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Abstract

Background: Postoperative pain, especially shoulder pain, is commonly reported after laparoscopic gynecologic procedures.
Some studies suggest that alower insufflation pressure may reduce the risk of postoperative pain; however, thereisno agreement
on the optimal pneumoperitoneum pressure during gynecologic laparoscopic surgery or whether lower pressure would lead to
clinically significant improvementswithout increasing operative complications. Questionsremain regarding the clinical significance
of improvements, safety, and cost-effectiveness of deep neuromuscular blockade with |ow-pressure pneumoperitoneum.
Objective: The primary objective of this study was to assess the superiority of anesthesia with deep neuromuscular blockade
with pneumoperitoneum 8 mm Hg over moderate bl ockade with pneumoperitoneum 12 mm Hg in terms of overall pain 24 hours
after surgery in adult women undergoing pelvic surgery for hysterectomy or benign adnexal diseases. Effects on theintensity and
timing of postoperative pain in specific locations, surgeon satisfaction, respiratory and hemodynamic stability, operating times,
and direct and indirect costs will be assessed.

Methods: In this multicenter, randomized controlled trial with a superiority design, 300 patients will be randomly allocated in
theratio 1:1 to moderate neuromuscular blockade with atarget insufflation pressure of 12 mm Hg or deep neuromuscul ar blockade
with atarget insufflation pressure of 8 mm Hg, with stratification by type of surgery and clinical center. The patient, the statistician,
and the nurse who will assess the primary endpoint will be blinded to the allocation.

Results: Recruitment to thistrial is expected to open in June 2018 and is expected to close in June 2019.

Conclusions: This study is designed to confirm the reported benefits of postoperative pain and provide additional data needed
to address questions regarding the effects of this intervention on operating theater management and direct and indirect costs.
Strengths of this protocol include the large sample size distributed among diverse ingtitutions across the Italian territory and the
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collection and analysis of data on numerous secondary objectives. Limitations include the possible introduction of bias because
the surgeon and anesthesiol ogist are not blinded to the intervention.

Registered Report Identifier: RR1-10.2196/9277

(JMIR Res Protoc 2018;7(7):€131) doi:10.2196/resprot.9277

KEYWORDS
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Introduction

Postoperative pain, especially shoulder pain, is commonly
reported after laparoscopic gynecologic procedures [1]. Some
studies have suggested that using a lower insufflation pressure
may reduce the risk of postoperative pain [2]; however, there
is no agreement on the optimal pneumoperitoneum pressure
during gynecologic laparoscopic surgery or whether lower
pressure would lead to clinically significant improvements
without increasing operative complications. In a study of 100
laparoscopic cholecystectomy procedures randomly allocated
to low-pressure pneumoperitoneum (8 mm Hg) or normal
pressure (14 mm Hg), low pressure significantly decreased the
frequency and intensity of postoperative shoulder pain,
analgesics consumption, and length of hospital stay [2].

In gynecologic procedures, a study of 150 patients undergoing
gynecologic laparoscopy randomly allocated to abdominal
insufflation pressures of 8 mm Hg (n=54), 12 mm Hg (n=45),
or 15 mm Hg (n=51), the pain scores were found to be
significantly better with low insufflation pressure; however,
there was a trend toward longer operation times and increased
hemorrhage in this group [3]. A recent systematic review did
not confirm this reported increase in operating time or blood
loss with lower pressure; however, it did raise questions
regarding whether the benefit of the observed reduction in
postoperative pain could offset the decrease in the quality of
surgical conditions [4]. The authors reported an association
between lower pressure and increased risk of poorer surgical
field visibility (relative risk 10.31; 95% CI 1.29-82.38).

Thus, there appears to be a consensus that low insufflation
pressures can reduce postoperative pain [5-9], and this would
appear to suggest away to improve surgical conditions at lower
insufflation pressures. For this purpose, it has been suggested
that neuromuscular blockade (NMB) may help to maintain a
sufficient intra-abdominal workspace at lower insufflation
pressure [10]. NMB induces dose-dependent muscle relaxation
that allowsthe musclesto stretch to their maximum length [11].
This may improve the surgica working space during
laparoscopic procedures.

The advantages of deep NMB in laparoscopic surgery are not
well established. Severa studies have examined the effect of
deep NMB on the working surgical space and the relationship
between rel axation and insufflation pressurein nongynecol ogic
[12-14] and gynecologic procedures [15,16]. The use of deep
NMB compared with moderate NM B maintained during surgery
is associated with improved surgical conditions during
laparoscopic procedures (reviewed in [17]). NMB a soimproved
surgical conditions when suturing the abdominal fascia[18]. A

http://www.researchprotocols.org/2018/7/e131/

randomized controlled trial comparing deep NMB with 8 mm
Hg pneumoperitoneum with moderate NMB with 12 mm Hg
pneumoperitoneum in laparoscopic hysterectomy revealed a
reduction in postoperative shoulder pain, with no differences
in duration of surgery, length of hospital stay, or time to
recovery of daily activities [19]. Thus, questions remain
regarding the clinical significance of improvements, safety, and
cost-effectiveness of deep NMB  with low-pressure
pneumoperitoneum.

Economic efficiency should not be considered reductively, in
terms of mere cost savings, but in its most correct sense by
determining the best anesthetic conditions for the patient and
the surgeon and by identifying the best relationship between
efficacy, safety, and cost-effectiveness in the use of health
resources [20]. Optimal management of anesthesia, including
the type of NMB, can facilitate the conduction of surgery and
have positive effects on peri- and postoperative outcomes. New
NMB agents and their antagonists allow precise control of
awakening times for efficient operating room scheduling,
avoiding cost increases because of personnel overtime. For
example, rapid recovery may prevent some of the frequent and
numerous side effects associated with longer sedation and the
associated increases in hospital cost [21].

The availability of neuromuscular monitoring and agents to
reverse the effects of nondepolarizing muscle relaxants has
made the use of deep NMB safer and more practical. Reversal
agents work either by increasing acetylcholine levels through
competitiveinhibition of acetylcholinesterase (neostigmine) or
by encapsulating aminosteroid NMB agents (sugammadex)
[22]. Neostigmine is associated with a higher risk of
postoperativeresidual curarization, compared with sugammadex
[23,24]. Sugammadex rapidly forms an essentially irreversible
dose-dependent chelating complex with rocuronium and other
aminosteroid muscle relaxants [25]. This allows reversal of all
levels of NMB with complete recovery of muscle function
almost immediately after administration.

The purpose of thisstudy wasto investigate whether deep NMB
with reduced pressure pneumoperitoneum is superior to
moderate NMB with normal pressure pneumoperitoneum, in
terms of overall pain 24 hours after waking in patients
undergoing gynecologic laparoscopic procedures. In addition,
the effects on the intensity and timing of postoperative painin
specific locations, surgeon satisfaction, respiratory and
hemodynamic stability, operating times, and direct and indirect
costs will be assessed.
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Methods

Study Objectives

The primary objective of this study wasto assessthe superiority
of anesthesia with deep NMB with pneumoperitoneum 8 mm
Hg over moderate blockade with pneumoperitoneum 12 mm
Hg, in terms of overall pain 24 hours after waking in adult
women undergoing pelvic surgery for hysterectomy or benign
adnexal diseases.

Secondary objectives will be to assess differences between the
2 groupsin terms of :

- Patient relaxation quality during surgery

« Need for administration of additional NMB agents based
on intraoperative train-of-four (TOF)

«  Surgeon satisfaction (Likert scale: 1=impossibleto proceed,
2=insufficient, 3=sufficient, 4=good, and 5=excellent) on
each of the following:

» neck strain

»  back strain

»  visual acuity

- overdl satisfaction

« Hemodynamic stability during surgery, determined
clinically by monitoring systolic and diastolic blood
pressures, electrocardiogram and, in part, by capnography.

«  Respiratory stability during surgery, determined clinically
by monitoring ventilation parameters: O, saturation,
end-tidal CO,, and CO, insufflation pressure; tidal volume;
positive end-expiratory pressure; inspiratory-to-expiratory
ratio; fractional O, percentage; and blood gases.

« Direct and indirect costs

«  Duration of surgery (from first accessto umbilical closure,
in minutes)

« Time to awakening (from induction to awakening, in
minutes)

« Time from the end of the surgery to awakening (modified
Wilson sedation scale)

« Time to discharge from postanesthesia care unit (PACU;
from induction to discharge, in minutes)

« Timein operating theater stay from entry to discharge to
PACU or ward

«  Postoperative nausea and vomiting (PONV), at the same
time points as for pain, using a 0 to 10 numerical rating
scale (NRS)

« Time to discharge, evaluated with the Postanaesthetic
Discharge Scoring System [26]

Trial Design

This will be a multicenter, randomized controlled trial with a

superiority design. Patients will be randomly allocated in the

ratio 1:1 to one of two parallel groupswith stratification by type
of surgery and clinical center.

Eligibility Criteriafor Participants

Eligible women schedul ed for an elective laparoscopic or robotic
gynecologic procedure with an expected duration <90 min
performed under general anesthesia and requiring tracheal
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intubation (eg, cystectomy, hysterectomy, salpingo-oophorectomy)
will need to satisfy the following criteria:

Age 18-60 years
Body mass index between 20 and 30 kg/m?

«  American Society of Anesthesiologistsclass1 or 2

« Ableto provide informed consent to trial procedures (eg,
no speech or hearing impairment or language barriers)

Patients meeting any of the following criteriawill be excluded:

«  Pregnancy

- Surgery for endometriosis, diagnostic laparoscopy with
chromosal pingoscopy, myomectomy, or tube ligation

« Anticipated airway difficulty

«  Requirement for rapid sequence induction

- Anticipated intensive care unit admission or when
extubation is not planned

« Hepatic or renal failure

« Basdine heart rate <50 bpm

« Documented or suspected neuromuscular disorders,
Guillain-Barré syndrome, cerebrovascular accidents with
residual neurologic deficits, Parkinson disease, and
myasthenia gravis

- Patientsreceiving fusidic acid or toremifene 24 hoursbefore
surgery and hormonal contraceptives

- Pdients receiving drugs for or affected by medical
conditions that may prolong or shorten the duration of
rocuronium effect (eg, aminoglycosides, magnesium)

- Patients with a history of alergy to rocuronium,
neostigmine, or sugammadex

- Any condition making the administration of patient
satisfaction questionnaire difficult or impossible.

Setting and Data Collection L ocations

Participating centers will be selected among those where
laparoscopic and/or robotic gynecologic surgery is standard of
care, performing at least 100 laparoscopic hysterectomies per
year (or 200 laparoscopic procedures per year), with sampling
distributed geographically across Italy. Both university and
general hospitals can participate. At each center, asingle surgeon
(and team) and a single anesthesiologist (and team) will be
involved.

I nter vention/Treatment

Preparation for Surgery and I nduction of Anesthesia

All patients will undergo intestinal preparation on the day
preceding surgery and antibiotic prophylaxis (according to local
hospital guidelines) 30 min before skin incision.

Premedication, for example, with midazolam 0.04 mg/kg,
desametasone 0.1 mg/kg, and H2 antagonistswill be performed
before anesthesia induction in reception (actual drugs will be
selected by the anesthesiol ogist).

Intraoperative monitoring will include electrocardiography,
noninvasive arterial pressure measurements, nasogastric tube
placement, and pulse oximetry. In addition, acceleromyography
(using a dedicated instrument) will be used to monitor the
response of the adductor pollicis muscle. Neuromuscular
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monitoring and management will follow Good Clinical Research
Practice guidelines.

Anesthesia will be induced with propofol 2-2.5 mg/kg,
remifentanil 0.1 pg/kg/min, and desflurane 4% as standard
dosages, using target-controlled infusers.

Before rocuronium administration, the acceleromyography
instrument will be calibrated and stabilized; a 50-Hz tetanic
stimulation will be applied for 5 s, the acceleromyography
instrument will be calibrated, and a series of TOF measurements
will bedocumented for >2 min until astable baselineis obtained
(<5% variation in the TOF ratios).

Trendelenburg position will be maintained as required for
surgery.

Analgesic transition will be achieved with fentanest 100 gamma
at induction. Starting 20 min before the end of surgery,
postoperative analgesia will be ketorolac 90 mg/24 hours in
continuous infusion.

Group A (Intervention): Deep Neuromuscular Blockade

Patients in group A will undergo anesthesia with deep NMB
attained during surgery using rocuronium 0.6 mg/kg, followed
by orotracheal intubation within 60 sto 120 safter confirmation
of relaxation and intra-abbdominal CO, insufflation to apressure

of 8 mm Hg.

Anesthesia will be maintained with target-controlled infusion
of propofol and remifentanil while monitoring the bispectral
index (A-2000 BIS monitor; Aspect Medical Systems, Inc,
Natick, MA, USA). After induction, rocuronium will be
continuously infused and titrated to maintain the posttetanic
count (PTC) at 1 to 2 throughout surgery. NM B will bereversed
at the end of surgery with sugammadex 4 mg/kg at PTC of 1 or
2.

Table 1. Comparison of intervention and control groups.

De Robertiset d

Group B (Contral): Moderate Neuromuscular Blockade

Patientsin group B will undergo anesthesiawith moderate NM B
with rocuronium bromide 0.6 mg/kg, followed by orotracheal
intubation within 60 sto 120 s after confirmation of relaxation
and intra-abdomina CO, insufflation pressure of 12 mm Hg.

Anesthesia will be maintained with target-controlled infusion
of propofol and remifentanil while monitoring the bispectral
index (A-2000 BIS monitor; Aspect Medical Systems Inc).
After induction, rocuronium will be continuously infused and
titrated to maintain TOF response at 1-2 throughout surgery.
NMB will be reversed at the end of surgery with sugammadex
2 mg/kg.

I nsufflation Pressure

Thetarget insufflation pressure will be different in the 2 groups.
However, the intraperitoneal pressure will be adjusted to the
lowest pressure necessary to maintain the surgical field. The
lowest stable (ie, preserving a viable surgica field)
intraperitoneal pressure reached during surgery will be recorded.

Rever sal and Predischarge Procedures (Including
Postoper ative Nausea and Vomiting Prophylaxis)

Patients in group A will have NMB reversed with intravenous
sugammadex at 4 mg/kg at PTC of 1 or 2 and those in group B
with sugammadex 2 mg/kg at a TOF count of 1 or 2. Thetime
from administration of the reversal agentsto a TOF ratio of 0.9
will be recorded (time to reversal).

Analgesic transition will be continued (as described previoudly).
PONV prophylaxis will be achieved with coinfusion of 8 mg
intravenous ondansetron+100 mg intravenous ranitidine, and
the patient will be awakened in the operating theater.

Table 1 provides acomparison between intervention and control
groups.

Intervention

Group A (intervention): deep neuromuscular blockade

Group B (control): moderate neuromuscular blockade

Type of NMB? Deep
Rocuronium bromure 0.6 mg/kg

Within 60-120 s

Drug
Orotracheal intubation
Intra-abdominal insufflations 8 mm Hg

NMB maintenance

at 1-2 throughout surgery

NMB reversa Sugammadex 4 mg/kg at PTC of 1 or 2

Target-controlled infusion of propofol and remifentanil
while monitoring the bispectral index; rocuronium will

be continuously infused and titrated to maintain the pTCP

Moderate

Rocuronium bromure 0.6 mg/kg at induction
Within 60-120 s

12 mm Hg

Target-controlled infusion of propofol and remifentanil
while monitoring the bispectral index; rocuronium will

be continuously infused and titrated to maintain TOF®
response at 1-2 throughout surgery

Sugammadex 2 mg/kg

3NIMB: neuromuscular blockade.
bprC: posttetanic count.
°TOF: train-of-four.
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Outcome Definition/variable Measurement

Pain Rescue dose needed, yes/no Determined clinically

Pain Rescue doses in the first 24 and 48 hours, n Determined clinically

Pain AUC?of NRSP at specific sites: intrascapular, incisional, NRSat predefined time pointsplusat rescue dose request
lower abdomen

Pain Maximum pain, Timeto maximum pain, Timetopain<4 NRSat predefined time points plusat rescue dose request

Patient movement Any patient movement

Patient movement requiring re-
curarization during surgery

Any patient movement

Surgeon satisfaction Likert scale 1-5; neck strain, back strain, visual acuity,

overall satisfaction

Hemodynamic stability during Yes/no
surgery
Respiratory stability during Yes/no

surgery

Duration of surgery from first  Measured in minutes
accessto umbilical incision

closure

Time from administration of Measured in minutes

NMBY antagonist to awakening

PONV® AUC of NRS 0-10 in thefirst 24 hours

Timefrom surgery todischarge Measured in days

Postoperative eval uation Composite endpoint

Direct costs Number, description, and type of drug; type of interven-
tion (International Classification of Diseases, Ninth Revi-
sion, ICD9 code); year; operating theater time; NMB re-
versal time (end of surgery to extubation); type and

number of personnel present; anesthesia; presence/absence

of postoperative residual curarization (PORC); prophylac-
tic therapy for PORC; rescue therapy for PORC; pacuf
stay, yes/no; PACU stay duration, minutes, PACU stay
>60 min, yes/no; intensive care unit admission, yes/no;
withimmediate extubation?, with early extubation?, with
delayed extubation?

Indirect costs Absence from work; lost productivity; QoL¢

Reported by the surgeon or anesthesiol ogist
Reported by the surgeon or anesthesiologist

Questionnaire: every 15 min from first |aparoscopic view
until removal of laparoscopes at the end of surgery or up
to 8 hours from the first score.

Determined clinically: systolic and diastolic blood pres-
sures, total diuresis, need for catecholamines, etc

Determined clinically by monitoring PaOs,, PaCO,, etc

N/A®

N/A

N/A

Postanesthesia Discharge Scoring: =2 assessments > 8.5
hours apart

Telephone questionnaire [26]

These datawill be registered on a dedicated monitoring
form for each patient.

EuroQoL -5 dimensions questionnaire (possibly other ap-
propriate instruments)

8AUC: area under the curve.

BNRS: numerical rating scale.

°N/A: not applicable.

dNMB: neuromuscular blockade.

®PONV: postoperative nausea and vomiting.
fPacu: postanesthesia care unit.

9QoL : quality of life.

Outcome M easurements

Primary Outcome

The primary outcome will be the area under the curve (AUC)
of overall pain in the first 24 hours after surgery, assessed on
an NRS of 0 to 10 administered by a nurse blinded to study
group alocation.

http://www.researchprotocols.org/2018/7/e131/
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AUC for overal pain will be calculated on the NRS
measurements at predetermined time points (30 min, 60 min,
120 min, 4 hours, 8 hours, 12 hours, and 24 hours) plus any
time when rescue analgesic is requested.

Secondary Outcomes
Secondary outcomes are summarized in Table 2.
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Procedures lasting >90 min from first access to umbilical
incision closurewill be excluded from the analysis. The surgeon
will rate surgical conditions every 10 min during the procedure
and again at the end, using a 5-point scale (1=excellent, 2=good,
3=acceptable, 4=poor, and 5=inadequate).

Inthe economic analysis, direct costswill be based on operating
and patient recovery timesin the context of each hospital center,
including time in the operating room and PACU and costs for
the professionals monitoring the patient before extubation and
resumption of spontaneous respiration. Indirect costs will be
captured with the EuroQOL-5 dimensions quality of life
guestionnaire, lost productivity, and absence from work.

Sample Size Calculation

A sample size determination was conducted for the main
outcome variable. Hypothesizing an AUC for overal pain in
the first 24 hours of 144 patients in group B and 120 patients
ingroup A, acommon SD of 60, 140 patients per group will be
necessary to achieve 92% power with an alphaerror of 5% with
a2-sided t test for independent samples.

On the basis of preliminary results of a pilot study conducted
at the Catania center, we expect to lose no more than 5% of
patients because of surgery durations >90 min; thus, we plan
toenroll 300 patientsto beallocatedintheratio 1:1in 2 groups.

Interim Analysis
No interim analysisis planned.

Randomization: Sequence Generation, Allocation
Concealment M echanism, and I mplementation

Sequence Generation

Allocation sequence to groups A and B will be abtained using
the“ralloc” modulein Stata 14 (StataCorp LLC, College Station,
Texas), with blocks of variable size (4-6-8), and stratified by
participating center and type of surgery (hysterectomy). The
algorithm for sequence generation will be maintained by the
study statistician and will not be communicated to any additional
study staff.

Allocation Concealment Mechanism

The study statistician will prepare the appropriate number of
numbered, opaque, sealed envel opesfor each center. Thesewill
be maintained at each center by an appropriately trained research
nurse. At the time of anesthesia induction, the surgical nurse
will open the relevant envelope, and the anesthesiologist will
proceed to the allocated treatment.

Data Collection and M anagement

Study data on the primary and secondary outcomes will be
collected from clinical charts and by dedicated data personnel
using Research Electronic Data Capture el ectronic data capture
tools [27]. The electronic database will be built by
bioinformatics experts and will include built-in quality checks
for key variables.

http://www.researchprotocols.org/2018/7/e131/
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Statistical Analysis

Statistical Methods for Analyzing Primary and
Secondary Outcomes

The primary endpoint (AUC for pain) will be compared by
Student t test. P value <.05 will be considered significant.
Descriptive statisticswill be obtained for all variables assessed
inthe study population. Mean and SD will be used for normally
distributed variables, and mean and interquartile range will be
used for skewed distributions and proportions for categorical
variables. Whenever relevant, 95% Clswill be calculated.

For group comparisons, Student t test (rank-sum test or
Mann-Whitney test for skewed distributions) will be used for
guantitative variables (analysis of variance or Kruskal-Wallis
for >2 groups, respectively) and Pearson chi-square test (Fisher
exact test where appropriate) for categorical variables.
Two-tailed tests will be used in all cases. P value <.05 will be
considered significant.

Generalized mixed models will be used to assess differences
between groupsin endpoints measured at several time points.

A detailed statistical analysis plan will be developed after the
first 40 patients have been enrolled.

Methods for Any Additional Analyses

The main analysis will be on the whole study population.
Additional analyses will be stratified by type of intervention.
Also, analyses will consider uterus volume as a proxy for
complexity of surgery.

Blinding
Anesthesiologist and surgeon will be aware of the treatment

assignment. The patient, the nurse who will assess the primary
outcome (NRS on day 1), and the statistician will be blinded.

Ethical | ssues

This protocol, patient information sheet, and patient consent
form have been reviewed and approved by the local ethics
committee of Udine. All participating centers will obtain
approval from their local ethics committee before starting
enrollment. Italian law requires that approval is obtained first
from the ethical committee of the coordinating center before
obtaining approval from the other participating centers. Any
protocol modifications will be submitted for review by each
ethical committee. The study has been registered at Udine
Ethical Committee (registration number:
23445/Ceur—4/9/2017). Written informed consent will be
obtained directly from each patient by the participating
anesthesiologist at the presurgery visit. Italian law does not
allow consent from health care surrogates.

Results

Recruitment to this trial is expected to open in June 2018 and
is expected to close in June 2019.
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Discussion

Laparoscopic surgery provides benefits that include less
bleeding, faster recovery, and shorter hospital stays. However,
itisperformed in arestricted space that may limit the surgeon’s
view and range of motion. Higher CO, insufflation pressure
provides more insufflation volume [28] and improves surgical
field visibility [29] but is associated with increased postoperative
side effects [1]. During laparoscopic procedures, maintaining
deep NMB, compared with moderate NMB, is associated with
improved surgical conditions, as reviewed in Madsen and
colleagues study [17]. NMB asoimproved surgical conditions
when suturing the abdominal fascia [18]. However, the
advantages of deep NMB in laparoscopic surgery are not well
established, and questions remain regarding the clinical
significance of theimprovements, safety, and cost-effectiveness.

This study may confirm the reported benefits for postoperative
pain and provide the additional dataneeded to address questions

De Robertiset d

regarding the effects of this intervention on operating theater
management and direct and indirect costs.

Strengths of this protocol include the large sample size and the
participants being distributed among diverse institutions across
the Italian territory, which will increase the generalizability of
the results. The study will provide a comprehensive picture of
the effect of and the collection and analysis of data on numerous
secondary objectives, including an analysis of direct and indirect
costs, to determine the overall effect of the intervention.
Limitations include the possible introduction of bias because
the surgeon and anesthesiologist will not be blinded to the
intervention. However, potential bias will be reduced through
blinding of the nurse who will assess the primary outcome (ie,
the AUC of overall pain during the first 24 hours after surgery
measured on an NRS of 0-10). Moreover, the randomization
seguence will be generated centrally and allocation concealed
in opaque, sealed envelopes until the time of anesthesia
induction.
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Abstract

Background: Few HIV interventions have demonstrated efficacy in reducing HIV risk among adolescent men who have sex
with men (AMSM), and fewer still have recognized the unique needs of AMSM based on race/ethnicity or geographical setting.
Recognizing that youths HIV vulnerability isintricately tied to their development and social context, delivering life skillstraining
during adolescence might delay the onset or reduce the consequences of risk factors for HIV acquisition and equip AMSM with
the skills to navigate HIV prevention. This protocol describes the development and testing of iREACH, an online multilevel life
skillsintervention for AMSM.

Objective: This randomized controlled trial (RCT) aims to test the efficacy of an online-delivered life skills intervention,
iREACH, on cognitive and behavioral HIV-related outcomes for AMSM.

Methods: iREACH is a prospective RCT of approximately 600 cisgender adolescent males aged 13 to 18 years who report
same-sex attractions. The intervention will be tested with a racial/ethnically diverse sample (=50% racial/ethnic minority) of
AMSM living in four regions in the United States: (1) Chicago to Detroit, (2) Washington, DC to Atlanta, (3) San Francisco to
San Diego, and (4) Memphisto New Orleans.

Results: Thisproject is currently recruiting participants. Recruitment began in March 2018.

Conclusions: iIREACH represents a significant innovation in the development and testing of a tailored life skills-focused
intervention for AMSM, and has the potential to fill asignificant gap in HIV prevention intervention programming and research
for AMSM.
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Introduction

Background

Between 2000 and 2010, the annua number of new HIV
diagnoses among young men who have sex with men (Y MSM;
age 13-24 years) in the United States more than doubled [1]. In
2016, youth aged 13 to 24 years made up 21% of all new HIV
diagnoses in the United States. Most (81%) of those new
diagnoses occurred among young gay and bisexual men. Young
black/African American and Hispanic/Latino gay and bisexual
men were especialy affected [1]. The HIV epidemic among
YMSM is characterized by strong racial and ethnic disparities
in HIV incidence. Data from the National HIV Behavioral
Survey showed 26% of African American youth surveyed (aged
18-24 years) tested HIV positive compared to only 3% of white
youth aged 18 to 24 years [2]. Although initialy attributed to
greater engagement in risk behaviors among racial/ethnic
minorities, recent analyses [3-7] illustrate that racial/ethnic
disparities in HIV are likely driven by social determinants of
health, including access to health insurance and social network
properties, and by more limited coverage of effective HIV
treatment for those living with HIV. These findings underscore
the importance of understanding and addressing the structural
factors driving the HIV disparities faced by marginalized
YMSM in the United States.

Few HIV interventions have demonstrated efficacy for reducing
HIV risk among adolescent men who have sex with men
(AMSM). We employ the term AMSM to refer to cisgender
males aged 13 to 18 yearswho may express same-sex attractions
and/or engage in same-sex behaviors, yet may or may not
identify as gay, bisexual, queer, and/or gquestioning. AMSM
also represent ayounger agerangethan YMSM, which typically
includes ages up to 24 years. Mustanski [8] notes that relative
to HIV prevention research with adult populations, AMSM have
received less research attention, with a paucity of longitudinal
studies with follow-up periods of greater than 12 months or the
testing of interventionsthat recogni ze the unique devel opmental
context of AMSM. Recognizing that AMSM’sHIV vulnerability
isintricately tied to their devel opmental stage and social context
[9,10], research has posited that delivering life skills training
during adolescence may delay the onset of or reduce the
consequences of risk. The World Health Organization describes
life skills as “the ability for adaptive and positive behavior that
enables individuals to dea effectively with the demands and
challenges of everyday life” For AMSM, life skills training
may include a set of resources tailored to their individual and
social contexts, allowing them to learn about and manage their
HIV risk. A review [11] concluded that behavioral interventions
that teach life skills are highly effective for HIV risk reduction
among adult men who have sex with men (MSM); however,
thereislimited evidence examining whether life skillstraining
for AMSM is an efficacious HIV prevention strategy.
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Lifeskillstraining programs may be suited to el ectronic delivery
given the proven appeal of e-interventions among youth, the
suitability for delivering tailored content specific to each user’s
HIV risk behaviors and context, and the opportunity to reach
AMSM residing in diverse geographic locations [3,4].
Furthermore, given that MSM often rely on online technol ogies
to build their social and sexual networks, receive social support,
and obtain relevant health information [12-14], an e-delivered
platform may reach AMSM who might otherwise not be able
to accessLGBTQ+—friendly (LGBTQ+: leshian, gay, bisexual,
transgender, queer, and additional identities) resources and
services (eg, rural AMSM). In this protocol paper, we describe
our plans to test the efficacy of IREACH, alife skills training
Web-based app designed for racially and ethnically diverse
AMSM living in four diverse regions of the United States that
include rural and urban settings.

Objectives

The primary objective of thisrandomized controlled trial (RCT)
is to test the efficacy of an e-delivered life skills intervention,
iREACH, on cognitive and behavioral HIV-related outcomes
for AMSM. We will recruit a large and diverse sample of
AMSM (N=600; <50% non-Hispanic white) living in four
regions disproportionately burdened by HIV prevalence across
the United States. We have two secondary aimsfor this project:
(2) to examine the differential efficacy of iIREACH in shaping
the psychosocia mediators (eg, personal competency) associated
with our outcomes based on engagement with the intervention,
and (2) to explore how socioecological determinants at the
individual (eg, racelethnicity, urbanity) and regional (eg,
socioeconomic disadvantage, HIV prevalence) level are
associated with intervention efficacy.

Methods

Trial Design

We will conduct a prospective RCT of 600 online-recruited
cisgender AMSM (age 13-18 years) followed for 12 months
with study assessments at each 3-month interval. A
racialy/ethnically diverse sample (at least 50% racial/ethnic
minority) of AMSM living in four regionsin the United States:
(2) Chicago, IL to Detroit, Ml; (2) Washington, DC to Atlanta,
GA; (3) San Francisco, CA to San Diego, CA; and (4) Memphis,
TN to New Orleans, LA. Regionswere identified by inspection
of HIV prevalence rate maps on AIDSVu.org. Eligible counties
arethosethat include the major interstate highway that connects
the two anchor cities (ie, 1-94 for Chicago to Detroit; 1-95 for
Washington, DC to Atlanta; -5 for San Francisco to San Diego;
and 1-55 from Memphisto New Orleans). Each region includes
urban, suburban, and rural counties, as classified by the 2006
National Center for Health Statistics urban-rural classification
scheme for counties [15].
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Eligibility Criteria

Eligible individuals must (1) have been assigned a male sex at
birth and identify as male at the time of enrollment into the
study (cisgender male), (2) be between the ages of 13 and 18
years(inclusive), (3) speak and read English, (4) report same-sex
attractions and/or behaviors, (5) have accessto the Internet, (6)
live in one of the zip codes at least partially contained in the
109 counties included in the four regions selected for thistrial,
and (7) self-report as HIV-negative at time of enrollment.

Recruitment, Screening, Consent, and Enrollment

Potential participants will click on targeted banner
advertisements (Figure 1) based on our eligibility criteria (eg,
sex, age, region) placed on commonly used social media sites
(ie, Facebook), which will direct them to ahome page containing
basic study information. Wewill also recruit through community
events (eg, LGBTQ+ pride events). Interested individuals will
consent to complete an online screener. As part of the screener,
we will verify that the participant lives in one of the counties
selected for this trial based on their reported zip code.
Individuals who do not meet the eligibility criteria will see a
screen that thanks them for their interest and provides HIV
testing and counseling information and resources. We will not
indicate why they were ineligible to avoid unintentional
disclosure of their study involvement and to protect against
fraud. Eligible individuals will be taken to the study consent
form (awaiver of parental consent has been obtained for minor
participants). AMSM who do not consent will be taken to a
screen thanking them for their interest. AMSM who consent
will submit a cell phone number and their cell phone carrier as
part of the registration process, an email and/or short message
service (SMS) text message containing a code will be
immediately sent to verify the user. This process has been found
to be acceptable among adolescents [16] and MSM [17,18] in
previous studies. After verification, participants will be asked
to provide their contact information, including an email address,
a cell phone number, social media handles, and a mailing
address, and will be asked to provide a nickname or name of
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choice to be referred to throughout the study. Participants will
then be directed to the baseline survey, which is estimated to
take approximately 30 minutes to complete.

Completed baseline survey data and participant information
will be manually reviewed and checked for duplications or
possible fraud by study staff members. Responses from the
screening survey will be checked against responses in the
baseline survey (eg, age) to ensure consistency, and IP
addresses, email addresses, and phone numberswill bereviewed
to check for multiple registrations. Proxy |P addresses will be
flagged for further scrutiny, and reviews of the baseline survey
datawill be conducted to check for suspicious response patterns
and realistic completion times. Within 48 hours, participants
will receivetheir log-in credentials, their incentive payment for
completion of the baseline survey, and will beassignedinal:1
ratio for the intervention or attention control condition using
stratified randomization [19] by race and region. Screener and
baseline datawill be used by iREACH to inform personalized,
tailored content for AMSM assigned to the intervention
condition.

Intervention Content: iREACH

iIREACH (Figure 2) is a tailored Web app intervention for
AMSM aged 13to 18 years. Theintervention component of the
app aims to facilitate participants lowering their vulnerability
toHIV infection by (1) providing life skills educational modules
tailored to their unique needs and characteristics, (2) setting
goals and encouraging participants to use relevant services
available locally to help achieve them, and (3) accessing
LGBTQ+—welcoming resources across the life skills areas.
Individualsin the experimental arm will have accesstoiREACH
over the 12 months of the study. Within the Web app, they will
learn life skills content through activity-based learning across
14 key life areas, set goasin those areas and monitor progress
toward these goals, work on these goals using the peer mentor
video chat feature, and locate nearby LGBTQ+-welcoming
community resources to achieve these goals. We describe
iREACH’s main components subsequently.

Figure 1. Examples of advertisements used to recruit racial/ethnically diverse adolescent men who have sex with men.
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Figure 2. Screenimage of iREACH intervention app.
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Thelife skillseducational content iniREACH covers 14 topics.
As shown in Figure 3, content is written at the eighth grade
literacy level and presented in an interactive format, which
includes infographics, GIF (Graphics Interchange Format)
images, interactive activities, and accordion (drop-down)
headersto improve the ease of navigation and level of cognitive
effort. Tailored (ie, personalized) content is derived from
AMSM'’s baseline sociodemographic characteristics (eg, age,
region) and answers to follow-up surveys inform new
personalized content. For example, although wewill only enroll
participants who identify as male at baseline, iREACH is
responsive to the gender development of AMSM during the
study: if a participant identifies as transgender or gender
nonconforming during the intervention, they can edit their
profile name and preferred pronouns. Similarly, if a participant
reports being newly diagnosed with HIV during the study,
iREACH is designed to provide HIV-specific content (eg, how
to keep up with their treatment plan, how Ryan White funds
can assist with medication, transportation, and socia support).

Goal Setting

Participants will be able to set, monitor, and track their goals
through the“My Goals’ component of the Web app. The variety
of possible goalsis based on AMSM’s wide range of potential
needs and experiences across the four regions. As shown in
Figure 4, participants select the primary goal (eg, autonomy,
competence, relatedness, and self-actualization) they wish to
work on, followed by the relevant life skills domain (eg, work,
relationships, and sex). Participants can then select from alist
of prepopulated common goals or can create their own goal,
and determine whether it is a short-term (now), medium-term
(soon), or long-term (later) goal. Using a progress navigation
bar, participants can track their progress on their goals (Figure
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5), delete goals that are no longer relevant, and review goals
marked as completed. Participants may also review and receive
feedback on their goalsthrough peer mentor sessions (described
subsequently).

Local Resources

Participants who click on the “Locator” button will access a
prepopulated list of national (eg, crisis hotlines) and local
resources (eg, gay-straight alliances, HIV testing locations). We
identified 1833 eligible resources across our four study regions,
each resource was verified through mailers and phone calls
using protocols adapted from HIV testing [20] and pre-exposure
prophylaxis (PrEP) [21] locators. A random subsample (20%)
of resources will be selected for review every 6 months and
updated as necessary.

The Locator section filtersresourcesfor the participants regions
automatically and clustersthe resourceslinked to each life skill
area. Participants can further refine the resources based on their
county, zip code, and/or current distance to the resource (as
computed by their browser’s geolocation if activated). If alocal
resource does not exist in their area or if a participants moves
out of the designed regions during the study, the Locator will
provide national hotlines and websites. We detail the proportion
of services identified, verified and included in our Locator in
Table 1.

Peer Mentors

Building on the Web app'’s life skills content and goal-setting
structure, iREACH acknowledges that AMSM's achievement
of these goals can be enhanced by role playing and coaching.
LGBTQ+ supportive peersmay belimited in some communities;
therefore, IREACH provides participants with accessto trained
peer mentors who can help AMSM personalize the life skills
lessons, set new goals and/or support those already identified,
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and provide peer-to-peer social support. Participants can
schedule and attend these peer mentor appointments
(approximately 30 minutes, on average) through the* Sessions”
button.

These sessions are housed within the VSee video chat
telemedicine platform, accessible from their Web app. AMSM
concerned about privacy may use V Seein four ways: (1) video
in which both they and the peer mentor can be seen, (2) video
in which only the peer mentor can be seen, (3) audio only, or
(4) atext-only chat interface. Peer mentors (Y MSM aged 18-29

Bauermeister et d

years) will betrained to use motivational interviewing principles
in their exchanges with AMSM, and supervised by study team
members experienced in motivational interviewing and
counseling (eg, psychologist, professional counselor). Peer
mentors will use a social problem-solving approach to help
participants set goals that are achievable and moderately
challenging and to identify potential solutions to problems.
Participants will be able to schedule a maximum of three
sessions per week. Thisservicewill be available throughout the
full year of their assignment to the intervention.

Figure 3. Screen images of iREACH intervention app illustrating age-appropriate literacy and interactive format. SO: significant other.
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Figure 4. Screenimages of iREACH intervention app illustrating goal-setting activities.
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Figure5. Screenimage of iREACH intervention app illustrating goal progress tracking.
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Table 1. Number of local resources identified and included in the iREACH locator by region®.

Region HIV Mental health LGBTQ+b Food Sheltersand  Intimate partner Total resourcesin
services, and substance resources, pantry, housing, violence resource, region (N=1933),
n (%) use, n (%) n (%) n (%) n (%) n (%) n (%)

Chicago, IL to Detroit, Ml 376 (47.1) 472 (59.1) 152(19.0) 31(39) 91(11.4) 103 (12.9) 798 (43.5)

Washington DC to Atlanta, GA 233(43.7) 317 (59.5) 123(23.1) 16(30) 31(5.8) 37(6.9) 533(29.1)

San Francisco, CA to San Diego, CA 154 (47.0) 239 (72.9) 81 (24.7) 11(34) 28(85) 32(9.8) 328 (17.9)

Memphis, TN to New Orleans, LA~ 86(50.6) 82 (48.2) 7(4.2) 6(35  8(4.7) 9(5.3) 170 (9.3)

National hotlines 0(0.0) 3(75.1) 3(75.4) 2(504) 1(25.2) 2(50.3) 4(.22)

8Resources often offer multiple types of services; percentages reflect the proportion of local resources offering a specific type of resource. Regions
comprise al counties touching the major interstate corridor connecting the two anchor cities.

bLGBTQ+: lesbian, gay, bisexual, transgender, queer, and additional identities.

Additional Engagement

To promote on-going user engagement, intervention participants
will also gain badges (Figure 6) to reinforce continued
participation on the site [22,23]. Badges are unlocked as
participants complete tasks on the Web app (eg, setting goals,
reading content, scheduling peer mentor sessions), and
continuously engage in the site (eg, returning to the Web app,
using it on weekdays and/or weekends, logging on the site on
different hours of the day). Participants also can access a
message board where they can start and discusstopicswith each
other. Peer mentors will monitor these boards and facilitate
discussions as needed.
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Information-Only Attention Control Arm

Those AMSM assigned to the attention control arm (N=300)
will only receive access to the “Locator” component of the
intervention (Figure 7). Although the provision of a service
locator is a form of an intervention, albeit weak, and it may
decrease our ability to detect intervention effect, we felt that
withholding referrals to services would be unethical given
AMSM’s vulnerability to HIV and sexually transmitted
infections (STIs). At the end of the RCT, participants in the
attention control condition will be given full access to the
iREACH intervention for 3 months.
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Figure 6. Screenimage of iREACH intervention app illustrating badge earning.
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Figure 7. Screenimages of information-only attention control condition illustrating service locator information.
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Outcomes

Because our participants will be ages 13 to 18 years and many
might not have begun sexual activity or used HIV prevention
services, we set our primary outcomes as cognitive factorslinked
to the ability to use HIV prevention and behaviora intentions
touse HIV prevention. Our secondary outcomes are behavioral
factors. Cognitive factors can be measured for al AMSM,
regardless of whether they have initiated sexual activity with
partners, and are broadly grouped into (1) knowledge, (2)

http://www.researchprotocols.org/2018/7/e10174/
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attitudes, (3) norms, (4) sef-efficacy, and (5) perceived
behavioral capacity. Behaviora intention outcomes include
self-reported intentions to adopt HIV risk reduction strategies
and HIV prevention services. We aso include secondary
outcomes that apply to the subset of AMSM who are sexualy
active, and include self-reported HIV risk-taking behavior (both
sexual and drug/alcohol use) and the use of HIV prevention
services (eg, testing) and prevention activities (eg, abstinence,
condoms, PrEP). We detail study measuresin Table 2.
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Table 2. Measures planned for arandomized controlled trial of alife skillsintervention for adolescent men who have sex with men in the United States.

Domain

Basdline

Assessment time

Month3® Month6 Month9  Month12  Month 15°

Primary outcomes
HIV knowledge [24]
Condom use/communication efficacy [16]
HIV/STI testing
Outcomesrequired for analysis
Demographics X
Patient provider communication around sexual orientation [25]
Stigma [26]
Resilience [27]
Psychological needs [28] X
Future life goals [29]
Secondary outcomes
Internalized homonegativity [30]
PrEP use and willingness [31]
Sex behaviors [32,33]
Substance abuse [34,35]
Depression [36]
Anxiety [37]
Self-Esteem [38]

X X X X X X X

Covariates
Peer influence [33]
Family support [39]
Discrimination [40]
Online behaviors [41,42]
Societal reaction to sexual orientation [43]
Ethnicity beliefs[44]
Relationship history [45] X
I ntervention acceptability [46,47]

X X X X X X X
X X X X X X X
X X X X X X X

X X X X X X
X X X X X X

X

8The iREACH intervention question set will only be available to the intervention group for month 3.
bOnIy participants initially assigned to the control condition will complete survey at month 15 after receiving access to the iREACH intervention.

Incentives

Participants receive US $30 for the baseline and 12-month
follow-up and US $25 for the 3-, 6-, and 9-month follow-ups.
Control participants will receive US $30 for completing the
15-month follow-up. Theseincentives are small enough to avoid
coercion, yet sufficiently substantial to promote retention.

Recruitment and Randomization

Sample Composition

We used Census information on population structure by
race/ethnicity for each region to inform our recruitment goals.

http://www.researchprotocols.org/2018/7/e10174/

Briefly, using 2010 Census data, we calculated the number of
men in the eligible age group and by race/ethnicity in each
region (Table 3). We then used data from the Youth Behavioral
Risk Factor Surveillance System [48] to estimate the proportion
of AMSM in each age group who could meet eligibility criteria
based on same-sex behavior, identity, or attraction for our study,
and applied that age-specific proportion to the estimated total
AMSM population by race in each region. This resulted in an
estimated number of eligible AMSM per region and racial/ethnic
group. Within each region, we calculated a proportional
recruitment target under the assumption that the 150 AMSM in
that region would be recruited proportional to their population
prevalence.
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Table 3. Estimated eligible adolescent men who have sex with men by race and ethnicity and proportional and planned study enrollment for each

region.
Race/ethnicity Region? n
San Francisco/San Diego ~ Atlanta/Washington, DC  Detroit/Chicago Memphis/New Orleans Total®
Est® Prop? Goa® Est Prop Goa Est Prop Goa Est Prop God
Hispanic 41,515 49 29 5732 16 29 6186 23 29 742 8 28 115
White 59,424 70 32 30531 84 31 21,777 82 31 6974 75 31 125
Black/African American 6434 8 42 13488 37 38 9053 34 37 5805 62 38 155
Asian 14185 17 12 2988 8 12 1822 7 13 268 3 13 50
American Indian or Alaska 664 1 11 168 1 13 112 1 13 28 0 13 50
Native
Native Hawaiian/Other Pacif- 362 0 11 24 0 13 0 0 13 1 0 13 50
ic Islander
Multiracial 4349 5 13 1355 4 14 888 3 14 202 2 14 55
Total 126,933 150 150 54,286 150 150 39,838 150 150 14,020 150 150 600

8Regions comprise all counties touching the major interstate corridor connecting the two anchor cities.
bTotals within race/ethnicity groups may not sum to total planned enrollment due to rounding.

CEst: estimate. Estimated total adolescent MSM (aged 13-18 years) in the region who have same-sex sexual experience, same-sex attraction, or are
gay/bisexually identified.

dProp: proportion. Reflects the target recruitment for each racial/ethnic subgroup, assuming that enroliment is evenly distributed by region, and
proportionally distributed by population prevalence of eligible AMSM within region.

€Goal: trial recruitment goal.

To recruit a sample that is diverse in terms of race/ethnicity,
we will need to substantially oversample some racial/ethnic
subgroups based on these calculations. To achieve a sample
that is 50% or more nonwhite adolescent men, we will
oversample Hispanic AMSM by a factor of 1.2, Asian MSM
by afactor of 1.5, multiracial AMSM by afactor of 3.8, Native
American AMSM by a factor of 256, and Native

Hawaiian/Pacific Islander MSM by a factor of 100 (Table 4).
Therefore, we have budgeted more resourcesfor recruitment in
these subgroups, and will direct substantial recruitment focus
toward these groups through selection of race/ethnicity
concordant models in advertisements and through identifying
community eventsor support groupsthat are especially relevant
to these subgroups [49].

Table 4. Overall recruitment goals of adolescent men who have sex with men (AMSM) based on allocation based on population prevalence, planned
recruitment, and ratio of planned to proportional allocations for arandomized controlled trial of alife skillsintervention.

Race/ethnicity Proportional® n Planned®, n Relative recruitment®, n
Hispanic 96 115 12

White 311 125 04

African American/black 141 155 11

Asian 35 50 15

American Indian or Alaska Native 2 50 25.6¢

Native Hawaiian/Other Pacific Islander 1 50 >100.0¢

Multiracial 14 55 38

Tota — 600 —

3proportional recruitment is determined by multiplying the estimated proportion of all AMSM in thefour regions by thetotal study enrollment (N=600).
bPlanned enrollment is an empirically determined set of requirement targets.

CRelative recruitment istheratio of the planned/proportional recruitment numbers, representing the relative under- or overrepresentation of the population
in the planned sample, relative to their representation in the overall population of the study areas.

%These relative recruitment values are calculated from proportional recruitment numbers with more precision than those displayed in the proportional
column (eg, for Native Hawaiian/Other Pacific Islander, the proportional sample is calculated as 0.0016 person, but it is depicted as 1 since fractional
recruitment of participants is not possible) . Therefore, the relative recruitment differs from the simple ratio of the planned to proportional for these
groups.
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These data also make clear that the distribution of participants
will not be equal across the four geographic regions within
racial/ethnic groups; therefore, we will stratify randomization
within race and region. Based on estimated AMSM population
sizes and historical data on sampling fractions, we anticipate
more than 35% of participantswill come from rural areas[50].
We recognize the challenge of recruiting early adolescents given
that same-sex attraction and same-sex sexual experience become
more common with age. Therefore, we realistically expect to
include a greater number of participantsin the older age range.

Recruitment

Recruitment will utilize both virtual and physical venues.
Targeted advertisements, representing age and ethnic diversity,
will be promoted on Facebook, Instagram, Snapchat, and
organizational websites. In addition, supplemental advertising
on other socia media platforms (YouTube, Tumblr, Twitter,
and Reddit) may be used to expand recruitment efforts. The
social media campaigns will be monitored and adjusted
throughout the recruitment phase. Across all regions, physical
recruitment materials will be developed and distributed among
organizations that serve and support LGBTQ+ youth (eg,
homeless youth organizations, community LGBTQ+ centers,
HIV resources). Physical recruitment materials will also be
distributed during large community events, including pride
festivalsin the study regions.

Strategies to Ensure Sample Diversity

Wewill develop adsthat promote AM SM’sinterest by including
diverse images of youth (Figure 1) and targeting specific
sociodemographic characteristics and interests.

During the formative phase of the study, facilitated focus group
discussionswere conducted onlineto identify the most effective
recruitment strategies to optimize diversity and to ensure that
culturally appropriate strategies are employed to engage and
retain enough Asian/Pecific Islander, Native American, and
Alaskan Native participants. Theseinclude promoting the study
to agencies, social media groups, and in social media forums
highly utilized by youth in these specific ethnic groups, and
incorporating recruitment messages that encourage community
engagement. Materials will avoid identifying candidates as
AMSM in the recruitment text to avoid unintended disclosure.

Retention

To be evaluated as potential “best-evidence” interventions
through the Centers for Disease Controls and Prevention’s
Prevention Synthesis Research activity [51], data must be
availablefor at least asinglefollow-up time point for morethan
70% of participants. As indicated subsequently, a detailed
retention plan for the study will draw on previously successful
retention protocol s to achieve 80% or moreretention at thefirst
follow-up visit. We will use successful best practices from
previous studies [17,49] to retain participants (eg,
comprehensive locator information that includes participants
cell phone number, email, Facebook and/or other social media
usernames), while being sensitive to undue disclosure of AMSM
participating in the study. In addition, we allow participants to
specify the day of the week and time of day when they would
like to receive electronic follow-up surveys[17].
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We have a preplanned schedule of follow-up assessments
utilizing avariety of methods. Initially, a respondent who does
not respond to an electronic notification that a survey is due
will automatically receive additional notifications 48 hours after
theinitial notification the survey is available. If the participant
has still not completed the assessment 7 days after the third
electronic notification, the retention activities are escalated to
aresearch staff member who will use the participant’s contact
preferences provided on registration (eg, by SM Stext message).
If still unresponsive, other available contact information (eg,
phone call) will be used. Each contact islogged in an electronic
retention system (Study Management and Retention Toolkit
[SMART]) developed by Emory University [17,18,52]. The
SMART system also maintains electronic lists of participants
retention status, and automatically creates notification lists for
retention staff to ensure that a systematic process is followed
and carefully documented for retention.

Statistical M ethods

The primary outcome analyses seek to test the efficacy of
iREACH compared to the information-only control condition
to improve cognitive factors and behavioral intentions (eg,
comfort discussing sexuality, HIV prevention attitudes, norms,
self-efficacy) and behavioral factors (eg, condom use, HIV
testing, PrEP use). Psychosocial and demographic characteristics
will be described for all participants and by intervention group.
These will be compared between treatment groups using t tests
or Wilcoxon rank sum tests for continuous variables and
chi-square tests for categorical variables. We will determine
from the analyses stratified by treatment arm whether or not a
failure of randomization occurred. We will use the genera
framework of generalized linear mixed models to test for
intervention effects over time. For some binary outcomes, such
as HIV testing, we will perform an aggregate analysis after
collapsing across the repeated measures using simple logistic
regression comparing whether the probability of having tested
at least once over the entire follow-up period is different across
treatment groups. To ensure robustness, we will also apply an
exchangeable working correlation structureto its corresponding
generalized estimating equation model.

Sample Size and Power Calculationsfor Primary
Analyses

Our expected sample size for analyses across both conditions
is N=600 (intervention: n=300; control: n=300), assuming a
15% to 20% loss to follow-up. We estimated the minimum
detectable effect sizes at 80% power, for comparisons of the
two groups for the primary cognitive and behavioral intentions
outcomes. For mean differences, our sample size calculations
are based on atwo-samplet test assuming equal variance using
atwo-sided significance of .05. At 80% power, we can detect
a between-arm difference of d=0.22 at the final follow-up. For
repeated measure analyses, assuming awithin-person correlation
of .25, we would be able to detect a difference of 0.08. For
proportions, our sample size calculations are based on a
two-sample test of proportions using a two-sided significance
of .05. To have 80% power to compare the intervention to the
control group, we require at least 500 participants to find a
12.5% difference between arms in cross-sectiona analyses.
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Assuming within-person correlation of .25, we can detect an
8.8% difference.

Secondary Analysis

To examine the effects of our intervention on the psychosocial
correlates (eg, personal competence), we will run aregression
with only group assignment in the model. Among participants
assigned to the intervention arm, we will test whether the
intervention effects vary as a function of AMSM'’s varying
engagement with the intervention as measured by paradata
metrics (eg, frequency of sitelog-ins, time spent on intervention
components). Among participants assigned to the control arm,
wewill describe AMSM’ svarying engagement with the resource
guide as measured by paradata metrics (eg, frequency of site
log-ins) and test whether engagement i s associated with changes
over timewithinthe control arm. Finally, wewill use multilevel
models to examine how regiona characteristics influence
AMSM'’s outcomes [53]. We will link individual and regional
level data using participants’ residential address at enrollment.
Our regional unit of analysis will be county-level to ensure
enough participants per region and to avoid inadvertent
identification of participants. Exploratory analyseswill examine
whether county-level characteristics (eg, economic disadvantage,
racial composition, HIV prevalence) are associated with
individual-level outcomes. Analyseswill be adapted for binary,
count, or continuous outcomes accordingly.

I ntervention Exposure, Fidelity, and Dosage

Wewill measure intervention exposure using paradatafrom the
intervention, including counts of user sessions, session lengths,
pages visited, and functions utilized [54]. For the peer mentor
component, we will record the number and duration of peer
mentor sessions, as well as the domains covered in these
sessions. This information will assist in examining whether
intervention dosage influences the efficacy of the intervention,
and inform wider implementation and scalability.

Results

The protocol has been reviewed and approved by the University
of Pennsylvania Institutional Review Board (825686) and is
registered on Clinical Trials.gov (NCT03155841).

This project is currently recruiting participants. Recruitment
began in March 2018.

Discussion

Limitationsand Anticipated Challenges

Thereare several potential challengesto the success of our trial.
First, we proposeto recruit adiverse (in termsof race/ethnicity,
rurality, and socioeconomic status) sample of adolescents aged
13 to 18 years. This poses two potential challenges. First, we
may experience more success in recruiting AMSM at the older
ages of this range (eg, 16 years and older). To counteract this
challenge, we have elicited feedback from AMSM during our
formative planning and have planned for abroad range of social
media outlets utilized commonly by these age groups in our
recruitment. We will also leverage youth-focused socia media
outlets in each of the four sampled regions when available.
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Second, we recognize that AMSM living in the urban centers
of each of our sampled regions and/or who are non-Hispanic
white might be easier to recruit into the study. There is now
strong evidence of high levels of Internet, personal computer,
and mobile phone use across all race and ethnic groups [41],
indicating that our modes of recruitment should not biastoward
any particular demographic. We will ensure racial and ethnic
representation in al advertising. Many socia media outlets
allow advertising targeted by zip codes, allowing us to target
recruitment adsto all zip codesin each of our sampled regions.
We will monitor the characteristics of our enrolled sample
closely; if we are enrolling urban youth at a faster pace than
rural youth then wewill increase our advertising effortsin rural
Zip codes. Third, given time and resource constraints, our
intervention focuses on English-speaking AMSM. Although
this decision may exclude Spanish-only speakers, recent Census
data suggests that 88% of Hispanic youth younger than 17 years
in the United States are proficient in English [55]. If the
intervention is found to be efficacious, we will explore
opportunities to trandate the intervention. Fourth, there is a
possibility that peer mentor sessions may be popular among
AMSM and might require usto increase the number of available
dots per day. If so, we will adjust our schedule and hire/train
new peer mentors to meet the demand. Finally, we are vigilant
of events that may lead to unintended disclosure of sexuality,
behavior, and research participation to the participant’s
parents/guardians. To minimize the possibility of unintended
disclosures, we have integrated widely used Web privacy
features, such as password authentication, automatically logging
usersout after aperiod of inactivity, and not including sensitive
details in communications sent to participants. We have aso
structured the intervention to give participants some control
over their own privacy, such as allowing them to indicate
preferred methods of receiving communication (ie SMS text
message, email, or socia media private message), and remind
participants to be active in protecting their information. If a
parent or guardian becomes aware of AMSM’s participationin
the trial and chooses to reach out to the study team, a member
of the research team will be available to speak with the
parent/guardian; however, to protect AMSM’s privacy, we will
not confirm their child’s participation in the trial or share data
with parents.

