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Abstract

Background: Smoking cessation treatment programs have been widely available for patients with nicotine dependence. Despite
intensive programs, the continuous abstinence rate (CAR) from weeks 9-12 is still about 50%. Recently, a smartphone app emerged
as a novel tool for therapeutic interventions, including nicotine dependence. In this study, we developed “CureApp Smoking
Cessation” (CASC), which consists of a smartphone app for patients and a Web-based patient management software for doctors
with a mobile carbon monoxide (CO) checking device to improve the efficacy of the smoking cessation treatment.

Objective: This study aims to evaluate whether the CASC app is effective for individuals with nicotine dependence in addition
to standard smoking cessation programs.

Methods: This will be a randomized, sham-controlled, open-label, multicenter trial. We will recruit participants with nicotine
dependence, but are otherwise healthy adults. We will randomize and allocate participants 1:1 to the CASC treatment group or
a control app group. Both groups will receive a 12-week standard smoking cessation program with pharmacotherapy and counseling.
In addition, participants in the treatment group will have the CASC app installed on their smartphone, which will provide video
tutorials, advice from an artificial intelligence nurse, a digital diary, and measure daily exhaled CO concentration. In contrast,
the control group will have the control app installed on their smartphone, where all the functions that can potentially effect smoking
cessation are removed. The primary outcome will be the biochemically validated CAR from weeks 9-24. The success of smoking
cessation will be defined as self-reported continuous abstinence from weeks 9-24 and exhaled CO concentration ≤10 ppm both
at weeks 12 and 24. The main secondary outcomes will be the CAR from weeks 9-12, weeks 9-52, and 7-day point prevalence
abstinence at weeks 4, 8, 12, 24, and 52.

Results: We will recruit 580 participants with nicotine dependence from October 2017 to September 2018 or until the recruitment
process is complete. The final 52-week follow-up will be completed in October 2019. We expect all trial results to be available
by the end of 2019. The trial is funded by CureApp, Inc.

Conclusions: This is the first randomized controlled trial to evaluate the efficacy of CASC. We expect that CASC, in addition
to standard smoking cessation programs, has a significantly higher CAR during weeks 9-24 than the control app.
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Trial Registration: University Hospital Medical Information Network Clinical Trials Registry UMIN000031589;
https://upload.umin.ac.jp/cgi-open-bin/ctr/ctr_view.cgi?recptno=R000033555

International Registered Report Identifier (IRRID): DERR1-10.2196/12252

(JMIR Res Protoc 2019;8(2):e12252)   doi:10.2196/12252
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Introduction

Smoking is a risk factor that causes various diseases such as
malignant tumors, heart disease, cerebrovascular disease, and
chronic obstructive pulmonary disease [1]. It has been estimated
that there are 22 million (approximately 18% of the total
Japanese population) of adult smokers in Japan, and the number
of deaths attributable to smoking is approximately 129,000 per
year, indicating that smoking is the most common extrinsic
cause of death among noninfectious diseases [2]. In addition,
excess medical expenses owing to smoking are up to 1.5 trillion
yen (US $13 billion) [3]. Therefore, reducing smoking
prevalence could contribute to not only prevent the onset of
these lifestyle-related diseases and cancer but also decrease
future medical costs [4].

Smoking cessation treatment programs have been widely
available for patients with nicotine dependence supported by
the Japanese national insurance system [5]. This program
consists of 5 visits spanning 12 weeks providing counseling by
health care professionals and pharmacotherapy, including
nicotine patch and varenicline. Despite this intensive treatment
program, the continuous abstinence rate (CAR) from weeks
9-12 has still been 40%-65% [6-8]. Moreover, it significantly
decreases after the program finishes and is around 40% at 1-year
follow-up [7]. To improve both in-program and long-term CAR,
we need additional and more effective treatment interventions
both during the regular outpatient clinic visits and after the
completion of the 12-week program [6].

Medical apps for smartphones are emerging as “therapeutic”
intervention tools to ameliorate diabetes mellitus [9,10],
depression [11], and nicotine dependence [12,13]. Because they
cover interoutpatient visit blank periods (ie, intervals between
clinic visits during which patients normally cannot obtain any
clinical guidance from medical staffs), these apps are useful to
continuously monitor, promote, and encourage the treatment
program from medical staff, as well as by patients themselves.
In this regard, Free et al [13] reported that smoking cessation
support with daily or weekly text messages during the program
doubled smoking quit rates. Although smartphone apps for
nicotine dependence are already available in the United States,
it remains unclear whether the app with a mobile carbon
monoxide (CO) checker device is safe and effective in patients
with nicotine dependence.

Recently, we developed “CureApp Smoking Cessation”
(CASC), which consists of the latest version of CureApp

Smoking Cessation smartphone app for patients and a
Web-based patient management software for primary physicians
with a mobile CO checking device to improve the success of
the smoking cessation treatment. The CASC provides users
with accurate knowledge of nicotine dependence, clues to
change their behaviors, and measurements of their own exhaled
CO concentration levels at home. In addition, patients can share
these data remotely with their primary physicians. Masaki et al
reported that, in the previous prospective studies with
participants using prototypes of CASC smartphone app without
a mobile CO checker, the results showed the feasibility and
usability in the phase I study [14] and demonstrated a higher
CAR from weeks 9-24 than the national surveys in the phase
II study [15].

Therefore, this study aims to evaluate whether the latest version
of CASC in addition to a standard smoking cessation program
is effective in treating individuals with nicotine dependence.

Methods

Overall Trial Design
Figure 1 shows the flowchart of the trial. This trial will be a
randomized, sham-controlled, open-label, multicenter trial.
Table 1 shows trial centers. This trial aims to assess the efficacy
of CASC in patients with nicotine dependence when added to
a standard smoking cessation program. The treatment group
will use the CASC smartphone app integrated with a mobile
CO checker and a Web-based patient management software for
24 weeks. Table 2 shows the overall follow-up schedule. The
primary outcome of this study will be the CAR from weeks
9-24. We hypothesize that the CASC treatment group will have
a higher CAR than the control app group from weeks 9-24. The
CAR is defined as the percentage of individuals continuously
not smoking even a puff during the specified period. We will
conduct this trial in compliance with the Declaration of Helsinki,
Medical Device Good Clinical Practice, Ethical Guidelines for
Medical and Health Research Involving Human Subjects, and
all other applicable laws and guidelines in Japan. This protocol
and informed consent forms were approved by the Institutional
Review Board at Keio University School of Medicine and
affiliated institutions. Furthermore, we will use the latest version
of the approved documents. This study is registered at the
University Hospital Medical Information Network Clinical
Trials Registry (UMIN000031589).
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Figure 1. Flowchart of the trial protocol. CASC: CureApp Smoking Cessation.

Trial Participants
We will recruit nicotine-dependent adult participants from
October 2017 to September 2018 or until the recruitment process
completes; we plan to follow them until October 2019.
Participants who meet all inclusion criteria will be included in
the trial and those fulfilling the exclusion criteria will be
removed from this trial (Textbox 1). We will obtain written
informed consent from all trial participants. Participants should
understand the content of the consent form sufficiently before
their acceptance. Consent forms must be dated and signed both
by trial participants and researchers. When consent is obtained,
the first copy of the form will be kept in each institution, while
the other part will be kept by participants and will not be

collected even after the trial is over. In addition, we will inform
all participants that their medical care will not be affected if
they refuse to enroll in this trial. Participants will be able to
leave the trial whenever they want to discontinue it. All
participants will receive a compensation of 10,000 yen per clinic
visit (7 visits in total).

Randomization
Randomization will be performed for eligible participants. They
will be allocated 1:1 to both arms—the CASC treatment group
and the control app group. Randomization will be performed
by a computer-generated random sequence with stratification
for smoking cessation medications.
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Table 1. The list of trial centers.

PrefectureInstitutionNumber

TokyoAnkou Medical Clinic1

SaitamaAyano Clinic2

FukuokaBOOCS Clinic Fukuoka3

TokyoChuo Naika Clinic4

TokyoEbisu Garden Place Clinic5

FukuokaHigashi-hie Naika6

TokyoHosoda Shinryojo (clinic)7

IbarakiInoue Naika Clinic8

TokyoKanda Clinic9

TokyoKeio University Hospital10

FukuokaKimura-Shiro Clinic11

KanagawaKita Shin-Yokohama Naika Clinic12

SaitamaMashiba Iin (clinic)13

KanagawaMaekawa Medical Clinic14

TokyoMiyazaki RC Clinic15

KanagawaMotosumiyoshi Kokoromi Clinic16

TokyoNakameguro Atlas Clinic17

TokyoNational Center for Global Health and Medicine18

SaitamaNemoto Geka-Seikeigeka (clinic)19

TokyoNihonbashi Naika-Allegy Clinic20

TokyoNomura Iin (clinic)21

SaitamaOdayaka Life Naika Clinic22

SaitamaSaitama City Hospital23

FukuokaSawayama Naika-Sougoushinryou Clinic24

SaitamaSegawa Hospital25

SaitamaShimizu Clinic Fusa26

TokyoShinjuku Research Park Clinic27

TokyoSone Clinic Shinjuku28

TokyoTajima Clinic29

FukuokaTenjin Sogo Clinic30

FukuokaUeda Naika Clinic31

Intervention and Control
In addition to the 12-week standard treatment procedure for
smoking cessation [5], we will prescribe the CASC to the
treatment group. On the other hand, a control app will be
prescribed to the control group. The standard 12-week smoking
cessation treatment protocol provides 5 on-site examinations
and in-person counseling by a primary physician at each
outpatient clinic within 3 months.

CASC consists of a CureApp Smoking Cessation smartphone
app based on a cloud system paired with a mobile CO checker

for participants and a Web-based patient management software
for primary care physicians. Participants in the treatment group
will install the app in their smartphones and then begin taking
a few minutes every day for watching a video tutorial regarding
smoking cessation; in addition, participants from the treatment
group will keep a digital diary of quitting smoking, chat with
artificial intelligence (AI) nurse, and check their exhaled CO
concentration by the mobile CO checker at least once a day.
Physicians will be able to follow participants’ exhaled CO
concentration data and physical conditions through a secure
cloud system and review them during the clinic visits (Figure
2).
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Table 2. The trail assessment and evaluation schedule.

 At withdrawalObservational periodAssessments

52 weeks
(Day 366)

24 weeks
(Day 169)

12 weeks
(Day 85)

8 weeks
(Day 57)

4 weeks
(Day 29)

2 weeks
(Day 15)

Day of registra-
tion (Day 1)

✓Patients’ background

✓Tobacco Dependence
Screener

✓Brinkman Indexa

✓Fagaström Test for Nicotine
Dependence

✓✓✓✓✓✓✓12-item French version of
the Tobacco Craving Ques-
tionnaire

✓✓✓✓✓Kano Test for Social Nico-
tine Dependence

✓✓✓✓✓✓✓Mood and Physical Symp-
toms Scale

✓✓✓✓✓✓✓✓Exhaled carbon monoxide
concentration

✓✓✓✓✓✓✓✓Status of nonsmoking

✓✓✓✓✓✓Status of device use

✓✓✓✓✓✓✓✓Adverse events

aBrinkman index=(number of cigarettes per day)×(number of smoking years).

Textbox 1. Inclusion and exclusion criteria.

Inclusion:

• Participants diagnosed with nicotine dependence (Tobacco Dependence Screener≥5 points)

• Participants with Brinkman index≥200

• Participants who wish to quit smoking immediately

• Participants who agree to receive the smoking cessation treatment program and sign the written consent form

• Participants who can use a smartphone (operating system: Android 5.0 and above or iPhone 8.0 and above)

Exclusion:

• Participants with severe mental illness

• Participants who cannot come to their follow-up clinic visits during the 1 year

• Participants who have started taking a smoking cessation medication within 1 year before the registration

• Participants who plan to use any smoking cessation aids and participate in any kind of smoking cessation activities (not limited to smoking
cessation therapy) outside the trial

• Participants whose investigator or clinical trial doctor judged them to be unsuitable for participation in this trial owing to other reasons

On the other hand, participants from the control app group will
be able to perform only 6 basic functions in their app as follows:
(1) show the user guide (how to use the app); (2) enter their
profile and set the start date of smoking cessation; (3) display
the course of 5 visits during the 12-week treatment with a
summary of objectives of each visit; (4) show the date of next
appointment; (5) get the contact form for technical support; and

(6) display an app version, privacy policy, and other
administrative information. The other functions of the CASC
app will not be incorporated in the control app. The control app
will not include the mobile CO checker either. Note that exhaled
CO concentrations will be measured by the medical staff at each
clinic visit regardless of the study groups, and these CO data at
the clinic will be used in the analysis of study outcomes.
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Figure 2. Overview of the "CureApp Smoking Cessation". CO: carbon monoxide; IoT: Internet of Things.

The CASC, control app, and mobile CO checker delivered by
CureApp Inc. (Tokyo, Japan) should be carefully managed to
ensure they are not used outside the clinical trial at each medical
institution. A prescription code will be required to activate the
investigational device, and the control group app will be issued
by sponsors specific to each practicing medical institution; these
sponsors regularly (at least once a year) perform inventory
confirming there will be no usage of the app outside the trial.

Overview of the “CureApp Smoking Cessation”
Smartphone app
The CASC smartphone app was developed at CureApp Inc.
supervised by the Division of Pulmonary Medicine, Department
of Medicine, Keio University School of Medicine. The app runs
on both iOS and Android smartphones. Primary physicians will
provide the app prescription code to participants at their
outpatient clinics. Participants will download the app through
their smartphones, activate the app entering the code, and enter
their baseline data including age, sex, years of smoking, number
of cigarettes per day, prescribed medications (nicotine patch or
varenicline), and motivation and self-confidence regarding
smoking cessation. These data will be securely sent to the cloud
storage, and the AI of our system will assemble tailor-made
smoking cessation programs suitable to each participant based
on their personal information. Personal data stored on the cloud
can be reviewed by primary physicians. The CASC app has the
following 4 main components to maximize the therapeutic
effects of pharmacological therapy and counseling provided by
health care professionals: (1) keeping a smoking cessation diary
(once a day); (2) lectures and educational videos helping its
users quit smoking; (3) interactive counseling by chat-bot (AI
nurse); and (4) daily measurement and recording of exhaled CO
concentration levels at home through a mobile CO checker.

Regarding a Web-based personal computer software for primary
doctors, it provides a data management app from patients’CASC
mobile apps and advice for physicians to follow the national
clinical guidelines appropriately.

Outcomes
The primary outcome of this study will be the biochemically
validated CAR from weeks 9-24. The success of smoking
cessation has been defined as (1) self-reported continuous
abstinence from weeks 9-24 and (2) exhaled CO concentration
no more than 10 ppm at both weeks 12 and 24. In current
smoking cessation programs, the CAR from weeks 13-24
drastically decreases, whereas our investigational device is
expected to prevent this reduction by covering “treatment gaps”
to promote the retention of appropriate recognition and
behavioral changes. A single-arm prospective pilot study showed
that a CASC app, even without a mobile CO checker, had a
significantly higher CAR from weeks 9-24 than the historical
cohort that had received standard smoking cessation program
[16,17].

In addition, we will evaluate the following secondary outcomes:
(1) 7-day point prevalence abstinence at weeks 4, 8, 12, 24, and
52; (2) the CAR from weeks 9-12 and from weeks 9-52; (3)
changes in several scores related to smoking cessation, including
the Mood and Physical Symptoms Scale (MPSS) [18], 12-item
French version of the Tobacco Craving Questionnaire translated
into Japanese (FTCQ-12) [19], Kano Test for Social Nicotine
Dependence (KTSND) [20], and time to first lapse after initial
visit; (4) usage rates of smartphone apps; and (5) the presence
of product problems or adverse events.

Follow-Up Schedule
Table 2 shows the overall follow-up schedule of this trial. At
registration, patients’ background profile, exhaled CO
concentration, nicotine dependence, and smoking status will be
assessed using instruments such as the Tobacco Dependence
Screener [21], Brinkman index (multiplied by cigarettes per
day and years of smoking), Fagerström Test for Nicotine
Dependence (FTND), FTCQ-12, KTSND, and MPSS. The
background profile includes age, sex, body weight, years of
smoking, cigarettes per day, and medical history at the initiation
of device use. Regular follow-up visits will be scheduled at 2
weeks (±7 days), 4 weeks (±7 days), 8 weeks (±14 days), 12
weeks (±14 days), 24 weeks (±28 days), and 52 weeks (±28
days); during these follow-up visits, we will examine patients’
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scores regarding FTCQ-12, KTSND (after 8 weeks), and MPSS,
as well as exhaled CO concentration, status of nonsmoking,
status of device use, and adverse events. Adverse events and
concomitant pharmacological therapy will be recorded through
the trial.

An independent monitoring staff will conduct on-site data
monitoring. In addition, the staff will review trial database to
confirm whether principal and subinvestigators at each clinic
perform the clinical trial according to the research proposal and
standard operation procedures, and data queries will be asked
if necessary.

Participant Withdrawal Criteria
Participants will be discontinued from follow-up visits for this
trial when they meet either of the following criteria: (1)
participants request discontinuation; (2) researchers consider
discontinuation is necessary owing to severe adverse effects,
for example; (3) the eligibility criteria was violated; (4)
significant deviation from the protocol occurred; (5) study
institution terminated trial participation because of good clinical
practice violation, for example; (6) participants’ further
follow-up visits are considered very difficult to accomplish; (7)

continuing smoking even at the 9th week or participant no longer
intends to continue the smoking cessation program; (8) sponsor
cannot continue the trial; and (9) any other cause in which
researchers decide discontinuation is appropriate.

Sample Size
The primary endpoint will be the CAR from weeks 9-24. We
estimated conservatively 52.8% in the CASC treatment group
and 40.8% in the control group as the primary endpoint (CARs
from weeks 9-24) based on the survey of smoking cessation
[22]. Regarding the effect size, we referred data from a clinical
trial of maintenance therapy with varenicline [7], which
indicated that 24 weeks of varenicline therapy showed 12% of
additional abstinence rate than placebo in the total population.
Thus, we estimated that 24 weeks of the CASC intervention
could obtain additional effect of 12% on abstinence rate
compared with the control group. A sample size of 290 in each
treatment group will have 80% power using a chi-square test
with a 2-sided significance level of .05 (nQuery Advanced
8.2.1).

Statistical Analysis
All statistical analyses will be performed according to the
intention-to-treat principle and using 2-sided at a .05 significance
level. The baseline characteristics will be described by the mean
and SD, median and quantiles (continuous variables), or
proportion (categorical variables). We will examine the
outcomes using the full analysis set. For the primary outcome,
we will compare CARs from weeks 9-24 comparing the CASC
treatment group and the control group using a logistic regression
model adjusted for prescribed smoking cessation medications.
In addition, secondary outcomes at each defined period will be
evaluated with logistic regression analysis adjusted for
appropriate covariates between the groups. We will provide
descriptive statistics, odds ratios, 95% CIs, and P values for
each outcome. A statistical analysis plan detailing all statistical
computations will be completed prior to the lock of the database.

SAS statistical software, version 9.4 or upper version (SAS
Institute Inc), will be used for all the analyses.

Results

A total of 580 participants with nicotine dependence will be
recruited from October 2017 to September 2018 or until
recruitment is complete. The final 52-week follow-up will be
completed in October 2019. We expect that all trial results will
be available by the end of 2019.

Discussion

This is the first randomized controlled trial to evaluate the
long-term efficacy of CASC, a smoking cessation support app
for participants, which also includes a Web-based software for
doctors and a mobile CO checker. We expect that participants
in the CASC treatment group, in addition to a 12-week standard
smoking cessation program, will exhibit a significantly higher
CAR from weeks 9-24 than participants in the control app group.

In recent years, several medical apps for smartphones have
shown better clinical outcomes compared with conventional
treatment [10-12]. These smartphone apps have also been
approved by the US Food and Drug Administration being used
in daily clinical practice. In terms of smoking cessation,
individuals who used CASC smartphone app without a mobile
CO checker achieved 63% of the CAR from weeks 9-24
compared with those who did not use the app (historical control)
[15]. Clickotine, another smartphone app for smoking cessation,
also reached 30% of the abstinence rate at 8 weeks [23].
However, it remains unclear whether CASC including a mobile
CO checker (which provides exhaled CO concentrations for the
user), evidence-based behavioral support, education, and
counseling programs for smoking cessation is effective for
maintaining long-term abstinence rates in patients with nicotine
dependence.

We developed and used a mobile Internet of Things (IoT) device
to measure an exhaled CO concentration level in this trial. A
level of exhaled CO concentration is a useful biomarker for
patients with nicotine dependence [5]. It helps them understand
how much harmful CO is accumulated in their body and how
steadily the harm is decreasing after smoking cessation. They
might feel guilty for a high exhaled CO concentration level and
try to start quitting, and in another case, they could be
encouraged to keep quitting by seeing the decline of their CO
level [24]. These experiences could continuously motivate them
and improve adherence to the standard smoking cessation
program [25].

There are several benefits to including smartphone apps with
an IoT device to clinical settings. First, a mobile app covers
treatment gaps between the outpatient clinic visits. It is
beneficial to continuously contact participants and keep
providing effective treatment programs, which could be one of
the most important points for the program success [10,13].
Second, medical IoT devices enable us to easily gather biometric
information remotely. Patients no longer need to access their
outpatient clinics for testing; this might improve patients’ total
adherence to the treatment program and could contribute to
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construct and promote “telemedicine.” Third, the total
development costs of the app are much lower than that of
medical drugs or medical devices. These apps are highly
cost-effective and might reduce burgeoning medical costs [3].

Improving nicotine dependence treatment programs with
therapeutic smartphone apps and IoT devices is important in
terms of preventing chronic obstructive pulmonary disease,
cardio- and cerebrovascular diseases, and malignant tumors. In
addition, these mobile apps and devices can contribute to
preventing secondhand smoke, which kills approximately 15,000

people every year in Japan [3]. In addition, our device can be
a pioneer of the stand-alone programmed medical device with
better treatment outcomes. Improving medical outcomes with
mobile apps and devices is challenging; however, it can become
a highly cost-effective treatment option in the near future. We
believe that CASC, which is a combination of a smartphone
app, a Web-based patient management software, and a mobile
CO checker, will be able to improve the CAR, decrease smoking
prevalence and passive smoking, and reduce future total medical
costs, while preventing smoking-related diseases in the world.
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Abstract

Background: Guidelines for the management of type 2 diabetes universally recommend that adults with type 2 diabetes and
obesity be offered individualized interventions to encourage weight loss. Yet despite the existing recommendations, provision
of weight management services is currently patchy around the United Kingdom and where services are available, high attrition
rates are often reported. In addition, individuals often fail to take up services, that is, after discussion with a general practitioner
or practice nurse, individuals are referred to the service but do not attend for an appointment. Qualitative research has identified
that the initial discussion raising the issue of weight, motivating the patient, and referring to services is crucial to a successful
outcome from weight management.

Objective: Our aim was to evaluate the effectiveness of an Internet-based training program and practice implementation toolkit
with or without face-to-face training for primary care staff. The primary outcome is the change in referral rate of patients with
type 2 diabetes to National Health Service adult weight management programs, 3 months pre- and postintervention.

Methods: We used the Behavior Change Wheel to develop an intervention for staff in primary care consisting of a 1-hour
Internet-based eLearning package covering the links between obesity, type 2 diabetes, and the benefits of weight management,
the treatment of diabetes in patients with obesity, specific training in raising the issue of weight, local services and referral
pathways, overview of weight management components/ evidence base, and the role of the referrer. The package also includes
a patient pamphlet, a discussion tool, a practice implementation checklist, and an optional 2.5-hour face-to-face training session.
We have randomly assigned 100 practices in a 1:1 ratio to either have immediate access to all the resources or have access delayed
for 4 months. An intention-to-treat statistical analysis will be performed.

Results: Recruitment to the study is now complete. We will finalize follow-up in 2018 and publish in early 2019.

Conclusions: This protocol describes the development and randomized evaluation of the effectiveness of an intervention to
improve referral and uptake rates of weight management programs for adults with type 2 diabetes. At a time when many new
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dietary and pharmacological weight management interventions are showing large clinical benefits for people with type 2 diabetes,
it is vital that primary care practitioners are willing, skilled, and able to discuss weight and make appropriate referrals to services.

Trial Registration: ClinicalTrials.gov NCT03360058; https://clinicaltrials.gov/ct2/show/NCT03360058 (Archived by WebCite
at http://www.webcitation.org/74HI8ULfn)

International Registered Report Identifier (IRRID): DERR1-10.2196/12162

(JMIR Res Protoc 2019;8(2):e12162)   doi:10.2196/12162
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Introduction

Scottish Intercollegiate Guideline Network guidance
recommends that “obese adults with type 2 diabetes should be
offered individualized interventions to encourage weight loss
(including lifestyle, pharmacological or surgical interventions)
in order to improve metabolic control” [1]. Despite the existing
recommendations, provision of weight management services is
currently patchy around the United Kingdom [2,3]. Where
services are available, high attrition rates are often reported [4].
In addition, individuals often fail to take up services even after
having seemingly agreed to do so. That is, after discussion with
a general practitioner (GP) or practice nurse, individuals are
referred to the service but do not attend for an appointment [5].

In the National Health Service (NHS) Greater Glasgow and
Clyde Health Board area of Scotland, there are currently 25,109
patients with type 2 diabetes and a body mass index (BMI) ≥30

kg/m2, yet only 5855 patients with type 2 diabetes were referred
to Glasgow and Clyde Weight Management Service from
2005-2014. Of those, only 1537 attended at the assessment
session and only 336 completed the program and lost at least 5
kg [4].

The Glasgow and Clyde Weight Management Service delivers
a specialist multidisciplinary, multicomponent, weight
management program throughout the Glasgow and Clyde area
of the United Kingdom. In an evaluation of the service, the
authors highlighted that 27% of the patients who are referred
to the program do not opt into the service [6]. This describes
patients who are referred via their GP practice and do not contact
the service to opt into an initial assessment. Similarly, Brook
et al [7] described initial uptake and engagement of a small
weight management program of 502 patients. In addition to
completing an extensive questionnaire, patients were requested
to call to make an appointment with the service personally. Of
those referred to the program, 46% did not opt in. Engaging
patients in a weight management program is especially difficult,
even when the intervention is provided via the primary care
route. For example, the Counterweight Project, a weight
management program delivered via a GP practice, has been
taken up by several practices in Scotland. However, after 2
years, one fifth of enlisted practices failed to enroll patients into
the program [8].

An explorative focus group study concentrated on patients’
experience of GP management of their weight problems and
highlighted how patients would prefer the GP to broach the
subject of weight management [9]. Patients were keen to have
weight management discussed even when it made them feel
embarrassed and they appeared reluctant. Participants
highlighted a lack of engagement from GPs regarding weight
in addition to poor knowledge regarding service resources for
obesity treatment. The authors highlighted the need for GPs to
acknowledge the efforts required for long-term lifestyle change
while shifting attention from shame to coping. Again, obesity
stigma was reported, and the authors highlighted that vulnerable
feelings of failure could easily be reinforced by well-intentioned
advice. Judgmental attitudes were considered to be particularly
demeaning when they came from doctors. In fact, in a recent
study of public perceptions of weight-related language used by
health providers, 19% of participants highlighted that they would
avoid further contact and 21% would seek a new doctor if they
felt stigmatized about their weight from their doctor [10].

In fact, GPs may avoid discussion of weight management and
lifestyle change altogether as they may feel that they have not
received appropriate training to provide effective counseling
[11], or they do not approach the subject if patients appear
ambivalent about behavior change [12]. Studies also highlight
the presence of system-level barriers such as a lack of time
during consultations [13]. Even when GPs do address matters
of weight-related behavior, there is often disagreement from
the patient that the topic has been raised. In a sample of 456
patients, 39% of patients disagreed with GPs’ reporting about
the content of the discussion during consultations regarding
weight, diet, and physical activity. In particular, GPs reported
more occasions of discussing weight than patients in 12.5% of
consultations [14]. Patients’ likeliness to engage in a weight
management program is also influenced by practice endorsement
and opinion of the GP of the intervention available in addition
to other factors: clear understanding of the program, clear
understanding of the program goals, structured proactive
follow-up, and perception of positive outcomes [14].

Given the importance of weight management for type 2 diabetes,
we sought to develop and evaluate an intervention to improve
referral rates and uptake of weight management programs for
patients with type 2 diabetes and co-existent obesity (Textbox
1).
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Textbox 1. PICOS summary.

Participants

Primary care practices in National Health Service Greater Glasgow and Clyde, United Kingdom (at least 1 clinician per practice)

Intervention

A 1-hour eLearning program covering the benefits of weight management in type 2 diabetes, communication skills for raising the issue of weight with
patients, and safe management of diabetes during weight loss; patient information pamphlets; patients discussion aid; an implementation toolkit

Comparator

Primary care practices that did not get access to the intervention

Outcomes

Primary – the ratio of referrals over 3 months before and after the Small Talk Big Difference intervention (allowing 1 month for completion)

Secondary – change in referral: uptake ratio; local enhanced service template completion (weight management discussed); change in local enhanced
service template completion; completion of lifestyle weight management phase (completion defined as 80% attendance); weight change (kg and %)
in lifestyle weight management phase for those attending >1 session; weight change (kg and %) at 1 year for all patients (data from annual diabetes
review)

Tertiary – diabetes medications at time of referral: % on weight gaining medications (sulphonylureas, thiazolidinediones, insulin); % on weight
neutral/reducing medications (GLP-1 agonists, metformin, DPP-IV inhibitors, SGLT2 inhibitors)

Exploratory – the effect of completion of training; change in referral rate analysis of those who completed Internet-based training only; when training
done was completed by GP only, by practice nurse only or both; change in referral rate in those where one practice member completed Internet-based
plus face-to-face training

Study Design

Individually randomized controlled trial

Methods

Intervention Development
The Behavior Change Wheel [15] was used as a framework to
guide the development of the intervention. It provides a
systematic approach to better understand the behaviors and
effectively target them. It describes 8 separate steps from
defining the problem through to mode of delivery [16].

Step 1: Define the Problem in Behavioral Terms
Low numbers of patients with type 2 diabetes are currently
being referred to weight management [4]. Low numbers of those
who were referred take up the offer of a place in the intervention
and complete it. Referral would usually be by a GP or practice
nurse in a primary care setting. As patients with type 2 diabetes

have an annual review appointment where behavioral change
is meant to be discussed, it is likely that this would be the main
setting for a weight management referral.

Step 2: Selecting the Target Behavior
This step was informed by work carried out locally in Glasgow
by Rhonda Wilkie (MSc project, unpublished). Eleven patients
who had not taken up the offer of a place in weight management
were interviewed about their reasons for not doing so. A major
theme was the initial discussion with a primary care health
professional about weight and weight management (Textbox
2). Other issues that were raised by the patients such as service
issues (eg, time and place of the intervention) and administrative
issues (eg, not receiving invitations) were deemed outside the
control of the working group and were the subject of other
development work within the Health Board.
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Textbox 2. Health professionals’ behaviors identified as potential targets and supporting quotes.

Not raising the issue of weight during a consultation or not doing so sensitively

• “I avoid going to my GP [general practitioner] as the first thing I hear is [that] I should lose weight, which upsets me as my GP knows how much
I’ve struggled...I have given up asking for help”

Not informing patients they had been referred to weight management or what that involved (accurate information given)

• “Ahh, she [GP] told me that I would be expected to attend for 2 years, every 2 weeks and eh, I wouldn’t be allowed to drop out, I had to guarantee
that I would stay on the program for 2 years...she did tell me it was a class of 16 or 17 people all discussing it.” (incorrect information)

• “One bus, two trains and whatever transport I required from Queens park station to unit...if I had been referred nearer to home, (ie) Johnstone or
Paisley, I certainly would have made the effort. Only I felt it ridiculous that a 71-year-old woman with health problems would be expected to
travel to a different place to get to from her residence” (incorrect information)

• “Em, I think they [GP] just described Orlistat or whatever the drug is called and gave me a letter away with me. He didn’t go into what the service
was or what you could do...

Not supporting and encouraging patients to attend weight management and lose weight

• “Lack of support from GP – I felt it was a way of dismissing my weight concerns, he delegated his responsibility by giving me a phone number...I
have no support from my GP”

The target behavior selected was making “informed” referrals
to weight management of patients with type 2 diabetes and high

BMI (≥25 kg/m2) during annual diabetes review and supporting
patients thereafter. It was felt that the impact of any behavior
change is high, and there is a promising likelihood of being able
to modify the behavior. There is also the additional benefit of
spill-over to patients who have obesity but not type 2 diabetes
and to other behavior change conversations such as smoking
cessation. The ability to measure such a behavior change is high
as the Glasgow and Clyde Weight Management Service uses
electronic referrals meaning it is possible to see how many
referrals are made, and “informed” can be inferred through
uptake and attendance.

Step 3: Specify the Target Behavior
The target behavior, making “informed” referrals to weight
management of patients with type 2 diabetes in primary care,
needs to be performed by GPs and practice nurses, in the GP
practice, during annual diabetes reviews, and during routine

appointments if appropriate. The clinicians need to make more
referrals to weight management, approach the subject sensitively
and discuss it more often, encourage patients to take up referral
and attend, and bring up the topic with patients more than once
if required. They need to do this with every relevant patient
(once a year per patient), working as a team between GP and
nurse to decide who will do it.

Step 4: Identify What Needs to Change
This step was informed by qualitative interviews carried out as
part of a health needs assessment by Public Health, NHS Greater
Glasgow and Clyde, between October and December 2012. A
total of 25 individuals were interviewed face to face and 2 by
telephone. Participants included General Practice (Practice
Nurses), Dietetics, Diabetes, Occupational Health, Cardiac
Rehabilitation, Community Health (Health Improvement Team),
Carers Service, Leisure Providers, and Rehabilitation. Table 1
outlines the components of the Capability, Opportunity,
Motivation, and Behavior (COM-B) model with representative
supporting quotations from the interviews where relevant.
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Table 1. The components of the Capability, Opportunity, Motivation, and Behavior (COM-B) model, identified behaviors, and the need for change.

Supporting quote(s)Is there a need for change?What needs to happen for the target be-
havior to occur?

COM-B components

Physical capability i. N/Aai. No change neededi. None

Psychological capabil-
ity

i. “I don’t feel I’ve got the skills...it
is such a specialist field...to lose
weight is a big change. Sometimes

i. Yes, our qualitative research shows
that referrers do not know local
pathways or the components of ef-

i. Know local pathways and what else
needs to be done prior to referral
(eg, medication checks)

the only enjoyment these peoplefective weight management.ii. To inform the patient of what is
have in their life is actually foodgoing to happen to them, referrers ii. N/A

should know components of effec- and to try and turn that on its head
tive weight management and see how they can support

themselves, I don’t feel...I have the
skills to do that effectively.”

ii. “I think further training would be
better, even going to weight manage-
ment classes to see what’s involved
so I could then tell the patient...it’s
alright me sitting with a patient and
saying ‘you’ve got to lose
weight’...just more about healthy
eating, more in depth and if I was
referring someone more informa-
tion so I could then tell the patient,
the more information the better.”

Physical opportunity i. N/Ai. Yes, currently such materials do not
exist locally.

i. Have access to relevant patient ma-
terials to supplement referral discus- ii. N/A
sions ii. No, referrals are done electronically iii. “Often patients I deal with have so

via the standard referral system. many issues at one point in time,ii. Have access to referral forms for
they couldn’t possibly think aboutPersonal computers with this sys-weight management
dealing with weight management.tem are available in all consultingiii. Have time to discuss the topic and
I think that maybe means that werooms in primary care and referrersmake referral
end up forgetting about it.”will be used to using this system.

iii. Yes, make the discussion format as
simple as possible to decrease the
time required. Referral system is
already quick and simple to use.

Social opportunity i. N/Ai. Yes, would need to get everyone
who sees patients with type 2 dia-

i. Make it part of the routine diabetes
consultation carried out by all the ii. N/A

betes in the practice all discussingpractice team and the wider dia-
weight and making referrals. Ideallybetes network
other practices (eg, within theii. Triggers to prompt discussion about
quality improvement clusters) willweight and referral
also be doing this.

ii. No, there is already a prompt in the
diabetes Chronic Disease Manage-
ment Framework for behavior
change, which includes recording
discussions on weight management
and referral to services.

Reflective motivation i. “I have no idea, that’s the
truth…I’m limited in what I know.

i. Yes, our qualitative research shows
that there are issues with referrers’

i. To want to discuss weight manage-
ment and refer patients, feel that it

I can sit and discuss diet but prioritymotivation based on their beliefsis an essential part of their job,
in my role, I don’t know.”towards weight management, theirhaving confidence that they can

perceived role and belief in theirdiscuss weight, and that it would be
abilities.good for their patients

Automatic motivation i. N/Ai. Yes, given referral rates are so low,
it is clearly not yet a habit to discuss

i. Develop a habit of doing it

weight and refer patients during
annual diabetes review.
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Supporting quote(s)Is there a need for change?What needs to happen for the target be-
havior to occur?

COM-B components

i. N/Ai. N/Ai. Psychological capability and reflec-
tive motivation are deemed to be
the most important, with some
changes required in physical oppor-
tunity, social opportunity and auto-
matic motivation. Getting to the
point where GPs and nurses want
to discuss weight management and
know how to discuss it and how to
refer patients is key to addressing
the problem

Behavioral diagnosis
of the relevant COM-
B components

aN/A: not applicable.

Step 5: Identify Intervention Functions
The affordability, practicability, effectiveness/cost-effectiveness,
acceptability, side-effects/safety, equity (APEASE) criteria were
considered to select intervention functions. It was considered
that education and training, and to a lesser degree environmental
restructuring, would cover the range of behaviors identified in
Step 4. Education was considered affordable, practical, and
acceptable with a history of this intervention working in similar
contexts. There are practical skills on the discussion of weight
management that can be taught, and it is possible to develop
patient materials that the referrers could have easily available.

Step 6: Identify Policy Categories
Using APEASE criteria, policy categories were considered for
each of the selected intervention functions. Communication/
marketing and service provision (education), guidelines and
service provision (training), and guidelines and environmental/
social planning (environmental restructuring) all fulfilled
APEASE criteria.

Step 7: Identify Behavior Change Techniques
We identified five behavior change techniques matching the
three intervention functions that were deemed necessary to
improve the making of “informed” referrals to weight
management of patients with type 2 diabetes in primary care:
(1) information about health consequences, (2) prompts/cues,
(3) demonstration of the behavior, (4) instruction on how to
perform a behavior, and (5) adding objects to the environment.

Step 8: Mode of Delivery
Individual level and group face-to-face training and an
individually accessed e-learning website were the only modes
of delivery that met APEASE criteria. E-learning websites would
allow the intervention to be delivered to many people and is a
commonly used, acceptable mode of delivery in a health care
setting. Face-to-face training allows for more in-depth skills
training to be given.

The Small Talk Big Difference (STBD) intervention comprises:

• a 1-hour Internet-based eLearning package covering the
links between obesity, type 2 diabetes, and the benefits of
weight management, the treatment of diabetes in patients
with obesity, specific training in raising the issue of weight,
local services and referral pathways, overview of weight
management components/ evidence base, and the role of
the referrer (Figures 1-4)

• training on raising the issue, with focus on three key
components:
1. Ask: seeking permission from the patient to discuss

their weight
2. Assess: determine if the patient thinks it important they

manage their weight and how confident they feel about
achieving weight loss; if the patient does not think it
important or is not confident, provide further support
and information and aim to discuss again in future

3. Assist: make a referral to weight management and
provide the patient with details of what will happen
next and any requirements from the patient at this stage

• Internet-based training, which includes reference to recently
published studies, case studies, and an interactive
conversation with multiple choice questions to select the
appropriate responses; learning will be assessed using end
of module multiple choice questions

• a patient pamphlet covering the benefits of weight
management in diabetes and what to expect during a weight
management program

• a discussion tool with helpful facts and charts that can be
used to guide a discussion about weight in a patient with
type 2 diabetes

• a practice implementation checklist
• optional 2.5-hour face-to-face training building on the

Internet-based module by using experiential learning to
teach motivational interviewing techniques
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Figure 1. Welcome page from Small Talk Big Difference module showing the 4 available modules.

Figure 2. Screenshot from welcome video on Small Talk Big Difference eLearning platform.
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Figure 3. Screenshot from module on benefits of weight management in Small Talk Big Difference eLearning platform.

Figure 4. Screenshot from interactive video on communication skills in Small Talk Big Difference eLearning platform.

Trial Objectives
Our aims are to (1) evaluate the effectiveness of an
Internet-based training program and practice implementation
toolkit with or without face-to-face training for primary care
staff in terms of patient attendance at NHS-funded adult weight
management services, and (2) gain clinician feedback about an
Internet-based training program, practice implementation toolkit,
and face-to-face training on raising the issue of weight
management with patients with type 2 diabetes.

Trial Design
A randomized trial design will be used for this evaluation with
GP practices randomly assigned to one of the two arms
described. We will notify clinicians of the STBD package and

evaluation through primary care management, training forums,
and communications. If interested, the practices will be able to
opt in to the STBD evaluation via email. Once a practice has
expressed interest, they will then be randomized to one of the
two arms and either receive immediate access to the
Internet-based training and print materials or receive access 4
months later (with awareness that their referral rates will be
monitored).

The inclusion criteria for participants requires that they be GP
practices in NHS Greater Glasgow and Clyde that have a
contract for local enhanced services for long-term conditions
(ie, diabetes) and have a unique clinical database (ie, not shared
with another practice). Practices classified as “17c” (those with
a separate NHS contract for long-term conditions) and those
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practices with a database shared with another practice (8
practices in area) are excluded.

Identification of Participants and Consent
As this is an evaluation study of a voluntary training program
offered to GP practices as part of the usual program of NHS
Health Improvement training, individual consent will not be
required. By logging in to the Internet-based training website,
practices will be agreeing to participate in the evaluation of the
effectiveness of the training. No practices, staff, or patients will
be identified during the evaluation. This information is in the
letter instructing practices how to log into the training website.
Patient data will be used to evaluate the outcomes of the training
program, but this will be at the level of the intervention (ie, by
GP practice) using health record linkage. The patient data and
practice ID will be anonymized and accessed via the NHS
Greater Glasgow and Clyde IT Safe Haven, so no individual
patient consent will be sought.

All practices will be informed about the available training via
communications from clinical directors and other routine NHS
communication sources, which will explain the purpose of
STBD and provide contact details to use if they are interested
in completing the training. Those practices that do opt in will
be randomized to one of the two arms of the evaluation.
Practices gaining immediate access to the Internet-based training

will be emailed with instructions on how to access the site (Arm
1). They will also be sent a practice kit containing the print
materials designed to support implementation of STBD within
their practice. Those practices randomized to Arm 1 will be sent
options for the supplementary face-to-face training sessions and
instructions on how to book a place through NHS Greater
Glasgow and Clyde Health Improvement. Practices that express
an interest and are randomized to Arm 2 (ie, delayed access to
the STBD training), will be notified by email that their
instructions for access will be available in 4 months. They will
be made aware that their referral data over the next 4 months
will be analyzed as part of the evaluation. A reminder
letter/email/ phone call will be sent/made to any practice that
opts in and does not access or complete the Internet-based
training module after 4 weeks.

It will be made clear within correspondence with practices that
completion of the training is entirely voluntary and that data
for referrals, weight management, and diabetes outcomes will
be examined to evaluate the impact of the new Internet-based
training, but neither individual practitioners nor practices will
be identified in any output.

Trial Schedule
The schedule and timeline for the trial are outlined in Table 2.

Table 2. Trial schedule and timeline.

Estimated timelineOutcomeOwnerActivity

Oct 2017Notify practice of training. Opt-in of prac-
tices to evaluation

University of Glasgow and

NHSa Greater Glasgow and
Clyde

Ad placed within primary care communica-
tion channels and forums

Oct 2017-Apr 2018Randomized practices that opt in to Arm 1
or 2 using Castor Electronic Data Capture

University of GlasgowRandomization

Oct 2017-Apr 2018Practices informed if they are immediate or
delayed access to training by email

University of GlasgowPractices notified of arm for evaluation

Oct 2017-May 2018Practices randomized to Arm 1 or 2 invited
to complete training

NHS Greater Glasgow and
Clyde Health Improvement

Arm 1: Practices sent patient materials,
posters, and invited to complete Internet-
based training with or without face-to-face
training

Oct 2017-Sept 2018Website analytics notifies research team of
Internet-based training completion by prac-
tice code

University of GlasgowNotification of completion of Internet-based
training (Arm 1)

Nov 2017-May 2018Practices not having completed the Internet-
based training will be sent a reminder and
also the practice will be phoned once

University of GlasgowReminder notice/phone call

A study-specific face-to-face
training session available
every 2 months Oct 2017-
Jun 2018

Notification of attendees provided to NHS
team

NHS Greater Glasgow and
Clyde Health Improvement

Provision of face-to-face training (Arm 1)

Oct 2018Statistician has remote access to
anonymized data via a virtual private net-
work

NHS Safe HavenAccess to referral data

Dec 2018Report of resultsStatisticianComparison of change in referral rate (Arms
1 vs 2)

aNHS: National Health Service.
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Randomization
Practices will be randomized to immediate or delayed
intervention using the Internet-based random allocation software
(Castor Electronic Data Capture) using permuted random block
sizes of 4.

Outcome Measures
The primary outcome is change in primary care referral rate to
an adult NHS weight management service. Using data from the
weight management database held by NHS Greater Glasgow
and Clyde, the ratio of referrals over 3 months before and after
the STBD intervention (allowing 1 month for completion) will
be calculated. Secondary outcome measures include change in
referral, including uptake ratio, local enhanced service template
completion (weight management discussed); change in local
enhanced service template completion; completion of lifestyle
weight management phase (completion defined as 80%
attendance); weight change (kg and %) in lifestyle weight
management phase for those attending >1 session; and weight
change (kg and %) at 1 year for all patients (data from annual
diabetes review). Tertiary outcomes include diabetes
medications at time of referral, that is percentage on weight
gaining medications (sulphonylureas, thiazolidinediones,
insulin), and percentage on weight neutral/reducing medications
(GLP-1 agonists, metformin, DPP-IV inhibitors, SGLT2
inhibitors). Exploratory analyses (before and after) will be
carried out to look at the effect of completion of training; change
in referral rate analysis of those who completed Internet-based
training only; when training done was completed by GP only,
by practice nurse only or both; and change in referral rate in
those where one practice member completed Internet-based plus
face-to-face training.

Sample Size
A feasibility study was completed during which five practices
(from a range of current referral rates to weight management
services and deprivation areas in NHS Greater Glasgow and
Clyde) were provided with access to the STBD e-learning
program in June 2016. A GP and practice nurse from each
attended a 2.5-hour face-to-face training session, and the
practices were provided with the implementation toolkit. The
referral rate to uptake was assessed for the 3 months prior to
the STBD training (March-May 2016), 3 months post- STBD
training (October-December 2016), and the same 3 months in
2015 (October-December 2015). We saw an increase in referrals
of 50% compared to same period the year before (n=8 and 15
referrals respectively) and 88% compared to previous 3 months
(n=10 and 15 referrals respectively) after the STBD intervention.
Two practices did not make any referrals in the immediate time
period analyzed prior to the intervention. As a result of this,
together with the small number of feasibility practices, it was
difficult to make a formal power calculation. The effect
compared to same period 12 months before was 1.5 (SD 1.21);
effect compared to 3 months previous was 1.88 (SD 0.38). A
sample size of 80 per group would give 80% power to detect a
difference of 0.5 in the change in referral rate based on a
hypothetical SD of 1.12.

Statistics
Comparisons between study arms will be by independent
two-sample t tests or appropriate nonparametric equivalents
using the prespecified comparisons.

Study Closure
The evaluation will end 15 months after the practices are invited
to participate, to allow time for training, changes in practice,
and patient attendance at services.

Data Handling
We have prepared a custom electronic case report form for the
purposes of randomizing the practices to immediate or delayed
access to STBD training at the point of opting in. The remaining
data for use in this evaluation will be from routine health records
(ie, weight management and diabetes care). Access to these data
will be via the NHS Greater Glasgow and Clyde Safe Haven
(already approved by the Local Privacy Advisory Committee).
The data will be fully anonymized and accessed via a virtual
private network. Access will be only for the duration of the
analysis of the data for the evaluation.

Review of the E-Learning, Patient Materials, and
Evaluation
The STBD training and patient materials packages were
developed over 2 years. The contents of the materials were
developed by the NHS clinical team including a consultant
physician, a GP, a consultant psychologist, specialist dietitian,
and a health improvement specialist. Review has been extensive
with patient materials reviewed by 7 patient volunteers (with
type 2 diabetes and co-existing obesity), the training materials
were reviewed by 3 specialist dietitians and 3 health
improvement specialists, and then by 8 GPs who are based
outside of NHS Greater Glasgow and Clyde. All materials were
extensively reviewed by medical and marketing staff from
AstraZeneca and Merck Sharp & Dohme to ensure they
complied with the Association of British Pharmaceutical
Industry code of practice. Evaluation plans had oversight from
the evaluation team within NHS Greater Glasgow and Clyde
Public Health. After the pilot study was conducted, the
e-learning was independently reviewed and approved for
continuous professional development points from both the Royal
College of Nursing and the Royal College of General
Practitioners.

Approvals
Favorable ethical opinion was received from London – Bromley
Research Ethics Committee. Sponsorship and management
approval were received from NHS Greater Glasgow and Clyde.
NHS Greater Glasgow and Clyde and Glasgow University
Insurance and Indemnity will apply.

Results

The first invitations for this evaluation were emailed in October
2017. Recruitment for this trial closed in April 2018. As there
was an extremely large response to the single invitation email
from the Primary Care Diabetes Lead sent in March 2018, to
avoid discouraging willing practices we decided to extend the
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trial to include 100 practices (50 per arm). Follow-up is ongoing
and linkage of practice data with referral data was completed
by October 2018. It is expected that the trial will report in early
2019.

Discussion

Principal Considerations
While the concept of providing training in behavior change
techniques and of promoting referrals to services such as weight
management to staff working in primary care is not new, to date
there have been no interventions that have been evaluated to
assess if they are effective at improving rates of referrals and
clinical outcomes for patients [17]. While the primary outcomes
will be change in referral rates to weight management, secondary
outcomes will include weight change and diabetes medications
outcomes for referred patients, obtained via health record linkage
and de-anonymized. This trial comes at a time when there is
strong interest both in weight management for people with type
2 diabetes and in reducing weight stigma in health care
interactions and more widely. New interventions for weight
management and type 2 diabetes show very promising results
[9,18,19]; however, they are Phase 2 and 3 trials with recruited
volunteers. The challenge occurs when moving these
interventions to real-world settings. To access the benefits of
such new interventions, the patients’ usual care providers,
normally primary care, will have to raise the issue and discuss
weight, weight management, and know how and where to refer
patients to. Unless this becomes universal, there will be inequity
of access to these promising new treatments.

The trial is an evaluation of an intervention that has been
developed and delivered by the health care teams usually
responsible for delivering practitioner education. All email
communications inviting practices to participate were sent by
the usual primary care communication channels in the usual
weekly newsletters. There was no separate consent process and
no research visits or assessments. The entire process has been
true to how it would be delivered outside of the intervention.
By including 100 of 260 practices in the area, we believe it will
be representative of primary care, rather than just an interested
few practices.

Limitations
One current limitation is the lack of a detailed process
evaluation. We have some useful data available such as details
of who has accessed the website and completed each of the
modules, records of any requests for additional patient pamphlets
or other materials, and full details of referral, uptake, and
completion of weight management alongside electronic diabetes
care records. If the intervention is not shown to be effective, it
will be important to better understand what contributed to that
lack of success, probably requiring interviews with practitioners
and patients and even observation or recording of consultations.

Conclusion
We hope that if this evaluation shows that the Small Talk Big
Difference intervention is effective, it will be shared with other
health bodies across the United Kingdom and beyond for wide
dissemination. It is locally editable and easy to update, meaning
that it could be modified to fit other health systems if required.
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Abstract

Background: Excess weight is a major risk factor for chronic diseases. In Australia, over 60% of adults are overweight or
obese. The overconsumption of energy-dense nutrient-poor (EDNP) foods and low physical activity (PA) levels are key factors
contributing to population obesity. New cost-effective approaches to improve population diet and PA behaviors are needed.

Objective: This 1-year randomized controlled trial (6-month intervention and 6-month follow-up) aims to investigate whether
a tailored intervention using mobile technology can improve diet and PA behaviors leading to weight loss in adults (aged 18-65
years) who are overweight or obese and recruited through a social marketing campaign (LiveLighter).
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Methods: All eligible participants will provide data on demographics and lifestyle behaviors online at baseline, 6 months, and
12 months. Using two-stage randomization, participants will be allocated into one of three conditions (n=200 per group): tailored
feedback delivered via email at seven time points, informed by objective dietary (mobile food record app) and activity (wearable
activity monitor) assessment; active control receiving no tailored feedback, but undergoing the same objective assessments as
tailored feedback; and online control receiving no tailored feedback or objective assessments. Primary outcome measures at 6
and 12 months are changes in body mass, EDNP food and beverage consumption, and daily moderate-to-vigorous PA (measured
via accelerometry). Secondary outcomes include change in fruit and vegetable consumption, daily sedentary behaviors, and cost
effectiveness.

Results: Enrolment commenced in August 2017. Primary outcomes at 12 months will be available for analysis from September
2019.

Conclusions: Tailored email feedback provided to individuals may deliver a cost-effective strategy to overcome existing barriers
to improving diet and PA. If found to be successful and cost effective, upscaling this intervention for inclusion in larger-scale
interventions is highly feasible.

Trial Registration: Australian New Zealand Clinical Trials Registry ACTRN12617000554369; https://www.anzctr.org.au
/Trial/Registration/TrialReview.aspx?id=371325&isReview=true

International Registered Report Identifier (IRRID): DERR1-10.2196/12782

(JMIR Res Protoc 2019;8(2):e12782)   doi:10.2196/12782

KEYWORDS

obesity; diet; physical activity; sedentary; digital behavioral interventions; health behavior; wearable activity monitor; mHealth;
eHealth; mobile food record

Introduction

Background
Excess weight is a major risk factor for chronic disease. Recent
data indicate that more than 63% of Australian adults are
overweight or obese, with higher rates observed in men than in
women (68% versus 55%) [1]. The five leading attributable risk
factors for burden of disease in Australia are poor diet, high
body mass index (BMI), tobacco smoking, high blood pressure,
and insufficient physical activity (PA) [2]. Of these factors, diet
and PA are recognized as key factors for achieving energy
balance in the complex development of overweight and obesity
[3]. The 2011-2012 National Nutrition Survey reported that just
over half of the adults met the recommendations for two serves
of fruit, and only 7% met the recommended intake of five serves
of vegetables [4]. Furthermore, 35% of the daily energy intake
consumed was from “discretionary foods” (foods considered to
be of little nutritional value; often high in saturated fats, added
sugar, and salt; and alcohol or “junk” foods) [4]. With respect
to PA, in 2011-2012, just 40% of adults met the recommended
30 minutes of daily moderate-to-vigorous PA (MVPA), and
only 19% of adults achieved the recommended 10,000 steps
per day [5]. Equally concerning, given the link between
sedentary behavior, chronic disease, and obesity, 30% of adults
reported engaging in more than 5 hours of sedentary leisure
activity each day [5].

