluded from the analysis (n=7)

https://www.researchprotocol s.org/2021/5/€22145

XSL-FO

RenderX

JMIR Res Protoc 2021 | vol. 10 | iss. 5 [e22145 | p.214
(page number not for citation purposes)


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

JMIR RESEARCH PROTOCOLS

Miguel-Cruz Sr et d

Figure 2. Study design schema (primary objective and secondary objectives 1-4). AROM: active range of motion; PROM: passive range of motion;

PRWE: patient-rated wrist evaluation questionnaire.
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