Conclusions

As the numbers of HIV-infected AMSM continue to grow,
innovative methods to scale up HIV prevention to AMSM are
required. A lifeskillsintervention delivered to adiverse sample
of AMSM may reducethe existing HIV disparitiesacross social
categories (eg, race/ethnicity, rurality, socioeconomic status)
by promoting equitable accessto psychosocial and sexua health
resources, and by reducing HIV-related risk factors that may
be learned in adolescence and sustained across adulthood. The
tools and framework used in this project may be directly
applicable to US-based studies of this population. Along with
promoting HIV risk reduction, our most significant contribution
will be the development of an online intervention that builds
on AMSM’s life skills and addresses the psychosocial needs
during this developmental period. In fact, given the dearth of
studies focused on AMSM, our trial may represent one of the

JMIR Res Protoc 2018 | vol. 7 | iss. 7 | 10174 | p.22
(page number not for citation purposes)


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

JMIR RESEARCH PROTOCOLS Bauermeister et &

first systematic evaluations of a psychosocial and behavioral  intervention for this age group.
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Abstract

Background: Recent large-scale randomized studies have demonstrated that 2 new hormone preparations (abiraterone and
enzalutamide) prolong survival in docetaxel-treated or -naive castration-resistant prostate cancer patients. However, no studies
have directly compared antitumor effects between these 2 agents, and no clear guidelines are available for choosing between
them.

Objective: The objective of this clinical study is to compare antitumor effects and adverse events between abiraterone and
enzalutamide by allocating castration-resistant prostate cancer patients deemed not indicated for docetaxel treatment to receive
either of the 2 agents.

Methods: This study isan open-label, comparative study allocating castration-resistant prostate cancer patients to abiraterone
or enzalutamide treatment arms (all ocation factors: age <70 vs =70 years, and presence vs absence of metastases) and assessing
the treatment results. Each arm will contain 25 patients. On confirmation of prostate-specific antigen failure or progression on
imaging, patients undergo crossover to receive the aternative study drug. The primary end point is prostate-specific antigen
responserate (percentage of patientswith adecreasein prostate-specific antigen level by >50%) in the abiraterone and enzalutamide
treatment arms.

Results: Recruitment started in May 2016, and 13 patients have been recruited so far. We expect to complete enrollment by
December 2020.

Conclusions: Recently, cross-resistance between abiraterone and enzal utamide has been an issue of focus. Urologists thus tend
to prefer docetaxel rather than sequential therapies using 2 hormonal preparations after the progression of a first hormonal
preparation. From that perspective, our clinical trial israther out of fashion. Nevertheless, we assume that many patients receive
hormonal sequential therapy in the actual clinical setting, since most such patients cannot receive chemotherapeutic agents due
to old age or poor performance status. Thisiswhy we are attempting this randomized clinical trial comparing abiraterone versus
enzalutamide. Wewill try to identify which drug is suitablefor initial hormonal therapy among castration-resistant prostate cancer
patients who do not meet the indications for docetaxel therapy in terms of not only antitumor effect, but also adverse events and
quality of life.

Trial Registration: University Hospital Medical Information Network UMIN000022102; https://upload.umin.ac.jp
/cgi-open-bin/ctr_e/ctr_view.cgi recptno=R000025463 (Archived by WebCite at http://www.webcitation.org/70xaQfGlJ)

(JMIR Res Protoc 2018;7(7):€11191) doi:10.2196/11191
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Introduction

Hormone therapies are considered beneficia for the treatment
of advanced prostate cancer [1]. In fact, hormone therapies are
known to be safe and highly effective, but the biggest drawback
is the lack of sustained antitumor effects [1]. Scientists have
long been frustrated in attempts to find pharmacotherapies,
including anticancer agents, that would prolong survival among
patients with prostate cancer that has acquired resistance to
hormone therapies (castration-resistant prostate cancer [CRPC]).

In 2004, docetaxel became thefirst anticancer agent confirmed
to prolong survival in CRPC patientsin 2 large-scale clinical
trials[2,3] and was adopted asthefirst-line treatment for CRPC
in Japan. In addition, recent large-scale randomized studieshave
demonstrated that 2 new hormone preparations (abiraterone and
enzalutamide) prolong survival in docetaxel-treated [4,5] or
-naive CRPC patients[6,7]. Clinical use of the 2 agentsin Japan
began in 2014. While these 2 hormone preparations (abiraterone
and enzalutamide) have different mechanisms of action, both
exhibit strong inhibitory effects on the remaining androgen after
androgen-deprivation therapy, leading to antitumor effects.
However, to our knowledge, no studies have directly compared
antitumor effects between these 2 agents, and clear guidelines
are lacking for choosing between them.

The objective of this clinical study is to compare antitumor
effects and adverse events between abiraterone and enzal utamide
by allocating CRPC patients deemed to not meet theindications
for docetaxel treatment to receive either of the 2 agents.

Methods
Study Patients

Inclusion Criteria

Firgt, participants in the study are CRPC patients after
concomitant antiandrogen therapy with at least a single agent
who are docetaxel nalve and deemed to not meet theindications
for docetaxel treatment (regardless of the presence or absence
of metastasis). CRPC is defined as an increase in
prostate-specific antigen (PSA) that is 25% or moreand 2 ng/mL
(2 pg/L) or more over the nadir PSA level obtained on
measurements taken at least 4 weeks apart, with the day of
CRPC confirmation defined asthe day of relapse (day of disease
progression). Testosterone level is measured at the same time
to confirm that the level is no higher than the castration level
(ie, <50 ng/dL or 1.7 nmol/L). The first-line therapy will be a
docetaxe -prednisolone therapy for patientswith a Gleason score
of 8 or higher and multiple bone metastases for whom the
duration of response to a hormone therapy is short
(approximately standard, within 2 years) and whose systemic
conditions can more than withstand docetaxel-prednisolone

therapy.

Second, participants' absolute PSA level is 5 ng/mL (5 pg/L)
or higher. Third, participants are less than 85 years of age.

http://www.researchprotocols.org/2018/7/e11191/

Fourth, participants have an Eastern Cooperative Oncology
Group Performance Status of 0 to 2 and expectation of survival
3 months or longer. Fifth, participants have normal organ

function, with awhite blood cell count of 3000/mm?® or greater

or a neutrophil count of 1500/mm® or greater; aspartate
aminotransferase (AST) and alanine aminotransferase (ALT)
concentrations less than 1.5 times the institutional upper limit;
and serum creatinine concentration less than 1.5 times the
institutional upper limit. Sixth, participants have personally
provided written informed consent to participate in the study.

Discontinuation Criteria

If discontinuation of the study drug administration is deemed
justified due to a serious adverse event or when any of the
following criteria are met, the investigator shall discontinue
study drug administration at their discretion and record in the
case report form the reasonsfor discontinuation and thefindings
available at discontinuation: (1) study continuation is deemed
difficult due to disease progression (PSA recurrence or clinical
recurrence); (2) study continuation is deemed difficult due to
an adverse event; (3) grade 4 toxicities have occurred as assessed
by the Japanese Common Terminology Criteria for Adverse
Events (CTCAE) version 4.0 by the Japan Clinica Oncology
Group and Japan Society of Clinical Oncology [8]; (4) the
participant or a family member has withdrawn consent or
requested to discontinue the study treatment; (5) study
continuation is deemed difficult due to an unforeseen incident;
or (6) study continuation is deemed difficult by the investigator
due to any other reason.

Dose-Reduction Criterion

In cases of mild adverse events, the dose of the study drug may
be halved and then gradually increased or decreased depending
on the condition of the participant.

Study Design

The study is an open-label, randomized comparative study that
allocates CRPC patients to an abiraterone treatment arm or an
enzalutamide treatment arm (all ocation factors: age <70vs=70
years, and presence vs absence of metastases) and will assess
the treatment results. Figure 1 shows a flowchart of the study
design.

Patient Enrollment

The patient enrollment center isat the Clinical Research Center,
Wakayama Medical University.

Enrollment Procedure

The investigator checks that candidate patients conform with
the inclusion criteria and enrolls patients according to the
following procedure. (1) Acquire written consent from the
patient, complete the required information on a patient
enrollment sheet, and transmit the sheet by facsimile to the
patient enroliment center. (2) The patient enrollment center
checkstheinformation provided on the patient enrolIment sheet
for digibility, enrolls the patient, and allocates the patient to a
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treatment arm. The patient enrollment center sends the
investigator a patient enrollment notification that provides
information on the allocated treatment. (3) The investigator
checks the patient enrollment notification sent by the patient
enrollment center and initiates administration of the allocated
treatment drug.

Haraet al

Random Allocation and Stratification Factors Used for
Allocation

The patient enrollment center randomly allocates patients to
either the abiraterone treatment arm or the enzalutamide
treatment arm in a 1:1 ratio. We use the factors of (1) age (<70
vs =270 years) and (2) presence or absence of metastases as
stratification factors for random all ocation.

Figure 1. Clinical trial flowchart. LHRH: luteinizing hormone-releasing hormone; PSA: prostate-specific antigen.

Patients with castration-resistant prostate cancer after concomitant antiandrogen
therapy with at least a single agent who are docetaxel-naive and deemed not
indicated for docetaxel treatment (age <85 years; absolute PSA level =5 ng/ml)

Y

Informed consent acquisition and patient enrollment

Y

Randomization
Allocation factors: age (<70 vs >70 years) and presence/absence of metastases

Abiraterone-treatment arm

Continuous treatment with LHRH agonist

Abiraterone
Daily oral administration of 1,000 mg/day

Concomitant Predonine 5-10 mg/day

|

!

Enzalutamide-treatment arm

Continuous treatment with LHRH agonist
Enzalutamide

Daily oral administration of 160 mg/day

|

PSA failure or progressive disease on imaging;
trouble taking medication due to adverse events
PSA failure: defined as PSA level reaching >2-fold baseline level on

three occasions (not necessarily consecutive)

A A
Enzalutamide-treatment arm

Continuous treatment with LHRH agonist
Enzalutamide

Daily oral administration of 160 mg/day

!

!

Abiraterone-treatment arm

Continuous treatment with LHRH agonist

Abiraterone
Daily oral administration of 1,000 mg/day

Concomitant Predonine 5-10 mg/day

!

PSA failure or progressive disease on imaging

Transition to docetaxel treatment or best supportive care (BSC)
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Treatments

Hormone Therapy

Surgical castration or treatment with a luteinizing
hormone-rel easing hormone agonist (either leuprorelin acetate
or gosererin acetate) continues even after diagnosis of CRPC.

Study Drugs

Abiraterone

Abiraterone (Zytiga 250 mg tablets; Janssen Pharmaceutica
NV, Beerse, Belgium) is a prostate cancer therapeutic agent
(cytochrome P450 [CYP] 17 inhibitor). Usually, for adults, it
is administered in a dose of 1000 mg orally as abiraterone
acetate, once daily under fasting conditions concomitantly with
prednisolone. The precautions related to dosage and
administration are as follows. (1) Food causes an increase in
the maximum concentration and area under the curve for
abiraterone. As aresult, abiraterone should not be taken from
1 hour before to 2 hours after a meal (refer to the
Pharmacokinetics section of the patient packageinsert). (2) The
researcher administering prednisolone should be familiar with
the information in the Clinical Results section of the patient
packageinsert. (3) In cases of elevated valuesfor liver function
tests while a patient is undergoing abiraterone treatment,
abiraterone should be temporarily interrupted, reduced in dose,
or discontinued with the following guidelines as areference.

Adverse Drug Reactions

Until the time of approval, adverse drug reactions (ADRsS,
including laboratory abnormalities) occurred in 46 of 95 patients
(48.4%) evaluated for safety in the Japanese phase 2 clinical
study. Major ADRswereincreased AST in 13 patients (13.7%),
increased ALT in 12 patients (12.6%), hypokalemiain 8 patients
(8.4%), hyperlipidemiain 7 patients (7.4%), and hypertension
in 4 patients (4.2%; unpublished data).

In phase 3 clinical studies conducted outside of Japan, ADRs
(including laboratory abnormalities) occurred in 991 of 1333
patients (74.3%) evaluated for safety. The major ADRs were
fatigue in 328 patients (24.6%), hot flash in 202 patients
(15.2%), hypokalemiain 188 patients (14.1%), nauseain 179
patients (13.4%), peripheral edema in 160 patients (12.0%),
hypertension in 125 patients (9.4%), constipation in 108 patients
(8.1%), diarrheain 101 patients (7.6%), vomiting in 92 patients
(6.9%), dizziness in 81 patients (6.1%), increased AST in 69
patients (5.2%), and increased ALT in 68 patients (5.1%) [4,7].

Clinically Significant Adverse Drug Reactions

Ascardiac failure and other serious cardiac disorders may occur
(frequency unknown), patients are closely monitored. In the
event of any abnormality, appropriate actions need to be taken,
including discontinuation of treatment.

Fulminant hepatitis may occur (unknown frequency). Moreover,
hepatic function disorder accompanied by increased AST
(13.7%), increased ALT (12.6%), or increased bilirubin (2.1%)
may occur and may result in hepatic failure (unpublished data).
Thus, patients must be monitored closely using periodic liver
function tests. In the event of any abnormality, appropriate
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actions such as dose reduction or treatment interruption or
discontinuation need to be taken.

Hypokalemia accompanied by symptoms such as convulsion
or muscular weakness may occur, with some cases reportedly
resulting in arrhythmia. Patients should be monitored closely
by periodic measurements of serum electrolyte concentrations,
including serum potassium. In the event of any abnormality,
appropriate actions such as potassium supplementation or
interruption of abiraterone treatment should be taken.

Thrombocytopeniamay occur (unknown frequency), so patients
must be closely monitored. In the event of any abnormality,
appropriate actions including interruption of abiraterone
treatment should be taken.

Asrhabdomyolysismay occur, any muscular weakness, myalgia,
increased creatine kinase (or creatine phosphokinase), and
increased myoglobin in the blood or urine should be noted. In
the event of any such symptoms, appropriate actions including
discontinuation of abiraterone treatment should be taken.

Enzalutamide

Enzalutamide (Xtandi 40 mg capsules; Astellas Pharma, Tokyo,
Japan) isaprostate cancer therapeutic agent. Usually, for adults,
it isadministered in a dose of 160 mg orally as enzalutamide,
once daily. The efficacy and safety of enzalutamide have not
been established in patients without concomitant surgical or
medical castration. The precautions related to dosage and
administration are asfollows. It must be administered with care
to the following patients: (1) patients with a current or past
history of epilepsy or other convulsive disease (convulsive
seizure may occur), and (2) patients predisposed to convulsive
seizure (eg, patients complicated with cerebral injuries or stroke,
who have such a history, or who are undergoing treatment with
an agent that lowersthe convulsive seizure threshol d). Important
precautionsare asfollows: (1) asan agent for endocrine therapy,
enzal utamide should be used only in patients deemed indicated
for enzalutamide treatment by a physician who is well versed
and experienced in pharmacotherapies for cancer, and (2) as
convulsive seizure may occur, patients undergoing treatment
with enzalutamide should exercise caution when operating a
motor vehicle or other machines associated with potential
hazards.

Drug Interactions

Enzalutamide is metabolized mainly by the drug-metabolizing
enzyme CY P2C8. Moreover, enzalutamide exhibits induction
effects on CYP3A4, CYP2C9, CYP2C19, CYP2B6, uridine
diphosphate-glucuronyltransferase, and P-glycoprotein. It
exhibits inhibitory activity against P-glycoprotein, breast
cancer-resistance protein, organic cation transporter 1, and
organic anion transporter 3 [9]. Due to the long elimination
half-life (4.7-8.4 days), enzalutamide may still induce or inhibit
metabolic enzymes and transporters after completion of
treatment.

In Japanese phase 1 and 2 clinical studiesin CRPC patients, 31
of 47 patients who received enzalutamide (66.0%) developed
ADRs. Magor ADRs included hypertension (14.9%),
congtipation (14.9%), fatigue (12.8%), decreased appetite
(12.8%), decreased weight (10.6%), and prolonged QT on
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electrocardiograms (10.6%; unpublished data; as of the time of
approval of the drug in March 2014.)

In phase 3 studies conducted outside of Japan in CRPC patients
with prior docetaxel treatment, 554 of 800 patientswho received
enzalutamide (69.3%) developed ADRs. Mgjor ADRsincluded
fatigue (21.5%), nausea (20.1%), hot flash (15.0%), decreased
appetite (12.6%), and asthenia (10.0%; as of thetime of approval
of the drug in March 2014) [5]

In aninternational phase 3 clinical trial in chemotherapy-naive
CRPC patients, 556 of 871 patients (including 28 Japanese)
who received enzalutamide (65.0%) developed ADRs. Major
ADRsincluded fatigue (25.3%), hot flash (13.4%), and nausea
(13.3%; as of the time of amendment of precautions related to
indications, October 2014) [6]

Clinically Significant Adverse Drug Reactions

Frequencies of the following ADRs are based on the tabulation
of patients who received enzalutamide in the Japanese phase 1
and 2 clinical studies, non-Japanese phase 3 clinical studies,
and an international phase 3 clinical trial.

Asconvulsive seizure (frequency 0.2%) such asconvulsion and
status epilepticus may occur, patients are monitored closely. In
the event of any abnormality, treatment should be discontinued
and appropriate actions taken.

Thrombocytopenia may occur (frequency unknown). As
decreased platelets may occur, patients are monitored closely.
In the event of any abnormality, treatment should be
discontinued and other appropriate actions taken.

Table 1. Study schedule.

Haraet al

Definitions
The protocol treatment period is defined as the period of study

drug (abiraterone or enzalutamide) administration as primary
or secondary treatment.

The study period isdefined asthe period from the day of consent
until the day of confirmation of the final outcome.

The investigator shall survey the outcome in patients after the
protocol treatment is stopped until outcome confirmation or
loss to follow-up.

Allocation to Study Drug

We are enrolling patients after obtaining written informed
consent from each patient after providing them with written
information on details of the study.

Patients are alocated to a treatment arm (abiraterone or
enzalutamide treatment arm) in such away that both arms are
comparable in terms of (1) age (<70 vs =70 years) and (2)
presence versus absence of metastases.

Study Schedule

Table 1 shows the study schedule. Tests listed in Table 1 are
conducted on each patient before enrollment to assess whether
the patient meets the inclusion criteria. Blood tests, including
PSA, are conducted monthly. A quality-of-life survey
(Functional Assessment of Cancer Therapy-Prostate [FACT-P])
isconducted every 3 months. Computed tomography (CT) bone
scintigraphy is performed every 6 months.

Blood tests, including performance status and PSA, CT (chest
and abdomen, plain), bone scintigraphy, and other tests are
performed at crossover to the aternative treatment or when
symptoms lead to suspicion of disease progression.

Test Screening  Every month  Every 3months Every 6 months At crossover or At study
suspected disease  completion
progression

Informed consent + - - - - —

Participant characteristicsand underlying disease  + - - - - -

information

Eastern Cooperative Oncology Group performance  + + - - + —

status

Prostate-specific antigen + + - - + —

Hematology tests + + - - + _

Biochemical tests + + - - + _

Computed tomography (chest and abdomen, plain)  + - - + + _

Bone scintigraphy + - - + + _

Prior treatment and concomitant therapy + - - - - _

Quiality of life (Functional Assessment of Cancer + -
Therapy-Prostate)

Adverse event - +
Information on discontinuation - -

Final outcome - -
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Crossover of Study Drugs

On confirmation of PSA failure (deemed to have occurred when
the PSA level reaches double the baselinelevel on 3 occasions,
not necessarily consecutive, or progression isevident onimaging
or apatient is considered to have trouble taking the study drug
due to adverse events), the patient crosses over to receive the
aternative study drug. Participants in this clinical study are
those for whom docetaxel is not considered to be indicated.
Nevertheless, before a patient crosses over to receive the
alternative study drug, we explain to the patient again about the
appropriateness of docetaxel treatment and evaluate the
appropriateness. Patients who are deemed indicated for
docetaxel treatment at this point in time shall be considered a
dropout and given docetaxel treatment.

Observations, Tests, and End Points

Before Treatment I nitiation

Before a patient initiates treatment, we check their consent to
participate, performance status, PSA, hematology tests,
biochemical tests, CT (chest and abdomen, plain), bone
scintigraphy, presence or absence of prior treatment, and quality
of life.

Efficacy Evaluation

PSA is checked monthly. Plain CT of the chest and abdomen
and bone scintigraphy are performed every 6 months. At
treatment crossover (enzalutamide to abiraterone, abiraterone
to enzalutamide) or a switch to another therapy, including best
supportive care, or when symptoms indicate suspected
progression of disease stage, we perform plain CT of the chest
and abdomen and bone scintigraphy aswell, so asto assessthe
effects of the prior treatment and to check for any new lesions.

The measurement of PSA or imaging of progression-free
survival with respect to the primary treatment begins on the
first day of the primary treatment. The measurement of overall
PSA or imaging progression-free survival after crossover from
the primary to secondary treatment also begins on the first day
of primary treatment. The measurement of time to use of
chemotherapy or best supportive care, or the overall survival,
also begins on the first day of the primary treatment.

Safety Evaluation

Adverse Events

An adverse event is any event (abnormal clinical finding,
subjective or objective symptom, or abnormal change in
laboratory test value) occurring during the study after initiation
of the study drug treatment, regardless of therelationship to the
study drug.

We evaluate adverse events based on an abnorma finding,
symptom, laboratory test value, or severity according to the
CTCAE version 4.0[8].

Serious Adver se Events

An adverse event is serious if the event is observed any time
after initiation of the study drug treatment up to 30 days
following treatment completion (or discontinuation) and (1)
results in death, (2) is life-threatening, (3) requires
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hospitalization or prolongation of hospitalization for treatment,
(4) results in persistent or significant disability or incapacity,
or (5) resultsin a congenital anomaly.

On the occurrence of a serious adverse event for which acausal
relationship to the protocol treatment cannot be excluded, the
investigator shall provide appropriate interventions or
treatments, promptly (within 24 hours of awareness) complete
the required information on a Serious Adverse Event Report in
accordance with the procedure at the medical ingtitution the
investigator is affiliated with, and communicate the event to the
study secretariat by facsimile.

Laboratory Tests

Hematology tests are white blood cell count, differential white
blood cell counts, hemoglobin, and platelet count. Tests are
conducted at baseline and once monthly thereafter.

Clinical chemistry tests are AST, ALT, alkaline phosphatase,
total bilirubin, creatinine, albumin, sodium, potassium, chlorine,
phosphorus, and calcium. Tests are conducted at baseline and
once monthly thereafter.

Primary End Point

The primary end point is PSA response rates (percentages of
patients with PSA level decreasing by =50%) to the primary
treatment in the abiraterone and enzal utamide treatment arms.

Secondary End Point

Secondary end points are (1) PSA or imaging progression-free
survival with the primary treatment in the abiraterone and
enzalutamidetreatment arms, (2) PSA responserate (percentage
of patientswith PSA level decreasing by =50%) with secondary
treatment in the abiraterone and enzalutamide treatment arms,
(3) overall PSA or imaging progression-free survival after
crossover treatment with both abiraterone and enzalutamide,
(4) time to use of chemotherapy or best supportive care, (5)
overal survival, (6) comparison of quality of life as assessed
by FACT-P, and (7) adverse events.

Ethical Considerations

Compliance Regulations

All researchers involved in this research study shall comply
with the Declaration of Helsinki (seventh revision, October
2013 [10], astranglated by the Japan Medical Association) and
the Ethical Guidelines for Medical and Health Research
Involving Human Subjects[11] (enforced on April 1, 2015 and
partially revised on February 28, 2017) in the conduct of this
research.

I nformed Consent

Theprincipal investigator or investigator shall fully inform each
participant by written information to allow them to decide
whether to participate in the study and shall obtain from each
participant written informed consent to participate in the study
based on their own free will.

On obtaining written informed consent, the principal investigator
or investigator who informed the participant shall confirm
whether the participant fully understood the contents of the
written information before consenting. The principal investigator
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or investigator shall fill in the date on which the information
was provided and the date of confirmation of the participant’s
intent on the written informed consent form and affix their seal
or signature to the form. Each participant shall provide consent
after gaining afull understanding of the contents of the written
information, and shall then affix their seal or signature to and
date the form.

The principal investigator or investigator shall provide a copy
of the sealed or signed written informed consent along with the
written information to the participant who provided consent and
shall properly retain the original of the written consent at their
medical institution.

When a matter arises that concerns the individual's intent to
participate in the study, the principal investigator or investigator
shall amend the written information, inform the participant again
using the revised written information, and obtain written
informed consent from the individual to continue participation
in the study based on their own free will.

In the event a participant in the study requests withdrawal of
consent, the request is documented in a study participation
withdrawal form. If possible, aconsent withdrawal form should
be prepared. The participant shall fill in the date of withdrawal
of consent and affix their seal or signature to the consent
withdrawal form, and the principal investigator or investigator
shall fill in the date of verification and affix his or her seal or
signature to the form. The principal investigator or investigator
shall provide a copy of the sealed or signed consent withdrawal
form to the individual who withdraws consent and shall retain
the original at their medical institution.

Approval by I nstitutional Review Board or Ethics
Committee

Before the study is underway, the protocol, written information
for the patient, written informed consent form, and the
justification to conduct the study must be submitted for review
by acommittee at each study site (such asan institutional review
board or ethics committee pursuant to the regulations of the
study site) and receive its approval.

Safeguard of Personal Information

All parties involved in this study shall strictly safeguard the
personal information of participants pursuant to the Japanese
Personal Information Protection Act. When providing case
report forms or information on adverse events and other relevant
datato aparty outside of hisor her own medical ingtitution, the
investigator shall pay due attention to safeguarding personal
information by actions such as replacing the identities of the
participants concerned with participant identification codes or
enrollment numbers so that no third party can identify the
individuals. A reference table should be prepared that links the
enrollment numbers issued to each participant at the time of
acquisition of consent to each of their fields of personal
information (name and medical record number), to alow
identification or collation, as necessary, of enrolled participants
whose information has been anonymized. The reference table
is retained under strict safeguard at each study site. When
identifying or collating an enrolled participant, the enrollment
number issued at enrolIment isused. Similar measures aretaken
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to safeguard the personal information of participants when
publishing results of this research.

Important Findings on Genetic Characteristics

We do not expect this research to yield any important findings
on the genetic characteristics of participantsthat may be relevant
to health or inherited by their offspring.

Compensation

In the event the conduct of this study causes any adverse events
that result in health hazards to a participant, the investigator
shall administer appropriate trestments and take the best possible
actions, including other necessary measures. Furthermore, as
the conduct of this study is covered by insurance, any health
hazards will be handled within the scope of the Adverse Drug
Reaction Relief System [12].

Remuneration or Financial Burden to Study Participants

This research does not provide any remuneration to or impose
any financia burden on the study participants.

Disclosure of Participant | nformation and Handling of
Inquiries from Participants

In the event a participant personally requests the disclosure of
information that involves privacy issues, in principle, the
researchers (the principal investigator, coordinator, and
investigator) at the study site that enrolled the participant shall
handle such arequest.

Participants may submit general inquiries or file complaints
related to privacy by postal mail or email to the first author.

Statistics
Analysis Sets

The full analysis set includes al enrolled patients, excluding
those with any major protocol violations (did not provide
consent or any major procedural violations).

The per-protocol set includes those participants in the full
analysis set who receive the study treatment all ocated according
to the protocol, excluding those who do not meet any eligibility
criteria, meet any exclusion criteria, or take any prohibited
concomitant drugs or other agents.

In all efficacy evaluations, we use the full analysis set as the
primary analysis set, with analyses of the per-protocol set
performed for reference purposes. We use the per-protocol set
for safety evaluations.

Efficacy Evaluation

Primary End Point

For the primary end point, we calcul ate the point estimate and
Clopper-Pearson exact 80% CI of the PSA response rate with
primary treatment among the full analysis set population in the
abiraterone and enzalutamide treatment arms, respectively. We
determinethe 95% CI and perform Fisher exact test for reference
purposes. Furthermore, we calculate the odds ratio and 95% Cl
for PSA response. We estimate the impacts of prognostic factors
and treatment effects by multiple logistic regression analysis,
and estimate odds ratios adjusted based on the regression
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coefficient of amultiplelogistic regression analysisand its 95%
Cl. We use adjustment factors for allocation and any patient
characteristics distributed unevenly between arms (with P <.2
asaguide) asinfluencing factors.

Secondary End Points

For PSA or imaging progression-free survival with primary
treatment in the abiraterone and enzalutamide treatment arms,
we determine the estimated survival curve among the full
analysis set population in each arm by the Kaplan-Meier method.
Under certain circumstances, we perform asimilar analysis on
the per-protocol set population. In such cases, we use the
Greenwood formula to calculate the 95% Cl and determine
median survival, 1-year survival rate, and respective Cls. In
addition, we use the Cox proportional hazard model to estimate
the impacts of prognostic factors and treatment effects. We
determine the estimated hazard ratio and its 95% Cl based on
the regression coefficient of the Cox proportional hazard model.
We use adjustment factors for alocation and any participant
characteristics that were distributed unevenly between arms
(with P .2 asaguide) as prognostic factors.

For PSA response rates with secondary treatment in the
abiraterone and enzalutamide treatment arms, we determine
rates by performing an analysissimilar to that used to determine
PSA response rates with the primary treatment among the fulll
analysis set population in the abiraterone and enzalutamide
treatment arms.

For overall PSA or imaging progression-free survival after
crossover of the 2 treatment arms (abiraterone and
enzalutamide), we determine survival by performing an analysis
similar to that used to determine the PSA or imaging
progression-free survival with the primary treatment among the
full analysis set population in the abiraterone and enzal utamide
treatment arms.

For time to initiation of chemotherapy or best supportive care,
we calculate medians and interquartile ranges among the fulll
analysis set population in the abiraterone and enzalutamide
treatment arms and perform comparative analysis by the
Wilcoxon test.

Wedetermine overall survival by performing an analysissimilar
to that used to determine the PSA or imaging progression-free
survival with the primary treatment among the full analysis set
population in the abiraterone and enzal utamide treatment arms.

For comparison of quality of life as measured by FACT-P, we
calculate medians and interquartile ranges among the full
analysis set population in the abiraterone and enzalutamide
treatment arms and perform a comparative anaysis by the
Wilcoxon test.

Wetabulate adverse eventsin each arm and compare the severity
and frequency of adverse events between arms.

Target Sample Size

Our target sample sizeis 50 participants (n=25 per arm). With
no crossover treatment regimen consisting of abiraterone and
enzalutamide, asfirst-line plus second-line treatment, available
in Japan, we plan to conduct a pilot parallel-arm study in this
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research. As such, the primary end point selected is the
proportion of participants with a PSA response 50% or greater
with first-line treatment. In studies to date, the PSA response
with abiraterone as prior treatment was 78% in the PREVAIL
study [6] investigating abiraterone as first-line treatment and
enzal utamide as second-line treatment, while the PSA response
was 62% in the COU-AA-302 study [7] investigating
enzalutamide as first-line treatment and abiraterone as
second-line treatment. Given its nature as a pilot study, the
research must necessarily evaluate PSA responsesin both arms
in Japan, assuming that patient characteristics are evenly
distributed. We thus consider Cl of 80% (confidence coefficient
.80) by the Clopper-Pearson exact method for the PSA response
in each arm. With the expected PSA response of 70% in both
arms and assuming a 1-sided interval width of 0.15%, the
minimum samplesizerequiredis21. Allowing for the potential
that a few participants would become ineligible, we selected a
sample size of 25 per arm, or a total of 50. The confidence
coefficient of .80 is considered to correspond to a significance
level of .10 on the 1-sided aternative hypothesis in a single
arm. PSA response with second-line treatment was 17.6% for
enzalutamide (first-line treatment) and abiraterone (second-line
treatment) and 22.9% for abiraterone (first-line treatment) and
enzalutamide (second-line treatment; Nadal et al [13]). With
the expected PSA response with second-line treatment at 20%
and assuming asample size of 25, the 1-sided width of the 80%
Cl is12.8%, which allows for estimation based on a Cl width
equivalent to that for the PSA response with first-line treatment.

Protocol Changes And Study Discontinuation or
Completion

Protocol Changes

Inthe event of protocol changes becoming necessary during the
study, the principal investigator shall decide what changes to
make and promptly inform the investigator at each study site
in writing about the changes and the reasons thereof. In cases
of significant changeto the protocal, theinvestigator shall report
the change to the head of the medical institution and obtain an
approval for the change, along with approval from the
institutional review board or ethics committee.

Completion of Protocol

Once data lock is confirmed, we will consider the study to be
complete. On receiving communication of the data lock from
the data center, the principal investigator shall report on
completion of the study to the investigator at each study site,
who shall report the completion to the head of the medical
institution and the ethics committee.

Discontinuation of Protocol

Therulesto discontinue the entire study are asfollows: (1) when
the principal investigator determines after eval uating reports of
study progress and study monitoring that completing the study
is difficult due to reasons such as patient enrollment delays or
frequent protocol deviations; (2) when serious safety or efficacy
issues are judged to be associated with the study to justify its
discontinuation based on new information that has become
avalable after initiation of the study; and (3) when it is
determined that safety issues are associated with the study or
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that continuation of the study is not meaningful based on an
evaluation of relevant information obtained from sources outside
of this study, such as literature articles or conference
presentations.

The procedure for deciding to discontinue the entire study are
as follows. The principal investigator must request the ethics
committeeto conduct areview and accept its recommendations.
Based on the recommendations, the principal investigator shall
make a determination on the necessity to discontinue the entire
study according to the rules provided in the preceding
subsection. If the principal investigator disagrees with the
recommendations, then the principal investigator shall report
the reasons to the ethics committee.

After making a decision to discontinue the entire study, the
principal investigator shall communicate with the investigators
immediately about the reasonsthereof and what actionsto take.
On receiving such a communication, investigators shall inform
participants about discontinuation of the entire study and the
reasons thereof, and shall immediately take appropriate actions.

Study Control

Monitoring

Monitors shall make sure that the human rights, safety, and
welfare of participants are protected and that this study is
conducted in compliance with the most up-to-date protocol and
standard operating procedures. In addition, monitors shall access
source documents and other study-related records directly to
confirm that the data and other information reported by the
principal investigator or investigators are accurate and compl ete.

Monitoring Methods

The data center shal perform monitoring centraly and
periodically. In central monitoring, the case report forms
collected and other data reported are checked to make sure that
the study is conducted in a safe manner and in accordance with
the protocol. Monitoring results are to be submitted to the
principal investigator and ethics committees.

Deviations From Per-Protocol Treatments

The principal investigator or investigator may deviate from the
protocoal for thisstudy if such deviationis medically unavoidable
so asto avoid immediate hazard to a participant. In such acase,
the principal investigator or investigator shall report the
deviation and the reasons thereof to the ethics committee through
the head of hisor her institution as soon as possible. Moreover,
the principal investigator or investigator shall document all
deviations from the protocol for this study, regardless of the
reasons.

Audits
No audits are planned in this study.

Retention of Source Documents and Other Records

Scope of Source Documents

The term source document in the study refers to any of the
following: (1) records pertaining to participant consent and
information provision; and (2) medical records, laboratory test
data, imaging study films, and other records on which case
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report form data are based; data saved in electronic medical
records are also considered source documents.

Retention of Records by Participating Medical
I nstitutions

Theprincipal investigator shall retain thefollowing study-related
records for 5 years from the date of the final report or 3 years
from the date of the final publication of the study results,
whichever islater: (1) source documents; (2) informed consent
formsand other documentsrelated to this study or copiesthereof
that have been prepared by the personnel of a participating
medical institution; (3) protocol (the latest version), documents
pertaining to study review obtained from theinstitutional review
board, and other documents obtained during the conduct of the
study; and (4) other documents generated in the work related
to the study.

Disposal of Records

Records will be disposed of according to the methods and
procedures for retention and disposal established by the
institution with which the researcher is effiliated, with
consideration given to methods such as anonymization.

Information Entriesin Case Report Formsand Their
Submission

The investigators and others taking part in this study shall
prepare case report forms in accordance with the Guide on
Filling Out Case Report Forms (internal document) and submit
the prepared case report forms to the data center by postal mail
or in person. Investigators and other taking part shall prepare
and retain acopy of each casereport form beforeits submission.

Study Period

The study runs from December 2014 to December 2023. The
patient enrollment period is September 2014 to December 2020.

Data Publication

The principal investigator has registered this study with the
University Hospital Medical Information Network Clinical
Trials Registry (UMIN000022102) before beginning the study
and shall register the end-of-study results on the same registry
after study completion. Furthermore, the principal investigator
shall publish theresultsin a conference presentation or athesis
promptly after completion of the study. Author namesand their
order shall be approved by the principa investigator and the
protocol author before publication of the results in any
conference presentation or journal submission.

Party Responsible for Costs of Study (Sour ce of
Funding)

As this study is supported by the research fund of the
Department of Urology, Wakayama Medical University,
Wakayama, Japan, there are no conflicts of interest.

Results

Recruitment started in May 2016, and 13 patients have been
recruited so far. We expect to complete enrolIment by December
2020.
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Discussion

In terms of sequential therapy of novel hormonal preparations
(abiraterone and enzalutamide), clinica outcomes of
enzalutamide following abiraterone [14,15] or abiraterone
following enzalutamide [16,17] have been reported. However,
these were rather small-scale retrospective studies and, to our
knowledge, no randomized trials comparing these sequential
therapies have been reported.

Recently, cross-resistance between abiraterone and enzal utamide
has been an issue of some focus. The most well-known
mechanism of resistance is AR-V7, which is an androgen
receptor splicing variant [18]. Patients expressing AR-V7
showed lower response rates and poor prognosis when treated
with abiraterone as well as enzalutamide. In fact, the response
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rate to the second drug is reportedly lower than that to first
therapy in sequential therapies [14-17]. Urologists thus tend to
prefer docetaxel over sequentia therapies using 2 hormonal
preparations after the progression of the first hormonal
preparation. From that perspective, our clinical tria is rather
out of fashion. Neverthel ess, we assume that many patients are
forced by necessity to undergo sequential hormonal therapy in
the actual clinical setting, since most such patients cannot
receive chemotherapeutic agents due to old age or poor
performance status. This is why we are undertaking this
randomized clinical trial comparing abiraterone versus
enzalutamide. We are trying to identify which drug is most
suitable for the initial hormonal therapy (in terms of not only
antitumor effects, but also adverse events and quality of life)
among CRPC patients who do not meet the indications for
docetaxel therapy.
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Abstract

Background: Use of community volunteers to support vulnerable families is awidely employed strategy with along history.
However, there has been minimal formal scientific investigation into the effectiveness of volunteer home visiting programs for
families. Thereisaso aneed for research examining whether volunteer home visiting leads to improved outcomes for volunteers.

Objective: The abjective of this paper is to describe the research protocol for a pragmatic randomized controlled trial (RCT)
of the Volunteer Family Connect intervention, a volunteer home visiting program designed to support families of young children
who experience socia isolation or alack of parenting confidence and skills. The project is being conducted in partnership with
3 leading not-for-profit organizations, designed to contribute to the body of evidence that informs decisions about appropriate
family support services according to the level of need. It is the first study to examine outcomes for both the families and the
volunteers who deliver the service.

Methods: The RCT is being conducted in 7 sites across Australia. We aim to recruit 300 families to the study: 150 control
(services as usual) and 150 intervention (services as usual + volunteer home visiting) families. Intervention families will receive
the service for 3-12 months according to their needs, and all participants will complete 6 data collection points over 15 months.
A minimum of 80 volunteers will also be recruited, along with a matched community comparison group. The volunteers will
compl ete 3 data collection points over 12 months. Primary outcomesinclude community connectedness and parenting competence.
Secondary outcomesinclude parent physical and mental health; general parent well-being; parent empowerment; the child-parent
relationship; sustainability of family routines; child immunization; child nutrition or breastfeeding; number of accidental injury
reports; and volunteer health, well-being, and community connectedness.

Results: Thiseffectivenesstrial wasfunded in 2016, and we aim to complete data collection by the end of 2018. Thefirst results
are expected to be submitted early in 2019.
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Conclusions: Thereis aneed to rigorously assess volunteer home visiting and whether it has a unique and important role on
the service landscape, complementary to professional services. Thisresearchisthefirst trial of avolunteer homevisiting program

to be conducted in Australia and one of the largest of its kind worldwide.

Trial  Registration: Australian  New

athttp://www.webcitation.org/70g42fU7V)
Registered Report Identifier: RR1-10.2196/1000

(JMIR Res Protoc 2018;7(7):€10000) doi:10.2196/10000

Zedland
https.//www.anzctr.org.au/Trial/Registration/Trial Review.aspx?d=370304

Clinical  Trid  Registry

(Archived

ACTRN12616000396426;
by WebCite

KEYWORDS

randomized controlled trial; volunteer home visiting; families; support services

Introduction

Volunteer home visiting is awidely adopted community-based
approach to support families, linking vulnerable and isolated
familiesto trained volunteersfrom their local communitieswho
have experience in parenting or caring for children. Volunteer
home visiting programs can take different forms, with many
seeking to support families by helping them strengthen their
social and community networks, providing families with
connections to appropriate local health, welfare, and education
services and support information [1]. Volunteers may also work
with parents to increase their parenting confidence, encourage
positive parent-child relationships, share local knowledge, and
foster a sense of belonging and community resilience [2].
Bronfenbrenner’s bioecological model [3,4] emphasizes that
building resiliencein both parents and the communitiesin which
they live is critical to achieving family physical, mental, and
social well-being. Bronfenbrenner described a complex and
dynamic web of relationshipsthat exist between children, their
families, the settingsin which children participate, and the wider
community. Child health and well-being outcomes are strongly
influenced by the many social and environmental contexts that
operate within a child’s life. Factors across contextual layers
accumulate to increase a child’s or a parent’s resilience or risk
factors. This requires the development of social infrastructure
to support the growth of inclusion networks and opportunities
for meaningful civic participation [1].

While previous research has demonstrated that a sense of
belonging and inclusion in the local community context is
fundamental to health and well-being [5,6], thereareincreasing
reports of isolation, segregation, and nonparticipation in
response to changing community environments [7]. A sense of
isolation is particularly evident in research examining the social
inclusion of familiesin need of additional supports, such asnew
arrivals to a country [8], those with demanding care
responsibilities [9,10], and those who experience cognitive
limitations or mental health challenges[11].

There is an argument for volunteer home visiting having a
unique and necessary place on the landscape of services
available to families because of the following reasons: (1) It
fills the service gap for families whose circumstances do not
meet the dligibility criteriafor targeted or sustained professional
home visiting services and yet need more support than is
availablefrom universal primary health and community services

http://www.researchprotocols.org/2018/7/e10000/

and (2) Itisdesigned to break down potential barriersto service
access, such aslanguage, transport, or cultural barriers. Another
unique feature of the volunteer home visiting model isthat there
are two groups within the community who, according to
emerging evidence, potentially benefit—the families who
receive the service and the volunteers who deliver the service
[12-14].

Despiteitslong history and critical rolewithin Australian service
systems, there has been relatively little formal scientific
investigation into the effectiveness of volunteer home visiting
programs. Comprehensive reviews criticize the available
evidence for volunteer home visiting as being largely
characterized by research with methodological limitations that
is focused on program satisfaction and experiences of
participation rather than outcomes[15,1]. Nonetheless, findings
from the existing literature suggest there is arole for volunteer
home visiting in supporting families with vulnerabilities.
International research indicates that this service model may
provide an acceptable vehicle for the distribution of health and
parenting information [16] and improve family social support
networks, both in terms of social capital aswell asfamily social
connectedness [17,18]. It has also been shown that volunteer
support can contribute to improved outcomes rel ating to parental
emotional well-being [19,20], parental sense of competence
[21-23], parent-child relationships [24], and parenting behaviors
and skills [25]. There is particularly strong evidence that peer
support can play a key role in promoting increased rates of
breastfeeding and child immunization [26-28]. There is also
potential for volunteer home visiting modelsto play animportant
support role in the care plans of those with chronic health
conditions [29]. It should be noted, however, that community
volunteers may not have amarked impact on clinical outcomes,
which may be more appropriately addressed by professional
services[30], and volunteer support needsto be provided within
the context of well-devel oped guidance and supervision[31,32].
The small number of studies that examine volunteering in the
context of family support programs suggest that volunteers
experience positive outcomes such asincreased knowledge and
skills, a stronger sense of social cohesion, reduced loneliness
and isolation, and animproved sense of purpose and confidence
[11].

The aim of this research is to rigoroudy explore the
effectiveness of the Volunteer Family Connect program
(ACTRN12616000396426), a volunteering home visiting
program collaboratively designed by aconsortium of researchers
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and service providersin Australiato support families of young
children who are vulnerable because they experience social
isolation or alack of parenting confidence and skills. Volunteer
Family Connect is a community-based strategy that aims to
improve the well-being, social connection, and parenting of
vulnerable familieswith young children and the well-being and
social connection of community members who volunteer. The
results can be used to inform public policy on thisissue.

Methods

Study Design

A pragmatic randomized trial design is being undertaken to
provide high-quality evidence to assess the impact of the
Volunteer Family Connect program. Pragmatic trials are a
rigorous method for ng effectiveness, that is, the degree
of beneficial effect of intervention programs in real-world
conditions, answering the question “ Doesthisintervention work
under usual conditions?’ [30]. In keeping with the “ real-world”
conditions for a pragmatic randomized trial, in this study, we
performed the following:

«  We recruited the full range of families referred to the
volunteer home visiting programs of the partner
organizations through usual referral processes, with no
changes to service inclusion and exclusion criteria.

Graceet a

«  We compared the volunteer home visiting program with
other usual care support services, such as group activities
and referral to other agencies.

«  Wetested real-world implementation of the volunteer home
visiting program by our service partners with their current
volunteer providers using guidelines to support quality
service provision, but acknowledging that there are
variationsin practice, whilerigorously assessing outcomes
using standardized measurement tools.

The design of the study was supported using the PRagmatic
Explanatory Continuum Indicator Summary (PRECIS) tool
[33], which assesses the varying degrees of pragmatic
(effectiveness) and explanatory (efficacy) tria approaches.
Wider webs represent more pragmatic trials: narrow webs
represent more explanatory trials. The PRECIS web for the
current trial is depicted in Figure 1. Rating of the Volunteer
Family Connect trial on the PRECIS tool was completed
collaboratively by theresearch team. All senior members of the
research team gathered in aface-to-face meeting and discussed
the project asit is reflected in scores on the PRECI S tool until
consensus was achieved.

Primary Research Question

Is a volunteer home visiting service intervention effective in
improving the parenting competence and community
connectedness of vulnerable families with young children
compared with families who receive usual care servicesin the
community?

Figure 1. Using the PRagmatic Explanatory Continuum Indicator Summary tool to describe the Volunteer Family Connect randomized controlled trial.
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Hypothesis

Familiesreceiving avolunteer home visiting serviceintervention
will have significantly better family outcomes at 15 months
post program entry (higher sense of parenting competence and
stronger community support networks) than those allocated to
continue to receive usual community-based support services.

Secondary Research Questions

1. Do differences exist in the patterns of parent health,
well-being, and empowerment and the sustainability of
family routines over time between those who receive the
Volunteer Family Connect program and thosein the services
as usual control group?

2. Does volunteer home visiting lead to differing outcomes
for children aged 0-5 years in intervention families
compared with thosein control group familieson measures
of immunization, breastfeeding duration, nutrition, and
accidental injury?

3. Do different patterns of outcomesfor intervention families
depend on the location (ie, availability and accessibility of
health, welfare, and early childhood services in the local
area) and the duration of the program (ranging from 3 to
12 months)?

4. Does volunteering on the Volunteer Family Connect
program lead to differing outcomes on measures of
well-being, health, community connectedness, and
self-efficacy for volunteers over time compared with a
matched community comparison group?

Participants

Eligibility Criteria

Eligible familieswill be those who meet the following criteria:
(2) families having one or more children in the 0-5 age range;
(2) families at risk of geographic or social isolation (eg,
separated from usual support networksduetoimmigration); (3)
parents seeking to develop confidence and increase their
parenting knowledge and skills; (4) families residing in the
specified service area; and (5) families unable to resource or
access other support services (eg, due to financial hardship).
Language trangl ation services have been secured so that families

with a first language other than English will not be excluded
from participating in the research.

Familieswill beineligible for the study if any of the following
conditions apply: (1) thereis active abuse or domestic violence
within the family; (2) there is unmanaged mental illnesswithin
the family; (3) substance abuse is an issue within the family;
(4) the family is living in an environment unsafe for the
volunteer to visit; and (5) the family is under child protection
orders or there are unsettled parenting arrangements. Families
referred for volunteer home visiting will be assessed for
eigibility by the local Volunteer Family Connect program
coordinator according to the usual practice, and referrals will
be made to other services within the community if the family
isineligible.

http://www.researchprotocols.org/2018/7/e10000/
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All current volunteers within the Volunteer Family Connect
program will be invited to participate in the study. It is not
possible to examine outcomes for volunteers employing a
randomized controlled trial (RCT) design because this would
halve the number of volunteers available and significantly
impact program implementation. Instead, a community
comparison sample will be recruited that will be matched on
age, gender, education and employment levels, and geographical
location.

Recruitment

Family participants will largely be identified through the
Volunteer Family Connect usua service referral networks,
which include child and family hedth nurses, genera
practitioners, or family support workers. The Volunteer Family
Connect program is advertised within the community, and
parents are welcome to self-refer to the program. If eligible for
the program, families will be invited to speak to a member of
the research team and, if interested, informed consent for the
research will be secured. The family will then be randomly
allocated by the research manager using computer-generated
random numbers to receive either the volunteer home visiting
program in addition to usual care services (Intervention group
= Volunteer Family Connect + usual care services) or the usual
care services only (Control group = usual care services).

The procedure used to recruit and allocate families is
summarized in Figure 2.

An invitation will be extended to al volunteers currently
involved with the 7 participating sites to participate in the
research. The matched community comparison sample will be
recruited via one of the following two strategies. (1) volunteers
will be asked to pass on an invitation to participate in the
research to nonvolunteering acquaintances in their local
networks and (2) the research will be advertised through
Facebook, targeting the local areas in which the Volunteer
Family Connect program is being trialed.

Sample Size

We am to recruit 300 families to the study, 150 to the
intervention group (Volunteer Family Connect + usual services)
and 150 families to the control group (usual services).
Recruitment of 150 families per group has been undertaken
based on what is feasible given current caseloads in the
participating sites and also so that, allowing for attrition, data
analysis can be conducted with a final sample size of 100
families per group. A sample size of 100 families per group has
power of .80 at the 95% level to detect effect sizes (ESs) of .5
or larger for the PSCS Satisfaction subscale (significant
differences detected with minimum n=16 per group) and the
Client Enablement Index (significant differences detected with
minimum n=7 per group) based on pilot study findings and a
previous trial of nurse home visiting conducted by one of the
chief investigators on this study [34].
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Figure 2. Participant flow diagram.
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The families will participate in data collection for a period of
15 months. Strategies have been put in place to support and
encourage the retention of participants, including asking all
participating parents to provide the name and phone number of
arelative or friend who can be contacted by the researchers if
we struggle to reach them; providing families with the contact
details of the research team and asking them to advise usif their
contact details change; providing each family with an Aus $20
gift voucher for a popular grocery store chain at each data
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collection point and sending thank you notes; and employing
project offices who have strengths in the building of rapport
with families. The decision to employ these strategies was
primarily based on the positive experiences of the research team
in the previous research projects [34,35].

A total of 80 volunteersand 80 comparison group memberswill
be recruited to the study, reflecting current volunteer numbers.
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Participant Timeline

Data collection spans a 15-month period so that there is at least
one data collection point post family exit from the Volunteer
Family Connect program (familiesreceive the program for 3-12
months depending on their support needs). Volunteer outcomes
will be measured over a 12-month period at 6-month intervals.

Intervention

Devel opment

The Volunteer Family Connect program was developed in
conjunction with 3 leading not-for-profit organizations, all
involved in coordinating volunteer home visiting programs in
the eastern states of Australia: The Benevolent Society; Good
Beginnings Australia (later subsumed into Save the Children
Australia); and Karitane. An executive member from each
partner organization along with the research leaders met every
6 weeks for approximately 5 years. Collaboratively, a “best
practice” moddl of volunteer home visiting was devel oped based
on a shared theory of change, the strengths of the existing
programs, practice wisdom, and existing research evidence. The
program was manualized, and practice tools were created such
as fidelity checklists, family progress tools, and volunteer
training schedules. The Volunteer Family Connect program is
currently being implemented with fidelity in 7 trial sitesacross
4 dtates (New South Wales, Queensland, Tasmania, and
Victoria) including city, suburban, and rural settings.

Preparation for thetria hasalso involved extensive and ongoing
consultation and support for program coordinators and provision
of training across al levels of the partner organizations
(including volunteers) to increase the understanding of, and
support for, the conduct of an RCT.

Pilot Study

Early preparatory work included a pilot and feasibility study.
The methods and results of thissmall study comparing Volunteer
Family Connect familieswith supported playgroup parents over
a 6-month period have been reported elsewhere [36]. Family
outcome measurement tools were piloted for face validity and
ease of use, and the project survey instrument was refined in
line with parent feedback and researcher experience of
administration. Therange of “usual care” programs and services
(ie, programs and services available to all members of the
community) were identified, and the processes for family
recruitment to the trial and randomization were established and
tested.

Delivery in the Trial

Thefamilies assigned to the intervention group will receive the
Volunteer Family Connect program delivered by a volunteer
associated with one of the partner organizations in the 7 trial
sites. The Volunteer Family Connect program comprises the
core components described bel ow.

1. Program Coordinators: Each site has an employed program
coordinator with tertiary qualificationsin socia work or a
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related field. The program coordinators are responsible for
recruiting and training the volunteers, establishing referral
networks, matching volunteers with families, providing
regular supervision to volunteers, conducting intake and
progress interviewswith families, and referring familiesto
other services within the community.

2. Trained volunteers: All community volunteers participate
inaminimum of 30 hours of training before being matched
with a family and must participate in two additional
capacity-building sessions each year. Examples of core
training modules include “a strengths-based approach to
working with families,” “reflection on personal values and
attitudes,” “boundaries and self-care,” “child development,”
and “community resources” The topics for ongoing
capacity-building sessions are decided by the program
coordinator depending on family needs at the time. For
example, if there are high numbers of families who have
infants, topicslike“breastfeeding” or “ degping and settling”
may be chosen. All volunteers undergo abackground check.

3. Matching: Program coordinators match families with a
volunteer, guided by the needs of the family but limited by
the pool of volunteers available.

4. Home visits: Volunteersvisit the family for approximately
2 hoursevery week. What happensduring visitswill depend
on the needs of the family. Volunteers are encouraged to
support familiesto connect with other servicesand facilities
within the community (eg, attend local playgroups, visit
the child and family health center, go to the park, etc) and
link them with information as needed. Volunteers are also
expected to model positive interactions with the children
and encouragethe parentsin their personal and family goals.
Volunteers do not do cooking or housework tasks unless it
is with the parent as part of helping them to learn how to
do these tasks, and they do not provide child-minding or
child care such as changing nappies or bathing children.
Volunteers complete checklists following each home visit,
detailing the activities and topics of discussion with the
family and whether information was provided to the family
or the family linked with another servicein the community.
The collated data are used as ameasure of program fidelity
and provide ongoing quality feedback to the service partner
organizations.

5. Exit interviews: The duration of the service will be a
minimum of 3 monthsand amaximum of 12 months. When
the family, volunteer, and program coordinator agree that
thefamily has met their goals, the family is exited from the
program and referred to other services by the program
coordinator as appropriate.

Control Group, Services as Usual

Neither intervention nor control group families are limited in
the extent to which they are able to access other serviceswithin
the community. It is anticipated that most families will access
arange of early childhood health and education services. Family
use of other serviceswill be documented in the research, based
on parent self-report, and explored as avariable in anaysis.
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Table 1. Outcome measures.