Interventions in Overweight and Obese Populations
Key components of effective nutrition and PA behavioral change
interventions include self-monitoring, feedback on performance,
and goal setting [6-11]. More recently, there has been a move
towards digital interventions utilizing mobile technology (eg,
mobile apps and short message service [SMS] messaging) to
improve population reach, real-time data collection, and
feedback delivery [12]. Cost efficiency is a major potential

strength of such interventions, and the challenge of ensuring
design and implementation is supported by strong theoretical
constructs. Although a plethora of healthy eating and weight-loss
apps have become available, many lack behavioral strategies
in their design [13]. A qualitative review of effective
technology-based weight-loss interventions identified five key
features related to effectiveness: self-monitoring, positive
feedback, social support, controlled program content, and
individually tailored feedback [14].

Tailored nutrition and PA interventions have shown promise
for behavioral change; nonetheless, the effect size has been
small, and most interventions thus far lack objective measures
of PA [15-18]. Typically, feedback on behavior change is taken
from self-report questionnaires, limiting the scope and relevance
of individual diet and PA feedback. With the rapid advances in
digital technologies, alternative mediums for delivery of
information are now possible, including the use of images and
other visual elements [19]. Therefore, interventions
incorporating digital features provide a platform to test this
concept and address concerns raised about the lack of models
to inform the design of digital behavioral interventions [20,21].
For instance, a 6-month tailored intervention using the mobile
food record (mFR) app for dietary assessment and tailored
feedback improved the diet of young adults [22]. Features such
as usability and willingness to continue to use apps may
contribute to greater engagement and motivation enhancement
by participants [20]. To date, few digital interventions have
addressed both diet and PA behaviors together in an overweight
population [9,23,24]. A unique aspect of this study is the detailed
assessment of dietary intake and PA behaviors to inform tailored
feedback.

Aim
This study will use mobile technologies to undertake detailed
assessment of dietary intake and PA behaviors and use these
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data to formulate personalized tailored feedback for study
participants. The overall aim of this 1-year randomized
controlled trial (RCT) is to investigate whether a tailored
intervention using mobile technology can improve diet and PA
behaviors in adults with overweight or obesity, recruited through
the LiveLighter social marketing campaign in Perth, Western
Australia.

Methods

Study Design
This study is a 1-year RCT with a 6-month intervention and
6-month follow-up. Individuals who enroll via the LiveLighter
website [25] will be invited to participate and, if eligible, will
be randomized to one of three groups: (1) tailored feedback
delivered via email at seven time points informed by objective
dietary intake (mFR app) and activity (wearable activity
monitor); (2) active control receiving no tailored feedback, but
undergoing the same objective dietary and activity assessment
as tailored feedback; and (3) online control receiving no tailored
feedback or objective assessments (Figure 1). All groups will
have access to publically available resources via the LiveLighter
website. The inclusion of the online control group will
distinguish monitoring and tailoring effects from those elicited
by exposure to the LiveLighter social marketing campaign and
website materials. The project protocol has been approved by

the Curtin University Human Research Ethics Committee
(approval number HR61/2016) and registered with the
Australian New Zealand Clinical Trials Registry
(ACTRN12617000554369).

Recruitment
Participants in the Perth metropolitan area will be recruited
using the LiveLighter website [25], LiveLighter social media
campaigns, letter-box drops, and radio interviews directing
interested individuals to further information and study
registration on the LiveLighter website (Western Australia).
Potential participants will complete an online consent and
screening questionnaire. Staggered recruitment will take place
over a 12-month period. To be eligible, participants must be

aged 18-65 years, have a BMI ≥ 25 but <40 kg/m2, own a mobile
telephone (iPhone or Android phone), be able to engage in
regular PA, have internet access, and be available to visit a study
center in metropolitan Perth. Participants will be excluded on
the basis of serious illness or medical conditions including
diabetes requiring insulin, renal disease, liver disease; weight
loss > 4 kg in the previous 2 months; appetite suppressant use,
weight loss, or hormone-replacement medication use; pregnancy
or current breastfeeding; current tobacco smoking; daily alcohol
consumption > 5 standard drinks; prior or planned weight loss
surgery; and regular use of an activity monitor in the previous
12 months.
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Figure 1. Study design with randomization to three groups. TF: tailored feedback; AC: active control; OC: online control.

Randomization
A two-staged block randomization will be used with allocation
concealment from the active research team via the use of sealed
opaque envelopes. The first randomization will be in blocks of
six, with separate sex randomization. Second randomization
will be in blocks of four, again with separate sex randomization.
Eligible participants will be notified via email and invited to
complete an online demographic and lifestyle behaviors
questionnaire, as detailed in Table 1, prior to stage 1
randomization to either online control (n=200) or face-to-face
(n=400) groups. Stage two randomization will occur at the
second study visit to assign face-to-face participants to either
tailored feedback or active control. Due to the nature of the
intervention, it is not possible to blind participants or researchers
to the intervention group postallocation. Sequence generation
will be conducted by a biostatistician not involved in the
implementation of the trial on site using a randomization table
created in Stata (version 15, StataCorp, College Station, TX).
The electronic file will be kept in a secure password-protected
server by the statistician.

Data-Collection Procedures
Following stage 1 randomization, tailored feedback and active
control participants will be invited to attend two data-collection
sessions with the research team, approximately 1 week apart.
At the first baseline visit, participants will receive training in
the use of the 4-day mFR [26-28] and hip-worn GT3X+
accelerometer (Actigraph, Pensacola, FL). During the second
study visit, participants will return their accelerometer and be
interviewed to clarify the content of their mFR images. At this
visit, height, body mass, waist, and hip girth will be measured
according to the standard protocol [29], and an aerobic fitness
test (6-minute walk test) will be conducted [30]. The same
assessments will be repeated at 6 and 12 months, along with
additional online assessments for all groups (Table 1) at the
same time points. All participants will have access to the
LiveLighter website resources throughout the intervention and
will be encouraged to use the materials that include
evidence-based healthy recipes and meal plans [25].

Research Study Database
A purpose-built research study database will be developed based
on findings from prior research [44] using a Microsoft Access
database platform to track the progress of the study participants
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at time points outlined in Tables 1 and 2. The database will have
the functionality of sending autogenerated emails containing
study information and links. To track progress of the tailored
feedback group requiring face-to-face visits, information
regarding upcoming appointment date and time and relevant
survey URLs will be sent using autogenerated emails. To remind
participants of upcoming appointments, email and mobile SMS
prompts will be sent from the study database using “Email to
SMS” technology.

An online survey tool (Qualtrics) will be used to capture
demographic information as outlined in Table 1. The study
database will have the functionality of importing data to
automatically update participant status with respect to their
study compliance. The system will prompt reminders via email
and SMS for participants who have not yet completed their
tasks.

Dietary Assessment
For the face-to-face (active control and tailored feedback)
groups, diet will be recorded using the mFR app with inclusion
of a fiducial marker (an object of known shape, size, and color)
[26] in the image to aid in portion size estimation. “Before
eating” and “after eating” images of all foods and beverages
consumed over four consecutive days, including one weekend
day, will be captured at baseline, 6 months, and 12 months for
each participant. In addition, at 6, 12, 18, and 24 weeks, the
tailored feedback group will complete a 1-day mFR to encourage
self-monitoring of food intake to facilitate feedback. All images
will be automatically uploaded to a secure cloud server residing
on the Curtin University Bentley campus via Wi-Fi or 3G/4G
network. All images will be assessed by a research dietitian for
serves of fruits, vegetables, and energy-dense nutrient-poor
(EDNP) foods and beverages according to the Australian Guide
to Healthy Eating standard serves (one serve=600 kJ) [45].

Physical Activity Assessment
Physical activity and sedentary behavior will be assessed with
a hip-worn Actigraph GT3X+ accelerometer to quantify change
in average MVPA and sedentary time for the face-to-face (active
control and tailored feedback) groups. The accelerometer will
also enable the assessment of sleep. The participants will be
instructed to wear the accelerometer on their right hip 24/7 for
7 consecutive days. Commonly used cut-off points will be used
to classify each minute of accelerometer data as sedentary (<100
counts per minute) [46], light intensity (100-1951 counts per
minute), moderate intensity (1952-5724 counts per minute), or
vigorous intensity (>5724 counts per minute) [47].

A wrist-worn activity monitor (Fitbit Charge 2) will be provided
to the tailored feedback group to enable 24/7 continuous self-
and researcher monitoring of step count, MVPA, and hourly
movement to inform PA feedback. Participants will be asked
to wear the monitor at night to enable the assessment of sleep.
With informed consent, activity monitor data will be
automatically imported into a back-end research platform
(Fitabase) to facilitate PA behavior data monitoring, extraction,
and analysis by researchers.

Intervention Content
Intervention content for diet and PA will be informed by
evidence-based guidelines [48-50] to support weight loss
through reduced energy intake and increased PA. The behavioral
intervention technology framework Capability, Opportunity,
Motivation, and Behaviour (COM-B) model; self-determination
theory; and previous research will guide the development of
intervention behavior-change strategies [20,22,51,52]. These
include self-monitoring, goal setting, motivation enhancement
(including positive reinforcement in tailoring communications
and incentives), and feedback to increase likelihood of
engagement [52]. To refine the intervention features and content,
formative focus group studies with 56 consumers and health
professionals were conducted prior to the intervention.
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Table 1. Frequency of assessment of variables in the ToDAy study for the tailored feedback, active control, and online control groups.

12 months6 monthsBaselineGroupVariables

YesYesYesTFb, ACc, OCdHealth status EQ-5Da, a 5-item scale to assess utility and health-related quality of
life [31]

YesYesYesTF, AC, OCHeight and body mass (self-report)

YesYesYesTF, ACHeight, body mass, body mass index, waist, and hip girthe

YesYesYesTF, AC, OCSociodemographics and personal characteristics assessed via questions on sex, age,
eating behavior, educational level, country of birth, ethnicity, socioeconomic status,
and financial status

YesYesYesTF, AC, OCAustralian eating survey, an online food frequency questionnaire with options for
automated dietary feedback previously validated in adults [32]

YesYesYesTF, ACDietary intake assessed by 4-day mFRf

YesYesYesTF, ACMobile food record usability to assess user feedback and method preference [33,34]

——gYesTF, ACThree-factor eating survey to measure factors associated with eating behavior: cog-
nitive restraint of eating, disinhibition, and hunger [35]

YesYesYesTF, AC, OCSelf-reported physical activity assessed via The International Physical Activity
Questionnaire (short form) [36]

YesYesYesTF, ACCardiorespiratory fitness determined by distance covered in the 6-minute walk test
to assess change in submaximal exercise capacity [30]

YesYesYesTF, ACPhysical activity and sedentary behavior assessed with GT3X+ Actigraph accelerom-
eter to quantify change in average minutes of moderate-to-vigorous physical activity
and sedentary time

YesYes—TF, ACSleep-quality assessment using the Pittsburgh Sleep Quality Index seven-component
evaluation of sleep quality, latency, duration, habitual sleep efficiency, sleep distur-
bances, use of sleeping medications, and daytime dysfunction over the previous
month [37]

YesYesYesTF, AC, OCDepression, anxiety, stress scale, with 21 self-report items to assess severity of de-
pression, anxiety, and stress [38]

——YesTF, ACFear of negative evaluation, with twelve 5-point items to assess concern about being
perceived unfavorably [39]

——YesTF, ACSocial desirability to measure social approval and acceptance [40]

YesYesYesTF, ACHabit Index Score [41]

———TF, AC, OCWeight-loss history, an 8-item tool to assess previous weight-loss history [42]

YesYesYesTF, AC, OCTechnology use questionnaire to assess duration and frequency of technology use
indicative of sedentary behaviors [43]

YesYes—TFFeedback evaluation questionnaire for activity-monitor usability, physical activity,
and dietary feedback evaluation

aEQ-5D: EuroQol-5D.
bTF: tailored feedback.
cAC: active control.
dOC: online control.
eHeight measured in centimeters via stadiometer using stretch stature method, body mass measured in kilograms via weighing scale in minimal clothing
at similar time of the day, body mass index calculated as kilogram per meter squared, waist measured in in centimeters via tape at the narrowest point
between the lower costal border and iliac crest, and hip girth measured via tape at the level of the greatest posterior protuberance.
fmFR: mobile food record.
gNot assessed.
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Table 2. Overview of frequency, content, and technique of tailored email feedback for diet and physical activity behaviors.

Behavior-change techniques [52]Feedback contentFeedback frequency

Physical activityDiet

2 weeks • Instruction on how to perform the
behavior

• Introduction of movement goals and
wearable activity monitor guide

• 4-d summary (average + range)

from mFRa showing average daily
• Feedback on behavior• 7-d summary (average + range) for

step count, MVPAd, and hourly
serves (kilojoule equivalent) for

EDNPb foods, sugary drinks, and • Tailored personalized message
• Prompt self-monitoring of behaviormovementalcohol
• Goal setting• Tailored feedback + guidance based

on movement goal achievement
• Example ADGc serves for EDNP

foods, sugary drinks, and alcohol
• Discrepancy between current behav-

ior and recommendations(not met, almost met, and met)
• mFR food images showing partici-

pants the source of their EDNP
foods, sugary drinks, and alcohol
serves

• Tailored feedback + goals based on
key messages: avoid EDNP foods,
avoid sugary drinks, avoid alcohol

4 weeks • Review behavior goal• 7-d visual summary of challenge
movement goal, with comparison

• Weight loss goal of 10%
• 4-d summary (average + range)

from mFR showing average daily
• Feedback on behavior

to goal target • Action planning
• Activity tips to assist with weight

loss linked to movement goals
serves for fruit and vegetables • Prompt self-monitoring of behavior

• Example ADG serves for fruit and
vegetables

• Discrepancy between current behav-
ior and recommendations

• mFR food images showing partici-
pants the source of their fruit and
vegetable intake

• Tailored feedback against recom-
mended serves + goals to increase
fruit and vegetable serves

6 weeks • Review behavior goals• Review of the movement goals• 1-d summary from 6-wk mFR
showing daily serves of EDNP • Self-comparison• 7-d summary (average + range) for

step count, MVPA, and hourlyfoods, sugary drinks, alcohol, and
fruits and vegetables

• Feedback on behavior
movement • Tailored personalized message

• Comparison against baseline diet • Comparison with baseline activity
for each movement goal

• Prompt self-monitoring of behavior
• mFR food images showing partici-

pants the source of their EDNP
• Goal setting

• Tailored feedback + guidance based
on movement goal achievement

• Discrepancy between current behav-
ior and recommendationsfoods, sugary drinks, alcohol, fruits,

and vegetables (not met, almost met, and met)
• Tailored feedback against recom-

mended serves + goals targeting:

• Avoid or limit EDNP foods, sugary
drinks and alcohol

• Eat less at meals or snacks (except
for fruit and vegetables)

• Eat less often (eg, limit snacking)

12 weeks • Review of outcome goal• Reiteration of energy deficit goal +
instruction on how to create an en-

• 1-d summary from 12-wk mFR
showing daily serves of EDNP • Review behavior goal

ergy deficit via energy outputfoods, sugary drinks, alcohol • Feedback on behavior
• 7-d summary (average + range) of

MVPA goal
• mFR food images showing partici-

pants the examples of meal or snack
• Tailored personalized message
• Prompt self-monitoring of behavior

behaviors • Tailored feedback + guidance based
on movement goal achievement

• Goal setting
• Tailored feedback + goals targeting: • Discrepancy between current behav-

ior and recommendations(not met, almost met, and met)
• Eat less at meals or snacks (except

for fruits and vegetables)
• Translation of MVPA into energy

output
• Avoid or limit snacking
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Behavior-change techniques [52]Feedback contentFeedback frequency

Physical activityDiet

• Review of outcome goal
• Review behavior goals
• Feedback on behavior
• Tailored personalized message
• Goal setting
• Discrepancy between current behav-

ior and recommendations

• Reiteration of energy-deficit goal
+ instruction on how to create an
energy deficit via energy output

• 7-d summary (average + range) of
MVPA goal

• Tailored feedback + guidance based
on movement goal achievement
(not met, almost met, and met)

• Translation of MVPA into energy
output

• Reminder of movement goal targets
linked to creating an energy deficit

• Reiteration of dietary goals + in-
struction on how to create an energy
deficit from diet (eg, reduction in
EDNP food serves)

• Reiteration of “what’s a serve of
EDNP foods”

• Reminder of dietary goals + sugges-
tions on how to achieve them:

• Avoid or limit EDNP foods, sugary
drinks, and alcohol

• Eat less at meals or snacks (except
for fruit and vegetables)

• Eat less often (eg, limit snacking)

18 weeks

• Review behavior goals
• Self-comparison
• Feedback on behavior
• Tailored personalized message
• Prompt self-monitoring of behavior
• Goal setting
• Discrepancy between current behav-

ior and recommendations

• Face-to-face visit summary: compar-
ison with baseline (body mass and
aerobic fitness)

• 7-d visual summary (average) for
step count, MVPA, and hourly
movement + comparison with
baseline for each movement goal

• Future goal setting for translation
phase

• Tailored guidance on how to make
PA habitual based on habit index
score

• 4-d summary from 6-mo mFR
showing daily serves with compari-
son against baseline diet

• mFR food images showing partici-
pants the source of their EDNP
foods, sugary drinks, alcohol, fruits,
and vegetables

• Tailored feedback against recom-
mended serves + goals targeting:

• Avoid or limit EDNP foods, sugary
drinks, and alcohol

• Eat less at meals or snacks (except
for fruit and vegetables)

• Eat less often (eg, limit snacking)

• Tailored support for unhelpful be-
haviors: Emotional/restrained/un-
controlled eating (identified in the
three-factor eating questionnaire)

• Tailored feedback on how to make
a healthy diet habitual based on
habit index score

6 months

• Review behavior goals
• Self-comparison
• Social comparison with study par-

ticipants
• Feedback on behavior
• Tailored personalized message
• Prompt self-monitoring of behavior
• Goal setting
• Discrepancy between current behav-

ior and recommendations

• Face-to-face visit tabulated summa-
ry: comparison with baseline and 6
mo (body mass and aerobic fitness)

• 7-d visual summary (average) for
step count, MVPA, and hourly
movement + comparison with
baseline and 6 mo for each move-
ment goal

• Future goal setting for translation
phase

• 4-d summary from 12-mo mFR
showing daily serves with

comparison against baseline

• Tailored feedback against recom-
mended serves + target goals

12 months

amFR: mobile food record.
bEDNP: energy-dense nutrient poor.
cADG: Australian Dietary Guidelines.
dMVPA: moderate-to-vigorous physical activity.

At randomization, tailored feedback participants will be
informed of feedback email frequency and content and that they
may opt out of correspondence at any time by informing the
research team. Email templates will be developed for each of
the seven time points, containing personalized dietary and PA
feedback content for each participant. Feedback will be
consistent with communications from the LiveLighter campaign,
Australian Dietary Guidelines, and the Australian PA and
Sedentary Behavior Guidelines [48-50]. The content will address

each participant’s personal barriers to changing key diet and
PA behaviors, reinforce motivation, and guide the adoption of
health-enhancing habits. Tailored feedback on diet and PA
behaviors will commence within 2 weeks of baseline and
continue at 4, 6, 12, 18 weeks and 6 and 12 months thereafter.
The feedback emails will be sent from Monday to Friday during
business hours (9 AM to 5 PM). Components used in tailoring
will include self-comparison, preference for autonomy support,
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intention, motivation, confidence informed by self-determination
theory, and motivational interviewing (Table 2) [52,53].

Message Tailoring
Tailoring involves creating communications in which
information about an individual is used to determine specific
content he or she receives [15,54]. Positive effects of tailoring
have been demonstrated in changing diet and PA behaviors
[15-17,55]. The intention of tailoring, which uses characteristics
unique to the individual, is to improve behavioral outcomes by
altering processing or making the message more acceptable
[54,56]. These characteristics can include personal behaviors,
psychosocial characteristics, and dietary and PA behaviors.
Specific strategies for message tailoring include personalization,
feedback, and content matching [54]. This study will focus on
personalized feedback (exemplified in Table 3) using
information obtained on diet and PA behaviors at baseline and
specific time points throughout the intervention. Digital elements
(food and beverage images and graphical presentation of PA
data) will be included to enable evaluation of these components.

Tailored Dietary Feedback
Tailored dietary feedback will be formulated by the research
dietitian based on food group analysis of the 4-day mFR.
Feedback will focus on key messages encouraging daily energy
reduction of 2000 kJ by avoiding or limiting EDNP foods,
sugar-sweetened beverages, and alcohol; eating less at meals
or additional snacks (except for salad and vegetables); and eating
less often. Food group serves will be categorized for each
participant based on three defined target zones (not achieved,
almost achieved, and achieved). A template will be used for
each dietary feedback email, modified according to the results
of each participants’ dietary analysis. For EDNP serves, the
template will be modified according to dietary intake to indicate
average daily serves of “junk” foods, sugary drinks, and alcohol
and kilojoule intake. Participants will be shown an image of
their dietary sources of EDNP food and beverages. For fruit and
vegetable serves, a scripted message will be devised for three
levels of intake: (1) low: 0 to <3.5 serves of fruits and
vegetables, (2) medium: 3.5 to <7 serves of fruits and vegetables,
and (3) meeting the recommendation: at least 2 serves of fruits
and 5 serves of vegetables per day. Individual mFR images will
be incorporated into email templates to illustrate the sources of
EDNP foods, fruits, and vegetable serves. Two to three
suggested modifications will be provided to each participant to
support them in achieving the daily energy-reduction goal.

Tailored Activity Feedback
Individual activity data will inform PA feedback based on
activity monitor recordings 1 week prior to the feedback time
point. The data will be automatically imported into a research
platform (Fitabase) to facilitate monitoring and analysis of

continuous back-end data. Messages will focus on the three
movement goals: “move more” (step count; toward ≥10,000
steps), “move harder” (minutes spent in MVPA; towards ≥30
active minutes), and “move more often” (hourly movement;
towards ≥250 steps per hour). Participants will receive tailored
email feedback regarding their current activity, and guidance
on goal progression to classify goal achievement (not achieved,
almost achieved, or achieved).

Control Groups
The online control group will complete online self-report
questionnaires only, while the active control group will also
undertake face-to-face data collection and record dietary intake
(mFR app) and PA behaviors (accelerometery) at baseline, 6
months, and 12 months. Neither group will receive tailored
messaging or feedback on their dietary intake or PA. As an
incentive for retention, active control participants will be advised
that they will receive feedback upon study completion, and the
online control group will be entered into a 6-monthly prize draw
to encourage ongoing participation.

Economic Evaluation
An economic evaluation will be conducted to consider the
relative costs and outcomes of the intervention. To facilitate a
cost-utility analysis, the EuroQol-5D will be administered. This
is a widely used instrument specifically designed to capture
quality of life for health economics [57]. This study will use
the five-level version of the instrument to identify sensitive and
small, but important, changes in health-related quality of life
[58]. Quality-adjusted life years will be estimated for
intervention and control groups. Concerning costs, we will
collect the time needed to provide tailored advice to participants,
medication and supplement use (name, dose, and frequency),
and family expenditure on groceries. This will allow economic
evaluation from the perspective of the health system (by
considering only the cost of the intervention and medication)
and a broader society (by considering all costs). Univariate and
multivariate sensitivity analyses will be undertaken. In
particular, the impact of different methods of extrapolating costs
and outcomes beyond the horizon of the trial will be assessed.
The costing model will include resources required to assess
ongoing maintenance of the mFR and wearable activity
monitors, including changes as a result of upgrades to operating
systems. We will also record minor costs of ongoing use (SMS
messages and email communication). The major cost of the
intervention is likely to be provision of tailored advice based
on data received (research personnel and research platform
costs). This will be estimated by recording time spent
deconstructing the mobile app data, the Web app, and objective
measures and then interpreting data and constructing appropriate
feedback.
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Table 3. Examples of tailored feedback intervention strategies.

Processing and goalsExampleTypea

Effortful processing and self-referencingHi Jane, it’s the team with your feedback. So how did you score? Ave
fruit serves = 1.5, ave veg serves = 3. What’s the goal again? 2 fruit
& 5 veg every day. You are halfway there!

Descriptive (what is known)

Effortful processing, self-referencing, and
normative beliefs and attitudes

Hi Jane, so how did you score? Ave fruit serves = 1.5, veg serves =
3.5. Your fruit serves varied from 0 - 3.5, veg from 1.5 - 5.5 over 4
days. So how does your intake compared to others? Ave fruit serves
= 1, veg serves = 2.

Comparative (contrasts with
others)

Effortful processing, self-referencing, and
normative beliefs and attitudes

Hi Jane, it’s the team with feedback on your PA. So how did you
score? Ave steps a day = 5,500. What’s your goal again? 10,000 steps
a day. You are over halfway there!

Evaluative (interpretation)

aAdapted from [54].

Process Evaluation
Process evaluation will assess to what extent the intervention
reached the target audiences. A brief questionnaire will be used
to evaluate participants’ perception of the tailored feedback (ie,
message persuasiveness, message tone, readability, ease of
understanding, usefulness of advice, suitability, and relevance
to age group) and to comment on features they like/dislike about
the program. Usability feedback will also be obtained for the
mFR (tailored feedback and active control groups) and activity
monitor (tailored feedback group only). Impact evaluation will
consist of exit interview surveys via telephone at 14 months to
assess intervention impact as well as perceptions of various
strategies and materials. Selected program completers and
noncompleters (tailored feedback and active control groups)
will be invited to participate in one-on-one interviews
concerning their perceptions of the ToDAy intervention.

Statistical Analysis
The following primary outcome variables will be measured at
baseline and 12 months of the intervention: changes in body
mass, EDNP food and beverage consumption (sugar-sweetened
beverages, alcohol, and take away and other “junk” foods), and
daily minutes spent in MVPA. Secondary outcome variables
include changes in fruit and vegetable serves and daily minutes
spent in sedentary activity. Outcomes will identify
characteristics of responders who remained engaged and
reported improvements in key behaviors and quantify resource
use associated with each arm of the study, which will be used
in an economic evaluation of tailored feedback. Data on change
in outcome variables in each of the two groups will be compared
using analysis of covariance. Assumptions of the analyses will
be assessed by examining residuals. Data will be transformed
if assumptions of the analyses are not satisfied. Possible
covariates considered will include age, sex, country of birth,
ethnicity, highest education level, socioeconomic index for area,
and baseline value of the variable analyzed. P-values < .05 will
be considered statistically significant. Effect size of differences
between treatment and control will be expressed as adjusted
mean difference and associated 95% CIs. Data on change in
outcome variables postintervention and follow-up time points
will be converted into binary categorical variables and analyzed
using multivariable logistic regression and generalized
estimating equations. Odds ratio and associated 95% CIs will
be reported. The analyses will identify characteristics of

participants who are least likely to change their consumption
of EDNP foods, PA, and BMI, thereby identifying target groups
for future health promotion interventions.

Power
A sample size of 600 participants (n=200 per group) will have
sufficient power to detect a change in the primary outcome
variable of at least 0.6 median serves/day of EDNP
(discretionary) foods (or equivalent to a 360 kJ/day reduction)
between groups at 90% power and 5% level of significance.
Assuming a drop-out rate of 20%, a total of 600 participants
will be recruited.

Results

Enrollment commenced in August 2017. Primary outcomes at
12 months will be available for analysis from September 2019.

Discussion

Overview
Improving participation and reach is a challenge for
population-based obesity interventions. Worldwide participation
rates in population studies are declining [59], and while
enrollment in studies involving face-to-face recruitment is
somewhat higher [59], there is a need to evaluate the
effectiveness of digital interventions that include multiple
strategies to improve engagement [60]. Interventions utilizing
digital technologies may have greater appeal in overweight and
obese populations, as participants may feel more comfortable
completing self-reported questionnaires in a more anonymous
setting [61].

Reasons for the lack of adherence to lifestyle recommendations
are poorly understood. One contributing dietary factor may be
that many adults incorrectly believe their diet to be healthy
when it is not [62]. This mismatch between perceived and actual
intake may be corrected by more accurate, objective dietary
assessment; comparison with national recommendations; and
clear, relatable tailored feedback. Furthermore, despite sustained
public health efforts, the majority of Australian adults are
“inactive,” failing to meet the recommended PA guidelines [63].
Thus, focus on the most-effective messaging strategy (both
content and delivery) to target these behaviors is needed. A
systematic review of tailored interventions and the identified
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lack of objective measurements in studies on dietary and PA
behaviors are key limitations of tailored interventions [17]. This,
in part, is due to difficulty in undertaking more objective
methods of dietary and PA assessment on a large scale.
Exploring digital methods of assessment may allow more
cost-effective approaches to be implemented.

Tailoring focuses on characteristics unique to the person with
the intention of improving behavioral outcomes by making the
message more acceptable to each individual. Characteristics of
messages and feedback that can be tailored include personal
behaviors, psychosocial characteristics, and diet and PA
behaviors [54]. Personal relevance is key, and dynamic (ongoing
assessment) tailoring versus static tailoring (one baseline
assessment) has stronger effects over time [15]. Effective
tailoring strategies include multiple intervention contacts and
iterative feedback [19]. Of note, tailoring may be more effective
for men than women [64].

Numerous behavioral theories have been used as a basis for
tailored interventions, including the Stages of Change Model
and Precaution Adoption Process Model [19]. However, there
is increasing support for self-determination theory in weight
control, diet, and tailored PA interventions to address
autonomous motivation and self-regulation [52,53,65-68].
Central to the self-determination theory is an emphasis on
autonomous behaviors (originating from one’s-self), as opposed
to pressure or coercion into a particular course of action when
delivering advice [67]. This provides a framework for the style
of communication to be used in tailored interventions but does
not address approaches used in digital technology interventions.
Researchers have raised concerns about the lack of models to
inform design of technology-based behavioral interventions
[20,21]. In response, Mohr et al [20] proposed a behavioral
intervention technology framework for interventions that use a
range of technologies, including mobile phones, the Web, and
sensors aimed at changing behavior. Features such as usability
and willingness to continue to use the app may contribute to
enhanced participant engagement and motivation [20]. Michie
et al [68] developed the COM-B model, which guides
researchers to identify behavioral targets and subsequent
psychological theories for behavior-change interventions. The
COM-B model identifies capability, opportunity, and motivation
as the three core categories to perform a behavior. This means
that to perform a behavior, individuals must be capable with

physical and mental ability (eg, nutrition knowledge and cooking
skills) as well as practical and social opportunities (eg, access
to affordable and healthy food). Motivation includes automatic
drivers like habits as well as goals, beliefs, plans, and impulses.
Assessing these determinants is the first step to identify
interventions and theories that can help change behavior.

With respect to PA, wearable technology is being rapidly
adopted, with over one-third of the Australian population using
activity monitors to record PA and sedentary behaviors [69].
These devices are becoming vital in the context of research to
facilitate monitoring of activity in real-time and under free-living
conditions. Nonetheless, a gap exists between
recording/self-monitoring and behavioral change. Furthermore,
there is a lack of strongly designed studies that have considered
the combination of behavioral theory with activity monitors to
improve health behaviors. New-generation activity monitors
allow for critical information to be harnessed from large-scale
research studies. In this study, activity monitors will be used to
record 24/7 behavior, specifically active and sedentary minutes;
exercise intensity; nonsedentary hours; and step count in
overweight adults. Together with dietary analysis, curation of
these data will enable provision of detailed, richer feedback to
participants and may therefore be more effective in helping
change diet and PA behaviors. If found successful, the approach
used in this study could be incorporated into larger-scale health
campaigns.

Conclusions
The current obesity epidemic is occurring against a background
of a decline in PA participation and increasingly poor dietary
choices, with the incidence of both obesity and prevalence of
inactivity worsening with age. Promoting and maintaining
healthy diet and PA behaviors through personalized tailored
feedback is feasible, novel, and potentially cost effective.
Personalized feedback with comparison to recommendations
and guidance in forming healthy habits is essential to overcome
existing barriers to lifestyle change. Digital technologies (mobile
apps, email, and web) have the potential to reach larger
populations of healthy adults and those at risk of chronic disease
but to date have not been fully explored. The outcomes of this
intervention may have the potential to positively impact health
at a boarder population level, with findings informing translation
of “best practice” lifestyle intervention aimed at overweight
adults.
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Abstract

Background: Main causes of death in Greece are cardiovascular diseases (CVDs), malignant neoplasms, respiratory diseases,
and road traffic crashes. To assess the population health status, monitor health systems, and adjust policies, national population-based
health surveys are recommended. The previous health surveys that were conducted in Greece were restricted to specific regions
or high-risk groups.

Objective: This paper presents the design and methods of the Greek Health Examination Survey EMENO (National Survey of
Morbidity and Risk Factors). The primary objectives are to describe morbidity (focusing on CVD, respiratory diseases, and
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diabetes), related risk factors, as well as health care and preventive measures utility patterns in a random sample of adults living
in Greece.

Methods: The sample was selected by applying multistage stratified random sampling on 2011 Census. Trained interviewers
and physicians made home visits. Standardized questionnaires were administered; physical examination, anthropometric and
blood pressure measurements, and spirometry were performed. Blood samples were collected for lipid profile, glucose, glycated
hemoglobin, and transaminases measurements. The survey was conducted from May 2013 until June 2016.

Results: In total, 6006 individuals were recruited (response rate 72%). Of these, 4827 participated in at least one physical
examination, 4446 had blood tests, and 3622 spirometry, whereas 3580 provided consent for using stored samples for future
research (3528 including DNA studies). Statistical analysis has started, and first results are expected to be submitted for publication
by the end of 2018.

Conclusions: EMENO comprises a unique health data resource and a bio-resource in a Mediterranean population. Its results
will provide valid estimates of morbidity and risk factors’ prevalence (overall and in specific subdomains) and health care and
preventive measures usage in Greece, necessary for an evidence-based strategy planning of health policies and preventive
activities.

International Registered Report Identifier (IRRID): DERR1-10.2196/10997

(JMIR Res Protoc 2019;8(2):e10997)   doi:10.2196/10997

KEYWORDS

health survey; chronic diseases; cardiovascular diseases; respiratory; risk factors; epidemiology; Greece

Introduction

Background
Noncommunicable diseases account for 68% of all deaths
worldwide [1], with cardiovascular diseases (CVDs), cancers,
chronic respiratory diseases, and diabetes being among the top
10 leading causes. According to the World Health Organization
[2], cardiovascular events were the world’s leading causes of
death in 2015 (approximately 26.6% of deaths). In addition,
about 14.4% of deaths worldwide are because of respiratory
diseases [2].

Apart from age, gender and, family history, modifiable risk
factors and their interactions account for about 60% of the CVD
deaths. The main modifiable CVD risk factors are (1) behavioral
factors such as unhealthy diet, sedentary lifestyle, smoking, and
alcohol abuse; (2) cardiometabolic factors such as hypertension,
hypercholesterolemia, diabetes, and increased body mass index;
and (3) exposure to environmental pollutants and socioeconomic
risk factors [2-6]. In addition, mental disorders, such as
depression and anxiety, account for around 6.2% of the total
disease burden [1], affecting approximately 10% of the
population [7] and have also been associated with increased
cardiovascular risk [8,9]. Over the past 30 years, following
national preventive programs, age-standardized mortality rates
have fallen in most countries, albeit to different degrees [10].
However, during the same period, initial increases followed by
relatively small reductions in the incidence of CVD were
observed in Eastern European countries as well as in Greece
[10]. It is assumed that adoption of a modern lifestyle increased
the prevalence of several CVD risk factors that contributed to
the rising mortality rates.

In Greece, according to data from the Hellenic Statistical
Authority [11], 50% of persons aged 15 years and over suffer
from a chronic disease (25.2% increase compared with 2009).
The financial crisis and austerity policies implemented in Greece
in 2009 have various detrimental consequences on Greeks’daily

lives as well as on their health [12], including increase in heart
attacks (50.0%), strokes (23.5%), and depression (80.8%),
related also to rise in unemployment [11,13].

To design and implement prevention strategies for chronic
diseases, national population representative baseline data on
their prevalence are necessary. Nationwide health examination
surveys (HES) combining information collected by interviews
with participants’physical examination consist the gold standard
method to provide such data. HES have a long history in the
United States [14,15] and since the 1990s, they have been widely
introduced in Europe [16,17]. Setting up and implementation
of a nationwide HES entail several difficulties and challenges,
some of which are country or region specific.

In Greece, until recently, no such HES had ever been performed
at the national level to record the prevalence of frequent chronic
diseases and risk factors in a large, randomly selected sample,
representative of the general population. Several health surveys
have been conducted, which, however, were either restricted to
specific regions or to high-risk groups [18-20] or were conducted
within focused European projects [21,22].

Objectives
Valid estimates of population morbidity and risk factor patterns,
use of preventive measures, and health services and barriers in
accessing health care are necessary to plan and implement
effective prevention programs; however, such data are not
available in Greece. The National Survey of Morbidity and Risk
Factors (EMENO), a population-based health survey, was set
up not only focusing on cardiovascular and respiratory diseases
and related risk factors but also on assessing population
well-being and use of health services, medicines, and preventive
measures in a randomly selected sample of adults living in
Greece. Combining health data with health examinations and
blood sample testing and collection for future use, EMENO
constitutes a unique health information tank and bio-resource.
This paper presents the design and methodology of EMENO
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and discusses the challenges associated with organizing and
implementing epidemiological HES using the door-to-door
approach in a large representative sample.

Methods

Study Design
EMENO is a cross-sectional health examination survey
combining health data collected by trained interviewers using
standardized questionnaires and medical examinations conducted
by trained physicians in a randomly selected sample of all adult
people (aged ≥18 years) living in Greece, excluding those in
supervised care or custody in institutional settings. It was funded
by the European Union structural funds and National resources,
coordinated by the Department of Hygiene, Epidemiology, and
Medical Statistics of the National and Kapodistrian University
of Athens Medical School, and implemented in cooperation
with all the other Greek Medical Schools and the Institute of
Epidemiology, Preventive Medicine, and Public Health.
EMENO was initiated in May 2013 and completed in June 2016.
The survey was delivered by door-to-door interviews using a
computer-assisted personal interview (CAPI), augmented with
data and physical examinations collected by trained physicians
at scheduled appointments. Study physicians visited interviewed
participants at their homes. In some small rural areas,
interviewed participants were invited to visit local health care
units where study physicians examined them. The door-to-door
approach is common in health screening surveys, and it has
been applied in some large scale, well-established surveys such
as the National Health and Nutrition Exam Survey (NHANES)
[23].

Sampling Strategy
As a centralized person registry does not exist in Greece, the
2011 census constituted the sampling frame. Multistage stratified
random sampling [24,25] based on 2011 Census was applied
to select the sample. The sampling procedure consisted of 4
stages: (1) initial sampling units (specific regions), (2) building
blocks, (3) households, and (4) individuals.

Stage 1: The whole country was stratified by geographical region
(9 regions plus the Greater Attica Area and the Greater
Thessaloniki Area) and by degree of urbanization (urban:
≥10,000, semi-urban: 2000-9999, and rural: up to 1999
inhabitants) resulting in 33 strata. As Greater Athens and
Thessaloniki Areas account for approximately 45.62%
(4,937,936/10,823,686) of the total population, and to increase
the precision of estimates for the geographical region
subdomain, sampling fraction was allowed to differ by stratum,
over-representing smaller strata, and under-representing larger
strata, provided that the minimum sampling fraction per region
(0.042% in Attica) does not get more than treble the maximum
one (0.116% in Ionian islands). Table 1 displays the sampling
fraction per stratum.

Given that it was not possible to visit each prefecture in each
geographical area, apart from Ionian Islands’ region where 1

island (Corfu) was selected, in all other geographical regions,
2 prefectures were randomly selected (Table 1 and Figure 1).
Greater Athens area was further divided into 4 regions: Athens,
East Attica, West Attica, and Piraeus. Thus, the total primary
sampling units (PSUs) were 66 (22 regions multiplied by 3
degrees of urbanization).

Stage 2: Within each PSU, area segments comprising census
blocks or combination of blocks were randomly selected
(sampling points). From each sampling point, 12 households in
urban and semi-urban and 8 in rural areas should be available
for interview. Assuming a 50% response rate, the needed number
of households per sampling point was 18 for urban and
semi-urban and 12 for rural areas. The target sample size was
6000 adults (1 per household). On the basis of the population
size of each PSU and considering the corresponding sampling
fraction as well as the average number of households per PSU,
the total number of sampling points per PSU was determined.
In total, 577 sampling points were selected (295 in urban, 89
in semi-urban, and 193 in rural areas). Hellenic Statistical
Authority provided the coordinates (latitude and longitude) of
each building block within each sampling point, and then these
were transferred to maps through Geographic Information
Systems to become available to the interviewers.

Stage 3: Within each sampling point, eligible households were
selected via systematic sampling. All interviewers were provided
with the maps of the selected sampling points. Standardized
operating procedures (available on request) were developed on
how to select the eligible households within each sampling point
(eg, starting from the top left corner of the map, in blocks of
flats starting from the top floor and moving clockwise, spiraling
downwards). One household of every x households was selected,
with the step x ranging from 4 (ie, leaving 4 households and
selecting the fifth) to 2, depending on population density. Each
map was accompanied by its corresponding step. Interviewers
had to describe all followed steps in a specific database. Only
residential houses were eligible. If there was no reply in the first
attempt, interviewers had to visit the household 2 more times
in different hours (eg, once in the morning and once in the
evening and one time during weekends). If there was
information that a house was not inhabited for a long period or
that it was a vacation place, it was considered as noneligible.
Similarly, if after 3 attempts nobody replied, the household was
also considered as noneligible. If there was a reply but the
inhabitants refused to receive information about the study, this
was considered as nonresponse.

Stage 4: All eligible (ie, adults ≥18 years) individuals within a
household were listed and 1 individual per household was
randomly selected (the one who had a birthday last, also known
as most recent birthday method [26]). If the selected individual
agreed to participate, an appointment was arranged for interview.
People who refused (counted as nonresponders) were substituted
by responders from the next eligible household, until the target
number of individuals per sampling point (12 or 8) was met.
Response rate was estimated as the number of interviews over
the number of eligible households reached.
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Table 1. Sampling plan and response rates (N=10,823,686).

Response rate (%)Sampling fraction (%)Distribution of the required
sample (n=6000) by urbanity

Area and urbinity

n=303Thrace (N=371,208)

65.80.8157154Urban

75.00.816366Semi-urban

81.10.817083Rural

n=666Macedonia (N=1,290,404)

76.60.5165257Urban

82.20.5179141Semi-urban

77.20.5149268Rural

n=585Thessaloniki (N=1,110,312)

50.80.5263451Urban

73.80.5291106Semi-urban

80.00.528328Rural

n=464Thessaly (N=734,754)

52.70.6309240Urban

71.70.631779Semi-urban

82.90.6321145Rural

n=479Central Greece (N=758,192)

75.00.6317147Urban

83.80.6353139Semi-urban

95.40.6293193Rural

n=291Epirus (N=336,856)

45.20.8621104Urban

83.30.871858Semi-urban

95.20.8621129Rural

n=242Ionian (N=207,855)

47.21.169650Urban

71.81.166954Semi-urban

76.21.1614138Rural

n=355Aegean (N=507,167)

78.10.7013129Urban

79.30.700898Semi-urban

90.10.6978128Rural

n=1615Attica (N=3,827,624)

73.10.42181529Urban

61.80.425274Semi-urban

88.90.429912Rural

n=596Peloponnese (N=1,049,347)

82.70.5682238Urban

89.50.5688120Semi-urban

98.40.5672238Rural

n=404Crete (N=629,967)
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Response rate (%)Sampling fraction (%)Distribution of the required
sample (n=6000) by urbanity

Area and urbinity

82.90.6406192Urban

70.60.645689Semi-urban

68.10.6398123Rural

Figure 1. Final sample mapping.

Sample Size
On the basis of the ATTICA study results [27], the overall
prevalence of hypercholesterolemia (total serum cholesterol
levels >200 mg/dL or use of lipid lowering agents), hypertension
(average blood pressure levels >140/90 mmHg or receiving
antihypertensive medication), and of diabetes mellitus (fasting
blood glucose >125 mg/dL or receiving antidiabetic medication)
was about 40%, 32%, and 7%, respectively. Calculating
sampling errors using the corresponding formula for stratified
sampling [25] and with a target sample size of 6000 individuals,

the above-mentioned prevalence could be estimated with 1.28%,
1.22%, and 0.66% precision, respectively.

Variables and Questionnaire Development
A scientific committee (SC), which included experts in
epidemiology, medical statistics, internal medicine,
hypertension, cardiology, respiratory medicine, and psychology,
was formed to act as an expert panel tasked with reaching
consensus on survey instrument development. For
questionnaires’ forming, where possible, questionnaire items
from existing survey instruments were adapted. For that, a
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systematic literature review of international and Greek
bibliography and a review of the large epidemiological studies’
websites (eg, NHANES; Survey of Health, Ageing and
Retirement in Europe; and European Health Examination
Survey) were conducted. New questions were drafted by the
core research team and scientific committee. Two different
questionnaires were formed for interviewers and doctors.

The final interviewers’ questionnaire was divided into the
following sections: (1) sociodemographic data, including data
for insurance coverage, (2) health status (general health,
depression and anxiety screening, self-reported chronic diseases,
subquestionnaires for coronary and peripheral artery disease,
chronic pulmonary obstructive disease (COPD) and asthma,
sleep, menstruation, and personal well-being), (3) health care
system (use and satisfaction, health expenditures, medicines
use, screening, and vaccinations), and (4) factors affecting health
(self-reported height and weight, physical activity, adherence
to Mediterranean diet, alcohol consumption, nutrition insecurity,
smoking, environmental exposure, and household economic
characteristics). The sources of the questionnaire items are
shown in Multimedia Appendix 1. The total number of items
was 142, but through skipping and filters, some respondents
answered much fewer items. Although participants were
interviewed by CAPI, there were self-administered laminated
cards either to most sensitive questions (eg, psychological
well-being, health care system, and self-reported chronic
diseases) or to questions required visual presentation for a better
understanding (to indicate the exact point of pain in chest in the
coronary heart disease sub questionnaire or leg pain in the
arteriopathy questionnaire). The vast majority of the questions
were close ended.

Physicians’ questionnaire included general information about
physical examinations (consultation outcome, place, physical
examinations, date, and duration) and sections according to the
physical measurements and their exclusion criteria: (1)
somatometry (height, weight, waist circumference, and left and
right arm circumference); (2) blood pressure and presence of
atrial fibrillation (the latter for those aged ≥65years); (3)
spirometry; and (4) blood sampling. Collected blood samples
were analyzed for total cholesterol, high-density lipoprotein,
low-density lipoprotein, glucose, glycated hemoglobin,
triglycerides, and transaminases. Standardized instruments (see
Multimedia Appendix 2) were used across the country for
physicians’ measurements, whereas standardized operating
procedures (SOPs) were developed by the EMENO SC for each
measurement, spirometry, and blood samples’ collection. A
researchers’ manual was developed containing information
about health surveys; sampling procedure; interview techniques;
detailed guidelines on filling each questionnaire item; the SOPs
for physicians’ measurements; description of the used
instrument; and management of collected blood samples.

Survey questionnaires were tested and validated (time and clarity
of questions) in 30 volunteers from urban, semi-urban, and rural
areas and different ages. According to Sudman [28], “it usually
takes no more than 12-25 cases to reveal the major difficulties
and weaknesses in a pretest questionnaire” and “20-50 cases is
usually sufficient to discover the major flows in a
questionnaire.” All research teams participated in this phase.

After questionnaires’ pretesting, additions and/or corrections
were made, if necessary.

Clinical and Biochemical Measurements
Detailed SOPs were developed, but here, we briefly summarize
methodology for clinical and biochemical measurements. Height
and weight were measured without shoes and in light clothes.
Arterial blood pressure was measured in sitting position after
at least 5 min of rest; 3 valid consecutive measurements were
taken with 1-min interval between them. Spirometry was
performed in a standardized manner in eligible individuals
(sitting position after at least 15 min at rest; participants should
not have received any inhaled medicine or smoke within 1 hour
before spirometry and should not have consumed any food
during the previous 30 min). Portable spirometers (Multimedia
Appendix 2) compatible with American Thoracic Society and
European Respiratory Society requirements were used [29]. In
total, 8 hours fasting serum samples were collected for
determining cholesterol, glucose, glycated hemoglobin,
triglycerides, and transaminases levels. For glucose, serum
samples were collected in special sodium fluoride tubes.
Additional samples were stored for future research if consent
was provided. Upon specific consents, additional plasma
samples for future molecular analyses and whole blood samples
for DNA extraction were collected.

Ethics
EMENO study was approved by the Ethics and Deontology
Committee of the National and Kapodistrian University of
Athens (date: November 8, 2012, protocol: 1742) and by the
Hellenic Data Protection Authority (date: December 7, 2012,
protocol: ΓΝ/ΕΞ/1069-1/07-12-2012). A modified version of
the informed consent form (ICF) was approved by the Ethics
and Deontology Committee of the National and Kapodistrian
University of Athens (date: March 6, 2013, protocol: 6315). All
participants were given enough time to read carefully the ICF
and to ask relevant questions before they signed it. Apart from
the ICF for participating in the EMENO, separate ICFs were
provided for storing leftover samples and for taking additional
samples for research not including or including DNA analysis.

Barcodes were prepared with unique individual codes. These
codes were a combination of digits demonstrating the region,
the interviewer, and serial number of the participant. Barcodes
were given to interviewers and physicians and attached to all
forms and questionnaires as well as referral form for blood
examinations and blood tubes. Specific deep freeze barcodes
were printed and used to store aliquots till blood testing or
preservation for future research (if relevant ICFs were signed).
Personal data were stored in a separate safely stored file and
were linked by code with the rest of the participants’
information. Access to personal data was limited to each
region’s principal investigator and was only used to contact
participants for sending thank your letters, the medical report,
and for future follow-up, if they had consented to it.

Researchers’ Training
Training materials were developed by the SC on data collection
through questionnaire, sampling, blood collection, and physical
measurements protocols. All training materials were available
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on electronic database, accessible by all researchers. A 2-days
training program was organized on September 12, 2013, to
September 13, 2013 and lasted 16 hours acknowledged by the
Pan-Hellenic Medical Association. All selected (by the time of
training implementation) field study staff (30 individuals)
attended it. Training sessions included a practical session, where
field researchers completed questionnaires in groups of 3 to 5
people and under the supervision of a member of the scientific
committee, whereas physicians did medical examinations in
volunteers. All participants completed a training program
evaluation form. After the core training, a train-the-trainer
approach was used to decentralize training in each region. The
trained staff, under supervision of the principal investigator of
each region, was in charge for training the new staff entering
the group throughout the study implementation.

Pilot Study
We piloted the whole study in a sample of 160 people from
urban and rural areas in 7 regions of Greece (Athens,
Thessaloniki, Thessaly, Peloponnese, Crete, Epirus, and Thrace).
The main objectives or the pilot study were to (1) determine
feasibility of the study protocol, (2) check adequacy of research
tools, (3) test the performance of measurement instruments, (4)
assess the effectiveness of the sampling approaching method,
(5) identify potential logistical problems or deficiencies, (6)
collect preliminary data for the survey, and (7) check the
competence of investigators’ and physicians’ training.

Although field researchers followed the provided instructions
and protocols (they had been provided with special identities
and letters of information, whereas local police station was
informed about the survey), the response rates were very low,
ranging from 27% to 50%. However, among those who
consented to EMENO, a particularly high percentage (ranged
from 90%-100%) also participated in the physical examinations,
indicating that the main difficulty was to gain the trust of eligible
households to open the door. This was a function of field
researchers lacking prior experience and of limited study
promotion. The issue was extensively discussed by the SC and
additional ways to effectively promote the study were identified
(see Study Dissemination section). Experienced field researchers
(mainly working in surveys run by the Hellenic Statistical
Authority) were invited to provide additional guidance to
EMENO researchers. Women’s participation was particularly
high (3447, 57.50%), revealing the importance of strictly
following the sampling method. Following pilot study’s data
quality control, mistakes in the Web-based database (skip
mistakenly) were detected and corrected, whereas further
explanations were provided for specific questions (eg, what we
mean by intense physical exercise). Further adjustments to the
questionnaire were made wherever this was deemed necessary.

Implementation of the Main Field Study
The principal investigator of each collaborating School of
Medicine had the field study of the nearby regions under his or
her responsibility (Figure 1). Before starting the filed study,
researchers and physicians signed a confidentiality form and
vaccination for hepatitis B was recommended. In addition, they
were provided with study identities with their photo and personal
information. In EMENO’s website, apart from information

about the study, the photos, and key curriculum vitae
information of the researchers were posted. Field researchers
were provided with maps of each sampling point, a laptop with
the database, and all necessary printed material. For obviation
of participants’ mistrust, an informative letter was sent to the
local police departments informing about the study. In addition,
in case of blocks of flats, an official notification letter was given
to the apartment manager to facilitate the entry of field
researchers in the eligible flats.

Blood samples were kept in cold environment (at 4°C) until
transported, latest within 12 to 18 hours, to collaborating local
laboratories for centrifugation. Centrifugal aliquots were stored
in the collaborating laboratories at −80 °C until they were sent
to the central laboratory (National Retrovirus Reference Center,
Laboratory of Hygiene, Epidemiology and Medical Statistics
of the Medical School of the University of Athens) for testing.

The ideal blood sampling procedure was determined according
to local circumstances: In urban and semi-urban areas,
physicians made home visits at scheduled appointments. In rural
areas, and in agreement with the participants, blood sampling
and medical examinations were performed at nearby health
centers.

Study Dissemination
Study informational brochures were developed and distributed
to eligible houses. Additional promotion actions included:

1. Informing meetings with local authorities (mayors and
deputies of social policy). The study was conducted with
the cooperation of local authorities. The collaboration
included (1) an invitation to the study through a letter from
the municipality. The researchers’ names were mentioned
in the letter, (2) announcement of the study on
municipality’s site, (3) information brochures distribution
at infrastructures under the responsible person of the
Municipality (such as elderly protection centers, social
welfare, and pharmacies), (4) phone calls to eligible
households, if these were available in the municipality
structures, (5) studies’posters suspension at key point areas
of the municipality, and (6) escorting the field researcher
by an employee of the Municipality, where feasible.

2. Request and approval of study information letter by the
Ministry of education. The Ministry sent a letter of approval
to all schools of primary and secondary education, so that
promotion functions would be welcome.