Outcomes and Construct Measured Data Collection Schedule Instrument

Enrollment  Months
(Baseline)

3 6 9 12 15
Primary Outcomes
Community connectedness O O O O O O Community Connectedness Scale [37];
Social Provisions Scale [38].
Parenting competence O O O O O O Parenting Sense of Competence Scale
[39].
Secondary Outcomes
Parent
Parent physical and mental health O | ad a g o SF-122[40].
Genera parent well-being O O O O O O The Outcome Rating Scale [41].
Parent empowerment O ad O ad ad g Modified Patient Enablement | nstrument
[42].
Child-parent relationship O ad O ad ad g Parental questionnaire (questionsfrom the
Canadian National Survey of Parents of
Young Children) [43].
Child
Immunization O O O ad O O Child Personal Health Record.
Nutrition or breastfeeding O Parental questionnaire-Breastfeeding
guestions from the New South Wales
Child Health Survey (CHS; CHS items
CBF"1, CBF2, and CBF13) [44].
Accidental injury O ad O a ad O Parental questionnaire: “In the last 3
months, did your children get injured at
home? If yes, did the injury require medi-
cal attention (eg, your child needed to go
to ahospital emergency room or general
physician for medical attention)?”
Family
Sustainability of family routines O 0 O g O g Ecocultural Family Interview [45].
Service use
Satisfaction with the VFCE program [ o O a 0 a Checklist of local community services.

and other services being accessed Modified Patient Satisfaction Question-
naire Short Form [46].
Rating of Expectationsidentified at pro-
gram entry on a10-point Likert Scale (in-
tervention only). Semistructured interview
at program exit to reflect on experience of
program participation (intervention only).

Volunteer
Volunteer mental and physical O O ad SF-12 [4Q].
health
Guidance, reassurance of worth, so- [ ad a Saocial Provisions Scale [38].

cial integration, nurturance, reliable
aliances, and attachment

Social connectedness and knowl- [ O O Community Connectedness Scale [37].

edge of community resources

Confidenceor belief in meaningful- 0O O O Community Service Self-Efficacy Scale

ness of volunteer participation [47,48].

Motivational drives of volunteers O O O Volunteer Motivation Inventory [49].
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Outcomes and Construct Measured Data Collection Schedule Instrument
Enrollment  Months
(Basline) 6 9 12 15
Process
Volunteer activities or Experience nd nd nd nd nd Visit record sheet checklist is completed

of program participation

at every visit. Volunteer visits weekly for
aminimum of 3 mo and a maximum of
12 mo. Volunteer completes a checklist
of topics and activities covered during the
visit and qualitative questions, including
volunteer perception of the impact of the
program on the family.

85F-12: 12-Item Short Form Health Survey.

BCBF: child breastfeeding.

SVFC: Volunteer Family Connect.

dcollected weekly for the duration of the intervention.

Outcomes

In keeping with the processes of a pragmatic randomized trial
[37], primary and secondary outcomes were chosen in
collaboration with the partner organizations and in consultation
with volunteers and families, based on their perceptions of the
expected benefits of volunteer home visiting and the importance
of the outcometo the familiesand their volunteers. Discussions
on appropriate outcomes were conducted in monthly steering
committee meetingswith senior representativesfrom all partner
organizations, in focus groups with volunteers held in every
participating site, and in focus groups with families conducted
within the Sydney-based sites. Wherever possible, tools
previously demonstrated to have power to show significant
differences between the intervention and comparison groups
with a minimum of 100 participants per group were selected;
however, many of the expected outcomes have not previously
been measured in home visiting studies. With the exception of
the home visiting program satisfaction scale (intervention group
only), measures are identical for both family intervention and
comparison groups. Measures are identical for the volunteer
group and the matched community comparison group. In
addition, program process datawill be collected. The measures
are presented in Table 1.

Allocation

Most families will be alocated on an individual basis using
computer-generated randomizing, giving them an equal chance
of being alocated to the intervention or the control group. If
more families are recruited than the number of available
volunteers, randomization will be proportiona using
computer-generated randomizing (eg, if there arefive available
volunteers and seven recruited families, five of the seven
families will be randomly allocated to the intervention group
and two to the usual care group).

Family group random allocation will be the responsibility of
the research program manager who will be blind to any details
about the family when making this allocation. Once the
allocation is determined, the program manager will notify the
appropriate program coordinator. It will not be possibleto blind
the research staff responsible for data collection: families will
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know their alocation and are likely to disclose this to the
researchers during data collection. While data collection is not
blind, data analysis will be blind, completed by team members
who have not been involved in data collection.

Data Collection, Management, and Security

Interviewers are trained in the standard administration of the
instruments and handling of distressed parents or volunteers.
The research team meets at least monthly to review interview
techniques and ensure consistency of administration. All data
are checked to ensure accuracy and consistency of data entry.

Family participants will complete a survey every 3 months for
15 months, commencing at recruitment and continuing until 15
months post their own recruitment date. The baseline and
follow-up surveys will be collected by a research assistant (at
the home of the participant or over the phone) or self-completed
by participants if preferred. Surveys can be completed on a
paper form or aword document sent via email, or they can be
Web based using Qualtrics software (Qualtrics, Provo, UT).
The Web-based version of the survey has been tested for
usability and technical issuesin one of the study sites and will
eventually berolled out to all sites. Previous research suggests
that offering multiple survey response modes allows participants
to choose what is most convenient for them, with little negative
impact on data quality [50]. The use of iPads and Web-based
survey software has been shown in the previous research to
increase efficiency and reliability and to reduce dataentry errors
[51-53]. All datacollected viapaper or emailed word documents
will be entered into the Web-based survey by a research
assistant. Datawill be stored in a password-protected Qualtrics
database and backed up to a password-protected folder on a
server. Only members of the research team will have accessto
the data.

The Web-based survey will be administered in two sections.
Section A includes prefilled items (eg, demographic questions,
breastfeeding status, service expectations) for the participant to
update (if applicable), and Section B contains all other items.
Section A requires a link to be manually generated for each
participant at each time point. Section B uses ageneric link to
the respective time point. For parti ci pants self-compl eting, both
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Section A and Section B links will be manually emailed by
research assistants in each site and reminders (emails, text
messages, or phone calls) will be sent weekly until the survey
is completed or for 6 weeks post the due date for the survey.
Both sections require the participant to enter aunique identifying
number at the start of the survey. Where duplicate entries occur,
the earliest completed response will be retained.

Items will always be presented in the same order, and adaptive
questioning will be used to only display relevant questions to
participants. Dependent on adaptive questioning, Section A has
aminimum of twelve pages and amaximum of forty-five pages,
with a maximum of eight questions per page. Dependent on
adaptive questioning, Section B has a minimum of forty-three
pages and a maximum of seventy-eight pages, with amaximum
of six questions per page. Multiple-choice questions use forced
choice validation, with an option of “refused” on all questions.
Open-field responses use requested response validation, with a
prompt appearing before the survey can be progressed to the
next page. A back button will be available to the respondents,
however, there is no provision to review the completed survey
before submission.

Volunteersand comparison group members can opt to complete
their surveys over the telephone with a research assistant who
enters their response into the Web-based survey using an iPad,
independently using a paper survey that is mailed to them, or
Web based using Qualtrics.

All data are stored on password-protected computers at
Macquarie University and at Western Sydney University, to
which only the research team has access. Data are de-identified
during data entry, at which time all names are replaced with
participant numbers. Data are stored in accordance with the
requirements of the Australian National Health and Medical
Research Council and the Privacy Act 1988.

Data Analysis

Quantitative Analysis

Primary and secondary outcomeswill be extracted and analyses
conducted using SPSS Version 25.0. Analysiswill be completed
both on an intention-to-treat and a per-protocol basis. Families
will be considered to have received the scheduled dose if they
receive visits from the volunteer for at least 3 months with no
gap between visits of more than 2 weeks. Volunteer outcomes
will be analyzed using cross-sectional comparative analysis.
Participant demographic data will be analyzed using basic
descriptive statistics. Prior to the analysis of outcome measures,
datawill be assessed for outliers and normality. Scale variables
will beanalyzed using independent t test or analysisof variance
or their nonparametric counterparts (eg, Mann—Whitney U test)
if appropriate. Mixed modeling will be completed on the primary
and secondary family outcomes to assess the effect of the
intervention over time while adjusting for possible confounders.
Categorical variables will be analyzed using odd ratios or
chi-square analysis. For al analyses, two-tailed tests will be
undertaken: findings with a<0.05 will be determined to be
statistically significant. ESs will be calculated for al trends
(0<0.1) and statistically significant findings; (ES=0.5 [Cohen
d]) will be considered clinicaly meaningful. Overal, the
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program will be considered to have been effectiveif at |east one
of the primary outcomes is positive and the other is neutral.

Qualitative Analysis

The survey instruments include some open-ended questions.
Thequalitative datawill be extracted into atext filefor analysis
and entered into NVivo (QSR International). Analysis of the
open-ended responses will employ a thematic approach, with
themes and relationships between themes identified and
described. Thefirst teninterviewswill be dual-coded, followed
by the development of a coding framework then independent
coding with regular checks for inter-rater reliability. Analysis
will initially focus on the family as a case and explore change
inthefamily’sreported experience over time. It will then expand
to compare themes across the families as agroup to capture the
collective experience.

Ethics

Ethics approval for the study was granted by the Macquarie
University Human Research Ethics Committee (Reference
number: 5201401144).

Data Availability

The data that support the findings of this study will be made
publicly available at the conclusion of the research on request
to the corresponding author RG.

Results

Seed funding for this project was provided by a private
philanthropist, who went on to fund the effectiveness tria
described here commencing in 2016. Datacollectioniscurrently
underway and will be complete by the end of 2018. The first
results are expected to be submitted for publication early in
2019.

Discussion

In this study, we aim to explore the effectiveness of avolunteer
home visiting program designed to provide support to families
with young children who might otherwise “fall between the
cracks’ becausethey are not eligiblefor intensive family support
services but need more support than is available through
universal primary services. The Volunteer Family Connect study
will provide evidence of the outcomesfor familiesbased on the
program logic of volunteer home visiting [1] and outcomes
desired and valued by parents. This study assesses the
effectiveness of volunteer home visiting on its own merits and
contribution to the service landscape, rather than as a program
equivalent to, or potential substitute for, professional services.

RCTs can be an uncomfortable methodological approach for
not-for-profit organizations. Their employees are generally
guided by an altruistic and empathic approach, rather than a
rigidly scientific approach, and randomly denying support to
someone they believe would benefit can be challenging. Time
was spent with those delivering the program to discuss the
ethical situation in the context of delivering the previously
untested service that did not have evidence of effectiveness.
The lengthy lead in timefor this project was essential to secure
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support for the research across al levels of the organizations,
from CEOs and board members, through to program
coordinators and volunteers. Some volunteers and program
coordinators did not want to be involved, and the services have
also experienced some difficulties with their referral networks,
with somereferrers ceasing to refer families during the research
trial. Understanding these significant challengesfor participating
organizations and their ongoing commitment to ensure a
rigorous research approach is commendable. Launching this
research is an indication that within the not-for-profit sector,
rigorous research is feasible. It does, however, need to be
embedded within trusting relationships and will need many
formal and informal conversations across all levels of the
organization, which can take severa years.

Future research will explore different modes of program
delivery, including whether volunteer home visiting can be
effectively delivered using technology such as telephone and
videolinks. This work will complement the existing research
exploring the role of technology in providing professional and
other support servicesto thosein rural and remoteregions[31].
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Abstract

Background: Research has established that skillful family management during adolescence protects youth from a variety of
mental health and behavioral problems. I nterventions associated with this research have focused on parenting skills asthe mediator
that links early risk factors with a profile of later behavioral risk, including problem behavior, substance use, and school failure.
Fortunately, positive changesin family management skills have been linked to meaningful improvements in adol escent behavior,
and these improvements have been significant across a variety of cultura groups.

Objective: We describe the background, research design, and intervention components of an electronic health version of the
Family Check-Up program that is targeting middle school children and is being evaluated in arandomized controlled trial for its
usability, feasibility, and efficacy.

Methods: We used an iterative formative research process to develop an electronic health version of the Family Check-Up
program. In our ongoing randomized controlled trial, eigible familiesare randomly assigned to 1 of 3 conditions: Family Check-Up
Online-only (n=100), Family Check-Up Online + Coach (n=100), and awaitlist control condition (middle school as usual; n=100).
We are conducting assessments at baseline, 3 months following randomization (posttest), and at follow-ups scheduled for 6
months and 12 months.

Results: This randomized controlled trial project was funded in 2015. Participant recruitment was completed in spring 2018
and enrollment is ongoing. Follow-up assessments will be completed in 2019.

Conclusions: Theinnovative Family Check-Up Online program has the potential to help address many of the barriers that more
traditional school-based behavioral mental health implementation strategies have yet to solve, including staffing and resources
to implement family-centered support within schools.

Trial Registration: Clinical Trials.gov NCT03060291; https://clinicaltrials.gov/ct2/show/NCT03060291 (Archived by WebCite
at http://www.webcitation.org/70f8keeN4)

Trial Registration: RR1-10.2196/11106

(JMIR Res Protoc 2018;7(7):€11106) doi:10.2196/11106
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Introduction

Background

Although many young people make the transition to adolescence
with only minor behavioral problems and school-related
difficulties, a significant number of at-risk youth develop
problem behaviorsthat are serious, that may last alifetime, and
that could impair later functioning. During the past decade,
substance use has remained a serious public health concern,
with 35% of eighth graders reporting having tried acohol and
associated increasesin substance use during the adolescent years
[1]. Early adolescence (ages 11-14 years) is a time of rapid
biological and social transition. Interactions between parents
and their child’smiddle school are significantly more formalized
and less frequent than in elementary school [2]. As a result,
parents tend to become less involved in their child’s overall
adjustment, which may subsequently lead to a variety of
behavioral and social problems in high school. As a result,
middle school is an ideal developmental period for
family-centered prevention that targets reduction of problem
behavior and substance use through teaching and supporting
effective parenting skills.

Research during the past two decades has established that skillful
family management, including applying positive parenting skills,
setting limits, monitoring, and effectively solving problems,
during adolescence protects youth from a variety of mental
health and behavioral problems. Most family-centered
intervention studies have focused on parenting skillsasadirect
target of intervention, guided by a theoretical model whereby
parenting skills are the mediator that links early risk with a
profile of later behavioral risk, including problem behavior,
substance use, and school failure [3-6]. Fortunately, positive
changesin parental family management skills have been linked
to meaningful improvements in adolescent behavior across
family cultures and ethnic groups[7,8]. Even among adol escents
who exhibit risk, such as affiliation with deviant peers, improved
family management skills by parents has been shown to decrease
the growth of externalizing behavior during adolescence [9].

In this paper we describe the background, research design, and
intervention components of an ongoing project funded by the
US National Institute on Drug Abuse (RO1DA037628) that is
intended to develop and test the usability, feasibility, and
efficacy of an Internet-based version of the Family Check-Up
(FCU) program as a universal prevention intervention that
targets middle school children. In Multimedia Appendix 1 we
present the summary statement generated by peer reviewersin
the US National Institute on Drug Abuse Study Section prior
to our research being funded.

Efficacy of the Family Check-Up Program

The FCU isastrengths-based, family-centered intervention that
promotes family management and parent skill enhancement and
addresses child and adolescent adjustment problems[10]. It has
two components: (1) an ecological strengths-based self-report
assessment of child behavior, parenting skills, family dynamics,
and life stressors, followed by focused feedback; and (2) parent
management training, which focuses on supporting positive
behavior, setting healthy limits, supervision, and building

http://www.researchprotocols.org/2018/7/€11106/
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relationships [11]. Depending on the particular program
configuration used, the FCU family feedback session can be
held at the family home, a clinic, a school, or a community
center, and its delivery istypically facilitated by a counselor or
coach (in school settings) or atherapist (in community mental
health settings). The FCU can be delivered as both a preventive
checkup and as an intensive intervention for high-risk families.

Multiple federally funded grants have examined the FCU in
randomized controlled trials based in public schools that
involved ethnically and socioeconomically diverse young
children and middle-school—-aged youths [10,12-15]. Strong
effects have been found on both proximal and distal outcomes,
including substance use, health behavior, and depression. The
FCU delivered in middle school has been linked to long-term
improvement in academic outcomes (self-regul ation, grade point
average, school attendance and engagement, and teacher-rated
child problem behavior over time) [14,16,17] and various
nonacademic outcomes (eg, depression, substance use, and
high-risk sexual behavior) [17-20]. It was also related to
decreased arrest rates, problem behavior, and substance use.
These positive effects have been found to persist through high
school and the early-adult years [5,21,22].

The FCU wasfound to have direct effects on putative mediators,
such as youth self-regulation, and on outcomes such as deviant
peer affiliation, substance use, and family conflict [17,23]. When
the FCU was delivered in schools, teachers reported reduced
problem behavior across the 3 years of middle school [14] and
in school-related outcomes [24]. The putative mediators
associated with changes in behavior across these intervention
trials included parenting skill enhancement and youth
self-regulation [17,23], with a particular focus on positive
parenting across the life span. Improved self-regulation during
the middle school years predicted reduced risk behavior during
the transition to adulthood more than 10 years later [20].

Electronic Health I nterventions

Electronic health (eHealth) interventions delivered via the
internet are rapidly being developed for awide variety of target
behaviors, and they have shown encouraging efficacy in
controlled trials, for example, for smoking cessation [25-27],
depression treatment [28-30], and obesity management
[31,32].These programs can be stand-alone (fully automated),
which reduces their cost of delivery while greatly increasing
their reach (their public health impact), or they canincludelive
contact with coaches or counselors in face-to-face sessions or
through telephone calls [33], which increases participant
adherence through accountability to a coach who is seen as
trustworthy, benevolent, and having expertise. Mohr et al [33]
posited amodel of supportive accountability that describes how
participant engagement and follow-through in eHealth
i nterventi ons can be encouraged by the human support provided
by a coach, for example, when participants receive brief calls
from the coach. Using the term coach implies that the coach’s
interaction with families need not require the skills of ahighly
trained clinician [34]. Thislevel of coach support has beenfound
to enhance the efficacy of eHealth interventions for tobacco
cessation [35-37] and depression [38-40].
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A number of studies have examined Web-based parent-training
programs. Some programs have adopted avideo tel econference
approach to enable coaches or therapists to observe family
interactions and guide treatment activities at parents homes
(eg, the work of Comer and colleagues [41-43] on
internet-facilitated Parent Child Interaction Therapy). Other
parent-training programs include multimedia and program
content designed for parents to use on their own or under the
guidance of trained coaches. Examples of these studies are
Incredible Years[44], amobile phone-based version of Helping
the Noncompliant Child [45], a Web-based implementation of
the Strongest Years program delivered in Sweden [46], the
Parenting Wisely program [47], some of thetests of the Triple-P
Online program [48,49], and ezParent, a tablet-based
intervention designed for a low-income, ethnic minority
population of parents [50].

Rationale for the Project

Although a variety of parent interventions in public schools
have motivated positive change in parenting and reduced
problem behavior [12,51,52], few children and adol escents ever
receive treatment for these problems when interventions are
fully disseminated, and only avery small percentage of parents
participate in parenting or family interventions to address
behavioral problems [53,54]. Severa likely reasons could
explain this problem, including inadequate funding for
implementation, schools' competing priorities, complicated
logistical requirements for treatments, inadequate time for
teachers and staff to be trained and to deliver the program, and
parents who are difficult to recruit [55,56]. In a randomized
effectiveness trial of the FCU model, we found that schools

Danaher et d

were unable to administer the FCU to families in a systematic
way, although schools were generally supportive of delivering
family-centered interventions from the school. The lack of
trained staff and time for implementation were key factors that
limited the uptake of the intervention, which was associated
with improved outcomes for high-risk students, such as
increased parental monitoring and decreased negative school
contacts, despite poor implementation [20,57]. This research
inspired our efforts to develop an eHealth intervention version
of the FCU that could be administered to families with little or
no staffing from schools. We used an iterative approach to
devel opment that was guided by family and school focus groups,
testing of the eHealth version, and adaptations based on
feedback. In the next section, we describe our development
process, intervention modules, and study design.

Methods

Technology Development Process

We used an integrated technology architecture for the FCU
Online website, its administration website, and coach portal,
which involved sharing a common database. Thisresulted in a
seamless development process that enhanced quality control
and user data tracking. Program components were fully tested
on a preproduction server before being moved to the live
production environment.

Program Components

The FCU program comprises 3 separate but complementary
entities: assessment and feedback, skills sessions in the parent
website, and an administration website (Figure 1).

Figurel. Conceptua schematic highlighting 3 Family Check-Up (FCU) Online components: the parent website, the administration website for managing
administration (Admin) and staff, coaches, and guests, and the randomized controlled trial (RCT) assessment website that parents access to complete

assessments.
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Family Check-Up Program Online Assessment and
Feedback

The namesake activity for the FCU isthe 88-item, 23-webpage
FCU assessment that participants complete as their initial step
in the program. This assessment incorporates items and
subscales from the Strengths and Difficulties Questionnaire
[58] augmented with additional items drawn from other sources
and content developed internally by the Oregon group [59].
Once participants submit their completed assessment, they
receive feedback in a printout arranged according to major
themesand 3 colorsthat convey how their child and family data
comparewith normative data(ie, normal, borderline, and clinical
ranges). Feedback is guided by motivational interviewing
principles, and it provides choices for treatment options and
highlights strengths and potential areas of improvement [10].
Green highlights a family’s areas of strength that, when
continued, will have a strong positive impact. Yellow signals
that an area could use some attention. It does not always mean
asignificant problem but, if ignored, the problem behavior could
escalate. Red indicates that an area may be a serious concern
for their child or family. If no attempt is made to work on and
improve serious concerns, the behavior is unlikely to improve
on its own. Feedback also conveys practical changes parents
can make to improve their child's behavior and the quality of
their family’s interactions.

Skills Sessions Website

Once they complete the online checkup assessment and receive
related feedback, participants in the FCU Online program are
able to access a set of 4 Web-based skills sessions designed to
improve the ways in which they interact with their children
through skills-based learning. The sessions provide the basis
for personalized behavioral adjustments that can directly lead
toimprovement in overall family well-being. The skills sessions
are the following:

- Positive parenting (Figure 2): reinforcing positive behavior
through use of encouragement and praise; learning to give
directions in a clear and simple way with follow-through;
using rewards and incentivesto reinforce desirable behavior.

«  Setting limits (Figures 3 and 4): creating reasonable rules
that clearly state desired behaviors and following up with
predefined consequences when children do not cooperate,
including consistent reinforcement of compliance.

- Monitoring: recognizing potential risks associated with
increased unsupervised time that children may experience
during adolescence, and improving monitoring practicesto
support success at home and at school.

« Open communication: using open communication and
understanding that it is key to having positive family
relationships;, using effective parenting skills, such as
listening to their children, asking questions, and problem
solving.

These 4 parenting skills sessions use online engagement
activities (see Table 1) that are designed to encourage the user
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to interact with, and be engaged with, the program. We have
developed and confirmed the value of similar engagement
activities in our earlier research on eHealth interventions
[28-30]. Engagement activitiesinclude host videos, dyad videos
that model right ways and wrong ways, animations (bear videos)
that model right ways, and animated explanation of
self-management and problem solving. The program also uses
automated text messaging (short message service [SMS]) and
emails to push or proactively send program content to users
rather than relying only on the parents' initiative to access the
intervention [60,61].

Engagement activities include host videos, dyad videos that
model right ways and wrong ways, animations (bear videos)
that model right ways, and animated explanations of
self-management and problem solving (Figure 5). The program
also pushes prompting messages using automated text (SMS)
messaging and emails[60]. Figure 6 shows the online tracking
tool.

Other featuresincludeaLibrary (on the Tab menu) that provides
articles about relevant topics (eg, cyberbullying, sibling rivalry,
and healthy courtship), videos drawn from the skills sessions,
and information sheetsthat can be printed and saved to computer
devices for later reference; a Profile (on the Tab menu) that
enables participants to update their personal program
information, which contains personal information used by the
program (eg, names, addresses, passwords, and mobile phone
number); and a checkup summary (button on the home page)
that helps participants see how they score overal on their
checkup assessment and on specific checkup items (Figure 7).

Family Check-Up Online Administration Website

The FCU Online program administration website varies its
display of program content on the basis of user credentials.
Specifically, study administrators and staff are ableto seealist
of participants by their name, their unique study identifier, their
phone number, their email address, the target child’s name and
school, and other descriptive fields. Coaches are able to view
only their assigned cases in the coach portal (Figures 8 and 9).
Designated guest users are able to review only the features of
the website by examining atest case that was created solely for
this purpose.

Randomized Controlled Trial

Study Design

In this ongoing study, families meeting eligibility criteria are
individually randomly assigned (allocation ratio of 1:1:1) into
3 study conditions: FCU Online-only (n=100), FCU Online +
Coach (n=100), and awaitlist control condition (middle school
as usual; n=100). Assessments are conducted at baseline, 3
months following randomization (posttest), and at follow-ups
scheduled for 6 months following randomization and 12 months
following randomization. Figure 10 shows the projected
Consolidated Standards of Reporting Trials diagram of study
participants.
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Figure 2. The Family Check-Up Online skills session for participants on positive parenting. Image shows top menu, left navigation, list activity for
choosing skills, text messaging opt-in, video model, and additional information features (helpful tip and research says).

Positive parenting
& Encourage & praise
® Introduction
* Choose skills
=» Give directions
- Use rewards
= Summary
=¥ Practice skills

Open communication

Fam
Chec

(
.Up
Online

4

a

'.‘ h‘;"

! L I/
HOME SKILL SESSIONS TRACKING TOOL LIBRARY CONTINUE CHECK-UP PROFILE LOGOUT

Choose ways to use encouragement and
praise

Think about how often you praise your child. If you're like many other
parents, you might not be finding much to encourage and praise these
days. Sometimes it can be really difficult to notice the positive things your
child does. But letting your child know you see their positive behaviors
actually improves their behavior and strengthens your relationship.

Choose strategies to increase

Common encouragement
and praise situations

Use the list below to write down how you are going to encourage and
praise your child. You can also click the blue List button to choose from
ideas that other parents have used in the past. You will get the chance to
practice and track these skills a little bit later on in the program.

Ways to encourage & praise HelpFful tip

| Pat Sam on the head or shoulder ‘ m

Say: What a terrific idea! ‘

getting home on time!

Tell Sam: Thanks for being so responsible and m

Say: Great job checking in after school! | really
appreciate it. Research says

Giving Sam morning clothes that | warmed in dryer ‘ m

Text messages

When you're trying something new it can be helpful to be reminded to
practice. If you would like to receive text message prompts to help you
practice praising your child, check the box.

™ Yes, send me text reminders

when this box is checked, you will receive messages for about 2 weeks. If
you want to start receiving them again, then return here or go to the
Tracking Tool to re-check the box. You can always opt out by unchecking
the box.

Remember to look on the right side of this page to watch videos and see
more information by clicking the buttons. Then you're ready to click the
Next button to learn more about how to give effective directions when
talking to your child.

Copyright © Family Check-Up Online™ 2017. All rights reserved. Contact Privacy Policy
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Figure 3. The Family Check-Up Online role-playing activity located in the participants’ set limits skills session. Image shows a role-playing activity
after the participant has typed in content adjacent to the “You say” box, which triggers display of a recommended response.

Fami?r
Check-Up
Online

HOME SKILL SESSIONS

Role-play how to handle situations

Now take the skills and tips you learned and imagine some challenging
Set limits situations you might experience with your child. Think through how you
-> Clear rules might respond by restating your limits and listing the consequence.

- Consequences . .
Start by reading the following example. .
J Challenges y = . . Helpful tip

B ISOUtion Sample situation: review

TRACKING TOOL LIBRARY CONTINUE CHECK-UP PROFILE LOG OUT

* Role-play
-3 Summary Parent says... Please put your clean clothes away before dinner.
-> Practice skills

Child says... Putting clothes away is stupid! I'm busy right now
anyway.

m Parent says... | know you're busy, but | asked you to put your
clothes away and | need you to follow the rules.
You'll lose screentime tonight if you don't get it
done before dinner.

Now it's your turn. Click the Start button on each of the two role-playing
activities below.

Role-play #1

Parent says... Please clean your room before you go to Jake's
tonight.
Child says... I don't have time! My show is on in 10 minutes and

then | have to leave.

Yousay.. L[ Participant types in content here]]

The direction is to clean your room before you go
anywhere else, so please check back with me when
your room is clean. Thank you!

Recommended ',
response:

How does your response compare?

http://www.researchprotocols.org/2018/7/€11106/ JMIR Res Protoc 2018 | vol. 7 | iss. 7 | €11106 | p.56

(page number not for citation purposes)
XSL-FO

RenderX


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

JMIR RESEARCH PROTOCOLS Danaher et a

Figure 4. The Family Check-Up Online sorting activity located in the participants' positive parenting skills session. Audio and written messages ask
participantsto drag the highlighted sample direction to abox indicating whether it ishelpful or unhelpful. The program provides detailed audio feedback
until all sample directions have been addressed.

Giving Directions
Click on the highlighted sample direction, then drag it into the box where you think it belongs.
Sample Directions

Helpful

* Please ask permission before leaving the
table.

* Finish your homework by 5:30.

* Look at me, please.

* | will turn the TV off so | am sure you can hear

&)

* | can tell you vacuumed, thank you!
* Don't talk with your mouth full.

* Wow, you cleared your plate without a
reminder, nicely done!

* Brush your teeth before leaving the house.

* Don't leave the house without brushing your
teeth.

* You're being so loud, it's annoying!

{E,ﬂ‘rou've always been a slob.

* Please check in by phone or text by 4:30.

* | love you, but your organizational skills need
some work.

Unhelpful

* Do you want to clean your room?

* It’s your fault the house is a mess.

* Clean your room, wash the dishes, then do
your homewaork, please.

®

Table 1. Participant engagement activities in the Family Check-Up Online program.

Activity Function Examples

List activities Encourage creation of personal liststo gain insight into

their situation

Lists of ways to encourage praise, give directions, and give re-
wards; household rules; consequences; monitoring skills; school
support monitoring skills; active listening skills

Role-playing activities

Drag-and-drop activity

Online behavior tracking

Wizard/calculator

Animated tutorials

Tracking tool

Practice step-by-step situations and responses

Provide an interactive experience to more clearly distin-
guish between topics

Web-based tools used to capture participant data over
time designed to encourage self-monitoring, to illuminate
patterns, and to show progress

Tool to help plan schedule

Animations used to provide an explanation for underlying
models for change

Tool for managing personal practice of recommended
strategies and skills

Handling challenging situations, communicating by listening
to facts and connecting with feelings

Activity focusing on the difference between helpful and unhel p-
ful ways of giving directions

Daily tracking of mood ratings and pleasant activities accom-
plished; these tracked data are also charted online

School on-time calculator

Tutorial showing self-management model of trying out new
activities, tracking to seeif they help, refining them accordingly

Tool to help monitor activitiesthat are being worked on in each
of the mgjor skills areas, ratings for how that practiceis going,
and ability to edit and update as needed
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Figure 5. Example of both the animated bear video and the more traditional video model located on the participants' Family Check-Up Online open
communication skills session.

Fanﬁ%y
Check-Up
Online

Positive parenting

Open communication

2 Active listening 2. Take turns coming up with potential solutions.
o Don't judge any ideas while you are brainstorming.

HOME SKILL SESSIONS TRACKING TOOL LIBRARY CONTINUE CHECK-UP PROFILE LOGOUT

Family meeting guidelines

To set up a family meeting, find a neutral time and location. Also be sure to
set aside enough time For the meeting, at least 15 minutes. Then follow

these steps:

Using neutral problem

1. Describe the Family problem neutrally, using a calm voice.
statements

o Don't try to solve hot issues right away.

¥ Family meetings
» Introduction

3. Work with your child to list the pros and cons of each potential
* M:,;?;: solution.
g € ) o Make sure to listen to your child's opinions.
» Choose meeting
skills 4, Agree on a solution ko try out.
- Summary o Remind your child that the solution can be changed if it doesn’t

-> Practice skills work.

Helpful tip

5. Choose a date and time to check-in about how the solution is working.

We have Found that Family Meetings are one of the hardest skills For
Families to learn. Watch how the Bear Family uses the guidelines above to
work together to solve a big problem.
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Figure 6. The Family Check-Up Online tracking tool that excerpts strategies (list items) that participants choose to change in each of the 4 skills
sessions. It displays an opt-in checkbox for receiving text messages (chosen by type of skill), stars for rating value or helpfulness of each type of skill,
and daily practice indicators. Participants can edit and update the contents of this form at any time.

racking tool
Positive parenting
Strategy Click for each day used
= & . #1 #2 #3 #4 #5 #6 #7
ncourage raise
**g*{;‘ﬁ' | Pat Sam on the head or shoulder | oooonoao
|5ay: What a terrific idea! | oo O
Tell Sam: Thanks for being so responsible and getting o o
home on time!
Say: Great job checking in after school! | really o o O O
appreciate it.
Giving Sam morning clothes that | warmed in dryer O O o o
Give directions 0O 0 OO0 00
****{,} Complete your homework by dinnertime each evening
Take out the garbage on Wednesday after dinner. Oo0Oo00o0oao0ooano
Complete evening homework by dinnertime and the O O o o
nighttime
OOoOoOoo0On0anogoad
Don't use smartphone until after homework is finished ([l O O
Use rewards
Home resources: Use electronics, take bottles in for O O
***** refund, Choose TV program/game, Other
Time with each other: Play a game, Read together, (| o o
Watch movie together, Cook together, Other
OooOooOooo0oao0oad
| | OooOooOoo0Ooo0oanogoad
| | OooOooOoo0Ooo0aangoad
Set limits Yes, send me text reminders MORE
Monitoring Yes, send me text reminders MORE
Open communication Yes, send me text reminders MORE
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Figure 7. The Family Check-Up (FCU) Online check-up summary report available to participants by clicking on a button located on the FCU home
page. A similar report is available to coaches in their administration website. Thisimage shows child behavior scores displayed by color of calculated
importance. It also shows drill-down detail (accessed by clicking on the blue text link labeled “ See more detail”) listing check-up items and related
responses that contributed to the scores.

WMMM%W%

Child behavior scores

Behavior at Home You reported some concerns about your child's behavior at
home. Practicing new parenting skills may reduce behavior
(yellow) problems at home.

See more detail

Substance Use . You reported your child isn't using any substances at this
time and that is a strength for your child. Continue to use
(green) effective parenting strategies to prevent substance use as

your child moves towards high school.
See more detail

Emotional Well-being Your child appears to have a stable and positive outlook.

Your child’s positive mood is a strength.

(green)

See more detail
Peer Relationships Your results indicate that your child’s friends are not
behaving well. Focus on monitoring this key area and work
(red) to decrease unsupervised access to problem peers.

See less detail

Question Your response
were well behaved at school? Half
misbehaved or broke rules? Some
experimented with smoking, drinking, or using drugs? Some

dressed or acted like gang members? None / Very few

MW&‘*MW
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Figure 8. The Family Check-Up Online administration website form used by coaches to describe participant details. It includes fields at bottom of
page for jotting down freeform notes and keeping track of key dates and times for coach calls and the check-up results call. I1D: identifier; PC: parent

caretaker; TC: target child.

Participant Details Engagement Data Check-up Summary Manual Emails

Study ID
PC First Name
PC Last Name

Registration Date
11/21/2017

PC Relationship to Child
Great aunt

TC First Name
TC Last Name

TC Gender
male
Preferred pronouns

he [ him [ his

Date of Next Coach Call

1/18/2018
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Current grade
6th grade
School name
Middle School

Home phone

Cell phone
(541) 690-7024

Time preferred to be called
10AM-12PM

PC email address

Treatment Group

Web + Coach

Coach name

Special Word

Time of Next Coach Call Date Coach Completes Results Call

12/12/2017
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Figure9. The Family Check-Up Online administration website form for coaches and administrative staff to review measures of participant engagement
in using the program, showing data that are collected unobtrusively.

W ww o Program Engagement Details
General Site Usage

Days since last login

Total program Logins

List ltems Entered

Skill Session Progress

Section Pages Viewed % Complete
Positive Parenting 9 100.0%

Set Limits

9 100.0 %
Monitoring 9 100.0 %
8

Open Communication 88.9%
Total Pages Viewed: 35

Media and Content

Library Items Viewed

Text Messages Enabled
Videos Viewed
Animations Viewed
Time Spent

Total Time Spent
Average Time Per Visit

Average Time Per Page
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Figure 10. Consolidated Standards of Reporting Trials (CONSORT) diagram of study participants (projected). FCU: Family Check-Up.

Assessed for eligibility (n=400)

Excluded (n=100)

Y

y

Y

Did not meet inclusion criteria (n=30)
Declined to participate (n=10)
Did not return survey (n=60)

Completed baseline assessment and
randomized (n=300)

Y Y

y

Y

FCU Online-only
(n=100)

FCU Online + Coach
(n=100)

Waitlist (Middle School as Usual)
Control (n=100)

Y Y

y

\J

Completed 3-month posttest
assessment (n=95)
Declined to respond (n=5)

Completed 3-month posttest
assessment (n=95)
Declined to respond (n=5)

Completed 3-month posttest
assessment (n=95)
Declined to respond (n=5)

Y Y

y

\J

Completed 6-month follow-up
assessment (n=90)
Declined to respond (n=10)

Completed 6-month follow-up
assessment (n=90)
Declined to respond (n=10)

Completed 6-month follow-up
assessment (n=90)
Declined to respond (n=10)

Y L

y

A J

Completed 12-month follow-up
assessment (n=85)
Declined to respond (n=15)

Completed 12-month follow-up
assessment (n=85)
Declined to respond (n=15)

Completed 12-month follow-up
assessment (n=85)
Declined to respond (n=15)

Y

Y

Y

Included in analysis (n=100)

Included in analysis (n=100)

Included in analysis (n=100)

Participant Recruitment and Screening

Recruitment has been completed. The research sample is
intended to be approximately 300 families recruited from 8
economically disadvantaged middle schools in Oregon, USA,
defined as schools that exceed the state average of 55% of
students qualifying for free and reduced-price lunch. We drew
2 schools from urban settings, 4 from suburban settings, and 2
from rural areas in the state. Families in these 3 settings may
have different community norms regarding parenting behavior
and different degrees of access to mental health services or
support for positive parenting. They may also use Web-based
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resources with different frequency. We are seeking to understand
whether community characteristics have an impact on the uptake
of an eHealth parenting intervention.

We recruited participants during 2 school years (2016-2017 or
2017-2018) and are currently finalizing our sample.
Approximately 150 families of sixth- and seventh-grade students
wererecruited each year. All familiesin the designated schools
and grades were eligible to participate. Inclusion criteria
specified that parents or primary caregivers be legal guardians
of the enrolled student and have Web access at home or be
willing to access the Web via computers located in the school,
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public library, or work, and that they have proficiency in
English. Families of students with severe developmental
disabilitiesor physical disahilities (eg, autism, genetic disorders,
or Down syndrome) were excluded from the study. We expect
the ethnicity of the sample to be consistent with that of families
in Oregon: about 78% white, 12% L atino, 5% Asian American,
and 5% African American.

Institutional review board—approved study procedurestook into
consideration the privacy protectionsoutlined inthe US Family
Educational Rightsand Privacy Act [62]; University of Oregon
Ingtitutional Review Board Protocol Number: 07032014.004).

The recruitment process began with an email sent to parents of
sixth- and seventh-grade students from the principal at each
school that included a brief description of the study, stated the
enthusiastic support of school staff for the project, and included
alink to a secure website where interested parents were asked
to provide their contact information. A paid research staff
member then called all respondents to screen for eligibility,
determine parent preference for receiving materialsin English
or in Spanish, explain the goals of the study, and provide details
about participation.

Families who indicated an interest in the study and satisfied
eligibility criteria were mailed a packet that included a parent
consent form, ayouth assent form, the parent and youth surveys,
and 4 self-addressed, stamped envelopes so that each consent
and survey could be mailed back separately to project staff. This
preassessment included standard, widely used questionnaires
that ask about the child's abilities and behavior, parenting
practices, family dynamics, family demographics, family health
behaviors, and life stressors and took about 30 minutes to
complete. One week after this packet was mailed, a research
staff member called the parent or caregiver to answer any
questions about the consent form or the survey. If the family
had not yet returned their surveys, they were reminded to do so
as soon as possible.

Randomization to Conditions

Once we receive the completed surveys and consent forms, we
randomly assign participating familiesto acondition within the
school such that each school will have a similar number of
participantsin each of the 3 conditions: FCU Online-only, FCU
Online + Coach, and awaitlist control. Spanish-speaking parents
who previously indicated comfort reading in English are
randomly assigned to 1 of these conditions; parents who
indicated greater comfort reading in Spanish are assigned to a
nonexperimental telehealth treatment condition that receives
print materialsin Spanish and interacts with acoach in Spanish.

In the FCU Online-only condition, participants receive a
welcome email with an explanation about the website and
instructions for logging in. Once they log in to the FCU Online
websitewith their credentials, participants are able to complete
the FCU assessment, receive feedback, and then accessthe skills
session website, where they are provided with online tools to
support their parenting in areas identified as challenges. These
tools include videos, animated videos, parenting tips, and
interactive activities (see Program Components section of this
paper). Parents are also given the opportunity to practice
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parenting skills and track their progress. Parents can receive
text messages that prompt them to try out new skills learned
from the website. Parents can log in as often as they like and
interact with any of the parenting skills sessions on the website.

In the FCU Online + Coach condition, participants receive a
welcome email with an explanation about the website,
instructions for logging in, and the name and email address of
the coach who will be working with them. Participants in this
condition log on to the same FCU Online program and follow
the same procedure made available to participants in the
online-only condition. However, they are also assigned afamily
coach who callsthem at least two times to help establish goals,
talks them through their results, offers support, and helps
motivate parentsto improve parenting practices. These coaching
callsareintended to be brief and focused, and to last aslong as
necessary, but typically for less than 30 minutes. Coach calls
are scheduled based on afamily’s availability, and they may be
initiated by either the coach or parent.

In the waitlist control (middle school as usual) condition,
participants receive an email thanking them for their
participation and letting them know that project staff will next
contact them in 3 months, when they complete another
guestionnaire.

M easures

Familiesin al 3 conditions are mailed afollow-up questionnaire
at 3 months, 6 months, and 12 months that is identical to the
preassessment in order to assess changesin constructs over time
(see Table 2). Each follow-up questionnaire is estimated to
require 30 minutes to complete. The 3-month follow-up
guestionnaire for parents in the 2 intervention conditions also
includes a 2-page website feedback survey that requires
approximately 10 minutes to complete. All families receive
remuneration for their time: US $100 for completing the baseline
assessment and US $100 for completing each of the 3 follow-up
assessments, for atotal of $400. Families can also earn a US
$50 bonus if they complete all 4 assessments.

Sociocultural Contexts and Resources

Family resources and contextual stressors are assessed.
Background variables are obtained from primary caregivers by
using our project-generated Demographic Questionnaire, which
includes queries about family income, parents’ occupational
status, education, marital status, living situation, and parenting
arrangements, if any. Parent and child physical health are also
assessed, asissocial service use. In addition, parental emotional
well-being (depression and anxiety), substance use, and
relationship satisfaction are assessed.

Parent physical health is assessed with 3 itemsregarding height,
weight, and perception of general health. Child physical health
isassessed with 5 itemstaken from the Child and Family Center
Student Survey (CFCSS) [63] regarding height, weight,
perception of body size, consumption of sodaand sweet drinks,
and daily exercise. In addition, the family’s engagement in
healthy food choices and physical activity is assessed with a
31-item modified version of the Family Health Behavior Scale
[64].
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Table 2. Assessment timeline.

Constructs Baseline Posttest (3-month assessment)  Follow-up (6- and 12-month assessments)

Family sociocultural contexts and resources

Family income P2 P P
Parent’s occupational status P P P
Parent education P P P
Parent marital status P P P
Living arrangements P P P
Parenting arrangements P P P
Parent physical health P P P
Child physical health P P P
Family health behaviors P P P
Parent anxiety and depression P P P
Parent substance use P P P
Parent relationship satisfaction P P P
Service use P P P
Parenting skillsand behavior
Setting limits P P P
Monitoring of peer relationships P cP PC PC
Monitoring of family routines P P P
Positive parenting PC PC PC
Parental involvement in child’s school P P P
Parent self-efficacy P P P
Youth adaptation and family outcomes
Youth problem behavior
Child's effortful control PC PC PC
Youth adjustment to school PC PC PC
Strengths and Difficulties Questionnaire PC PC PC
Child substance use PC PC PC
Child attitude about substance use C Cc Cc
Child association with deviant peers PC PC PC
Family relationships
Family conflict PC PC PC
Positive family relationships PC PC PC
Positive family support PC PC PC
Family engagement
Program use® P P P
Website satisfaction — P —
Coach calls? P P —
8p: parent.
be: child.

®Program use was monitored automatically and unobtrusively by the intervention website over the course of the project period.
A coach phoned participants in the FCU Online + Coach condition at least two timesin the period between baseline and posttest.
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Parental emotional well-being is assessed using the 2-item
Patient Health Questionnaire depression screener [65] and the
2-item Generalized Anxiety Disorder Scale screener [66].
Parents’ use of tobacco, alcohol, and marijuana is evaluated
with a brief 3-item version of the Parent Substance Use
Questionnaire[12]. Parental relationship satisfaction is assessed
using the 4-item screening version of the Dyadic Adjustment
Scale short form [67,68]. Finally, service use is assessed using
7 items adapted from the Services Assessment for Children and
Adolescents [69] regarding mental health, medical, or school
servicesreceived inthe past year by the child, primary caregiver,
or other household member.

Parenting Skills and Parenting Behavior

Parental skillsand behavior are assessed using both parent- and
child-report measures. Parents report about setting limits with
7 items excerpted from the Parenting Children and Adol escents
measure, an unpublished older-child version of the Parenting
Young Children measure[70]. Monitoring of peer relationships,
monitoring of family routines, and positive parenting is
measured with 21 items adapted from the Parent Interview
[71,72]. Youth also report about positive parenting and parental
monitoring of peer relationshipswith 13 parallel items adapted
fromthe CFCSS[63]. Parental involvement in the child's school
and parent self-efficacy are also assessed through parent
self-report via 6 items from the Parent Involvement Scale [73]
and 8 items adapted from the Parenting Task Checklist [74].

Youth Problem Behavior and Adaptation

Parents and youth report about the teen’s effortful attention
control via an 8-item subscale of the Early Adolescent
Temperament Questionnaire [75,76]. Parents and youth also
report about the youth’s adjustment to school by using 5 items
adapted from a measure of school participation [57]. Problem
behavior is assessed through several modalities. Parents and
youth report about problem behavior using the 26-item Strengths
and Difficulties Questionnaire [58]. Child substance use is
assessed with 3 parent-report items about the frequency of their
child’s tobacco, alcohol, and marijuana use and with 4
child-report items about tobacco, a cohol, and marijuanausein
the past month and about riding in a car with someone under
theinfluence. Children also report about the perceived difficulty
of obtaining tobacco, alcohol, or marijuana (3 items) and their
attitudes regarding these substances (3 items), adapted from the
CFCSS [63]. Child association with deviant peers is aso
assessed via parent and child report with 4 items adapted from
the Peer Affiliation and Socia Acceptance measure[77].

Family Relationships

Parents and children both report about family conflict, positive
family relationships (4 items), and positive family support (3
items) [78].

Family Engagement

Family engagement with the intervention is assessed in three
ways. First, we look at participant use of the eHeath
intervention. Each participant in each of the 2 intervention
conditions determines how often and for how long they interact

with the program, which is assessed unobtrusively by the
program. Following an approach we used in earlier research on
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eHealth interventions [28,79,80], we created a composite
measure of program engagement defined as the product of the
z score transformations of the mean of (1) the overall duration
of program visits, and (2) the overall sum of the number of
visits. These measures also allow usto assessthe extent to which
each participant used each module in the program by using a
more detail ed assessment of engagement activities (eg, reviewed
videos and animations, opened online documents, created
personal lists, or tracked practice activities).

Second, consumer satisfaction with the website is assessed at
the time of the 3-month posttest using a measure developed for
parent-training programs[81], which includes satisfaction with
content and delivery of the model and factors related to uptake
and use of the information. We adapted it for this study to also
assess barriers parents may face in completing an eHealth
intervention (eg, time or computer equipment).

Third, inthe FCU Online + Coach condition, family engagement
is assessed via the number of contacts with a coach, total
minutes of contact with a coach, and overall therapy dosage.

I mplementation Assessment

During project year 5, we will assess our effort to encourage
the continued implementation of the FCU Online program in
schools that participated in the research project. We will train
school personnel in both versions (FCU Online-only and FCU
Online + Coach) and problem solve with the school to ensure
successful uptake, and work with the school to identify families
for theintervention by using natural school indicators of success
(eg, attendance, behavior referrals, and grades). We will then
assess uptake of the intervention by interviewing teachers and
administrators about their usage. In addition, we'll use our
measure of successful uptake of family-centered, school-based
interventions, the Family-School-Wide Evaluation Tool [82],
based on the widely used School-Wide Evaluation Tool
assessment for evaluating uptake of positive behavior support
programs in schools [83,84]. Thiswill occur at the end of year
5 after the schools have had a chance to implement the program
throughout the year.

Formative Research Process

At multiple pointsin the iterative devel opment process, we have
gathered information from potential users about what was
working in the program and what needed to be adapted or
reformulated. Thefirst of these focus groupsincluded 6 parents
and the dean of students from a participating middle school.
Three other focus groups included various school staff from 4
schools (2 suburban and 2 rural). Thefirst included 2 principals,
2 vice principals, and 1 school counselor; the second included
1 principal, 2 deans of students (1 of whom was also called a
family liaison staff), and 1 counselor; and the third included 1
principal, 1 counselor, and 1 behavioral specialist. Weintegrated
the feedback from these groupsinto the devel opment and design
of the program (eg, enable usersto go back and retake the FCU
assessment, provide more tips and the shorter the better, have
children looking at mobile phonesin the pictures so the images
appear more accurate and up-to-date, allow different credential
levels on the administration site).
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Next, we conducted usability testing with 5 participants to
examine the acceptability and feasibility of the program.
Usahility testers met individually with aresearch staff member
in 90-minute sessions during which they interacted with portions
of the FCU Online program while testers used think-aloud
techniques to describe their ideas and thoughts. Usability test
participants were also asked to complete the 10-item System
Usahility Scale[85] to examinethe acceptability and feasibility
of the program. Itemsin this scale include “| think that | would
like to use this website frequently” and “I thought the website
waseasy touse” Wethen used these qualitative and quantitative
data to further improve the design of the program.

Finally, we conducted a pilot study with 7 participantsin either
the FCU Online-only or the FCU Online + Coach condition.
Parents were then given 2 weeks to use the website and meet
with a coach (if applicable). Next, parents provided verbal
feedback about their experience with the assessment processin
general, and with the website specifically, during a debriefing
interview with project staff members. This feedback was used
to further improve the surveys and program logic.

Data Analysis

Families are randomly assigned to a condition and will be the
unit of analysis for all models. Mixed-effects analyses will be
based on a hierarchical linear modeling approach in which
students are nested within schools; primary outcomes are nested
within individual students at level 1 of the model; and
between-participant predictors (fixed effects), such astreatment
condition and child and parent demographics, will be examined
at level 2. This approach will (1) account for the correlated
within-participant errors created by nesting of repeated
measurements within study participants, (2) allow usto examine
longitudinal tragjectorieswithinaunified and flexible framework
that also facilitates examination of potential moderating and
mediating variables, and (3) enable us to test for potential
dependencies (school-level effects) in the data. For each of the
3 pairwise contrasts between conditions, we will examine
intervention effects by modeling longitudinal trajectories across
time with mixed-effects models using SAS PROC MIXED
(SAS Ingtitute) or Mplus software (Muthén & Muthén).

Using an intent-to-treat approach with 100 participants per
condition, with alpha set to .017 (to adjust for multiple
contrasts), there is sufficient power (>.80) to detect a condition
effect of Cohen d=.42 or larger (moderately small effect size)
between either intervention condition and the control group on
primary outcomes, which include effective parenting skillsand
reductions in child problem behavior. Previous FCU efficacy
trials have demonstrated medium to large effects for tobacco
use, alcohol use, cannabis use, antisocial behavior, and arrest
rates [15,21].

Results

This project wasfunded in 2015 and the research project period
is scheduled to be completed in 2020. Participant recruitment
was compl eted in spring 2018 and initial assessment isongoing.
Follow-up assessments will not be completed until 2019.
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Discussion

Overview

This paper describes the innovative FCU Online eHealth
intervention randomized controlled trial for parents of middle
school children. Our report focuses on the background, research
design, and intervention components of atrial that will develop
and test the usability, feasibility, and efficacy of an eHedlth
version of the FCU program that targets middleschool children.
The rigorous study design will alow for comparisons of two
versions of the FCU Online program (FCU Online + Coach,
FCU Online-only) and the waitlist control condition.

Strengthsand Limitations

A fundamental strength of the FCU is that it is scalable at
multiple levels, depending on the barriers and resources
available (family resources and school resources). For schools,
barriers in staffing and coach support may prohibit use of the
FCU Online + Coach, and these schools can use the FCU
Online-only version, which requires limited staffing support to
provide access to families. Barriers for families include time,
transportation, and internet access. The FCU Online program
can be delivered to families in their home and on their own
schedule. The website is accessible by phone and can also be
used “on the go.” Schools may aso provide computer access
to enable families to complete the program. This provides a
high-reach, scalable approach to help familiesthat isaccessible
to urban, suburban, and rural communities.

Another strength of this study is the use of multiple urban,
suburban, and rural schools throughout the state of Oregon.
This diverse population will allow us to examine rural versus
urban participation and consumer satisfaction. We plan to
implement the FCU Online program in 1 model school at the
end of the study, which will provide additional information
about dissemination.

Our development approach is also a strength of this study.
Specifically, our use of an integrated technology architecture
and a shared database facilitates data sharing and consistent
programming procedures for the FCU Online website, its
administration website, and its coach portal. Similarly, our use
of an iterative formative research development process helped
confirm program functionality and refine the program’s user
experience design and user interface.

A potential limitation is the financial remuneration of the
maximum amount of US $450 that participants are scheduled
to receive in this efficacy trial for time and effort spent
completing the assessments. We believe that this level of
remuneration is equivalent across conditions and therefore it
should not differentially affect groupwise outcomes. Moreover,
it is contingent upon assessment completion rather than
participation in the intervention. However, given the likelihood
that the FCU Online program would not be implemented in the
real world with such significant financial consequences, it will
be important to assess the FCU Online program within amore
practical context. In addition, previousresearch onthe FCU has
demonstrated prevention effects emerging over long-term,
multiyear follow-up. As such, potential long-term prevention
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effects of the FCU may not be detected within the 1-year
follow-up period of this study. Another possible limitation is
that participants using the current version of FCU Online
program must be proficient in English.

Future Directions

Programs such as the FCU Online represent an important
next-generation direction in delivering behavioral health
programs to parents and caretakers of school-aged children.
Previous researchers and clinicians have been working to
integrate evidence-based behavioral health prevention and
intervention programs (also termed mental health programs)
into schools for more than three decades (eg, [86,87]). Nearly
all these attempts identified a consistent set of barriers when
moving from “hothouse” efficacy demonstrationsto thereal-life
frontiers of community educational settings and service
providers. These barriers primarily include lack of resources
(particularly in rura settings); stigma and parental resistance
associated with behavioral health screening and diagnostic
methods [88]; competing responsibilities of intervention staff;
lack of support from school administrators and teachers, who
often have no exposure to or training in behaviora health
practicesthat are evidence based; difficulty in engaging families;
and administrative and staff turnover, which creates a
tremendous and ongoing staff training problem. The fact that
many evidence-based practices are not flexible in terms of
allowing shorter sessions and briefer interventions, and that
most are developed for single issues (eg, anxiety, depression,
or oppositional defiant disorder), makesit difficult to integrate
various behavioral health programs [57,87,89], which creates
additional barriersto uptake in real-life community settings.

In the context of all these barriers, schools are faced with
increasing challenges, such as climbing rates of mental health
issues, high rates of behavioral problems, children exposed to
trauma, and school violence[90,91]. The FCU Online program
has the potentia to help address many of the af orementioned
barriers that more traditional school-based behavioral health
implementation strategies have yet to solve. For example,
strengths of the FCU Onlineincludeitsability to be used within
any behavioral health service delivery model or strategy (eg,
school-only, school plus community behaviora health clinicians,
and school-based health clinics), the ability of parents and
clinicians to titrate (ie, use indicated modules or the entire

Danaher et d

program), and the ability to select families for intervention in
a nonstigmatizing manner (ie, nonuse of Diagnostic and
Satistical Manual of Mental Disorders diagnostic labels). The
FCU includes a contextualized assessment of known family,
child, and parenting constructs associated with behavioral health
and educational outcomes (common elements approach);
engagement of parentswith multiple and parent-preferred levels
as opposed to the more usual face-to-face-only strategies;
presentation through multiple methods (eg, human video; video
animations; text, graphs, and tools; exercises and forms; and
additional literature) of evidence-based parenting methods and
exemplars that are not confounded by clinician talent and
training; and low response cost for schools to integrate at
whatever level their desire or resources allow.

In addition, it remains for additional research to demonstrate
the extent to which adding complementary program content
(eg, stress management skillstraining, healthy eating) aimed at
parents might enhance impact and whether benefits might accrue
from adding online content for children. For example,
embedding content from an evidenced-based curriculum, such
as Coping Power, that includes both child and parent
components into FCU Online might enhance outcomes over
time [92]. Additional research on implementation and
sustainability of effective interventions might explore whether
targeted eHealth interventions for families, such as the FCU
Online program, could be but one element of amulticomponent,
school-based mental health program that provides access to
engaging internet-based resources and tools [93,94]. Future
analyses (following the examples set by the recent review by
Finan et al [95] and the study by Heinrichs [96]) should also
examinethe possibleimpacts of different amounts of behavioral
health prevention dollars used (1) to incentivize recruitment
and assessment completion and (2) to encourage the practice
of program strategies that might sustain treatment effects long
after research payments are no longer an option.

Plans for future development of the FCU Online program
include more-varied approaches and reporting to accommodate
multiple parents and caretakers per child, multiple children
within a participating family, expansion of program content for
use by Spanish-speaking users, and expansion to health-related
topics (eg, obesity management and prevention, and health
promotion).
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Abstract

Background: The caries experience of Aboriginal children in Western Australia (WA) and elsewhere in Australiais more than
twice that of non-Aboriginal children. Early childhood caries (caries among children <6 years) has a significant impact on the
quality of life of children and their caregivers, and its management is demanding and commonly undertaken under general
anesthesia. A randomized controlled trial usingaminimally invasive dentistry approach based on Atraumatic Restorative Treatment
(ART) in metropolitan Perth, WA, has demonstrated a significant reduction in the rate of referral to a dental specialist for dental
care among children with early childhood caries, potentially reducing the need for treatment under general anesthesia. The tested
approach was clinically successful and was without adverse effects on child dental anxiety. The model of ART-based primary
care requires further testing and development if similar outcomes for Aboriginal children in remote and rural settings are to be
achieved.

Objective: The study aimsto develop, implement, and evaluate aremote primary care model to deliver effective primary dental
services, encompassing treatment and preventive services, to Aboriginal preschool children (based on minimaly invasive
approaches including ART).

Methods: This is a two-arm paralel cluster randomized controlled study in which a test group will be provided with the
intervention treatment at the start of the study and a control group will be provided with the intervention treatment 12 months
after study commencement (delayed intervention). Participating communities, stratified by size of community (ie, number of
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children in the sample frame) and baseline caries experience, will be randomly assigned using a computer-generated block
randomized list into immediate (test group) or delayed intervention (control group; provided with standard care). Informed consent
will be obtained from all participants. Aboriginal research assistants will explain the study to the parents and assist the parents
in completing the questionnaires. Participants in the randomized study will be examined at baseline and at 12 months follow-up
by a calibrated examiner. Test group participants will subsequently be contacted and appropriate appointments coordinated for
treatment. Control group participants will be provided with standard preventive care by the Aboriginal Health Workers and
managed for treatment as per standard procedures.

Results: Community consultations have been undertaken and 26 communities have agreed to participate. Fieldwork isin progress
to recruit study participants.

Conclusions: The significance of the study liesin its holistic approach to testing the model of care. Clinical evaluations as well
as oral health related quality of life evaluations will be undertaken. Cost-effectiveness and cost-utility evaluations will assist in
the development of policy optionsfor oral health servicesfor rural and remote communities. The elicitation of caregiver perspectives
through focus group interviews will supplement the clinical, psychosocial, and cost-utility evaluations and provide a richer

evaluation of the intervention.

Trial  Registration: Australian  New

http://www.webcitation.org/70UMxndFZ)
Registered Report Identifier: RR1-10.2196/10322

(JMIR Res Protoc 2018;7(7):€10322) doi:10.2196/10322

Zedland
https.//www.anzctr.org.au/Trial/Registration/Trial Review.aspx?d=371735

Clinical  Trials Registry ACTRN12616001537448;

(Archived by WebCite at

KEYWORDS

cost-effectiveness analysis; early childhood caries; health utility; health-related quality of life

Introduction

Background

Dental caries in early childhood, or early childhood caries
(ECC), has been shown to have a significant impact on the
quality of life of children and their caregivers[1]. These effects
include symptoms of pain, functional limitations, psychological
dysfunction, parental distress, and financial burden. Also, early
lifedental cariesexperienceisastrong predictor of dental caries
in adulthood [2]. Thus, preventiveinterventionsinthe early life
course are expected to affect oral health in older age. Therefore,
interventions at an early age to managediseaseinitsearly stages
and effective preventive measures are needed to maintain
function and quality of life and to improve oral hedth in
adulthood.

Managing Dental Cariesin Early Childhood

Oral rehabilitation for dental caries under general anesthesia
(GA) of children with ECC has been shown to improve child
oral health related quality of life (COHRQoL) [3]. However,
dental treatment under GA doeslittleto prevent the occurrence
of new dental decay in these children and they are often
readmitted for dental treatment under GA [4]. Thus, treatment
and preventive approaches that can be undertaken in primary
dental care settings to reduce the number of preschool children
undergoing dental GA are urgently required. There is limited
information available on COHRQoL outcomesin children after
primary dental care for dental caries that suggests modest
improvements in COHRQoL [5]. Therefore, there is a need to
evaluate changesin COHRQoL after primary dental care.

Comprehensive care under GA is relatively expensive, for the
individual and for the community, and is not without risks,
including the potential for long-term  adverse

http://www.researchprotocols.org/2018/7/e10322/

neurodevelopmental effects [6-8]. Also, recent reports suggest
that oral rehabilitation under GA for children does little to
alleviate dental fear or change noncooperative behavior and
may in fact heighten child dental fear [9,10].

Potentially Preventable Hospitalizations

Admissions to a hospital for dental care are classified as
potentially preventable with timely and adequate non-hospital
care [11]. However, there is a trend of increasing hospital
admissions for dental care among children, especially among
0-4-year-olds [12,13]. In Australia, thisis occurring in spite of
the apparent low dental caries experience among children
[14,15]. Admissions to hospital for dental conditions made up
more than 20% of total admissions for potentially preventable
acute admissions in 2013-14 in Australia, second only behind
admissions for urinary tract infections [16]. In a recent report,
Western Australia (WA) had the highest, and anincreasing, rate
of hospital admission for dental treatment of all Austraian States
and Territories among children. Worryingly, the rate among
Australian Aborigina children wastwicethat of non-Aboriginal
children among the 0-4-year-olds [12]. The cost for hospital
admission for dental carefor childrenin WA has been estimated
at approximately Aus $9-10 million per year. The mean cost
for Indigenous children was significantly higher than the cost
of care for non-Indigenous children [6].

Aboriginal Oral Health

A recent report on the oral health of school children examined
within the School Dental Service (SDS) in WA showed that
Aboriginal children had nearly twice the decay experience of
non-Aborigina childrenin both deciduous and permanent teeth,
and 1.8 times and 2.4 times the number of carious deciduous
and permanent teeth, respectively, after controlling for exposure
to community water fluoridation and socioeconomic level [17].
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Also, although the rate of admission for hospital-based care has
increased for Aboriginal children and is now approaching the
rate of non-Indigenous children, it is lower for Aboriginal
children in rural and remote areas. This has been attributed to
lack of accessto care due to costs, availability of services, and
alower proportion of Aboriginal children with dental insurance

[6].

In WA, nearly two-thirds of the Aboriginal population livesin
rurdl and remote locations, making access to services
challenging [18]. The WA Aboriginal Health and Wellbeing
Framework identified oral health among the priorities addressing
risk factors, along with development of health servicestailored
to meet the needs of the Aboriginal people underpinned by
evidence, based on quality research [18]. The proposed research
will evaluate a model of care, which can be trandlated into
mainstream health service delivery, using a strong randomized
controlled study design.

A “New” Approach to Dental Caries Management in
Early Childhood

The minimally invasive dentistry approach to managing dental
caries and its potential role in the provision of public dental
services has been described in dental literature [19]. The
Atraumatic Restorative Treatment (ART) approach, initialy
developed to assist dental care delivery in underserved
communities, where accessto el ectricity and running water may
not be readily available, is now increasingly seen to have
relevant applications in subpopulations around the world [20].
Whereas the standard care approach would involve the
administration of local anethesia and removal of dental caries
using rotary instruments, the ART approach principaly relies
on removing affected dentine using hand instruments alone,
usually without the administration of a local anesthetic, and
restoration of the prepared cavity with aglass-ionomer cement.
ART makes provision of dental treatment in very young
children, where cooperation for standard dental care approach
may be limited, feasible in a primary care setting. It may also
reduce dental anxiety among children, thereby facilitating
appropriate future dental attendance behaviors|[21].

Evidence

In WA, dental therapists, through the SDS and working in
school-based dental clinics, have been the mainstay of successful
publicly provided dental carefor 5-17-year-old school children
since the early 1970s [22]. A recently completed pilot
randomized controlled trial in WA showed that primary care
delivered by dental therapists trained in the ART approach,
compared to standard care (ie, dentists providing trestment using
the drill and local anesthesia), reduced the rate of referral for
specialist pediatric dental care of preschool children affected
by ECC by 44% [23]. The ART-based approach adopted in the
study relied on treating carious teeth by removing affected
dentine using hand instruments without the administration of
local anesthetic. However, a pragmatic approach to treatment
was undertaken in that the use of rotary instruments was
permitted where a clinician judged that the child was able to
cope with the procedure after a period of acclimatization to
dental treatment. This pragmatic approach enabled the
undertaking of moreinvasive procedures, beyond what standard
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ART approach encompassed, such as pul p therapy of deciduous
teeth and, in afew instances, tooth extractions.

The study aso included a range of preventive interventions
including fluoride varnish application to deciduous molars and
noncavitated carious lesions as well as oral health counseling
using the moetivational interviewing approach. The study
delivered a“holistic” package of carethat considered the needs
of the child in total, including preventive care and appropriate
skill development of the parent/caregiver to promote oral health.
Also, inthat study, some children who were scheduled for care
under GA were able to be successfully treated using the
ART-based approach. The study showed that the COHRQoL
wasimproved after primary dental care with acceptableclinical
outcomes [24,25] without adverse effects on childhood dental
anxiety. In addition, the approach was cost saving. Hence, the
ART-based approach may provide a successful primary model
of care, encompassing both treatment and prevention, for
childrenin rural and remote | ocations where accessto GA may
not be advisable or readily available.

Current Situation

The WA state government is introducing an early childhood
preventive program for preschool children (0-4-year-olds) in
rural and remote Aboriginal communities by applying fluoride
varnish to the primary teeth by Aborigina health workerstrained
inthe fluoride varnish application. The fluoride varnish program
is incrementally being rolled out throughout WA, starting in
Kimberley (north-west WA) in 2016. The program is a
preventive program, and children requiring dental treatment are
referred to the local dental practitioners, either private
practitioners or practitioners within the Health Department or
Aboriginal Medical Services. Whilefluoride varnish application
has been shown to be efficacious in ECC prevention among
Aboriginal children [26], children without adequate access to
treatment services may continueto experience untreated disease.

Currently, preschool children (ineligiblefor SDS care) requiring
dental treatment need to source care from private dental
practitioners (ie, at their own cost) or, if eligible for subsidized
care (ie, liable for co-payments) through government general
dental clinics, where restorative care is provided by dentists.
Dental therapist and oral health therapists provide mainly dental
hygiene services. Subsidized dental care is available to those
who are in receipt of certain types of Commonwealth
Government benefits (eligibility for the benefits are means
tested). The WA government general denta clinics, located
mainly in regiona cities and major towns, provide clinical care
mainly to eligible adults, but children ingligiblefor SDSandin
receipt of specific types of government benefits are able to
access care. The location of these clinics in major regional
centersmeans extensivetravel for children livingin moreremote
locations to access care. Also, treatment is usually provided
using standard care approaches involving the administration of
alocal anesthetic and using rotary instruments to prepare the
cavity.

Why isthis Study Important?

Provision of dental care to preschool children poses significant
challenges because of the stage of development and capacity
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for cooperation of the young child, and treatment is often
provided under GA. The issues are multiplied for Aboriginal
preschool children in rural and remote locations where access
to speciadist dental care is severely limited. Alternative
approaches to dental treatment of dental decay in preschool
childrenin primary dental care settings that reduce the need for
GA isurgently required. Thisstudy will test the hypothesisthat
Aboriginal preschool childrenin rural or remote locations can
be provided with appropriate dental care using the ART-based
approach, without the need for specialist care and can potentially
avoid the need for GA.

Our study has six major strengths: (1) it will further develop
and evaluate the ART-based model of care, which had been
successfully tested in apilot programin an urban setting in WA,
led by author PA, (2) wewill develop, for thefirst time, adental
specific child health utility scale, (3) we will measurethe change
in clinical parameters aswell as the changesin child quality of
life and health utility with dental treatment, (4) wewill measure
the impact of dental treatment on child dental anxiety, (5) we
will undertake a cost-eff ectiveness/cost-utility analysis, and (6)
we will ascertain the community acceptability of the tested
intervention through focus group interviews. The “holistic”
evaluation of the intervention including efficacy and
effectiveness of the clinical intervention as well as impact on
psychosocial parameters and economic evaluation will greatly
facilitate research tranglation. Also, our research team comprise
both world-class researchers who have experience working with
the Australian Aboriginal population, and leading policy and
service delivery experts, thus ensuring the translation of the
study findings into applicable policy, practice, and service
delivery in rural and remote locations. We will also be working
in collaboration with an Indigenous Advisory Committee and
significant community members to provide ora health
promotion training to significant community members. This
will embed oral health promotion within the communities and
ensure sustainability of the oral health improvements after the
research has been concluded.

The Kimberley region of WA is geographicaly large, three
timesthe size of the United Kingdom. Almost the entire region
of Kimberley (97%) is classified by the Australian Bureau of
Statistics as Very Remote with the remaining 3% as Remote.
It aso has a higher proportion of Aboriginal people than the
rest of the state (45% vs 3.6%). There are hundreds of
Aborigina communities dotted throughout the region, and most
are very smal with few people. The estimated resident
population of theregion in 2016 was 36,392 (children 0-4 years
was 3274). The region also has high levels of socioeconomic
disadvantage with the majority of residents (57%) livingin areas
with the lowest 10% of the Index of Relative Socio-Economic
Advantage and Disadvantage score in Australia[27].

Aims

The principa aim of the proposed study is to develop,
implement, and eval uate aremote primary care model to deliver
effective primary dental services, encompassing treatment and
preventive services, to Aboriginal preschool children (based on

minimally invasive approaches including ART). This will be
compared with standard care for cost and benefits in terms of
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improved dental health and reduced childhood dental anxiety.
Our specific aims and hypotheses are:

Aim 1. Measure the proportion of children able to be provided
with care without the need for dental specialist referral and the
increment in dental caries. Hypothesis: The proportion of
children successfully managed without specialist referral and
without new dental caries will be higher in the test group
compared with the control.

Aim 2. Devel op adental-specific health utility scale and measure
the change in childhood health utility. Hypothesis: The change
in health utility will be greater in the test group compared with
the control.

Aim 3. Undertake an economic evaluation of the intervention.
Hypothesis: The test intervention will have either less costs
with greater/similar health gain or affordable incremental costs
for additional unit of health outcomes.

Aim 4. Measure the change in childhood oral health-related
quality of life. Hypothesis: The child oral health-related quality
of lifein the test group will be better than the control

Aim 5. Evaluate the acceptability of the ART-based care through
focus group interviews. Hypothesis: The ART-based care will
have greater acceptability than the control.

Methods

Study Design

We will undertake a two-arm parallel cluster randomized
controlled study in which atest group will be provided with the
intervention treatment at the start of the study and a control
group will be provided the intervention treatment 12 months
after study commencement (delayed intervention) in the
Kimberley region of WA.

Ethics

Ethics approval for the study has been provided by the
University of Adelaide, Human Research Ethics Committee
(HREC) (Ethics approval No. H-2017-015), and the Western
Australia Country Health Service HREC (Project Reference
#2017/01) and the WA Aboriginal Health Ethics Committee
(Project Reference #790).

Recruitment

We will adopt successful recruitment strategies applied in a
wide body of research undertaken by author LJ in her work
(unpublished) with Aboriginal communitiesin South Australia
and the Northern Territory. This has included extensive
engagement with Aboriginal communities and active community
participation in the research process. We will engage with
community elders through linkages established by authors DA
and RM who both have a long association with Aboriginal
communities in the Kimberley region. We will employ local
Aboriginal people as research assistants to facilitate with
community engagement and participant recruitment guided by
a senior project officer based in Kimberley. Participant
recruitment will be a two-step process. (1) elicit specific
communitiesto participate, and (2) dlicit individual participation.
A Senior Research Officer appointed to coordinate the project

JMIR Res Protoc 2018 | vol. 7 | iss. 7| 10322 | p.77
(page number not for citation purposes)


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

JMIR RESEARCH PROTOCOLS

with the assistance of an Aboriginal research assistant will meet
with the Chief Executive Officers of individua Aborigina
communitiesto explain the proposed study to invite community
participation in the study. An Aboriginal Advisory Group with
representation from all the Aborigina Controlled Health
Organisations in Kimberley will aso be formed to provide
appropriate guidance to the research team and assist with
information dissemination and participant recruitment.
Individual participant recruitment will use active engagement
with community members at |ocations where study participants
are likely to gather, such as visits to early childhood learning
facilities, community general store, local community women’s
functions, and through word-of-mouth dissemination of project
information. Parents and guardianswill provide signed informed
consent after being provided with information about the study
and the processes undertaken to protect and preserve data
confidentiality.

Parents and children aged 0-4 years, residing in selected
communities in the Kimberley region of WA will be eligible.
Children with complex medical conditions or developmental
syndromes would be excluded. All other children within the
scope for age and who consent to participate will be recruited.

Participating communities, stratified by size of community (ie,
number of children in the sample frame) and baseline dental
caries experience, will be randomly assigned using a
computer-generated block randomized list into immediate (test
group) or delayed intervention (control group, given standard
care) by acentral study coordinator. Wewill select communities
for recruitment based on available information on community
population from various sources (eg, Community CEQs, the

Figure 1. Participant flow chart.
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WA Country Health Service, Australian Bureau of Statistics).
Communities will aso be far enough apart to minimize
contamination of test and control (at least 50 km). Wewill invite
participation from communities with at least 100 people to
ensure likelihood of recruiting at least 15 children in the age
group of interest. We will stratify the communities on size of
population and dental caries experience (high vs low; data
obtained at baseline examination). Parents of all children of
eligible agewill be provided with information and consent forms
and aquestionnaire to complete (Aboriginal research assistants
will explain the study to the parents and help parents complete
the questionnaires). After receipt of signed consent, participants
inthe randomized study will be contacted for abaseline clinical
examination by a calibrated examiner. After baseline
examination, all participants will be contacted by the trial
coordinator and appointments arranged for those all ocated into
the early treatment group. Test group participants will
subsequently be contacted and appropriate appointments
coordinated to be seen at the local SDS clinics or field clinic
settings for treatment. Control group participants will be
provided with standard preventive care by the Aboriginal Health
Workers and managed for treatment as per standard procedures.

Study participants will be reviewed after 12 months from
baseline and will undergo aclinical examination and complete
afollow-up questionnaire. Figure 1 showsthe study’s partici pant
flow chart.

Outcomes

Primary outcomes are specialist referral and the increment in
dental caries. Secondary outcomes are quality of life and
acceptability of the ART-based care.

- - n=30 Communities
‘ Community consultation ‘

Baseline examination/
questionnaire

‘ Randomization ‘

] ]

Test (ART-based care) Control (standard
= iti care

)

n=22

)

Control
n=22

)

COHRQoL questionnaire
after treatment

12-month follow-up
examination/ questionnaire
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M easures

Researcherswill hel p the parents/caregivers complete abaseline
guestionnaire collecting information on COHRQoL using the
Early Childhood Oral Hedth Impact Scale (ECOHIS) for
children <6 years old [28]. The scale has been evaluated for
Australian children and found to have acceptable reliability and
validity [29]. We will aso collect parent fear levels using the
Index of Dental Fear and Anxiety [30] and child dental fear as
reported by the parents as well as self-report by children =3
years old using the faces scale [31]. Changes in health utility
will be evaluated using the generic Child Health Utility 9D
Index (CHU_9D) [32], the Eurogol 5D Youth (EQ-5D-Y), and
the new ora health specific utility scal e planned to be developed
in this study. The ECOHIS has been used successfully among
Australian Aboriginal population by author LJin her National
Health and Medica Research Council (NHMRC) supported
research on pregnant Aboriginal women, while the other
measures have been used among disadvantaged populations.
We will also evaluate the validity of the questionnaires used
among this population.

Participant involvement in the proposed study isshownin Table
1. Both test and control groups will complete the same
guestionnaire on COHRQoL, child dental fear, the CHU_9D,
and the EQ-5D-Y, one month after treatment. The test and
control groups will also complete the childhood oral
health related questionnaire and the CHU_9D and the EQ-5D-Y,
at the one-month posttreatment, but anchoring their responses
to what their child's oral health was like before the treatment
(“Then-test”) to evaluate the possible effects of response shift
[33]. Questionnaires on COHRQoL and parent/child fear and
anxiety will again be collected at the 12-month follow-up.

We anticipate the clinical examination to take about 10 minutes,
and completion of the questionnaire about 30 minutes.
ART-based treatment times will vary depending on the extent
of treatment required. Treatments may involve multiple
appointments, usually about 20 minutes at each appointment.
A sample of study participants will be invited to focus group
interviews, which will take approximately 1 hour per group.

All participantswill also be clinically examined at the 12-month
follow-up, by a “blind” calibrated examiner to evaluate their
oral health status. Effectiveness will be assessed by the number
of teeth treated, dental cariesincrement, and changesin quality
of life. The quality of the treatment provided will be assessed

Table 1. Participant involvement in the proposed study.
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by blind calibrated examiners at follow-up, 12 months after
treatment, using established criteria for determining ART
restorations [34]. Clinical status of the teeth will be assessed
using International Caries Detection and Assessment System-11
criteria, which span the continuum from sound to extensive
decay [35].

Economic Evaluations

Cost-Effectiveness Analysis

Cost-effectiveness of the intervention will be estimated using
standard approaches [36] and will be from ahealth care provider
perspective. Effectiveness measures will be the number of
children managed in primary care without need for specialist
referral, changes in COHRQoL, the numbers and types of
trestments provided, and dental cariesincrements. Theeconomic
evaluation will compare any incremental costs of the
intervention (ie, costs accrued in theintervention arm compared
to thosein the control arm) to thefull list of incremental primary
and secondary outcome endpoints, all expressed intheir natural
units of measurement. Costs will be measured from activity
datawith pathway analysisto fully specify al activitiesin both
intervention and control arms. The resource use and dental
services utilization will be obtained from research team records
and intervention provider records. Measured resource use will
be valued using both existing estimates of the costs of each unit
of the resource use from market prices and the Dental Benefit
Schedul e fee rates for nonspecialist and specialist attendances.
Standard discounting will be applied to both cost and outcomes.
Uncertainty in the cost and outcome data will be subjected to
sensitivity analyses.

Cost Utility Analysis

Cogt-utility analysis will be undertaken using scores derived
from the CHU_9D [37,38], the EQ-5D-Y, and the new ora
health specific utility scale developed in this study. The use of
scores from the CHU_9D as outcome measures in child dental
health has been suggested [39]. However, in a preliminary
evaluation as an outcome measure it was found not to be
sensitiveto changesin childhood oral health [40], whilethe use
of the adult version of the EQ-5D has been suggested as being
able to differentiate ora health states [41]. Hence, we will
further test the usefulness of the CHU-9D as an outcome
measure for childhood oral health and seek to develop an oral
health specific multi-attribute utility instrument within this
project.

Timepoint Intervention group (test)

Delayed intervention group (control)

Basdline

assessment of children; ART-based care

1 month after baseline

treatment Scale; child dental fear and anxiety

6 months after baseline
treatment

ART-based care; focus group interviews

12 months after baseline
treatment

Questionnaire: ECOHIS, CHU_9D, EQ-5D-Y, Dental Utility
Scale, dental fear and anxiety of parent and child; Clinica

Questionnaire: ECOHIS, CHU_9D, EQ-5D-Y, Dental Utility

Questionnaire: ECOHIS, CHU_9D, EQ-5D-Y, Dental Utility
Scale; child dental fear and anxiety; clinical assessment

Questionnaire: ECOHIS, CHU_9D, EQ-5D-Y, Dental Utility
Scale, dental fear and anxiety of parent and child; clinical
assessment of children; standard care

Questionnaire: ECOHIS, CHU_9D, EQ-5D-Y, Dental Utility
Scale; child dental fear and anxiety

Standard care; focus group interviews

Questionnaire: ECOHIS, CHU_9D, EQ-5D-Y, Dental Utility
Scale; child dental fear and anxiety; clinical assessment;
ART-based care
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Dental Specific Multi-Attribute Utility I nstrument and
a New Dental Utility Scale

We will use the available dataset of ECOHIS from the 250
respondents in the recently completed WA pilot study [29].
Although valid and widely used, available quality of life
instruments in ora heath cannot be used to measure
quality-adjusted life years (QALYs). We will use the
methodology described by Brazier and Rowen et al [42,43] to
guide the development of the new ora health specific
preference-based instrument. Thisincludes asix-stage approach:
establish dimensionality (Stage 1), eliminate and select items
per dimension (Stage 2), explore item-level reduction (Stage
3), vaidate instruments (Stage 4), apply the new instrument to
licit health state values for a sample of health states described
(Stage 5), and analyze the model resultsto produce utility values
for all health states (Stage 6). The new Dental Utility Scale will
then be devel oped.

This will be the first multi-attribute utility instrument in oral
health conditions as well as the first validated multi-attribute
utility instrument in this age group. This new instrument and
its scale will be used to calculate QALY's for the cost-utility
analysis.

Treatment Procedures

Test children will be provided with care by dental therapists
previously trained in and using the ART approach. Treatment
will beundertaken at SDSclinicsor field settings, using portable
equipment. Restorative treatmentswill be provided using hand
instruments principally, without the use of local anesthesiawith
the cavity prepared and subsequently restored with a
glass-ionomer cement. Where extractions are required, the
procedure will be undertaken using standard care approaches.
All children will also be provided with preventive fluoride
varnish applications at treatment and reviewed at 6-month
follow-ups. All treatment will be recorded in patient clinic
records. At the 6-month reviews, participants will be provided
with preventive fluoride varnish and any other necessary care.
Children unable to be provided with care will be referred for
specialist care. There will be no direct costs incurred by the
participants for the primary care.

Control children will be provided with standard care as part of
the fluoride varnish program. Children found to require dental
treatment will be referred for care through the prevailing care
pathway, that is, government dental services or local private
practitioners.

In order to ensure all participants are offered the opportunity to
access dental treatment, and in keeping with the delayed
trestment intervention design, control participantswill be offered
treatment using the test treatment approach after the 12-month
follow-up.

http://www.researchprotocols.org/2018/7/e10322/
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Focus Group

A sample of parentsfrom the randomized test and control groups
will beinvited to participate in focus group interviews to dlicit
their perspectives on the care provided to their child using the
various approaches (including those referred for GA care).
Children will not beinvolved in the focus group interviews due
to their young age. Previous experience with focus group
interviews indicated that a sample of about 20 from each arm
of the study is sufficient to reach saturation.

The focus group questions will be based on the following:

1. What were some of the positive aspects of dental care your
child experienced?

2. What were some of the negative aspects of the dental care
your child received?

3. Canyou give some examples of what you think could have
been done/implemented better during your child’'s
treatment?

4. Canyou name some aspects of the setting/location/process
that you think could have been improved?

5. Canyouidentify any changesto your ora health knowledge
since the research began?

Sample Size

A recently completed pilot study in WA, which compared
ART-based care against standard care, reported a nine-fold
difference in the proportion of children referred for specialist
pediatric dentist care (5% vs 49%). A conservative difference
in effect size of 2.5 was assumed to estimate the sample size
(10% vs 25%). The intracluster correlation was estimated from
the dental caries experience of Aboriginal children participating
in a NHMRC Project Grant (1010758) funded cluster
randomizedtrial (.05). Using these parameters, with 15 clusters
available in each arm of the trial, the estimated sample size
required, at 80% power and alpha of .05, was 165 in each arm
of the trial with 11 children per cluster. Allowing for loss to
follow-up of 25%, the estimated sample sizeis 220 per arm of
the study or 15 children per cluster. The recently completed
pilot trial in WA, undertaken by author PA, achieved 90%
retention of study participants after 12 months, while an oral
health promotion intervention undertaken by author LJ among
an Aboriginal population achieved 80% retention of study
participants. The estimated sample size will have sufficient
power to detect a 33% difference in mean ECOHIS at 90%
power and alpha of .05.

The study timeline is shown in Table 2. It is expected that
community engagement will take the bulk of the first year in
recognition of the challenges of undertaking research in
northwestern WA, which isasfar as Sydney isfrom Perth (about
3000 km). Participant recruitment and treatment provision is
similarly expected to take up to 2 years because of constraints
of locations of communities and weather conditions.
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Table 2. Study timeline, indicated by actions taken per quarter.
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Action Year 1 Year 2 Year 3 Year 4 Year 5
12 3 4 1 2 3 41 2 3 4 1 2 3 4 1 2 3 4
Community engagement, staff recruitment, training, ethics 0 0O O O
approval, printing
Participant recruitment, baseline, examinations, randomiza- 0O o0oooooaoao
tion, commence treatment, baseline data entry
Follow-up examinations, focus group interviews, delayed 00000 ooDoao
intervention group treatments
Data entry, data clean-up, data analyses O 00 oDoo o oo
Report preparation, community presentation and feedback o o0 0o

Data Analysis

Data will be analyzed on an intention-to-treat (ie, participants
analyzed on the basis of their group allocation regardless of
whether they received the intended treatment), and per protocol
basis (participants analyzed on the basis of their group allocation
and receiving theintended treatment). Descriptive statisticswill
be presented and baseline variables will be compared between
groups to test for fairness with respect to the randomization.
Aim one (primary outcome) will be tested using test of
proportions and logistic regression to control for potentially
confounding factors. Changes in health utility and COHRQoL
(secondary outcomes) will betested using paired (within group)
and unpaired (between groups) and parametric and
nonparametric tests as appropriate, and multivariate analysis
using linear regression for continuous variables and Poisson
regression for count variablesto control for possible intergroup
imbalances. Responsiveness of the COHRQoL scale will be
determined by calculation of effect sizes for the scale overall
and specific domains. Statistical significance will be set at
alpha=.05. All analyseswill take into account the cluster design
and will incorporate multilevel analyses where indicated.
Multiple imputation of missing datawill be further undertaken
to evaluate itsimpact on the primary and secondary outcomes.

Qualitative Analysis

NVivo9 computer software will be used to code the transcripts
from the focus groups. Emergent themes from the focus groups
will then be explored (n=20 from each arm). Transparent
validation of emergent themes and content will be performed
using 2 coders. Thematic analysiswill be performed as such an
approach allowsfor contextual differences between perceptions,
experiences, and belief to be developed and explored.

Incremental cost-effectiveness ratio—the ratio of incremental
costs to incremental outcome between the test and control
group—will be calculated. Incremental outcomes for the
cost-effectiveness analysis include differences in number of
children treated in primary care settings without the need for
specialist pediatric dental referral, the differencesin COHRQoL
between and within groups, the differencesin number and type
of treatment provided, re-treatment, and antibiotics for dental
infections over the 12-month period. Incremental outcome for
cost-utility analysis refersto difference in health utility scale.

http://www.researchprotocols.org/2018/7/e10322/

Data Quality Control

Hard copy data will be entered electronically into a database
software, and data will be checked at entry. The database will
have data validation parameters incorporated to alert for any
values that are outside of permissible values. Participants will
be contacted to clarify and amend ambiguous or confusing
responses. Data cleaning will be undertaken with 2 people, one
to scan the data entry and the other to verify from the hard copy.

Results

Community consultations have been undertaken, and 26
communities have agreed to participate. Fieldwork isin progress
to recruit study participants.

Discussion

Principal Considerations

Closing thegap in Aboriginal child healthisanational priority.
A lack of access to dental services by rural and remote
Aborigina communities has been highlighted. The outcomes
of the proposed study will address multiple goals of the NHMRC
2013-15 strategic plan, primarily to “improve the heath of
Aboriginal peoples and Torres Strait Islanders through the
support of health research and its trandation”. The research
team, comprising established oral health researchers and child
health researchers working in Aboriginal health, community
development, health economists, dental practitioners, and oral
health policy makers, will ensure that the findings of the study
can be readily translated into policy and practice. Second, the
research isdriven by provision of care at the primary care level
and will test the capacity of the intervention to reduce the need
for tertiary care at hospital for a condition that is essentialy a
preventable hospital admission and to reduce health inequalities.
Third, our research proposal supports the NHMRC goal of
“healthy start for healthy life” by engaging with Aboriginal
families in the provision of dental care by offering treatment
and preventive services.

The outcomes will have a direct impact on the COHRQoL for
the study participants because all participants in the treatment
arms will be provided with an opportunity to receive dental
treatment. The research will also have flow-on effects through
the demonstration of amodel of care with potential applications
in other settingsthroughout Austraia, such asaged carefacilities
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and nursing homes and among population with
disabilities/special needs. The study also addresses the oral
health needs of priority populationsidentified in the Australian
National Oral Health Plan, 2015-2024, specifically, Aboriginal
and Torres Strait Islander people. It will also have impacts for
other priority populationsidentified in the National Oral Health
Plan, namely, people who are socially disadvantaged or on low
incomes, and people living in regional and remote areas.

Wewill further undertake oral health promotion and community
development to ensure sustainability of the oral health promation
activities by engagement with the Aboriginal Communitiesand
community champions. Furthermore, the development of a
condition specific health utility scale will be a major
advancement in enabling economic evaluation of oral health
care programs for young children using a preference-based
measure.

We will also employ Aborigina research assistants who will
betrained in dental clinic assisting aswell asresearch processes.

Acknowledgments
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They will also participatein the oral health promotion activities
and in the process will be trained to undertake community oral
health promotion activities, which will add to capability
development within Aboriginal communities. We will aso
disseminate the study findingsto the participating communities
by holding community forums aswell as ad hoc sit-down chats
to present study findings and will meet with the Chief Executive
Officers of the Aboriginal Communities to report on the study
findings as well as provide them with awritten report.

Conclusion

The significance of this study lies in its holistic approach to
testing the model of care. Clinical evaluations as well as oral
health related quality of life evaluations will be undertaken.
Cost-effectiveness and cost-utility evaluations will assist in the
development of policy optionsfor oral health servicesfor rural
and remote communities. The élicitation of caregiver
perspectives through focus group interviews will supplement
the clinical, psychosocial, and cost-utility evaluations and
provide aricher evaluation of the intervention.
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Abstract

Background: Although most countries in southern Africa have cervical cancer screening programs, these programs generally
fail to reach a significant majority of women because they are often implemented as pilot or research projects, and this limits
their scope and ability to scale up screening. Some countries have planned larger-scale programs, but these have either never
been implemented or have not been successfully scaled up. Most of the global burden of cervical cancer isexperienced in countries
with limited resources, and mortality from cervical cancer isthe most common cause of cancer-related deaths among women in
Sub-Saharan Africa.

Objective: The purpose of this study isto learn about preferences for cervical cancer screening in Zambia, to identify barriers
and facilitatorsfor screening uptake, and to eval uate willingnessto pay for screening servicesto support the scaling up of cervical
cancer screening programs.

Methods: We will conduct a discrete choice experiment by interviewing women and men and asking them to choose among
constructed scenarios with varying combinations of attributes relevant to cervical cancer screening. To inform the discrete choice
experiment, we will conduct focus groups and interviews about general knowledge and attitudes about cervical screening,
perception about the availability of screening, stigma associated with cancer and HIV, and payment for health care services. For
the discrete choice experiment, we will have a maximum design of 120 choice sets divided into 15 sets of 8 tasks each with a
sample size of 320-400 respondents. We will use ahierarchical Bayesian estimation procedure to assess attributes at the following
two levels: group and individual levels.

Results: The model will generate preferences for attributes to assess the most important features and allow for the assessment
of differences among cohorts. We will conduct policy simulations reflecting potential changes in the attributes of the screening
facilities and calculate the projected changes in preference for choosing to undergo cervical cancer screening. The findings from
the discrete choice experiment will be supplemented with interviews, focus groups, and patient surveysto ensure acomprehensive
and context-based interpretation of the resullts.

Conclusions: Because willingness to pay for cervical cancer screening has not been previously assessed, thiswill be a unique
and important contribution to the literature. This study will take into account the high HIV prevalence in Sub-Saharan Africaand
prevailing gender attitudes to identify an optimal package of interventions to reduce cervical cancer incidence. This simulation
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of women's decisions (and men’s support) to undergo screening will lay the foundation for understanding the stated preferences

and willingness to pay to help design future screening programs.

Registered Report Identifier: RR1-10.2196/10429

(JMIR Res Protoc 2018;7(7):€10429) doi:10.2196/10429

KEYWORDS

discrete choice experiment; cervical cancer prevention; economic evaluation

Introduction

Around theworld, awoman dies of cervical cancer about every
2 minutes [1], with 528,000 new cases and 266,000 deaths in
2012. Cervical cancer affects women during their most
productive years because the majority are diagnosed under the
age of 50; therefore, cervical cancer adversely affects not only
women but also their families [2]. A large proportion of the
global burdenisexperienced in countrieswith limited resources,
and mortality from cervical cancer is the most common cause
of cancer-related deaths among women in Sub-Saharan Africa
[3,4]. The high prevalence of HIV in Sub-Saharan Africa, the
focal point of the HIV/AIDS epidemic, makes the cervical
cancer burden even more acute in these countries because
women with HIV have amuch higher incidence rate of cervical
cancer than uninfected women [5]. Fortunately, given the
advancesin HIV/AIDS treatment in Sub-Saharan Africa, women
are living longer with HIV, but unfortunately, they are dying
from cervica cancer due to the scarcity of large-scale
implementation of screening programs.

Cervical cancer is preventable, and early diagnosisis possible
using low-cost technologies[6]. The World Health Organization
guidelinesrecommend several screening approaches, including
tests for human papillomavirus (HPV) and cytology (Pap test)
and visual inspection with acetic acid (VIA) [7]. The
screen-and-treat approach using VIA or low-cost rapid HPV
test is the favored approach in the limited resource setting
because it minimizes loss to follow-up [8]. Therefore, the
knowledge and technology base exists to prevent and screen
for cervical cancer in low-resource settings and, as in other
settings, large-scale sustainable screening programs can be
implemented [9-11].

Although most countries in southern Africa have a cervical
cancer screening program that is either administered by the
government or nongovernmental organi zations, these programs
generally fail to reach a significant majority of women [12].
This is largely because most screening activities in southern
Africaare part of pilot or research projects, which limits their
scope and ability to scale up screening. Some countries have
planned larger-scal e programs, but these have either never been
implemented or have not been successfully scaled up. For
example, Maawi attempted a nationwide cytology-based
cervical cancer screening program, but it quickly deteriorated
owing to lack of resources, trained professionas, and
infrastructure [13].

http://www.researchprotocols.org/2018/7/€10429/

Therefore, there is an urgent need to implement low-cost
approaches aready available for the prevention and early
detection of cervical cancer in Sub-Saharan Africa. However,
to date, no study has systematically evaluated preferences for
prevention and screening, and this information is required to
design and implement programs that will result in optimal
uptake. Additionally, the financing of prevention and screening
servicesisasignificant barrier for scale-up.

Although discrete choice experiments (DCEs) have been
performed in the context of maternal and child health, health
infrastructure, and workforce development in Africa [14-16],
no study has used validated quantitative methods to evaluate
the willingness to pay for cervical cancer screening in Africa.
Fee contributions based on an individual’s ability to pay, with
safeguards for ensuring free access for the disadvantaged
population, can provide a continuous, even if small, stream of
revenue to allow for the sustainability of program operations.
In this study, we will use DCE to €elicit preferencesfor cervical
cancer screening to identify barriersand facilitatorsfor screening
uptake and evaluate the willingness to pay for screening
services, which can inform innovative financing arrangements
to ensure sustainability. This study will be conductedin Zambia,
one of the countries with the highest burden of cervical cancer
in Sub-Saharan Africa

Methods

Framework for Designing and ConductingtheDiscrete
Choice Experiments

In this study, women and men or partners of eligible women
will be asked to choose among constructed scenarios with
varying combinations of key attributes relevant to cervical
cancer screening (for example, type of provider, cost, and
distanceto facility); choosing to have no screening will also be
an option. The DCE approach is preferred over asking women
and men about their willingness to pay directly in surveys or
interviews [17-19]. DCE allows participants to choose among
scenario combinations, an approach which provides them with
amore natural consumer choice experience. Figure 1 provides
an overview of the mixed-methods approach for implementing
DCE. We will begin by identifying initial concepts and
attributing levels for DCE based on feedback from experts and
areview of the literature related to cervical cancer screening
barriersand facilitators. Next, we will conduct a series of focus
groups and interviews with stakeholders in Zambia to finalize
the attributes and levels.
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Figure 1. Mixed-methods framework for the discrete choice experiment.
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Focus Groups and I n-Depth I nterviews

We will conduct two sets of focus groups with women and
interviews with a range of stakeholders including women and
men who are between the ages of 25 and 49 years. We plan to
interview at least 8 individualsin each of the following groups:
women who are HIV-negative, those who are HIV-positive,
those who have been diagnosed with precancerouslesions, and
those treated for cance.

We will also interview men in both urban and rural locations.
Thefocusgroupsand interviewswill not address personal issues
but will be directed at understanding general knowledge and
attitudes about cervical screening, perception about the
availability of screening, stigma associated with cancer and
HIV, and payment for health care services. Written consent will
be obtained from all participants, and the consent form will be
trandlated into the local languages of Bemba, Nyanja, and
Tonga. We will also interview providers to gain knowledge
about the delivery of health care services, the use of cervical
cancer screenings, and facilitatorsand barriersrelated to cervical
cancer screening, diagnosis, and treatment. The key objective
of these discussions is to gain insight to finalize the attributes
and corresponding levels for DCE.

We will use a structured data collection template for
standardization and coding to facilitate analysis. We will
combine the qualitative information from all stakeholders to
assess convergence around common themes and identify
potential differences in viewpoints expressed by participants
on specific topics. The prespecified coding scheme (refined as
needed) will be used to perform a comparative assessment of
barriers and facilitators, program attributes, and financing
options. To assist in interpreting the findings, we will visually
display the data in tabular and graphical formats.

Discrete Choice Experiments Graphics, Choice Set
Selection, and Supplementary Survey

To permit use in alow-literacy environment, the attributes and
levels will be converted into graphics (see example of the
attributes and levels and the graphics provided in Table 1 and
Figure 2). Our DCE selection (Table 1) will generate 200
possible scenarios (5°x2%), which are too many for any single
respondent to assess. To select afractiona set of scenarios, we
will employ a randomized design process that ensures that
respondents see well-bal anced and near-orthogonal fractions of
the full-choice design (8 choice decisions per respondent). We
will have no more than 128 profiles that will need to be tested
after developing the fractional set of scenarios. Wong et al
reported that even 729 possible profiles can be reduced to 128

http://www.researchprotocols.org/2018/7/€10429/

Pilot Test

Collection of Results

| Quantitative |

profiles with a fractional factorial design [20]. In addition to
the choice tasks, we will administer a supplemental survey to
obtain demographics, socioeconomic status, reproductive history
(women only), cervical cancer screening knowledge and use
(women only), HIV status, accessto care, attitudestoward using
formal medical care (compared with traditional medicine), and
stigma associated with HIV and cancer diagnosis.

Cohort Selection and Sample Size

A key design consideration for DCE is to alow for both
group-level and individual-level differences. The key groups
of interest are HIV-positive women, HIV-negative women,
women with unknown HIV status, and men (male partners). In
addition, it isimportant to distinguish between urban and rural
cohorts because they can differ in terms of participant attitudes,
cultural sensitivities, and health care infrastructure. Finaly, to
also capture health-seeking behavior and potential underlying
differences between those who attend health clinics and those
who do not (owing to stigma, religion, traditional beliefs, cost,
and other reasons) [21], we also will draw specific cohortsfrom
health clinics and another set of cohorts from the wider
community. We describe the 7 cohorts targeted for DCE in
Textbox 1.

Sample size calculation for DCE studies in hedlth care is an
evolving field. Johnson et al simulated sample sizesto estimate
precision that could be obtained for DCE studies [22]. They
found that precision increases rapidly at lower sample sizes
(lessthan 150 observations) and then flattens out at around 300
observations. Based on this, the rule of thumb for DCEsis that
generally 300-400 cases per group are adequate. Hall et al and
Lancsar and Louviere have indicated that about 20-25
respondents per choice set can provide precise parameter
estimates [23,24]. Our proposed study, with amaximum design
of 120 choice sets that will be divided into 15 sets of 8 tasks
each, can achievethiswith asample size of 320to 400. Another
approach recommended by Johnson and Orme [25] suggests
that the sample size required for the main effects depends on
the number of choice tasks (t), the number of aternatives (a),
and the number of analysis cells (¢) according to the following
equation: N>500c/(txa). When considering the main effects, ¢
isequal to the largest number of levelsfor any of the attributes.
For our proposed model, the values are t=8, a=2 (without option
to select neither choice), and c=5 (main effects) or c=10 (based
on planned interaction between 5-level and 2-level attributes);
therefore, for the main effects, N can be estimated as
(500%5)/(8x2)=156.25 observations and for effects with
interactions, N can be estimated as (500x10)/(8x2)=312.50
observations.
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Table 1. Attributes and levels for the discrete choice experiment.

Attribute Level

Distance (hours by foot) 1,1%,2,2%,3

Transport Free; not free

Provider Middle-aged nurse; young nurse
Wait time About haf aday; full day

Cost (in Zambian kwacha) 0, 25, 50, 75, 100

Figure 2. Discrete choice experiment: example graphics.

sh Free
o T |

Textbox 1. Study cohorts for the discrete choice experiment. For each of the 7 groups, 400 individuals were selected. A previously conducted pilot test
included 15 women and 15 men.

1. Health clinic cohort
o  HIV-positive women
«  HIV-negative and unknown women

«  Men (male partners of women when possible)

2. Community cohort
«  Urban women
o Urban men
«  Rura women

e« Rura men

3. Justification for cohort selection

« Healthclinic: To systematically identify HIV-positive women; women who attend clinics may also differ from the general population (owing
to stigma, traditional beliefs, cost, etc).

«  Community: To understand screening preferences from cohorts that are most likely to reflect the general population.

In all the approachesidentified above, asamplesize of 400 per  cohorts. Therefore, we will include a total sample of 2800
group will be adequate to perform DCE to obtain preferences individuals.
and willingness to pay estimates for each of the 7 targeted
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I dentifying Discrete Choice Experiments Participants

Two hedlth clinicsthat treat middle- and low-incomeindividuas
in the Lusaka area will be randomly selected for the study; the
government operates multiple community-based clinics that
offer asimilar set of servicesto our target cohort and, therefore,
wewill be able to select arepresentative group of participants.
The study interviewers (recruited based on experience
performing similar studies) will visit the health centersto recruit
participants on a continuous basis by inviting eligible women
and men to complete the survey. Written consent will be
obtained, and the survey will be conducted in an allocated room
at the health center. For the community cohorts, wewill identify
respondentsin L usaka (urban) and appropriate rural or semirural
setting. The interviews will take place at the residence of the
participant or at a nearby community center.

Discrete Choice Experiments Data Collection Process

We will train a team of 4 interviewers (fluent in English and
one of the other local languages) and a supervisor, who will be
responsible for the data collection. The graphics and software
created by RTI International (Research Triangle Park, North
Carolina, USA) will be loaded onto tablets to allow easy
mani pul ation and viewing by the respondent. The supplemental
survey and data collection pertaining to the DCE choices will
be entered directly into the tablet by theinterviewer with quality
control featuresto ensure accuracy of datainput formats (dates,
ages, and completeness of responses to questions). We will
pilot-test the data collection process with 30 women and men
(15 each) selected to reflect the targeted cohorts from Lusaka
and rura districts. We will introduce all respondents to the
graphics by presenting each illustration separately and
explaining the attribute and level in detail. Each participant will
become acquainted with the DCE approach through three
warm-up example choice decisions prior to the presentation of
the selected tradeoffs for that participant. After presenting the
DCE choices, the interviewer will verbally pose the survey
guestions and record answersin the preformatted data collection
tool (approximately 45 minutes will be required for the
interviews). Respondents will be interviewed by one of the 4
trained interviewers or coordinator or supervisor asheeded. The
data will be reviewed on a daily basis by the supervisor for
quality control (so that any issues identified can be quickly
rectified) and uploaded as soon as possible into a central
deidentified database that will be password-protected.

Discrete Choice Experiments Data Analysis and
Interpretation

A hierarchical Bayesian estimation procedure will be used to
assess attributes at the group and individual levels. Hierarchical
regressions simultaneously assess rel ationships within a given
level and between or across levels. This technique allows for
independent variance to be calculated for both levels
simultaneously. The model will generate preferences for
attributes to assess the most important features and also allow
for the assessment of differences among cohorts (eg,
HIV-positive women vs others). We will conduct policy
simulations reflecting potential changes in the attributes of the
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screening facilities and calculate the projected changes in
preference for selecting to undergo cervical cancer screening.
Thefindingsfrom DCE will be supplemented with information
gained from other qualitative (interviews and focus groups) and
guantitative (patient supplemental survey) data collection to
ensure acomprehensive and context-based interpretation of the
results.

This study has received ethical approval from the Institutional
Review Boards at RTI International and the University of
Zambia s Biomedical Research Ethics Committee. In addition,
the Zambian Ministry of Health hasreviewed and approved this
study.

Availability of Data and Material

Wewill abide by Nationa Institutes of Health policiesand make
the data from this study available to other researchers.

Results

The project was funded in July 2016 and ethical approval was
obtained for the discrete choice experiment in April 2017.
Enrolment is currently ongoing and we plan to complete data
collection by August 2018. First results are expected to be
submitted for publication in 2019.

Discussion

Because willingness to pay for cervical cancer screening has
not been previously assessed, thiswill be aunique and important
contribution to the literature. Sub-Saharan African countries
have faced challenges in scaling up cervical cancer screening,
and the ability to finance these programs has been one key
barrier. This study, by addressing stakeholder preferences across
key stakeholders aswell as HIV-negative and -positive women
and men, will take into account the high HIV prevalence in
Sub-Saharan Africaand prevailing gender attitudes to identify
an optimal package of interventions to reduce cervical cancer
incidence.

Although DCE is a useful approach to elicit tradeoffs and
choices, this experiment may not be able to account for al the
contextual and institutional factors that affect actual behavior,
especially given the complex nature of health care decision
making. We will use the additional qualitative and quantitative
information collected during the DCE implementation and
incorporate background contextual aspects in reaching
conclusions based on the DCE results. Despite the potential
limitations of DCEs, this simulation of women’s decisions (and
men’s support) to undergo screening will lay the foundation for
understanding the stated preferences and willingness to pay to
help design future screening programs. A more systematic
national implementation process that is evidence-based,
data-driven, and resource-based is required for long-term
sustainable cancer control. The establishment of screening
programs in high income countries have resulted in dramatic
decreasesin the incidence of cervical cancer [10,11], and with
better implementation of tailored programs in Sub-Saharan, a
similar decline can be achieved.
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Abstract

Background: Black and Hispanic men who have sex with men in the United States continue to be disproportionately affected
by HIV and AIDS. Uptake of and knowledge about biobehavioral HIV prevention approaches, such as treatment as prevention
and preexposure prophylaxis, are especialy low in these populations. eHealth campaigns and social media messaging about
treatment as prevention and preexposure prophylaxis may help to fill this gap in knowledge and lead to increased uptake of such
strategies; however, no evidence exists of the effects of these targeted forms of communication on treatment as prevention and
preexposure prophylaxis uptake in these populations.

Objective: We describe the protocol for a 3-part study aiming to develop and evaluate an eHealth intervention with information
about treatment as prevention and preexposure prophylaxis for HIV-positive and HIV-negative black and Hispanic men who
have sex with men.

Methods: Phases 1 and 2 will involve focus groups and cognitive interviews with members of the target populations, which we
will useto create a culturally tailored, interactive website and applicable social media messaging for these men. Phase 3 will be
asmall randomized controlled trial of the eHealth intervention, in which participants will receive guided socia media messages
plus the newly devel oped website (active arm) or the website alone (control arm), with assessments at baseline and 6 months.

Results. Participant recruitment began in August 2017 and will end in August 2020.

Conclusions: Public hedlth interventions are greatly needed to increase knowledge about and uptake of biobehavioral HIV
prevention strategies such as treatment as prevention and preexposure prophylaxis among black and Hispanic men who have sex
with men. eHealth communication campaigns offer a strategy for engaging these populations in health communication about
biobehavioral HIV prevention.

Trial Registration: ClinicalTrials.gov NCT03404531; https.//www.clinicaltrials.gov/ct2/show/NCT03404531 (Archived by
WebCite at http://www.webcitation.org/70myofpOR).

Registered Report Identifier: RR1-10.2196/11047
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Introduction

Background

Therewere an estimated 973,846 peopleliving with HIV inthe
United States as of 2015; the US Centers for Disease Control
and Prevention (CDC) further estimated that roughly 38,500
new infections occur annually [1]. Men who have sex with men
(MSM) accounted for about 70% of those new infections in
2015, despite constituting just 2% of the country’s population
[2]. Moreover, roughly 70% of the new diagnosesthat year were
in black and Hispanic MSM [2].

Black and Hispanic MSM continue to be disproportionately
affected by HIV/AIDS in the United States. These racial and
ethnic disparities in HIV/AIDS rates are also apparent in the
Providence, Rhode Island Metropolitan Area, where new
HIV/AIDS diagnoses among MSM increased between 2007
and 2011 even as total new diagnoses declined [3]. Moreover,
30% of individuals with anew diagnosisin Rhode Island from
2009 to 2013 a'so presented with AIDS, with M SM status being
the leading risk factor, suggesting that a significant number of
MSM in Rhode Island are only reaching care late in the course
of their disease [3].

Effective biobehaviora interventions for HIV prevention in
such high-risk populations include treatment as prevention
(TasP) and preexposure prophylaxis (PrEP). TasP refersto the
use of antiretrovira treatment to decrease the risk of HIV
transmission between serodiscordant partners by reducing the
vira load in the infected individual’s fluids to very low levels.
TasP has been shown to have the potential to reduce HIV
transmission to the partner without HIV by more than 96% [4].
PrEP isthe daily ingestion of an oral single-tablet combination
antiretroviral treatment by HIV-uninfected individuals. PrEP
has been shown to have agreater than 90% chance of preventing
HIV acquisition in adherent individuals, as confirmed by
multiple studies [5-9]. However, knowledge about and uptake
of PrEP and TasP remain low among black and Hispanic MSM
[10,11]. Though results vary across studies, PrEP uptake is
estimated at just 9.8% for black MSM and 6.6% for Hispanic
MSM [12]. Barriers to PrEP uptake identified by previous
research include lack of cultural competency in public health
initiatives, stigmarelated to homosexuality and HIV serostatus,
lack of targeted internet outreach, and low health literacy in the
target populations[13].

One highly promising strategy to increase awareness,
knowledge, behaviora intentions, and potential uptake of public
health interventionsthat isunderused in this context is eHealth,
which refersto the use of arange of electronic technologies (eg,
online socia networking sites and apps, YouTube, and
interactive websites) to provide health information [14-17].
eHealth has recently moved to the forefront of health
communication because of its cost effectiveness, high levels of
accessibility and acceptability in many populations, and
effectiveness in previous public health campaigns [16,18-22].

http://www.researchprotocols.org/2018/7/€11047/

Of al American adults, 84% use the internet [23] and MSM of
all racia and ethnic groups have been found to have high rates
of participation on online social media sites [24]. Recent
research found that MSM frequently prefer information about
HIV prevention (eg, PrEP) to be disseminated in electronic
forms such as email and websites [21]. However, our recent
review of the published literature did not find that any
evaluations of health interventions using social mediaincreased
TasP or PrEP uptake in these high-risk populations,
demonstrating its novelty.

Further, cultural tailoring, or the use of targeted messages for
certain popul ations on the basis of known subgroup differences,
has al so been found to increase efficacy compared with generic
health messaging [25,26]. For example, Kreuter and colleagues
used messages to prompt African American women to increase
their rates of mammaography and healthy food consumption by
tailoring those behavioral changes toward values such as
religiosity, collectivism, and racial pride[26]. Yet few existing
websites or online sources of HIV prevention information are
tailored to black and Hispanic MSM. In addition, data on
eHealth, and particularly social media’s utility for minority
populations, remain limited.