3. Request and approval of a letter to promote the study by
the Holy Synod. The Holy Synod sent a letter of approval
to all orthodox churches of Greece, so that the congregation
would be encouraged to participate in the survey.

4. Events in central locations adjacent to sampling points.
These events were attended both by the scientific leaders
of each region as well as the field researchers and volunteers
(mainly students of medical schools).

5. Central and local press conferences in all study regions,
where the study objectives and its expected benefits were
presented.
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Sending Medical Results to the Participants
Each participant received the following for his or her
participation: (1) appreciation letter, (2) results of the medical
examinations, (3) medical report (with recommendations) based
on the personal medical findings, (4) pyramid of the
Mediterranean diet, and (5) National Organization for the
Provision of Healthcare Services’ recommendations for
preventive measures and adult vaccination. A network of
specialized physicians was established to which participants
identified with urgent previously undiagnosed conditions (eg,
hypertension and COPD) were administered at no cost for the
participant.

Information System
The central database was hosted on a central server, located in
the Laboratory of Hygiene, Epidemiology and Medical Statistics
of the Medical School of the National and Kapodistrian
University of Athens. Actions were taken for data security. All
data related operations were made through secure transactions
encrypted with 128-bit encryption, and both the databases were
Atomicity Consistency Isolation Durability-compliant to ensure
that all the previously described operations are unique,
consistent, isolated, and durable. During field study, data quality
assessments were conducted regularly, and adjustments were
made when necessary.

Statistical Analysis
EMENO has a complex study design, with varying selection
probabilities across regions. Thus, for the statistical analysis,
sampling weights, being the reciprocal of the selection
probabilities, should be applied. Although analyses using the
sampling weights should give representative estimates,
departures in the age and sex distribution from the respective
ones based on the 2011 census are expected as women and older
individuals are usually over-represented in this kind of surveys.
To adjust for such discrepancies, auxiliary information from
the 2011 census to reflect Greek population’s distribution of
age and gender by geographical region was used
(poststratification weighting). Thus, the initial weights are
multiplied by a correcting factor fPSi as shown below:

Where, w(base)i is the sampling weight, Nm the population’s total
in the poststratum, mi and nm is the corresponding sample’s size.
Thus, the final weights are wPSi=w(base)ifPsi.

Adjustment for nonresponse could also be applied. In the
EMENO study, additional data for nonresponders’
characteristics were not available. However, response rates were
recorded within sampling points. Adjustment for nonresponse
could be done by multiplying the initial weights with the
reciprocal of the response rate under certain (mostly untested)
assumptions. Investigation of the effect of adjusting for
nonresponse on study estimates is being planned.

The weighting procedure may lead to weights with extreme
values. In such cases, trimming of the weights (usually at the
95th or the 99th centile of their distribution) is suggested, as
extreme weights may have a serious impact on the variance of

the estimates. Untrimmed weights are adjusted so that the sum
of the weights after trimming to be equal to the sum before
trimming. Weights will be graphically investigated to assess
the necessity of weight trimming. To determine estimates’
variances, we applied the Taylor series linearization method as
recommended by National Center for Health Statistics and also
used in the NHANES study [30].

Some EMENO participants refused to have physical
examinations and/or to provide blood samples. However, those
who provided blood samples or had physical exams may differ
from those who did not. To adjust for that, we can use either
inverse probability weighting or multiple imputation methods.
In a preliminary sensitivity analysis we performed [31], we
found that these 2 methods provide comparable results; however,
this issue needs further investigation.

Results

Response Rates
The sampling flowchart is shown in Figure 2. In total, 12,960
households were visited, of which 4620 were noneligible (716
professional use, 1132 uninhabited houses, 1882 no reply at 3
attempts, 372 vacation homes, 365 away from home for more
than 2 weeks, and 153 undefined). Among eligible households,
the overall response rate for interviewing was 72%. Response
rates differed substantially by geographical region and degree
of urbanization, being higher in small or rural places and lower
in big cities (Table 1). Among interviewed participants, 80.54%
(4827) participated in at least one physical examination, 74.20%
(4446) had blood tests, and 60.44% (3622) spirometry. In total,
3580 individuals provided signed ICF to use leftover or
additionally collected samples for future research, of whom
3528 also allowed for DNA extraction. The number of available
samples by sample type were: 3259 serum; 3410 plasma and
3113 whole blood.

Demographic Characteristics of the Participants
In total, 13 out of the 6006 EMENO participants refused to
provide their age. As age is necessary to compute
poststratification weights, all results provided are restricted to
the 5993 participants with available age. In Table 2, the age and
sex distribution of the study population as well as of the
reference population are shown. Compared with the reference
population (ie, people living in Greece based on the 2011
census), women and older people were over-represented in the
sample. However, applying poststratification weighting resolved
these discrepancies. Sociodemographic characteristics after
poststratification weighting are shown in Table 3. The mean
(SD) age of the population was 49.3 (18.6) years; 51.5% (3447)
were women; and 46.7% (2597) had graduated secondary or
postsecondary school. Over half (3936, 61.0%) were married
or in cohabitation. About 12.6% (666) were born in a country
other than Greece. Data were gathered during the economic
crisis in Greece (2013-2016) and this is reflected in the family
income; household monthly income was up to 900€ for 39.8%
(2401) of the population, whereas 15.4% (784) were
unemployed. The estimated (95% CI) unemployment rate among
those aged <65 years was 28.7% (26.9-30.5). 
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Further statistical analysis of the data is underway, and first
results are expected to be submitted by the end of 2018. Main
results will concern cardiovascular and respiratory diseases and
their corresponding risk factors’ prevalence among adult Greek
population, assessing the degree of implementation of

recommended prevention measures and possible barriers to
access to the public health system as well as socioeconomic
factors affecting health. In addition, mapping of air pollution
levels and investigation of their impact on citizens’ health will
also be conducted.

Figure 2. Sampling flow chart.

Table 2. Age and sex distribution in the National Survey of Morbidity and Risk Factors (EMENO) sample and the corresponding distributions based
on the 2011 census.

Sample (EMENO), n (%)Population (Census 2011), n (%)Age (years)

FemaleMaleFemaleMale

336 (5.61)298 (4.97)765,498 (8.57)817,789 (9.16)18-29

469 (7.82)350 (5.84)807,762 (9.05)827,542 (9.27)30-39

614 (10.24)406 (6.77)799,983 (8.96)781,112 (8.75)40-49

688 (11.48)425 (7.09)714,836 (8.01)677,018 (7.58)50-59

627 (10.46)484 (8.08)590,624 (6.62)543,421 (6.09)60-69

474 (7.87)383 (6.39)560,995 (6.28)456,247 9 (5.11)70-79

241 (4.02)200 (3.34)351,588 (3.94)231,746 (2.60)80+

3447 (57.52)2546 (42.48)4,591,286 (51.44)4,334,875 (48.56)Total
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Table 3. Demographic characteristics of study participants after poststratification weighting (N=5993).

StatisticsDemographic characteristics

Gender, n (weighted %)

2546 (48.5)Male

3447 (51.5)Female

Age (years)

47.7 (34-64)Weighted median (interquartile range)

Educational level, n (weighted %)

2114 (28.8)Up to primary

2575 (46.7)Up to secondary or postsecondary

1200 (23.1)University or higher

82 (1.3)Unknown

Family status, n (weighted %)

3936 (61.0)Married or in cohabitation

1995 (38.0)Single

62 (1.0)Unknown or no answer

Household Income, n (weighted %)

2401 (39.8)Up to 900€

1658 (28.1)900€-1700€

606 (10.9)>1700€

1328 (21.3)No answer

Employment status, n (weighted %)

2089 (38.7)Employed

2641 (35.4)Retired or household

784 (15.3)Unemployed

479 (10.6)Other or unknown

Country of birth, n (weighted %)

5327 (87.4)Greece or Cyprus

297 (5.9)Balkans

89 (1.7)East Europe or Former Soviet Union

101 (1.7)West Europe or Australia or America

42 (0.9)Africa

51 (1.1)Asia

86 (1.4)Unknown

Discussion

Strengths and Limitations
EMENO is one of the first population-based surveys focused
on CVD and chronic respiratory diseases and their risk factors,
which also includes anthropometric and physical examinations
and blood tests as well as prevention measures uptake, health
care facilities, and medicine use for the adult population in
Greece. To the best of our knowledge, such data are rarely
combined. The main goal or benefit of the EMENO study is
that it provides valid estimates of various health indices. Study
design and sampling procedure make EMENO one of the most

representative of the current general adult population in Greece,
thus enabling national authorities to develop tailored and more
efficient strategies for disease prevention and management.

Expected benefits at local and international level are
multifaceted. Greece will be able to provide European and
international agencies with nationwide estimates of the
prevalence of chronic diseases and health risks. Moreover,
available data will help society with the necessary evidence to
rationally monitor health systems and adjust health policies.
Participants, local authorities, and nongovernmental
organizations will be informed and become aware of health
indices, potential inequalities, and impacts of modern lifestyles
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and behaviors. This increased awareness will contribute to
successfully implement measures to resolve inequalities and to
future lifestyle changes. Importantly, some participants have
personally benefited already from the diagnosis of previously
undiagnosed conditions.

As already mentioned, in EMENO, a blood specimens’ storage
bank was established providing the opportunity for future studies
to estimate the prevalence of other conditions with minimal
additional cost. Having also obtained participants’ consent for
DNA analyses makes EMENO a powerful resource to
investigate this study’s and future hypotheses relating to
environmental, lifestyle, biochemical, and genetic causes of
CVD and chronic respiratory diseases in a representative
Mediterranean population. EMENO has purposefully adopted
harmonized data collection methods that allow data linkage
with national or international cohorts or surveys. In case
inequalities would be identified, EMENO results will generate
new scientific hypotheses prompting to future-focused studies,
for example, further studies in specific subpopulations and/or
health conditions, explorations of specific diseases, or in specific
regions, hazardous environmental exposures.

Study materials (including protocols and questionnaires) will
contribute to European and international operators, universities,
and research groups aiming to compare and harmonize health
surveys and health indices, as the experience gained through
studies’ implementation will be shared with other European
groups conducting health surveys. Scientific reports and papers
will be of major interest to other public health scientists.

Within the framework of EMENO, a network of specialists of
different disciplines (epidemiologists, statisticians, internal
medicine physicians, pneumonologists, microbiologists, public
health experts, and database experts) as well as an official
collaboration of all Greek schools of medicine has been
established. Retaining such a network will be an added value
and scientists’ mobility and interaction will be boosted. The
steering committee will put all its effort to ensure network’s
sustainability.

Following the successful example of NHANES study, studies
such as EMENO could be repeated (possibly with a different
focus) in a 5-year time to assess the temporal trends in health

indicators and possibly to also investigate health conditions
additional to those of the original study health conditions. If
such a study would be approved and if adequate funds are
ensured, study’s participants could be followed up (eg, through
telephone interviews) to assess their health progression. The
financial burden of such a study will be relatively low, whereas
the added values (estimation of diseases’ incidence and of life
expectancy) will be massive. In such a case, the study will be
transformed from a cross-sectional to a cohort one.

Despite the significant benefits of EMENO, there are also some
limitations. One major limitation was the sampling methodology
and specifically the door-to-door approach for data collection.
Although this method is quite common for conducting health
screenings [32,33] and is the main approach used by the
NHANES [34,35], Hillier et al [23] claimed that “the
door-to-door method is too costly for researchers, too intrusive
for participants and too dangerous for interviewers.” Conducting
interviews face-to-face contribute to the quality of data collected
but some serious considerations arise, mainly about
interviewers’ safety. It demands a very well-experienced and
trained staff; a good amount of time spent for their training and
regular team meetings; however, on the other hand, it also allows
for further social observations of the household and
neighborhood conditions, which can add valuable information
to the studies’ main purposes [36]. Another limitation was that
for feasibility reasons, we only visited large islands (Rhodes,
Corfu, and Lesbos), excluding small ones, which may be more
likely to face problems to access to health services.

Conclusion
The EMENO results will improve thus our understanding on
health and health risks of people living in Greece, which will
contribute to the evidence-based evaluation of health policies
and preventive actions. Using EMENO results as background
information, future health burden can be estimated for the main
diseases under investigation (CVDs, chronic respiratory
diseases, and diabetes). Predictions of future disease burden can
be combined with collected data on the use of health services
and medicines and with health economics models to estimate
future health needs and costs. In conclusion, EMENO comprises
a unique health data resource and a valuable bio-resource in a
Mediterranean population.
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Abstract

Background: The cardiac surgery–induced systemic inflammatory response may induce postoperative hemodynamic instability
and impairment of renal function. EA-230, a linear tetrapeptide (A-Q-G-V), is derived from the beta chain of the human chorionic
gonadotropin pregnancy hormone. It has shown immunomodulatory and renoprotective effects in several animal models of
systemic inflammation. In phase 1 and phase 2a studies, these immunomodulatory effects were confirmed during human
experimental endotoxemia, and EA-230 was found to have an excellent safety profile.

Objective: The objective of this first in-patient study is to test the safety and tolerability as well as the immunomodulatory and
renoprotective effects of EA-230 in a proof-of-principle design in patients with systemic inflammation following on-pump cardiac
surgery.

Methods: We describe a prospective, randomized, double-blind, placebo-controlled study in which 180 elective patients
undergoing on-pump coronary artery bypass grafting, with or without concomitant valve surgery, are enrolled. Patients will be
randomized in a 1:1 ratio and will receive either EA-230 (90 mg/kg/hour) or a placebo. These will be infused at the start of the
surgical procedure until the end of the use of the cardiopulmonary bypass. The primary focus of this first-in-patient study will
be on safety and tolerability of EA-230. The primary efficacy end point is the modulation of the inflammatory response by EA-230
quantified as the change in interleukin-6 plasma concentrations after surgery. The key secondary end point is the effect of EA-230
on renal function. The study will be conducted in 2 parts to enable an interim safety analysis by an independent data monitoring
committee at a sample size of 60. An adaptive design is used to reassess statistical power halfway through the study.

Results: This study has been approved by the independent competent authority and ethics committee and will be conducted in
accordance with the ethical principles of the Declaration of Helsinki, guidelines of Good Clinical Practice, and European Directive
2001/20/CE regarding the conduct of clinical trials. Results of this study will be submitted for publication in a peer-reviewed
scientific journal. Enrollment of this study commenced in July 2016, and results are expected at the end of 2018.
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Conclusions: This adaptive phase 2 clinical study is designed to test the safety and tolerability of EA-230 in patients undergoing
cardiac surgery. In addition, efficacy end points focused on the effect of the systemic inflammatory response and renal function
are investigated.

Trial Registration: ClinicalTrials.gov NCT03145220; https://clinicaltrials.gov/ct2/show/NCT03145220 (Archived by WebCite
at http://www.webcitation.org/74JPh8GNN)

International Registered Report Identifier (IRRID): DERR1-10.2196/11441

(JMIR Res Protoc 2019;8(2):e11441)   doi:10.2196/11441

KEYWORDS

EA-230; inflammation; pregnancy; cardiac surgery; immunomodulation; kidney/therapy; clinical trials, phase II as topic; safety

Introduction

Background
The systemic inflammatory response syndrome is characterized
by a dysregulated inflammatory reaction in response to
conditions such as a severe infection, trauma, and major surgery
[1,2]. Although activation of the immune system is essential, a
too-pronounced systemic inflammatory response may result in
failure of 1 or more organ systems and is associated with
morbidity and mortality rates up to 30% [3,4]. Development of
acute kidney injury (AKI) represents an early and common
manifestation of inflammation-induced organ failure [5-7].

During cardiac surgery, multiple insults, including sternotomy,
application of cardiopulmonary bypass (CPB), and aortic
cross-clamping are well known to contribute to a systemic
inflammatory response [8-11]. The extent of this response is
directly associated with impaired patient outcome, as elevated
postoperative levels of interleukin (IL)-6 correlate with adverse
outcomes and mortality [5,12]. Furthermore, this inflammatory
response is believed to play a central role in the pathogenesis
of AKI following cardiac surgery [13,14]. In addition, renal
impairment is, in turn, independently associated with adverse
outcome and impaired patient survival [15,16].

Immunomodulation
Immunomodulatory strategies until now have failed to
demonstrate clear beneficial effects in cardiac surgery patients
[17]. For example, large trials on the use of high-dose
corticosteroids did not improve overall patient outcome in
cardiac surgery patients [18,19], although positive effects on
respiratory variables in selected patient groups may be present,
as found in post hoc analyses [19]. Nonspecific
anti-inflammatory effects and the broad spectrum of side effects
of these interventions may have contributed to the lack of overall
beneficial effects of these compounds. As a result, current
strategies consist of supportive treatment, and novel strategies
aimed to attenuate the exaggerated proinflammatory response
remain highly warranted.

Of interest, pregnancy is associated with an immune-tolerant
adaptation of the immune system, necessary to facilitate the
symbiosis of 2 major histocompatibility complex incompatible
individuals [20]. Likely related to this effect, a remarkable
improvement of several immune-mediated inflammatory
diseases is observed during pregnancy [21-23]. Nevertheless,
pregnant women are eminently capable of combating infections

and often produce antibodies against paternal alloantigens of
the fetus, demonstrating that they are fully immunocompetent.
These features are suggestive of a selective modulation of the
immune system in such a way that harmful immune processes
to mother and fetus are suppressed, whereas beneficial immune
processes remain unaffected. In this context, an array of
oligopeptides related to the primary structure of the human
chorionic gonadotropin (hCG) pregnancy hormone was designed
and evaluated in experimental animal models of systemic
inflammation [24-29]. Of the evaluated oligopeptides, the linear
tetrapeptide (sequence: A-Q-G-V), now named EA-230, was
shown to exert immunomodulatory effects and to protect against
organ failure and associated mortality [25,26,28,30,31]. In
particular, the administration of EA-230 resulted in renal
function preservation, for example, in ischemia-reperfusion and
kidney transplant models [30,31]. It is probable that the profound
effects of pregnancy on renal function through increasing renal
flow and subsequently increasing glomerular filtration rate
(GFR) are causal to these findings [32]. Phase 1 safety studies
of EA-230 showed that intravenous administration is well
tolerated and has an excellent safety profile [33]. In a phase 2a
study during human experimental endotoxemia, a model of
controlled systemic inflammation induced by the administration
of endotoxin, no safety concerns emerged. Furthermore, subjects
treated with the highest dose of EA-230 (90 mg/kg/hour)
resulted in less flu-like symptoms, attenuated development of
fever, and reduced levels of proinflammatory mediators (among
others IL-6 and IL-8) when compared with placebo-treated
endotoxemia subjects [34].

Objectives
A proof-of-principle study is now warranted to (1) investigate
the safety profile of EA-230 in patients, (2) investigate whether
EA-230 is able to modulate the systemic inflammatory response
in patients, and (3) explore whether this translates into a clinical
benefit in terms of prevention of organ dysfunction, in particular,
renal injury. In this paper, we describe the design of a
double-blind, placebo-controlled, randomized, adaptive phase
2 study with EA-230 in patients undergoing elective on-pump
cardiac surgery.

Methods

Design and Setting
This study is a single-center, prospective, double-blind,
placebo-controlled, randomized, single-dose phase 2 study. It
has an adaptive design to evaluate the safety and
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immunomodulatory effects of EA-230 in patients undergoing
on-pump cardiac surgery for coronary artery bypass grafting
(CABG) with or without concomitant valve surgery. A total of
180 eligible patients are planned for inclusion and will be
randomized to receive either active or placebo treatment in a
1:1 ratio. The study will be conducted in a tertiary hospital, the
Radboud University Medical Center, Nijmegen, the Netherlands.
This is the first-in-patient safety and tolerability study, of which
the primary efficacy objective is to assess the
immunomodulatory effects of EA-230. The key secondary
efficacy end point is the effect of EA-230 on renal function.
With regard to safety in this first-in-patient study, the study will
be conducted in 2 parts. In the first part, 60 patients (40-50
low-risk patients) will be included (see Textboxes 1 and 2 for
details) followed by an independent safety analysis by the data
monitoring committee (DMC). Patient enrollment will only
continue if no safety concerns are raised, and more high-risk
patients will be included.

In addition, an adaptive design is used to re-evaluate the
statistical power and group size of the study using patient data

obtained during the first half of the study. This study is described
in accordance with the Standard Protocol Items:
Recommendations for Interventional Trial guidelines [35] and
registered at ClinicalTrials.gov (identifier: NCT03145220).

Study Objectives

Primary Objectives
The primary objectives of the study are to (1) assess the safety
and tolerability of EA-230 in patients undergoing on-pump
cardiac surgery (related to safety) and (2) assess the
immunomodulatory effects of EA-230 in patients with systemic
inflammation following on-pump cardiac surgery (related to
efficacy).

Key Secondary Objective
The key secondary objective is to assess the effects of EA-230
on changes in renal function (GFR).

All end points, including other explorative efficacy end points,
are described in Table 1.

Textbox 1. Inclusion criteria.

1. Coronary artery disease, scheduled for elective on-pump coronary artery bypass grafting surgery with or without concomitant valve surgery

2. Written informed consent to participate in this study before any study-mandated procedure

3. Patients aged above 18 years, both male and female

4. Patients have to agree to use a reliable form of contraception with their partners from study entry until 3 months after study drug administration

Textbox 2. Exclusion criteria.

1. Immune compromised

• Solid organ transplantation

• Known HIV

• Pregnancy

2. Use of immunosuppressive drugs (list provided in Web-based supplementary material; see Multimedia Appendix 1)

3. Nonelective/emergency surgery

4. Hematological disorders

• Known disorders from myeloid and/or lymphoid origin

• Leucopenia

5. Known hypersensitivity to any excipients of the drug formulations used

6. Treatment with investigational drugs or participation in any other intervention clinical study within 30 days before study drug administration

7. Inability to personally provide written informed consent (eg, for linguistic or mental reasons)

8. Known or suspected of not being able to comply with the study protocol

Additional exclusion criteria to select low-risk patients (for the first 60 patients only)

1. EuroSCORE II >4

2. Renal function impairment: serum creatinine >200 µmol/L

3. Liver function impairment: alanine aminotransferase/aspartate aminotransferase >3 times above upper level of reference range

4. Left ventricular dysfunction: ejection fraction <35%

5. Coronary artery bypass grafting procedure with concomitant valve surgery

JMIR Res Protoc 2019 | vol. 8 | iss. 2 | e11441 | p.59http://www.researchprotocols.org/2019/2/e11441/
(page number not for citation purposes)

van Groenendael et alJMIR RESEARCH PROTOCOLS

XSL•FO
RenderX

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


Table 1. End points.

PeriodCategories and measures

Main category

Safety and tolerability

Signing of informed consent form
to day 90

(Serious) adverse events

First 24 hours of intensive care unit
(ICU) admission

Vital signs (heart rate and blood pressure)

Day −1 to day +1Laboratory parameters (hemoglobin, hematocrit, leukocytes, thrombocytes, leukocyte differential blood
count, sodium, potassium, creatinine, urea, alkaline phosphatase, alanine aminotransferase, aspartate
aminotransferase, gamma glutamyl transferase, creatine kinase, bilirubin, and C-reactive protein)

Efficacy

Surgery day to day 1Primary: Effect of EA-230 on the inflammatory response quantified by the change in ILa-6 plasma concen-

tration over time (AUCb).

Day −1 to day +1Key secondary: Effect of EA-230 on GFRc quantified by plasma clearance of iohexol (iGFRd)

Explorative category

Inflammatory

Surgery day to day 1Effect of EA-230 on the inflammatory response quantified by the change in plasma concentrations
over time of IL-6, IL-8, IL-10, tumor necrosis factor-α, IL-1 receptor antagonist, monocyte chemoat-

tractant protein-1, macrophage inflammatory protein 1 (MIP1)e-α, MIP1-β, vascular cell adhesion
molecule, intercellular adhesion molecule, and IL-17a

Day −1 to day +1Effect of EA-230 on leukocyte kinetics quantified by change of total cell counts over time

First 24 hours of ICU admissionEffect of EA-230 on changes in body temperature in degree Celsius over time

First 24 hours of ICU admissionEffect of EA-230 on required insulin infusion rates

Renal

Day −1 and day +1Effect of EA-230 on GFR estimated by modification of diet in renal disease calculation

Surgery to day +1Effect of EA-230 on GFR measured by endogenous creatinine clearance using urine and plasma crea-
tinine

Day −1 to day +1Effect of EA-230 on plasma creatinine and proenkephalin

Surgery to day +1Effect of EA-230 on changes in urine output

Surgery to day +1Effect of EA-230 on changes in urinary renal damage markers over time of kidney injury marker-1,
neutrophil gelatinase–associated lipocalin, L-fatty acid–binding protein, tissue inhibitor metallopro-
teinase-2 and insulin-like growth factor binding protein-7, urinary IL-18, and N-acetyl-β-D-glu-
cosaminidase

Surgery to day +1Effect of EA-230 on changes in urea, sodium, creatinine, and albumin in urine over time

Surgery to day 90Modulation in need for and duration of renal replacement therapy

Surgery to day 90Modulation in incidence of different stages of AKIf according to the RIFLEg criteria

Cardiovascular

First 24 hours of ICU admissionModulation in vasopressor use expressed as inotropic score: (dopamine dose × 1 μg/kg/min) + (dobu-
tamine dose × 1 μg/kg/min) + (adrenaline dose × 100 μg/kg/min) + (noradrenaline dose × 100 μg/kg/min)
+ (phenylephrine dose × 100 μg/kg/min) + (vasopressin (mUnits/kg/min) × 10,000) + (milrinone × 10
mcg/kg/min) [36]

First 24 hours of ICU admissionEffect of EA-230 on use of fluid therapy and fluid balance

Surgery to end of hospital stayEffect of EA-230 on creatine kinase and troponine T plasma concentration

Surgery to end of ICU admissionEffect of EA-230 on thorax drain production

Surgery to end of ICU admissionPulmonary: Effect of EA-230 on alveolar-arterial gradient O2 gradient

General outcome
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PeriodCategories and measures

First 24 hours of ICU admissionEffect of EA-230 on change in SOFAh score over time

Surgery to ICU admissionEffect of EA-230 on APACHEi IV score at ICU admission

Signing of informed consent form
to day 90

Effect of EA-230 on major clinical adverse events within 90 days (stroke, myocardial infarction,
rethoracotomy, hospital readmission, and pleural and/or pericardial puncture)

Surgery to day 90Effect of EA-230 on length of stay on ICU

Surgery to day 90Effect of EA-230 on length of hospital stay

Surgery to day 90Effect of EA-230 on 28 and 90 days mortality

Pharmacokinetics of EA-230

10 min before start and stop of CPBjPeak blood plasma levels of EA-230

During EA-230 administration to 6
hours after stoppage

Blood plasma levels of EA-230, AUC, maximal concentration, terminal half-life, clearance, and volume
of distribution for a limited number of patients receiving active medication (n=15)

aIL: interleukin.
bAUC: area under the curve.
cGFR: glomerular filtration rate.
diGFR: glomerular filtration rate measured by plasma clearance of iohexol.
eMIP1: macrophage inflammatory protein.
fAKI: acute kidney injury.
gRIFLE: risk, injury, failure, loss of kidney function, and end-stage kidney disease classification.
hSOFA: sepsis-related organ failure assessment score.
iAPACHE: acute physiology and chronic health evaluation.
jCPB: cardiopulmonary bypass.

Patient Selection or Eligibility
All adult patients (aged >18 years) scheduled for elective
on-pump CABG procedure with or without concomitant valve
surgery will be screened for eligibility; see Textboxes 1 and 2
for an overview of all inclusion and exclusion criteria.

Recruitment
Figure 1 depicts a schematic flowchart of patient recruitment
and randomization.

All patients scheduled for elective CABG surgery will be
included in a screening log and informed through a detailed
informative brochure. After screening for inclusion and
exclusion criteria, eligible patients will be personally consulted,
and a final inclusion and exclusion check will be performed.
After obtaining written informed consent, patients will be
enrolled into the study.

Randomization and Stratification
On the morning of surgery, patients will be randomized by
nonblinded independent study personnel for active or placebo
treatment. Study personnel will use Good Clinical Practice–
approved data management software (Castor EDC, Amsterdam,
the Netherlands) in this process. The Castor system applies a
stratified randomization to ensure equal distribution between
active and placebo treatment of patients with known risk factors
for adverse outcomes. Moreover, 3 strata will be included: (1)
a CABG procedure with or without concomitant valve surgery;
(2) preoperative renal function with an estimated GFR of ≤30,

31 to 90, and >90 mL/min/1.73 m2; and (3) a EuroSCORE II
of <4 or ≥4 [37].

Blinding
Double-blind conditions will be maintained for all patients, the
attending physicians, and the medical study team personnel
involved in all blinded study procedures, data collection, and/or
data analyses. Nonblinded study personnel not involved in any
other study procedures will prepare the study medication.
Infusion systems and solutions for active and placebo treatment
are identical in appearance and texture. The interim safety
analysis will be performed by an independent data safety and
monitoring board in an unblinded fashion. If it is decided that
the study can be continued, all study personnel remain blinded.
Unblinding will be authorized by the sponsor after completion
of the study, performance of a blinded data review, and locking
of the database. A sealed code break envelope is present in case
emergency unblinding should be necessary.

Study Intervention
Intravenous infusion of EA-230, 90 mg/kg/hour, or placebo,
will be initiated at the moment of the first surgical incision using
an automated infusion pump. Infusion rate is 250 mL/hour, and
infusion will be continued until cessation of the CPB or after 4
hours of continuous infusion, whichever comes first.

EA-230 formulation is packed in sterile 5-mL glass vials,
containing 1500 mg/vial, dissolved in water for injection at a
final concentration of 300 mg/mL with an osmolality of 800 to
1000 mOsm/kg. The placebo formulation consists of sodium
chloride diluted in water for injection in identical sterile 5-mL
glass vials containing 29 mg/mL to reach a solution with an
identical osmolality. EA-230 and placebo will be prepared for
continuous intravenous infusion with an osmolality of <400
mOsm/kg by adding the appropriate amount of EA-230 or
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placebo to 1000 mL normal saline under aseptic conditions.
Placebo and active treatment vials, manufactured by HALIX
BV (Leiden, the Netherlands), will be provided by the sponsor.

Outcome Measures
An overview of the study procedures from inclusion criteria
until end of follow-up is depicted in Figure 2. A detailed
overview of all outcome measures is also provided in Table 1.

Figure 1. Study flowchart. Overview of patient recruitment, randomization, and population analysis procedures from screening to follow-up. CABG:
coronary artery bypass grafting.

Figure 2. Timeline of study procedures. CPB: cardiopulmonary bypass; ICU: intensive care unit; iGFR: glomerular filtration rate measured by plasma
clearance of iohexol; OR: Operating Room.
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Primary End Point
The primary focus is the safety and tolerability of EA-230. This
is defined by the combination of several safety measurements:
the incidence and severity of serious adverse events (SAEs) and
serious unexpected suspected adverse reactions (SUSARs), the
course of vital signs (heart rate and blood pressure), and the
course of routine laboratory parameters. Vital signs and routine
laboratory parameters will be registered during the first
postoperative day when patients are admitted to the intensive
care unit. Safety data will be collected from inclusion in the
study until 90 days after the administration of the study drug.

The primary efficacy end point is the modulation of the
inflammatory response by EA-230. This will be quantified by
the difference in the area under the curve (AUC) plasma IL-6
levels over time from the start of the cardiac procedure until the
first postoperative day compared with placebo. Plasma samples
will be collected preincision (baseline) at the start of CPB; at
0, 2, 4, and 6 hours after cessation of the CPB; and on the
morning of the first postoperative day.

Key Secondary End Point
Modulation of changes in renal function by EA-230 is defined
by changes in the GFR measured before surgery and on the
morning of the first postoperative day. For the determination
of the GFR, an intravenous bolus of 5 mL iohexol will be
administered, and plasma samples will be collected in the
following 4 hours. On the day before surgery: 90 and 240 min
after iohexol administration and on the postoperative day: 90,
180, and 240 min after iohexol administration. A plasma
disappearance curve of iohexol will be constructed to calculate
the iohexol GFR (iGFR) according to the methods described
by Delanaye et al [38].

All other secondary efficacy end points are exploratory. Data
for both parts of the study will be combined to assess both the
safety and efficacy of the primary and secondary end points.

Sample Size Calculation
The primary efficacy end point, AUC of plasma IL-6 levels
over time, was used for the power calculation. In the preceding
clinical phase 2a study with EA-230, during experimental
endotoxemia in healthy volunteers, EA-230 (90 mg/kg/hour)
attenuated AUC plasma IL-6 levels by 48% compared with
placebo. This first-in-patient proof-of-principle study is powered
on a 30% reduction in AUC IL-6, which is deemed a relevant
immunomodulatory effect. For the statistical dispersion, AUC
IL-6 data from a previous CABG surgery study conducted in
the same institute were used (mean 816 pg/mL/hour, SD of 520
pg/mL/hour) [39]. To correct for the nonparametric distribution
of these data, the calculated sample size is increased by 15%
[40]. With a 2-sided alpha of .05 and a power of 80% (beta of
.2), a group size of 82 patients per treatment arm is required.
However, selection of low-risk patients in the first part of the
study with an expected less pronounced inflammatory response
may result in an increased SD of AUC IL-6 in the overall study,
and therefore, loss of study power. Hence, the sample size
should be adjusted accordingly. In consultation with an
independent statistician, a sample size of 90 patients per
treatment arm was deemed sufficient to compensate for this

loss in power. Using an adaptive design, sample size will be
re-evaluated, and possible early efficacy will be assessed
halfway through the study, when 90 patients have been included.
A partially unblinded independent statistician and member of
the DMC will perform these analyses. For the re-evaluation of
the sample size, the pooled SD of the AUC plasma IL-6 levels
of the first 90 patients enrolled will be calculated and used to
compare with the original sample size according to the method
described by Proschan [41]. To demonstrate possible early
efficacy, the approach for alpha-spending according to
O’Brien-Fleming will be used [42]; a t test will be performed
on the collected data with the following alpha
(α1(t*)):α1(t*)=2−2φ(Z α/2/√t*) where t* represents the
information fraction (t*=0.5 × original sample size/new sample
size). If P<α1(t*), the study will be stopped because of early
demonstrated efficacy. When no significant differences are
found during this interim analysis, the study will continue. For
final analysis, an adjusted alpha will be used, corrected for alpha
spending.

Statistical Analysis
The safety parameters will be listed and summarized
descriptively according to treatment. No statistical testing on
safety end points will be performed. The statistical analysis plan
for efficacy end points will be signed before database lock and
is provided as online supplementary material (see Multimedia
Appendix 2). Data will be presented as mean and SD or SE of
the mean or median and interquartile range and analyses
performed, depending on their distribution. The primary efficacy
end point, the difference in IL-6 plasma concentrations over
time (AUC IL-6 plasma levels) between treatment groups, will
be analyzed using an unpaired Student t test or Mann-Whitney
U test (the latter if data are not normally distributed). In a
secondary analysis, the AUC IL-6 plasma levels between
treatment groups will also be compared using 2-way analysis
of variance (ANOVA; interaction term, on log-transformed data
if data are not normally distributed). Differences in the key
secondary efficacy end point iGFR between treatment groups
over time will be analyzed using 2-way ANOVA, as described
above. All other data will be analyzed using unpaired Student
t tests or Mann-Whitney U tests for continuous data, 2-way
ANOVA for continuous data over time as described above, and
chi-square tests for categorical data. A 2-sided P value <.05 is
considered significant. For the primary end point, a P value
corrected for alpha spending will be used as described earlier.
Statistical analyses will be performed using IBM SPSS (IBM,
Armonk, NY, USA) and GraphPad Prism (GraphPad Software,
La Jolla, CA, USA).

Withdrawal of Study Patients
Patients may leave the study at any time, for any reason, and
without any consequences. The investigator can decide to
withdraw a patient from the study for urgent medical reasons
or in case of inability to comply with the study protocol.

There is a likely possibility that patients enrolled in the study
have their cardiac surgery rescheduled as a result of urgent
intervening surgeries or because they meet an exclusion criterion
shortly before the start of surgery. Therefore, patients who are
withdrawn from the study before investigational medicinal
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product administration will be replaced and thus will not be
included in any analysis.

Different Populations to be Analyzed

Intention-to-Treat Population
The intention-to-treat (ITT) population includes all patients who
were randomized and received study treatment, irrespective of
satisfying other end point criteria. This population will be used
for the analysis of safety and tolerability and all other primary
and secondary end points.

Per-Protocol Population
Analysis of the per-protocol (PP) population will be used as a
supplement to the ITT analysis and will be performed for all
end points except safety-related end points. The PP includes all
ITT patients who have not been excluded from analysis for
major protocol deviations.

Pharmacokinetic Population
Sampling for pharmacokinetic (PK) population analysis will be
performed in 30 patients. As EA-230/placebo ratio is 1:1, the
PK population will include a subset of approximately 15 patients
who received EA-230. For this full PK evaluation, additional
blood samples will be obtained during infusion of EA-230 until
6 hours after cessation of administration.

Subgroup Analyses
Subgroup analyses will be performed on the following
predetermined preoperative randomization strata: (1) CABG
with or without concomitant valve surgery; (2) preoperative
renal function with an estimated GFR of ≤30, 31 to 90, and >90

mL/min/1.73 m2; and (3) EuroSCORE II of <4 or ≥4.

Safety Considerations

Adverse Events
All adverse events will be judged by the investigators with
regard to severity (mild, moderate, or severe) according to
Common Terminology Criteria for Adverse Events guidelines
4.030 [43] and their perceived relation to the study drug
(definitely, probably, possibly, or unrelated/unlikely to be
related). SAEs or SUSARs include death, life-threatening
disease, persistent and/or significant disability and/or incapacity,
and hospitalization and/or prolongation of inpatient
hospitalization.

The investigator will report all SAEs and SUSARs to the
sponsor without undue delay after obtaining knowledge of the
events. Monitoring and re-evaluation of the SAE/SUSAR and
its relation to the study drug will subsequently be performed by
an independent medical doctor with the independent Contract
Research Organization QPS (Groningen, the Netherlands) and
reported to the Central Committee on Research Involving
Human Subjects (CCMO, The Hague, The Netherlands) within
a maximum period of 15 days (or 7 days when the event is life
threatening or results in death) and to the independent ethics
committee of the Radboud University Nijmegen Medical Center
(CMO, Arnhem-Nijmegen, the Netherlands).

Data Monitoring Committee
An independent DMC, consisting of 3 expert members,
including 1 biostatistician, will assess safety of the study drug.
The first DMC meeting will be held on completion of the first
part of the study that includes 40 to 50 low-risk patients. During
this interim safety analysis, inclusion will be paused, and an
extensive partially unblinded assessment of (S)AEs, vital signs,
and routine laboratory parameters will be performed. Inclusion
of patients in the study will only continue if no safety concerns
are raised by the DMC. A second meeting will be held after 90
patients have been enrolled (including higher risk patients) to
reassess all safety parameters. At this point, the DMC will advise
on the continuation or termination of the study.

Ethical Considerations
The regional and central independent ethical committee, CMO
Arnhem-Nijmegen, and the CCMO, respectively, have approved
the study protocol, amendments, informed consent, and all other
study-relevant written information for the patients. The study
will be conducted in accordance with the ethical principles of
the Declaration of Helsinki ICH E6(R1), the Medical Research
Involving Human Subjects Act, guidelines of Good Clinical
Practice, and European Directive (2001/20/CE). Informed
consent will be obtained before any study-specific procedures
are performed. Substantial amendments will be provided to the
CMO for approval. Nonsubstantial amendments will be provided
to the CMO for notification.

Data Quality Assurance and Publication
Data will be handled confidentially and anonymously. The study
site maintains source documentation and is responsible for
accurate data entry in electronic case report form. The Good
Clinical Practice–certified data capture system Open Clinica
(Waltham, MA, USA) was used in this process. Blinded study
personnel are provided with an individual username and
password with complete traceability. Quality assurance, data
management with full data validation and monitoring of all
source documents, study procedures, study data, SAEs, and
SUSARs will be performed by the independent Contract
Research Organization QPS. The database will be locked after
completion of the data review, resolutions to all queries, and
the signing of the statistical analysis plan. Following database
lock, a study patient identification code list (provided by the
Castor data management system, Amsterdam, the Netherlands)
will be used to link the stratified interventional treatment (active
or placebo) to the patient. Data and body material will be kept
in secure storage at the intensive care research department and
is accessible by study personnel only. The handling of patient
data in this study complies with the Dutch Personal Data
Protection Act (in Dutch: Wet Bescherming Persoonsgegevens).
The principal investigator and the subinvestigators will write
the manuscript that will be submitted for publication in a
peer-reviewed scientific medical journal after completion of the
study, irrespective of results.

Patient and Public Involvement
Patients and the public were not involved in the design and/or
the conduct of the study protocol. Study outcome will be
disseminated to all study participants individually. The burden
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of the intervention was assessed by the independent ethics
committees CMO and CCMO, which include laymen members.

Results

Enrollment of this study commenced in July 2016, and results
are expected at the end of 2018.

Discussion

General
To evaluate the safety, immunomodulatory, and renoprotective
effects of EA-230, we designed this single-center, double-blind,
randomized, placebo-controlled adaptive phase 2 study in
patients undergoing on-pump cardiac surgery. In this study
primarily focused on safety, we will also assess the
immunomodulatory effects of EA-230. Our key secondary
objective is to investigate whether EA-230 prevents a decrease
in renal function (which is possibly related to its
immunomodulatory effects) in this patient population. Patients
undergoing on-pump cardiac surgery represent an ideal study
population to evaluate the effects of EA-230 on the systemic
inflammatory response in a proof-of-principle study. These
cardiac surgery procedures are highly standardized and have a
well-characterized sequence of inflammatory insults: release of
Danger-Associated Molecular Pathways as a result of tissue
damage during incision and sternotomy, leukocyte activation
induced by the use of the extracorporeal circuit, ischemia-
reperfusion damage following aortic cross-clamping and
subsequent declamping, and translocation of endotoxins because
of increased gut permeability [8-11]. Due to the elective timing
of these insults, the moment of activation of the immune system
is well defined, and the following inflammatory response during
and after surgery follows a relatively homogenous pattern.
Furthermore, the inflammatory response is clinically relevant,
as inflammatory mediators IL-6 and IL-8 have been shown to
be key orchestrators of the systemic inflammatory response
following cardiac surgery and are associated with postoperative
adverse outcome, including the occurrence of AKI and long-term
mortality [5,12,44]. As EA-230 has attenuated IL-6 and IL-8
in earlier work [34], it has the potential to modulate release of
these specific mediators that are associated with organ failure
in cardiac surgery patients.

Design
The inclusion and exclusion criteria of this study are not overly
restrictive to facilitate enrollment and to increase
generalizability. Although the inflammatory response is
relatively comparable among cardiac surgery patients, these
permissive criteria might influence study results because patients
with known preoperative risk factors may develop a more
pronounced inflammatory response and/or have a worse
outcome. However, in a randomized study such as this, these
interpatient differences are likely to be equally divided between
treatment and placebo groups. Nevertheless, we used a stratified
randomization procedure to optimize group balance. In addition,
3 major preoperative determinants for outcome, namely baseline
renal function, EuroSCORE II [37], and CABG with or without

valve surgery were used to ensure equal distribution between
groups of patients with known risk factors.

The 2-part study design facilitates an extensive safety interim
analysis by the DMC after the first part and limits potential risks
for patients. It also ensures efficient assessment of efficacy by
combining data from both parts for all safety and efficacy
analyses. Furthermore, with the use of an adaptive design, the
trial sample size can be adjusted halfway through the trial by
conducting a new power calculation using the variation of IL-6
concentrations of obtained data of the first half of the study,
this way guaranteeing adequate statistical power. The use of
such an adaptive design has recently been recommended for the
design of clinical studies such as this study [45].

To date, no side effects attributed to EA-230 have been
observed, which is in sharp contrast to other immunomodulatory
drugs. This may be because of the fact that EA-230 is an
endogenous, immunological active breakdown product of the
pregnancy hormone beta hCG. In addition, the fact that the
tolerant immune phenotype during pregnancy is not
accompanied with complications related to immunosuppression
suggests that targeting this pathway may be of more benefit
than the use of other immunomodulatory therapies.

Evaluation of the effects of EA-230 on renal function is of
specific interest in this study for several reasons. First, EA-230
exerted potent renal protective effects in animal studies. Second,
a significant proportion of these patients suffer from
postoperative renal injury [13,14], which is, in turn, related to
their clinical outcome [15,16]. This study is unique in terms of
accurate assessment of renal function because a gold standard
method to measure GFR is used, instead of estimating GFR
based on serum creatinine. Although it is well established that
serum creatinine and urine output are suboptimal parameters to
assess acute deterioration of renal function, they remain to be
the most commonly used markers to diagnose AKI clinically
and in research settings. Creatinine is unreliable because it is a
late marker and is influenced by muscle mass, fluid shifts,
immobilization and is partially, but actively, secreted by the
kidneys [46-48]. The iGFR method has proven to be as reliable

as the inulin clearance (with an R2 of 0.96 [49]) and accurately
detects even minor changes [38,50]. Therefore, clinically
significant changes in GFR can be reliably assessed in this study.
These renal function measurements have not been performed
in any large cardiac surgery trial to date and will substantially
improve the validity of the data and quality of this study. As a
potential downside, the iohexol method does require trained
personnel in the collection of multiple blood samples to create
a plasma decay curve. As a result of this labor-intensive process,
iGFR measurements will be performed only twice in this study:
preoperatively, representing a baseline measurement and on the
morning of the first postoperative day. As discussed earlier,
conventional renal function markers are late and unreliable.
Therefore, little is known about the exact postoperative course
of renal function deterioration and/or decrease in GFR. As such,
there is a chance that the single postoperative iGFR
measurement could fail to detect a decrease in GFR following
on-pump cardiac surgery.
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A limitation of this study is the dose of EA-230. Only one dose
is used, based on the fact that only the highest dose was effective
in terms of modulating the immune response in the previous
experimental human endotoxemia study [34]. As a result, it will
remain unknown whether similar efficacy in patients can be
attained using a lower dose or higher efficacy can be achieved
using a higher dose. Furthermore, whether the use of the
artificial extracorporeal circulation affects EA-230’s
pharmacokinetics or pharmacodynamics is unknown. Along
these lines, the fluid balance shift in patients undergoing cardiac

surgery may alter distribution of EA-230, with nontherapeutic
plasma concentrations as a possible result.

Summary
The EASI Study is a double-blind, randomized, placebo-
controlled phase 2 study of EA-230 in 180 patients undergoing
on-pump cardiac surgery. It applies stratification and has an
adaptive study design. Apart from safety and tolerability, it is
designed to examine the immunomodulatory and renal protective
effects of EA-230 in patients with systemic inflammation.
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ANOVA: analysis of variance
AUC: area under the curve
CABG: coronary artery bypass grafting
CCMO: Central Committee on Research Involving Human Subjects
CMO: independent ethics committee of the Radboud University Nijmegen Medical Center
CPB: cardiopulmonary bypass
DMC: data monitoring committee
GFR: glomerular filtration rate
hCG: human chorionic gonadotropin
ICU: intensive care unit
iGFR: glomerular filtration rate measured by plasma clearance of iohexol
IL: interleukin
ITT: intention-to-treat
MIP1: macrophage inflammatory protein
PK: pharmacokinetic
PP: per-protocol
RIFLE: risk, injury, failure, loss of kidney function, and end-stage kidney disease classification
SAE: serious adverse event
SOFA: sepsis-related organ failure assessment score
SUSAR: serious unexpected suspected adverse reaction
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Abstract

Background: Efficacious psychiatric treatments are not consistently deployed in community practice, and clinical outcomes
are attenuated compared with those achieved in clinical trials. A major focus for mental health services research is to develop
effective and cost-effective strategies that increase the use of evidence-based assessment, prevention, and treatment approaches
in community settings.

Objective: The goal of this program of research is to apply insights from behavioral economics and participatory design to
advance the science and practice of implementing evidence-based practice (EBP) for individuals with psychiatric disorders across
the life span.

Methods: Project 1 (Assisting Depressed Adults in Primary care Treatment [ADAPT]) is patient-focused and leverages
decision-making heuristics to compare ways to incentivize adherence to antidepressant medications in the first 6 weeks of treatment
among adults newly diagnosed with depression. Project 2 (App for Strengthening Services In Specialized Therapeutic Support
[ASSISTS]) is provider-focused and utilizes normative pressure and social status to increase data collection among community
mental health workers treating children with autism. Project 3 (Motivating Outpatient Therapists to Implement: Valuing a Team
Effort [MOTIVATE]) explores how participatory design can be used to design organizational-level implementation strategies to
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increase clinician use of EBPs. The projects are supported by a Methods Core that provides expertise in implementation science,
behavioral economics, participatory design, measurement, and associated statistical approaches.

Results: Enrollment for project ADAPT started in 2018; results are expected in 2020. Enrollment for project ASSISTS will
begin in 2019; results are expected in 2021. Enrollment for project MOTIVATE started in 2018; results are expected in 2019.
Data collection had begun for ADAPT and MOTIVATE when this protocol was submitted.

Conclusions: This research will advance the science of implementation through efforts to improve implementation strategy
design, measurement, and statistical methods. First, we will test and refine approaches to collaboratively design implementation
strategies with stakeholders (eg, discrete choice experiments and innovation tournaments). Second, we will refine the measurement
of mechanisms related to heuristics used in decision making. Third, we will develop new ways to test mechanisms in multilevel
implementation trials. This trifecta, coupled with findings from our 3 exploratory projects, will lead to improvements in our
knowledge of what causes successful implementation, what variables moderate and mediate the effects of those causal factors,
and how best to leverage this knowledge to increase the quality of care for people with psychiatric disorders.

Trial Registration: ClinicalTrials.gov NCT03441399; https://www.clinicaltrials.gov/ct2/show/NCT03441399 (Archived by
WebCite at http://www.webcitation.org/74dRbonBD)

International Registered Report Identifier (IRRID): DERR1-10.2196/12121

(JMIR Res Protoc 2019;8(2):e12121)   doi:10.2196/12121

KEYWORDS

implementation science; behavioral economics; mental health

Introduction

Background
Worldwide, psychiatric disorders account for more years lived
with disability than any other category of disease [1]. The risk
of premature mortality of people with severe psychiatric
disorders is elevated [2], and the annual burden to the US
economy is approximately half a trillion dollars, less than half
of which is due to the cost of treatment [3]. Efficacious
treatments are not consistently deployed in community practice,
and clinical outcomes are attenuated compared with those
achieved in clinical trials [4-6]. A major frontier for mental
health services research is to develop effective and cost-effective
strategies that increase the use of evidence-based assessment,
prevention, and treatment approaches in community settings
[7]. Although the field of implementation science has offered
many new frameworks that identify factors associated with the
use of evidence-based practice (EBP) in health and mental health
care [8,9], there is still much potential to be realized in
developing and testing new approaches that more successfully
increase the use of EBP. The goal of our Advanced Laboratories
for Accelerating the Reach and Impact of Treatments for Youth
and Adults with Mental Illness (ALACRITY) Center is to apply
behavioral economics and participatory design to accelerate the
reach and impact of treatments for individuals with psychiatric
illness across the life span.

Gaps in the Field of Implementation Science
On average, it takes 17 years for 14% of research to make its
way into practice, with the majority of research findings never
deployed in the community [10]. This finding has galvanized
the development of implementation science, a discipline that
has evolved rapidly, and focuses on the scientific study of
methods to increase the adoption, implementation, and
sustainment of EBP [11]. Implementation strategies are the
interventions of implementation science. Early implementation
research tested strategies that primarily involved training

clinicians in EBP, based on assumptions that clinicians did not
use them because they lacked knowledge and skills. Findings
from a number of randomized controlled trials suggested that
training improved clinicians’knowledge of and attitudes toward
EBP but did not lead to practice change [12-14]. This body of
research highlighted contextual factors, such as clinician
motivation and organizational culture, typically considered
nuisance factors in efficacy trials, as important and understudied
variables in their own right [15,16].

Implementation research in both health and mental health care
began prioritizing the identification of determinants at clinician,
organization, and system levels that affect implementation
success or failure. Several heuristic implementation frameworks
that attempted to capture constructs at each of these levels
supported these studies [8,9,17]. Broadly, these studies used
either qualitative methods to elucidate barriers to or facilitators
of implementation [18-21] or quantitative methods to test
associations between determinants and implementation outcomes
such as fidelity to EBPs [22-26]. Furthermore, 3 major gaps
have emerged from research that our center aims to address: (1)
implementation science has not leveraged the rich literature
from behavioral economics, (2) implementation research
encourages stakeholder involvement but has not yet
operationalized how best to do so, and (3) implementation
research lacks causal theory.

Implementation Science Has Not Leveraged the Rich
Literature From Behavioral Economics
Implementation studies historically have been premised on the
assumption that clinicians make rational clinical choices that
maximize utility for themselves and their patients [27]. A
growing body of research from the field of behavioral economics
suggests that this is not how clinicians make decisions.
Behavioral economics includes a set of models and frameworks
that recognize that individuals tend to make decisions under the
constraints of bounded rationality [28]. In other words, clinicians
do not always make decisions based on complete information,
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exhaustive analysis of all potential outcomes, and maximization
of expected utility. Instead, individuals are influenced by myriad
psychological, social, cognitive, and emotional factors and a
wide range of simplifying cognitive heuristics or shortcuts when
making decisions. Clinicians likely are influenced in their
decision making about which treatment to use and how to use
it by heuristics such as availability bias (a case seen recently is
particularly salient), hindsight bias (tendency to infer causality
from a recent event even if it was not predictable), and status
quo bias (the tendency to stick with the approach they usually
use even if new and better approaches may now be available)
[29,30].

To date, implementation research has not leveraged insights
from behavioral economics to design implementation strategies.
This approach is promising and has been applied outside of the
scope of implementation science with regard to physician and
patient behavior in health care [31-34]. The application of this
approach necessarily moves the field away from implementation
strategies designed to increase knowledge and toward strategies
such as changing the environment (ie, choice architecture) to
make it easier to do the desired thing, making EBP use the
default, and using incentives and rewards to leverage cognitive
heuristics. Incentives refer to informing individuals that they
will receive rewards if they perform a behavior. Rewards refer
to giving an individual money, vouchers, or valued objects or
status when the behavior is performed [35].

Implementation Research Encourages Stakeholder
Involvement but Has Not Operationalized How to Do
So
Although implementation science underscores the importance
of stakeholder involvement in the implementation process [36],
there has been little study on how to systematically involve
stakeholders, such as patients, providers, administrators, payers,
and policy makers, in the development, refinement, and testing
of implementation strategies [37]. Engaging stakeholders
systematically can increase the specificity, accuracy, and success
of implementation strategies. Participatory design approaches,
which emphasize active involvement of stakeholders in the
design process, can be used to include stakeholder input in the
process of designing and refining implementation strategies
[38].