Objective

We describe the protocol of a 3-part study aiming to develop
and evaluate an eHealth intervention with information about
TasP and PreP for HIV-positive and HIV-negative black and
Hispanic MSM. One part of thisproject will involvethe creation
of aculturally tailored, interactive website for these menin the
Providence Metropolitan Area and of similarly tailored social
mediamessaging to promote the website and prompt participants
to access it. The population-specific content and all aspects of
the website and messages will be based heavily on datagathered
from members of the population in the initial 2 phases of the
study. The messages will also be grounded in the
information-motivation-behavioral skills (IMB) and social
cognitive theory (SCT) frameworks, which arewidely accepted
evidence-based approaches for promoting behavioral changes
related to HIV risk reduction [27-32]. We hypothesize that using
theory-based and culturally relevant social mediamessageswill
increase knowledge of TasP and PrEP among black and Hispanic
MSM, positively affect their attitudes and behavioral intentions
toward the interventions, and ultimately increase uptake. The
overall objective of this study is to improve HIV prevention
strategies among high-risk minority MSM through novel use
of eHealth.

Methods

Study Design

This will be a 3-part study that includes focus groups and
cognitive interviews to develop an eHealth intervention for
HIV-positive and HIV-negative black and Hispanic MSM, and
a small randomized controlled trial (RCT) to evaluate that
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intervention. In phase 1, we will use 4 to 6 focus groups of 5to
8 participants each to learn about TasP, PrEP, and social media
use in the target population, as well as obtaining feedback on
an existing interactive website (Men2MenRI [33]). Members
of our team previously developed the website targeting white
MSM in Rhode Island. Phase 2 will use cognitive interviews
with 8 participants and an open pilot with 16 participants to
devel op and assessthe acceptability of IMB- and SCT-grounded
social media message content designed to motivate and
encourage access to our newly developed website. In phase 3,
we will conduct a small RCT (n=100 participants, with 50 in
each arm) comparing the combination of sending social media
messages plusthe website (active arm) versusthe website alone
(control arm). Study materials (eg, recruitment flyers, interview
guides, questionnaires, website, and social media messages)
and findings (eg, qualitative and quantitative data) will also be
assessed by a community advisory board made up of 6 to 12
members from the local community who reflect the target
groups. The study is approved by the Brown University
Ingtitutional Review Board (#1612001661), Providence, Rhode
Island, USA, and the US National Center for HIV/AIDS, Vira
Hepatitis, STD, and TB Prevention’s project determination
process. This study is aso registered on ClinicalTrials.gov
(NCT03404531).

Participant Recruitment

Participants will be HIV-positive and HIV-negative black and
Hispanic MSM who are 18 years of age and older living or
working in the Providence Metropolitan Area (all of Rhode
Island and Bristol County, Massachusetts). Participants must
also fit the CDC definition of high risk—that is, have engaged
in condomless anal intercourse within the past 6 months; be
biologically male and identify as male; and be able to give
written informed consent in English or Spanish. For phase 3,
participants must also report not taking PrEP if they are
HIV-negative, or in HIV care or taking treatment if they are
HIV-positive, at the time of enrollment in the study. We will
recruit participantsfor all phases of the study using avariety of
methods, including advertisements online and on public
transportation; posted signs and flyersin local community and
commercia venues; and in-person outreach at placeswherethe
target population congregates, such as community-based
organizations, clinics, bars, and clubs. Individualsinterested in
participating will be screened for digibility over the phone using
the aforementioned criteria. Participants will provide written
informed consent prior to participating in the focus group,
cognitive interview, or baseline assessment.

Procedures and I nterventions

For all phases, participants will complete ademographicsform
at the time of their enrollment. For phase 1, we will attempt to
stratify the groups by race/ethnicity (black vs Hispanic) and
HIV serostatus (HIV-positive vs HIV-negative). Focus groups
will be facilitated by 2 trained staff members in English or
Spanish using a semistructured discussion guide and will last
roughly 2 hours. In both parts of phase 2, we will attempt to
have a balance of participants from each of the 4 categories
from phase 1 (black HIV-negative, Hispanic HIV-negative,
black HIV-positive, and Hispanic HIV-positive). The cognitive
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interviews will be 2- to 3-hour sessions in English or Spanish
using a semistructured interview guide with open-ended
guestions, also administered by atrained member of theresearch
team. All phase 1 focus groups and phase 2 interviews will be
digitally recorded and professionally transcribed. For the open
pilot portion of phase 2, participants will attend an individual
information session at the study location, where they will be
provided with abroad description of the intervention and view
the website. They will then participate in the newly devel oped
intervention (website plus messages) for 1 week. Lastly,
participants will return to the study location to complete a brief
(1-hour) individual in-depth interview about the website and
messages. Based on the feedback we receive during these
interviews, we will alter intervention materials and procedures
prior to the implementation of the study asasmall RCT during
phase 3.

We will randomly assign phase 3 participants to have access to
either the website with social media messages (intervention
condition) or the website alone (control condition). Participants
will be stratified by race/ethnicity and HIV serostatus as in
phases 1 and 2. Wewill use block random assignment in batches
of 10, by HIV status and race/ethnicity, to keep the sizes of the
intervention or comparison groups similar. Participants will
physically come to the study site at enrollment for study
description, consent procedures, website demonstration,
randomization, demographic and HIV treatment and prevention
history information collection, and baseline assessment; then
they will come again 6 months later for the follow-up
assessment.  Participants will be assigned a research
identification number, which will be used for all data collected
to ensure confidentiality. Participants will be compensated in
cash (all in US$) $40 for the focus group, $50 for the cognitive
interview, $35 for the open pilot, and $80 for the small RCT
($40 for the basdline assessment and $40 for the 6-month
follow-up) plus a potential $10 for transportation or child care
costsincurred to attend study sessions. Eligibleindividualswill
be allowed to participate in only 1 phase of the study.

Each phase of the study will provide unique information that
will then inform the following phases. We will use focus group
data from phase 1, which will include gathering feedback on
the existing Men2MenRI website and to |earn about TasP, PrEP,
and social mediausein thetarget populations, to create our new
website and social media messages in a way that is audience
specific. We will then use cognitive interviewing in phase 2 to
further refine and develop the website and messages to be
tailored to participant serostatus and race/ethnicity. Lastly, we
will conduct an open pilot to evaluate and improve study
procedures prior to the implementation of the small RCT in
phase 3.

M easures

Phases 1 and 2 measureswill involve using qualitative interview
guides, informed by the extant literature and developed by the
team, to identify important themes in the data. For phase 3,
participants will complete the study assessment at enrollment
(baseline) and at a 6-month follow-up, which will be digitally
administered using iPads. The assessment will include
self-report questions about HIV testing history, date(s) of
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previous testing, source(s) of previous testing, viral load, CD4
count, linkage and retention in care, TasP uptake, HIV
medication, adherence and viral load if HIV-positive, and
consideration of PrEP, including barriers and facilitators and
its uptake, if HIV-negative. The assessment will also include
measures that we will develop from the focus group data to
assess participants' knowledge, attitudes, and behavioral
intentions toward TasP and PrEP use. Validated measures will
include event-level characteristics of sexual risk episodes over
the past 3 months, using the timeline follow-back interview
method, with information on sexual activities, relationship with
partner(s), partner gender, use of alcohol or drugs prior to or
during, and use of condoms for each episode. Phase 3 will also
involve fidelity monitoring of participants use of the
intervention, including information about when they check or
receive messages, whether they reply to messages or input
information via messages, and whether they log calls to study
staff.

Study Outcomes

The primary outcome of the study will belevelsof and increases
in TasP or PrEP uptake in the intervention group compared with
the control group, asdetermined by using assessment datafrom
phase 3. Secondary outcomes include increases in levels of
TasP- and PrEP-specific knowledge, favorable attitudes, and
behavioral intentions regarding TasP and PrEP among
participants in the intervention group. Lastly, we will explore
decreases in sexual risk behaviors in the intervention group
relative to the control.

Planned Analyses

For the qualitative analyses in phases 1 and 2, we will
independently read and code professional transcriptions of the
focus groups and interviews, and will convene regularly to
discuss emerging themes and systematically establish categories.
Finalized thematic codes will provide an exhaustive
categorization tool of concepts and themes described by
participants. Multiple coders will analyze subsets of data,
interrater reliability will be assessed, and any discrepancieswill
be resolved with discussion.

In phase 3, we will first assess the randomization process by
comparing baseline demographic variables of participants in
each arm; we will incorporate any variable for which
randomization did not result in equal proportions in each arm
into the multivariate model s as apotential confounding variable.
Next, we will conduct primary inferential analyses to test our
primary hypothesis (ie, that messages sent over socia media
will increase TasP and PrEP uptake among the men in the
intervention arm versus the control arm) followed by our
secondary (increasesin knowledge of, more favorable attitudes
toward, and behavioral intentions regarding TasP and PrEP use
between men in the intervention and control arms) and
exploratory (decrease in sexual risk behaviors among men in
the intervention arm in comparison with the control arm)
hypotheses. Since the primary and tertiary outcome measures
are binary, we will first compare proportions by randomization
arm separately for each measurement period using standard
bivariate analytic techniques (eg, Spearman rank-order
correlations, odds ratios, and Fisher exact test). We will use
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ordinary least squares regression on our secondary measures of
knowledge, attitudes, and behavioral intentions, which we will
assess using continuous scales. We will contrast outcomes in
the intervention versus comparison groups over time via
generalized linear mixed models. Given the binary nature of
our TasP and PrEP uptake and sexual risk measures, we will
specify a logit link function for our generalized linear mixed
models.

We will follow an intent-to-treat design and will include data
from all enrolled participantsin the analysis, regardless of level
of intervention use. We will compare characteristics of
participants who are lost to follow-up with those who are
evaluated to assess for systematic patterns that could influence
results. Following intent-to-treat principles, we will include all
randomly assigned participants in the data analyses.

Effect-size estimates determined through the small RCT will
be essential in the design of alarger and fully powered efficacy
study that tests intervention effects on TasP and PrEP uptake
and behavioral risk reduction. We are well aware of the
limitations of relying exclusively on small-scale pilots to
determine whether novel intervention approaches are promising,
namely that sizable standard errors are associated with effect
sizes due to the small sample size. However, we are primarily
interested in exploring the pattern of results for any evidence
of support for the intervention's influence on the primary and
secondary outcomes. Our proposed sample size of 100 will be
sufficient to detect an effect size of 0.3 or greater between the
2 groups, with 80% power and a 2-tailed alpha level of .05.
Furthermore, we will be able to detect similar effect sizes (of
>0.3) with respect to condomless anal intercourse and secondary
analysis of social-cognitive behaviors.

Results

Development of this project began in May 2016. Participant
recruitment for phase 1 began in August 2017 and is scheduled
to be completed in August 2018. Phase 2 recruitment will begin
in August 2018 and is scheduled to be completed in August
2019. Phase 3 recruitment will begin in August 2019 and is
scheduled to be completed in August 2020.

Discussion

Principal Findings

The goal of this project is to add to the science about HIV
prevention interventions and eHeal th among black and Hispanic
MSM inthe United States. Successful interventionsare urgently
needed to reduce the burden of HIV for racia and sexua
minority men. If the intervention is effective, social media
messaging and culturally tailored online information could be
a low-cost, high-impact way to increase uptake of HIV
prevention methods in these high-risk populations. This study
will also generate much-needed data on social media’s utility
for eHealth interventions among HIV-positive and HIV-negative
black and Hispanic MSM. While eHealth has substantial
potential, it remains hard to assess its ability to motivate
behavioral change given the lack of data available, particularly
for racial and ethnic minority MSM.
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Study Limitations

Thereare study limitationsthat areimportant to highlight. First,
given that this study will focus on HIV-positive and
HIV-negative black and Hispanic MSM living in the Providence
Metropolitan Area, our findings may not generalize to similar
men living in other areas of the United States. Second, our
results will be based on data that are self-reported by
participants, which is subject to recall and socia desirability
biases. Third, the website and social media messages that we
will develop, based on feedback from the focus groups and
cognitive interviews, will be limited by the constant evolution
of technology and its outpacing of research.

Study Strengths

Despitethese limitations, this study has several strengths. First,
it uses a combined approach to TasP and PrEP uptake that
leverages advancesin social mediaas aplatform for motivating
behavioral change to potentially overcome some of the noted
barriersto use of HIV treatment and prevention services. Second
isthe use of social media messages grounded in IMB and SCT

van den Berg et al

to provide targeted groups with timely information and
motivational cues to access the website about TasP and PrEP.
A third advantage is that the website will be culturally tailored
and specifically designed by and for HIV-positive and
HIV-negative black and Hispanic MSM. Fourth, findings from
this research have the potential to influence policy guidelines
and recommendations for TasP and PrEP uptake for high-risk
groups.

Conclusions

Development and evaluation of this newly developed website
will alow for improved implementation and delivery of TasP
and PrEP, and will help prevent HIV acquisition and
transmission among high-risk HIV-positive and HIV-negative
black and Hispanic MSM in the United States. We will use the
results of this study for a larger-scale trial to test the
effectiveness of the combined messages, plus the website, on
behaviors leading to HIV treatment and prevention for these 2
populations. In addition, we will conduct future research to
examine the long-term effects of the website on TasP and PrEP
adherence among their users.
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Abstract

Background: Substance useisan alarming public health issue associated with significant morbidity and mortality. Adolescents
and emerging adults are at particularly high risk because substance use typically initiates and peaks during this devel opmental
period. Mobile health apps are a promising data collection and intervention delivery tool for substance-using youth as most teens
and young adults own a mobile phone. However, engagement with data collection for most mobile health applications is low,
and often, large fractions of users stop providing data after aweek of use.

Objective: Substance Abuse Research Assistant (SARA) isamobile application to increase or sustain engagement of substance
data collection overtime. SARA provides a variety of engagement strategies to incentivize data collection: avirtual aquariumin
the app grows with fish and aguatic resources; occasionally, funny or inspirational contents (eg, memes or text messages) are
provided to generate positive emotions. We plan to assess the efficacy of SARA’s engagement strategies over time by conducting
amicro-randomized trial, where the engagement strategies will be sequentially manipulated.

Methods: We aim to recruit participants (aged 14-24 years), who report any binge drinking or marijuana use in the past month.
Participants are instructed to use SARA for 1 month. During this period, participants are asked to complete one survey and two
activetasksevery day between 6 pm and midnight. Through the survey, we assess participants daily mood, stresslevels, loneliness,
and hopefulness, while through the active tasks, we measure reaction time and spatial memory. To incentivize and support the
data collection, avariety of engagement strategies are used. First, predata collection strategiesinclude the following: (1) at 4 pm,
apush notification may beissued with an inspirational message from a contemporary celebrity; or (2) at 6 pm, apush notification
may be issued reminding about data collection and incentives. Second, postdata collection strategies include various rewards
such as points which can be used to grow a virtual aguarium with fishes and other treasures and modest monetary rewards (up
to US $12; US $1 for each 3-day streak); also, participants may receive funny or inspirational content as memes or gifs or
visualizations of prior data. During the study, the participants will be randomized every day to receive different engagement
strategies. In the primary analysis, we will assess whether issuing 4 pm push-notifications or memesor gifs, respectively, increases
self-reporting on the current or the following day.
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Results: The microrandomized trial started on August 21, 2017 and the trial ended on February 28, 2018. Seventy-three
participants were recruited. Data analysis is currently underway.

Conclusions: To the best of our knowledge, SARA is the first mobile phone app that systematically manipulates engagement
strategies in order to identify the best sequence of strategies that keep participants engaged in data collection. Once the optimal
strategies to collect data are identified, future versions of SARA will use this data to provide just-in-time adaptive interventions

to reduce substance use among youth.

Trial Registration:
http://www.webcitation.org/70raGWV Oe)

Registered Report Identifier: RR1-10.2196/9850

(JMIR Res Protoc 2018;7(7):€166) doi:10.2196/resprot.9850
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Introduction

Substance use remains a mgjor public health issue[1,2] dueto
its associations with risky behaviors (eg, intoxicated driving,
violence, risky sexual behaviors, etc) and short-term (eg, injury)
and long-term health consequences (eg, development of
substance use disorders) [3-6]. Substance use typically begins
during early adolescence (typical age, 12-17 years), with
emerging adults (typical age, 18-25 years) having the highest
prevalence [5]. According to the National Survey on Drug Use
and Health, 11.5% of adolescents reported alcohol useand 6.1%
reported binge drinking (5 or more drinks) in the past month;
59.6% of emerging adults reported drinking and 37.7% reported
binge drinking in the past month [5]. Marijuana is the most
commonly used illicit drug in the United States, with 7.4% of
adolescents and 19.6% of emerging adults reporting its use in
the past month [5]. In addition, the legalization of medical and
recreational use of marijuanain several states hasparalleled the
decreasing perceptions of risk [7-9]. This trend is concerning
because marijuana use may affect the neuro-maturational
development of the brain among youth [10-12], potentially
compromising decision-making and inhibitory control
functioning [10-13]. Finally, prescription pain medications are
the next most commonly misused substance, with 7.4% of
adolescents and 2.8% of emerging adults reporting use in the
past month [5]. Importantly, therisk of overdoseincreaseswhen
binge drinking is combined with prescription opioids and
sedatives [14].

Longitudinal panel studies show that, asyouth devel op, evolving
interactions between individual, social, and community risk and
protective factors can decrease or accelerate substance use
trgjectories[15-18]. However, thereisacritical knowledge gap
about thetemporal processesthat underlie substance use among
youth (eg, youth have greater rates of binge drinking).
Knowledge about these temporal processes can enable better
understanding of the real-time antecedents and sequelae of
substance use and can inform the development of just-in-time
adaptive interventions (JITAls) (eg, for craving, high-risk
activity spaces, negative affect, and stress) [19-21]. Mobile
phones provide a promising platform in this regard. Mobile
phones are with us most of the time, which creates opportunities
for frequent in situ data coll ection about the temporal processes
underlying substance use. Among tech-savvy adolescents and

http://www.researchprotocols.org/2018/7/e166/

emerging adults, mobile phones are also pervasive; 92% of
teens (age, 13-17 years) go online daily, and 73% of them have
amobile phone, which is fairly balanced across racial groups,
with 85% of African Americans, 71% of Caucasians, and 71%
of Hispanics having a mobile phone [22].

However, sustaining self-reported data collection is challenging
in mHealth [23,24]. Self-reporting rate is generally low for
mHealth data collection apps [25], and the same is true for
substance use apps. A recent review of mHeath apps for
substance use (including short message service [SMS] text
messaging and apps) concluded that engagement is a critical
limitation, with most use declining quickly over brief periods
of time (2 weeks to 3 months) [26], However, only few studies
included adolescents or emerging adults [27]. The limited
research on behavioral health apps among youth aso found
engagement challenging, potentially because youth can become
habituated to apps [24] or due to competing demands from the
frequent use of other apps, such as socia media [22] or
entertainment apps [28].

To date, there has been little work on increasing self-reporting
rates of substance use data [29-31]. Sensor technologies can
partialy mitigate low self-reporting rates because sensorsrequire
no additional effort other than carrying the device [32,33].
However, detecting substance use by sensorsisnew and requires
further validation. Bae et a [34] used mobile phone data to
detect drinking episodes; SCRAM [35,36] and BACTrack Skyn
[37] are wearable sensors that can continuously measure blood
alcohol levels. However, such sensors do not exist for other
substances, and important correlates of substance use such as
stress level and mood cannot yet be reliably detected using
sensors [38]. Therefore, self-reporting remains a valuable
method to obtain substance use-related data. Previoudly,
financial incentives were used, often along with frequent staff
contact, to increase the rates of self-reporting [39-41]; however,
both these strategies are prohibitively expensive for larger
studies over longer periods of time. Other approaches are needed
for engaging participants to self-report.

In this paper, we describe amobile phone app, Substance Abuse
Research Assistant (SARA), intended to enhance participant
engagement in sef-reporting. We aso describe a
micro-randomizedtrial (MRT) [42,43] designto rigorously test
several engagement strategies we built into SARA. To our
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knowledge, the SARA study will be the first [44] to examine
how the effect of engagement strategies may vary with both
time and context (eg, negative affect, stress, loneliness). Our
vision for SARA is an “engagement first” approach, where
engagement strategies are employed to increase or sustain
self-reporting over extended periods of time. Animportant goal
of SARA isto reduce staff time and financial incentives using
nonfinancial engagement strategies that are grounded in
behaviora science theories (such as operant conditioning [45-48]
and reciprocity [49-51]). In the future, we plan to use the
collected data to trigger interventions aimed at reducing
substance use. This paper provides a detailed description of
SARA, including the theoretical foundation of SARA’sdifferent
engagement strategies, and describes the study design we used
to test the efficacy of SARA’s engagement strategies over time.

Methods

Substance Abuse Resear ch Assistant

SARA isamobile phone app aimed at increasing self-reporting
of substance use data from adolescents and emerging adults.
The app runs on both Android and iOS platforms. To collect
data about correlates of substance use, every day, participants
are prompted to complete a survey and 2 active tasks. SARA's
key innovation is the variety of engagement strategies it
incorporatesto incentivize and support thisdatacollection. The
base engagement strategy is a virtual aquarium, which starts
empty, but as a participant provides more data, the fish
population grows and treasures accumulate. In addition to the
aquarium, other strategies such as push notifications with
inspirational messages, memes, and informative visualizations

Rabbi et &

of self-report data are used to enhance engagement with
self-reporting. SARA consists of 2 modules: the data collection
module and the engagement module (Figure 1).

Data Collection Module

SARA's data collection module deals with procuring
self-reported data. SARA currently supports 2 types of
self-reported data collection. The first is provided by active
tasks. Active tasks, which were first introduced in the Apple
Research Kit [52], constitute intuitive user interactions that
allow researchers to objectively measure reaction time, spatial
memory, gait, problem-solving skills, etc. SARA's first active
task serves as ameasure of spatial memory, arandom sequence
of 5 seashells lights up in a 2-dimensional grid of 9 seashells.
Participants are then asked to repeat the sequence. The second
active task is atapping task in which participants tap 2 buttons
alternately for 10 seconds. The number of completed taps gives
ameasure of reaction time. Thereason for choosing the tapping
and spatial tasksis that spatial memory and reaction time may
vary based on substance use-related intoxication [53,54].

The second type of data collection is a daily survey in which
participants report their daily feelings and activities (ie, stress
level, mood, loneliness, hopefulness, amount of free time, and
excitement) [55-58]. On Sundays, an extra set of questions
assesses the past week’s frequency of substance use (alcohal,
cannabis, and tobacco), motives and riskiness of use (for a cohol
and marijuana), impulsivity, and intentionsto avoid a cohol and
marijuana use in the upcoming week [8,59-63]. Multimedia
Appendix 1 contains the survey questions and the screenshots
of the active tasks.

Figurel. Daily timelinefor engagement strategiesin Substance Abuse Research Assistant (SARA). Push notifications are sent prior to data collection.

Reinforcements are provided after data collection.
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In the current version, participants self-report 1 survey and 2
activetasks (1 tapping task and 1 spatial task) every day between
6 pm and midnight. We selected this time window for the
following reasons: (i) 6 pm to midnight providesalarge enough
time period to self-report, (ii) to capture a summary of most of
the day using the survey in the evening, and (iii) to capture
intoxication via active tasks since substances are typically used
by youth in the evening [64].

Engagement Module

The engagement module of SARA contains several engagement
strategiesto increase self-report compl etion. These engagement
strategies can be grouped as follows: (1) postdata collection
rewards, (2) predata collection incentives, and (3) remindersto
self-report. In addition, SARA contains other enhancementsto
support engagement, for example, occasional human support
by SMS text messages or phone calls when participants
temporarily disengage; asmall amount of money, and an overall
coherent user experience so that the app is easy to use, and the
engagement strategies appear to be part of one app. Since SARA
focuses on reducing financial incentives, we took severa
measures so that the engagement strategies are indeed effective
for the target popul ation.

First, we grounded the strategies in behavioral theories on
influencing the intended action. Second, we followed a
user-centered design process, where we conducted 3 focus
groups (N=21, mean age 19.9 years) and a pilot study (N=17,
mean age 21.2 years); a mgjority of the participants in these
studies (67% in focus groups and 100% in the pilot study)
reported binge drinking (5+ drinks at 1 occasion) or marijuana
use in the past 3 months. We describe below the engagement
strategies that are supported by theories and the user-centered
design process.

Postdata Collection Rewards

Providing rewards after the successful completion of anintended
behavior (eg, self-reporting in SARA) is a well-established
method to shape future behavior [45,46]. Over the last few
decades, the operant conditioning literature has extensively
investigated how consequences shape behavior. According to
the operant conditioning theory, the following are the 2 key
ideas to influence the effectiveness of rewards. (1) Immediate
contingent reward: rewards are more efficacious if they are
givenimmediately and only after the intended behavior happens.
Delaying rewards after the intended behavior or providing
rewards after nonintended behaviors will make the reward less
efficacious [47,48]. (2) Value of the reward: the rewards need
to be valuable enough to trigger the intended behavior. One
method to provide high enough value isto provide avariety of
rewards; thus, even if onereward isless effectivein a particular
context, there is a higher likelihood that another reward can
substitute for the less effective reward [65]. SARA employs
these 2 ideas from operant conditioning as follows. First,
ensuring immediacy and contingency was trivial; we provide
the rewards immediately and only after self-reports. To ensure
value, we have 2 types of rewards, (1) a growing virtua
aquarium and (2) memes and life insights. We present below
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their design along with supporting evidence from prior work
and user-centered design to show that the strategies can indeed
engender reward value.

A Growing Virtual Aquarium

In SARA, avirtual aquarium environment growsricher asmore
self-reports are completed (Figure 2). Every time participants
finish either the survey or the 2 active tasks, they earn 30 points
toward the aquarium. For the longer survey on Sundays, 50
extra points are rewarded. New fish are unlocked as specific
numbers of points are accumulated. Multimedia Appendix 2
lists the fish in the SARA aquarium and the corresponding
numbers of points that unlock them. SARA is set up so that 1
fish can be unlocked almost every day if both the survey and
active tasks are completed. Every time afishisunlocked, afun
fact about the fish is also given; for example, when a goldfish
isunlocked, participants see the message “ Do you know goldfish
can recognize faces?’ An exception to the 1-fish-a-day ruleis
made for the first 2 days of the study, when SARA provides 2
fish per day. Initially, these extra fish are given to quickly
condition the participant to the fact that interesting fish are
unlocked if they self-report [48]. SARA makes the aquarium
environment more game-like by introducing levels; after 15
days of self-reporting, participants graduate from a fishbowl
environment to aseaenvironment. Levelshelp prevent cluttering
as more fish are unlocked, while increasing the participants
interest. In addition, for streaks of self-reporting, participants
can earn treasures such as pearls and gemstones. Multimedia
Appendix 3 lists the different pearls and gemstones available
in SARA and the corresponding self-reporting streaks that can
unlock them.

The growing aguarium generates reward value based on the
conceptualization of engagement as a “ subjective experience’
[44,47,48]. The aquarium is intended to generate positive
subjective experience by creating enjoyment through collection
of fish in a game-like environment. Rewarding self-reporting
with points or fish also intends to promote positive subjective
experiences by linking self-reporting behaviors with positive
emotions (eg, joy and pride). Furthermore, once participants
are initialy engaged, the aguarium extends the positive
experience by adding complexity through the aforementioned
fun fish fact, levels, and treasures. Adding such complexity
makes participants feel that their efforts are being reciprocated
by the designerswho have invested additional effort in creating
new features and challenges; this sense of reciprocation may
motivate participants to engage further [66].

Finaly, an aguarium representation was chosen because
aquariums have been used successfully to represent rewardsin
wellness apps in the past—notably in Fish n' steps [67] and
Bewell [68]. A recent commercial game known as“Abyssrium,”
where a user has to grow an aguarium over time, has been
downloaded more than 30 million times and has received the
game of the year award in 2016 [69]. Participants in the
user-centered design process al so found the aquarium metaphor
appealing (eg, focus group participants rated the SARA
aquarium 3.9 stars out of 5 for use in aresearch study).
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Figure2. Theevolution of Substance Abuse Research Assistant (SARA)’saquarium environment asdatais collected. Panels a, b, ¢, d, and e respectively
show the state of aquarium if a participant self-reportsfor 1, 7, 14, 24, and 30 days.
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Memes, Gifs, and Life I nsights

Although the aguarium is expected to promote engagement, it
may loseitsnovelty over time. Therefore, SARA includesother
post-data collection rewards in the form of memes or gifs and
life insights. Once participants complete the daily survey part
of the self-input, they may receive a meme or an animated gif.
The meme or gif isintended to be either funny or inspirational .
Memes and gifs are chosen because they can generate reward
value by positive emotions and encouragement [44,47,48,70].
Furthermore, the nonjudgmental nature of included memes or
gifsis consistent with other substance use interventions [70].
The memes and gifsin SARA were generated using Amazon’s
Mechanical Turk and reviewed by undergraduate research
assistants (RAs) who were of the same age as the target
population. Participants in the user-centered design process for
SARA also found the memes or gifs as acceptable forms of
rewards (eg, on ascale of 1=strongly dislike to 5=strongly like
memes or gifs as rewards for self-report, the average rating
among a pilot study sample was 3.85).

In addition to memes or gifs, the participants may receive alife
insight after they complete the active tasks portion of the data
collection. Lifeinsights are visualizations of self-reported data
from the past. SARA’s life insights are trends of the various
data collected using daily survey and active tasks over the past
7 days. SARA contains alife insight for each of the following
datatypes: (1) daily stress, (2) amount of free time in the day,
(3) degree of loneliness in the day, (4) level of fun on the day,
(5) how new and exciting were the days, (6) tapping speed, and
(7) seconds taken to finish the spatial task. Note that 1-5 are
gathered from the daily survey and 6-7 are gathered from the
active tasks (see Multimedia Appendix 4). Life insights can
generate reward value because individuals strive to understand
themselves and gain self-relevant knowledge [71-73]. People
are frequently unclear about their personal abilities and they
learn about themselves by attending to and seeking self-relevant
information [71,72,74,75]. Consistent with this notion, previous
work has demonstrated that people are interested in receiving
feedback about their past self-reported experiences[76]; infact,
most health apps and wearables (eg, fitbit) use visualizations
of past data to provide feedback to their users. Participantsin
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the user-centered design process for SARA were aso quite
interested in seeing their data on life insights (eg, on a scale of
1=strongly disliketo 5=strongly likelifeinsightsasrewardsfor
self-report, the average rating among a pilot study sample was
3.92).

Predata Collection I ncentive

Saciopsychological perspectives[49-51] suggest that reciprocity,
that is, returning afavor, isan innate human tendency. Drawing
on these perspectives, SARA sometimes provides incentives
before (ie, not conditional on) self-reporting to facilitate
participant reciprocation via subsequent self-reporting. SARA
may issue a youth-focused inspirational message as a push
notification at 4 pm, 2 hour before the data collection period
starts. We selected 4 pm because adol escents or emerging adults
are likely to be out of school at that time and hence are likely
to notice the notification. Thistimeisalso close enough to data
collection time (6 pm) so that providing an incentive may
facilitate participant reciprocation via survey or active task
completion. To facilitate participant reciprocation, we provide
inspirational messages. From the user-centered design process,
we found inspirational quotes in the form of song lyrics and
celebrity quotes, which might be appealing to youth. Please
refer to Multimedia Appendix 5 for the list of quotes used in
SARA. Once again, thisrepository of messageswas assembled
and filtered by the undergraduate RAs who were of the same
age as our target population. In the pilot study, we asked
participants how much they liked the inspirational quotes asan
incentive for self-report (1=strongly dislike, 5=strongly like);
the average rating was 3.3.

Reminder Notifications

Past research has demonstrated that reminders can increase
engagement [44]. SARA thus provides a message at 6 pm to
remind participants to report data. The reminder message is
sometimes appended with additional content, such as “you are
close to unlocking a new fish,” “you are close to finishing a
streak and earning some money,” or “it only takes a minute to
collect datain SARA.” The additional content triesto increase
adherence by adtering the perception of the value of
self-reporting by reminding the participants of rewards that
follow or that self-reporting does not require alot of effort [77].
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We selected 6 pm to send the reminder notification because it
was the start time for the daily 6 pm to midnight self-reporting
period discussed previously.

Other Enhancementsto Support Engagement

SARA includes a few additional enhancements to support the
abovementioned engagement strategies:

Financial I ncentives and Human Support

One potential issue with the aguarium, memes, and lifeinsights
isthat they are new rewards and participants may need time to
perceive their full value. For example, unlocking fish and
growing a virtual aquarium will be new to participants at the
start of the study and they need to receive rewards several times
before understanding what to expect. Therefore, participants
may need additional sourcesof reinforcement that are rewarding
right from the start [65]. Earlier work has demonstrated the
utility of financial incentives [39,40] and human support [41]
in promoting engagement. Participants in the user-centered
design processfor SARA also were very interested in financial
incentives (eg, 95% of focus group participants reported that
money bonuses would very much increase self-reporting in
SARA). Hence, SARA includes relatively minimal financial
incentives and human support to supplement its core engagement
strategies; for every 3-day streak of self-reporting, that is,
completing the survey and active tasks each day, participants
can earn 1 dollar. For completing the longer weekly survey on
Sunday, an extra 50 cents can be earned. For a 90% self-report
completion rate, most participants can earn US$12 or lessin a
30-day study (US $13 if self-report completion rate is 100%).
Note that thisis afraction of what daily substance use studies
normally pay for self-reporting (eg, US $1-4 dollars per day)
[21,78].

In addition, if participants do not self-report, they receive SMS
text messages from a study phone number. The first SM S text
message is sent after 2 days of no self-reporting. If participants
still do not self-report, a SMS text message is sent after 3
additional days of no self-reporting. The SMS text message
follows a prespecified template (see Multimedia Appendix 6),
which can be automated in future versions of SARA. After 7
days of no self-reporting, participantsreceive aphonecall from
astudy team member. SM Stext messaging and phone calls stop
if participants neither respond nor self-report for 3 weeks.

User Experience

In SARA, we maintain a coherent user experience using an
aquarium theme throughout the app. For example, in the spatial
task, we use seashells to match the aquarium theme instead of
flowersoriginally used by the Apple Research Kit [52,79]; after
data collection, rather than only providing memes or life
insights, we use animations consi stent with the aquarium theme;
divers swim into the aquarium and inform the participants that
they earned a reward (eg, meme or life insight). Further
attention-to-detail is provided to improve user experience; for
example, Sunday’s survey contains 2 parts where participants
answer a few questions about their day, followed by a few
guestions about the past week. Since Sunday’s survey islonger
than other days, we include a fun question right after the daily
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guestions to entertain and energize participants before asking
them additional questions about the past week. Thisfun question
is randomly selected from a set of 5 questions in Multimedia
Appendix 7.

With this, we conclude the description of different engagement
strategies in SARA. Figure 3 provides a summary of the
engagement strategies and how these strategies affect various
theoretical constructs to influence self-report completion in
SARA.

I mplementation Details

We used the cross-platform JavaScript framework lonic to build
the Android and iPhone versions of SARA. The aquarium part
uses the Phaser 2D game library for the animations. All the
self-reported data in SARA are encrypted to comply with the
Health Insurance Portability and Accountability Act (HIPAA).
All data are stored in Amazon S3, a HIPAA-compliant data
storage service, and the communication between Amazon S3
and the mobile phone app is encrypted with RSA 2048 and
AES-256 [80].

Objective

In the previous section, we described several of SARA’s novel
engagement strategies. Although SARA engagement strategies
were designed to influence self-report compl etion among youth
who use substances, the effectiveness of these strategies is
unknown. Important questionsinclude whether different SARA
engagement strategies|ead to higher self-report completion and
how their effectiveness is moderated by context (eg, negative
affect, stress, loneliness, etc). Ineffective engagement strategies
may aggravate participants, and participants may habituate even
to aninitially effective engagement strategy [81,82], resulting
in a decrease, over time, in the effectiveness of the strategy.
Similar drawbacks might occur if an engagement strategy is
used in a context in which it is ineffective; indeed, the current
context of each participant may influence the effectiveness of
an engagement strategy [77]. Oneway to gain insight into these
questions is by experimentally manipulating the engagement
strategies over time. In other words, the manipulation caninform
the development of a policy for adaptive engagement strategy
delivery to keep participants engaged in self-reporting. Recently,
MRTs have been proposed as a method to develop JTAls for
mHealth [42,43]. In SARA, theintervention is composed of the
engagement strategies, such as giving a meme or issuing an
inspirational message. In MRTs, study participants are
randomized sequentially, often multiple times a day, to receive
different intervention components. Several key elements in
MRTs are decision points and proximal outcomes. Decision
pointsrefer to the time points when partici pants are randomized.
In SARA, thereisa4 pm decision point at which a participant
is randomized to receive an inspirational message via push
notification or receive nothing. Once a participant israndomized
at adecision point, the outcome of using an engagement strategy
can be measured proximally. A proximal measure for the 4 pm
inspirational message is whether or not the participant
self-reports later on the same day. For more details on MRTSs,
werefer thereadersto [42,43,83]. Inthefollowing, we describe
the MRT protocol for SARA.
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Figure 3. A conceptual diagram of how the different engagement strategies should affect self-report compl etion.
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Study Protaocol

We plan to run a 30-day MRT. Prior to the study, potential
participants are screened, and eligibl e participants complete an
in-person intake session with a study recruiter. Within the
30-day study, each participant is randomized at each of 4
decision points per day. After the 30 days, each participant takes
part in afollow-up phone interview and provides feedback on
using SARA for amonth. The details of the study areasfollows:

Study Setting and Eligibility

The 30-day MRT is conducted at the University of Michigan.
Study participants are recruited from the University of Michigan
Hospital Pediatric and Adult Emergency Departments. The
study is approved by the Institutional Review Board of the
University of Michigan Health System (HUM00121553) and
isregistered at Clinical Trials.gov (NCT03255317). Patientsare
eligiblefor screening if they are aged between 14 and 24 years,
understand English, are medically stable, are able to provide
informed consent or assent (eg, not cognitively impaired or
intoxicated), and are accompanied by a parent or guardian (for
patients aged between 14 and 17 years). Individualsare eligible
if they 1) have an Android or an iPhone mobile phone on which
the app can be downl oaded and 2) screen positivefor past-month
binge drinking (=4 drinks for females and =5 drinks for males,
on at least 1 occasion) or past-month cannabis use without a
medical marijuana card.
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Basaline Procedure

At the University of Michigan Emergency Department,
recruiters monitor incoming admissions and identify patients
in the target age range who do not meet the screening exclusion
criteria(eg, presentation for sexual assault, droplet precautions,
active vomiting, roomed in critical care). After completing an
online consent or assent, participants self-administer ascreening
survey on a tablet, which contains questions regarding their
demographics [84,85], health behaviors such as alcohol and
marijuanause [8] and sleep habits[86], cell phone capabilities,
and socia mediause. The screening survey takes approximately
8 min to complete, and participants receive a small gift valued
at US $1.00 (eg, headphones, water bottle, mobile phone
armband) for completing it. Those who report past-month binge
drinking or marijuanause and have accessto their mobile phone
whilein the Emergency Department provide written consent or
assent and self-administer an approximately 20-min baseline
survey with items about (1) substance use frequency,
consequences, overdose, and driving under the influence
[86-88]; (2) violence involvement, injury, and risky sex
behaviors [6,89-92]; (3) coping and mindfulness [93,94]; (4)
social influences[95-97]; and (5) motivation or self-efficacy to
reduce their alcohol and marijuana use [98,99].

Then, the recruiters collect contact information from the
participants. Recruiters ensure that participants install SARA
on their phone during the intake since in the pilot study prior
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to thistrial, we have found that many potential participants did
not install the app after they left the intake session. Basic
instructions on how to use the app are provided during intake,
followed by motivational statements regarding participant’s
stated barriers to using SARA regularly. Participants receive
US $20 cash for completing their intake visit.

The 30-Day Microrandomized Trial

Following theintake session, participants start the 30-day MRT
with SARA. Each day, participants are requested to complete
1 survey and 2 active tasks between 6 pm and midnight.
Participants are randomized at the following 4 decision points
each day:

1. 4 pm reciprocity notification: Every day at 4 pm, with a
probability of .5, participants are randomized to either
receive a push notification with an inspirational message—a
song lyric or aquote from a contemporary celebrity—or to
not receive anything.

2. 6 pm push reminder notification: Every day at 6 pm, a
reminder notification isissued. The notification may be one
of the following 2 types, randomized at .5 probability:

a A simple reminder to complete a survey and 2 active
tasks

b. A reminder to complete a survey and 2 active tasks,
along with an additional persuasive message. The
additional persuasive message may be one of the
following 3 messages:
«  “Doyou know it only takes aminuteto fill out the

survey and active tasks?’

«  “Doyouknow you can earn money if you complete
a 3-day streak?’

+  “You are close to unlocking the next fish for the
aquarium.”

3. Reinforcement after survey completion: If the survey is
completed, participants are randomized at .5 probability to
receive or not receive either a meme or a gif as a positive
reinforcement. If areinforcement is delivered, thereisa .5
probability to receiveameme and a.5 probability to receive
agif.

4. Reinforcement after active task completion: If active tasks
are completed, participants are randomized at .5 probability
to recelve or not receive a life insight as a positive
reinforcement.

Note that not all the engagement strategies in SARA are
randomized. The randomizations in 1-4 mentioned above are
motivated by scientific questions concerning the
abovementioned engagement strategiesin SARA. Specifically,
we randomize the push notifications because they can interrupt
the participant and are intrusive, thus potentialy reducing
engagement. The other engagement strategies are not push
notifications, so there islow risk of interruption; for example,
the participant decides whether to open the app, complete
self-reports, and receive the rewards. We randomi ze the memes
and lifeinsights because of the scientific question of how funny
and informative contents respectively can influence self-report
completion over time [44].
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Exit Procedure

Participants are contacted by telephone to complete a 1-month
follow-up interview, which includes the identical measures as
the screen or baseline or daily survey or Sunday’s survey, as
well as the following 2 new threads of questions: (1) a 30-day
Timeline Followback calendar, which captures past-month
alcohol and marijuana consumption [100] and (2) Likert-type
and open-ended questions to capture user experience of SARA
[101]. For completing the follow-up interview, participants
receive a US $30 electronic gift card of their choice (eg,
Amazon, Starbucks, etc).

AnalysisPlan

In this section, we describethe analysisplan to evaluate SARA.
A more detailed version of the analysis plan can be found in a
Center for Open Science document [102] (submitted on October
23, 2017).

Outcome Measures

The proximal outcomes of the randomizations are whether
participants completed the survey and active tasks. For the
inspirational message notifications at 4 pm and the reminder
notifications at 6 pm, the proximal outcome is whether the
survey or the active tasks are completed in the evening on the
same day. For the 2 reinforcement interventions, the proximal
outcome is whether the survey or the active tasks, respectively,
are completed on the following day. Note that our engagement
strategiesare primarily designed to encourage self-reporting on
the same or next day. Although the strategies may have longer
term effects as well [81,82], we are interested in their effects
on the same day or the next day; if these effects are consistently
higher, then longer term adherence will be higher too. In
addition, poststudy open-ended feedback from the participants
will be analyzed to refine future versions of SARA.

Primary and Secondary Analyses
Our primary analyseswill concern the following 2 hypotheses:

1. Providing the 4 pm reciprocity notification will yield a
higher rate of full completion of the survey or active task
on the same day than providing no intervention (P<.025).

2. Among individuals who complete the survey, providing a
postsurvey-completion meme or gif will yield ahigher rate
of completion of the survey or active task on the next day
than not providing meme or gif reinforcement after survey
completion (P<.025).

We selected these hypotheses as primary since our team found
these hypotheses to be the most interesting scientifically. The
4 pm randomization is designed to address the question of
whether a notification intended to facilitate reciprocation (by
providing an inspirational message before self-report time) is
useful, and the randomization of participants upon survey
completion is designed to investigate whether providing a
postdata collection reward increases data collection.
Furthermore, we conjecture that these hypotheses have the
greatest potential to be supported. In particular, as the 4 pm
notification is proximal in time to the data collection (2 hours
prior), there are fewer extraneous distracting circumstances that
can occur during this short time window that would reduce the
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intervention effect. Both hypotheses also consider a contrast
between an active agent (ie, the 4 pm notification or the meme)
versus hothing. Sincethese 2 hypotheses are primary, we divide
the standard P value of .05 by 2.

Our secondary analyseswill concern thefollowing 2 hypotheses:

1. The 6 pm reminder notification with an extra persuasive
message will yield a higher rate of full completion of the
survey or the active task on the same day than not providing
the extra persuasive message.

2. Among individualswho compl ete the active tasks, offering
apostactive task-completion lifeinsight will yield ahigher
rate of the full completion of the survey or active task on
the next day than not offering alifeinsight after active task
completion.

We consider the first hypothesis as secondary because the
randomization for the 6 pm reminder is between 2 active agents
(reminder with vs without a persuasive message). Thisimplies
that the additional effect of the persuasive messages may be
small; thus, this hypothesis has a more exploratory nature. We
consider the second hypothesis as secondary because datamust
accumulate before the visualizations in life insights become
interesting. In addition, this hypothesis has a more exploratory
nature because our life insights are only visualizations of past
data; in the future, we aim for potentially more potent life
insights using prediction tools [103,104].

For both primary and secondary analyses, we will control for
the following 3 covariates to reduce variance in the outcome of
self-input completion: (1) whether the survey or the active tasks
were fully completed on the previous day, (2) whether SMS
text messages or phone calls were made in the last 24 hours,
and (3) whether the app was opened in the prior 72 hoursoutside
when asurvey or active task was completed. We will not include
other baseline variables such as gender and age as covariates
in the primary analyses because inclusion of a covariate uses
up degrees of freedom. We also anticipate that the within-person
covariate “whether the survey or active tasks were fully
completed on the previous day” will capture some of the
variance dueto baseline gender or age. We will also not include
time as a covariate in the primary analyses for the
abovementioned reasons as well. Note that the statistical
methods [83] will adjust the standard errors of the estimated
effects to account for within-person correlation acrosstimein
the outcome. For more details about our primary analysis plan,
please refer to the Center for Open Science document [102].

Exploratory Analyses

We plan to run exploratory analyses to examine how the
effectiveness of engagement strategies changes over time (we
conjecture that the effectiveness will decrease). We will aso
run additional exploratory analysesto assess effect moderation.
We will examine how the effect of engagement strategies is
moderated by gender, weekdays versus weekends, and whether
the day is Sunday versus other days of the week (we expect that
the completion rate for the longer Sunday’s surveys may be
lower than that for other days). We initially planned to assess
age and phone type (Android or iPhone) as moderators;
however, we did not include these variables because recruitment
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thus far indicates that very few participants in the study have
Android phones or are below the age of 18 years.

Sample Size

We started recruiting for the study on August 21, 2017.
Recruitment concluded on February 28, 2018. We recruited 73
participants for the study.

Statistical Analyses

In mHealth, it is common to collect time-varying measures of
the participants' context (such as stress, mood, and loneliness
from the self-report assessments). The provision of engagement
strategiesistime-varying aswell; that is, at each decision point,
participants can receive different options of the engagement
strategy. A key statistical issue is that covariates (measures of
the participant’s context) at atime point can be affected by past
engagement strategies. For such a setting, Boruvka et a [83]
proposed amethod to estimate the causal effects of interventions
on continuous outcomes. However, in SARA, we are dealing
with a binary outcome (whether participants self-reported or
not). Multimedia Appendix 8 contains details of a method that
we have developed, which extends the work of Boruvka et a
to binary outcomes. We will use RStudio 1.1.453 to run the
statistical analysis.

The open-ended qualitative data from exit interviews will be
coded using thematic analysis [105]. The qualitative analysis
will be performed using NVivo 11.

Missing Data

Since our outcome is adherence to self-report completion, not
completing self-reports is not missing data for our study.
However, missingness can happen in the study if participants
uninstall the app in the middle of the study. To account for such
missingness, we will conduct the following 3 versions of the
primary analysis: (1) only include participants who had the app
installed for 30 days, (2) include al participants and include
only days when the app was installed, and (3) include all
participantsand datafor both installed and uninstalled days; for
the uninstalled days, the 4 pm and 6 pm notifications will be
imputed, and the outcome will be considered as “self-report
noncompletion.” More details on how missingness will be
accommodated can be found in the Center of Open Science
document [102].

Results

We started recruiting for the study on August 21, 2017.
Recruitment concluded on February 28, 2018. We recruited 73
participants for the study. Data analysis is currently underway.

Discussion

Future Work

To the best of our knowledge, this study is the first MRT to
systematically explore the efficacy of different engagement
strategies on increasing self-reporting of substance use data
among adol escents and emerging adults. Theresultsof thistrial
will answer how different engagement strategies affect
self-reporting and to what degree (ie, effect size). We will also
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learn whether the effectiveness of the strategies varies over
time. The qualitative data from the exit interviews will help us
to further triangulate and understand the findings of the
guantitative analysis. Moreover, the exit interviews' open-ended
feedback about the app will help us further fine-tune the app.

For future studies, the analysis of the collected data can be used
to initialize machine learning algorithms with the goal of
providing engagement strategies in contexts (eg, stress level,
loneliness, location, and weekend or weekdays), and at times,
they are most effective. In particular, we will use the resulting
data to train an initial policy for reinforcement learning
algorithms such as “contextual bandits’ [106]. As data
accumul ate on a participant, these algorithmsincrease the chance
of providing the engagement strategy option that is most
effective in a particular context and decrease the chance of
providing an engagement strategy option that is less effective

[107].

Another important direction of future work is the development
of therapeutic interventions to prevent substance misuse. The
daily surveys and active tasks will provide both subjective and
objective data on substance use and related factors (eg, mood)
over time. The Sunday’s survey will uncover the days when
substance use events happened; we will use these data aslabels
and the daily survey (ie, stress, emotion, or loneliness) or active
tasks (ie, spatial memory, reaction time) as features to create
machine learning models of impending substance use events.
Therapeutic interventions will be provided, with high
probability, at the time of impending substance use (or when
participants are likely to engage in intervention content). Future
versions of SARA will integrate these JTAIs to reduce
substance misuse. Note that data-driven JITAIs to reduce
substance use require maintenance of sufficient engagement of
self-input completion.

Finally, one more future direction is to include sensor data
collection from phones and wearables. Sensor data can be useful
in multiple ways for SARA, such as (1) reducing self-input
burden with predictions, for example, loneliness can be
measured by inferring social interactions from the phone [33];
reducing self-input burden may increase engagement [77] and
(2) risky times of substance misuse can be preanticipated from
sensors; we expect that substance use events co-occur with
certain behavioral markers that can be captured using sensors,
for example, when participants are close to liquor stores or
texted friends with whom they previously engaged in substance
misuse [34].
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Limitations

Few limitations of this study are as follows: first, this study is
not designed to confirm that the SARA is more effective than
other appsin collecting substance use-associated data. Thistrial
isonly designed to optimize the further development of SARA.
We believe that this is a necessary first step since the science
of engagement in mHealth iscurrently initsinfancy. ThisMRT
will inform the selection and adaptation of engagement
strategies, as well as the development of future versions of
SARA, which can be used asan experimental armin randomized
trials.

Second, the current version of SARA is limited because the
design primarily focused on increasing willingness, that is, to
the extent a participant is motivated to engage in self-reporting.
Prior literature suggests 2 other methods to influence
engagement [44,77,108-111]: (1) need, namely an individual's
recognition that thereisadiscrepancy between hisor her present
state and a preferred future state, and (2) ability, namely the
extent to which the individual has the knowledge, experience,
skills, and capacity to engage in datacollection. Although SARA
is not currently designed to experiment with ability or need,
SARA may influencethem indirectly; for example, the reminder
prompts before data collection can address forgetfulness and
enhancesthe ability of participantsto collect data. Furthermore,
SARA sets clear goals, monitors engagement with aquarium
progression, and offers timely feedback [112]. Thus, if
participants become engaged with the aguarium or other
incentives, they may recognize the need to engage.

A third limitation is the limited funding of the SARA mobile
app, which isnovel and exploratory in nature. Limited funding
constrained our sample size. We aso could not implement
several featuresthat were requested during user-centered design
process; for example, better aesthetics of the fish, interactivity
such as touching and interacting with fish, or personalization
of such customizable background of the aquarium. Inthefuture,
we will use the results of this pilot study and apply for grants
that can support larger studies and more resources for app
development.

Finally, the study lacks therapeutic interventions to improve
substance use outcomes. However, the engagement-only
approach provides naturalistic data on substance use and related
factors at the daily level, alowing us to study in-the-moment
precedents and sequelae of substance use among adolescents
and young adults. A better understanding of the in-the-moment
precedents and sequelae of substance useis necessary to shape
future therapeutic interventions that can be integrated into
SARA.
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Abstract

Background: The prevalence rates of depressive and anxiety disorders are high in residential aged care settings. Older adults
in such settings might be prone to these disorders because of 1osses associated with transitioning to residential care, uncertainty
about the future, aswell asadeclinein personal autonomy, health, and cognition. Cognitive behavioral therapy (CBT) isefficacious
in treating late-life depression and anxiety. However, there remains a dearth of studies examining CBT in residential settings
compared with community settings. Typically, older adults living in residential settings have higher care needs than those living
in the community. To date, no systematic reviews have been conducted on the content and the delivery characteristics of CBT
for older adults living in residential aged care settings.

Objective: The objective of this paper isto describe the systematic review protocol on the characteristics of CBT for depression
and/or anxiety for older adults living in residential aged care settings.

Methods: Thisprotocol was developed in compliance with the recommendations of the Preferred Reporting Itemsfor Systematic
Review and Meta-Analysis Protocols (PRISMA-P). Studies that fulfill the inclusion criteriawill be identified by systematically
searching relevant electronic databases, reference lists, and citation indexes. In addition, the PRISMA flowchart will be used to
record the selection process. A pilot-tested data collection form will be used to extract and record data from the included studies.
Two reviewers will be involved in screening the titles and abstracts of retrieved records, screening the full text of potentially
relevant reports, and extracting data. Then, the delivery and content characteristics of different CBT programs of the included
studies, where available, will be summarized in atable. Furthermore, the Downs and Black checklist will be used to assess the
methodological quality of the included studies.

Results. Systematic searches will commence in May 2018, and data extraction is expected to commence in July 2018. Data
analyses and writing will happen in October 2018.
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Conclusions: In this section, the limitations of the systematic review will be outlined. Clinical implications for treating late-life
depression and/or anxiety, and implications for residential care facilities will be discussed.

Trial Registration: PROSPERO 42017080113; https://www.crd.york.ac.uk/PROSPERO/display_record.php?RecordlD=80113
(Archived by WebCite at http://www.webcitation.org/70dV 4Qf54)

Registered Report Identifier: RR1-10.2196/9902

(JMIR Res Protoc 2018;7(7):e164) doi:10.2196/resprot.9902
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Introduction

Older adults living in residential care settings have a high
prevalence rate of depression and anxiety disorders. A
systematic review of studiesinvolving aged care residentsfrom
North America, Europe, Middle East, Australia, New Zealand,
Africa, and Asia [1] reported that the prevalence of a major
depressive disorder ranged from 4.8% (13/270) to 23.5%
(12/51), whereasthe prevalence of depressive symptomsranged
from 14% (99/708) to 81.8% (113/138). Another systematic
review that examined the prevalence of anxiety in older adults
living in residential aged care [2] found that the prevalence of
anxiety disorders ranged from 3.2% (31/966) to 20% (20/100),
whereas the prevalence of clinically significant anxiety
symptoms ranged from 6.5% (3/46)to 58.4% (118/202). The
most common anxiety disordersamong aged careresidentswere
generalized anxiety disorder and specific phobias.

The high prevalence of depression and anxiety in residential
care settings may be attributed to several factors, including
losses (eg, social connections and persona possessions) and
changes (eg, lifestyle and health) involved in transitioning to
living in a residential care facility [1,3,4]. Other factors
associated with depression and anxiety in older adultslivingin
residential care include multiple chronic health problems,
chronic pain, functional impairment in basic activities of daily
living (eg, bathing), functional impairment in instrumental
activities (eg, managing finances), sensory impairments (eg,
vision and hearing), cognitive decline, loneliness, negative life
events, lack of social support, perceived inadequacy of care,
perceived inability to master and control external environment,
a low sense of purpose in life, and low perceived autonomy
[5-7]. Another contributing factor could be the patterns of
interactions between nursing staff and residents of carefacilities.
Baltes et a [8,9] reported that residents developed learned
dependency when the social environment provided consistent
and immediate support for dependent self-care behaviors (eg,
residentswho did not attempt to eat by themselveswould likely
receiveimmediate help from staff members, whereasthose who
attempted to eat independently would not receive praise,
encouragement, or attention). Thus, learned dependency could
have a negative impact on residents self-image and sense of
control; subsequently, this could affect their psychological
well-being.