Implementation Science Lacks Causal Theory
Causal theory is largely underdeveloped in implementation
science [11,39], and there is a limited understanding of the
mechanisms by which implementation strategies work [29,40].
One major rate-limiting step is that randomized controlled trials
of implementation strategies rarely incorporate formal tests of
mediating mechanisms [40]. This is due in part to the
underdevelopment of rigorous statistical methods to test
mediating and moderating effects of hypothesized mechanisms
in a multilevel context. Implementation trials almost always are
clustered, with patients nested within clinicians and clinicians
within organizations [8,9,17]. Furthermore, implementation
strategies can be directed at patients, clinicians, or organizations,
and strategies at 1 level may target behavior and outcomes at
other levels. For example, changes in organizational climate
may affect clinician behavior and patient outcomes. There are

few validated statistical approaches to test these pathways,
sometimes referred to as complex moderated mediation or
conditional indirect effects in a multilevel context, thus limiting
the forward movement of the field in understanding how or
when implementation strategies are most effective.

A second factor that limits the development of causal theory in
implementation science is the lack of standardized and validated
measures that assess putative mechanisms that link strategies
to outcomes. Important work is currently underway to address
this measurement gap in some areas of implementation science
[41]; however, constructs from the field of behavioral
economics, including measures that assess cognitive heuristics,
have been notably absent. This is an important gap given the
potential promise of these heuristics as a lever for behavior
change.

Even when measures are available to assess putative mediating
mechanisms and investigators test these variables as mediators
within randomized controlled trials, a third factor that limits the
development of causal theory in implementation science is the
failure of many implementation strategies to engage the targeted
mechanisms [40]. A recent systematic review of 88 randomized
controlled implementation trials in mental health service settings
found no evidence that any implementation strategy engaged
its targeted mechanisms of action [40]. One potentially important
reason for this is that, to date, the design of implementation
strategies has not incorporated systematic end-user feedback
and perspectives. Studies have shown that intervention design
is significantly improved when it systematically elicits end-user
feedback about behavioral bottlenecks and other barriers to
enactment of the targeted behavior and incorporates this
feedback into intervention design [42].

The center is funded as part of the National Institute of Mental
Health ALACRITY P50 to support the rapid development,
testing, and refinement of novel and integrative approaches for
optimizing the effectiveness of treatments for and prevention
of mental disorders and organizing and delivering mental health
services in community settings [43]. The major aim of the Penn
ALACRITY center is to accelerate the pace at which effective
treatments for mental disorders are deployed in community
practice, thereby increasing their impact on improving quality
of life for people with these disorders, and to advance the
science of implementation. The Penn ALACRITY center is
intended to support research that demonstrates high synergy
across disciplines and that increases the public health impact
of existing and emerging mental health interventions and service
delivery strategies. The Penn ALACRITY center addresses
these goals with the following objectives:

Objective 1: Apply innovative, interdisciplinary
approaches from behavioral economics to
implementation science.

Objective 2: Apply methods from participatory design
to ensure that the stakeholders’ voice is included in
the development of implementation strategies in a
systematic, rigorous, and collaborative manner.

Objective 3: Develop statistical approaches that allow
for the elucidation of mechanisms and causal theory.
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Methods

Overview
The Methods Core is the foundation of the Penn ALACRITY
center. Specifically, it supports 3 incubators related to
implementation strategy design, measurement, and statistical
methods: (1) optimization of implementation strategy design
through our design incubator, (2) refinement of measurement
of mechanisms through our measurement incubator, and (3)
development of novel approaches to test mechanisms in
multilevel implementation trials through our statistical methods
incubator. The Methods Core supports 3 exploratory projects
that are wide in scope and span the most salient levels at which
implementation takes place—the individual in treatment, the
clinician, and the organization. Although each project stands
alone, they are linked through common methods and
measurement tools (see Table 1).

Project 1 (Assisting Depressed Adults in Primary care Treatment
[ADAPT]) compares the effectiveness of different schedules
of financial incentives to increase medication adherence among
adults recently diagnosed with depression in primary care
settings. Project 2 (App for Strengthening Services In
Specialized Therapeutic Support [ASSISTS]) examines the
effectiveness of normative pressure in increasing the use of EBP
among frontline clinicians working with children with autism
in schools. Project 3 (Motivating Outpatient Therapists to
Implement: Valuing a Team Effort [MOTIVATE]) develops
and tests the acceptability of organization-focused
implementation strategies to increase clinicians’ use of EBPs
in community mental health clinics. In the section that follows,
we will describe the major activities of the Methods Core,
followed by more in-depth descriptions of each project.

Methods Core

Design Incubator: Optimize Implementation Strategy
Design
The design incubator will test several participatory approaches
to develop implementation strategies. Here, we describe 4
methods including innovation tournaments, behavioral design,
rapid-cycle prototyping, and discrete choice experiments.

Innovation tournaments [44,45] take a collaborative and
systematic approach to addressing complex and relatively
unstructured problems using ideas from end users. Innovation
tournaments begin when a host calls for ideas in an area of
interest. End users are invited to submit ideas, which go through
sequential stages of screening and evaluation by crowdsourcing

peer review and expert input to filter and shape the raw ideas
into the most promising ideas. At the end of the tournament, a
few winning ideas are selected. Although innovation
tournaments are solution-focused, they have added benefits
related to team building and shifting organizational climate to
be more egalitarian so that end users have direct input.
Innovation tournaments have been successfully used in many
contexts to increase stakeholder engagement, including quality
improvement in health care [44,45], but have not been used to
address challenges of implementing EBP in mental health
services. In addition, 2 of our 3 projects (ASSISTS and
MOTIVATE) include this approach. In ASSISTS, we use
innovation tournaments to engage therapists in designing
nonfinancial incentive strategies to improve the use of EBP
among one-to-one aides working with school-age children with
autism. Although we propose to leverage normative pressure
to increase use of 1 EBP, data collection, there are many ways
normative pressures can be applied, and there may be other
incentives that may be equally or more effective, which we can
learn about from our stakeholders. In MOTIVATE, we use
innovation tournaments to engage clinicians in identifying the
best way for organizations to use financial and nonfinancial
incentives to help clinicians implement EBP.

Behavioral design is a systematic approach, informed by
engineering and human-centered design principles, to understand
human behavior and apply those insights to the design of
behavior change interventions [46,47]. In this 5-step approach,
designers first define the problem and then diagnose the problem
from a behavioral lens, using qualitative and quantitative data
about the context of the target behavior. The diagnosis process
yields hypotheses informed by behavioral insights about the
channels or barriers to the desired behavior. Next, these
hypotheses are translated into potential solutions. Design
solutions are also informed by behavioral insights. One design
approach, developed by the UK Behavioural Insights Team, is
the Easy, Attractive, Social, and Timely Framework, which
organizes design solutions into factors that make the desired
behavior Easy, Attractive, Social, and Timely [48]. For example,
creating default solutions (which people will naturally stick
with) makes a behavior very easy. Providing peer comparisons
makes a behavior social, as most of us care how we do relative
to peers, and what others think of us. Designed solutions are
then tested and scaled through rigorous experiments. Project
MOTIVATE employs behavioral design to generate solutions
to improve the implementation of EBPs in community mental
health settings. The contextual data for diagnosis phase will
comprise, in part, the ideas submitted in the innovation
tournament.

JMIR Res Protoc 2019 | vol. 8 | iss. 2 | e12121 | p.73http://www.researchprotocols.org/2019/2/e12121/
(page number not for citation purposes)

Beidas et alJMIR RESEARCH PROTOCOLS

XSL•FO
RenderX

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


Table 1. Comparisons across the 3 exploratory projects.

Project 3: MOTIVATEcProject 2: ASSISTSbProject 1: ADAPTaAttributes

OrganizationClinicianPatientEcological level

A wide range of diagnoses and agesYouth with autismAdults with depressionPopulation

MixSocialFinancialType of incentive

Acceptability of implementation strategiesData collectionMedication adherenceOutcome

aADAPT: Assisting Depressed Adults in Primary care Treatment.
bASSISTS: App for Strengthening Services In Specialized Therapeutic Support.
cMOTIVATE: Motivating Outpatient Therapists to Implement: Valuing a Team Effort.

Rapid-cycle prototyping is an industry innovation that has
recently been applied to health care and is a complementary
approach to behavioral design. The goal of rapid-cycle
prototyping is to test potential innovations more efficiently, less
expensively, and more reliably than traditional clinical trials
[49]. These approaches leverage mini-pilots, or experiments
that are integrated within operations, to learn how to best design
strategies. Rapid-prototyping does not rely on a finished product
to test. Rather, mock-ups or inexpensive versions are tested
before completing the product. For example, when IBM wanted
to test how users would respond to speech recognition software,
it placed a hidden typist in another room who could hear the
speaker through a microphone, rather than developing this
complex technology first [50]. Rapid-cycle prototyping has
been used extensively at the Penn Medicine Center for Health
Care Innovation in a variety of clinical contexts as a way to
quickly learn from successive iterations of a new technology.
We use rapid-cycle prototyping in 1 of our projects. In
ASSISTS, our digital tool to collect data and improve
implementation will rely heavily on rapid-cycle prototyping to
iteratively test the interface, information content, and response
to a phone-based data collection app for providers of one-on-one
behavioral support for children with autism.

Discrete choice experiments [51,52] are frequently applied in
health economics as a way to rate the acceptability of programs.
They have not been used to provide input on the design of
implementation strategies although they represent another
promising approach to increasing stakeholder engagement [53].
Discrete choice experiments are a technique for systematically
eliciting individual preferences for options and their specific
attributes. By systematically eliciting tradeoffs among
constructed outcome combinations, discrete choice experiments
generate data that can quantify relative utility or satisfaction for
the presented option as well as its specific attributes. This
strategy allows for eliciting preferences for treatments that do
not currently exist or that individuals have not yet experienced.
We use discrete choice experiments in MOTIVATE to evaluate
the acceptability of collaboratively developed implementation
strategies targeting organizations to increase clinician EBP
implementation.

Measurement Incubator: Refine Measurement of
Mechanisms Related to Clinician Factors
Implementation science frameworks posit that individual factors
such as motivation, self-efficacy, knowledge, and attitudes are
important in the implementation process [8,9]. To date, these

factors have primarily been described and measured using health
behavior theories such as the Theory of Planned Behavior [54]
and Social Cognitive Theory [55]. Less explored in
implementation research have been the psychological heuristics
that shape decision making and characterize our decision-making
styles and may both mediate and moderate the impact of
implementation strategies. In our 3 exploratory projects, we
hypothesize that psychological heuristics affect implementation
strategy success. For example, risk aversion describes the human
tendency to value losses more than equivalent gains [30] and
may shape how a consumer responds to a financial incentive to
adhere to an EBP or may make managers reluctant to take a
gamble on innovative practices that may put quality at risk.
Present bias refers to the tendency of individuals to overvalue
immediate or current rewards compared with future rewards
[56]. Present-biased individuals may be more responsive to
financial incentives; present-biased managers may require
short-term rewards that provide more immediate feedback than
those commonly seen in many pay-for-performance programs
that involve incentive disbursement at the end of each year.
Regret aversion refers to the tendency of individuals to reduce
the possibility of regret when making choices and can be
deployed in the design of lotteries or other tangible or intangible
rewards systems; response to such designs is likely to vary with
underlying heterogeneity in regret aversion. Individuals’
sensitivity to conformity and social referents similarly can be
leveraged both through descriptive comparisons (eg, “this is
how you are using EBP compared with your peers”) and
injunctive comparisons (eg, “these are your supervisors’
expectations of how you will use EBP”) [57]. An individual’s
unique pattern of cognitive biases and decision-making styles
can be described as their behavioral phenotype [42] and may
explain individual variation in responses to implementation
strategies.

Implementation science frameworks also posit the importance
of organizational factors in explaining implementation success,
emphasizing constructs such as organizational culture (the
collective sense of how work is done in an organization),
organizational climate (the collective sense of how the work
environment affects psychological well-being), implementation
climate (group perspective on whether use of an innovation is
expected, supported, and rewarded), and implementation
leadership (group beliefs about how capably a leader supports
EBP implementation) [58-62]. These organizational constructs
explain much of the variance in implementation outcomes [23].
They are generally measured by aggregating individual
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responses within organizations or organizational units following
a demonstration of construct validity at the organization level.
In addition to defining individual decision-making styles,
behavioral phenotypes may be important organizational
descriptors, which would require aggregating responses across
individuals. As an exploratory objective, we will examine the
validity and utility of aggregating individual behavioral
phenotypes to the organizational level [63]. In other words, do
people with similar behavioral phenotypes cluster in
organizations, and do these aggregated phenotypes predict
important implementation outcomes? Individual behavioral
phenotypes could cluster within organizations if, for example,
leaders only hire individuals whose psychological heuristics
are consistent with their own or if the organizational culture
changes employees’ heuristics. If individual behavioral
phenotypes translate into an organizational construct, we will
also explore questions related to organizational composition,
such as how clinicians’ behavioral phenotypes compare with
those of their administrators and which is more predictive of
implementation and clinical outcomes.

We will refine existing, validated measures from the behavioral
economics literature for assessing psychological heuristics.
Once measured in patients, providers, and administrators, these
phenotypes can be evaluated as mediators and moderators of
implementation strategy effects.

Statistical Methods Incubator: Develop Novel
Approaches to Test Mediating and Moderating Effects
of Mechanisms
Mechanisms refer to processes that are responsible for change
[64]; they can be considered the active ingredients that explain
the specific ways in which implementation strategies affect
implementation and client outcomes. The identification of
mechanisms can lead to more efficient and tailored strategies
based on the EBP of interest and the context in which it is
implemented. The goals of the statistical methods incubator are
to develop methods that quantify the magnitude and statistical
significance of cross-level indirect effects in mediation models
(the approach needed to test mechanisms) that span patient,
clinician, and organizational levels and develop methods and
guidelines for designing studies that have adequate statistical
power to detect mediation effects in these multilevel trials.
These methods are necessary to rigorously test the
implementation strategies that are developed through our
exploratory projects and pilot studies.

Although some research has begun to identify challenges and
propose solutions for addressing mediation in simple 2-level
mediation models (patients nested within providers) [65], little
is known about the extension of these methods to 3-level models
(patients within providers within organizations) or models that
incorporate multiple measures over time. For example, questions
remain about the extent to which various model specifications
result in biased parameter estimates and the most effective
strategies for overcoming these biases to obtain accurate
parameter estimates and correct tests of statistical significance
for indirect effects in 3-level models. Complications arise in
these models because of the interdependence of observations
within levels and because the relationships among lower-level

variables can vary at different levels [65-67]. Although
significant progress has been made in accounting for these
design features when modeling direct effects, the modeling of
indirect effects is more complicated and has not been examined
with as much rigor. This deficit is particularly important in
implementation studies of organizations where there can be
considerable homogeneity within levels, and interventions at 1
level can have substantial effects on other levels—all of which
complicates modeling [23,40,68].

There are no good guidelines to help investigators design
multilevel studies so that they have adequate power to detect
indirect effects of clinical interest. The importance of designing
studies with adequate statistical power to detect meaningful
effects is well understood [69] and accepted. Several resources
are available to support researchers in ensuring that studies are
adequately powered to detect main effects of interventions in
both single-level trials and multilevel trials [70-72]. As the field
moves to an experimental approach that requires testing of the
mediating mechanisms that link implementation strategies to
outcomes at multiple levels, we will have to examine indirect
effects in studies that have sufficient statistical power to detect
these effects, should they be present. Although methods are
available to calculate statistical power for main effects in
clustered trials, we know of no validated methods to calculate
statistical power to detect cross-level indirect effects in
multilevel trials. Without this information, investigators are
unable to plan studies that are adequately powered to address
questions of mechanisms. This work will build on and extend
2 approaches to test indirect effects in multilevel
models—multilevel structural equation modeling [73] and the
centered within context with means reintroduced approach
[65]—to address 3-level models with mediators, interventions,
and randomization at different levels. This work will result in
generalizable instructions and guidelines on how to conduct
multilevel mediation analysis in 3-level mediation models
applicable to studying mechanisms in a wide range of
implementation trials and empirical evidence supporting the
need for these approaches to increase the precision and accuracy
of indirect effect estimates.

Exploratory Projects

Project 1: Assisting Depressed Adults in Primary Care
Treatment (Patient-Level)
Improving the management of adult depression is one of the
great challenges facing outpatient mental health care. As
continuous antidepressant treatment tends to improve symptoms
of depression [74-76], quality of life [74], and social functioning
[77] as well as reduce health care costs [78], it is a cornerstone
of evidence-based treatment for adult depression. Yet adults
who initiate antidepressants for depression often discontinue
within the first few weeks of treatment, before their medication
becomes fully effective [79]. Although patient-level strategies
have been highlighted in several implementation frameworks,
there has been little empirical study relating to patient-level
uptake of EBP [80]. We will conduct a pilot study to test
whether modest time-limited escalating or de-escalating daily
financial rewards for patient antidepressant use, based on
behavioral economic theory, improves medication adherence
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and clinical outcomes of adults initiating treatment of
depression. This will make a contribution to implementation
science by elucidating how patient-facing implementation
strategies can be used to increase the manner in which patients
engage with EBP.

Tangible financial patient rewards have successfully increased
a wide range of health behaviors [31,34,81-84], including
medication adherence [85-88]. Financial rewards for medication
adherence tend to have their strongest effects when they are
provided frequently and close in time to when the medication
is taken [88]. In depression, in contrast to many other conditions,
it may be necessary to provide financial incentives for
antidepressant adherence only during the initial weeks of
treatment, when untreated depression makes nonadherence risk
greatest and before the patient’s mood begins to improve
[89,90]. After this point, antidepressants may help lift the
patient’s mood, providing feedback to become self-reinforcing
and facilitate better adherence.

Behavioral economics research has highlighted that the design
and delivery of financial incentives significantly influence
effectiveness [91,92]. Antidepressant therapy requires
continuous medication adherence. However, the therapy’s
mechanism of action makes early adherence difficult: the
rewards of antidepressants (decreased depressive symptoms)
do not materialize instantaneously but only after several weeks
of use, whereas the costs (inconvenience and side effects) accrue
in the present. With this in mind, it is possible that providing
larger initial incentives that fade over time may help people to
overcome initial inertia and get started. It is also possible,
however, that an increasing daily incentive, which people
generally prefer [93], may better leverage key behavioral
principles, including the use of reference points (people compare
with what they have received previously, and the increasing
rewards will be thus viewed positively) and loss aversion as
patients who initiate treatment face an ever-greater lost
opportunity if they discontinue medications as rewards increase
[94]. However, it is also possible that an increasing daily
incentive, which people generally prefer [93], may better
leverage key behavioral principles, including the endowment
effect (ascribing more value to things because one owns them)
and loss aversion as patients who initiate treatment face an
ever-greater lost opportunity if they discontinue medications as
rewards increase [94].

We will compare the effects of usual care, escalating, and
de-escalating patient financial incentives on daily antidepressant
medication adherence and depression symptom control of
nonelderly adults with clinical depression (see Table 2). A
three-arm pilot study will randomize 120 adults in outpatient
treatment who are starting antidepressants for depression to
receive either (1) usual care (n=40), (2) usual care and escalating
daily financial incentives (n=40), or (3) usual care and
de-escalating daily financial incentives (n=40). Participants
assigned to the escalating incentive arm will receive US $2 per
day, increasing to US $7 per day with daily feedback tied to
use of Adheretech wireless medication devices using the Way
to Health platform for the first 6 weeks of antidepressant
adherence (US $189 maximum). Those assigned to the
de-escalating incentive arm will receive an incentive that

decreases from US $7 per day to US $2 per day for daily
antidepressant adherence over the 6-week period (US $189
maximum). The study will achieve the following specific aims:
(1) compare the effectiveness of usual care, escalating
incentives, and de-escalating incentives on improving adherence
to antidepressant therapy and reducing depressive symptoms 6
weeks following treatment initiation; (2) determine whether 6
week escalating or de-escalating financial incentives continue
to improve antidepressant adherence and depressive symptom
control over the 6- to 12-week period following termination of
the incentives; and (3) assess the similarity of the study groups
with respect to potential negative effects of incentives including
regret over study participation. We will also explore potentially
moderating effects of 2 psychological biases (present bias and
information avoidance) on the effectiveness of the interventions
to improve daily antidepressant adherence. Habit formation and
decision regret will be evaluated as secondary outcomes. Given
that this study is one of the first of its kind to explore financial
incentives for medication adherence in individuals with
psychiatric disorders, we have paid careful attention to potential
ethical concerns [95]. It is of note that we will not prescribe any
medication, and we leave the assessment of benefits relative to
risks for each patient to that patient’s clinician. We have
included the Decision Regret Scale [96], which we will monitor
regularly to identify potential issues of dissatisfaction with study
participation. We also plan to conduct qualitative interviews
with participants asking specifically about their perspectives
on financial incentives and adherence to antidepressants.

Project 2: App for Strengthening Services in Specialized
Therapeutic Support (Clinician-Level)
Elementary school children with autism often need intensive
support throughout the day [97]. Concerns about safety,
behavioral challenges, and the need for a highly structured
environment have resulted in an increased use of one-to-one
aides at home, school, and in the community [98,99]. These
aides, referred to as therapeutic support staff (TSS) in
Philadelphia, usually have a bachelor’s or associate’s degree
and receive limited training and supervision due to the
community-based nature of their work, which often requires
them to work in settings independent from their supervisors and
peers [98,100]. Ideally, aides would use evidence-based
interventions in the family of applied behavior analysis to help
children reduce problem behaviors and increase adaptive
behaviors [101,102].

Philadelphia’s Medicaid system spends more than US $80
million a year on TSS, about a third of the children’s mental
health services budget. Although children with autism comprise
7% of all children served through this system, they account for
40% of TSS services. Administrators, advocates, and parents
have decried the poor or unknown quality of care and outcomes
associated with it, yet the very nature of the work they do makes
it difficult to monitor. Our observations of TSS in the
community [98], combined with our interviews with
administrators and clinicians, suggest that TSS are not supported
in providing high-quality, evidence-based care, in large part
because of the isolating nature of their work and limited
opportunity for measurement of performance, acknowledgment,
and feedback.
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Table 2. Assisting Depressed Adults in Primary care Treatment (ADAPT) Standard Protocol Items: Recommendations for Interventional Trials (SPIRIT)
flow diagram.

Study periodStages and time point

Follow-upIntervention period
(weeks 1-6)

BaselineScreening

End of week 12End of week 6

Enrollment

———bXXaEligibility screen

————XVerbal informed consent

———X—Randomization

Interventions

——X——Escalating financial incentives

——X——De-escalating financial incentives

——X——Control

Assessments

XX——XPatient Health Questionnaire-9

XX—X—Generalized Anxiety Disorder-7

XX—X—Beck Hopelessness Scale

———X—Theory of Planned Behavior

———X—Information avoidance

———X—Present bias

XX———Decision Regret Scale

XX———Habit formation

XXX——Daily antidepressant adherence (auto-
mated collection via electronic pill
bottle)

XXX——Antidepressant prescription (via
electronic health record abstraction)

aX denotes the study period in which each component occurs.
bNot applicable.

This project will develop and test strategies to increase TSS’s
self-efficacy, supervision, and sense of belonging to a
professional community, with opportunities for peer comparison
and supervisor recognition as mechanisms to increase the use
of EBP. The target practice for this study is data collection. We
chose data collection because (1) it is a component of every
EBP for children with autism and is common to many mental
health interventions for other children as well, (2) this
foundational practice is essential to measuring and monitoring
outcomes and has been associated with more positive outcomes
in and of itself, and (3) it makes possible the objective
assessment of the effectiveness of implementation strategies
and supports iteration and improvement.

Our clinician-focused implementation strategy is based on 3
psychological principles informed by behavioral economics.
The first is bounded rationality, defined as limited information,
cognitive capacity, and willpower [103]. TSS may find data
collection difficult because they are not sure what information
to collect or how to collect it easily. The second is perceptions
of social norms [57]. On the basis of typical practice, TSS may

believe that their supervisors do not expect them to collect data
and that none of their peers collect data. The third is hyperbolic
discounting, in which people prefer more immediate gratification
(not expending effort to collect data) at the expense of long-term
outcomes (data ultimately used to show a child’s progress and
inform future interventions) [56].

Philadelphia’s Department of Behavioral Health is making
substantial investments in establishing and enforcing standards
for autism intervention. Data collection will be an important
part of these new standards. We will use a participatory design
approach to build a digital app on the Penn Way to Health
platform that allows TSS to (1) receive frequent communication
and reminders about how and when to collect data, (2) easily
collect and upload data, (3) observe how the child in their care
is progressing, (4) observe how they compare with their peers
in data collection, and (5) receive positive recognition from
their supervisors and employers in response to frequent and
accurate data collection.

We will use rapid-cycle prototyping, an iterative development
process that involves multiple tests of our intervention’s utility,
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feasibility, acceptability, and potential for long-term
system-wide implementation. To develop the components of
this new tool, we will (1) conduct an innovation tournament
among TSS and their supervisors to identify ways to increase
TSS’s data collection; (2) observe and query 10 TSS workers
in the field to examine how they collect data, the functional and
structural barriers that impede their ability and willingness to
collect data, and their intentions, attitudes, subjective norms,
and self-efficacy regarding data collection; (3) use rapid
prototyping and testing to create an app through Way to Health
that makes data collection easier, more rewarding, and socially
desirable and refine the app based on observation and data
collection; (4) test the refined app with 30 TSS from 3 agencies;
and (5) explore broader applicability of this technology with
our partners to determine how use of other EBPs can be
objectively and inexpensively measured and rewarded.

Project 3: Motivating Outpatient Therapists to
Implement: Valuing a Team Effort
(Organizational-Level)
In project MOTIVATE, we will partner with stakeholders to
develop implementation strategies that target organizations and
leverage established principles from behavioral economics to
improve EBP implementation in community mental health
clinics. In our work investigating the implementation of EBP
over the past 5 years [23,104], agency administrators and policy
makers have repeatedly told us that the most significant barrier
to implementing EBP is the need for a significant organizational
financial investment, which is challenging in the context of an
under-resourced public mental health system [21,105-108].

In response to this challenge, payers, including Philadelphia’s
Department of Behavioral Health and Intellectual disAbility
Services (DBHIDS), are beginning to use financial incentives
to motivate organizations to encourage EBP implementation.
These efforts are based in part on evidence from a few published
studies, which show that pay-for-performance schemes, that is,
paying clinicians directly for the implementation of EBPs, result
in greater use of EBP and higher fidelity [109-111]. However,
studies have also shown that incenting organizations rather than
clinicians is not highly effective in changing clinicians’ use of
EBP [112-115]. This discrepancy highlights the importance of
understanding how to help organizations leverage incentives to
change clinician behavior most efficiently and effectively.

The limited impact of paying organizations to change clinician
behavior may be due to a number of factors ranging from poor
incentive design to organizational incentives not being translated
into incentives for frontline clinicians [116]. Organizational
leaders likely do not have the training in how to design or use
flow-through incentive funds effectively nor is there any
research (or established implementation strategies) to guide this
practice [115]. We address this gap through a participatory
design process that integrates stakeholder input from clinicians,
administrators, policy makers, and payers to develop
incentive-oriented implementation strategies that target
organizations [36].

Our participatory design approach incorporates 3 novel and
promising methods for systematically eliciting and leveraging

end-user input to design effective interventions. First, we will
use an innovation tournament (described previously) to generate
ideas from clinicians (the end users) about the best ways for
organizations to use financial and nonfinancial incentives to
facilitate clinician implementation of EBP (see description
above). Second, we will refine the ideas generated through the
innovation tournament using a behavioral diagnosis process.
We will use a structured tool developed by ideas42 to
comprehensively analyze the ideas submitted in the tournament
and identify specific behavioral barriers impeding the use of
EBPs by clinicians. For example, tournament ideas that indicate
that clinicians run out of time to implement EBPs during the
standard 50-min therapy session may suggest that the planning
fallacy (ie, the tendency to consistently underestimate the time
needed to complete an action) contributes to incomplete or
infrequent use of EBPs in session. The behavioral diagnosis
step will yield multiple hypothesized behavioral bottlenecks
that, once confirmed or disconfirmed by stakeholders, will
inform implementation strategy design.

Third, once a set of implementation strategies have been
identified as potentially useful, we will use a discrete choice
experiment to systematically elicit and quantify stakeholders’
preferences regarding how these strategies should be designed
and structured [53]. Discrete choice experiments present
potential users of a product or service with a series of
forced-choice questions that require them to choose between
alternative designs. For example, clinicians might be required
to choose between a financial incentive in the form of a large
annual bonus for high EBP fidelity or a small monthly payment
for fidelity or they might choose to verify fidelity by tape
recording all sessions or having 1 in-session observation. By
systematically combining various attributes and levels, a discrete
choice experiment quantifies the extent to which specific design
features are desired. This information will then be used to inform
the design of an incentive strategy that targets organizations to
improve clinicians’ EBP delivery.

Declarations

Current Study Status
We have begun recruitment and data collection for Projects 1
and 3; data collection is ongoing for both projects. Project 2
recruitment and data collection will begin in 2019. No
publications containing the results of this study have been
submitted or published in any journal.

Ethics Approval and Consent to Participate
The institutional review boards of the University of
Pennsylvania and the City of Philadelphia approved all study
procedures, and all ethical guidelines were followed. All
individuals interested in participating in the research described
in this protocol will provide written informed consent.

Setting
This work is occurring in close collaboration with community
stakeholders vested in mental health in the City of Philadelphia.
Our major partners include the DBHIDS, the School District
of Philadelphia, the nonprofit organizations that serve the mental
health needs of Philadelphia residents in the DBHIDS network,
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and the University of Pennsylvania Health System. Philadelphia
is a city of 1.6 million racially and ethnically diverse
communities, approximately a third of who are enrolled in
Medicaid. Philadelphia manages the behavioral health care of
its Medicaid enrollees through Community Behavioral Health
(CBH), a not-for-profit corporation that falls within the
organizational structure of DBHIDS. CBH pays for mental
health and substance use care for more than 100,000 consumers
annually and has more than 250 organizations in network,
including approximately 50 CBH centers and other specialized
mental health and substance use agencies providing outpatient
services.

The School District of Philadelphia serves approximately
140,000 students educated in 214 schools annually, making it
the eighth largest school district in the United States.
Furthermore, three-quarters of its students are eligible for free
or reduced-price lunch. About two-thirds of students are African
American and 10% are Latinx, and 107 languages other than
English are spoken at home by District students.

The University of Pennsylvania Health System is the largest
health system in the Delaware Valley. It includes 6 hospitals
and 2 regional medical centers. Last year, the health system
accommodated more than 5 million outpatient visits, 135,000
adult hospital admissions, and 350,000 emergency room visits.

All projects are approved by the appropriate institutional review
boards.

Results

Enrollment for project ADAPT started in 2018; results are
expected in 2020. Enrollment for project ASSISTS will begin
in 2019; results are expected in 2021. Enrollment for project
MOTIVATE started in 2018; results are expected in 2019. Data
collection had begun for ADAPT and MOTIVATE when this
protocol was submitted.

Discussion

Summary
Although hundreds of treatments for common psychiatric
disorders have demonstrated efficacy, problems persist in
optimizing their implementation in community practice
[117,118]. When evidence-based interventions are adopted,
they are often not implemented in the way they were designed
and do not result in the same outcomes observed with highly
selected patients under controlled conditions. The 3 projects
described in this protocol address the problems of incomplete
uptake of selected EBPs in community practice and will result
in approaches that could lay the foundation for ways to address

implementation gaps at the levels of individuals in treatment,
clinicians, and organizations. Our Methods Core will develop
statistical, participatory design, and behavioral phenotyping
approaches to increase the specificity and external validity of
implementation strategies and the rigor with which and for
whom they work.

One innovation of our Penn ALACRITY center is the merging
of mental health treatment, implementation science, behavioral
economics, and participatory design. Implementation research
in mental health has identified important, malleable
characteristics of treatments, the individuals using them, and
the organizations in which they work that affect their use and
outcomes. Behavioral economists have identified a wide range
of patterns in human decision making that may contribute to
poor health outcomes as well as methods of designing the
environment to optimize optimal decision making
[91,92,119-127]. These complementary approaches may be
helpful when considering the implementation challenges faced
in the community. Participatory design actively involves
stakeholders in designing new technologies to help ensure that
the results meet their needs. Our Penn ALACRITY center
activities will introduce a new level of rigor and innovative
methods for eliciting and incorporating stakeholder input and
will represent the first merging of interdisciplinary perspectives.
Future research can test the output of these different
participatory design approaches to test their effectiveness in the
design of implementation strategies.

Outcomes and Conclusions
We anticipate that our Penn ALACRITY center will result in
the following outcomes. First, through the design, measurement,
and statistical methods incubators, the Methods Core will
generate guidelines for using participatory design approaches
(ie, innovation tournaments, rapid-cycle prototyping, and
discrete choice experiments) in the development of
implementation strategies; a set of publicly available measures
of behavioral phenotypes and a database that pools deidentified
patient, provider, and organizational data; and practical statistical
tools, guidelines, and information that facilitate the design of
the next generation of mechanism-focused randomized trials in
implementation science. Second, through our exploratory
projects, we will generate data that will seed future
implementation science studies that incorporate advances from
behavioral economics and participatory design [128]. Third,
through our scientific and dissemination activities, we hope
both to (a) advance implementation science by integrating new
conceptual models and methods to develop implementation
strategies and (b) increase the use of EBPs in community
settings to improve patient well-being and quality of care.
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Abstract

Background: Across Europe, Canada, Australia, and the United States, the prevalence of home mechanical ventilation (HMV)
prevalence is 6.6-12.9 per 100,000. At-home ventilator-assisted individuals (VAIs) are often vulnerable and highly comorbid,
requiring complex care. In Canada, most VAI care is provided by family, leading to poor health-related quality of life and increased
caregiver burden. No supportive interventions or peer support programs are tailored to VAI caregivers. Owing to the financial,
geographic, and time limitations, Web-based support delivery may especially meet VAI family caregiver needs. We have developed
a peer mentor training and Web-based peer support program for VAI caregivers including information-sharing, peer-to-peer
communication, and peer mentorship.

Objective: Study Stage 1 aims to (1) evaluate the face and content validity of the peer mentor training program and (2) investigate
participant satisfaction. Study Stage 2 aims to evaluate (1) the feasibility of participant recruitment and Web-based program
delivery; (2) acceptability, usability, and satisfactoriness; (3) experiences of caregivers and peer mentors with the Web-based
peer support program; and (4) effect of the Web-based peer support program on caregiver health outcomes.

Methods: Study Stage 1: We will train 7 caregivers to act as peer mentors for the Web-based peer support program trial; they
will complete questionnaires rating the utility of individual training sessions and the training program overall. Study Stage 2: We
will recruit 30 caregiver peers for a pilot randomized controlled trial of the 12-week Web-based peer support program using a
waitlist control; the program includes private chat, a public discussion forum, and weekly moderated chats. Caregiver peers will
be randomized to the intervention or waitlist control group using a 1:1 ratio using Randomize.net. Both groups will complete
pre- and postintervention health outcome questionnaires (ie, caregiving impact, mastery, coping, personal gain, positive affect,
and depression). Caregiver peers in the intervention arm will only complete a program evaluation and will be invited to participate
in an interview to provide insight into their experience. Peer mentors will be invited to participate in a Web-based focus group
to provide insight into their experience as mentors. We will judge the feasibility per the number of recruitment and program
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delivery goals met, use analysis of covariance to compare health outcomes between intervention and control groups, and analyze
qualitative data thematically.

Results: Peer mentor training was completed with 5 caregivers in July 2018. To date, 2 caregivers have beta-tested the website,
and the Web-based peer support program trial will commence in September 2018. Results are expected by early 2019.

Conclusions: This study will result in the production and initial evaluation of a rigorously developed, evidence- and
stakeholder-informed Web-based peer training and peer support program for caregivers of VAIs residing at home.

International Registered Report Identifier (IRRID): PRR1-10.2196/11827

(JMIR Res Protoc 2019;8(2):e11827)   doi:10.2196/11827

KEYWORDS

intervention; caregivers; peer support; mechanical ventilation

Introduction

Family Caregivers of Ventilator-Assisted Individuals
Prevalence rates for ventilator-assisted individuals (VAIs) living
at home are increasing globally. The 2005 Eurovent Study
estimated the prevalence of home mechanical ventilation (HMV)
at 6.6 per 100,000 population across 16 European countries [1].
Comparative research from Australia and New Zealand indicated
a minimum prevalence of HMV of 9.9 and 12.0 per 100,000,
respectively [2]. Recent data from Canada and the United States
indicate that 12.9 and 6.6 per 100,000 population, respectively,
receive HMV [3,4]. Given the unique and complex care needs
of VAIs [3], family caregivers play an essential role in sustaining
the stable environment that enables them to live at home [5,6].
If family caregivers are unable to support VAIs to remain in the
home, the only alternative is institutionalization [7]. Several
studies have highlighted that caregiving can increase the burden
and decrease the caregiver health-related quality of life [8]. A
study focusing on caregivers of VAIs with progressive
neuromuscular disease, a common indication from HMV,
described a negative impact on both physical and emotional
caregiver health, with the initial transfer home perceived as
extremely stressful [5]. These findings emphasize the growing
acceptance that family caregiving is a serious public health issue
requiring intervention [9].

Support From Other Caregivers
Peer support comprises (1) emotional support (expressions of
caring, empathy. and reassurance); (2) informational support
(advice, suggestions, factual input, and feedback); and (3)
affirmational support (affirmation of feelings and behaviors,
reassurance that frustrations can be managed) [10].
Peers—individuals who have experienced the same health
problem and have similar characteristics as the support
recipients—can be a key source of support for family caregivers
[11]. Peer support improves the health-related quality of life
and well-being by decreasing feelings of isolation, improving
mood, buffering stress, creating a sense of empowerment, and
increasing self-efficacy in various patient and caregiver
populations [12-14]. The lack of peer support has been shown
to predict distress [15]. Several peer support models exist
including in-person, peer-to-peer matching, and online support
[16].

Online Peer Support Provision
Within the broader family caregiver population, geographic
limitations, time constraints and a lack of respite have been
cited as reasons that caregivers do not utilize in-person support
groups [17]. In addition, the economic burden of diseases that
leads to mechanical ventilation frequently make attendance at
in-person meetings cost-prohibitive [18]. Consequently, many
caregivers are turning to the internet as an avenue for social
support [19]. Over the past decade, the number of Web-based
health interventions providing a broad array of family caregiver
supports in a cost-effective, accessible, and convenient fashion
have increased exponentially [20]. Within these Web-based
programs, peer-to-peer communication is a particularly critical
element of support, with qualitative findings indicating that
caregivers highly appreciate and benefit from interaction with
similar others [20]. Therefore, peer support delivered using
Web-based modalities is especially well-tailored to fit the
demanding nature of the VAI caregiver role.

Development of a Web-based Peer Support Program
for Caregivers of Ventilator-Assisted Individuals
Rising numbers of VAIs living at home [3], the burden of family
caregiving [5,9], the proven benefit of peer support in various
caregiving populations, and the lack of existing social support
for caregivers of community-based VAIs [6] suggest an urgent
need for peer support programs for these family caregivers.
Although peer support interventions have been shown to be
effective in a number of illness populations, there are currently
no studies of family caregivers of VAIs in the home. As peer
support can take many forms [16] and multicomponent Web
interventions (ie, including several support features—
informational links, chat, and discussion forum) tend to be more
effective in reducing caregiver burden [21,22], we will develop,
validate, and conduct feasibility evaluation of an Web-based
peer support program entailing elements of informational
support, peer-to-peer interaction, as well as peer-mentoring.

Overall Study Objective
This study aims to develop a comprehensive Web-based peer
support program for VAI caregivers, including peer-mentoring,
and explore the feasibility of the program.
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Methods

Study Stage 1: Peer Mentor Training

Objectives

Primary Objective

The primary objective is to evaluate the utility of the peer mentor
training program.

Secondary Objective

The secondary objective is to investigate participant satisfaction
with the peer mentor training program.

Procedure
We have adapted a peer training program developed by St.
Jude’s Research Hospital (Memphis, TN, USA) for parents
caring for a child with cancer [23], also recommended as a
valuable resource by an existing peer support tool kit used for
parents of technology-dependent children [16]. We selected this
training program because of its focus on mentorship skill
development (rather than peer-matching process and logistics)
and the publicly available recorded training sessions. To ensure
that our adapted training program has the face and content
validity for our home VAI caregiver population, we will ask a
minimum of 2 home VAI caregivers and 1 clinician that
manages this patient population to review and make suggestions
regarding content, structure, and delivery.

The original St. Jude’s peer training program consists of 4
in-person sessions and our Web-based mentor training program
will reflect this. The four 1-hour sessions will cover the
following topics: (1) peer mentorship basics (eg, family-centered
care, where or how to obtain educational materials specific to
HMV); (2) mentoring skills (eg, active listening and sharing
stories); (3) boundary-setting (eg, mentor’s boundaries and
value of boundaries); and (4) mentorship at the end-of-life,
emergency situations, and wrap-up (eg, unique end-of-life
circumstances, red flags, when to call for help, debriefing about
training, and next steps for participating in evaluation). During
each of the sessions, the trainer will go over the material and
incorporate short “break-out sessions” that will allow
participants to pause, reflect, and discuss new concepts and
skills.

We will host mentor training sessions using GoToMeeting to
facilitate Web-based attendance. GoToMeeting allows for
high-definition video and high-quality audio, compatibility with
desktops or tablets or phones, screen sharing, and video
recording. This latter feature will enable recording of the training
sessions and archiving on a secure server to inform future
iterations of the training program.

Participants
The inclusion criteria for peer mentors are as follows: (1) age
≥18 years; (2) previous or current family caregiver for a
community-residing VAI; (3) able to speak and read English;
(4) access to a computer (with video and microphone) and a
high-speed internet connection; and (5) available for training
sessions. The exclusion criteria are as follows: (1) currently
experiencing severe depression as indicated by a score of ≥10

on the Centre for Epidemiological Studies Short Depression
scale during recruitment screening [24].

Recruitment
We will recruit caregivers from the provincial Ventilation
Equipment Pool (Kingston, ON, Canada), and the long-term
and home ventilation clinics of West Park Healthcare Centre
(Toronto, ON, Canada). We will seek snowball referrals from
clinician experts, professional societies, patient advocacy groups
(eg, Muscular Dystrophy Canada), and through Twitter.

We will recruit 5-10 peer mentors for training. Purposive
sampling based on the following criteria will be used to ensure
sample diversity: (1) ventilator type (invasive: n=2; noninvasive:
n=5); (2) diagnostic category [rapidly progressing disease
(amyotrophic lateral sclerosis): n=2; nonrapidly progressing
disease (Guillain-Barré syndrome, Myasthenia Gravis, and
postpolio syndrome): n=2; variably progressing disease
(muscular dystrophy): n=2]; (3) relationship to care-recipient
(spouse: n=2; child: n=2; parent: n=1); and (4) sex (male: n=2;
female: n=5).

Data Collection
Prior to training, we will ask peer mentors to complete a
demographic questionnaire and rate their general health status
(on a scale of 1-5; 1=very good, 5=Poor). Before and after the
training program participation, we will ask peer mentors to
complete the Mentoring Skills Inventory [25]; this questionnaire
asks peer mentors to indicate whether they are very comfortable
(“V”), moderately comfortable (“M”), or uncomfortable (“U”)
with 12 mentoring skills (eg, brokering relationships; coaching;
goal-setting; managing conflict; providing and receiving
feedback) [25,26]. After each training session, we will ask peer
mentors to complete a short questionnaire rating the extent to
which they agree with a series of questions about the design,
content, instruction, and utility of the training session on a
5-point Likert scale (1=strongly disagree; 5=strongly agree). In
addition, they will be asked to comment on what they benefited
from most, what was unclear, and what would benefit from
additional content. Any mentor(s) identified as needing
clarification or additional training will be followed up with on
an individual basis. We will ask peer mentors to complete an
end-of-training questionnaire rating their satisfaction with the
training overall (eg, objectives clearly defined and trainers knew
material) on a 5-point Likert scale (1=strongly agree; 5=strongly
disagree). Furthermore, they will be asked to comment on which
training sessions they found most or least informative and to
provide any suggestions for future iterations of the peer mentor
training program.

Data Analysis
We will report descriptive statistics from individual training
session questionnaires and the end-of-training questionnaires,
including counts and proportions for categorical data and means
and SDs (or medians and interquartile ranges), depending on
the distribution of continuous data.
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Study Stage 2: Web-based Peer Support Program

Objectives

Primary Objective

The primary objective is to evaluate the feasibility of trial
recruitment and program delivery according to a-priori
definitions described below and including user ratings of
acceptability, usability, and satisfaction.

Secondary (Exploratory) Objectives

The secondary objectives are to explore (1) caregiver health
outcomes (ie, caregiving impact, mastery, coping, personal gain,
positive affect, and depression) before and after participation
in the Web-based peer support program and (2) the experiences
with the program from the perspective of caregiver peers and
peer mentors.

Trial Design
We will conduct a pilot randomized controlled trial (RCT) of
the 12-week Web-based peer support program with waitlist
control. Research Ethics Board approval was received from the
University of Toronto in May 2017, where the research is being
conducted.

Study Setting
While the online peer support intervention is Web based, the
study is being hosted at the University of Toronto. Recruitment
is limited to Canadian caregivers of VAIs.

Eligibility Criteria
The inclusion and exclusion criteria for the peer mentor training
also apply to participants for the Web-based peer support
program feasibility RCT except needing to be currently
providing care to a VAI living at home.

The Web-based Peer Support Program (Intervention)

Technical Development
The end goal for this development project was to create a
“social-network” style website (akin to Facebook). This website
would also need to digitally capture and record all interactions
between participants. To provide all the functionality needed
for this study (including interaction data capture), we found that
nonproprietary “off-the-shelf” software programs or templates
were insufficient. Therefore, we used a hybrid of
“existing-base-software” coupled with code or programming
designed and integrated into this base software, making the
functionality of this website unique.

Content and Design
The content and design of the Web-based peer support program
were informed by a scoping review led by the first author [20],
a local peer support tool kit [16], and a provincial peer support
program [27]. The 12-week Web-based peer support program
entails the following: (1) informational resources (links to
relevant websites and resources—eg, national disease and
caregiving organizations); (2) discussion forum open to
caregiver peers and peer mentors enabling asynchronous contact;
(3) weekly chat (live 1-hour forum for discussing a specific
topics—eg, self-care, illness management moderated by the

research team); and (4) private messaging, including audio,
video, or text chat, allowing participants one-on-one or select
group interaction with other caregiver peers or peer mentors.
Private messaging is hidden from other participants but
accessible to the research team for monitoring purposes. Every
participant (peer mentors and caregiver peers) will create a
personal profile with information about their caregiving situation
(eg, who are or were caring for, ie, spouse, child, duration of
care, diagnosis, etc). Based on the peer mentor profiles,
caregiver peers will have the opportunity to access mentors they
believe are well suited to address their support needs, questions,
and concerns.

Primary Outcome
Our primary outcome is the feasibility of trial recruitment and
program delivery. The feasibility will be assessed on the basis
of compliance with the protocol represented by the following
criteria:

1. The proportion of peer mentors participating weekly in any
program element (ie, discussion forum, private chat, or live
chat) for, at least, 8 out of the 12 program weeks: ≥60% of
peer mentors

2. The proportion of caregiver peers participating weekly in
any program element (ie, discussion forum, private chat,
or live chat) for, at least, 8 out of the 12 program weeks:
≥60% of peer mentors

3. Discussion forum usage: ≥50% participants (peer mentors
and caregiver peers) posting each week

4. Live weekly chat usage: ≥50% participants (peer mentors
and caregiver peers) joining each week

5. The frequency of weekly mentor contacts: ≥25% of mentors
receive, at least, 1 message each week

6. The proportion of peer mentors contacted: ≥50% of mentors
contacted, at least, once during the 12-week program

7. The proportion of caregiver peer participants who contacted
a mentor: ≥50% of caregiver peer participants during the
12-week program

8. Attrition rates: ≤30% caregiver peer participants
withdrawing from the study before completion of
postintervention questionnaires

We have selected the following decisions to determine the
feasibility [28,29]:

• 0-2/8 criteria met—Stop; study design not feasible.
• 3-5/8 criteria met—Continue with modifications; feasible

study design with modifications.
• 6-7/8 criteria met—Continue without modifications but

monitor closely; feasible study design with close
monitoring.

• 8/8 criteria met—Continue without modifications; feasible
study design as is.

Participant Timeline
We will instruct participants to participate in the discussion
forum, at least, twice a week and in each weekly chat. In
addition, we will instruct participants to access peer mentors
selected per their own preference, at least, once every week.
Participants can choose to access only one or several peer
mentors, again at their own preference. Caregiver peer
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participants will be instructed to respond to messages directed
at them from either mentors or other peers through the
Web-based peer support site within 48 hours.

We will instruct peer mentors to participate in the discussion
forums, at least, 2 times a week and in each weekly chat. In
addition, we will instruct peer mentors to contact the research
team if they are concerned about the well-being of participants.
The research team will then contact those participants to assess
the situation and recommend visiting their family doctor to
access supports if required. We will instruct peer mentors to
respond to messages directed at them through the Web-based
peer support site within 48 hours.

Sample Size
There has been no prior assessment of a peer support
intervention for VAI caregivers on which to base our sample
size calculations. Using feasibility criteria of 15% dropout and
70% participation in weekly chats, a sample size of 30 would
allow us to be 90% confident that estimates are accurate within
22% and 28% percentage points, respectively [30].

Recruitment
Recruitment procedures for the Web-based peer support program
feasibility RCT are the same as those for the peer mentor
training. We will aim to recruit 30 participants. We will recruit
caregivers until we achieve the following minimum numbers:
(1) ventilator subgroup (invasive: n=2; noninvasive: n=8); (2)
diagnostic category (rapidly progressing disease: n=3;
nonrapidly progressing disease: n=3; restrictive thoracic cage
disorders: n=3); (3) relationship to care-recipient (spouse: n=4;
child: n=4; parent: n=4); and (4) gender (male: n=5; female:
n=7).

Allocation
We will randomize consenting participants to the peer support
intervention or waitlist control using a 1:1 ratio using
Randomize.net. No stratification will be applied, and allocation
will be concealed using opaque sealed envelopes. Those
randomized to the waitlist control will be given access to the
peer support program following the 12-week intervention phase.
A waitlist control group was chosen as it is believed to be a
cost-effective and ethical alternative to no-treatment control
groups when primarily studying psychological and behavioral
interventions such as the one in this study [31]. Those
randomized to the intervention group will receive information
through email about the website features (eg, forum, chat) and
instructions in their use, log-in and profile instructions, and the
weekly chat schedule. We will send weekly email reminders to
encourage participants to access website resources, participate
in the weekly chat, and draw their attention to active discussion
forum threads.

Data Collection

At Baseline
A blinded assessor will collect the demographic and health
information from participants in both the intervention group

and control group and administer the exploratory caregiver-
reported measures (listed in Table 1) through email or over the
phone (as per the participants’ preference). Our research team
has previously used this battery of questionnaires identifying
that completion takes approximately 30-40 minutes.

Upon Program Completion
We will ask participants (intervention arm only) to complete a
program evaluation (through telephone or email, depending on
preference). The program evaluation will assess the acceptability
through a series of questions (eg, about the helpfulness of the
program, how likable program was; 5-point Likert scale;
generally, 1=very unacceptable; 5=very acceptable). The
evaluation will assess satisfaction by asking participants the
extent to which they agree with a series of questions about the
program content, delivery, and outcomes (5-point Likert scale;
1=disagree; 5=agree) [45]. Finally, the evaluation will assess
the usability by asking participants the extent to which they
agree with a series of questions about the usability of various
program features (5-point Likert scale; 1=strongly disagree;
5=strongly agree) [46]. We will invite participants to complete
a semistructured qualitative interview to further explore their
experience with the peer support program (eg, which features
were most beneficial, what aspects were most challenging, what
can be improved, what should be kept the same) and their
perspectives on the support received from peers (eg, quality of
support, influence on their caregiving experience). We will host
1-2 focus groups with the peer mentors using GoToMeeting.
Using a semistructured interview guide, we will explore their
experiences and perspectives of the Web-based program as
trained peer mentors. Furthermore, we will audiorecord
interviews and focus groups and transcribe verbatim.

Statistical Methods
We will report descriptive statistics for demographic or health
data, feasibility, and exploratory caregiver outcomes. To
compare caregiver-reported outcomes between intervention and
control groups, we will use the analysis of covariance with
pretest scores as the covariate and group allocation, time, and
the interaction between time and group allocation as independent
variables. For nonnormally distributed scores, we will use a
nonparametric alternative. All quantitative data will be analyzed
in Statistical Analysis Software V9.4 (SAS Institute) using an
intent-to-treat approach.

We will use the thematic content analysis to analyze interview
and focus group transcripts following the framework outlined
by Braun and Clark, which entails a line-by-line coding of
transcripts, constant comparison, and generation of recurring
themes [47]. We will use NVivo 11 software to facilitate the
coding process. In collaboration with MBW, LR will analyze
20% of data to reduce bias and enhance the credibility and
reliability of the qualitative findings [48].
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Table 1. Exploratory caregiver-reported outcomes.

Internal consis-
tency (alpha)

Test-retest relia-
bility (r)

DescriptionScore rangeItemsMeasure name

.88 [32]N/AaHigher scores suggest providing care interferes with
caregivers’ abilities to maintain participation in
valued activities

0-8414Caregiving Impact Scale [32,33]

.87-.92 [36]0.89 [35]Higher scores indicate more functional indepen-
dence

0-2010Barthel Index [34]

.75 [38]0.81 [37]Higher scores indicate a greater sense of control
over life

7-287Pearlin Mastery Scale [37]

.57-.90 [39]0.58-0.72 [40]Higher scores on either subscale represent greater
use of that coping style

6-24 (problem-
based coping);
22-88 (emotion-
based coping)

28Brief Coping Orientation to Prob-
lems Experienced (COPE) [39]

.9 [42]N/AHigher scores indicate caregivers’ discovery of in-
ner strengths because of providing care

4-164Personal Gain Scale [41]

.95 [42]0.47-0.68 [43]Higher scores indicate more psychological well-
being

10-5010Positive and Negative Affect
Schedule [43]

.89 [42]0.41-0.70 [44]Higher scores sores indicate greater depression0-3010Centre for epidemiological studies
short depression scale [24]

aN/A: not applicable.

Results

We recruited 5 caregivers to be trained as mentors. The mentor
training was completed in July 2018. We have recruited 4
caregivers to participate in the Web-based peer support program.
We anticipate initiating the support program September 2018.
Results are expected by early 2019.

Two caregivers have beta-tested the peer support website and
issues identified have been addressed. Below are screenshots
of the initial log-in page (Figure 1), home page (Figure 2),
profile set-up page (Figure 3), and private chat function (Figure
4).

Figure 1. Screenshot of the initial log-in page.
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Figure 2. Screenshot of the home page.
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Figure 3. Screenshot of the profile set-up page.
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Figure 4. Screenshot of the private chat function.

Discussion

This study will result in the production and initial evaluation
of a rigorously developed, evidence- and stakeholder-informed
peer training and peer support program for caregivers of VAIs
residing at home. Burdened and stressed caregivers may
experience significant negative physical and emotional
consequences to their own health, which may then impact their
ability to care for VAIs who themselves are exceptionally
vulnerable. Despite a growing body of evidence supporting the
effectiveness of peer support interventions [20], there are
currently no support programs of this nature tailored to
caregivers of VAIs. The evaluation of the peer support program
will highlight whether the inclusion of multiple communication
tools is feasible, usable, and effective. The evidence generated
will inform future iterations of the program so that it includes
only the most valuable tools and optimizes them to enable
support exchange.

The Web-based peer support program aims to empower
community-residing VAIs and their caregivers to manage
diseases necessitating mechanical ventilation. We anticipate
that if caregivers have better health and quality of life, they will
be better able to care for their loved ones who use ventilators.

This can help VAIs remain in their homes and, thereby, mitigate
the declines in health and quality of life associated with
residential care placement [7].

Perceived strengths of this study include the intervention’s social
networking-style interface that is likely to be familiar to
participants, thereby enhancing the potential for greater usage
and better usability of the peer support program. In addition,
we anticipate that having multiple features on the website (eg,
private chat, discussion forum, and live weekly chat) will
increase the likelihood that participants will engage with and
benefit from this peer support hub. Finally, the mixed-method
nature of this research will not only provide insight into usage
patterns and changes in health outcome scores but will also
allow for an in-depth exploration of participants’ experiences
with the websites and perceptions of how it has influenced their
health and caregiving experience. As this is a feasibility study,
it is not our objective to test significance. However, we are
aware that this limits our ability to comment on the findings’
relevance and have identified it as a goal for future evaluations
of the peer support program. While the inclusion of multiple
Web-based features has the potential to increase engagement,
there is still a possibility that the study will be limited by
attrition.
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Abstract

Background: Diet patterns have a profound influence on glycemic control for individuals with type 2 diabetes mellitus (T2DM),
and craving-related eating is an important obstacle to dietary adherence. A growing body of research suggests that
carbohydrate-restricted (CR) diets can improve glycemic control and reduce medication dependence in T2DM. However, limited
data speak to the effects of long-term adherence to CR diets. Mindful eating training has been shown to reduce craving-related
eating in overweight populations but has yet to be examined as a behavioral support for dietary adherence in T2DM. This trial
examines behavioral mechanisms, particularly craving-related eating, through which mindful eating training might improve
adherence to CR dietary recommendations in T2DM. This will clarify the importance of focusing on craving-related eating in
the optimization of dietary adherence interventions.

Objective: The aim of this trial is to determine whether providing training in mindful eating increases adherence to a CR dietary
recommendation in T2DM.

Methods: We are randomizing 60 participants to receive a CR diet with or without mindful eating training (12-week group
intervention) and are following participants for 12 weeks after intervention completion. We hypothesize that participants who
receive mindful eating training (relative to those who do not) will demonstrate greater adherence to the CR diet.

Results: Our primary outcome is change in craving-related eating, as assessed using an ecological momentary assessment mobile
phone–based platform. Secondary behavioral pathway outcomes include changes in stress-related eating, impulsivity, glycemic
control, weight change, dietary adherence, and resumption of dietary adherence after dietary nonadherence.

Conclusions: This theory-driven trial will shed light on the impact of mindfulness training on mechanisms that may impact
dietary adherence in T2DM.
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Trial Registration: ClinicalTrials.gov NCT03207711; https://clinicaltrials.gov/ct2/show/NCT03207711 (Archived by WebCite
at http://www.webcitation.org/73pXscwaU) 

(JMIR Res Protoc 2019;8(2):e11002)   doi:10.2196/11002
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Introduction

Background
Type 2 diabetes mellitus (T2DM) is the costliest chronic disease
in the United States, afflicting 30.3 million people in the United
States (9.4% of the population) and nearly 382 million people
worldwide [1-4]. Lowering glycosylated hemoglobin (HbA1c),
a central measure of glycemic control in T2DM, reduces the
risk of complications such as nephropathy and retinopathy [5].
Although lifestyle modification, particularly in the spheres of
nutrition and exercise, is a key component of improving
glycemic control in T2DM, achieving long-term adherence to
lifestyle changes remains a challenge [6].

The American Diabetes Association currently includes
carbohydrate-restricted (CR) diets as one of several appropriate
diet patterns for people with T2DM [7]. Several trials, reviews,
and meta-analyses suggest that lowering carbohydrate intake
can improve glucose control, insulin resistance, and body weight
[8-14]. In this trial, we will administer a CR diet that restricts
carbohydrates to approximately 10% of caloric intake (about
50 g/day) so as to induce nutritional ketosis, a low level of
ketone production that serves as a biomarker for assessing
dietary adherence to carbohydrate restriction.

Food cravings, defined as intense urges or desires to eat specific
types of foods [15], as well as emotional and mindless eating,
pose challenges to adherence to diet recommendations,
especially for people with T2DM [16,17]. Seeing desirable food
can induce food cravings [18-20]; hence, it is unsurprising that
food cravings are the most commonly cited reason for dietary
nonadherence and that reductions in food cravings are associated
with long-term weight loss [21-23]. The modern food
environment is replete with food cues and opportunities to eat,
which can amplify the impact of food cravings on dietary
adherence. Effectively treating T2DM and prediabetes, which
together affect more than one-third of Americans, requires
long-term dietary adherence [24,25].

Mindful eating practices may increase dietary adherence by
reducing craving-related eating [26-28], which poses challenges
to individuals with T2DM [16,29-31]. Training in mindfulness,
which can be defined as “paying attention on purpose, in the
present moment, and nonjudgmentally, to the unfolding of
experience moment to moment [32]” may equip individuals
with skills to recognize and observe their experiences of food
cravings without acting on them (ie, eating in response to them).
Mindfulness training focuses on reducing self-judgment
(nonjudgment), which may increase resilience (resumption of
dietary adherence) after temporary lapses in dietary adherence
[33]. In this trial, we randomize half of participants to receive
training in mindful eating to ascertain whether and how such

training may impact behavioral pathways that shape dietary
adherence in T2DM.

Objectives
The primary behavioral change we are testing is whether training
in mindful eating can reduce craving-related eating as assessed
using ecological momentary assessment (EMA). This trial
examines behavioral pathways that we hypothesize to be tied
to clinical outcomes; it does not center on clinical outcomes
themselves such as improvements in glycemic control. We also
test whether mindful eating training may contribute to other
adaptive behavioral changes, including (1) decreased
impulsivity, (2) decreased stress- and emotion-related eating,
and (3) improved resilience after dietary nonadherence occurs
(resumption of dietary adherence). We will also test whether
mindful eating training may improve glycemic control (HbA1c,
fasting glucose, and insulin resistance) and contribute to weight
loss. We also aim to directly assess whether training in mindful
eating improves dietary adherence as assessed in blood ketones
and 24-hour dietary recall.

Methods

Overview
The central goal of this trial is to test whether there is evidence
that supports proposed mechanisms through which our
behavioral intervention (a particular type of mindful eating
training) impacts eating in response to cravings and/or influences
one or more of the additional mechanistic pathways we have
hypothesized. We designed this trial in response to a National
Institute of Health (NIH) grant announcement designed to
investigate mechanisms of action that may lead to change in
clinical outcomes. This is a randomized controlled, two-group
trial that tests group-based 12-week in-person interventions and
follows participants for a 12-week postintervention period (24
weeks of trial participation total). We randomly assign
participants to 1 of 2 intervention groups; both groups receive
training in how to follow a CR diet, but 1 group also receives
mindful eating training. We are recruiting 3 waves of
approximately 20 participants each (N=60 total). Participants
complete 12 weekly in-person sessions followed by 3 monthly
in-person maintenance sessions, for a total of 15 sessions over
6 months. Participants complete self-report questionnaires
(online and Qualtrics), provide blood specimen assessments
(LabCorp [34] location of choice), and respond to mobile
phone–based assessments about their current food cravings and
emotions using EMA [35] methods, along with other
assessments (see Table 1 for the schedule of evaluations). The
University of California, San Francisco (UCSF) institutional
review board (IRB16-20025) approved of all trial procedures,
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and all participants provide written informed consent before
enrollment.

Recruitment and Eligibility
We recruit participants from several sources, including within
UCSF clinics (eg, diabetes clinic, general internal medicine
clinic). We work with the UCSF Clinical and Translational
Science Institute to send physical letters to potentially eligible
participants in the UCSF system who had previously consented
to be contacted about research studies for which they may be
eligible. We also recruit participants via flyers posted in the
community as well as use social media strategies, such as
Facebook, Nextdoor, and Craigslist (see Textbox 1 for trial
inclusion and exclusion criteria.

Enrollment Procedures
Potential participants make initial contact with the study by
visiting the study website or telephoning a dedicated study
phone number. They review the study website and the full-study
consent before electronically signing an online consent to be
screened for study eligibility. They then complete an eligibility
Web-based screener (Qualtrics). If potentially eligible per the
Web-based screener, study staff conduct a phone screening to
further assess eligibility. In this call, study staff confirm basic

eligibility criteria and review study schedules, procedures, and
assessments. If, after this call, potential participants remain
eligible and interested, they then complete a short message
service (SMS) text message–based assessment (EMA) that
involves responding to SMS text messages from their
smartphones 3 times per day, on 3 days distributed across a
week. Potential participants must respond to at least 7 of 9
messages and must report eating in response to a craving at least
2 times. If potential participants meet these criteria, they then
complete an in-person screening and consent visit. This visit
includes collecting or administering (1) health history and
medication information, (2) information on excluded substance
misuses, mental and medical conditions, and medication
contraindications, (3) weight and height assessments, (4)
computerized cognitive assessments, and (5) a fasting blood
draw to assess parameters required for inclusion: HbA1c between
6.5% and 12.0%, thyroid-stimulating hormone in a normal
range, and liver and kidney function in a normal range. We
conduct enrollment procedures in the 8 weeks before a wave
starts. If the EMA or the HbA1c components of enrollment
procedures take place more than 4 weeks before the wave start
date, we repeat these measures in the week before the wave start
date. Participants remain eligible regardless of data collected
during repeat measures.

Table 1. Schedule of evaluations and intervention phases.

Week 24 (post-
maintenance as-
sessment)

Weeks 12-24
(maintenance
period)

Week 12 (postin-
tervention assess-
ment)

Weeks 0-12
(intervention
period)

Baseline (preinter-
vention assessment
and randomization
to intervention arm)

Pre-enrollment
(screening and
consent visit)

Time (activity or assessment)

—————✓Informed consent

—————✓Health history

—————✓Demographics and background infor-
mation

—————✓Inclusion or exclusion criteria assess-
ment

✓✓✓✓—✓Craving EMAa

✓—✓—✓✓Laboratory-based chemistry testing

✓—✓—✓—Online self-report measures

✓—✓—✓—24-hour dietary recall

✓—✓——✓Computerized cognitive assessment

✓—✓——✓Anthropometricsb

———✓——Weekly diet and/or mindful eating
classes

—✓————Monthly diet and/or mindful eating
follow-up classes

✓✓✓✓——Ketone testing for dietary adherencec

—✓—✓——Home glucose testing for safetyd

aEMA: ecological momentary assessment, administered over 1 week at each pre-enrollment, baseline, and weeks 7, 13, 19, and 24.
bHeight at baseline only.
cKetone testing 3 times per week during intervention period and 2 times per week during maintenance period.
dOnly for individuals using insulin and sulfonylurea medications.
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Textbox 1. Inclusion and exclusion criteria.

Inclusion criteria

• History of type 2 diabetes

• 6.5%≤glycosylated hemoglobin or HbA1c<12.0%

• Age ≥18 years

• Experience food-related cravings most days of the week and/or eat in response to food cravings more than they wish they did

• On screening ecological momentary assessment (EMA), report eating in response to cravings at least twice over the course of 3 days

• Able to engage in light physical activity

• Have a smartphone and respond to at least 7 of 9 short message service text messages delivered over the course of 3 days during pre-enrollment

• English speaking

• Willing to participate in diet and mindfulness interventions

Exclusion criteria

• Unable to provide informed consent

• Substance abuse, mental health, or medical condition that will make it difficult to participate in the intervention or may alter key outcomes or
require important diet modifications

• Pregnant or planning to get pregnant in the next 6 months, breastfeeding, or <6 months postpartum

• Current use of weight loss medications or supplements

• History of weight loss (bariatric) surgery in the past 18 months or current plans for bariatric surgery

• Currently enrolled in a weight loss program or have unalterable plans to enroll in one of these programs in the next year

• Vegan or vegetarian

• Unwilling to do home blood ketone monitoring

Randomization
We randomize participants in a 1:1 fashion to either group using
random permuted blocks with varying sizes and stratifying by
body mass index (BMI; above and below BMI of 25) after
completion of all screening and baseline assessment steps to
enrollment and before initiation of intervention. We randomize
participants to intervention group approximately 1 week before
the start of classes to minimize postrandomization attrition
because of life circumstances that may impact class attendance
(eg, job loss or family issue).

Masking
We do not mask participants to intervention group. Some of
our assessments, specifically those done at LabCorp (blood
draws; [34]) and those done via Web-based self-report surveys,
are masked to intervention group. LabCorp [34] locations have
no knowledge of the research design or intervention group. In
this trial, 24-hour dietary recall interviews are conducted by
research assistants blinded to intervention group. We do not
mask other study coordinators to intervention group as the
funding and study team is not large enough to support separate
assessment and intervention teams. No intervention group
information is included on the data collection forms used at
follow-up visits (eg, weight measurement), but some staff who
are highly involved in administrative aspects of the study classes
may be aware of intervention group. Study physicians are not
strictly blinded to intervention group, but effort is made to limit

communication of this information to them. For example, they
are not provided intervention group information when they
make medication reductions or adjustments either at baseline
or during the intervention phase. Participants may, however, in
the course of their medication management discussions with
study physicians, discuss their experience in the trial and could
self-reveal their intervention group. A principal investigator
might, in the course of responding to a participant with a study
concern, learn of his or her intervention group (eg, if a
participant has a concern about the mindful eating intervention
that is not adequately addressed by the project director or other
key study personnel).

Trial Period
We have defined the trial period as a 3-level variable, including
baseline (the period preceding the intervention), 3 months
postbaseline (occurring immediately following the end of the
intensive intervention period), and 6 months postbaseline
(occurring 6 months after baseline and 3 months after the
intensive intervention period ends).

Data Collection
We collect data at several occasions over the course of the
24-week trial period. Table 1 displays a schedule of evaluations.

Self-Report Measures
We administer self-report measures of mood, eating behavior,
and other psychological factors (online, Qualtrics). Table 2
displays self-report measures.
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Table 2. Self-report and computerized cognitive assessments.

Construct assessedType and measure name (acronym; number of items or minutes)

Online (Qualtrics) self-report measures

Global perceptions of stressPerceived Stress Scale (PSS; 10 items) [41]

Depression symptomsPatient Health Questionnaire (PHQ-8; 8 items) [42]

Reward-based drive to eat (loss of control over eating, lack of satiety, and
preoccupation with food)

Reward-based Eating Drive (RED-9; 9 items) [43]

Emotional food craving, preoccupation with food, loss of control over
eating, and positive outcome expectancy

Food Craving Questionnaire-Trait-Reduced (FCQ-T-R; 15 items)
[44]

How one’s eating changes in response to a stressful event: eating to feel
better and eating more than usual

Midlife in the United States (MIDUS) Stress Eating Items (MIDUS;
2 items) [45]

Social, conformity, enhancement, and coping-based motives for eating
tasty food

Palatable Eating Motives Scale (PEMS; 19 items) [46]

Eating when under moderate stressStress Eating (1 item) [47]

Ability to adhere to a diet when in challenging situations (eg, socializing
and peer pressure)

Weight Efficacy Lifestyle Questionnaire – Short Form (WEL-SF; 8
items) [48]

Loss of control over eatingLoss of Control over Eating – Brief (LOCES-Brief; 7 items) [49]

Acceptance of one’s motivations to eatFood Acceptance and Action Questionnaire (FAAQ; 10 items) [50]

Positive and negative emotionsModified Differential Emotions Scale (MDES; 20 items) [51]

Restrained eating behaviorDutch Eating Behavior Questionnaire, Restrained Eating Subscale
(DEBQ-R; 10 items) [52]

Tendencies to be mindful in daily lifeFive Factor Mindfulness Questionnaire (FFMQ; 24 items) [53]

Multidimensional quality of life measurePromis-29 (29 items) [54]

Self-kindness, self-judgment, common humanity, isolation, mindfulness,
over-identification

Self-Compassion Scale Short Form (SCS-SF13; 12 items) [55]

Responsiveness to bodily sensationsBody Responsiveness Questionnaire (BRQ; 7 items) [56]

Computerized cognitive measures

Valuation of proximal versus delayed monetary rewardsDelayed discounting (DD; 5 trials, 1 min) [57]

Sustained attention and response inhibitionGo/No-Go (GNG; 12 min) [58]

Food preoccupationFood Stroop (5 min) [59]

Relative reinforcement value of tasty foodRelative reinforcing efficacy of food (RRE; 4 min) [60]

Selective attentional processing for food versus nonfood stimuliDot probe (4 min) [61]

Ecological Momentary Assessment
We assess hunger, stress, craving, craving-related eating, and
emotions by sending SMS text messages to participants’
personal smartphones at different points during the trial, as
shown in Table 1. Each SMS text message includes a link that
participants tap on in order to access the survey, which is
administered on the Qualtrics platform. Participants receive
SMS text messages 3 times over the course of the day, and these
times have yielded high response rates in our prior work [26].
Before participants respond to these SMS text messages, they
are presented with the following definition of food craving: “A
food craving is a desire to eat a particular type of food or drink.
You might go out of your way for it because only specific foods
will satisfy the craving. This is different than hunger, because
a variety of foods can satisfy hunger.” Our primary outcome is
participants’ responses to the question regarding craving-related
eating. During enrollment, we review the importance of

responding to these SMS text message assessments with
participants by explaining that it is difficult for us to understand
their daily experiences without hearing firsthand from them, in
the moment, what they are experiencing. Participants receive
EMA at baseline and at weeks 7, 13, 19, and 24 (see Table 3
for EMA questions and administration schedule [35]).

Laboratory (Clinical) Assessments
We collect several biomarkers of metabolic health and glycemic
control (see Table 4 for blood-based biomarker testing
conducted at LabCorp [34]).

Computerized (Cognitive) Assessments
We administer computerized cognitive assessments (Inquisit)
that index metrics, including reward-related behavior, behavioral
response inhibition, food preoccupation, and attentional
processing. Such factors have emerged as meaningful predictors
of eating behavior and weight change over time [36-38] (see
Table 2 for computerized cognitive assessments).
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Table 3. Ecological momentary assessment (EMA) questions.

QuestionsaTime

1. How physically hungry are you right now? (sliding response: “not at all hungry” to “very hungry”)

2. Since you woke up today, have you craved a particular type of food or drink? (2 choices: “Yes” or “No”)

2a. How strong was that craving? (sliding response: “not strong” to “very strong”)

2b. Did you eat or drink anything in response to that craving (2 choices: “yes” or “no”)

2c. What food or drink did you eat? (open-ended response with a blank text box)

2d. Once you began eating in response to this craving, did you feel you could stop? (sliding response: “I could stop” to “I could NOT
stop”)

11:00 am

1. How physically hungry are you right now? (sliding response: “not at all hungry” to “very hungry”)

2. Since you last responded to one of our texts, have you craved a particular type of food or drink? (2 choices: “yes” or “no”)

2a. How strong was that craving? (sliding response: “not strong” to “very strong”)

2b. Did you eat or drink anything in response to that craving? (2 choices: “yes” or “no”)

2c. What food or drink did you eat? (open-ended response with a blank text box)

2d. Once you began eating in response to this craving, did you feel you could stop? (sliding response: “I could stop” to “I could NOT
stop”)

4:30 pm

1-2d questions (identical to 4:30 pm)

3. Today, did you have any other cravings for food or drink that you haven’t yet told us about in one of these texts? (2 choices: “yes”
or “no”)

3a. How strong was that craving? (sliding response: “not strong” to “very strong”)

3b. Did you eat or drink anything in response to that craving? (2 choices: “yes” or “no”)

3c. What food or drink did you eat? (open-ended response with a blank text box)

3d Once you began eating in response to this craving, did you feel you could stop? (sliding response: “I could stop” to “I could NOT
stop”)

4. Over the entire day, how much have you felt happy/pleased/cheerful? (sliding response: “not at all” to “all the time”)

5. Over the entire day, how much have you felt unhappy/sad/frustrated? (sliding response: “not at all” to “all the time”)

6. Over the course of the entire day, what’s the most stressed you’ve felt? (sliding response: “not at all stressed” to “very stressed”)

9:00 pm

aThe prespecified outcome variable is craving-related eating, as assessed in item 2b (11:00 am, 4:30 pm, and 9:00 pm) and item 3b (11:00 pm only).

Table 4. Blood-based chemistry testing (LabCorp).

Assessments: 3
and 6 months

Assessment:
baseline

Consent visit: eligibil-
ity screening

Construct assessed and/or rationaleTesta

✓✓✓Inclusionary test and study variable: level of overall
glucose control

Glycosylated hemoglobin

——✓Inclusionary testb: confirms type 2 diabetes among
individuals using exogenous insulin

C-peptide

——✓Exclusionary test: rules out an untreated thyroid
disorder

Thyroid stimulating hormone

✓✓✓Exclusionary test: rules out liver and/or kidney
dysfunction; study variable: liver enzymes

Comprehensive metabolic panel

✓✓—Study variable: allows for calculation of insulin
resistance and fasting glucose

Glucose, plasma

✓✓—Study variable: allows for calculation of insulin
resistance and fasting glucose

Insulin, plasma

✓✓—Study variable: biomarker of inflammationHigh-sensitivity C-reactive protein

✓✓—Study variables: triglycerides and detailed choles-
terol measures

NMR LipoProfile

aAll samples are collected from individuals in a fasting state.
bWe assess C-peptide only among potential participants reporting insulin use or a history of diabetic ketoacidosis.
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Dietary Adherence
We measure adherence to carbohydrate restriction in 2 ways:
(1) presence of blood ketones, which provide a biological
measure of substantial restriction of carbohydrate intake and
(2) 24-hour dietary recall.

Ketones
In week 4, we provide participants with a home-based blood
ketone-monitoring device (Precision Xtra System; Abbott
Diabetes Care, Alameda, California) and ketone strips, which
participants use with the device to measure β-hydroxybutyrate
(BOHB) in the blood. This method was recently used in a CR
diet intervention for individuals with T2DM [39]. We teach
participants how to use the meter in person and ask them to
measure their blood ketones before dinner, 2 to 3 times a week,
on alternating days. Participants are asked to report ketone
results via online survey on a weekly basis. The meters store
data, which staff check at every weekly class (starting in week
5) and every monthly class (starting in week 16) to confirm
self-reported measurements. Values collected by meters will be
used for analysis; however, if their equipment malfunctions (eg,
breakage or loss), we will use available self-reported values.
For this trial, we define nutritional ketosis as a BOHB level
between 0.3 and 3.0 mmol/L. Although the level of carbohydrate
restriction needed to achieve ≥0.3 BOHB varies between
individuals, in our experience, most individuals need to restrict
carbohydrate intake to below 50 g per day of nonfiber
carbohydrate to achieve nutritional ketosis.

24-Hour Dietary Recall
Despite limitations of self-report measures in assessing dietary
intake, they remain an important tool to assess dietary adherence.
The 24-hour dietary recall provides a measure that complements
the ketone measure by providing overall diet composition
information that cannot be obtained from ketone measures. We
use the University of Minnesota’s Nutrition Data System for
Research (NDSR) software to perform 24-hour dietary recalls
via telephone. This is a widely used dietary analysis program
that enables the collection of multiple 24-hour dietary recalls
and encompasses multiple foods appropriate for diets of T2DM
patients. Although the NIH recommends a single 24-hour
assessment at each repeated time point, we collected 2
assessments at each time point (1 on a weekday and 1 on a
weekend day) [40]. Recalls are entered into the NDSR software
immediately after completion. Dietary recalls are conducted
without prior notification to avoid changes in diet on the
reporting day.

Resilience Following Dietary Nonadherence
Our measure will be the time from a ketone measure of <0.3
BOHB mmol/L to higher levels of ≥0.3 BOHB mmol/L,
indicating a return to nutritional ketosis after a period of
consuming foods that depress ketosis.

Interventions

Carbohydrate-Restricted (CR) Diet Classes
We teach participants an ad libitum CR eating plan, similar to
that in our previously published work, which was developed
with clinicians, dieticians, and researchers with expertise in this
area [8,62]. For this trial’s CR diet, we instruct participants to
reduce their carbohydrate intake to between 20 and 35 nonfiber
grams of carbohydrates per day (with the goal of remaining
under 50 nonfiber grams per day), to eat an adequate amount
of protein (as described by the Institute of Medicine [63]), and
to eat fat to achieve satiety. This recommendation fits
macronutrient profiles that have been demonstrated effective
in improving glycemic control among individuals with T2DM
in meta-analyses of RCTs [13,64,65]. We advocate a gradual
transition toward this CR diet by instructing participants to
change different types of meals each week: They change their
breakfasts and snacks in the first week, their lunches in the
second week, and their dinners in the third week. After
approximately 4 weeks, participants are fully implementing CR
dietary recommendations. The specific content of participants’
diets varies but generally includes green leafy and other
nonstarchy vegetables, nuts, seeds, fats (except trans fats), fish,
poultry, meats, eggs, cheese, avocados, and low-carbohydrate
fruits such as berries. We instruct participants to avoid
sugar-sweetened foods (eg, sugar-laden desserts such as cakes,
cookies, and ice cream), sugar-sweetened beverages (eg, sugared
sodas and sweetened teas and coffees), naturally sweet foods
(eg, tropical fruits), and starchy foods (eg, foods made with
grain-based flours such as bread, pasta, tortillas, breakfast
cereals, and pastas, as well as potatoes and rice). Each week,
we provide class participants with CR diet recipes and a lending
library of CR diet cookbooks (see Table 5 for core and booster
diet curriculum components or weekly topics).

Teacher
A board-certified internal medicine physician who has
transitioned patients with T2DM onto CR diets in her private
practice is the primary teacher who leads all diet classes.

Fidelity Check
We record all class sessions, and a PhD-level clinical health
psychologist and a PhD-level social health psychologist, the
latter of whom originally developed the diet classes [8], review
a randomly selected subset of these recordings to ensure that
the diet class does not include content related to mindful eating.
The primary teacher meets with one or both psychologists
weekly by phone to review events occurring during classes and
to review material for the following week. When the primary
teacher is unavailable to teach (on rare occasions), one of the
psychologists serves as a substitute. Study psychologists observe
one-sixth of the CR classes in person.

Mindful Eating Intervention
We deliver the Eat Right Now (ERN) [26] program, which is
a mindful eating intervention in the form of a mobile app. It
functions on both iOS and Android platforms, and we administer
it in combination with a weekly 1-hour group class.
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Table 5. Core and booster diet curriculum components.

TopicsSession

Introduction to the program; information about insulin, diet, and type 2 diabetes; overview of previous research on very
low-carbohydrate diets for adults with type 2 diabetes; what to eat on a very low-carbohydrate diet; how to count net
(nonfiber) grams of carbohydrates; sample shopping list; example breakfast and snacks; how to deal with potential side
effects of the diet; encouragement to change breakfasts and snacks to be very low-carbohydrate.

Week 1

The history of using a very low-carbohydrate diet for type 2 diabetes; very low-carbohydrate lunch suggestions; ideas
for eating at restaurants; suggestions for planning ahead; list of low-carbohydrate vegetables; encouragement to clear
noncompliant foods out of their pantries; suggestion to add very low-carbohydrate lunches to their already very low-
carbohydrate breakfasts and snacks.

Week 2

Overview of the increase in type 2 diabetes over time; very low-carbohydrate dinner suggestions; encouragement to
pick out recipes from cookbooks and online resources; suggestion to keep a favorite foods diary in order to track very
low-carbohydrate foods they enjoy; information about non-nutritive sweeteners and sugar alcohols; suggestion to add
very low-carbohydrate dinners.

Week 3

The meaning of and how to measure blood ketone levels; how to deal with potential side effects of being in nutritional
ketosis; inspirational stories from others trying this approach to help manage their type 2 diabetes.

Week 4

Discussion of participants’ perception of testing for ketones over the previous week; discussion about types of fat and
encouragement to add fat to their diet; types of lower carbohydrate fruits; the benefits of sleep and information about
sleep hygiene.

Week 5

Ways to break through a weight-loss plateau; encouragement to increase food variety; information about alcohol.Week 6

Very low-carbohydrate travel suggestions; fast food options; snack ideas; problem-solving tips for eating on the meal
plan.

Week 7

Coping with peer pressure to not comply with the meal plan; suggestions for very low-carbohydrate party and holiday
food; encouragement to safely add in physical activity; information about coping with physical challenges related to
physical activity.

Week 8

Reminders of the diet basics; suggestion to pay attention to food sensitivities; information about cholesterol types and
health risk; description of the health impact of sugar consumption; reminders for how to order very low-carbohydrate
meals at restaurants.

Week 9

Discussion of example restaurant menus; self-assessment of their dietary adherence (technical, psychological, or external
struggles).

Week 10

Information about changes in hunger and flavor when following a very low-carbohydrate diet; partnered sharing of the
program so far.

Week 11

Ways to recover from slips and stick to their program-related goals; reminders of tricky dietary issues.Week 12

Success story of a physician treating his own and others’ type 2 diabetes using a very low-carbohydrate diet; how to
access recorded presentations given by physicians about using a very low-carbohydrate diet for type 2 diabetes (freely
available online); information about how a very low-carbohydrate diet has been used to help other health conditions.

Week 16 (Maintenance)

How fruits and vegetables have changed over time; information about online support groups; how to cope with being
under the weather/ill and following a very low-carbohydrate meal plan.

Week 20 (Maintenance)

Case studies of several long-term adherents to a very low-carbohydrate diet; description of research on the long-term
impact of a very low-carbohydrate diet for type 2 diabetes; suggestions for fine-tuning the diet to potentially reduce
red and processed meat consumption; encouragement to stick with the program.

Week 24 (Maintenance)

Mobile App
This 28-module course has been tested in overweight women
who report problematic overeating in response to food cravings
[26]. Participants in that study experienced reductions in daily
craving-related eating (assessed using EMA), as well as
reductions in trait-level measures of overeating, including
reward-based eating drive, eating to cope with negative
emotions, and food cravings. ERN intervention components
center on (1) the scientific underpinnings of how food cravings
arise and are reinforced, (2) research on the behavioral
conditioning processes by which responses to food cravings
become habitual, and (3) research showing how mindfulness
directly targets cravings to change behavior. ERN modules
teach participants to attend to three aspects of eating: why, what,

and how: Why they eat, including environmental and emotional
triggers unrelated to homeostatic hunger; What types of food
are most likely to lead to and reinforce cravings; and How to
eat with awareness and mindful attention to physiological cues.
Each module lasts approximately 5 to 10 minutes, and
participants can only access one new module per day (after
completing the previous module). Participants have unlimited
access to previous modules. We ask participants to complete 2
or 3 modules per week during the intervention period, which
translates to about 1 module every 2 days. In addition to the
modules, participants can access extra tools to aid in mindfully
“riding out” food cravings as they occur. Each of these tools
targets disruptions in automatic, “mindless” eating in response
to cravings and emphasizes attending to physiologic hunger
signals. Participants can set reminders within the app that
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encourage them to check in with their hunger and emotional
state and to use mindfulness skills that help cultivate mindful
eating habits. After the 28 modules are complete, all tools and
previous modules remain available for the duration of the trial
to support ongoing mindful eating and skill use (see Textbox 2
for a description of intervention content and [26] for further
details about the ERN intervention).

Weekly Classes
Each in-person weekly class focuses on participants’experiences
in learning and applying mindful eating skills that they learn
from the modules. Weekly classes are not didactic in nature but
rather center around discussing participants’ experiences with
mindful eating practices, troubleshooting obstacles, and
engaging in and reflecting on group exercises. If randomized
to the mindfulness treatment arm, participants attend this class
in the hour before attending the CR diet class. If they wish,
participants can arrive 30 minutes early to class to watch an
ERN module of their choice as a group.

Teachers
Two mindful eating teachers colead most mindful eating classes,
with a single teacher leading the session when the second teacher
is not available. Both teachers completed supervised training
in the ERN intervention according to a standardized teacher
training process led by Dr Judson Brewer, MD, PhD, who
developed the ERN mobile intervention.

Fidelity Check
We audio record all mindful eating classes. An instructor in the
Mindful Eating Facilitator Training course reviews a randomly
selected subset of these recordings and conducts supervision
calls with study teachers. During these calls, the instructor
provides feedback on adherence to the ERN model, teaching

style, and group facilitation processes. Teachers are aware of
the content in the diet classes, and we instruct them to avoid
messages that might conflict with the diet class content.

Interventions: Maintenance Phase
After the weekly intervention phase (12 weeks), participants
receive the following maintenance support:

Monthly Diet Booster Classes
During monthly diet booster classes, the teacher provides
supplemental material intended to troubleshoot problems,
discusses progress and barriers to progress, and engages
participants in motivating conversations geared toward
continuation of assigned intervention-related behaviors. Monthly
class content features information about how physicians are
using CR diets to help their patients with T2DM and other
metabolic conditions, the experiences of long-term adherents
to a CR diet, and other related topics (see Table 6 for additional
detail).

Weekly Diet Individual Meetings
During these brief (15 min) individual meetings, which are held
over the phone, the diet teacher answers any CR diet-related
questions and concerns that may be individually specific to the
participant. These individual meetings allow teaching to be
tailored to individual needs related to several diet-related topics,
such as weight loss stalls, lack of food variety, difficulties
remaining in ketosis, or poor dietary adherence. The individual
meetings are only offered to select participants. Over the course
of the 3 planned waves, we test methods of selecting participants
for these individual consultations, including the feasibility and
acceptability of offering the individual consultations to a subset
of participants based on ketone levels at 12 weeks.

Textbox 2. Mindful eating training components.

Modules 1-7: Goals, habit formation, body scan, behavioral management, self-monitoring, existing with cravings

• Modules 1 and 2 allow the participant to set goals and teach them how habits form (eg, positive and negative reinforcement). These modules
also introduce the roles of self-monitoring and mindless eating. Module 3 introduces basic mindfulness practices such as the body scan, which
targets bodily awareness and momentary concentration. Module 4 defines refined, hyper-processed, calorically dense foods, with an emphasis
on how these foods can have addictive qualities. It also defines healthier, nutrient-dense, lower-glycemic foods. Module 5 teaches how to mindfully
work with food cues, affective states, and food cravings using the Recognize, Allow, Investigate, Notice (RAIN) exercise. This exercise promotes
the dissociation between experiencing food cravings and eating in response to them. Module 6 helps individuals recognize self-judgment and
how to be kind to themselves if they feel that they have “screwed up.”

Modules 8-14: Noting practice, barriers to change, concept reinforcement

• Modules 8 through 14 emphasize the use of noting practice (the “N” of RAIN). Modules in week 2 encourage participants to note what their
hunger, craving, and satiety levels are while eating and when considering eating. Participants view several animations that reinforce their
understanding of how people “feed” their cravings by eating.

Modules 15-21: Loving-kindness, curiosity

• Modules 15 through 21 continue to reinforce noting practice and teach users to differentiate emotional eating (eg, due to stress) from physiological,
homeostatic hunger (module 15). Modules 16 and 17 reinforce self-kindness (eg, loving-kindness) and curiosity, respectively.

Modules 22-28: Strategizing, reinforcing, next steps

• Modules 22 through 28 introduce how habitual thought patterns can be obstacles, and how we can mindfully observe our thoughts. Week 4
modules also help individuals reflect on their own experience from the previous few weeks of changing their relationship to food cravings. These
reflections facilitate participants’ awareness of their new habits and a gradual shift away from experiencing (and indulging) food cravings without
awareness toward mindfully attending to their food craving triggers. Week 4 gives participants a sense of which modules they might want to
review to reinforce certain lessons or tools (eg, excessive self-judgment).
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Table 6. Schedule and time commitments of intervention activities.

CR and mindful
eating group

CRa-only groupTotal time commitmentActivity schedulePhase and activity

Intervention phase (weeks 1-12)

✓✓12 hoursWeekly for 1 hourDiet classes

✓—12 hoursWeekly for 1 hourMindful eating classes

✓—4 hours for required videos; addi-
tional time using app as desires

Engage 2 or 3 times per week
for 5-10 min

Eat Right Now app

Maintenance phase (weeks 13-24)

✓✓3 hoursMonthly for 1 hourDiet booster classes

✓✓0-3 hoursUp to weekly, but typically bi-
weekly or less often

Diet individual meetings (15 min by

phone)b

✓—3 hoursMonthly for 1 hourMindful eating booster classes

✓—0-8 hoursWeekly for 1 hour, no meetings
week of booster classes

Mindful eating Zoom sessionsc

——37 required hours + 13 optional
hours

18 required hoursTotal Time

aCR: carbohydrate-restricted.
bEncouraged but optional; offered to select participants who schedule as they wish up to weekly.
cEncouraged but optional.

Mindful Eating Booster Classes and Weekly Group
Internet-Video Meetings (Zoom)
The mindful eating booster classes follow the same interactive
format as the in-person weekly classes conducted during the
intervention phase. During the intervention phase, these classes
are held in-person once a month. During the maintenance phase,
these classes are held over Zoom videoconferencing on weeks
in which no in-person class is held. During the maintenance
phase, in both the monthly in-person classes and the weekly
Zoom classes, teachers continue to deliver the ERN intervention
and focus on questions and challenges that participants bring
up during class. Though we assign modules in-between all
classes held during the intervention phase, we do not assign
modules during the maintenance phase, as participants will have
already completed the full 28-day curriculum.

Safety Monitoring

Glucose Monitoring and Medication Adjustment
CR diets often lead to decreases in glucose levels in people with
T2DM. This increases the risk of hypoglycemia among
individuals using glucose-lowering medications, such as
sulfonylureas or insulin, unless appropriate medication
adjustments are made. In our previous research [8], we used a
medication reduction protocol designed to reduce the risk of
hypoglycemia when initiating a CR diet, which resulted in no
episodes of clinically significant hypoglycemia. For this trial,
we use a similar protocol. Study physicians (medical doctors)
who have experience in transitioning people with T2DM onto
low-carbohydrate diets (one internal medicine physician, one
endocrinologist physician) will serve as study physicians. These
study physicians review participants’ medications before
participants begin the nutritional intervention. Study physicians
oversee changes in medications, specifically reductions (or

discontinuations if at a low dose) in an order that typically
prioritizes reductions/discontinuations as follows: (1) insulin,
(2) sulfonylureas, (3) meglitinides (secretagogues), (4) SGLT-2
inhibitors, (5) GLP-1 agonists and DPP4 inhibitors, and (6)
thiazolidinediones (TZD). Biguanides (eg, metformin) are
typically continued unless glycosylated hemoglobin levels
(HbA1c) are consistently below 6.5%. Initial medication
adjustments typically involve reducing a medication dose by
half and are aimed at preventing hypoglycemia when initiating
carbohydrate restriction. The number of medications reduced
is calibrated based on initial HbA1c levels, with limited
medication reductions in participants with high HbA1c levels
and more extensive reductions in participants with HbA1c levels
in the low diabetic range. For example, a participant with an
HbA1c level greater than 8.0% might have a recommendation
to reduce insulin doses in half while continuing other
medications, while a participant with an HbA1c level between
6.5% and 7.0% might have a recommendation to stop using all
diabetes medications other than biguanides and TZDs. We ask
participants using all glucose-lowering medications other than
metformin to measure their blood glucose at least once daily
(before dinner) to ensure they are not at risk for hypoglycemia.
For participants who are on a regimen considered to have
additional risks of hypoglycemia (eg, insulin), we ask them to
also measure their blood glucose in a fasted state (before
breakfast). We review symptoms of hypoglycemia with
participants in the initial group meeting and provide the
following instructions: any participant who believes that he or
she has hypoglycemia should immediately check his or her
glucose level (fingerstick), if possible, and should consume
carbohydrates if their glucose levels are below 70 mg/dL. If a
glucose level cannot be obtained promptly, they should consume
carbohydrates. We instruct all participants to report
hypoglycemic symptoms to study staff. Study staff notify study
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physicians immediately upon learning that a participant has
reported hypoglycemic symptoms or glucose levels below 80
mg/dL if on medications other than metformin; hypoglycemic
symptoms or glucose levels below 60 mg/dL if using either
metformin alone or no glucose-lowering medications; or glucose
levels above 220 mg/dL (all participants). Participants can
contact study staff by phone call, text message, or email to ask
questions and report symptoms or problems, and all study staff
can then immediately reach study physicians by mobile phone
or pager for urgent problems. Study staff collect regular glucose
information from participants weekly (online, Qualtrics). Study
physicians review glucose values at least weekly and make
medication adjustments based on glucose levels, current
medication regimens, and how long the participant has followed
the CR diet. Predinner glucose levels below 110 mg/dL typically
trigger evaluation of further medication reductions, using the
priority list described above, in participants receiving
medications other than biguanides. We provide participants’
primary care physicians with information about the study before
participants begin the study, notify them of any changes to
medication regimens, and consult with them as needed.

Hyperlipidemia
Some clinical trials of CR diets for obesity have demonstrated
hyperlipidemia in response to a high-fat diet; hence, we will
monitor participants for this possibility by testing serum lipids
at baseline as well as at 12 and 24 weeks. Lipid studies include
lipid particle size assessment using nuclear magnetic resonance
methods (LabCorp, NMR Lipoprofile [34]). Although many
people tolerate increases in saturated fat without deleterious
changes in blood cholesterol levels on a CR diet, a minority
experience increases in low-density lipoprotein (LDL)
cholesterol. Participants with significant increases in LDL
cholesterol, particularly increases accompanied by an increase
in small particle LDL (small particle LDL cholesterol being the
most strongly linked to increases in cardiovascular disease risk),
receive counseling on how to follow a CR diet that limits
saturated fat and increases monounsaturated and polyunsaturated
fats, such as those found in olive oil and nuts.

Minor Side Effects
Minor side effects including constipation, headache, diarrhea,
muscle cramping, rash, or general weakness may occur when
initiating a CR diet. Most side effects occur at the beginning of
the diet transition, are short-lived, and are generally well-treated
with adjustments to fluid intake and other diet modifications

that are thoroughly addressed at the first diet class and
throughout the study. We monitor for and record side effects,
and study staff involve the diet teacher and study physicians as
needed.

Data Safety Monitoring Board (DSMB)
We have created a 2-person DSMB. We hold annual DSMB
meetings via Zoom videoconference. In the case of a serious
adverse event (SAE), we will call for a special closed meeting
of the DSMB to review any needed changes or early stopping
of the trial (see 2.10.8, Interim Analyses, Stopping Rules). In
this trial, an adverse event (AE) is defined as any unfavorable
and unintended diagnosis, symptom, sign (including an abnormal
laboratory finding), syndrome or disease which either occurs
during the study, having been absent at baseline, or if present
at baseline, appears to worsen. AEs will be recorded regardless
of their relationship to the study intervention. An SAE is defined
as any untoward medical occurrence that results in death, is
life-threatening, requires inpatient hospitalization or
prolongation of existing hospitalization, results in persistent or
significant disability/incapacity, or is a congenital anomaly.

AEs that are collected as solicited events at study visits include
recent hospitalizations or new medical diagnoses or problems.
We will also record unsolicited events reported by participants.
AE data that are formally assessed at study visits will be
compared with existing unsolicited events in participant records
to avoid double capture. The study team reviews all potential
AEs reported by study participants and determines their
relatedness to diet or study intervention, expectedness, and
severity.

We monitor hypoglycemia and serum fasting lipid profiles. As
shown in Table 7, we use the Common Terminology Criteria
for Adverse Events (CTCAE) as follows, with grades 1 to 3
considered AEs, and grades 4 and 5 considered SAEs.

Statistical Methods

Preliminary Analyses
We will examine data distributions at baseline using summary
statistics and will use graphical methods to visualize data to
identify possible outliers and non-normal distributions before
proceeding with modeling. Discussions of outliers and of
missing data are included below (see “Sensitivity Analyses”
and “Missing Data”).

Table 7. Criteria for adverse events.

Grade 5Grade 4Grade 3Grade 2Grade 1CTCAEa term

—>500 mg/dL>400-500 mg/dL>300-400 mg/dL>ULNb-300 mg/dLCholesterol high

Death>1000 mg/dL; life-threaten-
ing consequences

>500 mg/dL-1000 mg/dL>300 mg/dL-500 mg/dL150 mg/dL-300 mg/dLHypertriglyceridemia

Death<30 mg/dL life-threatening
consequences; seizures

<40-30 mg/dL<55-40 mg/dL<LLNc-55 mg/dLHypoglycemia

aCTCAE: Common Terminology Criteria for Adverse Events. CTCAE criteria available [66].
bULN: upper limit of normal.
cLLN: lower limit of normal.
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Table 8. Primary and secondary trial outcomes.

Outcome typeSecondary outcomePrimary outcomeConstruct assessedMeasure

Behavioral—✓Craving-related eatingEcological momentary assessment of eating
behavior

Behavioral✓—ImpulsivityComputerized cognitive assessment: de-
layed discounting

Behavioral✓—Stress-related eatingPalatable Eating Motives Scale: Coping
Subscale

Behavioral✓—Dietary adherence24-hour dietary recall

Clinical✓—Dietary adherence; dietary ad-
herence after nonadherence

Blood ketone levels

Clinical✓—WeightWeight

Clinical✓—Glycemic controlGlycosylated hemoglobin A1c (HbA1c)

Clinical✓—Glycemic controlGlucose, plasma

Clinical✓—Glycemic controlInsulin, plasma

Primary Outcome
As shown in Table 8, the primary outcome is reduction in
craving-related eating, as measured through EMA text messages.
Participants respond to the EMA question, “Did you eat or drink
anything in response to that craving?” as yes or no (see Table
3). We will use a mixed effects logistic regression model, with
random effects for day nested within study period nested within
person, and for each of up to 4 possible reports per day
(morning, afternoon, evening, and “any other time not previously
reported”), to predict the dichotomous primary outcome (yes/no
responses to EMA question). Model covariates (fixed effects)
include time of day, study period, randomization group, and the
interaction of study period by randomization group. This will
allow us to estimate the odds of indulging a craving at 3 and 6
months compared with baseline, separately for each arm, as
well as allowing for direct comparisons between study arms at
each time.

Secondary Outcomes
Secondary outcomes include changes in impulsivity, stress- and
emotion-related eating, glycemic control (HbA1c, fasting
glucose, and insulin resistance), and weight. We also assess
dietary adherence (ketone levels) as a secondary outcome (see
Table 8 for all secondary outcome variable descriptions).

To assess changes in impulsivity, stress- and emotion-related
eating, glycemic control, and weight (all treated as continuous
variables), across groups and over time, we will use ANCOVA
and linear mixed methods. In mixed models, we will include a
random person effect, as well as fixed effects including study
period, randomization group, and their interaction term. We
will estimate differences between randomization groups at each
time point and differences between time points within each
randomization group.

To assess dietary adherence (ketone levels) and resilience
following dietary nonadherence, we will first dichotomize
ketone data as “ketosis” (values ≥0.3 BOHB mmol/L in
fingerstick blood) and “not ketosis” (values <0.3 BOHB mmol/L
in fingerstick blood). We have dichotomized ketone levels based

on our use of this level as an indicator that participants are
engaging in adequate CR to achieve nutritional ketosis.

To assess overall dietary adherence, we will use a mixed effects
logistic regression model with random effects for study period
nested within person, as each participant provides ketone data
3 times per week for several weeks within each study period.
We will include (as fixed effects) study period, randomization
group, and their interaction term. We will estimate differences
between randomization groups at each time point and differences
between time points within each randomization group. We will
also explore models treating ketone data continuously using the
same model specifications as described above. This will yield
average differences in the ketone levels between randomization
groups and within time points.

To assess resilience following dietary nonadherence, we will
compare the amount of time that passes between obtaining a
ketone value <0.3 BOHB mmol/L (not in ketosis) after having
had a prior ketone value of ≥0.3 BOHB mmol/L (in ketosis)
between study groups, using a repeated measures analysis to
address multiple episodes within participants, if these occur.

Sensitivity Analyses
If outliers are present in continuous measures, we will rerun
models after Winsorizing these data using 3 SDs from the mean
cut-off to minimize the impact of extreme values [67].

Missing Data
An important goal is to achieve high levels of participant
retention and to minimize missing data. When consenting and
enrolling participants, we emphasize the importance of
completing study assessments and explain that missing data
negatively impact scientific research. We provide financial
compensation for the time participants spend completing study
measures, and we devote significant staff resources to allow for
careful participant follow-up. Mixed effects models using
maximum likelihood (ML) estimation limit the risk of biased
results due to missing data [68]. Our analytic approach uses
these methods to minimize the impact of missing data.
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Table 9. Power to detect between-group differences based on one-sided and two-sided tests for a difference in means between groups.

SDDelta (differ-
ence between
arms)

Days with craving-relat-
ed eating in mindful
eating arm (%)

Days with craving-
related eating in
control arm (%)

Mindful eat-
ing arm (n)

Control arm (n)AlphaPower for a
two-sided test

Power for a
one-sided test

11−743503030.050.67860.7855

11−842503030.050.79100.8726

11−742493030.050.67860.7855

11−841493030.050.79100.8726

11−741483030.050.67860.7855

11−840483030.050.79100.8726

11−740473030.050.67860.7855

11−739473030.050.79100.8726

Data Management
Data are collected by trained research assistants and study
coordinators using paper forms and Web-based questionnaires
(online, Qualtrics). All surveys and forms are deidentified and
coded with a unique subject number.

All data collection forms and laboratory reports are reviewed
by the study team and data entry staff, who ensure that they are
accurate and complete. A person who has not collected or
entered data reviews the entered data for quality assurance.
Protocol compliance and monitoring is done via review of
records and forms after each participant visit and before data
entry. Review is done by a study staff member who is not
involved in the data collection for that participant, and any
discrepancies or potential problems are reviewed by the Project
Director or a senior study coordinator. Protocol deviations are
captured by regular review of cases during the enrollment
process by the Project Director to ensure that eligibility criteria
are met. Key points of review include postconsent visit and
baseline lab completion before randomization.

Sample Size Estimates
Although this study is intended to provide a foundation for
future trials of mindfulness and dietary change and the primary
focus is not on having adequate power for hypothesis testing,
we have performed a statistical power analysis for our primary
outcome, which is craving-related eating.

Our preliminary data showed that participants experienced eating
in response to a craving on 50% of days at baseline (SD 11%).
We aim to assess whether participants who receive the mindful
eating intervention experience a decrease in craving-related
eating relative to participants who do not receive the mindful
eating intervention. Because we anticipate a directionality of
effect (we hypothesize greater adherence over time among the
participants who receive the mindful eating training), we planned
our sample size around a one-sided test but also performed a
power analysis using a two-sided test. We estimate that we will
have greater than 80% power to detect a difference between
study groups if there is a between-group difference in
craving-related eating at follow-up of 8 percentage points using
a one-sided test and 79% power using a two-sided test (see
Table 9).

Interim Analyses, Stopping Rules
We have not planned any interim analyses, and we do not
anticipate stopping the study early. Although our main clinical
outcome of interest, HbA1c, is a biomarker indicating long-term
risk of clinical events due to diabetes (eg, neuropathy,
blindness), it is not an outcome that would justify early stopping
rules for a trial of this size and duration. The DSMB will review
any SAEs related to the intervention or assessment procedures
in separately scheduled, closed meetings (if SAEs were to occur)
to determine whether the study should be stopped. The DSMB
chair will moderate any closed sessions and collect a formal
vote from DSMB members as to whether the trial should
continue given the occurrence of an AE.

Results

The project was funded in September of 2016 and final classes
ended in March of 2018. Data analysis is currently underway,
and we expect to submit results for publication in early 2019.

Discussion

Principal Findings
Adhering to dietary recommendations poses challenges for a
variety of conditions, including obesity and diabetes [16,21].
This intervention is based upon a model that postulates that for
many people, it is difficult to adaptively respond to food
cravings in ways that maintain adherence to a dietary
prescription. Although previous mindfulness-based interventions
have begun to suggest that mindfulness-based interventions
may impact obesity-related behaviors (yet, not necessarily
weight loss itself) [69-71], we are employing a specific
component of mindfulness (ie, mindful eating), which we
hypothesize to more specifically impact obesity-related
behaviors.

Prior work has documented that decreasing carbohydrate intake
in people with T2DM leads to improved glycemic control [14]
and that following a low-carbohydrate diet can reduce cravings
for carbohydrate-rich foods [23]. Despite this “best case”
scenario for limiting cravings for carbohydrate-rich foods, we
postulate that adherence to carbohydrate restriction can be
challenging for many people because of difficulty coping with
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persistent food cravings. The modern food environment
facilitates the experience of food cravings and also ensures that
inexpensive food to satisfy these cravings is readily available.
Prior data on the importance of food cravings in adherence to
nutrition recommendations in T2DM leaves some uncertainties.
Some studies have reported increases in food cravings during
weight loss diets [72], but this type of study does not address
persons with T2DM, and the focus on calorie restriction as
opposed to diet pattern also differs from this study. Of more
direct relevance, a recent study of persons with T2DM has
reported that, in general, persons with T2DM put on a weight
loss diet with differing proportions of protein and carbohydrate
reported reductions in food cravings, which did not differ by
diet composition [73]. The overall reduction in food cravings
was moderate, however, with a 15% improvement in one
measure of food craving, indicating that while cravings
improved, they did not go away. Weight was positively
correlated with cravings. The authors concluded that
“Reductions in the frequency of food cravings and
improvements in eating behaviors may encourage compliance
and adherence to lifestyle programs which ultimately may
enhance diabetes management.” Given some uncertainties in
existing literature, our study is aimed, in part, at clarifying the
role that reductions in eating in response to food cravings may
play in improving nutritional adherence in T2DM.

In addition to addressing eating in response to food cravings,
we also postulate that other behavioral pathways may be relevant
in improving diet adherence in T2DM. For example, resuming
dietary adherence following lapses in adherence poses a
significant challenge and remains understudied [74]. Our study
directly tests mindful eating training as an intervention to
strengthen adaptive coping with food-craving experiences and
to resume dietary adherence following lapses.