To date, severa approaches (eg, psychotherapy, pharmacol ogical
interventions, and music therapy) have been used to treat
late-life depression and anxiety [10]. The efficacy of

http://www.researchprotocols.org/2018/7/e164/

psychotherapeutic  interventions, particularly  cognitive
behavioral therapies (CBT), has been demonstrated in several
systematic reviews and meta-analyses conducted in the
community and residential settings. CBT represents an approach
that focuses on identifying and improving maladaptive
behavioral and thinking patterns to assist clients in achieving
goals. CBT includes a wide range of cognitive and behavioral
techniques and is structured and goal-oriented.

Focusing on community-dwelling older adults, Wilson et a
[11] reported that the efficacy of CBT in treating late-life
depression was equivalent to or better than that of active control
interventions (eg, visual imagery and education). Similarly,
summarizing findings across community-based samples,
Hendriks et al [12] reported that CBT was markedly more
effective than waiting list and active control conditions (eg,
usua care and supportive psychotherapy) in reducing anxiety
symptoms in older adults diagnosed with anxiety disorders. In
addition, a more recent meta-analysis [13] reported that CBT
was markedly more effective in reducing anxiety symptomsin
community-dwelling older adults compared with trestment as
usual or being on awaiting list.

In a meta-analysis of the outcomes of psychotherapy for aged
care residents, Cody and Drysdale [14] reported that
psychotherapies were effective in reducing the symptoms of
depression. In addition, they found that the effect of
psychotherapies was comparable to that reported in
pharmacotherapy trials with depressed older adults. Despite a
lack of systematic reviews specifically examining CBT in
residential care settings, studies such as those conducted by
Anderson et al [15] and by Blair and Bird [16] found that CBT
was effective and feasible for reducing depressive symptoms
in older adults living in residential care.

Given the presence of multiple medical comorbidities and
functional and cognitive decline, older adultsin residential care
might have different needs, clinical presentations, and
perceptions of and responsesto psychotherapies compared with
community-dwelling older adults. In addition, the complexity
of presentations might entail unique implementation models
requiring interdisciplinary teamwork, sustainability of the
intervention, flexibility of the environment, and support of the
organization [17]. Specific programs, such as the Group,
Individual, and Staff Therapy (GIST) [18] and the Behavioral
Activities Intervention (BE-ACTIV) [19], have been devel oped
for residential care settings. Neverthel ess, no systematic review
has been conducted on techniques and delivery characteristics
of CBT when employed in residential care facilities. Such a
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systematic review is essential because it provides crucial
information for the development of future CBT-based programs
for residentsin aged care. Ashighlighted by Kishitaand Laidlaw
[20] and Blair and Bird [16], identifying components of CBT
programsthat are specific to this population (eg, logistical issues
such as how to approach residents, group size, timing, and
duration of ons) could hel p enhance treatment accessibility,
acceptability, and outcomes. Moreover, by identifying the
content of such protocols, that is, the strategies and techniques
used to assist residents, clinicians may be better prepared to
address the concerns of older adults living in residential aged
care settings.

Methods

Objectives

This systematic review aimsto describe the delivery and content
characteristics of CBT for depression and anxiety for older
adultsliving in residential aged care settings. Thisreview adopts
abroad definition of “older adults,” those aged =55 years.

Protocol and Registration

This protocol was developed to comply with the
recommendations of the Preferred Reporting Items for
Systematic Review and Meta-Analysis Protocols (PRISMA-P)
[21]. This systematic review will follow the guidelines of the
Preferred Reporting Items for Systematic Reviews and
Meta-Anayses (PRISMA) [22]. Thereview has been registered
with the International Prospective Register of Systematic
Reviews (PROSPERO, CRD 42017080113).

Eligibility Criteria for the Review

Participants

In this review, those studies will be included, in which (1)
participants were, at least, 55 years old, (2) were living in
residential care (see definition below), and (3) standardized,
valid measures (self-report questionnaire, observer rating, or
clinical interview) were used to record the diagnosis and severity
of depressive or anxiety disorders and symptom ratings of
depression or anxiety. Samples of participants might include
those living with dementia or mild cognitive impairment.
Furthermore, studies that recruited participants aged <55 years
but reported separate resultsfor participants aged =55 yearswill
be included.

I ntervention

The target intervention is CBT for depressive symptoms,
depressive disorders, anxiety symptoms, or anxiety disorders.
Consistent with other studies [12,14], the types of
psychotherapies considered to be CBT include behavioral
therapy (including behavioral activation and exposure-based
interventions), cognitive therapy, CBT, problem-solving therapy,
rational emotive behavioral therapy, and mindfulness- and
acceptance-based cognitive and behavioral therapies. Of note,
studies that focused only on non-CBT interventions (eg,
psychodynamic therapies, interpersonal therapies, and systemic
therapies) or on psychological problems other than depression
and anxiety will be excluded from thisreview. Moreover, studies
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will be excluded if their primary aim was to reduce disruptive
behaviors associated with dementia or enhance memory.

Outcomes

The primary interest of this review isthe delivery and content
characteristics of CBT for residential aged care settings.
Delivery characteristics refer to the (1) frequency, (2) duration,
and (3) mode (group vs individual) of treatment, as well asto
(4) whether others were involved in the delivery of treatment
(eg, nurses, other facility staff members, and family members),
and (5) whether treatment was delivered alone or in combination
with other interventions. In contrast, the content characteristics
refer to the therapeutic techniques used (eg, behavioral activation
and cognitive restructuring). In addition, information on
stakeholders' reactionsto these interventionswill be described;
such outcomes (whether assessed by aclinician, self-report, or
an informant such as a staff member) will include participants
satisfaction with the CBT intervention, staff members’ appraisal
of the program, uptake rate, and attrition rate. Furthermore,
these outcomes must be assessed with standardized, valid
measures.

Setting

In this review, we will include studies conducted in residential
care facilities and exclude those conducted only with
community-dwelling older adults. Settings that are considered
residential care facilities comprise nursing homes, aged care
homes, residential aged care, and other communal living
arrangementsfor older adults, where staff are employed to assist
the residents with activities of daily living. Of note, studies
conductedin retirement villages or retirement homes or hostels,
where staff are only employed as on-site managers but do not
provide care will be excluded.

Types of Studies

We will include empirical, quantitative studies that fulfill the
criteria mentioned above. These studies could be randomized
or quasi-randomized controlled trials, clinical controlled trials,
cluster-randomized trias, cross-over trias, or case studies.
However, commentaries and theoretical papers that describe
protocols that have not been applied in residential aged care
settings will be excluded.

Report Characteristics

We will include full-text papers written in English with no
restrictions on the geographical location or year of publication.

Search Methodsfor I dentifying Studies

We will be conducting a systematic search of the following
databases to identify published studies. the Cochrane Library
(including the Cochrane Central Register of Controlled Trials
(CENTRAL) and the specialized registers of the Common
Mental Disorders Group and the Dementia and Cognitive
Improvement Group), Medical Literature Analysisand Retrieval
System Online (MEDLINE), EMBASE, PubMed, PsycINFO,
Cumulative Index of Nursing and Allied Health Literature
(CINAHL), Abstractsin Socia Gerontology (EBSCO), AgelLine
(EBSCO), Social Services Abstracts (ProQuest), Sociological
Abstracts (ProQuest), the World Health Organization’s trias
portal (ICTRP), and ClinicalTrials.gov. Next, unpublished
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studieswill beidentified by searching the ProQuest Dissertations
and Theses database, Open Access Theses and Dissertations,
and Open Grey. In addition, referencelists of all included studies
will be examined and a citation search on the Web of Science
will be conducted to identify relevant studies that might have
been missed in the database searches. Furthermore, we will
correspond with the authors of these studies, if it isfeasible to
do so, when more information on particular studiesis required.

The search termsare arrived at by adapting those used by Cody
and Drysdale [14] and Hendriks et a [12]. A sample search
strategy for database searching will be as follows:

(“depress*” OR “dysthym*” OR *“adjustment” OR
“mood” OR “affective” OR “anxiety” OR “anxious’
OR “worry” OR “phobi*” OR “panic” OR “obsess*”
OR “compulsi*” OR *“posttraumatic’ OR “PTSD”
OR“0OCD"”) AND

(“cognitive therapy*” OR “behavi* therapy*” OR
“cognitive behavi* therapy*” OR “ mindful ness-based
therapy*” OR “acceptance commitment therapy*”
OR “acceptance-based therapy*” OR “relaxation
training” OR “activity scheduling” OR “cognitive
restructuring”) AND

(“long-term care” OR “residential aged care” OR
“aged care’” OR " nursing home*” OR “assisted living”
OR“carefacility*” OR “residential home*” OR“care
home*” OR “residential care”)

Data Collection and Analysis

Selection of Studies

In this review, two reviewers will be involved in the process of
selecting studies to ensure that the judgments are reproducible
[23]. They will independently examine titles and abstracts of
the records retrieved from the database search to remove obvious
irrelevant reports. Then, the reviewers will screen the full text
of the potentially relevant studies to assess their eligibility for
inclusion. While one reviewer will screen all the records and
papers, the second reviewer will screen, at least, 25% of them.
Discrepancies between the reviewers will be resolved by
discussion and consensus, and if necessary, by arbitration of a
third reviewer. All initia levels of the agreement will be
reported. In addition, the PRISMA flow diagram will be used
to record the process of selection, as well as the numbers of
records, full-text papers, and studies resulted from each stage.

Data Extraction and Management

We will use a pilot-tested data collection form to extract and
record data from the included studies. The data extracted will
comprise the following: publication information (eg, authors,
title, journal, publication type, and geographical location
wherein the study was conducted); study design (eg, randomized
or quasi-randomized controlled trial, clinical controlled trial,
cluster-randomized trial, cross-over trial, or case studies);
participants’ characteristics (eg, sample size, age, gender,
disorders or symptoms of depression and anxiety, cognitive
abilities in terms of Mini Mental State Examination (MM SE)
or other cognitive screen scores, and diagnoses or symptoms
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of dementia); details of the delivery characteristics of
intervention (eg, frequency and duration of treatment, individual
or group format, involvement of staff, families, or friends in
delivering treatments, additional treatment models); details of
the content characteristics of intervention (eg, behaviora
activation and cognitive restructuring); and stakeholders
reactions reported in the studies (eg, participants satisfaction
with the intervention, uptake rate, attrition rate, and staff
appraisal of the program).

Two independent reviewers will extract data from all the
selected studies. Discrepancies between reviewers will be
resolved by discussion and consensus, and if necessary, by
arbitration of a third reviewer. Furthermore, if additional
information is required, we will contact the study authors.

Assessment of Methodological Quality of I ncluded
Studies

We will use the Downs and Black [24] instrument, which can
be used for randomized and nonrandomized controlled trials,
to assess the methodological quality of the included studies.
The checklist comprises the following five domains: reporting
biases, externa validity, biases in the measurement of the
intervention and the outcome, biases in selecting participants,
and statistical power. In this review, we will report the overall
score and the scorefor each of the domains. Two reviewerswill
assess all the selected studies. Discrepancies between the
reviewers will be resolved by discussion and consensus, and if
necessary, by arbitration of athird reviewer.

Data Synthesis

In atable format, we will summarize and present the delivery
and the content characteristics of different CBT programs of
theincluded studies. While delivery characteristicsrefer to how
the interventions were approached in residential care settings,
the content characteristics refer to the strategies that therapists
used with or taught the residents (as detailed above).
Furthermore, we will highlight shared components between
different programs and components that have been designed
particularly for individual groups of residents.

Results

Systematic searches are expected to commence in May 2018.
Data extraction is expected to commence in July 2018. Data
analyses and writing will happen in October 2018.

Discussion

We will outline the limitations of this systematic review. For
example, the studies reviewed might be of poor quality or
insufficiently reported to allow for a full audit of relevant
variables. Moreover, similar treatments might be labeled
inconsistently across studies. We will discuss the clinical
implications for treating depression and anxiety in older adults
livinginresidential care settings. Furthermore, wewill consider
thedelivery and content of CBT within such settingsto facilitate
further development of such treatments across the sector.
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Abstract

Background: Low back pain (LBP) isaleading cause of disability worldwide. Most patients with LBP encountered in primary
care settings have nonspecific LBP, that is, pain with an unknown pathoanatomical cause. Self-management in the form of physical
activity and strength and flexibility exercises along with patient education constitute the core components of the management of
nonspecific LBP. However, the adherence to a self-management program is challenging for most patients, especially without
feedback and reinforcement. Here we outline a protocol for the design and implementation of a decision support system (DSS),
selfBACK, to be used by patients themselves to promote self-management of LBP.

Objective: Themain objective of the selfBACK project isto improve self-management of nonspecific LBP to prevent chronicity,
recurrence and pain-related disability. Thisisachieved by utilizing computer technol ogy to devel op personalized self-management
plans based on individual patient data.

Methods: The decision support is conveyed to patients via a mobile phone app in the form of advice for self-management.
Case-based reasoning (CBR), atechnology that utilizes knowledge about previous cases along with data about the current patient
case, is used to tailor the advice to the current patient, enabling a patient-centered intervention based on what has and has not
been successful in previous patient cases. The data source for the CBR system comprises initial patient data collected by a
Web-based questionnaire, weekly patient reports (eg, symptom progression), and a physical activity-detecting wristband. The
effectiveness of the self BACK DSSwill be evaluated in amultinational, randomized controlled trial (RCT), targeting care-seeking
patients with nonspecific LBP. A process evaluation will be carried out as an integral part of the RCT to document the
implementation and patient experiences with selfBACK.

Results: The selfBACK project was launched in January 2016 and will run until the end of 2020. The final version of the
selfBACK DSS will be completed in 2018. The RCT will commence in February 2019 with pain-related disability at 3 months
as the primary outcome. The trial results will be reported according to the CONSORT statement and the extended
CONSORT-EHEALTH checklist. Exploitation of the results will be ongoing throughout the project period based on a business
plan developed by the selfBACK consortium. Tailored digital support has been proposed as a promising approach to improve
self-management of chronic disease. However, tailoring self-management advice according to the needs, motivation, symptoms,
and progress of individual patients is a challenging task. Here we outline a protocol for the design and implementation of a
stand-alone DSS based on the CBR technology with the potential to improve self-management of nonspecific LBP.

Conclusions: The selfBACK project will provide learning regarding the implementation and effectiveness of an app-based DSS
for patients with nonspecific LBP.
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Introduction

Background

The recent Global Burden of Disease Study showed that low
back pain (LBP) is the most significant contributor to years
lived with disability worldwide [1,2]. Accordingly, LBPisone
of the most common reasons for activity limitation, sick leave,
and work disability [3,4]. In addition to the suffering of affected
individuals, LBP poses an enormous economic burden on
society, presenting a huge challenge for health care systems.

selfBACK addresses nonspecific LBPR, that is, pain with an
unknown pathoanatomical cause, which comprises >85% of all
patients with LBP observed in primary care settings [5,6]. In
2006, a European expert working group developed
evidence-based guidelines for the management of nonspecific
LBP [7,8]; these guidelines have subsequently been adopted
and refined by several countriesto outline the best practice and
appropriate advice to manage LBP [9-13]. Although some
variations exist, the main components recommended in the
management of L BP include education and reassurance, staying
active both in and outside of work, and regular strength and
flexibility exercises to prevent relapse, pain-related disability,
and chronicity.

Many patients with long-term conditions find it challenging to
self-manage their illness, for example, through lifestyle
modifications, with little or no additional support [14], and the
adherence to self-management programs is commonly poor
[15]. Thus, mobile technologies have been suggested as a
promising approach to improve self-management of various
health conditions [16,17]. In particular, the possibility of
delivering tailored support to individual patients hasasignificant
potential with some evidence that tailoring the self-management
advice to patients with LBP is more effective compared with
nontailoring [18]. Furthermore, increasing evidence suggests
that “tailoring” of digital health productsis an important factor
likely to promote uptake and utilization [19]. However, further
research is warranted to clarify how the tailoring of advice for
self-management can be integrated and delivered with mobile
technologies to promote self-management of LBP. Recent
reviews have shown that nearly 300 pain-related mobile phone
apps are available [20-23]; however, few of these apps have
been devel oped with evidence-based content and not have they
been rigorously tested for effectiveness on pain-related health
outcomes [20-23]. Furthermore, health care professionals and
patients have seldom been involved in the app development.
Thus, aclear need existsfor further research aimed at developing
high-quality, effective, and smart self-management interventions
for LBP[24,25].

http://www.researchprotocols.org/2018/7/e167/

In this paper, we outline acomprehensive protocol for the design
and implementation of an evidence-based decision support
system (DSS), selfBACK, which has the potential to improve
self-management of nonspecific LBP. The core of selfBACK
is to (1) provide effective evidence-based advice on physical
activity and tailored exercise training according to personal
goals, personal characteristics, symptom progress, and functiona
ability and (2) provide educational material to individuals on
self-management of their LBP condition. The resulting
selfBACK system constitutes adata-driven, predictive DSSthat
uses the case-based reasoning (CBR) methodology [26-28] to
capture and reuse patient cases to suggest the most suitable
self-management plan (ie, decision support) for an individual
patient. Furthermore, structured intervention mapping will be
conducted as an integrated part of the project to guide the design,
development, and evaluation of the selfBACK app [29].

Aim and Objectives

The selfBACK project is a Research and Innovation Action
funded under the Societal Challenges—Health, Demographic
Change, and Well-Being call of the Horizon 2020 program. The
project runs from the start of 2016 until the end of 2020. The
overdl am of the safBACK project is to improve
self-management of nonspecific LBP to reduce pain-related
disability. Figure 1 provides an overview of the project
objectives. Phase 1 of the project comprises the devel opment
and implementation of the selfBACK system (objectives 1-3)
and will run until the end of 2018. Phase 2 of the project
comprises a randomized controlled trial (RCT) to evaluate the
effectiveness of selfBACK (objective 4).

Objective 1—To Develop an I nfrastructurefor Collecting
and Processing Data

The self-management plan will be tailored to each patient
according to data collected by a baseline Web-based
guestionnaire, a weekly question and answer (Q/A) session in
the selfBACK app, and a physical activity-detecting wristband
worn by patients. Besides developing an infrastructure for
collecting and processing these data, objective 1 also includes
work that focuses on the definition of case representations and
similarity measures, which are the core components of the CBR
technol ogy.

Objective 2—To Create a Decision Support System for
Effective Patient Advice

Specifically, the sel BACK systemisdesigned to assist patients
in deciding upon and reinforcing the appropriate actions to
manage their LBP. Based on the current best evidence, specific
content for supporting physical activity, patient education, and
strength and flexibility exercises are developed as part of the
DSS. Besides CBR for handling situation-specific knowledge,
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elements of the model- and rule-based reasoning are used to
capture and utilize generalized knowledge (eg, clinical

Mork et al

guidelines) as well as customize the recommendations for
self-management.

Figure 1. Overview showing how the overall aim is achieved by the selfBACK objectives. DSS: decision support system; LBP: low back pain.

Overall aim:
To improve self-management of non-specific LBP to reduce pain-related disability

\ [
Objective 1:
To develop an
infrastructure for
collecting and
processing of data

Objective 2:
To create a DSS
system for effective
patient advice

Objective 3—To Support Self-Management Through
the self BACK App

The decision support is conveyed to patients by amobile phone
app. The app provides patients with (1) instant feedback on the
activity level and activity distribution (based on the data stream
from the wristband) in accordance with the personal goals set
by them and (2) tailored educational sessions and specific
exercise training in line with patients goals, personal
characteristics, symptom progress, and functional ability.

Objective 4—To Evaluate the Effectiveness of the
selfBACK System

The effectiveness of the selfBACK app will be evaluated in a
multinational RCT (parallel group trial) that will target
care-seeking patients with nonspecific LBP. The comparator
will be patients who receive the usua treatment. In addition, a
process evaluation will be carried out as an integrated part of
the RCT to document barriers and facilitators for the uptake
and utilization of the selfBACK app and for gaining an
understanding of patient experiences of using the app.
Furthermore, a detailed protocol of the RCT will be reported
in a separate publication.

Methods

Concept and Approach

The concept underlying the design of the selfBACK system is
that an improved clinical outcome in patients with LBP will
rely on behavioral change, which, inturn, might be conditioned
by severa factors, such as fear avoidance, pain self-efficacy,
comorbidities, mood, and physical and mental capacity. The
literature offers numerous health behavioral change theories
that explain and predict the physical activity behavior, severa
of which focus on the motivation and volition, in other words,
intending to be active and transforming theintention into action
[30Q]. In people suffering from LBP, several factors will affect
the relationship between intention and behavior. For example,
fear-avoidance beliefs have been demonstrated to affect the
activity levels of people with LBP [31,32]. Moreover, it has

http://www.researchprotocols.org/2018/7/e167/

Objective 3: Objective 4:
To promote self- To evaluate the
management through effectiveness of

mobile technologies SELFBACK

been suggested that pain self-efficacy isimportant in mediating
the relationship between pain and functional disability [33], and
it has been recognized as one of the main driverstoward positive
outcomes [34].

In thefollowing section, we describe the technical solution that
will be implemented to address the project objectives and
concept underlying the self BACK DSS.

Components of the selfBACK System

The core of selfBACK is a DSS that helps patients to follow a
plan for physica activity (ie, daily step count), education,
strength, and flexibility exercises according to personal goals,
personal characteristics, symptom progress, and functional
ability. To accomplish this, selfBACK incorporates existing
knowledge (eg, clinical guidelines and medical ontologies) and
information provided by patientsto recommend tailored advice
for self-management. Figure 2 shows the overall architecture
and basic modules of the selfBACK system.

Thedecision support is conveyed to patients viaamobile phone
app intheform of advicefor self-management. The app will be
developed for Android and iOS using the React Native
framework. The process for producing and tailoring the
self-management plansand isillustrated by steps 1-6 in Figure
2. Before starting to use the selfBACK app, patients will be
required to fill a Web-based questionnaire (1) that provides
information about a range of personal characteristics that are
used for tailoring the self-management plan (Figure 3, top left
guadrant)—thisinformation is fed to the selfBACK server; (2)
toinitiate thefirst CBR decision support cycle and produce the
first self-management plan, which is pushed to the mobile phone
(5) and accessed by patients (6). All further interactions happen
via the mobile phone, which collects subjective tailoring data
from patients on aweekly basis (4) aswell as physical activity
data from a wearable (3). The user interaction (4) is a Q/A
modul e used to adjust the weekly self-management plan based
on responses to questions on LBP, functional ability, fear
avoidance, work ability, barriers for self-management, pain
self-efficacy, sleep, perceived stress, mood, and adherence to
the self-management plan. The only goal is to ask questions
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that are relevant for updating the current decision support for — questions not relevant for the follow-up of a particular patient.
patients and avoiding unnecessary repetition of questions or

Figure 2. Illustration of the overall architecture and how the data processing of the person-directed modules link together in the selfBACK system.
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Figure 3. Components of a case description within the case-based reasoning (CBR) system containing the patient characteristics and the compiled
advice. Only a relevant sub-set of the weekly questions will be asked in each session. The questionnaires used to collect baseline information are

described in Table 1. LBP: low back pain; Q/A: question/answer.

Baseline information
Demographics
Employment and work characterstics
Current LBP and history of LBP
Pain medication use
Pain-related disability and function
Work ability
Physical activity level
Comorbidities
Quality of Life
Sleep problems
Fear-avoidance beliefs
Pain self-efficacy
Iliness perception
Preceived stress
Mood

Weekly Q/A session
LBP and function
Fear-avoidance beliefs
Work ability
Sleep quality
Pain self-efficacy
Percived stress
Mood
Barriers for self-management
Adherence and rating of exercises
Goal-setting for physical activity

Patient case
within the

CBR system

Physical activity monitoring
No. of steps
Inactivity

For example, reporting of poor sleep will initiate an educational
session targeting sleep behavior accompanied by appropriate
follow-up questions. In contrast, reporting of good sleep will
reduce the frequency of asking about sleep. Moreover, the
regular monitoring of factors such as fear avoidance and pain
self-efficacy by the weekly Q/A sessions allows us to make
decisionsabout the amount and type of feedback and educational
guidance required by individual users of the selfBACK app.
For example, patients with low fear avoidance and high pain
self-efficacy may only require smple educationa follow-up
information provision, whereas patientswith high fear avoidance
and low pain self-efficacy would require more support and
guidance on behavioral change techniques, such asgoal setting,
pacing, and action planning. In addition, the activity data (3)
provide information about whether patients follow the
suggestions in the self-management plan (such as the number
of steps per day). Regarding the baseline and Q/A data, activity
log data are aso sent to the selfBACK server giving input to
the periodic run of the CBR cycle to generate an adjusted plan
for self-management. Furthermore, this meansthat patientswill
receive a general advice on physica activity during the first
week and that the goa for the number of steps per day will be
adjusted in the consecutive weeks according to the incoming
data from the wearable.

In addition to the follow-up and feedback on the daily step
counts, the selfBACK system provides patients with
recommendations on specific strength and flexibility exercises.

http://www.researchprotocols.org/2018/7/e167/
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Patient self-management plan
Patient education
Physical activity
Strength and flexibility exercises

The exercise plan conveyed to patients includes instructions
and illustrations of the exercises along with recommendations
for the number of sessions per week and repetitions or sets
within a session. A typical exercise plan is designed to target
strengthening of the back extensors, abdominals, gluteal
muscles, and core muscles along with the flexibility of knee
and hip and trunk muscles with short videos demonstrating the
execution of the exercises. At present, insufficient evidence
exists to make strong recommendations for or against any
specific strength or flexibility exercises [10,35]. Therefore, we
will implement a codecision approach where the system suggests
an exercise plan that patients can adjust if desired, for example,
patients can select exercises they enjoy or feel are beneficid
and report on the progression. We hypothesize that this system
will increase the adherence to the exercise plan and make it
more likely that patients will sustain engagement with the
selfBACK app over time. Besides the regular strength and
flexibility exercises, the system will recommend pain-relief
exercises in the case of a flare-up of symptoms. The latter is
part of a“first-aid” kit that patients will have available, which
will also include advice about other appropriate measures for
acute LBP.

The Decision Support System

The selfBACK system constitutesadata-driven, predictive DSS
that uses the CBR methodology to capture and reuse patient
cases to suggest the most suitable self-management plan for an
individual patient [36]. The CBR cycleincludes four processes
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that interact with a knowledge repository to suggest a
personalized plan for self-management (Figure 2). The data
collected by the baseline Web-based questionnaire, the Q/A
session, and the wearable are formatted to match existing
representations. Hence, we will build anindividual patient case
from this data, which subsequently would be matched with the
existing case base (RETRIEVE). Then, the best matching case
will be selected to be fitted to the current patient (REUSE). A
coremethod intheretrieval step issimilarity assessment, which
compares how similar cases are to each other on demographic,
pain, and mood-related information. After retrieving a similar
past successful case, aplan for self-management will be adapted
to the current case. This processis guided by a set of adaption
rules and the goals set by patients. The result is a personalized
and individually tailored self-management plan for patients.
The plan is fetched from the server by patients’ mobile phones
as an active case and monitored over the planned time period.
In addition, the REVISE step in the CBR cycle addresses the
evaluation and possible revision of the output from REUSE
beforelearning from the new casetakes place. Inthe self BACK
system, this step is not performed at once but rather postponed
until the effect of the system’s currently suggested plan (ie, the
output from REUSE) can be assessed. At that time, patient's
case might be stored as anew case in the knowledge repository
(RETAIN). Furthermore, the case can be temporarily stored in
apreliminary case store, where all cases whose effects have not
yet been evaluated are kept. In general, all cases stored in the

http://www.researchprotocols.org/2018/7/e167/
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knowledge repository (learned cases) are available for
subsequent devel opment of self-management plansand activity
suggestions, thus restarting the CBR cycle.

Figure 3 describes the data sources and the structural contents
of acase in the selfBACK’s CBR system. The accompanying
Table 1 provides an overview of the information collected at
the baseline that was fed into the selfBACK DSS. The case
consists of apatient’s description and matching self-management
plan. Data for the patient's description are acquired with
different frequencies in the selfBACK lifecycle, and the
self-management plan is updated accordingly. A substantial
part of the information obtained at the baseline is static (eg,
demographics), whereas other information is expected to vary
over time and hence, will be updated on aregular basisthrough
the Q/A session (eg, pain-related disability and function). In
addition, the selfBACK system uses data abstractions, rather
than raw data, for comparing cases. Each case in the case base
isstructured asillustrated in Figure 3. Every query isrepresented
in the same way as a case but without a self-management plan;
this is referred to as an input case. For the similarity-based
comparison between an input case and past cases, the DSS runs
three parallel services, which are as follows: (1) one taking all
physical activity featuresinto account to suggest activity goals,
(2) the second servicetaking all strength and flexibility exercise
features into account to suggest a new exercise program; and
(3) the third service takes all relevant education features into
account to suggest new education sessions.
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Table 1. Overview of the information collected at the baseline.

Baseline information

Response options or questionnaire reference

Demographics
Physical work characteristics
Current LBP?
Average last week
Worst last week
History of LBP
Length of current episode
Days with LBP past year
Use of pain medication last week (days)
Pain-related disability
Function
Activity limitation
Reduced work activity
Reduced leisure time activity
Current work ability
Leisuretime physica activity
Comorbidities, muscul oskeletal

Comorbidities, others

Quality of life

Sleep problems
Fear-avoidance beliefs
Pain self-efficacy
I1Iness perception
Perceived stress

Mood

Age, gender, height, weight, family, ethnicity, education, employment status
Satin-Grimby Physical Activity Scale [37]

Visual analog scale, 0-10 [38]
Visual analog scale, 0-10 [38]

<1 week; 1-4 weeks; 5-12 weeks; >12 weeks

0 days, 1-7 days, 8-30 days, >30 but not every day; every day
None; 1-2 days; 3-5 days, daily

Roland-Morris Disability Questionnaire [39]

Patient Specific Functional Scale [40]

Yes, no

Yes, no

Work ability index, 0-10 (singleitem) [41]
Saltin-Grimby Physical Activity Scale [37]
Pain mannequin

Cardiovascular disease; heart failure; stroke or brain hemorrhage; asthma; chronic bronchitisor emphysema,

COPDb; diabetes; gastrointestina problems; kidney disease; cancer; epilepsy; osteoporosis; osteoarthritis;
depression; anxiety; sleep apnea; rheumatoid arthritis; psoriatic arthritis or psoriasis; other

EQ-5D°[42]

Sleep Screening Questionnaire [43]
Fear-Avoidance Beliefs Questionnaire [44]
Pain-Related Self-Efficacy Questionnaire [45]
Brief 11Iness Perception Questionnaire [46]
Perceived Stress Scale [47]

Patient Health Questionnaire [48]

3_BP: low back pain.

bCOPD: chronic obstructive pulmonary disease.
°EQ-5D: European Quality of Life-5 Dimensions.

The selfBACK Architecture

The decision support server performs al relevant tasks for
maintaining the knowledge repository and provides the

The selfBACK architecture consists of clientsthat are connected
to a server, which holds the DSS. The architecture covers the
following two main scenarios. First, a patient is provided with
the necessary credentials to access a web interface to be used
for the initial sign-up and to fill out a baseline questionnaire,
and second, a patient is equipped with a wearable and the
selfBACK mobile phone app, which guides self-management
according to the goals set by the patient. The mobile phone app
synchronizes with the wearable and obtainsthe patient’s activity
log and sends push notifications with content that encourages
physical activity. Furthermore, the mobile phone app itself is
the tool for the patient to obtain personalized information and
educational explanations.

http://www.researchprotocols.org/2018/7/e167/

infrastructure for the advice generation services. Those services
are parts of the server and communicate with clients through a
secure access layer. The datagenerated will be used for updating
each patient’s self-management plan.

The clients are either native maobile phone app or web browser
users accessing the selfBACK system. The server can only be
accessed through the secure access layer, which requests
authenti cation and maintains user groups and secure workflows
ensuring only relevant data are accessible to any client. In
addition, the decision support server performsall relevant tasks
from preprocessing incoming data and creating abstractions to
running the decision support engine; this process is enhanced
by machine learning tasks, which enable the creation of new
cases and rules from incoming data. The knowledge obtained
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from this process is stored permanently in the knowledge
repository.

The core of the DSS is the CBR system for finding the most
similar patient cases. An additional rule-based system module
captures generalized knowledge that is complementary to the
situation-specific knowledge in cases in the form of clinical
guidelines and generalizations over cases. Depending on its
type, each incoming data stream is preprocessed in a particul ar
way. In addition, data abstraction enhances the incoming data
with domain knowledge, thereby allowing more comprehensive
reasoning to support the decision making. Furthermore,
implementing case matching as software services alows
selfBACK to scae and perform the generation of
self-management plansin parallel, whereas the core engine and
knowledge repository stay consistent.

The knowledge repository holds cases and rules as well as the
underlying ontology, and providesthis knowledge for the DSS.
The case base, containing cases, is the primary source of
knowledge. Rules provide additional knowledge, particularly
targeted for representing relevant clinical guidelines and
knowledge. Furthermore, the ontology defines the concepts
used by cases and rules with essential relations such as the
taxonomical relations that enable the inheritance inference
within the ontol ogy.

Data Processing in self BACK

Preprocessing is performed on all data sources, which are
included in the target knowledge models. Data are structured
and grouped according to the domain and information types
using the ontology. In addition, incoming data are cleaned,
normalized, and transformed, and the significant features and
instances are selected. The preprocessing strategy depends on
the source data and its purpose in the knowledge model.

Data abstraction is applied to make data streams comparable
and prepare datafor the next process, the personalized decision
support. selfBACK uses existing state-of-the-art methods for
detecting trendsin raw data. In addition, the individual activity
streams are processed to reduce complexity or enhance them
with the information required for better matching. Once data
are delivered to the DSS, each patient is represented as a
self-management agent who uses theincoming datato build up
a query (a case with a problem description only) and match it
against the case base. Consequently, it receives the best
matching case that is subsequently personalized to give
appropriate advice, enhanced with explanations. Then, an
updated self-management plan is returned to the user.
Explanations might be justificationsfor the advice, that is, “how
was this advice derived?,” and an explanation of the effects of
the advice given the current situations of patients. Furthermore,
explanations are stored as predefined text elementsin aseparate
part of the knowledge repository.

Structured Intervention Mapping and User

I nvolvement

In this study, structured intervention mapping is used to guide
the development of the content for the self BACK system [29].
Importantly, structured intervention mapping promotes a strong
theoretical underpinning of the logic model of an intervention.

http://www.researchprotocols.org/2018/7/e167/

Mork et al

In selfBACK, the logic model is underpinned by behavioral
change theories [49] and the normalization process theory [50]
to help us understand and evaluate the factors that promote or
inhibit the uptake, utilization, and sustained use of the selfBACK
app. Moreover, developing selfBACK through the involvement
of users and key stakeholders (ie, patients and clinicians)
maximizes sustainability and empowerment, increases
commitment to the intervention, and increases credibility and
likelihood of the uptake and utilization of the intervention [29].
In addition, direct input from patients, through primary research
methods like observation, interviews, and focus groups, provides
insights into users’ behavior, including what they want to do
with the selfBACK app, how the selfBACK app is integrated
into their living environment, when and how they will useit as
well as the perceived barriers and facilitators of utilization
(drop-off and retention factors).

Throughout the development of the selfBACK DSS, patients
with LBP and health care professionals have been interviewed
and asked about their experience with the traditional treatment
of back pain and how they usually self-manage their LBP. In
addition, a panel consisting of clinicians (eg, physiotherapists,
chiropractors, sports physiologists, and psychol ogists) provided
feedback and answered a survey concerning the choice of
physical exercises and the educational content. Furthermore,
the sefBACK team members (eg, physiotherapists,
chiropractors, exercise physiologists, and medical doctors)
contributed to group discussions and the structuring of the
content implemented in the selfBACK DSS. Findly, the
developmental versions of the selfBACK app are continuously
tested by patients and team membersin iterative rounds, during
whichinformationiscollected ininterviewsand group sessions
with potential users.

Results

The selfBACK project was launched in January 2016 and will
run until the end of 2020. The version of the selfBACK DSS
that will be used in the RCT will be completed in the fall of
2018. Our target population is care-seeking patientsin primary
care settings diagnosed with nonspecific LBP. Clinicians will
identify patients who will be eligible for self-management and
participation in the RCT. The recruitment of patients and data
collection in the RCT will start in February 2019 with
pain-related disability at 3 months asthe primary outcome with
additional follow-ups at 6 weeks, 6 months, and 9 months. In
addition, results for the trial will be reported according to the
CONSORT  satement [51,52] and the extended
CONSORT-EHEALTH checklist [53]. Along with publications
in peer-reviewed scientific journals, the results will be
disseminated to awider audience and key stakeholders, such as
patient organizations, health care professionals, and relevant
policy makers, through social media and other mechanisms.
Moreover, market introduction and exploitation of the results
will be based on a business plan developed by the selfBACK
consortium and will be ongoing throughout the project period
with a strong focus toward the mobile health (mHealth)
technology industry. The methodology that is being devel oped
isexpected to have wide applicability to other chronic conditions
with similar conceptual elements.
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Discussion

Nonspecific LBP is a condition with large interindividual
variation in symptoms, treatment responses, and outcomes and
is, therefore, suitable for personalized care. Recent studies have
shown that a stratified care approach for LBP results in a
substantially better treatment response compared with treatment
as usual [54,55] as well asthe cost-effective use of health care
resources [56]. The selfBACK project goes beyond the current
state-of-the-art by developing aDSSthat reinforcesthe patients
motivation for self-management by providing a personalized
plan for self-management and real-time feedback on the
achievement of personal goals. Of note, the selfBACK approach
is the first example of a DSS that utilizes CBR technology to
tailor self-management plans for a patient with LBP.

In selfBACK, we will collect data about patients by a baseline
Web-based questionnaire, an activity-detecting wearable, and
weekly Q/A sessions in the selfBACK app. The obtained
information will be used to personalize advice to optimize and
reinforce self-management of nonspecific LBP. In addition, the
collected data, aong with the personalized plans for
self-management, will be used to build and add new cases to
the system’s knowledge repository. The system’s automatic
learning component enables new knowledge and plans for
self-management to be integrated into the system’s knowledge
repository, whereas experiential case-based learning enables
improved patient support over time. Therefore, the self BACK
system is a powerful tool to facilitate, improve, and reinforce
self-management of nonspecific LBP. Furthermore, the use of
the selfBACK app does not require direct medical supervision
and can easily be made available to a large number of people
implying acost-effective use of resources. However, self BACK
is not intended to replace clinical care, and we will adhere to
the Health On the Net Foundation (HONcode) principle [57],
acode of ethicsthat specifies certain requirementsfor the quality
of digital patient support. Moreover, the selfBACK system will
be certified according to these principles before it is launched
to users.

The educational and supportive material, general physical
activity, and specific strength and flexibility exercises constitute
the main components of LBP self-management. In selfBACK,
the patients’ physical activity level ismonitored and followed-up
by data provided by an activity-detecting wearable. The
wearable stores data for future synchronization and users do
not need to have the phone connected at al times. The
monitoring of physical activity will be accompanied by
motivational textual feedback displayed on the mobile phone
screen. Based on the avail able sensors embedded in the wearable
(eg, three-axis accelerometer), different health metrics are
derived, including the number of steps taken and the duration
of inactivity. Moreover, we can derive the time a patient is not
wearing the wearable to indicate the user pattern of the
selfBACK system. Although recent studies have indicated that
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wearables have poor validity in estimating the energy
expenditure [58,59], they have acceptable reliability [60] and
validity for the step detection [61], thereby fulfilling our
requirement, that is, repeated daily measurements of stepsin
the sameindividual.

Many patients find it challenging to self-manage their illness
with little or no additional support and the adherence to
self-management programs is commonly poor [14,15]. With
the self BACK app, we envisage that the problems of feedback,
reinforcement, and the adherence to self-management can be
solved by offering an evidence-based system that alows
personalized follow-up and adviceto patients, thereby enhancing
the motivation and perception of usefulness. This speculation
is supported by findings from persuasive technology research
showing that the adherence to home-based exercise and
self-management increases when patients receive personalized
feedback, perceive the advice as evidence-based, receive
reminders to stay active and exercise, and know that their
adherenceisbeing monitored [62,63]. Furthermore, empowering
patients toward “self-regulatory” behavior by personal goal
setting and self-monitoring increases the adherence and
effectiveness of an intervention [64]. Therefore, we envisage
that selfBACK will be more effective and motivating compared
with the current treatment model, wherein patients are generally
unsupported when self-managing nonspecific LBP.

A strength of the selfBACK approach is the strong theoretical
underpinning along with the use of data-driven computer
modeling to tailor advice and follow-up on self-management.
Furthermore, because the advice is grounded in the system’s
growing experience on the effect of plansfor self-management
and the accompanying symptom progression, the prediction
quality of selfBACK will increase over time. Thus, the
selfBACK app could potentially become a potent tool for
supporting self-management in patientswith LBP. Neverthel ess,
therisk of poor engagement or thelack of sustained participation
exists. Importantly, aprocess evaluation will be conducted along
with the RCT, enabling us to document the implementation of
selfBACK, including patient experiences of using the app. This
will provide clues about how patient-centered DSSs, such as
selfBACK, should be designed to maximize uptake and
utilization.

By adapting and advancing the state-of-the-art technology in
data capture, data analysis, and proactive decision support, we
will, in the selfBACK project, develop and document aDSS to
be used by patients themselves to support self-management of
nonspecific LBP. In line with current evidence-based
recommendations and guidelines, selfBACK incorporates
physical activity, education, and specific strength and flexibility
exercises to improve, facilitate, and reinforce the
self-management process. Furthermore, the effectiveness of
selfBACK will be evaluated in a multinational RCT, targeting
care-seeking patientsin a primary care setting.
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Abstract

Background: Remote videoconsulting is promoted by policy makers as away of delivering health care efficiently to an aging
population with rising rates of chronicillness. Asaradically new service model, it brings operational and interactional challenges
inusing digital technologies. In-depth research on this dynamic is needed before remote consultations are introduced morewidely.

Objective:  The objective of this study will be to identify and analyze the communication strategies through which remote
consultations are accomplished and to guide patients and cliniciansto improve the communicative quality of remote consultations.

Methods: In previous research, we collected and analyzed two separate datasets of remote consultationsin a National Institute
for Health Research—funded study of clinics in East London using Skype and a Wellcome Trust—funded study of specialist
community heart failure teamsin Oxford using Skype or FaceTime. The Qualitative Analysis of Remote Consultations (QUARC)
study will combine datasets and undertake detailed interactional microanalysis of up to 40 remote consultations undertaken by
senior and junior doctors and nurse specialists, including consultations with adults with diabetes, women who have diabetes
during pregnancy, people consulting for postoperative cancer surgery and community-based patients having routine heart failure
reviews along with up to 25 comparabl e face-to-face consultations. Drawing on established techniques (eg, conversation anaysis),
analysis will examine the contextual features in remote consultations (eg, restricted visual field) combined with close analysis of
different modes of communication (eg, speech, gesture, and gaze).

Results: Our findingswill address the current gap in knowledge about how technology shapes the fine detail of communication
in remote consultations. Alongside academic outputs, findings will inform the coproduction of information and guidance about
communication strategies to support successful remote consultations.

Conclusions: Identifying the communication strategies through which remote consultations are accomplished and producing
guidance for patients and clinicians about how to use this kind of technology successfully in consultations is an important and
timely goal because roll out of remote consultationsis planned across the National Health Service.

Registered Report I dentifier: RR1-10.2196/10913
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Introduction

Background

Health services face rising costs because of increasing disease
prevalence, high “did not attend” (DNA) rates, and poor patient
engagement, resulting in poor health outcomes and greater use
of emergency care[1,2]. Most outpatient modelsfail to reliably
provide responsive care when patients need intervention. The
search is on for new and affordable ways of delivering care,
particularly for those with chronic illnesses. Current
national-level policy places considerable faith in digital
technologies and their potentia to deliver more efficient,
effective, and patient-centric care[3-6]. Digita technology plays
a significant, though varied, role in headth system plans in
reconfiguring hospital services and transforming the delivery
of health services [7]. Attending regular clinics can be
expensive, physically challenging, and inconvenient for patients
[8]. Remote consultations (using Skype or similar applications)
have the potential to fundamentally change the way in which
patients interact with clinicians. However, the Web-based
environment is known to produce subtle alterations in the
dynamics of human interaction, potentially increasing the risk
that clinical clueswill be missed or the clinician-patient dynamic
will be altered adversely [9,10]. As a radically new service
model, it also carries operational and interactional challenges,
including providing technical support, training staff and patients
in using digital technologies, and avoiding potential for
misunderstandings when (potentially sensitive) information is
transferred remotely.

The current evidence base on remote consultationsis sparse but
has begun to develop [11-20]. A 2015 review identified 27
published studies that used Skype and similar technologies in
clinical care, all but one of which reported positive benefits
[12]. Most of these studies, and those published since
[8,17,21-24], are brief descriptions of small pilot-stage projects
or use experimental methods, especially randomized controlled
trials (RCTs), to compare the remote option with traditional
face-to-face encounters. Many of these studiesfocus on the use
of Skype to support remote consulting with fewer examining
other options, for example, FaceTime, Whatsapp, or purpose
built applications [25]. A small number of studies examine
combinations of technologies, for example, use of Skype plus
texting [26] or use of remote consultations plus monitoring [27].
However, despite reported benefits, for example, in terms of
increased access for patients [9,28-30], particularly those with
complex needs [31], patient and clinician satisfaction with the
remote option [23,32-35], potential time and cost savings
[8,36,37], improvement in self-management skills [38], and
improved compliance to treatment and/or clinical outcomes
[17,22,24,31,39-43], small sample sizes (eg, 5 patients), and
high losses to follow-up prevent any unqualified conclusions
that remote consultations are “ effective.”

In many published studies, technical and communication issues
are mentioned but are not explored in depth. A number of studies
have focused on the patient-provider relationship and concluded
that there is little, if any, difference when comparing remote
consultations with usual face-to-face care [44]. One study
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focused on the strength of the relationship among patients,
caregivers, and health care professionals when behavioral health
care was provided for adolescents with poorly controlled type
1 diabetes mellitus [45]. They concluded that the therapeutic
relationship was similar to clinic-based care (on the basis of
both adolescent and parent reporting via a survey) and that the
relationship or care provided was largely unaffected by remote
consulting. The research did not include close examination of
communication or the role of technology.

There is recognition in the literature of the potential effects of
remote consulting on satisfaction, adherence and compliance,
health and clinical status, recall and understanding, and
psychological well-being in the context of health care
consultations [46,47]. There is currently limited published
research that explores such potential effects. Thereis extensive
evidence focusing on communication and interaction in health
care consultations, highlighting how communication is shaped
by wide ranging factors, such as patient preferences and
available time [48-50], patient and clinician ethnicity, gender,
behavior, and orientation to patient-centered care [50-53],
interpretation (eg, of parental requests for further information)
[54], nonverbal communication [55], and the use of technology
(eg, el ectronic patient records) [56-58]. To our knowledge, there
are no studies reporting the impact of remote consulting
technology on communication and interaction in medical
consultations. We found 2 studies that examined the quality of
communication in the context of telemedicine consultations,
one with primary care providers and patients consulting with
specialists across a range of conditions using modular
video/audio systems at either end [59] and the other with older
patients requiring pulmonary medicine consultations and using
alive 2-way audio and videoconferencing service[60]. Findings
from both papers suggested that the use of telemedicine
influences communication with doctors more likely to dominate
telemedicine consultations. To our knowledge, there have been
no papers examining the quality of communication in the context
of Skype or similar Web-based media. Studies beyond the
medical literature highlight the waysin which such mediamight
ater interaction, for instance, by subtly desynchronizing
communication [61,62]. There are questions about whether
technical failures (eg, connecting but hearing no sound), new
communicative foci (eg, “talking heads,” showing digital
objects), new types of greetings (eg, the opening sequence of a
video meeting), or interruption (eg, a family member entering
the room) impact the consultation [62-68]. This evidence has
yet to be considered in relation to remote medical consultations.
We are still unaware how different communication strategies,
modes of communication (speech, bodily conduct, gaze, and
posture), and/or the material properties of the technology shape
and constrain interactions in remote consultations.

Our Research on Remote Consultationsto Date

The Qualitative Analysis of Remote Consultations (QUARC)
project, which is described in this paper, builds on previous
research by our team, especialy the Diabetes, Review,
Engagement and Management via Skype (DREAMS) study,
funded by the Health Foundation from 2012 to 2014, the Virtua
Online Consultations-Advantages and Limitations (VOCAL)
study, funded by the National Institute for Health Research
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(NIHR) Health Services and Delivery Research program from
2015 to 2017, and the Oxford Telehealth Qualitative Study
(OTQS), funded by the Welcome Trust as part of a wider
program of research undertaking Studies of Co-creating Assisted
Living Solutions from 2015 to 2020.

VOCAL wasamultilevel qualitative study on remote (“ Skype”
and similar) consultations involving macro level data (on
national policy and industry strategy relating to remote
consultations), meso level data (on organizational tasks and
processes), and micro level data (videotaped consultations).
Combined with the findings of DREAMS (an earlier, smaller
study in the same setting), these findings showed that remote
consultations appeared safe, effective, and convenient for
patients who were preselected by their clinicians as “suitable”
(although such patients represent a small fraction of clinic
workloads) and were associated with improved DNA rates,
reductionin Accident & Emergency attendance, improvements
in blood glucose control, increased patient satisfaction, and
lower patient-borne costs [19,69].

OTQS is a qualitative case study exploring telehealth and
videoconsulting in patients with heart failure in the context of
alarge, UK-wide RCT. Study resultsindicate that most patients
are judged “unsuitable”’ for remote consultations by clinicians
or preferred to be seen face-to-face (in part because patients
with heart failure have frequent comorbidities and are often
frail, making their care complex and the course of their condition
unpredictable). Despite these issues, there are remote
consultations that patients and clinicians describe as
“successful,” in which much of the focusison lifestyle aspects
of the condition (eg, questions about exercise tolerance and
deep quality, which indicate both physiological status and
functional consequences) and medication compliance. We have
observed successful discussions about medication, including a
nurse identifying and correcting a misunderstanding of what
dose of medication to take. We have al so observed heart failure
nurses successfully talking patients and/or relatives through
self-examination of ankle edema and blood oxygen and blood
pressure testing.

The combined dataset obtained from VOCAL and OTQS
recordings offers opportunities for addressing questions about
communication and quality of care in remote consultations.
Preliminary analysis of the videos and transcripts across both
studies suggests that remote consultations have advantages (eg,
patients generally feel satisfied and many prefer consulting from
the comfort of their own homes with family around them;
clinicians who regularly use Skype or similar media are keen
on this medium) but that they are different (eg, compared with
the equivalent face-to-face encounter the overall length is
shorter), even when taking account of the small amount of
“technical talk” at the beginning (eg, “can you see me?’ or “is
the video on?’), and the flow of conversation is less natural
[18]. In remote and face-to-face consultations, clinicians did
more talking and exerted more control. One difference that was
statistically (and probably clinically) significant was that both
parties sometimes needed to state things explicitly in aremote
consultation that remained implicit (and/or obvious to both
parties) in atraditional face-to-face encounter. We al so observed
several examples of technical failure, including human error
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(eg, forgetting passwords) that significantly interfered with the
quality of the consultation, with patients or staff not always
sufficiently skilled or confident to undertake the necessary
“troubleshooting” to achieve and maintain the video connection.
More detailed methods and analysis from the VOCAL study
can be found in the study report [70] and main findings paper
[18].

To summarize, the existing evidence suggeststhat thereis great
potential for the use of Web-based mediatools, such as Skype,
for remote communication between patients and clinicians.
However, while studies are broadly positive, the select nature
of samples, small sample sizes, and high losses to follow-up
raise questions about conclusions that the technology is
“effective.” Literature, specifically on remote consultations, is
currently limited. The contribution of Web-based media to
consultations in health care has been studied mainly using
experimental methods, especially RCTs, which have generally
focused on evaluating the outcomes of the technology. There
is extensive evidence focusing on the communication and
interactions in medical encounters, for example, Stivers and
colleagues [71], Stevenson [50] and Robinson [72], but none
that examines the detail of interaction when consultations take
place remotely. Evidence from studies beyond the medical
literature highlighting the ways in which Skype and similar
media might alter interaction (eg, desynchronizing
communication) has yet to be considered in relation to remote
consultations. In short, there is a significant knowledge gap in
relation to the fine detail of communication in remote
consultations. Addressing this gap and producing guidance for
patients and clinicians about how to use thiskind of technology
successfully in consultations is an important and timely goal
because roll out of remote consultations is planned across the
National Health Service (NHS).

Methods

Aims

To identify and analyze the communication strategies through
which remote consultations are accomplished and produce
guidance for both patients and clinicians for improving the
communicative quality of remote consultations.

Objectives
Our objectives are as follows:

1 To analyze a multimodal dataset of up to 40 remote
consultations with patients diagnosed with diabetes, cancer,
and heart failure, and their clinicians (and compare these
with a subset of up to 25 audio-recorded face-to-face
consultations) using a combination of ethnographic and
microanalytic approaches to investigate, in detail, how
interactions are affected by mediation via Skype or similar
applications

2. To generate findings on the detailed dynamics of
communication and interactions in remote consultations
and bring patients and clinicians, who have been involved
in remote consultationstogether for aconsolidating learning
workshop to gather feedback and devel op/refine resources
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3. Todevelop provisional guidancefor patientsand clinicians
on conducting remote consultations (provisional inthe sense
that study design does not allow conclusions to be drawn
across al clinical areas)

Research Questions
This study will examine the following research questions:

1. What are the (often implicit or unspoken) communication
strategies through which technol ogy-mediated consultations
for diabetes, cancer, and heart disease are successfully
accomplished?

2. How do patients and clinicians address misunderstandings
in technology-mediated consultations and what strategies
are more effective?

3. What can we learn from detailed linguistic analysis of
real-life remote consultations to guide other clinicians and
patients interested in or actively using Skype and other
social media?

Overview of Study Design

NIHR and the Wellcome Trust separately funded studies to
collect data on remote consultations with doctors and nurses.
This study will combine multimodal data (video, audio, and
screen captures at both “ends’ of a remote consultation) from
these 2 (independently conducted) studies involving up to 40
remote consultations and comparing these with a subset of up
to 25 face-to-face consultations and analyze the interaction using
techniques designed for fine-grained analyses of verbal and
nonverbal interactions. This powerful technique has yet to be
applied to remote consultations, partly because of the logistical
difficulties of obtaining high-quality video and audio data at
both ends of a consultation.

Theoretical and Conceptual Framework

Findingsfrom our own, and others, research highlight important
interactional differences between remote and face-to-face
consultations (see above) and indicate that the mode of
communication can alter the interpersonal dynamics between
patients and clinicians [10,18,19]. To examine the significance
of this, we will make use of both long-established techniques
developed for microanalysis of face-to-face and telephone
conversations[ 73,74] and insights from recent work on mediated
and multimodal interaction using both verbal and visual
channels, for example, videoconferencing, vlogging, and
courtroom video links [62,67]. We will use 2 complementary
theoretical approaches that see communication as a dynamic
interaction that emerges moment by moment and look beyond
the traditional patient/clinician dyad to examine the role of
technology in shaping interaction.

First, we will use the “ethnography of communication” (an
approach that aims to produce systematic and richly
contextualized descriptions of the communicative genres, events,
and practices that are observed in a particular culture [75]) to
identify the key features of remote consultations and attend
systematically to the contextual factors (eg, lack of spatial
proximity and restricted visua field) that may be producing
differences with face-to-face consultations. Our focus will be
on “communicative competence” [76] (ie, how participantsin

http://www.researchprotocols.org/2018/7/e10913/

Shaw et al

remote consultations deploy their tacit understanding of a
particular communicative event and what competencies are
needed to maximize the benefits of the encounter).

Second, we will use discourse analysis to guide fine-grained
examination of the patterning of interaction at a“micro”-level
(ie, how consultations are managed by participants moment by
moment). Discourse analysis encompasses a number of
approaches[77]. Wewill draw on concepts and techniquesfrom
several of these, including Conversation Analysis, which focuses
on the resources used by participantsin talk to create/maintain
order and coherence [78-80], interactional sociolinguistics,
which focuses on the use of context-specific framesand schemas
to negotiate meaning in interaction [81], and multimodal
discourse analysis, which focuses on the interaction of different
modes and channels of communication, for example, verbal and
visual, to produce meaning, especialy in mediated environments
[10].

Setting
Datawill be drawn from 2 independently conducted studies on
remote consultations.