Although we ultimately aim to impact clinical outcomes (eg,
HbA1c), this trial differs from other trials by focusing on
behavioral mechanisms through which our intervention may
impact clinical outcomes. Thus, our hypothesized behavioral
mechanisms are the primary endpoints at this stage of our
research. This study is therefore aligned with models advocated
by the Science of Behavior Change (SOBC) model [75] and the
Obesity-Related Behavioral Intervention Trials (ORBIT) model
[76]. These models advocate identifying and individually testing
key mechanisms that may underlie successful behavior changes
and then developing and testing interventions that target these
mechanisms. These models focus on maximizing potential to
optimize intervention potency, efficiency, and effectiveness.

This trial includes several innovative features. First, it focuses
on identifying mechanisms that underpin behavioral factors that
influence health outcomes, that is, ascertaining if increasing
training in mindful eating (mechanism) can increase dietary
adherence (behavioral factor) holds implications for dietary
interventions in T2DM (clinical health outcomes). Dietary
prescriptions can effectively improve glycemic control to the
extent that they are followed [13]; hence, developing methods
to increase dietary adherence is a critical public health need.

Second, this trial focuses on testing these mechanisms, in part,
using a cost-effective hybrid method that can be implemented
in a variety of health care settings, including those with greater
limitations on in-person services, that is, the didactic portion of
the mindful eating training being tested in this trial is currently
available for health care providers to prescribe to patients with
smartphones, which 77% of US adults own [77]. The
smartphone-based administration method ensures that all
recipients of this intervention receive the intervention exactly
as it was tested (ie, no effects of different intervention
instructors). Mobile platforms allow patients to integrate
behavioral change components as they go about their daily lives
[78]. Third, this trial uses EMA in the form of mobile text
messaging, which reduces issues associated with recall [79].
These ambulatory measures are important for both study
providers and recipients. Such measures provide behavioral
feedback to study staff, who can engage with patients to identify
problems (both for intervention development purposes and to
assist the patient with solutions), as well as provide actionable
feedback directly to the patients, who can self-correct based on
data they collect. Fourth, this trial uses both biological (blood
ketone testing) and self-report (24-hour dietary recall) methods
to assess dietary adherence.

Limitations
Limitations of this trial include that it is powered to examine
behavioral pathways we hypothesize to be tied to clinical
outcomes rather than to evaluate clinical outcomes themselves,
such as improvements in glycemic control. As described in the
ORBIT model for developing behavioral treatments for chronic
diseases [76], this trial is situated at phase IIb, which tests for
a signal in the behavioral target while using a control group.
Previous research has found that greater levels of mindfulness
are associated with less stress- and emotion-related eating [29]
and suggests that completing the mindfulness intervention
administered in this trial leads to reductions in stress- and
emotion-related eating, craving intensity, and rate of eating in
response to cravings [26]. The next phase of this work will
include a larger sample size that will provide better statistical
power to examine clinical outcomes. Additionally, future work
should test strategies for maintenance of behavioral (and
clinical) changes. Moreover, our trial design and control group,
although informed by the ORBIT model, does leave open the
possibility that the additional content provided to the mindful
eating group (eg, mobile app, more class time) may also
influence our outcomes above and beyond the mindful eating
instruction, as the groups may have differed in terms of time,
attention from teachers, and participants’ expectations.

We designed this two-group randomized controlled trial to test
behavioral pathways through which mindfulness may impact
the ability to respond to food cravings in ways that are consistent
with a dietary prescription for T2DM. The findings may be
relevant for understanding the effects of mindfulness
interventions on dietary adherence in the context of diabetes,
obesity, and other chronic metabolic diseases.
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Abstract

Background: Androgen deprivation therapy (ADT) for prostate cancer is associated with adverse cardiometabolic effects such
as reduced libido, hot flashes, metabolic syndrome, diabetes, myocardial infarction, and stroke. This reduces quality of life and
potentially increases mortality. Several large clinical trials have demonstrated improvements in cardiometabolic risk with
comprehensive multimodality lifestyle modification. However, there is a lack of data for such interventions in men on ADT for
prostate cancer, and existing studies have used non-standardized interventions or lacked data on metabolic risk factors.

Objective: The Comprehensive Lifestyle Improvement Project for Prostate Cancer (CLIPP) is designed to address these gaps
by using an intervention modeled on the Diabetes Prevention Program, a standardized multicomponent intervention with
demonstrated effectiveness in reducing cardiometabolic risk factors that has been successfully adapted for multiple disease types
including breast cancer.

Methods: A single-arm unblinded clinical trial will be conducted to determine the feasibility of conducting a 24-week
comprehensive lifestyle modification intervention that targets weight loss and increased physical activity modeled on the Diabetes
Prevention Program in 30 men on ADT for prostate cancer. Secondary aims are to determine the effect of the intervention on
cardiometabolic markers and quality of life. The tertiary aim is to determine the effect of the intervention on markers of inflammation
and angiogenesis, important mechanisms for prostate cancer progression. Participants will be recruited from the University of
Arizona Cancer Center and the surrounding community. The intervention will be delivered weekly in person and over the phone
for 16 weeks. For Weeks 16-24, participants receive weekly phone calls from the study health coach to motivate them to continue
their lifestyle modification. Questionnaire and biological data are collected at baseline, 12 weeks, and 24 weeks. Body composition
using dual-energy x-ray absorptiometry scans will be performed at baseline and end of study.

Results: Based on a sample size of 30, the two-sided 95% confidence interval will not be wider than 0.373 standard deviations
for the adherence rate and will not be wider than 0.374 for the retention rate. In addition, the study will have a power of 80% to
detect a change of 0.47 standard deviations from baseline for each of the markers investigated in the secondary and tertiary aims
assuming a within-subject correlation of 0.20 at a significance level of 5%. The recruitment period is from October 2018 to April
2019.

Conclusions: The aim of CLIPP is to determine the feasibility of conducting a Diabetes Prevention Program–style comprehensive
lifestyle modification intervention in men with ADT for prostate cancer and its effects on cardiometabolic adverse effects, quality
of life, as well as markers of inflammation and angiogenesis. Results will inform the development of future clinical trials in this
population.
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Introduction

Androgen deprivation therapy (ADT) has been demonstrated
to improve disease-free survival and overall survival in men
with prostate cancer (PCa) [1,2]. Androgen deprivation can be
accomplished through surgical castration (bilateral orchiectomy)
or medical castration through gonadotropin-releasing hormone
(GnRH) agonist and antagonist as well as antiandrogen
medication [3,4]. Changed hormonal milieu due to ADT is
associated with a number of adverse effects such as metabolic
syndrome, weight gain, decreased libido, insulin resistance,
obesity, sarcopenia, as well as diabetes, myocardial infarction,
and cerebrovascular events. These adverse effects not only lower
the individual’s quality of life (QoL) but also contribute to
increased mortality [3,5,6]. Reports by Cheung and Alibhai
demonstrate that ADT is associated with clinically significant
decreased QoL especially in the physical and sexual domains
[5,6]. In a meta-analysis by Bosco et al, relative risk (RR) for
any type of nonfatal cardiovascular disease was 1.38 (95% CI
1.29-1.48) for men with PCa on GnRH agonists, compared with
men not treated with ADT [3]. The associations between GnRH
agonists and myocardial infarction or stroke were even stronger:
RR 1.57 (95% CI 1.26-1.94) and RR 1.51 (95% CI 1.24-1.84),
respectively [3].

Comprehensive multicomponent lifestyle modification
interventions have demonstrated improvement in metabolic
profile and cardiovascular risk factors [7]. The Diabetes
Prevention Program (DPP) was a randomized clinical trial
(N=3234) comparing the effect of intensive multicomponent
lifestyle modification, metformin, or placebo on development
of diabetes in persons with impaired glucose tolerance [7]. In
this trial, the incidence of diabetes was 11.0, 7.8, and 4.8 cases
per 100 person-years for placebo, metformin, and lifestyle
modification, respectively. Compared to placebo, incidence of
diabetes was reduced by 58% in the lifestyle arm and 31% in
the metformin arm. Although there was slight attenuation of
the effect, the incidence of diabetes was still lower in the
lifestyle arm as compared to the metformin arm (34% and 18%,
respectively) after 10 years of follow-up [8]. The 10-year
follow-up demonstrated major reductions for blood pressure
(systolic, 2-3 mmHg and diastolic, 5-6 mmHg), low-density
lipoprotein cholesterol (0.47-0.54 mmol/l), and triglycerides
(0.18-0.32 mmol/l) as well as increases in high-density
lipoprotein (0.13-0.16 mmol/l) for all the three groups, whereas
hyperlipidemia (P<.012), hypertension (P<.09) [9], and
medication use was lower for the lifestyle group. Lack of
differentiation between the three groups could potentially be
due to all three groups’ receiving the lifestyle intervention when
the primary clinical trial ended. The DPP has been successfully
adapted for breast cancer patients [10]. In the Lifestyle Exercise
And Nutrition (LEAN) study, 100 women with breast cancer

were randomized to in-person or phone-based lifestyle
modification or usual care. There was a statistically significant
decrease in weight (P=.004 and P=.009 for in-person or
phone-based intervention) compared to usual care. Additionally,
women who lost >5% weight demonstrated significant
improvements in metabolic (insulin and leptin, P=.05 and .002,
respectively) and inflammatory (C-reactive protein and
interleukin-6, P=.02 for both) markers [10]. These data served
as the premise for the ongoing Breast Cancer Weight Loss trial
of a DPP-modified intervention for weight loss in breast cancer
survivors [11].

Interventions addressing either exercise or nutrition have
demonstrated benefit in men on ADT for PCa [12]. However,
there is a lack of data with respect to comprehensive
multicomponent standardized lifestyle improvement programs.
Recently published results from the Individualized Diet and
Exercise Adherence-Pilot (IDEA-P) trial demonstrated that a
multicomponent lifestyle modification program is effective in
improving mobility performance (P<.02), muscular strength
(P<.01), body fat percentage (P<.05), and fat mass (P<.03) [13].
However, cardiometabolic risk factors or QoL were not outcome
variables in this paper nor was a standardized intervention like
the DPP used in the study.

Obesity is an important risk factor for not only cardiometabolic
diseases but also for PCa progression. As many as 77% men
diagnosed with PCa can be classified as overweight or obese,
which is higher than the national average [14]. Obesity has been
associated with PCa aggressiveness, progression, and
cancer-specific mortality [15]. The Continuous Update Project
report on PCa identifies overweight and obesity to be strong
risk factors for PCa progression [16]. Hence, an intervention
like the DPP with proven efficacy towards reducing weight and
improving cardiometabolic risk factors could be hypothesized
to have the same effect in men on ADT for PCa.

The current trial addresses the above-mentioned deficiencies
by conducting a feasibility and early efficacy study to determine
the utility of a DPP-style lifestyle modification intervention on
cardiometabolic risk factors and QoL in men on ADT for PCa.
Additionally, the effect of the intervention on markers of
inflammation and angiogenesis will be determined to understand
its impact on PCa progression, as inflammation and angiogenesis
are important mechanisms for PCa progression [17-21].

Methods

Study Design
The aims of the Comprehensive Lifestyle Improvement Program
for Prostate Cancer (CLIPP), a single-arm unblinded clinical
trial, are to determine (1) the feasibility of conducting a 24-week
comprehensive lifestyle modification intervention in men on
ADT for PCa, (2) the effect of a comprehensive lifestyle
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modification on cardiometabolic risk factors and QoL in men
on ADT for PCa, and (3) the effect of a comprehensive lifestyle
modification on markers of inflammation and angiogenesis.
Regulatory approval for this project has been obtained from the
University of Arizona Institutional Review Board and its
affiliated hospital system, Banner University Medical Center.
Thirty subjects will be recruited from the University of Arizona
Cancer Center (UACC), a National Cancer Institute–designated
Comprehensive Cancer Center located in Tucson, Arizona, and
its surrounding community. The UACC Cancer Survivorship
Clinic, Genitourinary Oncology Clinic, and Radiation Oncology
Clinic will be involved in recruitment. Flyers will be distributed
at various locations around the cancer center informing potential
participants about the study. Principal investigators and study
staff will reach out to various prostate cancer support groups
around the city to recruit participants. Principal investigators
and collaborators will introduce the study to potential
participants. If the potential participant is willing to participate,
their information will be shared with the clinical research
associate who will determine eligibility via telephone.
Participants recruited through other methods will be instructed
to call the clinical research associate directly for timely
screening. After eligibility screening, the associate will explain
the study purpose, answer questions, and ascertain interest in
participation. If the participant agrees, informed consent will
be obtained.

Eligibility
To be eligible for this study, participants are required to meet
the following inclusion and exclusion criteria. Since this is a
feasibility trial, criteria are purposefully broad. Participants
must (1) be men diagnosed with prostate cancer (Stage I-III)
within the past 10 years, who are on ADT for their disease, (2)
be age 40 or older with at least a 5-year life expectancy, (3) be
willing to participate in a lifestyle modification intervention,
including all assessments and measurements, (4) speak English,
and (5) if participating in any other clinical trial participants,
have a 30-day washout period before they can become eligible
for this trial. The exclusion criteria for the study consist of the
following: (1) PCa survivors currently participating in any other
clinical trials, (2) PCa survivors on hospice or with a life
expectancy less than 5 years, (3) survivors with Stage IV PCa,
(4) having digestive diseases (eg, inflammatory bowel disease,
diverticulitis) that make for intolerance of significant increases
in plant food intake, and (5) individuals unable to fully
comprehend the informed consent or other procedural
requirements. Individuals with high adherence to lifestyle
guidelines (eg, consuming a vegan diet or participating in
moderate to vigorous physical activity for >45 minutes/day, 7
days/week) will be excluded.

Informed Consent
The investigational nature and objectives of the trial, the
procedures, and interventions involved and their attendant risks
and discomforts, and potential alternative therapies will be
carefully explained to subjects and a signed informed consent

obtained. The informed consent form approved by the University
of Arizona Institutional Review Board will be used for this.
Documentation of informed consent for screening will be
maintained in the subject’s research file.

Study Procedure
Participants will be scheduled for a baseline visit after informed
consent has been obtained. This visit will consist of obtaining
anthropometric measures, questionnaire data, biological samples,
and body composition data using dual-energy absorptiometry
(DXA) scan. The intervention will be initiated at this visit.
Participants will be provided with a fitness tracking device
(FitBit Charge2) that will support the tracking of fitness goals
and provides the study team with physical activity data.
Participants will keep the fitness tracker after completion of
study. Participants will be followed weekly for a duration of 24
weeks. Baseline and every fourth visit will be in-person, whereas
the remainder of the intervention support will be provided over
the phone. This delivery strategy was adopted based on results
of focus group discussions conducted with PCa survivors at the
UACC regarding their interests in participating in a lifestyle
modification intervention [22]. Anthropometric measurements
will be collected at each in-person visit. Questionnaire data and
biological samples will be collected at baseline, 12 weeks, and
24 weeks. DXA scans will be obtained at baseline and end of
study (24 weeks) to assess body composition changes over time.
An exit survey will be carried out at the end of the study to
assess acceptance and feasibility including an understanding of
their experience and suggestions for improvement. A similar
survey will be carried out if the participant decides to terminate
their participation earlier than study completion. See Multimedia
Appendix 1 for the study timeline.

Intervention
The intervention has been modeled on the DPP and adapted for
men with PCa. The goals of the intervention are to help
participants (1) achieve and maintain 7% weight loss from their
starting weight (if participant body mass index [BMI] is >25)
and (2) achieve and maintain 150 minutes of moderate intensity
physical activity weekly. If participant BMI is <25 or if they
are already engaging in 150 minutes of moderate intensity
physical activity weekly, the goal will be to maintain that for
the duration of the trial. The 16-week curriculum covering
nutrition, physical activity, as well as supportive strategies to
promote and maintain behavior modification was designed to
help the participants achieve these goals [7]. Topics covered
during the weekly sessions are listed in Figure 1. The curriculum
will be taught by an experienced health coach trained by a DPP
principal investigator and master trainer. After completion of
the curriculum-based intervention, participants will be followed
for 8 weeks. During this time, participants will receive weekly
calls from the health coach aimed at maintaining motivation
and problem solving as well as behavioral goal maintenance.
The fundamental components of the intervention are based on
social cognitive theory, the theory of planned behavior, and the
transtheoretical model [23].
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Figure 1. Intervention details.

Outcome Measures

Feasibility Measures
Aim 1 of this study is to determine feasibility and hence the
outcome measures for this aim will be recruitment, retention,
and maintaining protocol adherence by the participants. The
recruitment goal is set at 30 participants recruited over a
6-month period. The retention goal is set at 80%, and the
adherence goal is set at 75% participation. If 80% (24/30) of
participants complete the trial, the retention goal for this trial
will be achieved. If participants attend 75% of the intervention
delivery visits (in-person and phone combined), they will be
considered adherent to the protocol.

Efficacy Measures
For Aim 2, anthropometric measures (ie, height in inches, weight
in pounds, waist and hip circumference in inches) and blood
pressure (ie, systolic and diastolic mm of hg) will be carried
out by the same, trained study personnel for all participants at
all visits, using established protocols. This will ensure
consistency between measurements and reduction in error.
Serum samples for metabolic markers (ie, fasting glucose,
hemoglobin A1C, lipid panel) will be collected and sent to a
certified clinical laboratory. We will determine QoL using
standardized and validated questionnaires. The Patient Reported
Outcomes Measurement Information System (PROMIS) global
physical and mental health scale will be used to determine the
overall quality of life, whereas the Expanded Prostate Cancer

Index Composite Short Form (EPIC-26) will be used to assess
disease-specific QoL. Preliminary efficacy will be established
if the intervention results in a significant decrease in body
weight, body fat, and metabolic indices as well as improvement
in general and disease-specific QoL over the course of the trial
(24 weeks). For Aim 3, serum collected at baseline, 12 weeks,
and 24 weeks will be processed for markers of inflammation
(ie, Interleukin-6, Interleukin 1-beta, Interleukin-8, stromal cell
derived factor 1-alpha, and basic fibroblast growth factor) and
angiogenesis (ie, vascular endothelial growth factor and plasma
placental growth factor) using enzyme linked immunosorbent
assay (ELISA). Kits will be purchased from Meso Scale
Discovery (Rockville, MD) and R&D Systems (Minneapolis,
MN). Prior literature demonstrates changes in these markers
due to ADT [4], hence, the reason for choosing these markers.

Ancillary Measures
In addition to the outcome measures mentioned above, ancillary
measures will also be collected that will be used for correlative
analyses in the future. Other ancillary measures will consist of
Pittsburgh Sleep Quality Index to assess sleep quality, Arizona
Food Frequency Questionnaire to assess food patterns, DXA
scans for body composition assessment, and urine samples.
Questionnaires and urine samples will be collected at baseline,
12 weeks, and 24 weeks and stored for future analyses. DXA
scans will be conducted at baseline and end of study. Extra
serum samples will also be stored in -80°Celsius freezers for
future use. The samples will be housed in the central freezer
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facility of the University of Arizona Cancer Center, which is
monitored through a 24-hour alarm system.

Statistical Considerations

Statistical Analysis
The primary aim of this study is to determine feasibility of
conducting a lifestyle modification intervention in a population
of men with prostate cancer on ADT. This will be determined
by calculating the study initiation rate, retention rate, and
adherence rate. The study initiation rate will be calculated by
dividing the total number of subjects that passed screening by
the number started in the study after appropriate informed
consent procedures. Retention rate will be calculated by dividing
the total number of participants initiated by total number of
participants in the study at 12 and 24 weeks. Retention goal for
this trial is 80%, and hence participation 24 subjects in the trial
at 12 and 24 weeks will satisfy this goal. The adherence rate
hypothesized for this study is 75%. Participants will be
determined to be adherent if they attend 75% intervention
sessions (in-person and telephone intervention sessions
combined). The overall adherence and retention rates and the
associated 95% confidence intervals will be reported at 12 and
24 weeks. The secondary aim of this project to detect the effect
of lifestyle modification on cardiometabolic risk factors and
QoL. The tertiary aim of this project is to determine the effect
of lifestyle modification on markers of inflammation and
angiogenesis. Baseline characteristics will be described using
mean and standard deviation for continuous variables and
frequency and the associated proportions for categorical
variables. Each outcome, for the secondary and tertiary aims,
will be measured at 3 time points (ie, baseline, 12 weeks, and
24 weeks). For each outcome, two-sided 95% confidence
intervals will be constructed for changes from baseline at both
12 and 24 weeks. In addition, a linear mixed-effects models
will be fitted to explore the trajectory of changes overtime. If
necessary, baseline value of the marker of interest (eg,
cardiometabolic markers and QoL for secondary aim and
inflammatory and angiogenic markers for the tertiary aim), age,
race, serum prostate-specific antigen (PSA), and Gleason score
will be adjusted for in the mixed-effects models. The changes
in each of the outcomes over time will allow us to evaluate
whether lifestyle modification can improve cardiometabolic
risk and QoL (secondary aim) as well as inflammation and
angiogenesis (tertiary aim). Analysis will be carried out using
intent-to-treat (all participants) and modified intent-to-treat
(restricting the analyses to participants who were adherent)
approaches in order to determine if study adherence plays a role
in mediating the relationship between lifestyle modification and
outcome variables. Exit surveys will be carried out at the end
of the study or if the participant decides to drop out of the study
early. These qualitative and quantitate surveys will help
understand participant satisfaction with the intervention and its
delivery modalities, which will be helpful in planning the next
phases of this project.

Sample Size and Power
Based on a sample size of 30, the two-sided 95% confidence
interval will not be wider than 0.373 standard deviations for the
adherence rate and will not be wider than 0.374 for the retention

rate at each follow-up visit. In addition, it will have a power of
80% to detect a change of 0.47 standard deviations from baseline
over two follow-up visits for each of the markers investigated
in the secondary and tertiary aims, assuming a within-subject
correlation of 0.20 at a significance level of 5%.

Results

Results from this arm open label clinical trial will allow us to
determine the feasibility of conducting a DPP based intervention
in men on ADT for PCa. Results are expected to be available
by October 2019 and will inform the development of future
trials in this population.

Discussion

Principal Considerations
The Comprehensive Lifestyle Improvement Project for Prostate
Cancer (CLIPP) is designed to investigate the feasibility and
early efficacy of a comprehensive multimodality intervention
modeled after the DPP on cardiometabolic risk factors and QoL,
as well as markers associated with inflammation and
angiogenesis in men treated with androgen deprivation therapy
for prostate cancer. This will be the first study in literature to
investigate the utility of a DPP-based intervention on
cardiometabolic risk factors and pathways associated with tumor
progression in men with PCa on ADT. Although ADT improves
disease-free survival and overall survival in men with PCa [1,2],
its adverse effects lower the individual’s QoL and contribute
to higher mortality. If an effective intervention is identified to
mitigate the adverse effects associated with ADT, it could
potentially improve the individual’s QoL as well as reduce their
risk of treatment-related mortality. Results from the CLIPP
study have the potential to provide data on the effect of the
lifestyle modification intervention on QoL, cardiometabolic
risk factors, as well as markers of inflammation and
angiogenesis. Results for the primary aim are expected to be
available by October 2019.

Strengths and Limitations
The strengths of this study lie in its application of an
evidence-based and effective multicomponent lifestyle
modification intervention. This intervention has been
successfully adapted for other disease types including breast
cancer with favorable results. The standardized intervention
with proven success in multiple disease settings, including
cancer, sets this study apart from other comparable studies in
current literature. The limitations of this study include its
non-randomized treatment assignment and lack of a control
group. Since this is a feasibility study, this is an accepted study
design and a randomized study with an appropriate control arm
would be the next step based on the study results.

Conclusion
Findings from this study will address a critical gap in current
literature by providing data regarding the feasibility of
conducting a multimodality lifestyle modification intervention
in men on ADT for prostate cancer and its impact on
cardiometabolic risk factors, quality of life, as well as markers
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associated with inflammation and angiogenesis. These data are
critical in developing future clinical trials in this group of
patients. Additionally, the findings hold potential to open new

avenues of research such as the impact of lifestyle modification
on prostate cancer progression.
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PROMIS: Patient Reported Outcomes Measurement Information System
QoL: quality of life
RR: relative risk
UACC: University of Arizona Cancer Center
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Abstract

Background: Sexual and gender minority youth (SGMY; eg, lesbian, gay, bisexual, and transgender youth) experience myriad
substance use and mental health disparities compared with their cisgender (nontransgender) heterosexual peers. Despite much
research showing these disparities are driven by experiences of bullying and cyberbullying victimization, few interventions have
aimed to improve the health of bullied SGMY. One possible way to improve the health of bullied SGMY is via a Web-accessible
game intervention. Nevertheless, little research has examined the feasibility of using a Web-accessible game intervention with
SGMY.

Objective: This study aimed to describe the protocol for a randomized controlled trial (RCT) pilot, testing the feasibility and
limited efficacy of a game-based intervention for increasing help-seeking–related knowledge, intentions, self-efficacy, behaviors,
productive coping skills use, and coping flexibility and reducing health risk factors and behaviors among SGMY.

Methods: We enrolled 240 SGMY aged 14 to 18 years residing in the United States into a 2-arm prospective RCT. The
intervention is a theory-based, community-informed, computer-based, role playing game with 3 primary components: encouraging
help-seeking behaviors, encouraging use of productive coping, and raising awareness of Web-based resources. SGMY randomized
to both the intervention and control conditions will receive a list of SGMY-inclusive resources, covering a variety of health-related
topics. Control condition participants received only the list of resources. Notably, all study procedures are conducted via the
internet. We conveniently sampled SGMY using Web-based advertisements. Study assessments occur at enrollment, 1 month
after enrollment, and 2 months after enrollment. The primary outcomes of this feasibility study include implementation procedures,
game demand, and game acceptability. Secondary outcomes include help-seeking intentions, self-efficacy, and behaviors;
productive coping strategies and coping flexibility; and knowledge and use of Web-based resources. Tertiary outcomes include
bullying and cyberbullying victimization, loneliness, mental health issues, substance use, and internalized sexual and gender
minority stigma.

Results: From April to July 2018, 240 participants were enrolled and randomized. Half of the enrolled participants (n=120)
were randomized into the intervention condition and half (n=120) into the control condition. At baseline, 52.1% (125/240) of the
participants identified as gay or lesbian, 26.7% (64/240) as bisexual, 24.2% (58/240) as queer, and 11.7% (28/240) as another
nonheterosexual identity. Nearly half (113/240) of participants were a gender minority: 36.7% (88/240) were cisgender boys,
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and 16.3% (39/240) were cisgender girls. There were no differences in demographic characteristics between intervention and
control condition participants.

Conclusions: Web-accessible game interventions overcome common impediments of face-to-face interventions and present a
unique opportunity to reach SGMY and improve their health. This trial will provide data on feasibility and limited efficacy that
can inform future Web-based studies and a larger RCT aimed at improving health equity for SGMY.

Trial Registration: ClinicalTrials.gov NCT03501264; https://clinicaltrials.gov/ct2/show/NCT03501264 (Archived by WebCite
at http://www.webcitation.org/72HpafarW)

International Registered Report Identifier (IRRID): DERR1-10.2196/12164

(JMIR Res Protoc 2019;8(2):e12164)   doi:10.2196/12164
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Introduction

Background
Sexual minority youth (eg, lesbian, gay, bisexual, or queer
youth) and gender minority youth (ie, youth who identify as a
gender different from their sex assigned at birth) experience
myriad substance use and mental health disparities [1-27]. In
particular, sexual orientation–related disparities have been
known for over 20 years [1]: sexual minority youth, compared
with heterosexual youth, have approximately 176% higher odds
of cigarette use, 155% higher alcohol use, 34% higher heavy
alcohol use (eg, binge drinking), and 56% higher marijuana use
[2]. Currently, many of these sexual orientation–related
disparities appear to be growing larger [3,4]. Similarly,
compared with cisgender (ie, nontransgender) youth, gender
minority youth have significantly higher use of cigarettes,
alcohol, and marijuana [5,27]. These sexual and gender minority
youth (SGMY) disparities are also present for novel substances,
such as electronic cigarette use [5]. Regarding mental health
disparities, SGMY have significantly higher anxiety, depression,
and suicidality [20-27]. Meta-analyses show that sexual minority
youth, compared with heterosexual youth, have 96% higher
odds of having suicidal thoughts, 120% higher odds of making
suicide plans, and 218% higher odds of making suicide attempts
[20]. Altogether, these substantial and persistent health
disparities make SGMY a priority population for interventions
that attempt to reduce health inequities.

SGMY also experience disparities in bullying and cyberbullying
victimization compared with their cisgender heterosexual peers
[5,27-33]. For example, according to the 2015 Youth Risk
Behavior Survey (YRBS), gay, lesbian, and bisexual adolescents
(compared with heterosexuals) had nearly doubled the
prevalence of bullying and cyberbullying victimization [33].
Importantly, research shows that these bullying disparities also
contribute to SGMY disparities in substance use and mental
health issues [5,13,27,34,35]. Therefore, interventions that help
bullied SGMY and reduce bullying victimization may, in turn,
reduce substance use and mental health disparities.

In addition to this greater prevalence of bullying, SGMY have
unique factors that also contribute to health disparities. When
SGMY are bullied, in addition to the typical fears of disclosing
their bullying victimization experiences to others, they often

fear having to disclose their sexual and gender minority (SGM)
status to adults, thereby putting them at risk for further
discrimination and harassment [36,37], likely preventing them
from reaching out for help. Even when SGMY consider suicide,
large proportions of them do not seek help [38], and sexual
minority youth have more trouble than heterosexuals with
identifying people to talk to about their emotional worries [39].
Moreover, compared with heterosexuals, sexual minority youth
are more likely to use nonproductive coping strategies (eg,
self-blaming, giving up, ignoring problems, and worrying) to
manage the stressors in their lives [40,41], which likely
exacerbates their health. Thus, interventions that aim to improve
help-seeking behaviors and productive coping strategies (eg,
solving problems, seeking relaxing diversions, and being
physically active) among bullied SGMY may substantially
reduce substance use and mental health disparities.

Notably, few interventions have been rigorously tested to
examine whether they are efficacious in reducing substance use
and mental health disparities among SGMY [42]. Moreover, 1
possible way to improve the health of bullied SGMY is via a
Web-accessible (ie, downloadable via the internet) game
intervention. Game interventions can be easily accessible
through the internet, thereby providing an effective way to reach
large numbers of SGMY, including SGMY living in rural areas
and high structural stigma locations (ie, areas with less
SGM-inclusive policies, institutions, and attitudes). Furthermore,
Web-based game interventions are advantageous because some
SGMY may be out to only a few people offline, making
recruitment and attendance in face-to-face interventions for
SGMY quite challenging [43,44]. Web-accessible interventions
may be accessed by those who are insufficiently supported in
offline programs [45-47]. In addition, Web-accessible gaming
programs about sex [48,49], mental health [50], alcohol use
[51-55], smoking [56-58], and asthma [59-62] are effective for
youth in general. The Web-based environment is also relatively
safe for LGB youth to gain coping skills [63,64]. Other
advantages of Web-accessible interventions are increased
fidelity and cost-effectiveness [65-71]. Overall, Web-accessible
game interventions overcome common impediments of
face-to-face interventions and present a unique opportunity to
reach SGMY to improve their health. Little research, with few
exceptions [72,73], has examined the feasibility of using a
Web-accessible game intervention with SGMY populations.
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Therefore, pilot testing the feasibility of such a study is critical
for successfully conducting a large-scale intervention. Feasibility
comprises a wide range of topics [74], such as the testing of
implementation procedures—how well the study was
implemented as planned; intervention demand—the actual use
of intervention among participants; intervention
acceptability—how the participants react to the intervention;
intervention integration—how well the game fits into the
participants’ lives; intervention adaptation and expansion—the
changes necessary for future iterations of the intervention and
translation into new environments; and finally, limited efficacy
testing—can be used to get estimates for variability and
precision to power a larger randomized controlled trial (RCT).
To adequately address the multiple dimensions of feasibility
related to a game-based intervention tailored to SGMY, a
carefully planned pilot trial is needed.

Study Aims
This paper describes the protocol for a pilot RCT assessing the
feasibility and limited efficacy of the game-based intervention
to increase help-seeking–related knowledge, intentions,
self-efficacy and behaviors, productive coping skills use, and
coping flexibility and reduce health risk factors and behaviors
among SGMY. The primary, secondary, tertiary, and exploratory
aims of the study are described below.

Primary Aim
Our primary aim is to evaluate implementation procedures for
the RCT of the game-based intervention as well as to determine
the level of game demand and game acceptability. We
hypothesize having high implementation fidelity, game demand,
and game acceptability (see Table 1 in the Methods section for
specific targets).

Secondary Aim
Our secondary aim is to test the limited efficacy for the game
in increasing the following short-term outcomes: help-seeking
intentions, self-efficacy, and behaviors; productive coping
strategies and coping flexibility; and knowledge and use of
Web-based resources. We hypothesize that compared with the
control participants, the intervention participants would have
greater improvements in all short-term outcomes.

Tertiary Aim
Our tertiary aim is to test the limited efficacy for the game in
reducing long-term outcomes: bullying and cyberbullying
victimization; loneliness; mental health issues (ie, stress, anxiety,
depression, and suicidality); substance use; and internalized
SGM stigma. We hypothesize that intervention participants,
compared with control participants, will have greater decreases
in all long-term outcomes.

Exploratory Aim
We have built in an exploratory aim meant to better our
understanding of participants’ responses to the game and
research procedures and how to improve both. This exploratory
aim concerns implementation procedures, integration, and the
adaptation and expansion of the game. Given the exploratory
nature of this aim, we have no a priori hypotheses.

Methods

Study Design
The purpose of this research study is to pilot a 2-arm RCT of a
game-based intervention to improve help-seeking behaviors
and productive coping strategies to reduce substance use,
victimization, and mental health issues among SGMY. The
study is led by a team with expertise in SGMY research at the
Center for LGBT Health Research in the University of
Pittsburgh’s Graduate School for Public Health, University of
Pittsburgh (Principal Investigators: Friedman and Egan). We
engage in team science by partnering with an expert in bullying
research, help-seeking research, an interventionist, a
biostatistician, a health and game researcher, and a professional
game development company. The study is funded by the Eunice
Kennedy Shriver National Institute of Child Health and Human
Development at the National Institutes of Health
(R21HD083561) and is registered as a clinical trial
(NCT03501264) [75].

Study Population and Study Flow
All study procedures related to screening, consenting, surveying,
and reminding are completed using REDCap, a free and secure
Health Insurance Portability and Accountability Act-compliant
website for managing Web-based surveys and databases. Study
participant flow is depicted in Figure 1.

First, to determine eligibility, respondents completed a brief
Web-based self-reported screening questionnaire before entering
in this study. Respondents were eligible if they were English
literate, lived in the United States of America, were aged
between 14 to 18 years, had experienced bullying or
cyberbullying victimization in the past year, had a sexual
minority identity (ie, gay, lesbian, bisexual, or queer) or a gender
minority identity (ie, considered themselves to be transgender
or nonbinary), had a personal computer or Mac laptop or desktop
computer where they could download games, and had an email
address. Eligible respondents were then directed to a Web-based
informed consent form. Participants voluntarily consented using
a click-to-consent procedure. To protect participants from having
to reveal their sexual or gender minority identities to their
caregivers, thereby potentially putting them in harm’s way, we
received a waiver of parental consent [76]. This allowed
participants to self-consent. Ineligible respondents were thanked
for their time and no additional contact was made.

Once eligible respondents agreed to voluntarily participate in
the study, they were emailed a link to the baseline (T1) survey
to complete. The T1 survey contained 24 pages with a median
of 8.5 items per page (mean 10.3; range 3-26). After completion
of the T1 survey, the study team randomized participants to
intervention or control conditions (full descriptions of conditions
are provided in later sections). Immediately after randomization,
participants in the intervention condition automatically received
an email with a REDCap survey link containing information
that guided participants through the procedures for downloading
and installing the game intervention onto their desktop or laptop
computers with Microsoft Windows or Apple Mac operating
systems. Every 3 days thereafter, participants were automatically
sent up to 5 email reminders to download the game. Moreover,
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1 day after randomization, participants in both the intervention
and control conditions were automatically sent a list of resources
related to study outcomes.

The first follow-up (T2) survey was activated 4 weeks after T1
survey completion and remained open for 4 weeks. The T2
survey was similar to the T1 survey; however, participants in
the intervention condition who self-reported having played the
game also completed questions about their gaming experience.
The T2 survey contained 26 pages with a median of 8.5 items
per page (mean 11.4; range 3-47).

The final follow-up survey (T3) is activated 8 weeks after T1
survey completion and remains open for 8 weeks. The T3 survey
is similar to the T1 survey; however, intervention condition
participants who do not complete the gaming experience
questions at T2 but self-report having played the game in the
T3 survey will be asked questions about their gaming experience
at T3. The T3 survey contained 26 pages with a median of 8.5
items per page (mean 11.4; range 3-47).

For each survey, up to 5 email reminders to complete surveys
are automatically emailed to participants every 4 days. While
completing each survey, participants were able to change their
answers by clicking a back button. The following incentives
are given after the completion of each survey: US $10 for T1;
US $25 for T2; and US $50 for T3. At the end of each survey,
participants select if they wanted a gift card to Apple iTunes or
Google Play.

Recruitment
Participants were conveniently sampled and recruited throughout
the United States using website advertisements posted on social
media platforms. This passive approach allowed SGMY from
multiple geographic locations (eg, rural and urban, and East
and West) to enroll in the study without overextending our
limited resources. Facebook was our primary recruitment site.
Facebook is an appropriate recruitment platform because it is
highly utilized by adolescents; approximately 71% of teens use
Facebook [77]. We created a formal side-bar Facebook ad
(in-line ads were not used). We also recruited participants from
Instagram using the same advertisements. We also recruited
participants from SGM-related Web-based gaming groups, such
as Geeks OUT, Gay Geeks (Facebook group), GaymerX
(Facebook group), Transmission Gaming, and Reddit Gaymer
forums. We advertised via Pitt+Me, a community hosted by the
University of Pittsburgh comprising patients, volunteers, and
researchers working together as partners in research and clinical
trials to advance health care. Finally, we advertised on a
dedicated Facebook page for the study. Only study team
members were able to post comments on this page. An
individual who was interested in participating clicked on the
advertisement and was directed to the Web-based screening
questionnaire. To ensure representation of both sexual and
gender minorities, enrollment was monitored weekly. Specific
ads were created and used to target underrepresented groups.
Depending on the prior week’s enrollment numbers, we tailored
which ads were used for the upcoming week.

Randomization
We used permuted block allocation (using blocks of several
sizes) to randomize individual participants to the intervention
or control conditions. The permuted blocks were created using
the ralloc package for Stata. Randomization was performed in
REDCap using the Randomization Module.

Control Materials
All participants randomized into the control condition received
a list of national SGM-inclusive resources. This list included
general lesbian, gay, bisexual, transgender, and queer (LGBTQ)
resources (eg, GLAAD resource list), LGBTQ bullying
resources (eg, The Trevor Project), general bullying
victimization resources (eg, StopBullying.gov), child abuse
resources (eg, Child Abuse Resource Center), dating violence
resources (eg, National Domestic Violence Hotline), suicide
and mental health resources (National Suicide Prevention
Lifeline), substance use resources (eg, National Institute of Drug
Abuse for Teens), LGBTQ homelessness (eg, True Colors
Fund), and LGBTQ emergency hotlines (eg, Gay, Lesbian,
Bisexual, and Transgender National Help Center Hotline). These
materials were delivered via email the day after participants
were randomized to the control condition. In addition, after
completion of the final T3 survey, control participants were
offered a free download of the intervention game. No additional
follow-up was initiated to assess their game use, game
satisfaction, or changes in outcomes.

Intervention Materials
Participants assigned to the intervention condition received a
list of SGM-inclusive resources (the same as the control
condition materials) and the game intervention. After
randomization, intervention condition participants received an
email with a link and instructions on how to download the game.
Participants were asked to download the game to their computer
to play it. The game intervention was based on empirical
interviews with SGMY about their gaming preferences,
undergirded by etiologic and behavioral change theories and
built in collaboration with expert educational game developers.

Gaming Preferences of Sexual and Gender Minority
Youth
Before developing the game, we conducted one-on-one, in-depth
interviews with 20 SGMY about their gaming preferences
(publication of these results is currently underway). Most SGMY
enjoyed playing action-oriented games, and when asked what
they liked about their favorite games, the most common response
concerned the ability to personalize characters. Therefore, in
the game, we incorporated selection of pronouns (Figure 2) and
character customization, including skin color, hair, body type,
and clothing (Figure 3). SGMY liked engaging, unique
storylines, as well as challenging (but not too challenging) mini
objectives and missions. Having a multiplayer aspect of the
game that requires teamwork and interaction with others was
also mentioned. We also incorporated these elements into the
game.
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Figure 1. 2-Arm randomized controlled trial design and data collection schedule.

Figure 2. Game intervention name and pronoun selection.

Figure 3. Game intervention character customization.
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Theoretical Underpinnings
The conceptual model of the game intervention (Figure 4) is
based on 3 theories that inform the etiology and behavioral
change strategies of our short-term and long-term outcomes.
First, social cognitive theory [78,79] suggests that behavior
change (eg, help-seeking behaviors) is facilitated by developing
self-efficacy and skills. Self-efficacy and social skills can be
achieved through behavioral rehearsal, witnessing outcomes of
their choices, and feedback [80-82]. Second, stress and coping
theory [83] suggests that specific types of appraisals predict
different coping strategies. With bullying, youth who blame
themselves, perceive little control, and view the situation
primarily as a threat as opposed to a challenge are likely to
engage in nonproductive coping [84-87]. On the other hand,
identification of the problem, direct problem solving, and help
seeking constitutes productive coping [88]. Third, the social
and emotional learning framework [89] identifies 4 main

competencies to promote positive health outcomes: awareness
of self and others, responsible decision making, positive attitudes
and values, and social interaction skills. We considered each of
these theories during the process of developing the core game
mechanics of the player experience.

Elements of these theories are embedded in the game in unique
ways. First, the game encourages help-seeking behaviors by
having players create a team with other nonplayable characters
and to pair a lonely nonplayable character with an appropriate
mentor (Figure 5). Second, the game encourages use of
productive coping strategies through active listening and helping
a nonplayable character overcome anger in a healthy way
(Figure 6). Third, the game raises awareness of Web-based
resources through collecting pages from a virtual notebook that
contain information about external resources and bullying
information (Figures 7 and 8).

Figure 4. Game intervention conceptual model.
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Figure 5. Interaction with a nonplayable character who is lonely.

Figure 6. Interaction with a nonplayable character who is angry.
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Figure 7. Virtual notebook page about bullying.

Figure 8. Virtual notebook page about the importance of making contact after being bullied.

Game Development
The game was developed in collaboration with Schell Games,
an education and entertainment game development company
located in Pittsburgh, Pennsylvania, United States. The
intervention game is a role-playing game inspired by Japanese
role-playing games, which typically involve exploring a space,
talking to nonplayable characters, and fighting enemies through
turn-based battles. The game runs standalone on desktops and
laptops with Windows or Mac operating systems. Before
implementation, we user-tested the intervention using
think-aloud interviews with 3 SGMY, who found technical bugs

and recommended password protection. Prior research shows
that user testing with 3 participants results in finding at least
60% of major usability problems [90]. Schell Games revised
the game accordingly before the implementation of the RCT.

Game Play
In the game, the player takes on the role of a Singular, a
superhuman individual with special gifts, who is located in a
school. The player is told that because of their uniqueness,
Singulars face prejudice, often driven by fear and
misunderstanding. After customizing their character, the player
is tasked with finding a team to help them complete their final
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mission, which is to become a world-class superhero by
defeating the robots in the Holochamber Challenge. The player
then explores the school, talking to potential peers (ie,
nonplayable characters) who can join their team. Some peers
deal with problems related to bullying, confidence issues, and
anger, which prevent them from performing properly or from
wanting to join the player’s team. The player’s mini objectives
are to do the following for each of their peers: (1) best identify
the nonplayable characters’ problems, (2) find the best
individuals or resources to help the nonplayable characters, and
(3) help the nonplayable characters properly communicate or
utilize their newfound resources. If the player is successful and
finds the best way to help the nonplayable characters, then the
nonplayable characters will join their team or help them by
giving them an item or ability that will help them achieve
success in the final Holochamber Challenge (Figure 9). After
the player finishes the Holochamber Challenge, the events that
took place are evaluated. For every nonplayable character that
is successfully helped, the player is given a positive ending; for
example, “Thanks to Invisibella’s mentoring, Violet Phantom
eventually felt comfortable to reveal herself as a Singular.
Despite past events, a majority of her other friends and family
were supportive. Knowing she was not alone and had support
helped her no longer feel afraid.” For every nonplayable
character that was not successfully helped, the player is given
a negative ending; for example, “Gigaton didn't learn to control
his anger in this round. One day he snapped and turned on those
bullying him. Though no one was seriously injured, the outburst
resulted in Gigaton getting in trouble with the Principal.” The
players are then encouraged to replay the game and given hints
to help them receive positive endings. Each player can
unlimitedly replay the game.

Data Collection
We are collecting data in 2 distinct ways. First, we use
self-administered surveys via REDCap, where participants

completed surveys on their computer, tablet, or phone.
Participants complete surveys at T1, T2, and T3 (see the section
Study Population and Study Flow for more details). Surveys
were created based on the Checklist for Reporting Results of
Internet E-Surveys [91]. Second, we collect game play data
from participants in the intervention condition. These game play
data are transferred via a secure file-transfer-protocol system.
Text files containing milestones achieved, time played, and
player choices are automatically sent to a secure server housed
at the University of Pittsburgh. Participants’ game play data are
tracked using a unique identification number that does not rely
on identifiable information (eg, IP addresses).

Outcomes

Primary Outcomes
To answer our primary aim, we will assess the following primary
feasibility outcomes: success of the implementation procedures
used in our RCT, game demand, and game acceptability. Table
1 details our primary outcomes, assessments, and
investigator-generated hypotheses.

Success of our implementation procedures are assessed using
a variety of measures. We hypothesize the following: 240
participants will enroll in our trial and complete the first survey,
greater than or equal to 80% of eligible participants will consent
to participate in the study, 120 participants will be randomized
to the intervention condition and 120 to the control condition,
greater than or equal to 80% of enrolled participants will
complete the T2 survey, greater than or equal to 80% of enrolled
participants will complete the T3 survey, and greater than or
equal to 75% of participants will complete all surveys. Testing
the feasibility of our implementation procedures is essential to
inform the design of our future larger-scale RCT.

Figure 9. The player’s final mission: defeat the Holochamber Challenge with their teammates.
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Table 1. Primary outcomes, assessments, and hypotheses.

HypothesisAssessmentPrimary outcome

Implementation procedures

240 participantsMeasured as the total number of participants who were consented and who

completed T1a
Study population

≥80%Measured as the total number of people who agreed to participate in the
study divided by the total number of people who were eligible to participate
in the study

Participation rate

240 participantsMeasured as the total number of participants randomizedNumber of randomized
participants

No differences between intervention and
control condition at baseline

Assessed by comparing intervention and control conditions across all de-
mographic and potential confounding variables at baseline

Randomization success

≥80%Measured as the total number of participants who completed T2 divided
by the total number of participants enrolled in the study

Retention rate for T2b

≥80%Measured as the total number of participants who completed T3 divided
by total number of participants enrolled in the study

Retention rate for T3c

≥75%Measured as the total number of participants that completed both T2 and
T3 surveys divided by the total number of participants enrolled in the
study

Retention rate in T2 and
T3

Game demand

≥80% selected “Yes”Assessed on T2 and T3 surveys: did you download the game titled “Sin-
gularities”?—Yes; No; Unsure

Game download

≥80% selected “Yes”Assessed on T2 and T3 surveys: did you play the game titled “Singulari-
ties”?—Yes; No; Unsure

Any game play

≥80% playedTotal number people who played the game based on game play data from
the secure file-transfer-protocol system divided by total number of partic-
ipants randomized to intervention condition

Any game play

≥75% selected 1 hour or greaterAssessed on T2 and T3 surveys: in the past month, about how long did
you play the game “Singularities”?—I did not play the game; Less than

Total time of game play

1 hour; 1 hour; 2 hours; 3 hours; 4 hours; 5 hours; 6 hours; 7 hours; 8
hours or more

≥75% played 1 hour or greaterThe number of hours the game was played based on game play data from
the secure file-transfer-protocol system

Total time of game play

Game acceptability

Mean scores ≥2 for each subscale separatelyAssessed on T2 and T3 surveys: response options used a 5-point Likert
scale (range: 0-4)—Not at all, Slightly, Moderately, Fairly, Extremely;

Gaming experience [92]

Question stem was “Please indicate how you felt while playing the game
for each of the questions below”; Competence subscale —I felt skillful, I
felt competent, I was good at it, I felt successful, I was fast at reaching the
game’s targets; Sensory and imaginative immersion subscale —I was in-
terested in the game’s story, it was aesthetically pleasing, I felt imaginative,
I felt that I could explore things, I found it impressive, It felt like a rich
experience; Flow subscale —I was fully occupied with the game, I forgot
everything around me, I lost track of time, I was deeply concentrated in
the game, I lost connection with the outside world; Tension and annoyance
subscale (reverse coded)—I felt annoyed, I felt irritable, I felt frustrated;
Negative affect subscale (reverse coded)—It gave me a bad mood, I thought
about other things, I found it tiresome, I felt bored; Positive affect subscale
—I felt content, I thought it was fun, I felt happy, I felt good, I enjoyed it

≥75% of intervention condition participants
selected “Agree” or “Strongly Agree”

Assessed on T2 and T3 surveys: I would like to play this game
again—Strongly Disagree; Disagree; Neutral; Agree; Strongly Agree

Desire to play game
again

≥75% of intervention condition participants
selected “Definitely,” “Very Probably,” or
“Probably”

Assessed on T2 and T3 surveys: how likely would you be to recommend
that your friends play this game?—Definitely; Very Probably; Probably;
Possibly; Probably Not; Definitely Not

Likelihood to recom-
mend game to friends

aT1: baseline.
bT2: first follow-up.
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cT3: final follow-up.

Game demand is assessed among the intervention condition
participants in 2 ways, via downloading and playing the game.
Download of the game is assessed via self-reported surveys (T2
and T3). We hypothesize ≥80% of intervention condition
participants will download the game. Game play is assessed via
self-reported surveys (T2 and T3) and game play data. We
hypothesize ≥80% of intervention condition participants will
play the game and ≥75% of intervention participants will play
the game for 1 hour or greater.

Game acceptability among the intervention condition
participants is assessed via self-reported surveys at T2 and T3.
If participants reported playing the game, we ask about their
overall impressions of the game using the Gaming Experience
Questionnaire. The Gaming Experience Questionnaire is a
multidimensional scale that assesses the following domains
about the participants’ feelings and thoughts during the game:
competence, sensory and imaginative immersion, game flow,
game tension and annoyance (reverse coded), negative affect
(reverse coded), and positive affect. We hypothesize that the
mean score for each subscale will be greater than 2, representing
a moderately good gaming experience. In addition, we ask
participants if they would be interested in playing the game
again, and whether they would recommend the game to their
friends. We hypothesize ≥75% of participants will “agree” or
“strongly agree” that they would like to play the game again,
and ≥75% would “definitely,” “very probably,” or “probably”
recommend the game to their friends.

Secondary Outcomes
To answer our secondary aim, we will measure the following
short-term outcomes: help-seeking intentions, self-efficacy, and
behaviors; productive coping strategy usage and coping
flexibility; and knowledge and use of Web-based resources. All
secondary outcomes are assessed via self-reported surveys at
all time points. Table 2 details our secondary outcomes, items,
response options, and coding procedures.

Help-seeking intentions are assessed using adapted version of
the General Help Seeking Questionnaire [93]. In addition, 2
different sets of questions assess how likely participants are to
seek help from a variety of sources about (1) emotional problems
and (2) suicidal ideation. Help sources include a wide variety
of people (eg, doctor and counselor) and places (eg, websites).

We adapted the original items by adding “Phone or text/chat
help line (such as the National Suicide Prevention Lifeline or
the Trevor Project)” and “teacher.” We will create 2 separate
overall mean scores for how likely participants are to reach out
concerning (1) emotional problems and (2) suicidal ideation.

In addition, we will create a score for each help source
individually. Higher mean scores indicate greater likelihood of
seeking help from these sources.

Help-seeking self-efficacy is assessed using 2 subscales from
Bandura’s Multidimensional Scales of Perceived Self Efficacy
[94,95]: the enlisting social resources subscale and the enlisting
parental and community support subscale. Each subscale has 4
items, which are used to calculate an overall mean score
measuring how well participants think they can get support from
different sources (eg, “How well can you get a friend to help
you when you have social problems” and “How well can you
get your parents to take part in school activities”).

Help-seeking behaviors are assessed using items adapted from
the Help-Seeking Behaviors Scale [96]. We adapted the scale
to include the wide variety of help sources used in the
aforementioned help-seeking intention scales. Therefore, we
created 8 different subscales (1 for each help source) assessed
with 3 items each (eg, “In the past month, how often have you
asked a teacher for help?”). Each subscale will be analyzed
separately.

Coping skill usage is assessed using the Adolescent Coping
Scale Second Edition Short Form [88]. This scale uses 18 items
measuring 2 different dimensions: productive (problem solving)
coping and nonproductive (passive avoidant) coping. We
hypothesize that the game-based intervention (vs the control)
will increase productive coping and decrease nonproductive
coping.

Coping flexibility is assessed using the Coping Flexibility Scale
[97], including 2 separate subscales: evaluation coping and
adaptive coping. The evaluation coping subscale uses 5 items
to assess how well a person monitors and evaluates coping
outcomes (eg, “I am aware of how successful or unsuccessful
my attempts to cope with stress have been.”). The adaptive
coping subscale uses 5 items to assess how well a person uses
an alternative coping strategy to produce a desirable outcome
(eg, “When a stressful situation has not improved, I try to think
of other ways to cope with it”). Each subscale will be examined
separately.

Knowledge and use of Web-based resources are measured using
2 different scales developed by the investigative team. We
created a list of SGM-inclusive resources that match what was
provided in the game-based intervention and control materials,
such as the Trevor Project. Use of Web-based resources is
measured for the past month. We will create 1 summary score
for knowledge and 1 for use; each summary score adds together
all “yes” response options.
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Table 2. Secondary outcomes, items, response options, and coding procedures.