Setting 1

The VOCAL study (March 2015-July 2017) was undertaken
with Barts Health, the UK’s largest acute trust. We studied 2
services, Diabetes and Pancreatic/Liver Cancer, both based in
London boroughs characterized by high socioeconomic
deprivation and ethnic and linguistic diversity. Barts Health is
under pressure to deliver services more cost-effectively while
responding to rising need and demand. Extending remote
consultations is a part of that plan. The Diabetes Service (led
by SV) has atradition of ensuring that services are accessible
and oriented to meeting the needs of the most vulnerable and
serves a popul ation with one of the UK’s highest prevalence of
type 2 diabetes in the 16-25 age group. Engagement with
traditional health service models islow. Remote consultations,
where clinically appropriate, appear to be acceptable allowing
for a flexible model of care. Experience delivering remote
consultations since 2012 suggeststhey are popular with patients
and staff.

The Royal London Hepato-Pancreato-Biliary Cancer Service
(led by SB) isatertiary service, which patients often travel long
distances (up to 200 miles) to access. It provides contrasting
demographic and clinical challenges to the diabetes example.
Patients with pancreatic and liver cancer have a diverse
demography but have in common a life-threatening diagnosis,
major surgery, and a prolonged postoperative phase, in which
they have to cope with multiple physical, emotional, and
practical challenges. The service has been trialing remote
consultations (largely for postoperative follow-up) since
September 2015.

Setting 2

The OTQS study (on-going) is undertaken with the
community-based, specialist nurse-led service funded by Oxford
Health NHS Foundation Trust and working in liaison with the
hospital-based heart failure service, local GPs, other community
services (eg, palliative care nurses), integrated locality teams
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(occupational therapy, physiotherapy, mental health), social
services, and 5 locality-based ambulatory assessment units
providing emergency care for patients. The community heart
failure nurses each have an active casel oad of 100-120 patients,
which they manage through acombination of community clinics,
home visits, and telephone management. A high proportion of
patients are unable to get to clinic (owing to frailty or fatigue)
and home visits are time-consuming. Conseguently, the remote
optionisaviablealternative. The team remains keen to evaluate
whether remote consultations can hel p them deploy their limited
resources safely, efficiently, and effectively without loss of
patient or staff satisfaction. Some clinicians (particularly nurses)
are skeptical because the functional and cognitive deficits in
many patients with heart failure present a challenge to remote
consulting.

Cross Study Sample

Wewill includeall of the remote consultationsrecorded in both
studies. Thiscurrently givesasample of 39 remote consultations
(Table 1). We plan on collecting one more remote consultation
in the heart failure service, raising the overall total to 40.

The goal of sampling has been to capture the breadth of
(patients’ and staff’s) experience of remote consultation. The
number of patients with cancer and heart disease is lower
because there are greater practical and ethical challenges to
gaining informed consent and avoiding harm, particularly in
cases of heart failure which often require physical examination.

Within each subsample we have sought maximum variety in
clinical, social, ethnic, and personal circumstances. In the
diabetes service, we sought to include young adults, older
people, limited English speakers, and women who recently had
diabetes in pregnancy, al of whom, for various reasons,
struggled to engage with the regular service. Our sample for
cancer was drawn from a tertiary care surgical center and
included those receiving postoperative follow-up and
posttreatment surveillance. Inthe heart failure service, we sought
patientswith left ventricular systolic dysfunction or heart failure
with preserved ejection fraction under the care of acardiol ogist
and those identified by the heart failure specialist nurses (tasked
with educating newly diagnosed patients, up-titrating
medications, and monitoring benefits or adverse effects of
medication) as suitable for remote consultation. Further detail
on sampling and the context in which consultations took place
can befound in previous study reports[18,70]. Because remote
consulting is anew medium with potentially harmful effectsin

Table 1. Overview of cross study sample.
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some patients, patient participants were selected for invitation
based on the clinician’s judgment from the denominator
population of al those attending participating outpatient clinics.
Exclusion criteria were no 3G access (VOCAL), or no 3G or
Wi-F (OTQS) at home, lack of familiarity with the relevant
technology, clinical inappropriateness (eg, need for physical
examination), inability to give informed consent, and
comorbidity preventing participation (eg, severe visual
impairment).

To enable comparison, we collected 17 audio recordings of
matched face-to-face consultations with patients diagnosed with
diabetes, cancer, and heart failure. Additionally, we plan to
collect a further 8 (giving a total of 25) face-to-face
consultations, matched as closely as possible for the type of
condition, type of appointment (eg, 6-month follow-up), patient
demographics (eg, gender, ethnicity) and, in all cases, for the
clinician.

Description of Study Dataset

The core dataset of (currently 39, planned 40) video-recordings
of remote consultations incorporates video, audio, and screen
capture at both “ends” clinician and patient, for each
consultation along with detailed transcriptions.

Both studies captured 2 video streams, what the clinician sees
and does in the clinic and what the patient sees and does at the
remote site (the place where the patient consults from, typically,
from the living room at home). To date, in 27 of the 39
consultations, we have recorded the clinician’s end of the
consultation using asmall digital camcorder. We used the same
or equivalent technology for the patient end to capture video
and good quality voice recordings. In each of the consultations,
the camera’s field of view captures as much as possible of the
individual and their orientation toward the screen (eg, a
computer or tablet) as well as contextual detail in the room.
This worked well in the “pilot phase’ consultations. Once
remote consultations became “businessasusual,” it was harder
for staff to find timeto recruit participantsand alert the research
team for a planned consultation. This meant that 12 recordings
were captured within the clinic but not on the patient end.

For persona/laptop computers, we used a commercialy
available screen capture software tool to record screen images
showing on each party’s computer screen as a video file. We
used an encrypted USB device to run this software on
laptops/computers and positioned a second digital camera for
tablets and mobile devices.

IlIness Total recorded Mae/femae Agerangeinyears, Ethnicity (n) Technology
median (SD)

Diabetes 18 5/13 21-50 (28) White British (6); whiteother (2); black  Skype using apersona computer (PC),
Caribbean (2); Asian Bangladeshi (2); laptop, tablet, or mobile phone device
Asian Indian (3); Asian other (3)

Cancer 12 4/8 55-84 (74) White British (8); white other (1); Skype using PC, laptop, tablet, or mo-
Asian Indian (1); black Caribbean (1) bile phone device

Heart failure 9 4/5 33-87 (76) White British (9) Skype or FaceTime using laptop, tablet

or mobile phone device
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We synchronized screen capture and video files into one using
video editing software such that the video of the computer screen
can be played exactly in parallel with a video of the patient
looking at the screen. We then aligned the patient’s and
clinician’'s“ends’ in asingle editable file. These synchronized
files allowed us to zoom in and slow down events to examine
interactions, judgments, interpretations[82], the bodily conduct
of (patient and clinician) participants, and the ways in which
objects (eg, mobile devices and patient records) come to gain
significance at particular moments [83]. We have aso
transcribed consultations using ELAN, a specialized program
for transcribing and analyzing video and audio resources that
has allowed us to capture verbal and nonverbal details of
interactions and view these interactions repeatedly (a
requirement of linguistic analysis [56,82]) and annotate audio
and video streams at the level of a sentence, word, comment,
or any other linguistic feature.

Ethnographic data, in the form of field notes from patients
homes and each of the clinics, provides details of the patient’s
domestic support, material circumstances, and cultural factors
impacting on their self-management as well as the physical
circumstances, under which the clinician makesthe remote call,
including the use of additional technologies (eg, electronic
records).

Analysis

Anaysis is informed by ethnography of communication and
discourse analysis (see above). Our focus is primarily on the
(video-recorded) remote consultation data, which will be our
starting point for the analysis. We will draw on the
(audio-recorded) face-to-face consultation to explore the
differences in talk across the 2 genres and on field notes to
understand the clinical, organizational, material, and cultural
contexts in which both face-to-face and remote consultations
take place.

We will initialy focus on any differences across all remote
consultations, which will include exploring any differencesin
how the condition being investigated shapes the remote
interaction, attending systematically to the contextual factors
that may be producing any differences (eg, restricted visua
field), the “communicative competence” [76] that participants
in remote consultations deploy, and the competencies needed
to maximize the benefits of the encounter. We will compare
remote and face-to-face consultations to explore whether and
how the affordances of the remote medium (ie, the way it
constrains and enables interaction) change the interactional
structure and content of the consultation and whether the spatial
distance between participants, along with the fact that patients
are somewhere other than the institutional space of the clinic,
often their domestic space, aters the socia and power
relationships.

We will examine the patterning of interaction in remote
consultations at a micro level, how consultations are managed
by participants turn by turn and moment by moment using a
range of discourse analytic techniques. On the basis of work
done so far [18], the issues we think are likely to repay close
analysisinclude the following: opening sequences (which have
been shown to work differently in video environments[64,84]),
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the management of turn-taking (which may be affected by the
way technology constrains participants’ visual orientation to
each other and to relevant objects [62,85]), the use of
back-channeling and other displays of acknowledgment/active
listening (verbal and potentially nonverbal, eg, changesin head
position [86]), repair (how participants deal with interactional
problems, including those whose source is the remote location
or the technology itself [87]), the use of questions (including
whether/how patients and clinicians use them [88]), and the
expression of stance and affect (particularly when clinicians
need to communicate complicated or sensitive information or
make requests/ask questions that might embarrass a patient).

Project Management and Governance

The QUARC study will be based at the University of Oxford
and include NHS partners in participating sites in Oxford and
East London. The study is largely desk-based, involving a
researcher with speciaist experience in linguistics (LMS)
bringing together and analyzing existing datasets. Meetings
between team members will occur at least monthly by
teleconference and 3-monthly face-to-face to share emerging
findings and develop the analysis.

The program will be supported by an independently chaired,
intersectoral steering group with representation from health
services, policy makers, lay members, and external academics.
We anticipate that this group will serve as an intersectoral
discussion forum, a conduit to national policy, and alink with
front-line clinical teams.

Patient and Public I nvolvement and Engagement

Patients and their caregivers have been key to our research on
remote consultations. We set up a dedicated patient advisory
group (PAG) in 2015, the main purpose being to incorporate
patient feedback within our work. Patients have reviewed key
documents and fed back experiences about remote consultation
services. Members of PAG felt that all patients should be offered
the remote consultation option so that services would be
available to all patients who chose it. This view was strongly
and universaly held. Implicit was the assumption that all
patients, and clinicians, are au fait and confident with the
technology and are able to manage (potentially very different)
ways of communicating online. This insight informed our
decision to devel op guidance to support patients and clinicians
when communicating online (see below).

Ethics

Approva for VOCAL and OTQS studies was gained from
National Research Ethics Service Committee London—City
Road and Hampstead (REC reference: 14/L0/1883) on 2014
Dec 8 and South Central—-Berkshire Research Ethics Committee
(15/SC/053), respectively. All participating staff and patients
in both studies gave their informed consent to be audio- and
video-recorded during consultations and for data to be used for
research purposes.

Results

We seek to place detailed, granular descriptions of
communication in technology-mediated consultations in the
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public domain. We believe that the emerging field of remote
consultations will benefit from our research (particularly given
the current sparsity of high-quality qualitative studies) and that
our methodology may be taken up and applied by others
interested in the interactional detail of remote consultations.

Our plan for dissemination is as much about contributions to
the process asit is about end outputs[89]. Hence, an important
feature of the QUARC study will be the level of collective
engagement by different stakeholders in the unfolding project.
We already have anetwork of policy makers (eg, NHS Digital),
NHS Trusts (currently over 50), and patient/caregiver groups
(eg, Diabetes UK) interested in or aready using remote
consultations. Drawing on techniques successfully applied in
health technology codesign [90,91], wewill invite professional,
clinical, and service user representatives from acrossthese sites
to aseriesof codesign workshops and use amix of presentations,
video extracts, and interactive tasks (eg, card prompts) combined
with narrative-based approaches (eg, “storyboards’) to
collaboratively develop draft guidance for cliniciansand service
users. Guidance will be refined and finalized remotely,
producing resourcesfor patients and cliniciansthat can support
effective communication in remote consultations and help to
avoid/resolve problems (eg, regarding the technology and how
it shapes or constrains clinical aims and outcomes).

Discussion

The QUARC study is intended to deepen our understanding of
how remote consultations work (and what makes them work
more or lesswell) and benefit patients and clinicians by offering
practical guidance on maximizing the effectiveness of remote
consultations and avoiding/resolving any problems associated
with mediation, such as transactional problems which may
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interfere with the achievement of desired clinica aims and
outcomes or interpersona problems which may affect the
clinician-patient relationship. Thereisalready asignificant body
of research focused on communication and interaction in
face-to-face consultations [48,50,52-55]. To our knowledge,
this is the first study, in which fine-tuned microanalysis of
interactionsin remote consultationswill be conducted. We will
also compare interaction across remote and face-to-face
consultations. The latter will necessarily be limited given that
our face-to-face comparator data consists of audio-recorded (ie,
verbal) and not video-recorded (ie, visual) data. The study
deliberately focuses on a small number of consultations
undertaken in 3 clinical services in the English NHS. We
anticipate rich insights into the communicative utility of the
remote genre; however, caution will be needed in considering
relevance to other settings and conditions.

One of the key findings of our work on remote consultationsto
date has been that although somecliniciansare very keento use
thisformat, others are reluctant or opposed. One major benefit
of having written, agreed guidance for both patients and
cliniciansisthat the more reluctant clinicianswill (we anticipate)
be more confident to try this approach themselves. The written
guidance could form the basis of local or national short courses
and be submitted to Royal Colleges for consideration and
endorsement. In this way, we believe that we will support a
steady increase the number of clinicians willing to use the new
technology and support them to do so safely and appropriately.
However, we offer a final note of caution. In our experience,
both clinicians and patients come on board gradually. Some are
early adopters, whereas others are (for various reasons) more
reluctant. What we are hoping for is to “shift the bell curve”
through the provision of systematic, evidence-based guidance,
thus helping to normalize this new way of interacting.
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Abstract

Background: The development of digital health solutions for current health care settings requires an understanding of the
complexities of the health care system, organizational setting, and stakeholder groups and of the underlying interplay between
stakeholders and the technology. The digital health solution was founded on the basis of an information and communication
technology platform and point-of-care devices enabling home-based monitoring of disease progression and treatment outcome
for patients with rheumatoid arthritis (RA).

Objective: The aim of this paper is to describe and discuss the applicability of an iterative evaluation process in guiding the
development of adigital health solution as a technical and organizational entity in three different health care systems.

Methods: The formative evaluation comprised the methodologies of contextual understanding, participatory design, and
feasibility studies and included patients, healthcare professionals, and hardware and software developers. In total, the evaluation
involved 45 patients and 25 health care professionals at 3 clinical sitesin Europe.

Results. Theformative evaluation served as ongoing and relevant input to the devel opment process of the digital health solution.
Through initial field studies key stakeholder groups were identified and knowledge obtained about the different health care
systems, the professional competencies involved in routine RA treatment, the clinics' working procedures, and the use of
communication technologies. A theory-based stakehol der eval uation achieved amultifaceted picture of theideas and assumptions
held by stakeholder groups at the three clinical sites, which aso represented the diversity of three different language zones and
cultures. Experiences and suggestions from the patients and health care professionals were sought through participatory design
processes and real-life testing and actively used for adjusting the visual, conceptual, and practical design of the solution. The
learnings captured through these activities aided in forming the sol ution and in devel oping acommon understanding of the overall
vision and aim of this solution. During this process, the 3 participating sites learned from each other’s feed-back with the ensuing
multicultural inspiration. Moreover, these efforts also enabled the consortium to identify a ‘tipping point’ during a pilot study,
revealing serious challenges and a need for further development of the solution. We achieved valuable learning during the
evaluation activities, and the remaining challenges have been clarified more extensively than a single-site development would
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have discovered. The further obstacles have been defined as has the need to resolve these before designing and conducting a
real-life clinical test to assess the outcome from a digital health solution for RA treatment.

Conclusions: A formative evaluation process with ongoing involvement of stakeholder groups from 3 different cultures and
countries have helped to inform and influence the development of anovel digital health solution, and provided constructive input
and feedback enabling the consortium to control the development process.

(JMIR Res Protoc 2018;7(7):€165) doi:10.2196/resprot.9521

KEYWORDS

eHealth; telemedicine; stakeholder participation; formative evaluation; participatory design; intervention theories

Introduction

Digital health solutions involve the use of telecommunication
and virtual technology to deliver hedlth care outside the
traditional health care facilities [1]. The importance of digital
health solutions as a vehicle for delivering timely care over
distance is on the rise due to increased health needs that have
overwhelmed health care sectors across the globe [2]. The
widespread use of information and communi cation technologies
(ICTs) in daily life and the growing focus on patient-centered
care and self-management dtrategies have promoted an
acceptance of moving health care delivery from the established
health carefacilitiesto solutionsthat come directly into peoples
homes[3-5].

Rheumatoid arthritis (RA) is a chronic, inflammatory disease
that leads to joint damage and loss of physical function, and it
affectsabout 3.5 million individual s across Europe [6]. Current
clinical careincludes assessment of the patient’sjoints, analysis

of blood samples, and reviewing patient-reported outcomes
(PROs). The wide range of treatment options and increasingly
specific treatment goals has made the management of RA
difficult, and traditional monitoring methods typically involve
visits to the hospital that are both time-consuming and
resource-intensive.

The Horizon 2020 project eHeadth in Rheumatology
(ELECTOR) was launched in 2014 with the aim of developing
and implementing adigital health solution founded on the basis
of an ICT platform for home-based monitoring of disease
progression and treatment outcome for patients with RA. The
goal of this project was to develop a digital health solution as
an aternative to some of the standard visits to the hospital
outpatient clinic. The project was apublic-private collaboration
that included 3 outpatient clinics in the United Kingdom, the
Czech Republic, and Denmark and an international team of
hardware and software developers, clinicians, designers, and
researchers from the Netherlands, the UK, the Czech Republic,
and Denmark [7].

Figure 1. ThelCT platform enabling open-source data storage and exchange through secure internet access to a web-based graphical user interface

for patients and healthcare professionals (HCPs). PoC: point-of-care.
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In the ELECTOR project, the concept for home-based
monitoring of patients with RA encompasses an ICT platform
and point-of-care (PoC) devices as well as new methods of
organizing outpatient consultations, as illustrated in Figure 1.
The development of the solution was guided by a formative
evaluation using a range of methodologies and involving key
stakeholders across 3 health care settings in Europe. The aim
of this paper was to describe and discuss our experiences from
this 2-year evaluation process.

Methods

Study Design

The ICT platform enables open-source data storage and
exchange through secure internet access to a web-based
graphical user interface for patients and health care
professionals. The platform is available on computer, tablet,
and smartphone as a “bring your own device” initiative. The
ICT platform enables video communication, reporting of PRO
data, and connection to PoC devices that can analyze blood
samples at the patient’s home.

Several different blood parameters such as high sensitivity
C-reactive protein (hsCRP), aanine aminotransferase (ALT),
white blood cell (WBC), and hemoglobin (Hgb) are tested to
monitor RA and its treatment, and as none of the available PoC
devices can perform all these tests, 2 new PoC devices were
used. The PoC device for analyzing WBC and Hgb is not yet
approved for patient use and thus managed by hedth care
professional s attending the patient at home. The PoC devicefor
analyzing hsCRP and ALT is under development.

Withthe ICT platformwasin place, patients made an assessment
of their joints and used the PoC deviceto analyze blood samples.
They aso completed several PRO questionnaires and send the
data to the hospital. At the outpatient clinic, the health care
professionals assessed the data and responded to the patients
accordingly via synchrony (video) or asynchrony (mail).
Background information and instruction material wererequired
for both patients and health care professionals.

Leeetd

Development of the digital health solution was guided by a
formative eval uation engaging a consortium that was established
to ensure the devel opment of a solution that would be applicable
in al the 3 different health care systems. The consortium
included the project coordinator, clinical researchers from the
3 clinica sites, software and hardware developers, and an
evaluation team. The outcome of each evaluation activity was
shared within the consortium through written reports, ora
presentations, and discussions at regular meetings to optimize
mutual understanding and insight into the ICT platform and its
components.

The digital health solution was developed in 3 languages, and
variations in culture as well as treatment traditions were to be
reflected in the adaptability of acoming solution. Patients, health
care professionals, and thelocal outpatient clinic managerswere
identified as end users of the technology and thus the key
stakeholders to be included in the evaluation. Patients were
recruited through &ffiliated research departments, and we aimed
to include a diverse group of patients in terms of sex, age,
duration of RA, distance to the outpatient clinic, and
socioeconomic status. Health care professionalswere recruited
from the 3 participating clinics and included both physicians
and nurses. A total of 45 patients, 25 health care professionals,
and local managers from each of the 3 clinics participated in
the evaluation.

The study activities were approved as required by the local
health authorities in the participating countries. Study
participants received written and oral information about the
study and provided written consents.

Evaluation Methodologies and Activities

The formative evaluation included the following 3 primary
methodologies: (1) contextual understanding, (2) participatory
design processes, and (3) feasibility studies. Each of these
contained several activities that were designed along the way
asthe need for new insights emerged and because the outcome
of one activity influenced the subsequent activity. An overview
of the primary methodologies and activities is presented in
Figure 2.

Figure 2. Methodological approaches and activities used to evaluate the development of the eHealth concept.
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Contextual Understanding

Before initiating the devel opment process, we conducted field
studies and a theory-based stakeholder evaluation with the
overall aim of gaining contextual knowledge about the routine
outpatient management of RA and the ideas and assumptions
among stakeholder groups.

Field Studies

In March and April 2015, we conducted 2 days of field studies
at each of the 3 clinical sites to gather information about the
clinical context, identify the stakeholder groups, and engage
theclinical sitesin the development of the digital health solution.

We observed daily clinical practices and held informal
interviews[8] with health care professionalsand patients. Field
notes were made during the clinic visits and were used to
describe the clinical sites, key stakeholder groups, and clinical
routines in the outpatient treatment of RA.

I ntervention Theories

From April to October 2015, we conducted a theory-based
stakeholder evaluation to achieve a multifaceted picture of the
ideas and assumptions held by the stakehol der groups. Thiswas
a combination of an intervention theory approach and a
stakeholder approach aimed at improving evaluation practice
and intervention quality when various stakehol ders are assumed
to be decisive for the implementation and functioning of an
intervention. | ntervention theories are defined as presuppositions
of how anintervention may impact agiven situation by changing
or preserving it in ways that are preferable or not preferable to
asituation without theintervention or with another intervention

[9].

Initially, we developed the common intervention theory or the
so-called “principle of reason” for the concept. Thiswas based
on project descriptions, presentations of the digital health
solution, written material describing the current clinical care,
and discussions within the project consortium. Next, we
developed intervention theoriesfor each key stakehol der group.
From August to October 2015, we held group and individual
interviews with a total of 16 patients and 22 headlth care
professionals at the 3 clinics (Table 1).

A semistructured interview guide was used, and a prototype of
a PoC device served as a prompt during interviews. The
interviews were audiotaped and transcribed, and the transcripts
were categorized into the following predetermined themes: (1)
situation theory (interpretations of present challenges), (2)
normative theory (perceptions of the preferred or ideal situation),
and (3) causal theory (assumptions of how the intervention
works). A description of each theme was then formulated for
each stakeholder group and presented in a matrix comparing
the principle of reason theory with the intervention theories of
the patients and health care professionals at each clinical site.
Thisalowed the similarities, differences, and possible conflicts
between stakeholder groups to become apparent (Multimedia
Appendix 1).

http://www.researchprotocols.org/2018/7/e165/
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Participatory Design Processes

The aim of the participatory design approach was to develop
the technical systems and the related organization in close
cooperation with end usersearly in the design and devel opment
process and in a contextualized and realistic setting [10-12].
The participatory design process included workshops at each
of the 3 clinical sites as well as a design laboratory facility
established at the Copenhagen site.

Workshops

One workshop was held at each of the clinical sites between
August and October 2015. The aims of the workshops were to
gain knowledge about the overall usability of the graphical user
interface and PoC devices and to gain knowledge about patients
and health care professionals' perceptions of the digital health
solution. In total, 10 patients and 18 health care professionals
participated in theworkshops (Table 1). Each workshop included
“hands-on” sessions and “think aloud” methods [13] in small
groups of patients and health care professionals, as well as
discussions of the advantages and disadvantages of the solution
in groups of patients and health care professionals and in
plenary.

Hands-on sessions included the following steps: (1) patients
conducting a monitoring session while the hedth care
professionals observed, that is, logging on to the system,
completing the PRO questionnaires, and filling in the
(predesigned) blood test results, 2) health care professionals
logging on to the system and receiving data while the patients
observed, 3) patients and health care professionals conducting
a virtual consultation. During the sessions, the patients and
health care professional s were encouraged to comment on what
they experienced (think aloud) and share their thoughts
afterward.

Following the hands-on sessions, the groups of patients and
health care professionals discussed perceived strengths and
possihilities and weakness and challenges of the solution. These
discussions were audiotaped and transcribed. Transcriptions
and notes taken during the sessions were compiled as text,
photos, and drawings.

Design Laboratory Facility

The design laboratory was established in 2015 as a“home-like
setup” in an apartment at the Copenhagen clinic. Itsaim wasto
help devel opersto answer specific questions such as“ Doesthis
device or process work and how can it be refined? ”

In aseries of short sessions, prototypes of PoC devices, lancets
for drawing blood, and cartridgesfor blood sampling weretested
through a dialogue between the patient and designer while
iteratively sketching and evaluating prototypes and different
scenarios for blood testing (Table 1). These sessions were
observed by devel opers and aresearcher taking notes and photos
and interviewing patients.
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Table 1. Evaluation activities performed between 2015 and 2017.
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Activity

Aim

Place and participants

Datacollection

Outcomes

Field studies, Primo 2015

Intervention theories, Medio
2015

Workshops, Medio 2015

Design laboratory, Ultimo
2015

Site user tests, Primo 2016

Design laboratory, Medio
2016

Pilot study, Ultimo 2016

Gaining knowledge of con-
textsand daily practice, cre-
ating collaboration, and

identifying key stakeholders.

Developing intervention
theories for key stakeholder
groups.

Insights into patient and
health care professionals
perceptions of the digital
health solution and overall
usability of the graphical
user interface.

Testing how patients han-
died different lancets and
cartridges for blood sam-
pling.

Testing the “lifecycle man-
agement” of thetechnology.

Test of different scenarios
for blood testing.

Totest rea-lifefunctionality
of thedigital health solution.

Outpatient clinic at the 3
clinical sites.
Actorsinvolved in the work
at the clinics.

Atthe 3clinical sites.

16 patients (aged 25-75
years, 11 females) and 22
health care professionals (16
females), including 3 clinic
managers.

At the 3 clinica sites.

10 patients (aged 26-69
years, 6 females) and 18
health care professionals (13
females).

At the design laboratory.
2 patients (1 female).

Atthe3clinical sitesand the
patient’s home. 15 patients
(aged 25-83 years, 9 fe-
males) and 3 health care
professionals (3 females).

At the design laboratory.
4 patients (3 females).

At theclinicd sitein
Copenhagen and the pa-
tient's home.

5 patients (aged 55-83 years,
4 females) and 1 health care
professiona (female).

Observations and informal
interviews with health care
professionals and clinic
management.

Semistructured interviews
(individual and group).

“Hands-on” sessions and
“think aloud” exercisesin
small groups of patientsand
health care professionals.
Group and plenary discus-
sionsof prosand consof the
digital health solution.

Patients drew a drop of
blood and filled a cartridge.
Sessions included observa-
tion, dialogue, drawing, and
generation of ideas.

Home monitoring for 1
week. Log datafrom thein-
formation and communica-
tion technology (ICT) plat-
form, notesfrom health care
professionals, diary, and
photos from patients.

Following a short introduc-
tion, patients performed a
blood test. Sessionsincluded
observation, dialogue,
drawing and generation of
ideas, and interviews.

Home monitoring for 3
weeks. Log data from the
ICT platform, notes from
health care professionals,
diaries, and photos from pa-
tients. Subsequently, inter-
views with the 5 participat-
ing patients.

Descriptionsof daily clinical
practices asinput for identi-
fying stakeholders and fur-
ther evaluation.

Descriptions and compar-
isons of intervention theo-
ries across stakehol der
groups. Report served asin-
put to the ongoing devel op-
ment of the digital health
solution.

Presence of developersen-
abled immediate adapta-
tions. Reports served asin-
put to the technical and the
organizationa development
aswell astheclinical value
creation.

Recommendationsand opti-
mizations in afast turnover.
Provided valuable input to
the design and devel opment
of point-of-care devicesand
related test cartridges.

Descriptive analysis report-
ed for each site, resulting in
revisions of the technical
and organizational setup of
the digital health solution
and the related briefing and
communication material.

Descriptive analysis report-
ed. Served asinput to the
organizational development.

Interim analysis reported.
Indicated a “tipping point”
and aneed for further devel-
opment.

Feasibility Studies

Site User Tests

The feasibility studies included a site user test at each clinical
site and a pilot study at the Copenhagen site. These were
completed during 2016. Thefeasibility studieswere used to test
if an intervention could be performed in a particular setting and
to investigate how contextual factors influenced the
implementation of the technology. The aim was to provide
feedback to the developers to create learning and a basis for
adapting the technology to its actual users and the
implementation context [14].

http://www.researchprotocols.org/2018/7/e165/

Theaim of the 1-week site user test wasto assessthe“lifecycle
management” of the concept, that is, the practical aspects of
handing out, taking home, and installing the ICT platform
components. At the clinic, the patients received oral instructions
on how to perform joint assessment, how to connect to the ICT
platform, and how to communicate with the clinic. The
prototypes of PoC devices, written information, a Polaroid
camera, and a notebook were then handed out to the patients.
At home, patients connected to the ICT platform from their own
computer using a secure log-in. Every second day, they
completed a joint assessment and the PRO questionnaires and
entered the results of the blood tests and aso
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video-communicated with the health care professionals at the
hospital. A total of 15 patients and 3 health care professionals
participated in the site user tests (Table 1).

Data collected from the site user tests included log data from
the ICT platform and health care professionals’ notes during
thetest. Patients experienceswere collected viaacultural probe
[15] consisting of a notebook, a Polaroid camera, and a leaflet
explaining the intended use for capturing patients’ experiences
with thedigital health solution. Based on these data, descriptive
analyses were made focusing on the patients' and health care
professionals’ attitudes toward the home monitoring concept
and experiences with the solution, including technical and
organizational issues as well as issues related to task
performance.

Pilot Study

The pilot study was planned as a 3-week pilot study with 30
patients and was conducted at the clinical site in Copenhagen
from December 2016 to January 2017. The aim of the pilot
study was to test the “rea-life organizational setup” of the
concept, and it served as a base for a subsequent outcome
evaluation (Table 1).

After getting instructions at the hospital, patients brought home
the leaflet outlining the intended use along with the 2 PoC
devices, which were then connected to the ICT platform from
their own PC using a secure log-in. Every second day, they
performed home monitoring, including joint assessment, PRO
questionnaires, blood testing (predefined results were used),
and virtual contact with the hospital.

Data included compliance with scheduled activities, use of a
hospital hotline for technical and health-related inquiries, and
experiences of patients and health care professionals retrieved
through notes, diaries, photos, and patient interviews.

Results

Contextual Under standing

Theinitial field studies enabled us to identify key stakeholder
groups and provided us with knowledge about the different
health care systems, professional competencies involved in
routine RA management, clinics' working procedures, and use
of communication technologies. For example, while RA
management in Denmark is hospital-based and patients can
choose to have blood tests at hospital or the general
practitioner’sclinic, RA management in England is collaboration
between hospitals providing RA consultations and general
practitioners responsible for undertaking blood tests and
prescribing medications. In CZ, RA treatment is primarily
located in asingle, central hospital that presents extended travel
distances for patients.

The intervention theories added valuable insights into
stakeholders perceptions of challenges in routine outpatient
treatment, their ideals for an enhanced clinical practice, and
their assumptions about theimpact of the digital health solution.
Although the comparative analysis of intervention theories did
not indicate irreconcilable conflicts across stakeholder groups
at the 3 sites, it did reveal differences in stakeholder groups
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assumptions about the concept. The patients were generally
very enthusiastic and envisioned greater flexibility with fewer
consultations at the clinic, thus avoiding time taken to travel
and to book and undergo regular blood tests. The health care
professionals saw not only great advantages for patients but
also challengesin relation to resources needed for implementing
new practices in an already busy schedule, uncertainty as to
which patient the concept would be the most relevant to, and
how home monitoring would impact the patient popul ation seen
at the clinic. While physicians anticipated advantages from the
extraclinical data collected, nurses anticipated additional tasks
in assessing blood tests and PRO data. This was especially the
casein UK, where PRO data are not routine and blood tests are
usually assessed by the genera practitioner. The nursesin CZ
hoped for greater responsibility in ng patient data, which
is presently undertaken by physicians. Clinic managers could
see financial, legal, and organizational challenges; however,
they could also see the possibility of fewer face-to-face
consultations, easing the limited physical capacity at the
outpatient clinics.

The principle of reason of the concept was discussed in the
consortium, enabling a common understanding of how the
concept might be developed and implemented across the 3
countries. Theresultsfrom the intervention theories al so served
asinput to the design of the future outcome evaluation.

Thiscontextual understanding informed the participatory design
processes as well as the initial considerations for the
organization and implementation of the solution. Finally, we
found that field visits to the 3 clinical sites were of great value
to the collaborative processes in the project. The value of
interactive development of the design was acknowledged
individually by all 3 countries, where both participating patients
and health care professionals acquired inspiration from the
presentation of considerations and solutions obtained at the
other sites.

Participatory Design Processes

During the workshops, patients and health care professionals
gave feedback on the user interface and PoC devices. Patients
had several ideas for improving the platform’s procedural flow,
the joint assessment tool, and the PRO questionnaires. They
also commented on the terminology used and stressed the
importance of applying commonly used terms rather than
technical terms and abbreviations. This feedback was essential
to the further refinement of the user interface. The group and
plenary discussions that followed these think aloud sessions
gave us insights into patients' and health care professionals
immediate views on the platform and devices and on the digital
health solution as a whole. The inclusion of both patients and
health care professional sin the workshops was extremely useful,
as this revealed the different perspectives of the 2 stakeholder
groups and enriched the workshop discussions.

The laboratory facility allowed a short development turnover
time for specific parts of the technologies involved. Patients
were presented with visual mock-ups and working prototypes,
and they provided valuable input in cooperation with a product
designer. The information provided was used to create new
prototypes and to fine-tune working scenarios. After testing
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several lancets available on the market for drawing blood, one
was deemed appropriate for persons with reduced dexterity.

Initially, 2 PoC devices for analyzing blood samples were
chosen for inclusion in the project. Asneither device was at the
time approved for patient self-testing at home, it was decided
to test the cartridges used for blood sampling. The cartridge of
one of the initialy tested PoC devices was still under
devel opment and was changed on the basis of the feedback from
patients. The cartridge of the other PoC device was found to be
inappropriate for self-testing, and the device was thus replaced
by 2 PoC devices, which further increased the complexity of
the home-testing. Asaresult, we compared home-testing versus
kiosk-testing (patients taking blood samples in alocal setting,
eg, general practitioners’ office or pharmacy, with health care
professionals at hand), and the subsequent interviews with the
patients led us to further considerations about how to organize
the eHealth blood testing and indicated the need for more
information and instructions. The patients and hedth care
professionals testing the various devices gave valuable and
necessary feedback to the devel opers of the equipment, which
in the end saved the companies from futile investments in
nonoperational processes.

Feasibility Studies

The site user tests provided us with valuable understanding
about the time needed for patient instruction prior to home
monitoring and the handling of equipment and supplementary
materials to take home. The tests also gave us insight into the
types of challenges patients met when connecting to the ICT

platform from home and performing the tasks allocated for the
week.

Recording the extent and content of hospital help requested by
patients helped us in the subsequent establishment of patient
call centers. Log data provided information about patient
compliance and how they completed the tasks allocated for the
week. The majority of patients completed the tasks. Some
patients had difficulties connecting to the ICT platform thefirst
time, and others got confused by the short message service
(SMS) text messages reminding each of the severa tasksto be
fulfilled on the same day. Despite commenting on the amount
of time needed for examining, answering questions, and doing
blood tests, patients were still in favor of testing at home and
anticipated a possibility of recording RA-related problems in
real time as an dternative to recounting them at the time of
fixed visitsto the clinic.

The comments made by patientsin the notebook and illustrated
by photos were extensive and very useful. Patients described
their thoughts and experiences, for example, making room for
the equipment at adesk and inthe fridge, finding enough electric
sockets, needing the help of a son and aike. One patient drew
illustrations showing ideas for easy packaging and storage.

A report was produced for each site that described the lessons
learned from the hospital and home environments. These reports
were shared within the consortium and resulted in adjustments
being made to resolve the reported issues before pilot testing.

Due to a need for testing changes and devel opments since the
site user testsand to ensure time for further developments ahead
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of aclinical test scheduled for 2017, a pilot test was initiated
in December 2016. Acknowledging thetechnical changestaking
place right up to the start of the pilot study and the limited
number of PoC devices available, it was decided to test in a
series of 5 patients at atime. However, after the first 5 patients
had completed the 3-week test, it was decided to discontinue
the pilot study due to several technical challenges: (1) unstable
internet connection, (2) missing SM S text messages to patients
prior to tasks to be performed, (3) missing status updates and
warnings to health care professionals when patients did not
fulfill tasks, (4) failed connectivity between the PoC deviceand
theICT platform, (5) mechanical breakdown of one PoC device,
and (6) final information material being too complex due to
complicated PoC device instruction manuals.

These challenges resulted in patients not being able to connect
tothe ICT platform at varioustime points and video connections
being unstable and of poor quality. The result was a
disproportionate amount of resources used by patients calling
the hotlines and the health care professionals trying to fix the
technical challenges. The missing SM Stext messages and status
updates meant that some activities were not completed, and the
comprehensive information material only seemed to add to the
complexity of activities that patients were asked to perform.
Despitethis, at the subsequent interviews, the patients were till
in favor of the digital health solution but pointed to a need for
further development, the message being to make it smple and
self-evident.

The feasibility study provided decisive insights into real-life
use of the technology, including fundamental and necessary
information about challenges and pitfallsin relation to the ICT
platform and PoC devices and the information and instructions
needed and how best to organize the workflow of the
technology. Following an interim report after thefirst 5 patients
had completed the pilot testing, a time-out was decided and a
series of meetings and workshops were initiated within the
consortium aimed at supporting and consolidating further
development prior to the planned outcome eval uation.

Discussion

Principal Findings

The aim of the ELECTOR project was to develop and test a
digita health solution for home-based monitoring of RA,
including an ICT platform and supplementary components,
across 3 different health care systems. Ongoing and systematic
evaluation is important in the development of digital health
solutions[16]. Evaluations of complex interventions need to be
comprehensive and should include theoretical understanding
and development work to ensure mutual learning [14,17].
Descriptions of the development process and the impact of
ongoing evaluation also help to interpret the results of the
intervention at a later stage [18]. The development process is
ideally described as a chain of reasoning that leads from a
statement of a problem to the definition of a solution and
includesthefollowing 7 steps of identification: drivers, visions,
goal, objectives, requirements, design, and solution [16].
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The vision of the ELECTOR project was to develop a more
individualized treatment schedule that would reduce
resource-demanding visits to the hospital for patients with RA
with low disease activity, and this vision was developed and
described during the funding application process [19]. The
solution was conceptualized asadigital health solutionincluding
different components that were either under development or
already developed but needed adjustment before use by patients
with RA at home. Although the evaluation was in accordance
with the steps recommended [16], a full requirement
devel opment process was not possi ble because the devel opment
of the solution and its components was aready well advanced.
Moreover, because the overall framework for creating thisdigital
health solution was based on combining products and solutions
from various companies and embedding them in arange of very
different clinical settings, the formative evaluation thus served
as an ongoing input that enabled learning as well as adaptation
of the technical, clinical, visual, and organizational aspects of
the concept.

The development of a technology that can accommodate daily
practices of disease management across different settings
requires an understanding of the complexity of the health care
systems, organizational settings, and stakeholder groups
involved as well as of the interplay between these and the
technology in question [20,21]. Theinclusion of 3 hospital sites
representing different health care systems madeit clear that the
visualized solution can present different challengesin different
health care systems, for example, in terms of responsibilities
and competences of patients and health care professionals and
the daily routines and collaborations. The use of field studies
and intervention theories helped usto identify local visionsand
requirements related to the general implementation of the
solution as well as those that were specific to the individual
Sites.

Numerous studies point to a multiplicity of barriers related to
the implementation of digital initiatives among stakeholder
groups [22,23]. The involvement of key stakeholders and
real-life experiencesisthuscrucial. With the aim of developing
a solution that would be relevant and would give added value
to everyday practice, we established a consortium of
stakeholders to ensure ongoing feedback to guide the
development process. Thisinput and feedback contributed to a
wide range of adjustments in technical, visual, and practical
components aswell as adaptationsin the conceptual design and
organization of the digital health solution.

The learnings captured through these activities supported the
development of the digital health solution and aided in
identifying a“tipping point” [24] during apilot study. Patients,
health care professional s, and managers confirmed the relevance
and value of the overall concept as well as the organizational
setup. However, due to a range of challenges related to the
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technical components of the ICT platform, the pilot study came
to a hold, allowing further development of the ICT platform
and its components. Hence, the ongoing involvement of
stakeholders and feedback to the consortium throughout the
development process safeguarded us from initiating a large
multicenter test at a time when the technology was in fact not
ready.

Strengths and Limitations

Although the evaluation was instrumental for the devel opment
of thedigital health solution, it has somelimitations. The project
included severa nationa clusters in differing clinical settings
and related industries, and thus, the stakeholders were located
in different countries and were not readily available. Dueto the
travel distances, the evaluation team was present only a few
days at atime at the hospital clinics, and arranging interviews
with busy patients and health care professionalswas “the art of
the possible” As a result, interviews were performed both
individually and in small groups. Furthermore, the laboratory
facility was situated at a single location and involved a small
number of patients from a specific treatment context.

Thelearning implied multinational and multicultural feedback,
which was essential for the development of afully operational
set of tools for international use, including all aspects of a
system for home-based monitoring of arthritis. Though limited
by the inclusion of a relatively few patients and health care
professionals, the site user tests were valuable by the diversity
of the participating centers and gave insight into the
technology’s implementation in routine clinical practice in
several relevant hospital departments over the 3 countries
representing much of the European health care traditions.

Conclusions

This case study clearly demonstrated the advantages of
conducting aformative evaluation early in the processto guide
the development of a digital health solution. The formative
evaluation was designed to inform the development process of
asolution that aimed to be applicable and add value to everyday
practice for patients and health care professionals in the
treatment of RA in different European health care systems.
Through a series of formative evaluation initiatives, an iterative
process was implemented that included elucidating the inherent
intervention theories of the digital health solution and of the
patients, health care professional s, and managers and involving
usersin the design, testing, and adjustment of the solutions of
the ICT platform and related components. The ongoing
involvement of arange of relevant stakeholders helped to inform
and influence the development of the solution. This process
provided a basis for sequential formative testing and outcome
evaluation and revealed its value in terms of providing
constructive input and feedback, enabling the consortium to
control the development process of a novel digital health
solution.
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An example of a matrix comparing the embedded intervention theory (“Principle of Reason”) of the eHealth project with
intervention theories of patients with rheumatoid arthritis (RA) and healthcare professionals at one of the three sites.
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Abstract

Background: Although many mHealth interventions have shown efficacy in research, few have been effectively implemented
and sustained in real-world health system settings. Despite this programmatic gap, thereislimited conclusive evidenceidentifying
the factors that affect the implementation and successful integration of mHealth into a health system.

Objective:  The aim of this study is to examine the individual, organizational, and external level factors associated with the
effectiveimplementation of Wel Tel, an mHealth intervention designed to support outpatient medication adherence and engagement
in carein Africaand North America.

Methods: Wewill adopt the Consolidated Framework for Implementation Research (CFIR) constructsfor eval uation of mHealth
implementation including a scoring and monitoring system. We will apply the adapted tool to identify facilitators and barriersto
implementation of the WelTel mHealth intervention in order to determine how the technology platform is perceived, diffused,
adapted, and used by different mHealth project teams and health system actors in Africa and North America. We will use a
mixed-methods approach to quantitatively test whether the factors identified in the CFIR framework are associated with the
successful uptake of the mHealth intervention toward implementation goals. We will triangulate these data through interviews
and focus group discussion with project stakehol ders, exploring factors associated with successful implementation and sustainment
of these interventions.

Results. The development of the customized CFIR isfinalized and currently isin pilot testing. The initial results of the use of
the tool in those 13 implementations will be available in 2019. Continuous conference and peer- reviewed publications will be
published in the coming years.

Conclusions: The results of this study will provide an in-depth understanding of individual, organizational, and external level
factors that influence the successful implementation of mHealth in different health systems and geographic contexts over time.
Viathe tool’s unique scoring system connected to qualitative descriptors, these datawill inform the most critical implementation
targets and contribute to the tailoring of strategies that will assist the health system in overcoming barriers to implementation,
and ultimately, improve treatment adherence and engagement in care.
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Introduction

Background

Billions of dollarsare globally spent on health research projects
each year, but only alimited number of effective interventions
are trandated into practice and policy [1,2]. Technology is
providing unprecedented opportunities to improve patient
engagement in care for better adherence leading to reduced
morbidity and mortality, yet asignificant knowledge-action gap
remains [2]. Many evidence-based innovations are not
adequately scaled up to meet the full challenges of the United
Nations' global Sustainable Development Goals[1,3-5]. Mobile
health (mHealth) is an emerging area of disease management
that can help patients adhere to prolonged treatment regimens
and improve their quality of care—an areawhereimprovement
can have more impact than even discovery of new treatments.
Globally, mobile phones are now the most pervasive and
accessible form of two-way communication technology. In
2014, the number of mobile phone subscriptions surpassed the
number of people, and uptake in vulnerable and marginalized
groups has, in many cases, bridged the socioeconomic “digital
divide’ [6]. Text messaging via short message service (SMS)
remains one of the most popular forms of mobile communication
and has become the most used datatransfer system in theworld,
with over 24 hillion text messages sent and received each day.
A landmark randomized controlled trial (RCT), Wel Tel Kenyal,
wasthefirst comprehensive RCT to test effects of text message
reminders in improving HIV therapy adherence. The authors
showed that bi-directional, weekly text messaging significantly
improved adherence to antiretroviral therapy (ART) and
increased the proportion of patientswith asuppressed HIV viral
load inan HIV-positive Kenyan popul ation initiating ART, over
al-year period [7]. As hoted by arecent Cochrane review, this
RCT study (and many others) have built a strong body of
high-quality evidence supporting the use of weekly text
messaging to enhance ART adherence and viral suppression,
in comparison to current standards of HIV/AIDS care [g].

Since the original RCT, the WelTel mHealth program has
expanded in Africaand North Americaintheareaof HIV/AIDS
[9-12], tuberculosis (TB) [13], maternal and child care, asthma,
and recently in primary care settings. The WelTel programisa
patient-centered form of digital outreach communications
designed to support engagement in care and treatment adherence.
Using a weekly check-in model, usualy via text message,
patients self-identify concerns that are then triaged by a point
person and connected for care to appropriate health care
providers on an “as-needs’ basis, leading to a form of
patient-centered precision care. With its leading evidence base
in HIV and TB, the WelTel program is ideal for an
implementation science evaluation asit isin the process of being
scaled-up in numerous settings.

Case studies, RCTs, and other quasi-experimental methods
generate critically important evidence to determine the efficacy
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of anintervention. These methods, however, do not provide the
necessary information required to implement comprehensive
public health interventionsin real-life settings. |mplementation
science can help fill this gap by studying the process of
developing, introducing, institutionalizing, and sustaining
policies, programs, and activities in complex settings. Thisis
done by identifying the individual, population, health system,
and health environment factors associated with the successful
uptake of effective interventions [5,14-18].

Undertaking a comprehensive implementation science study is
particularly important when studying mHealth interventions,
as the health care system itself is complex, includes multiple
interacting components, and interventions must be adapted to
fit the needs of a practice setting and patients with different
views and expectations [19,20]. However, to our knowledge
thereisnotested tool that can be continuously used to eval uate,
monitor, and inform mHealth implementation processes asthey
unfold.

Aim

The overarching aim of our 5-year research project isto create
and test an implementation research tool that can be used to
generate continuous, context-specific evidence that can inform
mHealth for impact at scale. To do so, we will evaluate the
scale-up process of the Wel Tel text-messaging mHealth system
in different global implementation settings. We will userigorous
scientific methods to assess processes and outcomes with the
following main objectives:

1. To adapt the Consolidated Framework for Implementation
Research (CFIR) constructs for evaluation of mHealth
implementation including ascoring and monitoring system

2. Toapply the adapted tool to identify facilitatorsand barriers
to implementation within each program to continuously
inform the implementation process

3. To use a scoring framework to correlate implementation
factors with measures of implementation success (rate and
scale of adoption plus sustainability) across the multiple
projects over time

Conceptual Framework

This comprehensive mHealth implementation science study
will use the widely cited and used CFIR [5]. The CFIR is an
implementation science framework that provides a
comprehensive taxonomy of operationally defined constructs
from muiltiple disciplinary domains (eg, psychology, sociology,
organizational change) that are likely to influence
implementation of complex programs. CFIR constructs are
organized into five major domains; (1) characteristics of the
intervention (eg, evidence strength and quality, complexity),
(2) the outer setting (eg, patient needs and resources), (3) inner
setting (eg, compatibility of the mHealth intervention with
existing engagement programs, leadership engagement), (4)
characteristics of individuals involved (eg, knowledge and
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attitudes), and (5) the process used to implement the program
(eg, quality and extent of planning, engagement of key
stakeholders) [5]. We are using thisframework with the primary
aim of understanding how the WelTel mHealth program is
perceived, diffused, adapted, and used by different mHealth
project teams and health system actors in Africa and North
America. The CFIR framework draws together the unique and
common elements of 19 different theories and frameworks and
offers a common taxonomy for exploring the effectiveness of
implementation within a specific context [5]. While theoretical
frameworks in implementation studies are underused [21], the
use of theory in implementation studies can hel p identify factors
that predict the likelihood of implementation success and help
develop better strategies to achieve more successful
implementation, thus strengthening the understanding and
explanation of how and why implementation succeeds or fails
(eg, what works, for whom, under what circumstances, and
why) [22]. Theories, frameworks, and models can help identify
appropriate outcomes, measures, and variables of interest for
implementation studies. Theory can a so help organize studies
when collecting, analyzing, interpreting, explaining, and
presenting data [23].

In preparation for this study, the appropriateness of severa
theories and frameworkswere assessed. Several implementation
frameworks and theories that exist were considered relevant,
such as the Reach Effectiveness Adoption Implementation
Maintenance framework [24], the Promoting Action on Research
Implementation in Heath Services framework [25], the
Technology Acceptance Model [21], and the Normalization
Process Theory [22]. The CFIR was chosen based on its
comprehensiveness and ability to manage both breadth and
depth of data given the complexity of mHealth programs. It
includes a broad number of aspects related to implementation
and is thus considered a helpful framework for identifying
barriers and facilitators influencing mHealth implementation.
It addresses the need to assess and maximize the effectiveness
of implementation within a specific context and to promote
dissemination to other contexts.

Since its inception, CFIR has largely been used to help
understand theinterplay between context and theimplementation
process. This framework can therefore be adapted and used to
guidethedesign of mHealth interventionsfor particular settings,
as well as the study of their implementation. An increasing
number of implementation studies have used CFIR, some asan
evaluation framework [23,26,27], some for detecting factors
influencing implementation [28,29], and some for classifying
these influencing factors as facilitators or barriers [19,26]. To
date, only afew studies have employed the CFIR for evaluation
of specific technological interventions [19,30,31]. We found
only two other studies that used the CFIR developers’ method
toidentify and compare distinguishing constructs between high
versus low implementation settings [19,32]. We were unable
to find any studies that compared implementation factors in
high- and low-resource settings. Finally, we did not find any
studies that considered the dynamic nature of implementation
by examining barriers and facilitators over time. [33-36]. There
isaneed for research that assesses, tests, and further develops
CFIR’s applicability in determining which factors influence
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implementation success in the field of mHealth interventions.
We will tailor the CFIR for use with mHealth interventionsin
different settings and contexts.

Intervention Details

The WelTel innovation is an evidence-based, low-cost,
easy-to-use, and accessible mobile phonebased hedlth
communication solution to address the globa challenge of
inadequate outpatient engagement across multiple diseases.
Developed with direct input from patients and caregivers in
Kenya, the original WelTel model for HIV care was a weekly
two-way text-message check-in by clinic staff to patients using
basic mobile phones. Clinicians called patientsif they reported
a problem via text message, triaged those problems, and
provided advice on how to manage them (eg, acare path). This
method was first validated in the landmark RCT, WelTel
Kenyal, which demonstrated improved patient adherence to
HIV treatments and achieving viral suppression, akey target of
the World Health Organization (WHQ) and the Joint United
Nations Programme on HIV and AIDS (UNAIDS) 90-90-90
target [7]. The mobile communication model was intended to
provide patients with extra support between clinic visits, while
maintaining maximal reach and privacy protection through its
simplicity and lack of outgoing health-related content. It also
extends the capacity of health care providers to look after
patients by proactively managing outpatient problems and
identifying individuals who require the most support (only 3%
of patientsidentified “problems’ each week). Multiple studies
have since validated elements of the intervention, such as
preferred message frequency (weekly better than daily) and the
two-way nature of communication (versus one-way) [37]. The
WEelTel innovation, and evidence surrounding it, has directly
informed global treatment guidelines such as the 2013 WHO
ART guidelines and the 2014 International Association of
Providers of AIDS Care guidelines for retention in HIV care.
Regardless of its effectiveness, there are also different user and
technological level challengesin different contexts. The Wel Tel
service has been adapted for TB; maternal, neonatal, and child
health; and asthma programs, with interest and the potential to
expand to other health conditionsin the future (eg, cancer care,
primary care). In our adoption of WelTel for TB in British
Columbia, Canada, we found that Wel Tel weekly two-way text
messaging did not improve latent TB infection (LTBI)
completion rates compared to standard LTBI care. However,
completion rates were high in both treatment arms [38]. In a
recent RCT to determine whether atext-messaging intervention
improved retention during the first year of HIV care, WelTel’s
weekly text-messaging service did not improve retention of
peoplein early HIV care[39]. With all this mixed evidence and
effectiveness across different implementations, we are proposing
a continuous 5-year implementation science research on this
intervention to identify what works and what does not.

Methods

Overview

In this cross-project, mixed-methods study, we will take an
investigative approach to determining what works, what does
not, and the specific barriers and facilitators to implementing
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the WelTel mHealth service at various programmatic stages.
Using a standardized adapted CFIR tool, 13 initial projectswill
be evaluated at their current state and followed over time at
6-month intervals for up to 5 years. In addition to the adapted
CFIR domain narratives, each domain will be scored using a
standardized scoring technique (see below) and compared both
across projects and longitudinally within projects. The scoring
will be used to identify domains and elements within the
domains that appear to be doing well (scored highly) or doing
poorly (low scores), and how they are associated with successful
progress in the implementation of the projects. These factors
will then be discriminated in a way that can actively inform
individual projects along the implementation process and
ultimately lead to an optimized and cost-effective mHealth
strengthening opportunity for these health services globally.
The evidence from data collection every 6 months will be
iteratively analyzed and used as an input to inform the
implementation process. The results of each project will be
shared with the respective project leaders and discussed in the
bi-annual meetings of the research team on the modality of
incorporating the evidence into the implementation process.
Continuous support will be provided by the research team to
see the level of incorporation of the research results into the
implementation. Experience sharing visitswill be also organized
among different projects to facilitate evidence use among all
13 projects.

A novel feature of this study will be a cross-project
implementation science eval uation using the CFIR framework.
An international consortium for implementation science
recognized the need to not only evaluate study endpoints but
also conduct formative eval uations to assess the extent to which
implementation is effective in a specific context to optimize an
intervention’s benefits, improve sustainability, and promote
dissemination of findings into other settings. The framework
not only eval uates static components of implementation factors
that facilitate or impede implementation success but also
evaluates processes over time. The CFIR framework isflexible
and was designed to be adaptabl e to a program’s specific needs.
For our purposes, we will create a standardized scoring
framework and narrative based on the most salient individual
constructs of the framework for mHealth research and our
specificintervention. Thisallows usto compareimplementation
factors across our individual studiesin a standardized way and
also evaluate them dynamically over time [40].