Coding procedureResponse optionsItemsSecondary outcome

Help-seeking intentions, self-efficacy, and behaviors

Mean score aver-
aged across all items

7-point Likert scale, ranging
from “extremely unlikely”
(1) to “extremely likely” (7)

If you were having a personal or emotional problem, how
likely is that you would seek help from the following peo-
ple?—parent or guardian; other relative or family member;
teacher; intimate partner (such as girlfriend or boyfriend);

Help-seeking intentions for
personal or emotional prob-
lems, adapted from [93] and for each item in-

dividually
friend (someone not related to you); mental health profes-
sional (such as a psychologist, social worker, counselor);
phone or text/chat help line (such as the National Suicide
Prevention Lifeline or the Trevor Project); website help
resources (such as StopBullying.gov); doctor or primary
care provider; minister or religious leader (eg, priest, rabbi,
chaplain); I would not seek help from anyone; I would seek
help from another person/place not listed above

Mean score aver-
aged across all items

7-point Likert scale, ranging
from “extremely unlikely”
(1) to “extremely likely” (7)

If you were experiencing suicidal thoughts, how likely is
that you would seek help from the following people?—par-
ent or guardian; other relative or family member; teacher;
intimate partner (such as girlfriend or boyfriend); friend

Help-seeking intentions for
suicidality, adapted from [93]

and for each item in-
dividually

(someone not related to you); mental health professional
(such as a psychologist, social worker, counselor); phone
or text/chat help line (such as the National Suicide Preven-
tion Lifeline or the Trevor Project); website help resources
(such as StopBullying.gov); doctor or primary care
provider; minister or religious leader (eg, priest, rabbi, and
chaplain); I would not seek help from anyone; I would seek
help from another person/place not listed above

Mean score for each
subscale separately

7-point Likert scale, ranging
from “not at all well” (1) to
“very well” (7)

Please rate how certain you are that you can do each of the
things described; Enlisting social resources subscale —how
well can you get teachers to help you when you get stuck
on schoolwork? how well can you get another student to

Help-seeking self-efficacy
[94,95]

help you when you get stuck on schoolwork? how well can
you get adults to help you when you have social problems?
how well can you get a friend to help you when you have
social problems?; Enlisting parental and community support
subscale —how much can you get your parent(s) to help
you with a problem? how well can you get your brother(s)
and sister(s) to help you with a problem? how well can you
get your parents to take part in school activities? how well
can you get people outside the school to take an interest in
your school (community groups, churches)?
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Coding procedureResponse optionsItemsSecondary outcome

Mean score for each
subscale separately

5-point Likert scale: Never;
Rarely; Occasionally; A
moderate amount; A great
deal

In the past month, how often have you: Parent and
guardian help-seeking subscale —asked your par-
ents/guardians for help? talked to your parents/guardians
about personal problems? talked to your parents/guardians
about problems at school?; Relative/family help-seeking
subscale —asked a relative/family member for help? talked
to a relative/family member about personal problems?
talked to a relative/family member about problems at
school?; Teacher help-seeking subscale —asked a teacher
for help? talked to a teacher about personal problems?
talked to a teacher about problems at school?; Friend help-
seeking subscale —asked a friend for help? talked to a
friend about personal problems? talked to a friend about
problems at school?; Mental health provider help-seeking
subscale —asked a mental health professional (such as a
psychologist, social worker, counselor) for help? talked to
a mental health professional about personal problems?
talked to a mental health professional about problems at
school?; Help line help-seeking subscale —asked a person
from a phone or text/chat help line (such as the National
Suicide Prevention Lifeline or the Trevor Project) for help?
talked to a person from a phone or text/chat help line about
personal problems? talked to a person from a phone or
text/chat help line about problems at school?; Doctor help-
seeking subscale —asked a doctor or nurse for help? talked
to a doctor or nurse about personal problems? talked to a
doctor or nurse about problems at school?

Help-seeking behaviors, adapt-
ed from [96]

Coping strategies and flexibility

Mean score for each
subscale separately

5-point Likert Scale, ranging
from “never” (1) to “very
often” (5)

Assessed using the Short form of the Adolescent Coping
Scale Second Edition Short Form (ACS-2) [88]. For propri-
etary reasons, we do not list specific items. Productive
(problem-solving) coping subscale contains 10 items;
Nonproductive (passive avoidant) coping subscale contains
8 items (reverse coded)

Coping skill usage [88]

Mean score for each
subscale separately

4-point Likert Scale: Not
applicable; Somewhat appli-
cable; Applicable; Very ap-
plicable

Please indicate how these situations apply to you by
choosing one of the following for each situation: Evaluation
coping subscale —I only use certain ways to cope with
stress (reverse-coded); I am aware of how successful or
unsuccessful my attempts to cope with stress have been; I
fail to notice when I have been unable to cope with stress
(reverse-coded); if I feel that I have failed to cope with
stress, I change the way in which I deal with stress; after
coping with stress, I think about how well my ways of
coping with stress worked or did not work; Adaptive coping
subscale —when a stressful situation has not improved, I
try to think of other ways to cope with it; when stressed, I
use several ways to cope and make the situation better;
when I haven’t coped with a stressful situation well, I use
other ways to cope with that situation; if a stressful situation
has not improved, I use other ways to cope with that situa-
tion; if I have failed to cope with stress, I think of other
ways to cope

Coping flexibility [97]

Knowledge and use of Web-based resources

Summary score that
adds together all
“yes” response op-
tions

Yes; No; UnsureHave you heard of any of these websites?—The Trevor
Project; It Gets Better; GLAAD; Accredited Schools online;

Teen Line; GSAa Network. (Links to each website were
provided for reference.)

Knowledge of Web-based re-
sources

Summary score that
adds together all
“yes” response op-
tions

Yes; No; UnsureHave you visited any of these websites in the past
month?—The Trevor Project; It Gets Better; GLAAD;

Accredited Schools online; Teen Line; GSAa Network.
(Links to each website were provided for reference.)

Use of Web-based resources

aGSA: gay-straight alliance or gender and sexuality alliance.
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Tertiary Outcomes
To answer our tertiary aim, we will measure the following
long-term outcomes: bullying and cyberbullying victimization,
loneliness, mental health issues, substance use, and internalized
SGM stigma. All tertiary outcomes are assessed via self-reported
surveys at T1, T2, and T3. Table 3 details our tertiary outcomes,
items, response options, and coding procedures.

Bullying victimization is measured using 2 different scales, 1
for traditional face-to-face bullying and 1 for cyberbullying.
We assess past-month bullying victimization using an adapted
version of the University of Illinois Victimization Scale [98,99],
which consists of 6 items assessing the number of times
respondents experienced harassment in the past month. In
addition, 4 response options range from “never” to “7 or more.”
These response options are assigned a value from 1 to 4, and a
mean score is calculated, with a higher mean score indicating
greater bullying victimization. We assess past-month
cyberbullying victimization using 4 items adapted from an
internally consistent cyberbullying perpetration scale [100].
Response options use a 5-point Likert scale including “not sure,”
“never,” “rarely,” “occasionally,” and “often,” which we will
recode to a 4-point scale, where “never” equals 1 and “often”
equals 4. We will average scores across all items, with a higher
mean score indicating greater cyberbullying victimization.

Loneliness is measured via Robert’s Version of the University
of California, Los Angeles Loneliness Scale [101], a validated
measure of loneliness. Overall, 8 items (eg, “I feel isolated from
others”) are used to calculate a mean score for how lonely
participants felt.

Mental health issues include stress, anxiety, depression, and
suicidality. Past-month stress is assessed using the Perceived
Stress Scale [102,103], which contains 10 items used to calculate
a mean score. Past-week anxiety symptoms are assessed using
the Severity Measure for Generalized Anxiety Disorder—Child
Age 11-17 [104,105], which contains 10 items used to calculate
a mean score. Past-week depressive symptoms are assessed

using the Patient Health Questionnaire-9 for children aged from
11 to 17 years [106], which contains 9 items used to calculate
a mean score. Suicidality is assessed with 3 questions adapted
from the 2017 YRBS with items measuring suicidal thoughts,
plans, and attempts. Although the YRBS questions measured
past year suicidality, we adapted them to assess for suicidality
in the past month. Each of these 3 suicidality items will be
modeled separately as dichotomous (presence vs absence)
variables.

Substance use includes alcohol, cigarette, electronic cigarette,
and marijuana use. All items are assessed based on the YRBS
and adapted to measure past-month use. Alcohol use is assessed
via 2 questions: 1 measuring the frequency of past-month
alcohol use and 1 item assessing frequency of binge drinking
(having 5 or more drinks in a row). Similar to prior research
[7], each item will be modeled as continuous variable
representing the number of days used. Cigarette smoking is
assessed via 2 items measuring past-month number of days
smoked and average quantity smoked per day. Cigarette smoking
will be modeled continuously by multiplying smoking frequency
by quantity, similar to prior research [10]. Electronic cigarette
smoking and marijuana use are both assessed using single items
that measure past-month frequency of use. Each will be modeled
as a continuous variable representing the number of days used.
For all substance use items, we will use midpoints for categories
with a range (eg, “1 or 2 days” will be coded as 1.5).

Internalized SGM stigma is measured using 2 different scales.
To assess internalized gender minority stigma, we use the
Transgender Identity Survey [107,108], which consists of 26
items that are divided into 4 different subscales: pride (reverse
coded), passing, alienation, and shame. We adapted this scale
by adding the term “nonbinary” to each item. To assess
internalized sexual minority stigma, we adapted the Transgender
Identity Survey [107,108] items by replacing “transgender or
nonbinary” with “lesbian, gay, bisexual, or queer”; otherwise,
the subscales, response options, and scoring are identical.
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Table 3. Tertiary outcomes, items, response options, and coding procedures.

Coding procedureResponse optionsItemsTertiary outcome

Bullying and cyberbullying victimization

Mean scoreNever; 1 or 2 times; 3 or 4
times; 5 or 6 times; 7 or
more times

How many times did these things happen to you in the last
30 days?—other students picked on me; other students
called me names; I got hit and pushed by other students; I
was threatened by other students; students spread rumors

Bullying victimization [98,99]

or told lies about me; I was excluded or kept out of a group
of friends on purpose.

Mean scoreNot sure; Never; Rarely;
Occasionally; Often

How often did the following things happen to you in the
last month?—someone made rude comments about me
online; someone spread rumors about me online, whether

Cyberbullying victimization,
adapted from [100]

they were true or not; someone made aggressive or threat-
ening comments to me online; someone sent a text message
that said rude or mean things about me

Loneliness

Mean score4-point Likert scale: Never;
Rarely; Sometimes; Often

Indicate how often each of the statements below is descrip-
tive of you—I feel in tune with the people around me (re-
verse coded); I lack companionship; I do not feel alone

Loneliness [101]

(reverse coded); I feel part of a group of friends (reverse
coded); I am no longer close to anyone; I feel left out; I
feel isolated from others; I can find companionship when
I want it (reverse coded)

Mental health issues

Mean score5-point Likert scale: Never;
Almost never; Sometimes;
Fairly often; Very often

For each item, mark the description that best represents
how often you have felt or thought that way during the past
month—Been upset because of something that happened
unexpectedly; Felt that you were unable to control the im-

Stress [103,109]

portant things in your life; Felt nervous and ― “stressed”;
Felt confident about your ability to handle your personal
problems; Felt that things were going your way; Found that
you could not cope with all the things that you had to do;
Been able to control irritations in your life; Felt that you
were on top of things; Been angered because of things that
were outside of your control; Felt difficulties were piling
up so high that you could not overcome them

Mean score5-point Likert scale: Never;
Occasionally; Half the time;

During the past 7 days, I have: Felt moments of sudden
terror, fear, or fright; Felt anxious, worried, or nervous;

Anxiety [104,105]

Most of the time; All of the
time

Had thoughts of bad things happening such as family
tragedy, ill health, loss of a job, or accidents; Felt a racing
heart, sweaty, trouble breathing, faint, or shaky; Felt tense
muscles, felt on edge or restless, or had trouble relaxing or
trouble sleeping; Avoided, or did not approach or enter
situations about which I worry; Left situations early or
participated only minimally because of worries; Spent lots
of time making decisions, putting off making decisions, or
preparing situations, because of worries; Sought reassurance
from others because of worries; Needed help to cope with
anxiety (eg, alcohol or medication, superstitious objects,
or other people)
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Coding procedureResponse optionsItemsTertiary outcome

Mean score4-point Likert scale: Not at
all; Several days; More than
half the days; Nearly every
day

How often have you been bothered by each of the following
symptoms during the past 7 days?—Feeling down, de-
pressed, irritable, or hopeless; Little interest or pleasure in
doing things; Trouble falling asleep, staying asleep, or
sleeping too much; Poor appetite, weight loss, or overeat-
ing; Feeling tired, or having little energy; Feeling bad about
yourself—or feeling that you are a failure, or that you have
let yourself or your family down; Trouble concentrating
on things like school work, reading, or watching TV;
Moving or speaking so slowly that other people have no-
ticed; Or the opposite—being so fidgety or restless that
you were moving around a lot more than usual; Thoughts
that you would be better off dead, or of hurting yourself in
some way

Depression [106]

Dichotomously as
yes or no

Yes; NoDuring the past month, did you ever seriously consider at-
tempting suicide?

Suicidal ideation, adapted from
[110]

Dichotomously as
yes or no

Yes; NoDuring the past month, did you make a plan about how you
would attempt suicide?

Suicide plan, adapted from
[110]

Dichotomously as
yes or no, similar to
prior research [6]

0 times; 1 time; 2 or 3 times;
4 or 5 times; 6 or more times

During the past month, how many times did you actually
attempt suicide?

Suicide attempt, adapted from
[110]

Substance use

Count variable using
midpoints (eg, “1 or
2 days” equals 1.5),
similar to prior re-
search [7]

0 days; 1 or 2 days; 3 to 5
days; 6 to 9 days; 10 to 19
days; 20 to 29 days; All 30
days

During the past 30 days, on how many days did you have
at least one drink of alcohol?

Alcohol use [110]

Count variable using
midpoints (eg, “1 or
2 days” equals 1.5),
similar to prior re-
search [7]

0 days; 1 day; 2 days; 3 to 5
days; 6 to 9 days; 10 to 19
days; 20 or more days

During the past 30 days, on how many days did you have
5 or more drinks of alcohol in a row (within a couple of
hours)?

Binge alcohol use [111]

Continuously by
multiplying frequen-
cy by quantity, simi-
lar to prior research
[10]

For the question pertaining
to number of days: 0 days;
1 or 2 days; 3 to 5 days; 6 to
9 days; 10 to 19 days; 20 to
29 days; All 30 days. For the
question pertaining to num-
ber of cigarettes: I did not
smoke cigarettes during the
past 30 days; Less than 1
cigarette per day; 1 cigarette
per day; 2 to 5 cigarettes per
day; 6 to 10 cigarettes per
day; 11 to 20 cigarettes per
day; More than 20 cigarettes
per day

During the past 30 days, on how many days did you smoke
cigarettes? During the past 30 days, on the days you
smoked, how many cigarettes did you smoke per day?

Cigarette smoking [110]

Count variable using
midpoints (eg, “1 or
2 days” equals 1.5)

0 days; 1 or 2 days; 3 to 5
days; 6 to 9 days; 10 to 19
days; 20 to 29 days; All 30
days

During the past 30 days, on how many days did you use
an electronic vapor product?

Electronic cigarette use [110]

Count variable using
midpoints (eg, “1 or
2 days” equals 1.5)

0 times; 1 or 2 times; 3 to 9
times; 10 to 19 times; 20 to
39 times; 40 or more times

During the past 30 days, how many times did you use
marijuana? (Marijuana is also called grass, pot, or weed.)

Marijuana use [110]

Internalized sexual and gender minority stigma

Mean score for each
subscale separately

7-point Likert Scale:
Strongly disagree; Disagree;
Somewhat disagree; Neither
agree nor disagree; Some-
what agree; Agree; Strongly
agree

Pride subscale contains 8 items (reverse coded); Passing
subscale contains 7 items; Alienation subscale contains 3
items; Shame subscale contains 8 items; To obtain the
specific scale items, please contact Robert WS Coulter and
Walter O Bockting

Internalized gender minority
stigma, adapted from [107,108]
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Coding procedureResponse optionsItemsTertiary outcome

Mean score for each
subscale separately

7-point Likert Scale:
Strongly Disagree; Disagree;
Somewhat Disagree; Neither
Agree nor Disagree; Some-
what Agree; Agree; Strongly
Agree

Pride subscale contains 8 items (reverse coded); Passing
subscale contains 7 items; Alienation subscale contains 3
items; Shame subscale contains 8 items; To obtain the
specific scale items, please contact Robert WS Coulter and
Walter O Bockting

Internalized Sexual Minority
Stigma, adapted from [107,108]

Exploratory Outcomes
To answer our exploratory aim, we assess several outcomes
meant to better our understanding of participants’ responses to
the game and how to improve the game in the future. Our
exploratory aim concerns implementation procedures,
intervention integration, and intervention adaptation and
expansion outcomes. Table 4 details our exploratory outcomes,
research questions, and assessments.

Multiple implementation procedures will be explored to inform
our future research. These include the following: how long it
takes to enroll participants on the internet, which venues
participants were recruited from, how long it takes participants
to complete the surveys, how many participants complete the
game, and which game milestones are achieved by participants.
These data are obtained from multiple sources, including the
self-reported surveys in REDCap and the game play data.

Implementation integration—or how well the game fits into the
participants’ lives—will be assessed in a variety of ways. We

will examine how many participants were excluded from our
study based on not having access to a computer or not having
an email address. We will examine if the participants had any
problems downloading or playing game and how easy it was
for them to participate in the RCT. We will also explore if
participants had issues with game security, privacy, or
interference. These outcomes are tracked using participants’
responses to the screening questionnaire, T2 survey, and T3
surveys, as well as from participants’ correspondences with the
project email address.

Adaptation and expansion of the game intervention will be
assessed via the T2 and T3 surveys. We will ask participants if
they prefer to play the game on a different format (eg, on their
phones), their favorite and least favorite parts of the game, how
they would change and improve the game, and whether they
think other SGMY would be interested in the game. Finally,
we will explore whether the responses to the Gaming Experience
Questionnaire [92] subscale scores differed by participants’
gender, sexual orientation, race, ethnicity, and age.
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Table 4. Exploratory outcomes, research questions, and assessments.

AssessmentExploratory questionExploratory outcome

Implementation procedures

Measured as number of months between enrollment of first
and last participant.

How long does it take to get 240 people to enroll in the
study?

Enrollment period

Assessed using unique links that track the number of clicks
on each advertisement.

How many people were recruited from which venue?Recruitment venues

Measured as the number of days between the first survey
invitation was sent to the participant and the day they
completed the survey.

How many days before participants completed each survey?Survey completion time

Assessed via game play data from the secure file-transfer-

protocol (FTP) system as well as T2a and T3b surveys: Did
you complete the game? Yes; No; Unsure

How many intervention condition participants completed
the game?

Game completion

Assessed via game play data from the secure file-transfer-
protocol (FTP) system.

What milestones did the participants achieve in the game?Game milestones

Integration

Assessed via the screening questionnaire: Do you have a
laptop or desktop computer (either personal computer or
Mac) where you can download games? Yes; No; Unsure

How many youths were excluded because they were with-
out a personal computer or Mac?

Computer access

Assessed via the screening questionnaire: do you have an
email address? Yes; No

How many youths were excluded because they were with-
out an email address?

Email address access

Assessed via the number of emails to our project email
address.

How easily was the game downloaded without contacting
our research coordinator?

Ease of download

Assessed as percentages via the game download materials
in REDCap.

What participants used personal computer and Mac com-
puters to download the game?

Personal computer ver-
sus Mac use

Assessed via the number and types of emails to our project
email address.

How many times was the research staff contacted by par-
ticipants with questions about surveys or intervention ma-
terials?

Ease of participation

Assessed via T2 and T3 surveys: Did you have any prob-
lems in the game?—Yes; No; If yes, please describe; Open-
ended text box

How many problems and what types of problems did par-
ticipants encounter with the game?

Game problems

Assessed via T2 and T3 surveys: How important was it to
have the game be protected by a password?—Very Impor-

How important was the use of password protection in the
game?

Game security

tant; Important; Moderately Important; Slightly Important;
Not Important

Assessed via T2 and T3 surveys: How often were you
concerned about other people seeing you play the
game?—Always; Very Often; Sometimes; Rarely; Never

How safe did our participants feel playing the game?Game privacy

Assessed via T2 and T3 surveys: During the past 30 days,
how many times did playing the game interfere with school,

Did the gaming intervention interfere with participants’
regular activities?

Game interference

work, or other responsibilities (like being late, missing
school, or making it hard to concentrate)—Never; 1 time;
2 times; 3 times; 4 times; 5 or more times

Adaptation and expansion

Assessed via T2 and T3 surveys: In the future where would
you like to play this game? My computer only; My phone
only; Both my computer and phone

Would our participants like to play the game on other
platforms, such as phone?

Future gaming plat-
forms

We will examine whether the Gaming Experience Ques-
tionnaire [92] subscale scores (assessed via T2 and T3

Were there certain groups that had better or worse experi-
ences with the game?

Gaming experience [92]
by demographics

surveys) differed by participants’gender, sexual orientation,
race, ethnicity, and age.

Assessed via T2 and T3 surveys: Do you think other
LGBTQ people your age would like to play this game?

Will other sexual and gender minority youth enjoy the
game?

Future appeal to sexual
and gender minority
youth Definitely; Very Probably; Probably; Possibly; Probably

Not; Definitely Not
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AssessmentExploratory questionExploratory outcome

Assessed via T2 and T3 surveys: What would you change
about the game? Open-ended text box

What would participants change about the game?Recommended game
changes

Assessed via T2 and T3 surveys: What were your favorite
parts of the game? Open-ended text box

What did participants like best about the game?Favorite parts of game

Assessed via T2 and T3 surveys: What were your least fa-
vorite parts of the game? Open-ended text box

What did participants like least about the game?Least favorite arts of
game

Assessed via T2 and T3 surveys: How would you improve
the game? Open-ended text box

How would participants improve the game?Recommended game
improvements

aT2: first follow-up.
bT3: final follow-up.

Demographics and Potential Confounders
Demographic variables include age, grade in school, race,
ethnicity, parent’s highest education level, and eligibility for
free or reduced-price lunch at school. We also measure gender
using the 2-step process assessing current gender identity and
sex assigned at birth [112]. Moreover, 2 items assess gender
expression. We measure sexual orientation using 3 questions
assessing sexual attraction, behavior, and identity.

In addition to demographic variables, we assess variables that
may confound the relationship between the intervention and
our outcomes. Structural stigma is assessed by collecting
participant’s residential zip code. Each zip code will then be
given a state-level structural stigma score using Hatzenbuehler
scale [113], based on density of same-sex couples, inclusive
policies (eg, employee nondiscrimination policies), public
opinion, and percentage of high schools with gay-straight
alliance (also known as a gender and sexuality alliance; GSA).
We have participants self-report whether or not their school had
a GSA. We assess the participants’ overall school environment
with 5 questions from the California School Climate Survey.
We assess participants’ level of perceived social support using
the Multidimensional Scale of Perceived Social Support,
measuring support from family and friends [114]. Finally, we
measure level of “outness” regarding participant’s sexual
orientation and gender identity.

Statistical Analysis
For the measures of implementation procedures, demand,
acceptability, integration, and adaptation and expansion (ie,
primary and exploratory outcomes), we will report results using
descriptive statistics (ie, percentages and frequencies for
categorical variables or means and SDs for continuous variables)
along with 95% CIs. We will compare our results against our
a priori benchmarks (see Table 1). For the limited-efficacy
outcomes (ie, secondary and tertiary outcomes), we will use
repeated measures (ie, multilevel) statistical models using linear
or logistic regression, depending on the distribution of the
outcomes. To examine whether there are greater improvements
over time in the intervention versus control conditions, we will
test the interaction term of time by condition, wherein we will
focus on the point estimates and 95% CIs. We will conduct our
primary analyses as an intent-to-treat analysis, wherein everyone
in the intervention condition is treated equally. As an additional
exploratory exercise, we will conduct an analysis wherein we

assess whether intervention effects were stronger with more
intensive uptake of the game intervention. For these analyses,
instead of a binary intervention indicator variable (1.0 for
intervention vs 0.0 for control), we will use an intensity-adjusted
intervention variable. The intensity-adjusted intervention
variable will be coded as 1.0 for those who complete the game,
0.5 for those who play the game, and 0.0 for those who never
played the game or were in the control condition. All analyses
will be completed in Stata 15.0 (StataCorp LLC, College Station,
Texas), and significance will be set as at P<.05.

Qualitative Analysis
For the open-ended questions, we will conduct qualitative data
analysis. First, a group of investigators will read all of the
participants’ responses and inductively identify the main themes
for each item. Second, using these themes, we will develop a
codebook with code names and definitions. Finally, 2
independent coders will code the qualitative data using Dedoose.
If the 2 coders cannot reach consensus, a third coder will resolve
any disagreements.

Sample Size and Power Calculation
This is a feasibility study, which is primarily being conducted
to inform a larger RCT. As such, we powered this study based
on our primary outcomes [74,115]. For our primary outcomes
regarding the success of implementation procedures (eg,
retention rate at T2), assuming 240 participants and 5% type 1
error rate, we will be able to estimate 95% CI width of no more
than 0.13. For game demand among 120 intervention condition
participants, we will be able to estimate 95% CI width of no
more than 0.18. For our secondary and tertiary outcomes, we
are primarily interested in effect size and CI estimation; we are
not necessarily interested in finding statistically significant
effects [74,115]. Estimations of the effect size and CI width
will help us power a future, larger RCT.

Ethics Statement
All study procedures were approved by the Human Research
Protection Office at the University of Pittsburgh. To protect
participants from having to reveal their sexual or gender
minority identities to their caregivers, thereby potentially putting
them in harm’s way, we received a waiver of parental consent
[76]. This allowed participants to self-consent. We did not
collect personally identifying information other than email,
phone, and zip code. Incentives, in the form of either Apple or
Google electronic gift cards, are sent via email. This study was
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covered by a Certificate of Confidentiality from the National
Institutes of Health.

Results

Enrollment and Randomization
Overall, 2153 individuals clicked the link to the screening
questionnaire (Figure 10). In total, 988 individuals completed
the screening questionnaire, of which 407 individuals met all
eligibility criteria. Overall, 304 individuals consented to
participate, and 240 participants completed the T1 survey and
were randomized. Of those who were eligible, 59.0% (240/407)
were enrolled into the study. Half of the enrolled participants
(n=120) were randomized into the intervention condition and
half (n=120) into the control condition. All 240 participants
were enrolled into the RCT between April 2018 and July 2018.
The final surveys (T3) will be completed in November 2018.

Sample Demographics
At baseline, there were no significant differences in demographic
characteristics between intervention and control condition
participants (Table 5). Overall, 52.1% (125/240) of participants

identified as gay or lesbian, 26.7% (64/240) as bisexual, 24.2%
(58/240) as queer, 11.7% (28/240) as another nonheterosexual
identity, 4.6% (11/240) as unsure, and 2.1% (5/240) as
heterosexual (all of whom were gender minorities). Nearly half
(47.1%; 113/240) of participants were a gender minority, 36.7%
(88/240) were cisgender boys, and 16.3% (39/240) were
cisgender girls. Among the 113 gender minority participants,
54.9% (62/113) identified as a transgender boy, 33.6% (38/113)
as nonbinary, 18.6% (21/113) as a boy, 17.7% (20/113) as
genderqueer, 6.2% (7/113) as a transgender girl, 5.3% (6/113)
as a girl, and 5.3% (6/113) as another identity (data not shown;
participants could select multiple options). Overall, 81.3%
(195/240) of participants identified as white, 20.4% (49/240)
as Hispanic/Latinx, 10.8% (26/240) as black or African
American, 7.5% (18/240) as American Indian or Alaska Native,
and 5.8% (14/240) as Asian. Moreover, 36.7% (88/240) of
participants were eligible for free or reduced-price lunch, and
52.9% (127/240) had a parent/guardian with a college degree.
Figure 11 shows the geographic distribution of participants
across the United States of America. In total, participants lived
in 30 states.
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Figure 10. Consolidated Standards of Reporting Trials (CONSORT) flow diagram.
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Table 5. Baseline demographic characteristics for the total sample and by intervention condition (N=240).

ConditionTotal (N=240), n (%)Demographic characteristics

P valueaControl (n=120), n (%)Intervention (n=120), n (%)

Sexual identityb

.8963 (53)62 (52)125 (52)Gay or lesbian

>.9932 (27)32 (27)64 (27)Bisexual

.2325 (21)33 (28)58 (24)Queer

.123 (3)8 (7)11 (5)Unsure

.2317 (14)11 (9)28 (12)Another nonheterosexual identity

>.992 (2)3 (3)5 (2)Heterosexual

.24Gender

21 (18)18 (15)39 (16)Cisgender girls

49 (41)39 (33)88 (37)Cisgender boys

50 (42)63 (53)113 (47)Gender minorityc

.98Age in years

19 (16)16 (13)35 (15)14

33 (28)33 (28)66 (28)15

34 (28)37 (31)71 (30)16

28 (23)28 (23)56 (23)17

6 (5)6 (5)12 (5)18

Race/ethnicityb

.6299 (83)96 (80)195 (81)White

.279 (8)5 (4)14 (6)Asian

.1412 (10)6 (5)18 (8)American Indian or Alaska Native

.4111 (9)15 (13)26 (11)Black or African American

>.992 (2)3 (3)5 (2)Native Hawaiian or other Pacific Is-
lander

.2621 (18)28 (23)49 (20)Hispanic or Latinx

.4912 (10)9 (8)21 (9)Another race

.98Free or reduced-price lunch eligibility

44 (37)44 (37)88 (37)Yes

55 (46)54 (45)109 (45)No

21 (18)22 (18)43 (18)Unsure

.75Highest education level of parent(s) or guardian(s)

12 (10)10 (8)22 (9)Less than high school degree

16 (13)22 (18)38 (16)High school degree

20 (17)23 (19)43 (18)Some college

66 (55)61 (51)127 (53)College degree

6 (5)4 (3)10 (4)Unsure

aGenerally, P values were derived using chi-square test statistics; however, when expected cell sizes were less than 5, P values were derived using
Fisher exact tests.
bParticipants could select more than one option; therefore, the percentages may not add to 100% (N=240). P values were derived for each response
option separately.
cGender minority includes all participants whose gender identity did not match their assigned sex at birth.
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Figure 11. Geographic distribution of participants in the United States of America.

Discussion

Principal Findings
In this pilot RCT, a game-based intervention, we successfully
enrolled and randomized 240 SGMY participants over a 4-month
period. Recruitment was most successful through Facebook and
Instagram. Over half of the enrolled sample identified as gay
or lesbian and nearly half were gender minority youth. There
were no demographic differences between intervention and
control conditions.

This study protocol offers several strengths and novel methods
that can inform future intervention studies with SGMY. Our
game intervention is one of the first Web-accessible programs
targeting SGMY who are victims of bullying or cyberbullying.
Furthermore, this study engages a younger cohort of individuals
focusing on youth aged 14 to 18 years, as opposed to the typical
focus of SGMY-relevant intervention research, which
concentrates on those aged 18 years and older. This is also one
of the first bullying prevention programs to address social and
emotional learning (eg, coping strategies) with respect to
bullying among SGMY utilizing a gaming format to attract
participation and build retention. Finally, the internet-based
distribution of the game intervention has the potential to reach
far greater numbers of SGMY than traditional face-to-face
interventions.

Limitations
Despite the many strengths of this study protocol, it is not
without limitations. Of particular concern is selection bias.
Participants in our study were conveniently sampled via the

internet. Participants were also required to have a computer
with internet access and an email address. Therefore, our study
results may not be generalizable to all SGMY (eg, those who
are homelessness or have a low socioeconomic status). In
addition, participants can only access the game intervention on
desktop or laptop computers with Windows or Mac operating
systems. In future iterations, we plan to make the game
intervention compatible with smartphones, thereby increasing
the accessibility and potential usability of the game. Although
we used and adapted measures with strong psychometric
properties, most of the scales were not validated specifically
among SGMY. Finally, an 8-week follow-up period may be too
brief to affect our identified long-term outcomes; however, we
chose to measure these outcomes as they are important health
outcomes to inform a longer-term intervention study.

Conclusions
SGMY experience great disparities in bullying victimization,
substance use, and mental health; however, there are few
scientifically tested interventions currently available to reduce
these disparities. This paper describes our protocol for the study
of a Web-accessible game intervention aimed at improving the
health of SGMY. Specifically, the outcomes of this pilot study
are to assess the feasibility of implementing a game intervention
to SGMY and limited efficacy of this intervention: increasing
help-seeking–related knowledge, intentions, self-efficacy, and
behaviors; increasing productive coping skills use and coping
flexibility; and reducing health risk factors and behaviors among
SGMY. Our study protocol directly informs the scientific
development of a future, larger RCT testing the limited efficacy
of our game intervention.
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Abstract

Background: A blockchain is a digitized, decentralized, distributed public ledger that acts as a shared and synchronized database
that records cryptocurrency transactions. Despite the shift toward digital platforms enabled by electronic medical records,
demonstrating a will to reform the health care sector, health systems face issues including security, interoperability, data
fragmentation, timely access to patient data, and silos. The application of health care blockchains could enable data interoperability,
enhancement of precision medicine, and reduction in prescription frauds through implementing novel methods in access and
patient consent.

Objective: To summarize the evidence on the strategies and frameworks utilized to implement blockchains for patient data in
health care to ensure privacy and improve interoperability and scalability. It is anticipated this review will assist in the development
of recommendations that will assist key stakeholders in health care blockchain implementation, and we predict that the evidence
generated will challenge the health care status quo, moving away from more traditional approaches and facilitating decision
making of patients, health care providers, and researchers.

Methods: A systematic search of MEDLINE/PubMed, Embase, Scopus, ProQuest Technology Collection and Engineering
Index will be conducted. Two experienced independent reviewers will conduct titles and abstract screening followed by full-text
reading to determine study eligibility. Data will then be extracted onto data extraction forms before using the Cochrane Collaboration
Risk of Bias Tool to appraise the quality of included randomized studies and the Risk of Bias in nonrandomized studies of
Interventions to assess the quality of nonrandomized studies. Data will then be analyzed and synthesized.

Results: Database searches will be initiated in September 2018. We expect to complete the review in January 2019.

Conclusions: This review will summarize the strategies and frameworks used to implement blockchains in health care to increase
data privacy, interoperability, and scalability. This review will also help clarify if the strategies and frameworks required for the
operationalization of blockchains in health care ensure the privacy of patient data while enabling efficiency, interoperability, and
scalability.
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Introduction

A blockchain is a digitized, decentralized, distributed public
ledger that acts as a shared and synchronized database that
records cryptocurrency transactions. While blockchains are
essentially decentralized databases, there is no primary
ownership of the data [1,2]. Through collaboration, users decide
which data are added to the blockchain while ensuring that
identical copies of the data are received and automatically
updated [2]. Health care, in any setting, generates abundant
complex and rich data, ranging from sensitive
patient-identifiable data to operational analytics. The
dissemination and essential actions of exchanging these
health-related data mean that they remain at risk of privacy
breaches [3]. Blockchain technologies have been proposed to
respond to this challenge [3,4]. Once granted permission,
verified users gain access to blockchain systems. This allows
them to share relevant data with other verified users,
guaranteeing accountability, scalability, and efficiency [3].
While this innovation has shown promise in various sectors, to
ensure successful implementation in health care, various
challenges need to be addressed first [1,5]. Because
health-related data are numerous and sourced from many areas,
the integration and linkage of data have the potential to generate
valuable population-level insight [6]. A key consideration with
the greater integration of health data sources is the need for
strategies that safeguard access control to sensitive patient data.
Additionally, as there is an expansion of health- and
lifestyle-related data resulting from, for example, mobile apps
and wearable devices, blockchain technologies may be exploited
by patients, providers, and researchers through the enablement
of novel mechanisms for consent and access [7].

As blockchains utilize cryptographic techniques to authenticate
and verify users, their application may be used to control access
to sensitive data [3]. While the adoption of electronic medical
records in health care has become the de facto standard, most
data within electronic medical records cannot be shared and
exchanged between users appropriately [7]. Blockchain
technologies, therefore, have the potential to increase
interoperability between patients, carers, health care
professionals, and researchers through the enablement of novel
methods for data linkage of disparate sources [7]. As data can
be sourced from one location, blockchains have the potential
to tackle storage issues. By recording patient consent,
blockchains could be a patient-empowering platform [8,9].
Information flow and exchange between users may only take
place once the patient has consented [8]. Consent also allows
health care providers to trust the data they access, thereby
enabling them to treat their patients accordingly [8].

In addition to ensuring access security, scalability, and data
privacy [7], blockchains also have the potential to enhance
medical research through various use cases. Via implementation
of health record blockchains, data sourced from medical records,
health apps, and wearable devices could be stored and made
accessible to users throughout their lives [7], thereby facilitating

the conduct of longitudinal studies and pharmacovigilance
applications. Each time a patient obtains a new prescription or
test results, a patient could be notified that new data have been
encrypted, sent for storage, and added to an automated system
[7]. Moreover, patients would be able to add data sourced from
wearable devices and health apps into this system [7]. Once the
data are encrypted and stored, researchers can trust the data will
not be altered [6]. Patients and participants may consent and
revoke access, remaining in control of their information [10].
In addition to facilitating the collection of longitudinal data such
as heart rate, diet, and exercise frequency, blockchains may
store genomic data [10]. Blockchain technology may also be
used to counter prescription drug fraud [10]. For example, Nuco,
a blockchain company, addresses prescription duplication and
“doctor shopping,” whereby individuals visit numerous
physicians to obtain as many prescriptions as they can [10].
According to Nuco, the problem lies in the inadequate
communication between physicians and pharmacists, and
blockchains have the capacity to tackle this issue through the
verification of prescription authenticity [10]. These
implementation scenarios show the strengths of implementation
of a secure distributed data technology and the benefits they
could make for individual and population data analysis.

Before adopting blockchains to empower patients, advance
personalized medicine, accelerate research and development,
and engage with populations that are considered “hard-to-reach”
[7], challenges restricting their implementation need to be
addressed. While broader access to health records may be
achieved through blockchains, there is limited information on
the costs required to establish and operationalize this
decentralized framework [11]. Health systems spend large
monetary sums on designing and maintaining traditional
information system frameworks [11]. Additionally, various
resources are required to troubleshoot issues, update parameters,
and extract data [11]. Since blockchains do not require frequent
troubleshooting, updates, or third-party involvement in
financing, it is predicted that implementing blockchain
technologies in health care may reduce costs. [11] To ensure
adequate performance, organizations and institutions adopting
blockchain technologies need to select specific frameworks to
establish the size and format of the data that may be added to
the system [11]. It may also prove to be a challenge to
incentivize those in the health care sector to adopt novel
blockchain technologies [11], thus expanding networks and
scalability, owing to the unfamiliarity of the distribution
authentication technology and concerns regarding ethics and
privacy. A potential benefit, however, is that in addition to
allowing clinicians access to real-time data, thereby enabling
nationwide interoperability and the delivery of more coordinated
patient care, researchers will be able to access and monitor
nationwide data that could potentially aid in national
surveillance and public health. Because using national programs
to encourage digital data adoption have been successful [12],
it is envisaged that if similar approaches are applied, the uptake
of blockchains may also be achieved.
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To the best of our knowledge, there are currently no systematic
reviews on the strategies utilized to implement blockchains in
health care. Nevertheless, a few reviews have been published
focusing on specific aspects of blockchains in health care, such
as its applications in health care [1], its potential to finance
universal health coverage [13], and its potential to tackle
counterfeit medicines [14]. The nature of a public distributed
ledger also means that while blockchains could be used for a
form of authentication and data access, the health care data
would not be suitable for storage on a public ledger due to
privacy implications. These considerations surround the
application and trade-offs in implementation and require further
research and potential standards for their use. Despite its
potential to improve health care financing, the right systems
must be put in place and “appropriate regulatory guidelines”
must be followed before blockchains can be used in health care
[13]. This is also true for the use of blockchains for tracking
medication trade, which was described to be in its “infancy”
and in need of further research [14].

Blockchains have the potential to address various challenges
pertaining to data in health care. By requiring patient consent
and user verification, privacy and security measures are
enforced. Interoperability is facilitated, as data are securely
shared among those with permission. Storage issues are also
addressed through blockchains, as all the data are found in one
location. By engaging various users and allowing for the sharing
of multiple data sources at once, implementation of this novel
approach may allow for more detailed analyses to be conducted,
enhancing research and leading to potential disease prevention
and health promotion. This aim of this review is to summarize
the evidence on the strategies and frameworks utilized to
implement blockchains for patient data in health care to ensure
privacy and improve interoperability and scalability, with an
aim to serve as an evidence base for development of new design
innovations.

Methods

Systematic Review Execution
The Cochrane protocol guide will be used to guide the
development of the systematic review protocol [15]. The
Preferred Reporting Items for Systematic Reviews and
Meta-Analysis (PRISMA) Protocols (PRISMA-P) 2015
Checklist [16] will be used to report this systematic review
(Multimedia Appendix 1). We will define a research question
and establish a Population, Intervention, Comparator, and
Outcome framework to develop and combine Medical Subject
Headings, subject headings, and keywords. The review will
undergo the following six stages: literature search, selection of
articles, extraction of data, appraisal of quality, analysis of data,
and synthesis of data.

Identification of a Research Question
How do implementation strategies, design, and frameworks
required for the operationalization of blockchains in health care

enable privacy of patient data while enabling efficiency,
interoperability, and scalability?

Criteria for Considering Studies for the Review

Types of Studies
As blockchains applied to the health care sector remain a novel
approach, we will not place restrictions on the study type. This
review will include all types of studies as long as other eligibility
criteria are met, for example, we will consider randomized
controlled trials and observational studies. We will only include
studies published in English.

Types of Participants
The population will consist of patients who have their data
incorporated within ecosystems utilizing blockchains in health
care data management.

Intervention and Comparator
The included studies will assess blockchain technologies in
health care systems to improve issues revolving around access,
interoperability, and scalability. Dates of publication and study
location will not be restricted. Comparators may consist of other
traditional frameworks or technological advances adopted in
health systems to improve access, interoperability, and
scalability, thereby providing more coordinated health care. For
example, learning health systems, which utilize data to provide
evidence, thereby allowing continuous learning and
improvement of health care, may represent a comparator. We
will include studies that have not identified a comparator if they
meet the remaining criteria required for study inclusion.

Types of Outcomes
Textbox 1 outlines the review outcomes. The primary outcomes
will include the extent of access, interoperability, scalability of
health care blockchains following the implementation of various
strategies and frameworks required for their operationalization,
impact on computational performance, and costs and benefits
for the use of blockchain systems. Health outcomes will be
considered as a secondary outcome and will be assessed to
determine whether blockchains can improve the health of
individuals and populations when compared with more
traditional platforms or other technological advances.

We will use Levels of Information Systems Interoperability, a
reference model [17], to measure the level of interoperability.
The Data Analysis and Synthesis section (below) will discuss
details of how to implement this model. We will assess the
scalability of the blockchain by measuring blockchain adoption
across the study or survey implementation contexts. To assess
privacy, we will identify whether the blockchains abide by legal
and regulatory frameworks. As regulatory frameworks may
vary according to study setting, we will identify relevant
frameworks and legislation once studies are selected and the
settings identified. As we complete initial scoping of the
literature to identify key outcomes relevant for classification in
the review, we shall refine the primary and secondary outcomes.
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Textbox 1. Review outcomes.

Primary outcomes:

• Extent of interoperability

• Extent of scalability

• Privacy, security, and access

• Implications and trade-offs of computational performance

• Costs and benefits to be derived from the use of blockchains in existing systems

Secondary outcomes:

• Health outcomes

Search Methods
We will systematically search the following electronic databases:
MEDLINE and PubMed, Embase, Scopus, ProQuest Technology
Collection, and Engineering Index (Compendex). Following
exploratory research around the review research question, we
will develop Medical Subject Headings, subject headings, and
keywords. There will be no restrictions placed on dates of
publication, study types, and geographic locations. However,
we will only include studies published in English. We intend
to search MEDLINE and PubMed first by implementing a search
strategy for preliminary research (Multimedia Appendix 2).
Based on the findings of this search, we will develop our search
strategy and will adapt the strategy for the Embase and Scopus
databases. We will not restrict the search by date. EndNote X8.2
(Clarivate Analytics, Philadelphia, PA, USA) will be used to
import the results of our searches and remove duplicates. The
bibliographic citations of included studies will also be manually
searched to identify other studies that fill the review’s inclusion
criteria. We will also use similar search terms when utilizing
search engines such as Google to systematically search the gray
literature; we will consider conference proceedings and reports
meeting the review criteria.

Selection of Studies
The titles and abstracts of studies identified following database
searches will be screened by two independent reviewers. Upon
completion of title and abstract screening, we will assess the
remaining studies through full-text reading. Discussion will be
used to resolve disagreements. A third reviewer will be
consulted if consensus cannnot be reached. The review’s
selection process will be demonstrated using a PRISMA flow
diagram.

Data Extraction and Management
Data will be extracted and collated by two independent
reviewers onto predetermined data extraction forms. Where
reviewers cannot agree following discussion, a third reviewer
will be asked to assist in the decision-making process. Data
extraction forms will be validated by the review team prior to
utilization to ensure acceptability. We will extract the following
data:

1. Date of publication and author
2. Characteristics of the study: location, duration, sample size,

and control

3. Characteristics of the intervention: departments or facilities
adopting the blockchain, blockchain enablers, challenges,
costs, and implementation strategies or frameworks

4. Characteristics of the comparator: departments or facilities
adopting the comparator, comparator enablers, challenges,
costs, and implementation strategies or frameworks

5. Outcomes: extent of access (primary outcome),
interoperability (primary outcome), scalability (primary
outcome), and health outcomes (secondary outcome).

Assessment of Risk of Bias of Included Studies
The risk of bias of the included studies will be assessed by two
independent reviewers. A third reviewer will assist in the
decision making if the two reviewers disagree on their
assessments regarding the methodological quality of included
studies.

For randomized controlled trials, the Cochrane Collaboration
Risk of Bias tool will be used to assess the following [12]:
random sequence generation (selection bias), allocation
concealment (selection bias), blinding (performance bias and
detection bias), incomplete outcome data (attrition bias),
selective reporting (reporting bias), and other bias.

Subsequent to the determination of the selection, we will
categorize performance, detection, attrition, reporting, and other
bias assessments of the included studies as high risk, low risk,
or unclear risk. A risk of bias graph and a risk of bias summary
will then be developed to illustrate the methodological quality
of included studies.

Other nonrandomized studies will be assessed using the Risk
of Bias in Non-randomized Studies-of Interventions [18]. This
tool will be used to assess the following seven domains [19,20]:

1. Bias due to confounding (preintervention)
2. Bias in the selection of participants to the study

(preintervention)
3. Bias in the classification of interventions (at intervention)
4. Bias due to deviations from intended interventions

(postintervention)
5. Bias due to missing data (postintervention)
6. Bias in the measurement of outcomes (postintervention)
7. Bias in the selection of the reported result (postintervention)

A qualitative bias framework will be identified during the
execution of the review to examine the paper quality of any
studies that do not fall under the Cochrane Collaboration Risk
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of Bias tool or Risk of Bias in Non-Randomized Studies-of
Interventions.

Data Analysis and Synthesis
We intend to summarize our data numerically (by describing
the number and type of studies incorporated within the review)
and narratively (by synthesizing data from included studies).
From the results of our review, we will aim to map the strategies
and frameworks enabling operationalization of blockchains
within health systems in a clear format. We intend to measure
the extent of interoperability using the Levels of Information
Systems Interoperability model [17]. Therefore, we will classify
the level of interoperability as the following:

1. Enterprise (universal): data are fully shared and distributed
across the health system

2. Domain (integrated): data exchange through shared
domain-based models

3. Functional (distributed): sharing of logical data models (eg,
relational tables) across a health system

4. Connected (peer-to-peer): exchange of data through
electronic means

5. Isolated (manual): integration of data from various systems
conducted manually.

To assess scalability, we will determine whether studies
measured adoption or uptake across the health care sector,
thereby enabling us to assess whether nationwide uptake of the
automated system is feasible.

In order to assess whether the blockchain addresses privacy and
security issues adequately, we will evaluate whether legislation,
including the Health Insurance Portability and Accountability
Act of 1996 regulations, have been considered [21]. Legislation
considered by the review will depend on study settings, and we
will identify this upon study selection. If a study uses Health
Insurance Portability and Accountability Act of 1996, this will
include:

1. Data encryption: whether the system has encrypted
information, allowing only those with a “key” to access

2. Audit trail: whether the system stores information on who
accessed the information, the application of modifications,
and when the system granted access and applied
modifications

3. Access control: whether passwords and personal
identification numbers are used in the system, limiting
access only to those authorized.

Results

Database searches will be initiated in September 2018. We
expect to complete the review in January 2019.

Discussion

Principal Findings
By means of the proposed systematic review, we intend to
provide evidence of the strategies and frameworks utilized in
the implementation of health care blockchains. Through the
development of recommendations that will assist key
stakeholders in health care blockchain implementation, we
predict that the evidence generated will challenge the health
care status quo, moving away from more traditional approaches
and facilitating decision making of patients, health care
providers, and researchers. As the current traditional system
applied in health systems does not fully support interoperability,
it is predicted that health care blockchains will enable the
delivery of team-based health care by means of nationwide
interoperability while optimizing precision medicine research
and ensuring prescription authenticity. However, prior to
large-scale implementation of these automated systems, it is
crucial that research and trials ensure that they are cost-effective
and secure systems that maintain the privacy and security of
patients and comply with regulatory frameworks.

Strengths and Limitations
A strength of this proposed systematic review is that it will
provide evidence on the strategies and frameworks required for
the operationalization of efficient health care blockchains.
Furthermore, the potential of health care blockchains in
enhancing user access, interoperability, scalability, and health
outcomes will be assessed. We predict that the unmet needs of
patients, health care providers, and researchers regarding data
sharing will be identified through conduction of this systematic
review. Finally, we predict that areas around the architecture
of health care blockchains that require further research will be
identified upon completion of the systematic review. A
limitation of our review is that studies published in languages
other than English will be excluded.

Conclusions
As systematic reviews provide the highest form of evidence,
we anticipate that review findings will provide patients,
researchers, and health care providers with information on health
care blockchains. Transparent and rigorous methods will be
applied, thereby demonstrating replicability of the review. In
addition to consulting blockchain experts and professionals, we
anticipate that the review will guide the team in developing
recommendations pertaining to blockchains that will enable
decision making of developers, patients, health care providers,
and researchers.
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Abstract

Background: The Healthy People 2020 initiative aims to reduce health disparities, including alcohol use, among sexual minority
women (SMW; eg, lesbian, bisexual, queer, and pansexual). Compared with heterosexual women, SMW engage in more hazardous
drinking and report more alcohol-related problems. Sexual minority stress (ie, the unique experiences associated with stigmatization
and marginalization) has been associated with alcohol use among SMW. Among heterosexuals, relationship factors (eg, partner
violence and drinking apart vs together) have also been associated with alcohol use. Negative affect has also been identified as
a contributor to alcohol use. To date, most studies examining alcohol use among SMW have used cross-sectional or longitudinal
designs.

Objective: Project Relate was designed to increase our understanding of alcohol use among young SMW who are at risk for
alcohol problems. The primary objectives of this study are to identify daily factors, as well as potential person-level risk and
protective factors, which may contribute to alcohol use in SMW. Secondary objectives include examining other physical and
mental concerns in this sample (eg, other substance use, eating, physical activity, and stress).

Methods: Both partners of a female same-sex couple (aged 18-35 years; n=150 couples) are being enrolled in the study following
preliminary screening by a market research firm that specializes in recruiting sexual minority individuals. Web-based surveys
are being used to collect information about the primary constructs of interest (daily experiences of alcohol use, sexual minority
stress, relationship interactions, and mood) as well as secondary measures of other physical and mental health constructs. Data
are collected entirely remotely from women across the United States. Each member of eligible couples completes a baseline
survey and then 14 days of daily surveys each morning. Data will be analyzed using multilevel structural equation modeling.

Results: To date, 208 women (ie, 104 couples) were successfully screened and enrolled into the study. In total, 164 women
have completed the 14-day daily protocol. Compliance with completing the daily diaries has been excellent, with participants on
average completing 92% of the daily diaries. Data collection will be completed in fall 2018, with results published as early as
2019 or 2020.

Conclusions: Project Relate is designed to increase our understanding of between- and within-person processes underlying
hazardous drinking in understudied, at-risk SMW. The study includes a remote daily diary methodology to provide insight into
variables that may be associated with daily hazardous alcohol use. Before the development of programs that address hazardous
alcohol use among young SMW, there is a need for better understanding of individual and dyadic variables that contribute to risk
in this population. The unique challenges of recruiting and enrolling SMW from across the United States in a daily diary study
are discussed.
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Introduction

Background
One of the goals of Healthy People 2020 [1], a science-based
report issued by the US Office of Disease Prevention and Health
Promotion that identifies national objectives for improving the
health of Americans, is to specifically improve the health and
well-being of lesbian, gay, bisexual, and transgender (LGBT)
individuals. Compared with heterosexual women, sexual
minority women (SMW; eg, lesbian, bisexual, queer, and
pansexual) engage in more heavy drinking and have lower rates
of abstention from drinking [2-4]. SMW also experience more
negative alcohol-related consequences than heterosexual women,
such as driving under the influence of alcohol, having unplanned
sex, having suicidal thoughts during or after drinking, fighting
or arguing with someone, and engaging in sexual harassment
during/after drinking [5,6]. Despite evidence for health
disparities between heterosexual women and SMW in alcohol
use, much remains to be learned regarding why some SMW in
particular are at risk. The goal of this study, Project Relate, was
to increase the understanding of hazardous drinking among
SMW who are in same-sex relationships using an entirely remote
Web-based data collection procedure, including a daily diary
component. This approach permits examination of research
questions at multiple levels, allowing us to consider
between-couple characteristics (ie, couple-level; answering the
question: which couples drink more), between-person
characteristics (ie, person-level; answering the question: who
drinks more), and within-person processes (ie, daily level;
answering the question: when does one drink more). The primary
objective of this study is to examine the daily associations
between hazardous alcohol use and sexual minority stress, affect,
and relationship factors among young same-sex female couples.
The theoretical framework and existing empirical evidence that
contributed to the development of this study are described
below.