Data Collection

Members of the mHealth research team will conduct one-on-one
interviews or focus groups (depending on availability and
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preference of participants) using a purposive sampling strategy
that focuses on individuals who are involved in the planning,
implementation, or follow-up of their respective mHealth
studies. Participants will consist of individual project
relevant/representative stakeholders representing the range of
stakeholders and representing the five domains. Five people
from each project will be included in the qualitative study. To
avoid bias, participants will be selected by each project leader
rather than the central WelTel team. They will be asked to
provide written informed consent. Interviewswill be conducted
at locations that are convenient for the key stakeholders and
will ensure their privacy and confidentiality. Participants will
have the opportunity to discuss potential strategies about how
their respective project(s) could be improved or strengthened,
the influence of internal and external social relationships and
climate on the study and acceptance of the intervention, and
suggestions for the WelTel mHealth intervention itself.
Engaging with these team membersthrough interviews or small
focus groups will provide important insights that can guide
implementation of the Wel Tel mHealth intervention in specific
contexts. As each project team is at a different phase of their
project, we will investigate difference stages of project
development, implementation, and follow-up. Data will be
collected every 6 months from each of the projectsfor 5 years.

Scoring

Each of the constructs in the modified CFIR will have scoring
out of 10. Each of the participants will score each of the
constructs, and the median will be automatically calculated. A
10-point scoring approach will be used to flexibly capture the
opinion of the study participants. A unique scoring guide will
be used to maintain consistency among individual assessments
and for standardized comparison across studies and over time.
Figure 1, adapted from the original CFIR authors [5], shows
the scoring system that will be used to score each of the CFIR
constructs based on the level of influence they have on the
implementation outcome.

Participating Sites

Thisstudy isbased on acoordinated set of 13 projects, operating
on funding from different organizations in Canada, the United
States, Kenya, Rwanda, South Africa, and Ethiopia. A
cross-section of the 13 current projects will be followed, at
regular intervals, asthe studies are being completed. The study
will take a pragmatic approach and include new projects during
the envisioned path to scale and remove or replace projects that
do not move forward after collecting all theimportant datafrom
them regardless of the project outcome.

Figure 1. Scoring system that will be used to score each of the Consolidated Framework for Implementation Research (CFIR) constructs (adapted from

the origina CFIR authors).

Low Influence
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WelTel LTBI (British Columbia)

Thisisadually funded project by the BC Lung Association and
Canadian Ingtitute of Health Research (CIHR). It evaluates the
effect of Wel Tel on treatment completion among patients with
LTBI in an RCT a two TB clinics in British Columbia
(Vancouver and New Westminster). The study includes a
cost-effectiveness evaluation and stakeholder assessment for
health system integration (ClinicalTrials.gov identifier:
NCT01549457).

WelTel Retain (Kenya)

This RCT (Clinical Trials.gov identifier: NCT01630304) aims
to assess whether the WelTel intervention improves retention
in care in the first year of care after HIV diagnosis in
economically disadvantaged cities in Nairobi. The study is
funded by the National Institute of Mental Health.

WEelTel at Oak Tree (British Columbia)

Following asuccessful pilot study of theintervention at the Oak
Tree Clinic at BC Women's Hospital, additional funding was
secured by the Oak Tree team to recruit 100 HIV positive
participantsfor afurther evaluation involving clinical outcomes
one year before and one year after implementation of the
intervention, as well as its cost-effectiveness and hedlth care
provider time utilization (ClinicaTrials.gov identifier:
NCT02603536).

The Cedar Project (British Columbia)

This project tests the feasibility, acceptability, and efficacy of
using WelTel text messages to improve treatment adherence
and resiliency for young First Nations people who are
HIV-positive or at high risk of HIV. Project sites arein British
Columbia and include Vancouver, Prince George, and Chase.

WelTel Big River (Saskatchewan)

The aim of this study is to understand the feasibility and
acceptability of implementing the WelTel text messaging
program with people living with HIV and hepatitis C in Big
River First Nation, Saskatchewan, Canada. A generd
waiting-room survey will be offered to those who attend the
Big River First Nation Health Facility to understand their digital
technology use and their attitudes towards communicating with
health care providers using these strategies. Pilot study
participants will receive check-in messages once a week from
an automated platform. The study team will measure if this
increased engagement has an impact on the hedth of
participants.

WelTel Kenya2 (Kenya)

Thissecond phase“transitionto scale” project, Changing Global
Health One Text at a Time, is co-supported by Grand Challenges
Canada and Amref Health Africa. The aim is to scale-up the
WelTel intervention in Kenya's vast northern and arid lands as
part of agovernment-hosted consortium of health-strengthening
initiatives, using the Integrated Innovation framework (social,
technological, and business innovation). Currently there are
five project sites: two in Isiolo County and three in Samburu
County.
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EmPhASI S: Empowering Pharmacistsin Asthma
Management Through | nteractive SMS (British
Columbia)

This cluster-RCT at 75 pharmacies in British Columbia is
designed to examine whether an adaptation of the WelTel
intervention into pharmacy services improves adherence to
asthma medication. The project site isin Vancouver.

Asthma Telehealth (British Columbia): Wel Tel eAsthma

The Asthma Telehealth project is arandomized tria testing the
adaptation of the Wel Tel platformto link patientswith moderate
to severe asthma to their previously validated Asthma Action
Plans, thus supporting outpatient self-management.

WelTel HIV (Seattle, USA)

This study is apilot to assess Wel Tel in supporting high-needs
HIV patientsin Seattle and asecond pilot for HIV pre-exposure
prophylaxis adherence support. It is a National Institute of
Health funded project that began in 2016.

WelTel Haida Gwaii (British Columbia)

This pilot implementation usesthe Wel Tel platform and service
to support primary care in the Queen Charlotte medical center.
It will focus on supporting patient-oriented goals and will be
linked to the Northern Health Authority electronic medical
record system for remote communities.

WelTel Ethiopia (Gondar, Ethiopia)

This project is piloting implementation of the Wel Tel platform
inclinical caretoimprove patient engagement in HIV care. The
study istaking place at the ART unit of the University of Gondar
hospital in rural northern Ethiopia.

WelTel Outreach (British Columbia)

This project is a scale-up program to assess the accessibility,
feasibility, and transferability of the Wel Tel digital platform by
the Outreach Team at the BC Centre for Disease Control after
their successful use of WelTel LTBI for 3 years.

WelTel South Africa (South Africa)

The aim of this study is to examine the acceptability and
feasibility of mHealth/SMS and community-based directly
observed ART (cDOT) as interventions to improve ART
adherence for preventing mother-to-child HIV transmission in
acommunity primary care setting in Cape Town, South Africa.

Participants

The main participants of this study will be stakeholders,
individual project team members, and patients of the different
implementationsin global settings. Project team memberswho
worked for more than 6 months will be eligible to be study
participants to make sure they received enough exposure and
experience about the project. For project participants, those who
are older than 18 years of old will be included. As per our
knowledge, most of the projects have an average of 5 team
membersto run theintervention. Hence, wetarget 5 participants
for each stage of the assessment per project until saturation is
reached.
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Project Team Members

Theteam comprisesindividualswho are employed (eg, research
coordinator, research assistant, statistician, epidemiologist,
intern, dataanalyst), participating in (eg, clinicianswho consent
participants, respond to participants via the platform, clerical
staff who administer questionnaires, operations manager who
oversee staff duties) or advising and directing (ie, investigators,
research fellows and associates, graduate students) the project.

Stakeholders

Individuals who have a stake in the success or failure of each
project may include clinicians not directly involved in the
operation of the study, as well as administrators, research
participants, privacy and securities experts, government staff
interested in mHealth technologies, staff at nongovernmental
organizations, policymakers, donors, etc.

Analysis

Our analytic approach will initialy focus on the collection of
qualitative data, including notes from attendance at project
meetings, narratives, and scores compiled through application
of the CFIR with project team members. Interview transcripts
and notes from the document review will be compiled and
reviewed by at least 2 mHealth team members to determine a
preliminary coding framework using NVivo. This framework
will constantly be reviewed, adapted, and reworked in an
iterative manner so as to include data collected from each
session and project team. This iterative process will aso
highlight instancesthat are uniqueto specific social and political
contexts and that may require further discussion and clarification
with project team members.

For the quantitative scoring data, t tests, clustering, or repeated
measure analysis will be used based on the data to test the
relationship between each of the factors and implementation
success. By looking at how things were supposed to happen,
we will tease out the gap between theideal and actual result of
theresearch. The gap between research conducted in acontrolled
setting and the implementation of an intervention or service
into a“real-world” environment is often wide. Understanding
the relationships between what was supposed to happen and
what actually happened will highlight important considerations
for implementation. For example, the study protocol might state
that a clinician will follow up on al nonresponders with a
telephone call. Six months into the study, the realization that
most nonresponders are fine and simply “forgot” to respond
may prompt a change to the procedure. Going forward, the
clerical staff might now assumethisrole and will triageclinical
guestions to a nurse. The details outlining what actually
happened will providevaluableinsight into how theintervention
can be integrated into future clinical care. Thiskind of detailed
contextual information will be collected and analyzed across
the different projects.

Ethical Considerations

The study protocol, information and consent form, and
guestionnaires were approved by the University of British
Columbia’s Clinical Research Ethics Board (H15-03478) and
Behavioral Research Ethics Board (H16-00189), and the Amref
Ethics and Scientific Review Committee (AMREF-ESRC
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P161/2015). Ethica approva will be renewed on an annua
basis. Written informed consent will be sought from interview
and focus group participants and those being observed and
participating in project study meetings. Meeting participants
can indicate to mHealth research team members conducting
participant observation that they do not want their comments
recorded or that specific topics of a sensitive nature should not
be recorded. Those who decline participation will not be
included in the study. As a form of member checking,
participants will be given the opportunity to review draft
reports/articles/summaries of our evaluation. All nameswill be
changed to a participant-chosen pseudonym.

Consent to Participate

Project stakeholders will be identified by each project team.
Once alist of names for each project has been generated, the
program manager or senior research fellow will email them a
description of the study and invite them to participate in the
focus group or interview. A copy of the consent form will be
included in the email. If they decide they would like to
participate, they will be asked to sign acopy of the consent form
at thelocation of the focus group. To attend meetings of projects,
the research manager or senior research fellow will ask
permission of the principal investigator of each study. They will
ask the principal investigator to email the team ahead of time,
alerting them to their intention to attend the meeting, and will
include the consent form in the email. At the meeting, they will
provide a brief description of the study. All of those in
attendance who would like to be involved and potentialy
contacted in the future to participate in an interview will be
given a consent form and asked to sign. For those who do not
want to participate, no mention of them will be made in the
notes taken by the researcher in attendance.

Confidentiality

To maintain participant confidentiality, all identifying
information will be removed from questionnaires and study
documents. Participants will be identified with a unique clinic
identification number that is known only to a limited number
of trained clinical and research personnel. Study information
containing persona information, such as enrollment and
informed consent forms, will be stored in locked filing cabinets
offsitewith limited access. All personal identifying information
will be removed from interview transcriptions. Any information
stored on computer databases will be password protected with
limited access.

Results

The development of the customized CFIR is completed and
currently isin pilot testing. The initial results of the use of the
tool in those 13 implementations will be available in 2019.
Continuous conference and peer-reviewed publications will be
published in the coming years.
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Discussion

Principal Considerations

While there are many pilot studies and trials investigating the
application of mHealth to improve adherence and other health
outcome indicators, such as morbidity and mortality, thereisa
lack of sufficient evidence to inform the scale-up of mHealth
programsin real-world settings. According to Luoto et al [41],
ideal evidence for scale-up of mHealth programs includes
efficacy (doesit work?), effectiveness (doesit work in avariety
of populations and contexts?), and sustainability (cost
effectiveness, demand, adaptation into health system). Following
on from this, the overarching goal of our proposed research is,
therefore, to close the gap in the evidence required to deliver
an effective mHealth service to support patient care at scalein
multiple global settings.

Our proposed implementation science study contains four
important innovations. First, this study comprises 13 currently
funded mHealth projectsand programs. Asoutlined by Edwards
et al [42], without attending to context and how it interactswith
interventions, implementation of interventions arelikely to fail
or underperform. Hence our study, based in four countries across
two continents, will provide robust, context-specific
implementation science evidence to assist in moving the
mHealth field forward.

Second, this proposed implementation science study will also
compare barriers and facilitators to implementation of mHealth
in both high-resource and low-resource settings. Sood et al [43]
conducted a systematic review to compare different facilitators
and barriers in developed and developing countries for
successful electronic medical record implementation and use
and found a major difference in barriers in those two settings.
However, with respect to the implementation of mHealth
interventions, thistype of analysisislacking and thisstudy aims
tofill thisevidence gap. Theresults of this study therefore might
advance the field of mHeath implementation science by
examining predictors of implementation and sustainability as
a function of intervention stage, which will give us
implementation statusbased evidence to inform future
implementation of similar interventions.

Third, our 13 mHealth projects across the different settings are
at different stages. Some are starting, somearein the pilot phase,
some are in the transition to scale phase, and some are already
adopted as regular programs within the health system. This
programmatic variety is a unique opportunity to compare
facilitator and barrier factors based on the stage of the project.
Additionally, wewill be collecting data about the facilitator and
barrier factors continuously every 6 months for each of the
projects over 5-year period. This will give insight on how the
implementation factors change as time advances and at
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difference phases of implementation. Thiswill help usgenerate
evidence on barrier and facilitator factors through the beginning,
middle, and end of the project periods.

Last, this study will adapt an easy-to-use, pragmatic scoring
scheme using the CFIR framework. Overal, thiswill be one of
the first studies to perform cross-project identification of
predictors of implementation and sustainability of mHealth in
aglobal setting. After 3 years with substantial data from all 13
sites over time, we will be able to review and make
recommendations to adjust and make any necessary
improvementsto thistool. Our goal isto develop atool that can
be used not only for this project, and by this research group,
but by others seeking to implement digital health and global
health innovations around the world.

Strengthsand Limitations

The proposed study is one of thefirst to conduct a cross-project
examination of individual- and organizational-level predictors
of mHeath implementation in global setting. Our
menu-of-constructs approach, using the CFIR, is beneficial to
frame our study and compare findings with others. However,
like other different framework driven studies, there might be
some factors that are beyond our capacity to capture. We
mitigate this by including a suggestion box under each domain
to catch factors that are out of the included constructs in the
CFIR framework. The other novel aspect of our approach isthe
concept of scoring for each of the constructs. However, the
scoring will be based onindividual perception, which might be
biased. We mitigate this by including 5 participants on each of
the projects. The other limitation to note is the comparison
challenge between sites as different implementations are at
different stages and different disease domains. We will mitigate
thislimitation by collecting data continuously during the entire
phase of the project and perform the comparison analysiswhen
the projects are in a similar stage.

Conclusions

Many interventions found to be effective in health services
research studies fail to trandate into meaningful patient care
outcomes across multiple contexts in settings outside the RCT
environment. The conventional wisdom is that two-thirds of
organizations' efforts to implement change fail. In mHealth,
thereisno concrete evidence on the level of successand failure
and why that happens. Our implementation science evaluation
will fill amajor void in thisrapidly emerging field by identifying
facilitators and barriers of mHealth success or failure. The
evidence generated will help us document in a structured way
the lessons learned by each project team and will identify how
this information can inform the scale-up of mHealth
interventions across diverse settings in Africa and North
America, and ultimately beyond.
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Abstract

Background: The eHeadlth initiative of the Conference and Labs of the Evaluation Forum (CLEF) has aimed since 2012 to
provide researchersworking on health text analytics with annual workshops, shared devel opment challenges and tasks, benchmark
datasets, and software for processing and evaluation. In 2012, it ran as a scientific workshop with the aim of establishing an
evaluation lab, and since 2013, this annual workshop has been supplemented with 3 or more preceding labs each year. An
evaluation lab is an activity where the participating individuals or teams’ goal is to solve the same problem, typically using the
same dataset in a given time frame. The overall purpose of thisinitiative is to support patients, their next of kin, clinical steff,
health scientists, and health care policy makersin accessing, understanding, using, and authoring health information in amultilingual
setting. In the CLEF eHealth 2013 to 2017 installations, the aim was to address patient-centric text processing. From 2015, the
scope was also extended to aid both patients’ understanding and clinicians' authoring of various types of medical content. CLEF
eHealth 2017 introduced a new pilot task on technol ogy-assisted reviews (TARs) in empirical medicine in order to support health
scientists and health care policymakers’ information access.

Objectives. Thisoriginal research paper reports on the outcomes of thefirst 6 install ations of CLEF eHealth from 2012 to 2017.
The focus is on measuring and analyzing the scholarly influence by reviewing CLEF eHealth papers and their citations.

Methods: A review and bibliometric study of the CLEF eHealth proceedings, working notes, and author-declared paper extensions
were conducted. Citation content analysis was used for the publications and their citations collected from Google Scholar.

Results: Asmany as 718 teams registered their interest in the tasks, leading to 130 teams submitting to the 15 tasks. A total of
184 papers using CLEF eHealth data generated 1299 citations, yielding a total scholarly citation influence of almost 963,000
citations for the 741 coauthors, and included authors from 33 countries across the world. Eight tasks produced statistically
significant improvements (2, 3, and 3 times with P<.001, P=.009, and P=.04, respectively) in processing quality by at least 1 out
of the top 3 methods.

Conclusions: These substantial participation numbers, large citation counts, and significant performanceimprovements encourage

continuing to develop these technologies to address patient needs. Consequently, data and tools have been opened for future
research and development, and the CLEF eHealth initiative continues to run new challenges.

(JMIR Res Protoc 2018;7(7):€10961) doi:10.2196/10961
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Introduction

The requirement to assure that patients can understand their
own care epicrises, discharge summaries, and other electronic
health (eHealth) records are stipulated by policies and laws
(Multimedia Appendix 1) [1]. For example, the Declaration on
the Promotion of Patients’ Rightsin Europein 1994 by the World
Health Organization states that all patients have the right to be
fully informed about their own health status, prognosis, medical
conditions, diagnoses, proposed and alternative treatment with
potential risks and benefits, effects of nontreatment, treatment
progress, and discharge guidelines. It also obligates health care
workers to give every patient a written summary of this
information and communicate it in a way appropriate to the
patient’s capacity for understanding, including minimal use of
unfamiliar jargon.

However, patients, their next of kin, and other laypersons are
likely to experience difficulties in understanding the arcane
jargon of eHealth records, and improving this readability can
contribute to patient empowerment [2], defined as providing
partial control and mastery over health and care which leadsto
patients having an activerolein their health care, making better
health/care decisions, being moreindependent from health care
services, and having decreased costs of care [3]. This could
mean replacing jargon words with patient-friendly synonyms,
expanding shorthand, and providing an option to seethe original
text (Figure 1). Medical Subject Headings (MeSH),
Systematized Nomenclature of Medicine—Clinical Terms
(SNOMED CT), Unified Medical Language System (UMLYS),
and other terminology standards can help to define synonym
replacements, but automated language processing is needed to
identify text snippetsto be replaced with synonymous snippets.

Patient-friendly language in health records can help patients
make informed decisions, but this also depends on their access
to consumer leaflets and other further supportive information
about their health concerns. The internet is a powerful source
for thisinformation; most people will turn to its large range of

http://www.researchprotocols.org/2018/7/e10961/

content that iswidely accessible and searchable[4,5]. However,
layperson searches for medical information online can lead to
the escalation of concerns and consequent anxiety [6]. Hence,
helping patients retrieve relevant, understandable, and reliable
information on the internet is crucial.

Web-based eHealth records provide a way to bridge patients
actions of reading their own eHealth recordswith them searching
the internet for further information. These eHesalth records are
targeted to both patients and health care workers for reading,
writing, and sharing information [7]. Combined with the
aforementioned record processing, this could mean enriching
the health record with hyperlinks to term definitions, care
guidelines, and other information on patient-friendly and reliable
sites on the internet (Figure 1) as one way to facilitate patients
in understanding their health and health care [2].

This paper reports on the 6 installations of CLEF eHealth,
organized as part of the Conference and L abs of the Evaluation
Forum (CLEF) initiative from 2012 to 2017. In 2012, it ran as
ascientific workshop with the aim of establishing an evaluation
lab, and since 2013, this annual workshop has been
supplemented with 3 or more preceding labs each year. An
evaluation lab is an activity where the participating individuals
or teams' goal isto solve the same problem, typically using the
same dataset in a given time frame. In the CLEF eHealth 2013
t0 2017 install ations, the aim wasto address pati ent-centric text
processing. From 2015, the scope was al so extended to aid both
patients' understanding and clinicians' authoring of various
typesof medical content. CLEF eHealth 2017 introduced anew
pilot task on technology-assisted reviews (TARs) in empirical
medicine in order to support health scientists and health care
policymakers’ information access.

Our focus in this article is on measuring and analyzing the
scholarly influence of CLEF eHealth from 2012 to 2017. Its
citation analysis, problem specifications, evaluation methods,
data releases, software releases and submissions, and
participation and benchmark results are addressed.
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Figurel. Origina text, its enrichment, and submission statistics from the Conference and Labs of the Eval uation Forum (CLEF) eHealth 2013 evaluation
lab. The year of 2013 has been chosen as an example here to illustrate the outcomes of the first year of organizing CLEF eHealth evaluation lab.
SNOMED CT: Systematized Nomenclature of Medicine—Clinical Term, UMLS: Unified Medical Language System.

To:

treatment guidelines).
From:

80 y/o male with 2 yr hfo SOB
and GERD. Had Echo that

80 year old (y/o) male with 2-year (yr) history of (h/o)
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Methods

The scholarly influence of the CLEF eHealth installations from
2012 to 2017 was measured by conducting a bibliometric
study—an established method to provide a quantitative and
qualitative indication of scientific activities whose use is aso
emerging in the context of evaluation initiatives [8-10]—of the
related publications and their citations received by October 31,
2017. Thisstudy consisted of publication datacollection, citation
data collection, and data analysis.

The first 2 out of these 3 standard steps were concerned with
the collection of materiasfor the measurement. First, conference
paper and working note (ie, technical reports) publication data
relevant to CLEF eHealth was collected from the CLEF
proceedings (see Multimedia Appendix 2). These were
supplemented with author-declared papers that extend these
publications or otherwise use the CL EF eHealth datasets. Then,
citation data for the resulting publication data were collected
on October 26, 2017, from Google Scholar, one of the most
comprehensive citation datasourcesin general and in particular
for computer science, which is the main field of many CLEF
eHealth scientists.

Thethird step formed the method of the study. Namely, citation
content analysis [11], founded on content analysis [12] and
grounded theory (introduced in the 1960s) [13], was used for
the data anaysis. This allowed a systematic, replicable
compression of materials from the first 2 steps as codes and
testing of hypotheses about the quantity and quality of the
scholarly influence of CLEF eHealth from 2012 to 2017.
Citation content analysis was chosen over the more established
content analysis (Google Scholar had over 15,000 citations for
the af orementioned paper [12] about this method) and grounded
theory (Google Scholar had nearly 400 citations of the 2007
revision [13] of grounded theory for health sciences) because
it combined these 2 research techniquesfor interpreting meaning
from the content of text dataas 1 overarching method for content
coding of scientific literature and analysis of the codified
content.

Using Google Scholar for citation datacollection in bibliometric
studies had at least 2 shortcomings [14-16]: first, paper
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duplication as a citation entry was frequent, for example, due
to misspellings or incorrectly identified years and would, without
manual refinement, cause errorsin the counts. Another source
for counting errorswasincorrect automated merging of citation
entries because of the same or amost the same title of agiven
conference paper and its journal extension. Similar to the
scholarly influence measurement of CLEF 2000-2009 [9], our
citation counts by Google Scholar were reviewed and refined
for these 2 shortcomings by hand.

As part of the citation content analysis, theincluded publication
and citation data were codified for 10 content categories:
participation (including both expression of interest [EOI] and
submission), author, affiliation, problem specification,
evauation method, benchmark result, data release, software
launch, demonstration system, and citation. Similar to the
bibliometric study [9], attention was pai d not only to the number
of citations but also the number of authors, their affiliations,
and countries of affiliation. In order to illustrate the influence
to the scholarly community and theindividual scholars (because
most participating teamsincluded graduate students and/or early
career academics), the scholarly influence was computed by
multiplying the number of citations (ie, 1299, also known as
scholarly impact [8-10]) for the included 184 papers by the
number of their coauthors (ie, 741).

Results

Citation Analysis From 2012 to 2017

Thetopic of patient-friendly multilingual communication formed
the focus of CLEF eHealth from 2012 to 2017 and generated a
total scholarly influence of 962,559 citations (and scholarly
impact of 1299 citations) for the 184 CL EF eHealth papers and
reached 741 authors from 33 countries across the world
(Multimedia Appendix 3, Figure 2) [17-22]. Of the 184 papers,
143 (77.7%) had been cited at least once and the maximum,
mean, median, and standard deviation of citations per paper
were 147, 7, 3, and 15, respectively. The h-index (ie, the number
of papers each of which with at least h citations) and i10-index
(ie, the number of paperswith at |east 10 citations) were 18 and
35, respectively. The annual number of published papers was
16, 35, 34, 31, 33, and 35in 2012, 2013, 2014, 2015, 2016, and
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2017, respectively. Although a clear 158 majority of the 184
papers were working notes (85.9%), 22 conference papers
(12.0%) and 4 journal papers (2.0%) were also published.

In accordance with the CLEF eHealth mission to foster
teamwork, the number of coauthors per paper was4 on average,
with a maximum, median, minimum, and standard deviation of
15, 3, 1, and 3, respectively. In 47 out of the 184 papers (25.5%),
this coauthoring collaboration wasinternational and sometimes
even across continents (ie, Africa—Europe, Asia-Australia,
Asia—Europe, AsiaNorth America, Australia—Europe,
Augtralia—Europe-North America, and Europe-South America).
Of the 466 author organizations, 427 (91.6%) were academic;
21 (4.9%) government and 18 (4.2%) industry organizations
participated from 2012 to 2017.

CLEF eHedth particularly welcomed and attracted
multidisciplinary teamsto collaborate and bridge the researchers,

Suominen et al

scientists, lecturers, and graduate students with engineers,
practitioners, and policy makers. For example, the 33 working
notes and 1 conference paper from the CLEF eHealth 2013
evaluation lab [18] included 162 authors from 10 countries and
featured some leading organizations in health information
management, extraction, and retrieval, including National
Information and Communications Technology Austraia
(NICTA), Commonwealth Scientific and Industrial Research
Organization, and Health L anguage L aboratoriesfrom Australia;
Chinese Canon Information Technol ogy; French National Center
for Scientific Research; Indian Rel Agent Private Lt; US National
Center for Biotechnology Information, Kaiser Permanente, and
Mayo Clinic; and universities from Australia, China, Finland,
Ireland, Republic of Korea, Spain, Sweden, United Kingdom,
and United States. They represented academic, government,
and industrial research labs, large technology corporations and
smaller businesses, and health care providers and insurers.

Figure2. Map of the Conference and Labs of the Evaluation Forum (CLEF) eHealth 2012 to 2017 authors' affiliation countriesin red.

L.

Praoblem Specifications From 2013 to 2017

Thefirst installations of thelab, held in 2013 and 2014, focused
on text processing, search, and visualization to ease patients
(or their next of kin) understanding of hospital discharge
summaries. Each year, 3 tasks were organized.

The 2013 tasks 1a and 1b considered disorder naming (eg,
heartburn as opposed to gastroesophageal reflux disease) by
identification of disorder names and normalization of the
identified names by trandating them to patient-friendly
synonyms. These tasks could be illustrated as follows: the
system should first automatically recognize GERD as a named
entity in the phrase “80 y/o male with 2 yr h/o GERD,”
associated with the entity codein SNOMED CT. Then, it should
map the code to its most patient-friendly entry term, being
heartburn as opposed to gastroesophageal reflux disease in the
example phrase.

The 2013 task 2 on shorthand expansion aimed at mapping
clinica abbreviations and acronyms to patient-friendly
synonyms (eg, automatically expanding and mapping the 3
italicized text snippetsin “80 y/o male with 2 yr h/o SOB and
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GERD” to history of, shortness of breath, and heartburn,
respectively). Instead of actualy writing the disorder names
and shorthand expansions in the 2013 tasks 1b and 2, the
respective SNOMED CT and UMLS codes (eg, GERD got the
SNOMED CT code C0017168 in task 1b and UMLS code
€0018834 in task 2) were applied. These coding systems were
chosen because they are among the most commonly used in
clinical settings.

This challenge continued in the 2014 task 2 on templatefilling,
with the aim of developing attribute classifiers that predict the
values of the UMLS concept unique identifiers (CUIs) with
mention boundaries. The disease/disorder templates consisted
of the following 10 attributes. negation indicator, subject class,
uncertainty indicator, course class, severity class, conditional
class, generic class, body |ocation, DocTime class, and temporal
expression.

The 2013 task 3, 2014 task 3, and 2014 task 1 supplemented
the processing of health records with information from the
internet, based on the patient’s (and next of kin's) information
needs associated with the records. The 2013 and 2014 task 3
on information search (information retrieval [IR]) would, for
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example, find the definition of shortness of breath, treatment
guidelines for heartburn, and guidelines on separating the
symptoms of heart conditions from heartburn for the health
record with the aforementioned sentence. The challenge also
considered in 2014 the problem of an individual expressing
their information need in anon-English language, for search on
Web pages written in English. Support of this functionality is
important given the large proportion of Web medical content
written in English. The 2014 task 1 on interactive information
visualization had the overall goal of designing an effective,
usable, and trustworthy environment for navigating, exploring,
and interpreting health information as needed to promote
understanding and informed decision making. It was divided
into 2 parts aslinkages to the three 2013 tasks, with tasks 1 and
2 on text classification as the first part and task 3 on IR as the
second part. The scenario of the 2014 task 1 was an
English-speaking, discharged patient (or next of kin) in their
homein the United States. By reading their discharge document
and further information on the internet on either a networked
desktop system or mobile device (eg, mobile phone or tablet),
they wanted to learn about their own health and health carein
genera and clinical treatment history, current symptoms and
developments, and future implicationsin particular.

In 2015 and 2016, CLEF eHealth expanded its scope to
multilingual text processing, medical Web search, and
speech-to-text conversion to ease both patients (and their next
of kin) and clinicians' understanding of varioustypes of medical
content. Again, 3 tasks per year were organized.

The 2015 and 2016 task 1 built on processing tasks, data, and
software by considering its nursing handover report support
[23]. Inclinical handover between nurses, verbal handover and
note-taking could lead to loss of information, and electronic
documentation was seen as laborious, taking time away from
patient education. The challenges addressed taking clinical notes
automatically by using speech recognition (SR) to convert
spoken nursing handover into digital text and using information
extraction (IE) to fill out a handover form.

The 2015 and 2016 task 2 considered clinical named entity
recognition on French texts, previousdly an unexplored language.
They aimed to automatically identify clinically relevant entities
from French biomedical articles. In addition, the 2016 task also
addressed extracting causes of death from French death reports.

The 2015 and 2016 task 3 considered cross-lingual medical
search on the Web. They focused on trying to retrieve relevant
and reliable Web pagesthat meet agiven patient’s (or their next
of kin's) general information needs related to their medical
complaints (eg, their need to understand a condition or the cause
of amedical symptom). The tasks also considered information
needs that were expressed in several non-English languages.

In 2017, the following 3 tasks were organized to continue the
2016 tasks 2 and 3 and introduce a new pilot task: 2017 task 1
explored the problem of multilingual text processing by
considering the extraction of causes of death from both French
and English death reports to ease clinicians' understanding of
these reports. The 2017 task 3 developed medical Web search
techniques to address the challenge posed by patients (or their
next of kin) in locating relevant and reliable medical content

http://www.researchprotocols.org/2018/7/e10961/

Suominen et al

on the Web. In addition, the 2017 task 2 considered a new
challenge, that of TAR generation in empirical medicine to
support health care and policy making. Medical researchersand
policy makers, while writing systematic review articles (eg,
covering the treatment of a condition), must ensure that they
consider all documents relevant to their review. As the size of
medical libraries continuesto expand, automation in this process
iS necessary.

Evaluation M ethods From 2013 to 2017

The evaluation criterion in the 2013 task la on disorder
identification was the correctness in identification of disorder
text snippets as defined by the F1 measure with anonparametric
test called random shuffling for the statistical significance
assessment on 100 annotated health records for testing. An
independent set of 200 annotated health records was provided
for training. When computing true positives for the exact F1,
the snippets by the sol ution-system and hand-annotation had to
beidentical, while an overlap was enough for the relaxed F1.

The evaluation criterion in the 2013 task 1b on disorder
normalization was the correctness in mapping the disordersto
SNOMED CT codes as defined by the accuracy measure with
random shuffling for the statistical significance assessment. The
annotated health records and their split between training and
testing were the same as in task 1la. When computing true
positives for the exact accuracy, the total number of code
mappings was computed from the annotated records and the
system was penalized for missing codes the same way as for
incorrect codes. For the relaxed accuracy, the system was only
evaluated on annotationsthat were detected by the system—that
is, the total number corresponds to the code mappings with
strictly correct text snippet generated by the system.

The evauation criterion in the 2013 task 2 on shorthand
extension was the correctness in mapping the preidentified
shorthand to UML S codes. Thiscriterion wasformalized using
the exact and rel axed accuracy measures with random shuffling
for the statistical significance assessment. The annotated health
records and their split between training and testing were the
same asintask la

Evaluation of submissions to the 2013 task 3 on IR was
conducted with respect to the relevance of the retrieved
documents to the information seeker on 50 test queries and the
matching result set. The official primary and secondary measures
were the precision at 10 (P@10) and normalized discounted
cumulativegain at 10 (NDCG@10), respectively. The Wilcoxon
test was used to better compare the measure values for the runs
and benchmark.

In the 2014 task 1 on information visualization, participants
could submit their designs to an optional draft submission to
receive comments, followed by the call for final submissions.
Final submissionswerejudged ontheir rationalefor the design,
including selection of appropriate visual interactive data
representations and reference to state-of-the-art techniques by
an expert pane with 5 members. To be successful, the
submission had to demonstrate that the posed problems and
information needs are addressed, provide acompelling use-case
driven discussion of the work flow supported and exemplary
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results obtained, and highlight the evaluation approach and
obtained findings. Primary judging criteria included the
effectiveness and originality of the proposed design that were
further divided to categoriesfor aesthetics, interaction, usahility,
and visualization.

Evaluations in the 2014 tasks 2 and 3 followed the 2013
practices. In the 2014 task 2 on template filling, exact and
relaxed versions of accuracy and F1 were used. Inthe 2014 task
3on IR, participants were provided with 50 topics, including 5
training topics, with their trandation in Czech, German, and
French. Primary and secondary eval uation measureswere P@10
and NDCG@10, respectively.

The 2015 task 1 on speech recognition evaluation used error in
speech recognized words, and 100 training and 100 test
documents were provided.

The 2015 task 2 on named entity recognition had 3 subtasks
that were evaluated separately: (1) for plain entity recognition,
raw text was supplied to participants who had to submit entity
annotations comprising entity offsets and entity types, (2) for
normalized entity recognition, raw text was supplied to
participants who had to submit entity annotations comprising
entity offsets, entity types, and entity normalization (UMLS
CUIs), and (3) for entity normalization, raw text and plain entity
annotations were supplied to participants who had to submit
entity normalization (UMLS CUIs). For each of the subtasks,
the system output on the unseen test set was compared to the
gold standard annotations, and precision, recall, and F1 were
computed.

In 2015 task 3 on IR, evaluation was conducted using similar
measures as previous years. P@10 and NDCG@10 were the
primary and secondary measures, respectively. A separate
evaluation was conducted using both relevance assessments
and readability assessments. For all runs, rank-biased precision
was computed along with its readability-biased modifications
for the binary readability assessments and the graded readability
assessments.

In 2016, the nursing handover support task used precision, recall,
and F1 for evaluation. Performance was evaluated first
separately in every heading from 1 to 35 and the 36th heading
for irrelevant text. Then, the performance was averaged over
the 35 form headings and also documented in the dominant
class of 36. The Wilcoxon test was used for statistical
significance testing. The previous 200 training and test
documentswere provided for training; they were supplemented
by another 100 documents for testing.

For the 2016 task 2 and 2017 task 1 on IE, the system output
on the unseen test set was compared to the gold standard
annotations, and precision, recall, and F1 were compared. After
submitting their result files, participating teams had 1 extra
week to submit the system used to produce them or a remote
access to the system, along with instructions on how to install
and operate the system for the replicability to be tested.

In 2016 and 2017, for the IR task, evaluation was conducted
using P@10 and NDCG@10 as the primary and secondary
measures, respectively. Precision was computed using the binary
relevance assessments; NDCG was computed using the graded
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relevance assessments. A separate evaluation was conducted
using the multidimensional relevance assessments (topical
relevance, readability, and trustworthiness). For all runs,
rank-biased precision was computed aong with its
multidimensional modifications for the binary readability
assessments, the graded readability assessments, and the binary
readability and trustworthiness assessments. In 2017, these
measures were parameterized for a given user’s expertise.

Inthe 2017 pilot task on TAR in empirical medicine, evaluation
measures were area under the recall-precision curve, minimum
number of documents returned to retrieve al relevant
documents, work saved over sampling at different recall levels,
areaunder the cumulativerecall curve normalized by the optimal
area, recall @ 0% to 100% of documents shown, a number of
newly constructed cost-based measures, and reliability.

Data Releases From 2013 to 2017

The CLEF eHedth 2013 tasks used the 300 deidentified,
manually annotated (for disorder namesand clinical shorthand)
health records of the Shared Annotated Resources (ShARe)
corpus of the Multiparameter Intelligent Monitoring in Intensive
Care (MIMIC) Il database, consisting of discharge summaries
and electrocardiogram, echocardiogram, and radiology reports.

To enable IR, 55 new search topics were formed specifically
for task 3. Each search task was described using a patient profile
(eg, a 40-year-old woman, who seeks information about her
condition), information need (eg, description of what type of
disease hypothyroidism is), and query with separate fields for
its title (eg, Hypothyroidism) and description (eg, What is
hypothyroidism?). The profile also alowed the participants to
addressthe task without considering the aforementioned health
records. To create result document sets for these search tasks,
alarge crawl of online health resources targeted to laypeople
and clinicians and provided by the Knowledge Helper for
Medical and Other Information users (Khresmoi) project was
used.

The CLEF eHealth 2014 task 1 built on these 2013 datasets by
combining them as a whole in order to address information
search and visualization in a patient-centric way. One mandatory
and 5 optional patient cases were carefully chosen from the
2013 tasks 1 to 3 for this task [24]. These consisted of search
topics and result sets from task 3 and associated annotated
discharge summaries from tasks 1 and 2.

The 2014 task 2 on template filling also used the 2013 dataset
of 300 deidentified health records, supplemented by atest set
of 133 unseen discharge documents and new expert annotations
created as part of the ShARe project. The annotations extended
the existing disorder annotations from the 2013 task 1 by
focusing on template filling for 10 different attributes for each
disorder mention.

To enable IR in the 2014 task 3, 55 new queries were first
formulated by experts from the main disorders diagnosed in
discharge summaries provided in the 2014 task 2 and then
associated with result document sets of the aforementioned
Khresmoi set. Participants were provided with the mapping
between queries and discharge summaries and were again given
an option to use the discharge summaries.
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The CLEF eHealth 2015 and 2016 targeted 2 new tasks as its
tasks 1 and 2, in addition to continuing its established and
popular series of IR tasks asitstask 3. The new task 1 focused
on supporting handover communication with 300 synthetic
patient casesfor the SR training, validation, and testing in 2015
and |E training, validation, and testing in the 2016 task 1. Each
caseinthisNICTA Synthetic Nursing Handover Data consisted
of a patient profile; awritten, free-form text paragraph (ie, the
written handover document) to be used as a reference standard
in SR; and its spoken (ie, the verbal handover document) and
speech-recognized counterparts. The written handover
documents were annotated by a registered nurse using a form
with 49 headings (ie, classes) to fill out.

For the new 2015 and 2016 task 2, two types of biomedical
documentswere used: atotal of 1668 titles of scientific articles
indexed in the MEDLINE database and 6 full-text drug
monographs published by the European Medicines Agency.
These were annotated with 10 types of entities of clinical interest
defined by semantic groups in the UMLS. The expert
annotations marked each relevant entity mention in the
documents and assigned the corresponding semantic types and
CUIs. The 2016 task 2 also featured a subtask that used the
CépiDC Causes of Death Corpus with free-text descriptions of
causes of death as reported by physicians in the standardized
causes of death forms. Each document (65,843 dezath certificates
intotal) was manually annotated by expertswith the codesfrom
the International Statistical Classification of Diseases and
Related Health Problems, Tenth Revision (ICD-10) per the
international World Health Organization standards. Manually
built dictionaries of terms associated with the annotated CD-10
codes were also released.

The 2015 task 3 considered the following scenario to generate
67 English queries: a patient or their next of kin is first shown
images and videos rel ated to medical symptoms and then asked
which queries they would issue to a Web search engine if they
were exhibiting such symptoms and wanted to find more
information to understand these symptoms or their condition.
In 2016, 6 queries were generated for each information need by
having individuals with different levels of medical expertise
formulate queries based on the content of posts extracted from
the askDocs section of the Reddit public health Web forum. For
the multilingual query set, queries were translated by experts
to Arabic, Czech, German, Farsi, French, Italian, and Portuguese
in 2015 and Czech, German, French, Hungarian, Polish, and
Swedishin 2016. The Khresmoi document collection was used
in 2015, and a new document collection, ClueWeb12 B13, in
2016. Along with rel evance assessments by expert assessorson
the result document sets, readability judgements were also
collected for the assessment pool in 2015 and both readability
and reliability in 2016.

Finally, in 2017, the CLEF eHealth 2016 tasks 1 and 3 were
extended and the aforementioned new pilot task with unseen
datawasintroduced asthe CLEF eHealth 2017 task 2. The 2017
task 1 used acorpus of expert-annotated death certificates from
France in French and the United States in English with respect
to the ICD-10 codes. Again, this task supplemented its data
releases by manually built dictionaries of terms associated with
the annotated 1CD-10 codes. The 2017 task 3 used the same
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document collection and topics as in 2016, with the aim of
acquiring more relevance assessments and improving the
collection reusability.

The new TARsin empirical medicinetask (ie, the 2017 task 2)
used asubset of MEDLINE documentsfor itschallengeto make
abstract and title screening more effective. The PubMed
identifiers (PM1Ds) of potentially relevant MEDLINE document
abstracts indexed by the PubMed search engine were provided
for 20 training and 30 test topics. The PMIDs were collected
by the task coordinators by rerunning the MEDLINE Boolean
query used in the original systematic reviews conducted by
Cochrane to search PubMed. Topics consisted of the Boolean
search from the first step of the systematic review process. a
topicidentifier; title of the review, written by Cochrane experts;
Boolean query manually constructed by Cochrane experts; and
set of PMIDsreturned by running the query in MEDLINE. The
original systematic reviews written by Cochrane experts
included a reference section that listed included, excluded, and
additional referencesto medical studies. The union of included
and excluded references were the studies that were screened at
atitleand abstract level and considered for further examination
at afull content level. These constituted the rel evant documents
at the abstract level, while the included references constituted
the relevant documents at the full content level. Referencesin
the original systematic reviews were collected from a variety
of resources, not only MEDLINE. Therefore, studies that were
cited but did not appear in the results of the Boolean query were
excluded from the label set.

Softwar e Releasesand Submissions From 2013to0 2017

CLEF eHealth began providing participants with software and
code for method evaluation, record text annotation, and
document relevance assessment in 2013 and extended this to
also release processing code in 2016. The software and code
releases were motivated by our desire for faster progress,
comprehensive benchmarking, and transparency of the CLEF
eHealth outcomes. Prior to CLEF eHedlth, the progress in
eHeal th information and communication technology (ICT) was
extremely limited in comparison to banking, defense, and many
other fields that also record big data and benefit from their
analytics because of barriersin limited collaboration in sharing
data, processing methods, and evaluation outcomes together
with their common conventions and standards [25].

In the CLEF eHealth 2013 tasks 1 and 2, we released both a
command-line tool and a graphical user interface that the
participants could use to compute the valuesfor the official and
supplementary evaluation measures and visualize annotations
against their method outputs. This eHOST annotation tool [26]
also supported participants in annotating more data, although
methods using teams’ own annotationswere eval uated separately
from those based on the organizers' original annotations aone.
In the CLEF eHealth 2013 task 3, we released the Relevation!
relevance assessment tool [27] and provided participants with
a pointer to an established tool for computing values for the
official and supplementary eval uation measures.

The 12 CLEF eHealth 2014 to 2017 tasks in total continued
releasing software and code for computing valuesfor evaluation
measures, eval uating statistical significance of their differences
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between 2 or more methods, data annotation, and relevance
assessment. In addition to releasing purpose-built software and
code for the tasks, pointers to such helpful resources by other
tasks and groups were also catalogued and provided on the
website and overview paper of each task.

The CLEF eHealth 2016 task 1 released the organizers’ entire
software stack as a state-of-the-art solution to the handover 1E
problem (ie, both feature generation and |E) [23]. Participants
were welcomed but not mandated to use the rel eased code and,
as intended, the results highlighted all participating teams
methods outperforming this known state-of-the-art baseline.

In parallel to these software and code releases, CLEF eHealth
established its replication track in 2016. The track gave the
participants of the 2016 task 2 and 2017 task 1 the opportunity
to submit their processing methods to organizers, who then
attempted to replicate the run submissions. In 2016, 3
participating teams chose this option and submitted atotal of 7
methods, all of which the organizers were able to replicate
perfectly. In 2017, 5 participating teams chose the replication
track and submitted atotal of 22 methods. The organizers were
able to replicate most of them perfectly without contacting the
teams. Where team contact was required, replication was
achievable after further technical clarification on system
requirements, installation procedure, and practical use. The
organizers aso reported an overall improvement in method
documentation as an outcome of running the track twice.

Participation and Benchmark Results From 2013 to
2017

The CLEF eHealth lab each year from 2013 to 2017 attracted
more than 100 teamsto submit their EQI for thetask and among
them, 20 to 34 teams participated (Multimedia Appendix 3).
The difference between the number of teamsinterested and the
actual participation was explained by the ease of theregistration
process versus the substantial amount of work required to
actually submit to these difficult tasks. The very high number
of EOlswithinthefirst 2 yearswas surely related to the novelty
of the 2013 and 2014 tasks. The number of participants from
2013 to 2017 remained stable over the years despite the regular
change and diversity in tasks. The most popular tasks were
related to the IR task 3 in 2013 to 2017. Given that both the
number of EOIs and participants have decreased for the last 2
years, the task might have to be redefined.

The results of the 15 tasks organized as part of the CLEF
eHealth lab from 2013 to 2017 contributed to the body of
knowledge about the difficulty of health information
management, extraction, and retrieval (Multimedia Appendix
4). In addition, the methodological diversity of the submissions
shown by morethan 100 teamsall over the world, together with
the baselines by the organizers, addressed the applicability of
particular methods. Eight tasks produced statistically significant
improvements in processing quality by at least 1 of the top 3
methods.
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Discussion

Principal Findings

The CLEF eHealth installations have offered 15 evaluation labs
in the fields of medical information management, extraction,
and retrieval since 2012. Evaluation methods and resources
have been devel oped and shared with the community to support
the understanding of and accessto medical content by laypeople
(or their next of kin), clinicians, scientists, and policy makers.
Evaluation results for the methods and resources devel oped
have been released to the community. In doing so the lab has
provided an evaluation setting for the progression of research
in multilingual medical ICT. This has facilitated further
evaluation into medical system development for information
management, extraction, and retrieval and aiding the progression
of research in these areas.

Theannua CLEF eHealth |ab workshop held at the main CLEF
conference providesfor the dissemination and discussion of the
outcomes of each year's challenges. This has facilitated
discussion in the community, cross-fertilization of ideas, and
further progress in the medical information production,
processing, and consuming ecosystem. Each year the lab
organizers produce lab overview papers describing the
challenges offered and participants’ results. These have proven
influential, asindicated by their citation indexes.

Comparison With Prior Work

At least 12 years prior to establishing CLEF eHealth in 2012,
evaluation labs began addressing limited collaboration as a
major barrier that hinders the transfer of ICT for processing
free-form text to clinical practice, and this is evidenced by
improvements in developing and sharing data, community
conventions, standards, software, and evaluation benchmarks
[25]. The other 2 identified main barriers were absence of user
centricity in technol ogy development and inabilitiesto replicate
results. By definition as a lab, CLEF eHealth 2012—2017
continued contributing to the barrier of limited collaboration
but used the remaining 2 barriersto distinguish itself from other
labs. Namely, it placed layperson patients (as opposed to clinical
experts) astargeted technology usersto the center of the shared
tasksin 2013 and introduced its replication track in 2016.

The CLEF initiative began in Europe in 2000, and at the same
time that the first CLEF eHealth evaluation lab with 3 shared
tasks was launched in 2013, the CL EF Question Answering for
Machine Reading lab introduced apil ot task on machine reading
on biomedical text about Alzheimer disease [28]. Extending
the prior work inclusion criterion from text to other data
modalities, the ImageCLEF lab included annual shared tasks
on biomedical image processing from 2005 to 2013 [29-31].

Before CLEF, the Text Retrieval Conference (TREC) was
established in the United States in 1992 as an evaluation
initiative with evaluation labs of shared tasks |eading to annual
conferences and workshops. 1n 2000, the TREC filtering tasks
considered user profiling to filter in only the topically relevant
biomedical abstracts using MeSH astopics[32]. From 2003 to
2007, the TREC genomics tasks ranged from ad hoc IR to text
classification, passage retrieval, and entity-based question
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answering on data from biomedical papers and eHealth records
[33].1n 2011 and 2012, the TREC medical recordstaskstargeted
building a search engine where the patient cohort’s eligibility
criteria of a given clinical study can be specified through the
search query, and then after information search on English
eHealth records, the matching population is returned for study
recruitment purposes [34]. This paper had 17 citations by July
6, 2018.

The NIl Test Collection for Information Retrieval Systemswas
launched in Japan in 1997 as an evaluation initiative and in
2013, its medical natural language processing lab considered
the following 3 shared tasks on Japanese eHealth records [35]:
text deidentification, complaint/diagnosis IE, and an open
challenge, where participants were given the freedom to try to
solve any other task on the dataset that was used for the first 2
tasks. This paper gathered 33 citations by July 6, 2018.

The Informatics for Integrating Biology and the Bedside
initiative, begun inthe United Statesin 2006, addressed clinical
text processing through its following shared tasks on
English-language eHealth records from 2006 to 2012 [ 36]: text
deidentification and identification of smoking status in 2006;
recognition of obesity and its comorbiditiesin 2008; medication
|E in 2009; concept, assertion, and relation recognition in 2010;
co-reference analysis in 2011; and temporal-relation analysis
in 2012. This paper had 491 citations by July 6, 2018.

TheMedical Natural Language Processing Challenges, launched
in the United States in 2007, considered automated diagnosis
coding of English-language radiology reportsfrom achildren’s
radiology department in 2007 and classifying the emotions
found in English-language suicide notesin 2011 [37,38]. These
papers were cited in total 603 times by July 6, 2018.

The annual SemEval/Senseval Workshops, established in 2004
to address semantic disambiguation, rolelabelling, IE, IR, frame
extraction, temporal annotation, and other multilingual semantic
processing tasks, adopted our CLEF eHealth datain 2014 [39].
By supplementing our annotations for the CLEF eHealth 2013
tasks 1 and 2, it challenged its participants to the same tasks but
on alarger test set. A total of 21 participating teams completed
this SemEval 2014 task 1 with the strict-F1 of 81.3% at itsbest;
18 of those teams al so participated in the SemEval 2014 task 2
with thetop strict-accuracy of 74.1%. The citation count of this
paper was 71 by July 6, 2018.

Limitations

In this paper, we have presented a bibliometric study of the
scholarly influence of CLEF eHealth installations from 2012
t0 2017. The paper and citation data collection have been limited
to the CLEF eHealth proceedings and previously catalogued
papers and were conducted only 2 months after the CLEF
eHealth 2017 proceedings were published. Consequently, other
relevant papers and citations are likely to exist, making our
citation influence of 1299 citations in total for the 184 papers
by the 741 coauthors from 33 countries a modest rather than
exaggerated estimate.

In comparison, the scholarly influence of 6 TREC video retrieval
installations from 2002 to 2009 has been evaluated
retrospectively 2 years after the last installation as 15,828
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citationsfor the 2073 papers (of which 319 have been published
in the TREC conference paper or working note proceedings)
[8]. A comparableinfluence has been achieved within the CLEF
initiative by its ImageCLEF activity from 2000 to 2009 [9].
First, 7 ImageCL EF install ations were eval uated retrospectively
in 2013 (4 years after the 2009 installation) as having had the
influence of 2018 citations for the 179 papers. Second, the
scholarly influence of 10 installations of the entire CLEF
initiative from 2000 to 2009 has been evaluated retrospectively
in 2013 (4 years after the 2009 installation) as 9137 for the 873

papers.

Our average number of citations generated by a paper (ie, 7) is
smaller than this number is for the entire CLEF initiative (ie,
10) but larger than what many other subinitiatives achieved
(from 0.2 to 35, with 11 for ImageCLEF) [9]. CLEF eHealth,
established in 2012, is not included in this comparison of 16
CLEF subinitiativeswith up to 10 installations each. Moreover,
our humbers for 7 installations originate from the year of the
last installation as opposed to being collected 4 years after.

Although the CLEF eHedlth installations have attracted
substantial community interest, asreflected by the 741 coauthors
of the 184 papers from 33 countries, we do not really have
sufficient participation from Africa, Central and South America,
and the Middle East. However, this problem of insufficient
participation has been acknowledged by a recent review of
evaluation initiatives in biomedical text mining from 2002 to
2014 as one of the main conclusions [40]. Fortunately, we have
been successful intargeting the coupled problem of insufficient
innovation by reaching statistically significant improvements
in most CLEF eHealth tasks.

Significance and Future Work

The CLEF eHedth installations with 15 information
management, extraction, and retrieval tasks in total uniquely
target various layperson (or next of kin) information
understanding and provision challengesin the medical domain
(Multimedia Appendix 2). Coupled with this, it strivesto drive
research in the fields of clinician information processing,
exchange, and understanding support. Finaly, for thefirst time
globally it targets challenges toward meeting the needs of policy
makers for TAR generation in empirical medicine. In IE, the
lab has targeted named entity recognition and normalizationin
clinical reports and named entity recognition, normalization,
and classification in biomedical articles and in death reports.
In information management, the lab has considered medical
data visualization and nurses' handover report management.
Finaly, in IR the target has been on patient-centered search,
cross-lingual search, and technology-assisted reviewing.

The lab has attracted considerable and growing interest from
the research community over the years. 34 unique teams
participated in the 3 tasksin 2013, 24 in the 3 tasksin 2014, 20
in the 3 tasks in 2015, 20 in the 3 tasks in 2016, and 32 in the
3tasksin 2017. Whilethelab hasyet to become entirely global,
it is already far reaching, attracting participants from 33
countries.

By virtue of the lab series over thefirst 6 years of itslife, from
2012 to 2017 inclusive, we conjecture that CLEF eHealth has
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influenced progress by (1) bringing the research community
together through the lab series to collaborate and discuss
challenges associated with technique development in the
biomedical and clinical information management, extraction,
and retrieval spaces, (2) providing access to shared data,
resources, processing methods, and evaluation settings for
eHealth system research, development, and evaluation; and (3)
offering reproducibility, scalability, and user-centricity. While
it is difficult to accurately quantify such influence, the 1299
citations with influence of circa 963,000 generated by the lab
initsfirst 6 years of existence are suggestive. Progress in the
areas addressed by the lab has the potential to generate high
impact not only on the research field but more generally on
society, given the importance of health information access to
support health care aswell as empower people to manage their
health.

Conclusions

In today’s information overloaded society it is increasingly
difficult to retrieve and digest valid and relevant electronic
medical information to make health-centered decisions. The
CLEF eHedth lab aims to support the development of
techniques to ease this challenge. Over the years thislab series
has expanded its original goal of supporting patients (or their
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next of kin) in understanding the jargon in their hospital
discharge summary to consider a broader set of medical
information needs of both patients (or their next of kin),
clinicians, scientists, and policy makers. Related to these themes,
challenges have been offered in a multilingual setting on the
topics of medical information management, extraction, and
retrieval. The 15 challenge tasks, from 2013 to 2017, have
attracted much attention, as evidenced by the annua lab
overview papers, participants working notes papers, and
external papers using the lab resources, obtaining a combined
total of 184 papers by 741 coauthors from 33 countries across
the world with 1299 citations, totalling a citation influence of
circa 963,000. Given the significance of the lab series, al test
collections and resources associated with the lab challenges
have been made available to the wider research community
through the internet.

The lab has attracted many participants from across the globe
since its conception 6 years ago. In total, 718 teams have
registered their interest in the lab tasks, leading to 130 teams
submitting to these tasks. Together we have influenced the
progression of health text processing and medical IR research.
As the lab further progresses, we envision its scope and reach
extending even further.
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