Sexual Minority Stress and Alcohol Use
Members of minority groups experience unique stressors related
to their stigmatized and marginalized social status in society.
Stigmatization and marginalization based on sexual identity or
orientation is known as sexual minority stress [7-9]. Specifically,
Meyer’s [9] model of sexual minority stress involves
experiences of harassment or discrimination related to sexual
identity/sexual orientation (ie, heterosexism), the expectation
of and vigilance toward these events, concealment of sexual
identity, and the internalization of negative societal attitudes
toward one’s sexual identity (eg, internalized heterosexism).
Together, these experiences create additional stressors beyond
those experienced by majority of individuals. There is ample
evidence that sexual minority stress is associated with negative
health behaviors, such as alcohol use, through emotion

regulation and coping strategies [8,10-14] as well as through
less perceived social support [12] and more social constraints
and social isolation [13]. Although these studies provide
important information regarding how minority stress is
associated with negative affect and alcohol use at the
between-person level, it is important to note that these studies
used primarily cross sectional (ie, single assessment points) and
traditional longitudinal designs (ie, using repeated assessments
over weeks, months, or years). These types of designs limit our
understanding of within-person processes by either studying
processes as a between-person variable (ie, using cross-sectional
designs) or by studying long-term within-person differences
(ie, using traditional longitudinal designs). A handful of studies
have used daily or momentary assessment of stress and alcohol
use among sexual minorities. For example, in research of young
men who have sex with men, alcohol use was greater on days
when men indicated they were drinking to cope with stress [15]
and on days when general stress was reported [16]. Furthermore,
in a 9-day daily diary study, the interaction of structural stigma
(eg, state policies that promote discrimination) and rejection
sensitivity was associated with alcohol use among young men
who have sex with men. Most relevant to this study was the
finding that discrimination was associated with
contemporaneous and prospective substance use in a group of
sexual and gender minority individuals [17]. However, the
question of how daily experiences of sexual minority stress and
negative affect contribute to SMW’s hazardous drinking
remains. In this study, we will test whether greater daily sexual
minority stress is directly associated with more alcohol use and
associated problems as well as examine indirect associations
through negative affect.

Relationship Factors and Alcohol Use
In addition to the link between sexual minority stressors,
negative affect, and alcohol use, it is important to consider the
associations between relationship factors and alcohol use. A
review of studies on heterosexual couples concluded that
unpartnered individuals drank more compared with those in
serious romantic relationships and that drinking is associated
with poorer relationship quality as well as conflict and violence
[18]. Among SMW, several studies have demonstrated
associations between partner violence and alcohol use and
related problems in samples of SMW. For example, in a study
of lesbian couples who experienced intimate partner violence,
approximately 64% of both batterers and victims report using
alcohol or drugs before the violent incidents [19]. Alcohol use
was also associated with SMW’s nonphysical domestic violence
(eg, verbal threats and damage to property) [20]. Research also
suggests that intimate partner violence among SMW is
associated with hazardous alcohol use [21], which may stem
from emotional distress [22] or sexual minority stressors [23].

JMIR Res Protoc 2019 | vol. 8 | iss. 2 | e11718 | p.163http://www.researchprotocols.org/2019/2/e11718/
(page number not for citation purposes)

Heron et alJMIR RESEARCH PROTOCOLS

XSL•FO
RenderX

http://dx.doi.org/10.2196/11718
http://www.w3.org/Style/XSL
http://www.renderx.com/


Another important characteristic when studying relationships
and hazardous alcohol use is the degree to which partners drink
together versus separately. Among heterosexuals, drinking
together has been associated with more intimacy and fewer
negative partner behaviors than drinking apart [24]. Conversely,
drinking apart is associated with more negative relationship
events [24] as well as less satisfaction, more conflict, and marital
dissolution [18,25]. Among lesbian women, when controlling
for physical and psychological aggression, discrepant drinking
(ie, differences in partners’drinking quantity) is associated with
poorer relationship adjustment [26]. Furthermore, in a
longitudinal examination of discrepant drinking and intimate
partner violence among lesbian partners, a cyclical pattern of
alcohol use and violence occurred such that discrepant drinking
predicted psychological aggression 6 months later, which in
turn predicted later discrepant drinking. Physical violence also
predicted subsequent discrepant drinking 6 months later [27].
Considering the small body of work connecting alcohol use to
relationship variables in SMW, in this study, we will examine
how instances of partners drinking together versus apart and
discrepant drinking are associated with relationship functioning
on the same day and subsequent days and in turn, how
relationship functioning may then be associated with drinking
on subsequent days.

Protective Factors
The impact of minority stress and negative relationship factors
may be modifiable at the couple- or individual-level [9,28], but
more information is needed to understand what factors may
protect SMW from problematic alcohol use [29]. Therefore, the
final aim of this research is to investigate societal-, couple-, and
person-level characteristics that could be associated with daily
experiences of sexual minority stress, relationship quality, and
drinking or that may strengthen or weaken the associations
among them. For example, connection to the sexual minority
community, a stronger sexual minority identity, and social
support may all protect against the deleterious effects of sexual
minority stress and related negative mental and behavioral
outcomes [30-32]. Similarly, being in a legally recognized
relationship may also be a protective factor against sexual
minority stress and negative health outcomes [33-35]. Although
marriage between same-sex individuals is now legal in all states
in the United States, other protections (eg, housing, employment,
and health care benefits) are not federally mandated and, thus,
vary by state. The lack of these state protections (ie, structural
stigma) has been associated with health outcomes. For example,
in a study published in 2014, sexual minority individuals who
lived in states without protections for sexual minorities (eg, in
housing and employment benefits) and that banned same sex
marriage had a higher prevalence of psychiatric disorders than
those who lived in states with such protections [36]. In this
study, we will assess a variety of potential factors that may
protect against hazardous drinking, including both factors
specific to the person or couple (eg, connection to sexual
minority community and being in a committed relationship), as
well as structural factors (eg, living in a state with protections
for people in same-sex relationships). Identification of
potentially modifiable individual risk and protective factors can
facilitate development of culturally tailored inventions to reduce

hazardous drinking. Furthermore, identification of structural
(societal) risk and protective factors may suggest important
directions for advocacy efforts.

Study Objectives
The primary objective of Project Relate is to increase our
understanding of hazardous drinking among SMW. Using a
daily diary methodology, this project investigates the
associations among sexual minority stress, affect, relationship
factors, and alcohol use. The development of this study was
guided by minority stress theories [7-9] that offer a way to
understand the unique stressors that SMW experience related
to their marginalized societal status. In addition, because
relationship factors are important correlates of alcohol use
among heterosexual couples [18], we consider how relationship
characteristics are associated with alcohol use among young
adult same-sex female couples. In addition, we also look at
potential protective factors. Collecting information on sexual
minority stressors, emotional functioning, relationship
experiences, and alcohol use from both partners will allow us
to assess the interactions among these variables as they enhance
or reduce the quality of life of SMW. Extensive background
information, including personality characteristics, social support,
history of discrimination, and community context, will provide
information on personal and contextual factors that moderate
these associations. A secondary objective of Project Relate is
to examine other physical and mental health concerns, including
other substance use, eating, physical activity, and general mental
health and well-being among SMW. The opportunity to examine
daily-, individual-, and couple-level effects is a particular
strength of the study methodology.

Methods

Project Overview
Project Relate is an ongoing daily diary study of same-sex
female couples. Young adult SMW (aged 18-35 years) are the
target sample for this study because in community samples they
frequently endorse indicators of hazardous drinking [3]. Both
partners of the romantic relationship are enrolled to capture
information about the relationship from both members’
perspectives. Participants are recruited from across the United
States, and data collection is occurring remotely via Web-based
surveys. Both women in each couple complete a comprehensive
baseline survey and then a brief daily survey each morning for
the following 14 days. Each member of the couple begins the
daily survey on the same day to ensure we have corresponding
daily data for each couple. The Old Dominion University
Institutional Review Board approved all study procedures
(Project #839097).

Power Analysis
A power analysis to determine the sample size needed for
planned analyses was conducted in 2 steps. First, a power
analysis was conducted for traditional structural equation
modeling using Monte Carlo simulation methods [37], focusing
on powering the hardest effects to detect (the small indirect
effects, beta=.10). Similar models were conducted incorporating
a small-to-medium effect–moderating variable (beta=.20). Monte
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Carlo simulation methods indicated that for the effect size
expected, a sample size of 200 cases yields sufficient power
(0.808) to detect the relevant effects. This, however, assumes
no correlation among residuals, which we know is not true in
nested designs. To determine how to appropriately account for
the correlated observations and identify the minimum number
of participants needed for power of .8 in the multilevel design,
a formula taking into account the expected intraclass correlation
coefficients (ICCs), or degree of relatedness within couples, for
key variables was used [38]. Assuming an average of 11 days
of assessments (80% response rate to account for attrition) and
150 couples, an ICC up to approximately .70 would yield the
necessary number of cases to maintain a power of .80. Previous
daily diary alcohol research suggests we can expect to see lower
ICCs, likely ranging from .4 to .7 [39], yielding more power.
Therefore, recruiting 150 couples (N=300 people) is more than
adequate to provide sufficient power.

Participant Selection
Recruiting large samples of sexual minorities is difficult to do
in many localities, and therefore, we are recruiting participants
from across the United States. We partnered with Community
Marketing and Insights (CMI), a leading market research firm
specializing in Web-based research with the LGBT community.
CMI maintains a proprietary research-only panel of over 90,000
individuals who identify as sexual minorities and regularly take
part in market research and health research (although
psychological research studies are less common). CMI recruits
participants to take part in this study from their existing panel
and potential new panel members who may be interested in
participating in research studies. CMI is consistently recruiting
new research panel members through LGBT print, digital, and
event outreach activities as well as LGBT-specific outreach on
social media sites (eg, Facebook, Craigslist, and sexual
minority-specific social media).

To be eligible for the study, both partners have to meet the
following eligibility criteria: (1) aged 18 to 35 years, (2)
self-identify as a cisgender woman (meaning self-identify as a
woman and was assigned female at birth, ie, she is not
transgender), (3) currently in a romantic relationship with a
woman for at least 3 months, (4) see partner in person at least
once per week, and (5) able to respond to daily surveys between
6 am and 12 pm for 2 weeks. In addition to these 5 criteria that
must be met by all participants, at least one person in the couple
must also meet the following 3 criteria: (6) only or mostly
attracted to women, (7) drank alcohol at least 3 days in the
previous 2 weeks, (8) drank 4 or more standard alcoholic drinks
in 1 sitting at least once in the previous 2 weeks (ie, met criteria
for a binge drinking episode).

These inclusion criteria were developed for several reasons.
First, although we recognize that people with other gender
identities (eg, transgender and nonbinary gender) and sexual
identities (eg, bisexual women not in a relationship with a
woman) are also at risk for experiencing both sexual minority
stress and hazardous alcohol use, individuals with different
gender and sexual identities likely experience stressors that
differ from one another [29]. In other words, a transgender and
cisgender woman’s or a lesbian and bisexual woman’s daily

experiences might differ from each other. Thus, this study
focuses solely on individuals who identify as cisgender female
and are in a relationship with a woman. Second, we require the
couples to see each other in-person at least once a week to avoid
potential confounds related to being in a long-distance
relationship. Third, although 1 participant has to report only or
mostly attracted to women, her partner can describe her
attraction in other ways (eg, attracted to men and women
equally); this criterion was used both to obtain a sample size
large enough to test study aims and to have some variability in
attraction (eg, attracted to men and women) and identity (eg,
lesbian, bisexual, and queer) that can be explored statistically.
Finally, the alcohol inclusion criteria for 1 participant is used
to identify participants belonging to the desired at-risk alcohol
use population of interest and to increase the likelihood of
enrolling couples in which at least 1 partner drinks with some
frequency, resulting in occurrence of drinking during the 14-day
daily diary reporting period.

Study Procedures

Recruitment
CMI initiates the recruitment process by contacting potential
participants via email and providing them with a link to a
Web-based screening survey. The potential participant is also
asked if she thinks her partner would be interested in
participating, and if so, to provide her email address. CMI then
screens her partner for interest and eligibility, and once
potentially eligible couples are identified, CMI provides the
researchers with the email addresses of potential participants
and their partners. Upon receiving contact information for
potentially eligible couples, the researchers conduct a second
set of screening assessments (using the criteria described above)
to ensure eligibility of the couple.

Study Description and Informed Consent
Once eligibility and interest are verified for both people in the
couple, they are emailed separately with introductory
information about the study. Given that data collection is
occurring entirely remotely, and daily assessment procedures
are likely new to these participants, we developed detailed
written and video materials describing the study purpose,
procedures, risks, and benefits. The professionally developed
videos consist of 5 brief (1-3 min) videos of the study
investigators and research assistants describing the study.
Corresponding written materials were also developed. Given
that developing these videos took additional time and resources
above what was required to develop the written materials, we
built in a design feature to assess the video utility. Specifically,
couples were randomized in blocks of 6 to 1 of 2 introductory
information groups: (1) videos plus written materials
(video+written) or (2) written materials only (written-only).
Couples are randomized (instead of individual participants) to
limit contamination between partners. Those in the
video+written group receive a Qualtrics survey Web link that
guides participants through the series of 5 videos explaining
the purpose and procedures of the study; the written material is
also available below the video. Couples assigned to the
written-only group receive a similar Qualtrics survey link where
they review the same information presented in the videos, but
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in text form only. The written materials provided for participants
can be found in Multimedia Appendix 1. The length of time
participants spend reviewing the materials (including time spent
on each individual video and corresponding written text) is
automatically tracked. Immediately after reviewing the study
information, participants are presented with the informed
consent document. If participants do not consent within 2 to 3
days of the initial email, they are sent 2 additional email
reminders (approximately 2-3 days apart) regarding the study
and consent procedures. Both women in the couple must provide
consent before either can begin the study.

Baseline Survey
After both members of the couple provide consent, the couple
is enrolled in the study. At that time, each participant receives
an email via Qualtrics with an individual link to her baseline
survey. The survey takes approximately 30 min to complete. In
the email, participants are asked to complete the baseline survey
within 3 days. Similar to the consent procedures, if participants
do not complete the baseline survey within 2 to 3 days, 2 email
reminders are sent approximately 2 to 3 days apart. Both
members of the couple must complete the baseline survey to
move on to the daily survey. If only 1 partner completes the
baseline survey and her partner does not, she is thanked,
compensated for completing the baseline survey, and informed
that her participation is complete (without being told her partner
did not complete the baseline survey).

Daily Surveys
Once both members of the couple complete the baseline survey,
they are notified separately via email of the starting date of the
daily survey (which ideally occurs the day after they complete
the baseline survey). Each person in the couple is sent separate
automated emails through the Qualtrics survey system, with an
individual link to their brief daily survey each morning at 6:00
am for the following 14 days. We selected a 14-day assessment
period based on research demonstrating daily sexual minority
stressors [40,41] and alcohol use [17,42] occur over this length
of time as well as our screening criteria requiring binge drinking
(in at least 1 partner) during the previous 2 weeks. Thus, using
a 14-day daily assessment period should appropriately balance
both participants’ burdens while ensuring the study is of
sufficient duration to capture the experiences and behaviors of
interest in daily life. Each daily survey takes approximately 5
min to complete. Participants are instructed to complete the
survey independently from their partner using their own personal
computer, tablet, or mobile device by 12:00 pm each day. The
participants receive a reminder email after 2 consecutive days
of missing or incomplete surveys.

Consistent with other daily diary studies of alcohol use [43,44],
we elected to have participants complete surveys each morning
(about the previous day) instead of at the end of the day (about
that day) because our primary research questions of interest
were regarding alcohol use, and end of day surveys could present
3 concerns. First, we were concerned we could miss reports of
drinking if participants elected to complete the survey in the
evening before drinking (or before they finished drinking).

Second, some of our questions were regarding alcohol use
consequences, and some consequences (eg, being hungover)
may not emerge until many hours after drinking stops. Third,
on days when participants were drinking, if we asked them to
complete a survey in the evening, we were concerned they could
be intoxicated while completing the daily survey. We realize
that by asking participants to report on their previous day each
morning (vs current day each evening) requires some additional
retrospection; however, given the focus on alcohol use in this
study, any concerns regarding additional retrospective bias were
outweighed by the alcohol-related concerns noted above.

End of Study Survey
On the day after the final daily survey, participants receive an
email with a link to take a survey specifically designed for this
study about their reactions as a study participant. Additional
details regarding this measure can be found in the Measures
section.

Compensation
Participants and their partners each receive US $25 for
completing the baseline survey and US $3 each for each daily
survey, with a US $10 bonus for completing at least 80% of the
daily surveys (ie, more than 11 days). Thus, each participant
can earn a maximum of US $77 via their choice of check or gift
card.

Measures
All measures included in the baseline survey are described in
Table 1. The measures are organized by those designed to test
the primary study aims described above and secondary measures
that will supplement testing of the primary aims. For each
measure, we provide a brief description of the construct
assessed. In addition, several modifications to measures were
made and are worth noting. First, most measures in the baseline
survey referencing a specific time frame were adapted to 3
months to be consistent throughout the survey and ensure we
could examine these constructs during similar time periods. The
time frames of the following measures were not adapted: the
Conflict Tactics Scale [45], the Psychological Maltreatment of
Women Inventory [46], the physical health questions Short
Form-20 [47], the Daily Heterosexist Experience Questionnaire
[48], and the Modified Eating Disorder Examination
Questionnaire [49,50]. These measures were not changed to a
3-month time frame because their original time frames (eg, last
year and last month) were more appropriate for addressing the
study aims. Second, changes were made to several of the
measures to be appropriate for same-sex female couples. These
adaptions included changing male or gender-neutral pronouns
to female pronouns and modifying sexual behavior items that
require male partners. Finally, because of the length of the
baseline survey, attention check items were added to ensure that
participants are paying attention and selecting their answers
carefully. Attention check items are included as items in some
of the longer measures as well as stand-alone questions.
Rationale for inclusion of these items is discussed in more detail
in the Discussion section below.
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Table 1. Baseline measures.

Measure nameConstruct and description

Demographic information

Developed for this studyAge, ethnicity, race, sexual orientation (identity, attrac-
tion, and behavior), gender, height, and weight

Person

Developed for this studyStatus, length, and living situationRelationship

Developed for this studyEmployment status, education, income, and residenceContext

Primary measures

Conflict Tactics Scale (CTS2)—physical assault and
sexual coercion subscales (modified to be appropriate
for same-sex relationships) [45]

Psychological and physical violence toward or from a
partner

Relationship functioning

Psychological Maltreatment of Women Inventory-short
version [46]

Maltreatment in an intimate relationship (emotional/ver-
bal and domination/isolation)

No scale name [51]Satisfaction with the relationship and perceptions about
partners’ satisfaction, commitment, and security with
the relationship

Reports of partners’ behavior [51]Report of partners’ behavior (hostile, jealous, and emo-
tionally supportive)

Commitment subscale from the Investment Model [52]Commitment to romantic relationship

Multidimensional Jealousy Scale- cognitive subscale
[53]

Feelings of jealousy toward romantic partner

Adult Rejection Sensitivity Questionnaire [54]Anxious expectations of potential rejection from others,
generally

Alcohol Use Disorders Identification Test [55]Identification of at-risk drinkers (hazardous alcohol use,
dependence symptoms, and harmful alcohol use)

Alcohol use

Daily Drinking Questionnaire [56]Typical weekly alcohol consumption

Reasons for Not Drinking [57]Importance of certain reasons in someone’s decision
not to drink

Brief Young Adult Alcohol Consequences Questionnaire
[58]

Alcohol consequences experienced by young adult
drinkers

Partner drinking questions [59]Drinking behavior related to partner interaction

Drinking Motives Questionnaire [60]Drinking motives (social, coping, enhancement, and
conformity)

Lesbian, Gay, Bisexual Identity Scale [61]Sexual minority identity and psychosocial functioningSexual minority stress

Single item openness question [62]Openness about sexual identity and orientation

Sexual Minority Women Rejection Sensitivity [63]Anxious expectations of potential rejection from others
as a result of sexual minority identity

Daily Heterosexist Experiences Questionnaire—all
subscales except parenting and HIV/AIDS [48]

Experiences of sexual stigma

Multidimensional Scale of Perceived Social Support
[64]

Support from family, friends, and significant othersSocial support and resilience

Brief Resilience Scale [65]Ability to recover from stress or “bounce back”

Secondary measures

20-Item Short Form Survey Instrument [47]General health, bodily pain, and activity limitationsPhysical health

Buss-Perry Aggression Questionnaire Short Form [66]Aggression (physical aggression, verbal aggression,
anger, and hostility)

Mental health

Mental Health Inventory [67]Psychological distress and well-being (anxiety, depres-
sion, behavioral control, and positive affect)

Inventory of Depression and Anxiety Symptoms- Suici-
dality Subscale [68]

Suicidal behaviors and thoughts

Items adapted from CTS2 [45]Exposure to interparental violenceFamily
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Measure nameConstruct and description

Marijuana use [69]History of marijuana use and form of ingestionDrug use

Eating Pathology Symptoms Inventory [70,71]Eating pathology (body dissatisfaction, binge eating,
cognitive restraint, purging, restricting, and excessive
exercise)

Disordered eating

Modified Eating Disorder Examination Questionnaire
[49,50]

Diagnostic criteria for eating disorder behaviors

The daily survey measures are described in Table 2 and are
similarly organized by primary and secondary constructs of
interest. Most of the primary and secondary measures included
in the daily survey were adapted from existing daily diary or
ecological momentary assessment (EMA) studies or were
developed for this study to assess daily behaviors, particularly
drinking behaviors and sexual minority stressors. Of note, when
adapting items from existing scales, for example, to assess daily
sexual minority stressors, we selected and edited items to be
appropriate for a daily time frame (ie, would vary day-to-day).
To balance the survey length on days when a participant did
not drink or interact with her partner, filler items regarding
media use, time management, and general social interactions
were developed and are administered on nondrinking and
noninteraction days. Finally, the format of the survey was
optimized for mobile delivery. For example, visual analog slider
scales are used instead of matrix tables in some cases so that
all response options are visible to the participant when using a
smaller screen (eg, on a smartphone). Additional details
regarding the daily survey measures can be found in Table 2,
and all daily survey items can be found in Multimedia Appendix
2.

The end-of-study survey contains questions concerning whether
the participant believed her experiences were captured by the
questions asked (eg, “While answering questions related to your
gender and/or sexual identity, did you think that the questions
you answered were inclusive of the way you describe yourself?”)
as well as what was her preferred method of accessing the survey
materials (ie, computer, tablet, or smartphone). Participants are
also asked about their motivation to improve their health and
whether they would be comfortable using mobile technology

to monitor their physical and mental health. Survey items are
included in Multimedia Appendix 3. The feedback gathered
from the end-of-study survey will be used to gauge the
participant experience in this study as well as provide an
opportunity to improve future studies and survey materials.

Data Analysis Plan
The data being collected in this study are inherently multilevel
in nature, with days (level 1) nested within individuals (level
2) nested within couples (level 3). In addition, our research
questions incorporate aspects of mediation and moderated
mediation. As such, we will utilize an approach that combines
multilevel modeling (MLM) [86,87] with mediation pathways
available through structural equation modeling. This combined
approach, multilevel structural equation modeling (MSEM)
[88], allows for bootstrapping of the models, which can
accommodate non-normal underlying distributions, particularly
relevant for alcohol use outcomes and indirect effects [89,90]
such as those incorporated in our proposed models. Regarding
missing data, like MLM, MSEM is robust to missing data (eg,
skipped observations). In addition, analyses will be conducted
in Mplus [91] using maximum likelihood estimation, which
allows for the estimation of parameters using all available cases
(ie, no listwise deletion for missing variables within a time
point). Participants with complete data will be compared with
participants with missing data to identify potential attrition
biases, and significant predictors will be included as covariates
in all subsequent analyses. The MSEM approach allows for the
simultaneous examination of level 1 (daily variation), level 2
(person-specific levels), and level 3 (couple factor) associations
among variables, including moderating effects that strengthen
or weaken those associations.
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Table 2. Daily measures.

Measure name and/or referenceDescriptionConstruct

Primary measures

Items adapted from the Daily Positive Relationship
Quality Composite [72,73]

Relationship quality and satisfactionDaily relationship functioning

Items adapted [74]Intimacy and conflict

Items adapted from the Interpersonal Qualities Scale
[75]

Positive and negative partner behaviors

Items adapted [76]Partner aggression

Items developed for the study to assess daily drinking
behaviors

Quantity, duration, interactions, and locationDaily alcohol use

Items adapted from the Brief Young Adult Conse-
quences Questionnaire for daily administration [77]

Daily alcohol consequences

Items adapted from the Drinking Motives Question-
naire—social, enhancement, and conformity were
combined to a single item per factor [60]

Drinking motives (social, coping, enhancement, and
conformity)

Items developed for the study to balance drinking
questions

Nondrinking questions

Items adapted for the daily level from the Reasons for
Not Drinking [78]

Daily-level reasons for not drinking

Item developed for the study to assess drinking likeli-
hood in the next 24 hours

Drinking intentions

Items developed for the study to assess partner drinkingPartner drinking

Lesbian Women’s Daily Sexual Minority Stressors Scale
[41]

Daily sexual minority stressorsDaily sexual minority stres-
sors

Items adapted from the Heterosexist Harassment, Rejec-
tion, and Discrimination Scale [79]

Sexual minority discrimination

Items adapted from the Nebraska Outness Scale [80]Sexual identity concealment

Items adapted from different versions of the Positive
and Negative Affect Schedule

Positive and negative affectAffect

Secondary measures

Items adapted [69]Smoking and marijuana useDrug use

Items adapted from the Eating Attitudes Test [81] and
the Eating Disorder Examination Questionnaire [49,50]

Disordered eatingEating and body image

Items developed to assess current satisfaction with bodyBody dissatisfaction

Items adapted from the Daily Inventory of Stressful
Events [82]

Stressful or unpleasant experiencesGeneral stress and coping

Items adapted from the International Physical Activity
Questionnaire [83]

Sitting, walking, moderate activities, and vigorous activ-
ities

Physical activity

Items developed for the study to improve future researchLocation of survey completion, type of device used, and
perceived privacy

About the survey

Filler items

Items developed for the study to balance questions about
partner interactions

Importance and pleasantness of social interactionsGeneral social interactions

Items adapted from the Daily Social Exchanges Check-
list [84]

Positive social exchanges

Items developed for the study to balance drinking
questions

Television, internet, and social media useMedia use

Items adapted from the Time-Management Question-
naire [85]

Short-range planning and time attitudesTime management
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Results

To date, 228 women (114 couples) have been successfully
screened and been identified as eligible to participate in the
study. Of these eligible women, 208 women (104 couples) have
consented to participate and, thus, have been enrolled in the
study. During the consent process, to date we have had to send
reminder emails about consenting to 26% of women (59/228);
49 of these 59 women (83%) completed the consent within
several days of the email reminder. A total of 6 participants
discontinued participation after beginning the study but before
the 14-day daily diary surveys. Of the remaining 202
participants, 44 are actively completing the daily surveys, and
164 have completed the study. Of those participants who have
completed the study, compliance with the daily diaries has been
excellent; on average, participants have completed 92% of the
surveys (or 13 of 14 days). In reviewing the distribution of
compliance rates by participants, nearly all participants (97.6%,
160/164) have completed at least half of the daily surveys. Data
collection and enrollment is ongoing and expected to conclude
in fall 2018.

Discussion

Drawing from the literatures on sexual minority specific
processes (eg, sexual minority stress) and general processes
(negative affect and relationship factors), the primary objective
of Project Relate is to increase our understanding of between-
and within-person processes underlying hazardous drinking in
the understudied, at-risk population of SMW. A daily diary
methodology is being used to gain insight into the affective,
behavioral, and relationship experiences of female same-sex
couples working toward the goal of reducing health disparities
and improving the health of SMW.

Methodological Challenges and Considerations
Recruitment of couples into research endeavors is always a
challenge, and recruiting same-sex couples creates additional
challenges. Consequently, we devoted substantial effort to
develop and refine processes for participant recruitment and
retention. Below, we discuss the challenges faced when
designing and implementing Project Relate.

Participant Recruitment Decisions and Issues
Several challenges emerged when designing and implementing
this study regarding identifying and enrolling participants. First,
working with a market research firm to recruit has advantages
but also presents challenges. CMI has a large SMW panel who
regularly complete Web-based surveys and access to other
recruitment resources. The CMI employees are knowledgeable
about best practices for Web-based recruitment and survey
completion and contribute important ideas to assist with
recruitment and retention of participants (eg, length of survey,
compensation, and phrasing). At the same time, because CMI
does relatively less social science research (compared with
traditional market research for products), it was necessary to
figure out how to “speak the same language” so that we could
be faithful to the best social science practices (eg, measurement
fidelity and human subjects’ protections). For this study, CMI

is recruiting both through their proprietary panel of individuals
who identify as LGBT and through digital and event outreach
activities, including on social media sites such as Facebook,
Craigslist, and sexual minority-specific sites. By using multiple
recruitment sources, it is our goal to recruit a sample of SMW
who are diverse in terms of their race/ethnicity and in other
ways (eg, education and socioeconomic status). However, it is
already a challenge to recruit young sexual minorities for
research studies, and therefore, we recognize that to recruit a
sufficient sample, it is possible that our sample will be limited
in demographic characteristics.

Second, early in the study recruitment process, we observed a
trend in the way in which young SMW label their sexual
identity, which seemed to suggest that they were not identifying
as lesbian as frequently as we had expected. In consultation
with CMI, we learned that younger SMW whose attraction and
behavior are consistent with the traditional definition of the
“lesbian” label (ie, attracted to women or romantically involved
with women) are either choosing to identify in other ways (eg,
queer or pansexual) or are resisting labels altogether. Our initial
planned inclusion criteria required at least 1 partner to identify
as lesbian, but as a result of this consultation with CMI as well
as internal discussions among our investigators, within the first
month of recruitment, we changed this inclusionary criterion
to “only or mostly attracted to women” described in the Methods
section above. As researchers, our drive toward internal validity
encourages us to recruit a homogeneous sample of 1 type of
SMW (ie, lesbian women) that we can describe clearly; however,
this group may not accurately represent the larger population
of SMW, which is quite heterogeneous. This issue of how to
appropriately define and describe sexual minority individuals
is not new [92-94] and will likely continue to be a challenge
for researchers as labels evolve over time and is something we
will continue to attend to when designing future studies in this
line of work.

Third, given that we are recruiting couples, we were very
intentional in our protocol design regarding how and when we
contacted participants to ensure privacy, confidentiality, and
data fidelity. For example, when communicating with
participants, we always contact individuals, never both people
in the couple together (eg, in the same email). It is important
that no participant feels coerced to participate because of her
partner’s interest in the project. However, given this is a study
of couples, both partners have to consent and complete the
baseline survey before continuing in the study and must begin
the daily diaries on the same day. In the rare instances when 1
partner does not wish to continue, we thank the other partner
for her participation and compensate her for the portions of the
study she completed but do not mention her partner’s
noncompliance. In addition, to try to ensure we are getting
independent responses from each participant, in all of our
enrollment materials, we instructed participants not to complete
the surveys together; we send them individualized survey links
daily, and at the end of the daily survey, we enquire about the
level of privacy each individual had when completing the
survey. These privacy and data fidelity challenges are not unique
to studies with sexual minorities but are experienced by
researchers studying couples, and the concerns about collecting
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independent reports are likely more apparent in daily diary or
EMA studies because of the frequent, repeated assessments in
daily life.

Informational and Training Videos
To our knowledge, this study is one of the first to recruit
same-sex couples for a completely remote Web-based daily
diary collections, and thus, we decided to develop a series of
videos to explain the research. To evaluate the efficacy of these
videos, couples were randomized to either a written-only or a
video+written group to examine whether the videos improve
recruitment, attrition, and/or compliance. The videos are
considered part of the informed consent process and, thus, are
presented before the consent form, allowing us to examine
whether consent rates, study attrition, and compliance with the
study protocol differ by group. Evaluating the added utility (or
lack thereof) of the video instructions for participants in this
way can help to inform the design of future daily diary or EMA
studies that use remote data collection methods with young
adult participants.

Inclusion of Attention Check Items
As this project relies completely on remote Web-based data
collection, we were concerned that for the longer baseline
survey, participants could begin to respond randomly, without
fully reading each question. To attempt to identify if this is
occurring, in the baseline survey, we included a series of
attention check items, sometimes called “instructional
manipulation checks” [95]. These are items embedded in the
larger survey with instructions to select a particular answer (eg,
“Please choose ‘Frequently’”) or questions that have factual
answers (eg, “Which of the following is the largest number?”)
and are similar in format to other items in the survey. The
attention checks are only included in the baseline survey, given
its length (approximately 30 min). The daily surveys are much
shorter (approximately 5 min), so we are less concerned about
maintaining attention, and instead worried that including
attention check items every day could be excessively
burdensome and irritating for participants.

Research shows that including participants who fail attention
checks leads to reduced power to detect study aims [95].
Although some have questioned if the inclusion of attention
checks can adversely affect scale validity, recent studies have
shown that they do not [96,97], and in fact, the inclusion of
attention checks can improve performance on subsequent survey
items [98]. For this study, we are not interested in eliminating
participants who are inattentive but rather helping them to
become attentive. Thus, we introduce to participants in the
survey instructions (and videos) that these attention checks are
embedded to help maintain their attention. Moreover, after
failing an attention check, the survey automatically provides
feedback stating that we detected the participant was not fully
reading the instructions and asking her to respond again. This
feedback is repeated as necessary until she answers correctly.
This type of real-time feedback on attention checks has been
shown to improve subsequent performance [95].

Future Research Areas
EMA studies of health behaviors [99], as well as EMA studies
conducted in the context of couples or families (eg, in which
more than one person in a couple/family reports EMA data)
[100], are rapidly increasing in popularity because they can
examine more nuanced associations that consider individual,
dyadic, and contextual variables that may influence behavior
within people and couples over time. Despite growing interest
in daily health factors and related stressors such as minority
stress and alcohol use, research on daily experiences of sexual
minority individuals lags far behind [101]. There are 2 important
challenges that researchers are facing when conducting this
work. First, as has been discussed at length elsewhere with
respect to health behavior theories [102], existing theories may
need to be refined or redeveloped to be able to guide our
understanding of within-person processes that occur over
relatively short time frames (eg, minutes, days, and weeks).
Minority stress theories, including those that guided the
development of Project Relate [8,9] at times, suggest predictions
that involve within-person processes that may occur over short
time frames but have largely been tested using cross-sectional
designs (testing between-person processes) or traditional
longitudinal designs (testing longer-term within-person
processes). Project Relate is designed such that it will be able
to test aspects of minority stress theories and presents an
opportunity to extend and refine these theories to further the
understanding of within-person processes in daily life.

A second challenge we encountered when designing Project
Relate is the relative lack of well-established, validated measures
that are appropriate for daily assessments. In Table 2, we provide
a description of where we adapted measures from, based on
either previous daily diary research with heterosexual couples
or from existing retrospective measures. Importantly for Project
Relate, we were unable to identify a measure of sexual minority
stress that was appropriate for daily administration and, thus,
created a daily sexual minority stressor measure [41] to use in
this study. The lack of validated measures that are appropriate
for daily or EMA studies highlights the importance for future
work in this area to create new measures.

At present, the ability to provide education, mental health
counseling, and interventions that are optimally effective for
SMW is limited by our lack of understanding of key variables
to incorporate in these efforts. Furthermore, the limited data
available about relationship factors and alcohol use among
SMW are typically derived from 1 respondent who provides
information about herself and her partner. To address this
limitation, our approach requiring both partners to participate
is generating higher quality data on both partners’ affective,
behavioral, and relationship experiences. In addition, we are
including other variables both specific to SMW and heterosexual
couples that may impact hazardous alcohol use. We believe it
is critical to consider how couple-level dynamics/variables may
impact hazardous alcohol use and related issues. In addition,
we believe that understanding both daily and between-subjects’
mechanisms that may increase risk for hazardous alcohol is
critical as is identifying protective factors that may attenuate
this risk. By testing an empirically informed model that
articulates probable within- and between-person factors and
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relationship variables that increase hazardous alcohol use, we
believe this work will provide a necessary intermediary step
toward informing culturally tailored prevention and intervention

studies for SMW and contribute to a goal of the Healthy People
2020 initiative to improve the health and well-being of SMW.
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Abstract

Background: Diabetic retinopathy (DR) is one of the most important causes of blindness worldwide, especially in developed
countries. In diabetic patients, periodic examination of the back of the eye using a nonmydriatic camera has been widely
demonstrated to be an effective system to control and prevent the onset of DR. Convolutional neural networks have been used
to detect DR, achieving very high sensitivities and specificities.

Objective: The objective of this is paper was to develop an artificial intelligence (AI) algorithm for the detection of signs of
DR in diabetic patients and to scientifically validate the algorithm to be used as a screening tool in primary care.

Methods: Under this project, 2 studies will be conducted in a concomitant way: (1) Development of an algorithm with AI to
detect signs of DR in patients with diabetes and (2) A prospective study comparing the diagnostic capacity of the AI algorithm
with respect to the actual system of family physicians evaluating the images. The standard reference to compare with will be a
blinded double reading conducted by retina specialists. For the development of the AI algorithm, different iterations and workouts
will be performed on the same set of data. Before starting each new workout, the strategy of dividing the set date into 2 groups
will be used randomly. A group with 80% of the images will be used during the training (training dataset), and the remaining
20% images will be used to validate the results (validation dataset) of each cycle (epoch). During the prospective study, true-positive,
true-negative, false-positive, and false-negative values will be calculated again. From here, we will obtain the resulting confusion
matrix and other indicators to measure the performance of the algorithm.

Results: Cession of the images began at the end of 2018. The development of the AI algorithm is calculated to last about 3 to
4 months. Inclusion of patients in the cohort will start in early 2019 and is expected to last 3 to 4 months. Preliminary results are
expected to be published by the end of 2019.

Conclusions: The study will allow the development of an algorithm based on AI that can demonstrate an equal or superior
performance, and that constitutes a complement or an alternative, to the current screening of DR in diabetic patients.

International Registered Report Identifier (IRRID): PRR1-10.2196/12539

(JMIR Res Protoc 2019;8(2):e12539)   doi:10.2196/12539
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Introduction

Diabetic retinopathy (DR) is one of the most important causes
of blindness worldwide, especially in the most developed
countries [1,2]. Up to 20% of type 2 diabetics have DR lesions
at the time of diagnosis, and after 20 years of evolution of the
illness, >60% of the patients have developed DR. The percentage
of diabetic patients who have never undergone an
ophthalmoscopic exploration exceeds 30% according to different
studies [3].

DR appears and evolves asymptomatically for years, and it is
in the early stages (asymptomatic) when the treatments to avoid
vision loss are really effective. With early detection, DR can be
treated with techniques that have been shown to reduce the risk
of severe vision loss by >90% [3].

Regularly examining the fundus of the eye of known diabetic
patients using a nonmydriatic camera has been widely shown
to be an effective system to control and prevent the onset of DR
[3-6]. Nonmydriatic retinal photography is a good alternative
to direct ophthalmoscopy for the screening of DR; it offers high
sensitivity and specificity (87% and 97%, respectively),
simplicity of the technique, greater accessibility, ease in the
registration of information (the computerized file that allows
the evolutionary monitoring of the lesions), and better
cost-effectiveness ratio compared with the ophthalmoscopy
method with pupillary dilatation [7,8].

On the other hand, in recent years, there has been a substantial
improvement in the field of artificial intelligence (AI) applied
to the classification of medical images through deep learning
techniques using convolutional neural networks (CNNs) [9]. In
some cases, performances comparable to those obtained using
specialist physicians have been reported [10-12]. These CNNs
have also been used for the detection of DR, obtaining high
sensitivities and specificities [13,14] with accuracies of up to
97.71% [15,16]. A recent study has reported a sensitivity and
specificity of 92.5% and 98.5%, respectively. In this study,
85.6% of false-positive cases were due to a misclassification of
mild or moderate DR and 77.3% of all false-negative cases
occurred for undetected intraretinal microvascular abnormalities
[17]. However, none of these algorithms have been developed
with a population from southern Europe.

The current state-of-the-art screening for AI systems for medical
images like the fundus images is a combination of AI technology
(deep learning system) connected to a reading center with a
board of retinal experts to confirm the positive cases diagnosed
by the deep learning system and optimized to achieve high
sensitivities. An AI system incorporated into routine clinical
practice to detect DR is currently being beta-tested by the
Singapore National Diabetic Retinopathy Screening Program
[18,19].

The aim of this study is to develop an AI algorithm for the
detection of signs of DR in diabetic patients and to scientifically

validate the algorithm to be used as a screening tool in primary
care.

Methods

Study Design
This project will follow a methodology similar to that used by
Li et al [17] and will consist of 2 concomitant studies: In the
first study, we will develop an AI algorithm to detect the signs
of DR in patients with diabetes. The phases of the study are
described in Textbox 1.

The second part of the project will consist of the elaboration of
a prospective study that will allow comparing the diagnostic
capacity of the algorithm with that of the family medicine
physicians and with retina specialists. The reference will be a
blinded double reading conducted by the retina specialists (with
a blinded third reading in case of disagreement in the previous
2 readings). In this way, the results obtained, both by the AI
algorithm and by family medicine specialists, will be compared
using the gold standard (accuracy, sensitivity, specificity, area
under the curve, etc). The inclusion of nurses who received
training in fundus readings will be considered to compare their
diagnostic capacity.

Study Population, Site Participation, and Recruitment
Images for the development of the algorithm will be ceded by
the CHS and will include images from the whole Catalan
population. The prospective study will take place in the primary
care centers managed by the Catalan Health Institute in Central
Catalonia, which includes the counties of Bages, Osona,
Berguedà, and Anoia. The reference population will be the
population assigned to these primary care centers. This
population included about 512,000 people in 2017 [20], with
an estimated prevalence of diabetes of 7.1% [21].

The study period will include 2010-2017 for the development
of the algorithm with AI. The prospective study will begin once
the algorithm is developed and will run until the number of
readings needed is obtained (about 3-4 months).

Conduct of the Study
For the development of the AI algorithm, all fundus images
labeled as DR of patients from primary care centers in Catalonia
between 2010 and 2017 will be included. For the prospective
study, all the images of patients who underwent an eye fundus
examination will be included from the study start period until
the adequate number of patients is reached.

A high percentage of fundus images must have sufficient quality;
that is, a 40-degree vision of the central retina where at least a
three-fourth part of the optic nerve, a well-focused macula, and
well-defined veins and arteries of the upper and lower arcs can
be seen. Eye fundus images that do not have adequate technical
quality (dark) or that cannot be evaluated due to the opacity of
the media (eg, for cataracts) will be excluded. Development of
the AI algorithm is explained in Textbox 2.
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Textbox 1. Phases of the first study.

1. Transfer of anonymized retinal images labeled as DR by the Department of Health though the Catalan Health Service (CHS).

2. Evaluation of the quality of the images to discard images of very low quality and evaluation of data distribution.

3. Machine learning. Iterative process with 2 phases (training and adjustments) until satisfactory results are obtained:

• Training of the machine with the dataset and obtention of results.

• Making the necessary adjustments:

• A specialized engineer from OPTretina will evaluate the possibility of improving the algorithm and will determine the following:

• The adjustments that should be made in the design of the neural network (preprocessing, number of layers, optimizer, learning
rate, dropout, batch size, epoch number, etc) that can help improve the algorithm.

• The most interesting batch of images that must be revised in order to significantly improve the learning of the algorithm in the
next training. These images are images with predictions contrary to labeling (possible mislabeling) and predictions of low confidence
(border cases).

• Retina specialists (collaborators of OPTretina) will review the labeling of all the images selected in the previous step. In the final
phases, up to 3 readings from different retina ophthalmologists may be necessary to reach a consensus in the labeling of border cases.

• Development or installation of the algorithm in the CHS Electronic Medical Records system to be used by family medicine physicians in
their workplace in real time. This integration is not essential for the realization of the project, but it will start during the development of the
project.

Textbox 2. Development of the artificial intelligence algorithm.

Independent variables:

• (number of) true positives (TPs)

• (number of) true negatives (TNs)

• (number of) false positives (FPs)

• (number of) false negatives (FNs)

Dependent variables:

• Sensitivity or true positive rate=TP/(TP+FN)

• Specificity or true negative rate=TN/(TN+FP)

• Accuracy=(TP+TN)/(TP+FP+FN+TN)

• Area under the receiver operating characteristic curve: graphic representation that shows the diagnostic capacity of a binary classifier based on
the variation in the discrimination threshold. It is obtained by plotting the sensitivity against (1−specificity) under different discrimination
thresholds.

Data Collection
For the development of the AI algorithm, it is necessary to have
the anonymized images with the corresponding label that
classifies each image (in one of the classes with which the
algorithm is to be trained). The personnel responsible for
information technology (IT) of the CHS will evaluate the best
strategy for the anonymization and extraction of the images
from the computer systems of the CHS, as well as the
identification of each image with a unique identifier. On the
other hand, a tabulated file type CSV or TXT will be required
to relate each image identifier with the corresponding
classification. The person responsible for IT of the CHS,
together with the technical manager of OPTretina, will agree
on the best way to transfer these 2 sources of information, in a
secure way, from the CHS servers to the OPTretina servers
(SSH File Transfer Protocol, external hard disk) depending on
the volume of data to be transferred and the internal policy of

the CHS. OPTretina is experienced in developing AI models
for automatic fundus image classification and is a Spanish
Agency of Medicines and Health Products-certified medical
device manufacturer.

For the prospective study, anonymized weekly fundus data
readings collected by family medicine physician readers of
fundus images in Central Catalonia will be collected. The images
will be transferred to the OPTretina servers to be first analyzed
by the diagnostic algorithm and then by the retina specialists
who will make the definitive diagnosis. The person responsible
for IT of the CHS, together with the technical manager of
OPTretina, will agree on the best way to transfer these data in
a secure manner.

Ethical Considerations
We will follow the ethical principles of the Declaration of
Helsinki of 1964 reviewed by the World Health Organization
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in the year 2000 in Edinburgh as well as the Spanish Organic
Law 15/1999 Protection of Personal Data of Character adapted
to the General Regulation of Data Protection. All information
collected will be treated confidentially in strict compliance with
legislation in observational studies.

For the development of the AI algorithm, only anonymized data
will be used to guarantee at all times the confidentiality of the
data shared with the computer systems of OPTretina. Image
property rights will always remain with the CHS. OPTretina
will return the images once the algorithm has been developed.

Our study does not foresee any contact with patients during the
development of the AI algorithm. During the prospective study,
family medicine physicians, who are the regular readers of
fundus images, will not know the determination made by the
algorithm. In this way, the medical criteria of the family doctor
will be the usual, without any possibility of interference or bias.
During the study, all readings will be blind and independent.
At the end of the study, the results of the evaluations of the
images of the prospective study will be compared with the
readings made by the retina specialists (considered the gold
standard) and analyzed. If any discrepancy is detected that is
potentially dangerous for the patient, the family doctors who
have made the assessment will be informed so that they can
take the measures they consider appropriate according to their
clinical criteria. This study protocol has been already approved
by the Catalan Institute in Primary Care Research (IDIAP Jordi
Gol) Health Care Ethics Committee on 29/06/2018 (code
P18/109).

Statistical Analysis

Sample Size Calculation
For the development of the AI algorithm, it is convenient to
have at least 80,000 fundus images with a distribution of classes
(classification groups) that have enough examples of each class.
It is recommended that the classes are as balanced as possible
and that the minority group has at least 5000 examples. These
calculations have been made taking into account the available
literature [19] and the conclusions and consensus of specialized
discussion groups such as Kaggle [22], among others.

For the prospective study, we calculated that 1000 consecutive
patients (who meet the inclusion criteria) would be needed. This
number has been calculated taking into account the recent
precedent of scientific evidence accepted by the Food and Drug
Administration in the validation of a similar algorithm [14,23].

Planned Analysis
When developing the AI algorithm, as explained in the
methodology and design section, different iterations and
trainings will be conducted on the same dataset. Before starting
every new training, we will use a widely known strategy in
CNN, whereby the dataset is started in 2 groups in a random
way. A group with 80% of the images will be used during
training (training dataset), and the other, the remaining 20% of
the images (validation dataset), will be used to validate the
results of each cycle (epoch). Provided we have a large dataset,
80% of instances will be enough to avoid variance in parameter
estimation. Using the other 20% for cross-validation will be

enough to avoid variance in the performance metric. Depending
on the results of the first experiments (training and validation),
we will adjust the 80:20 split ratio. At the end of each epoch,
we will record the values of accuracy and loss, both for the
training dataset and the validation dataset, and will paint a
graphic showing the evolution. Analyzing these graphs, the
engineer will be able to extract very valuable information to
know how many epochs will be necessary, whether the learning
rate is adequate, whether the phenomenon known as overfitting
is appearing, etc.

With the validation dataset, we will calculate true positives
(TPs), true negatives (TNs), false positives (FPs), and false
negatives (FNs); from there, we will obtain the confusion matrix
as well as the rest of the indicators that measure the performance
of the algorithm. With a more detailed image-by-image analysis,
the candidate images to be revised in order to improve the
quality of the labeling will be obtained.

During the prospective study, family medicine physician readers
will evaluate the fundus images as usual and report their findings
in the electronic medical notes. After this, they will upload the
images, together with a unique patient ID, in a Web application
provided by OPTretina. The uploaded images will then be
available for the AI algorithm and for the board of retina
specialists to perform the corresponding diagnostic and
classification analysis. A blinded double reading will be done
by the retina specialists with a third reading in case of
disagreement.

Once all the patients included have been evaluated, all data will
be exported and linked based on the patient unique ID to analyze
the results and calculate the performance metrics for the
comparisons. Furthermore, we will measure the performance
of the AI algorithm using the public Messidor-2 dataset
(collection of DR examinations). We will again calculate the
values of TP, TN, FP, and FN; from there, we will obtain the
confusion matrix and the rest of the indicators to measure the
performance of the algorithm. Both the algorithm and the
readings made by the team of family medicine physician readers
will be compared with the reference blinded double readings
made by the retina specialists, and the final indicators will be
obtained.

• Sensitivity or true positive rate=TP/(TP+FN)
• Specificity or true negative rate=TN/(TN+FP)
• Accuracy=(TP+TN)/(TP+FP+FN+TN)
• Area under the receiver operating characteristic curve

(AUC)

In cases where the AUC of the algorithm is superior to that of
the specialists in family medicine readers and superior to 0.75,
we will be able to say that we have obtained a good algorithm.
The following intervals have been established for different
values of AUC [24]:

• [0.5, 0.6]: Bad test
• [0.6, 0.75]: Regular test
• [0.75, 0.9]: Good test
• [0.9, 0.97]: Very good test
• [0.97, 1]: Excellent test
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Results

Cession of the images began at the end of 2018. Once the quality
of the images has been evaluated, we will start with the
development of the algorithm, which is calculated to last about
2 months. The inclusion of patients in the cohort will begin in
early 2019 and is expected to last 3 to 4 months. We expect the
preliminary results to be published by the end of 2019 and
complete analysis to be published by 2020.

Discussion

Summary
This project offers several benefits. First, it facilitates the use
of information and knowledge accumulated in the existing
database available to the CHS and presentation of a success
case of great relevance for similar future projects. Second, other
signs of pathology are also detectable in retinal images, which
opens the door for the development of new algorithms, such as
those for the detection of macular degeneration associated with
age, for suspicion of glaucoma, for presence of nevus and
epiretinal membrane. This may allow, with certain indications
for use, establishment of protocols for screening of general
population or of certain risk groups. Third, so far, no similar
algorithm has been developed with a population from southern
Europe. It would be the first time that images taken from local
population from this area are used, giving greater sensitivities
and specificities to our environment.

If the results are found to be satisfactory, they can be used as a
tool to support family medicine physicians’ decisions and,
therefore, can save them valuable time. In addition, if the results
of the scientific validation are found to be satisfactory, it will
be possible to obtain the CE mark as a sanitary product, which
opens the door for its use as an automatic system that does not
require the intervention of a doctor.

Strengths and Limitations of the Study
The difficulties and limitations that we can expect for this
project are those related to projects of these characteristics:

• Data volume: It is always difficult to transfer and store
gigabytes of images. We will solve these difficulties by

hiring Amazon Web Services to obtain the bandwidth and
storage capacity necessary to host the data in a secure and
encrypted manner.

• Necessary graphic processing capacity: The iterative
training of deep neural networks imposes a very important
cost in time and money, requiring special servers with a
graphic calculator capacity of last generation. To mitigate
this limitation, in the preprocessing of the images, the
resolution of the images is reduced (eg, from 2400×2400
pixels to 512×512 pixels), which can cause information
loss. For example, small microaneurysms (characteristic of
incipient DR) cannot be detected in low resolution. With
the available bibliography and with the publications of the
winners of the Kaggle [22] contest, we know that with
512×512 pixels, we can obtain the best results while at the
same time overcoming or adequately mitigating the
limitation of the processing capacity necessary during the
iterations in learning.

• Presence of noise (problematic images or incorrect labels)
that makes learning difficult: A certain level of noise has
been shown to be positive in order to obtain a more tolerant
and robust algorithm, in view of the real day-to-day data,
but it is necessary that the noise ratio is low so that this
does not to interfere with the learning of the machine. The
noise comes mainly from the following:
• mislabeled images
• low-quality images (darkness, brightness, contrast, too

much flash, etc)
• presence of artifacts (dirt on the camera lens)

• Class distribution: Usually, there are many normal images
and very few of a certain class or group of pathology. This
is one of the main problems presented in the Kaggle contest
[22]. In our study, we will not have this problem because
we have access to many images labeled with different
grades of DR.

Conclusions
It is possible to develop an algorithm based on AI that can
demonstrate an equal or superior performance (measurable and
comparable) and that constitutes a complement or an alternative
to the current system based on screening of DR performed by
family medicine physicians.
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Abstract

Background: Despite the enormous number of assistive technologies (ATs) in dementia care, the management of challenging
behavior (CB) of persons with dementia (PwD) by informal caregivers in home care is widely disregarded. The first-line strategy
to manage CB is to support the understanding of the underlying causes of CB to formulate individualized nonpharmacological
interventions. App- and sensor-based approaches combining multimodal sensors (actimetry and other modalities) and caregiver
information are innovative ways to support the understanding of CB for family caregivers.

Objective: The main aim of this study is to describe the design of a feasibility study consisting of an outcome and a process
evaluation of a newly developed app- and sensor-based intervention to manage CB of PwD for family caregivers at home.

Methods: In this feasibility study, we perform an outcome and a process evaluation with a pre-post descriptive design over an
8-week intervention period. The Medical Research Council framework guides the design of this feasibility study. The data on 20
dyads (primary caregiver and PwD) are gathered through standardized questionnaires, protocols, and log files as well as
semistructured qualitative interviews. The outcome measures (neuropsychiatric inventory and Cohen-Mansfield agitation inventory)
are analyzed by using descriptive statistics and statistical tests relevant to the individual assessments (eg, chi-square test and
Wilcoxon signed-rank test). For the analysis of the process data, the Unified Theory of Acceptance and Use of Technology is
used. Log files are analyzed by using descriptive statistics, protocols are analyzed by using documentary analysis, and semistructured
interviews are analyzed deductively using content analysis.

Results: The newly developed app- and sensor-based AT has been developed and was evaluated until July in 2018. The
recruitment of dyads started in September 2017 and was concluded in March 2018. The data collection was completed at the end
of July 2018.

Conclusions: This study presents the protocol of the first feasibility study to encompass an outcome and process evaluation to
assess a complex app- and sensor-based AT combining multimodal actimetry sensors for informal caregivers to manage CB. The
feasibility study will provide in-depth information about the study procedure and on how to optimize the design of the intervention
and its delivery.
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Introduction

Background
The management of dementia is complicated by the presence
of behavioral and psychological symptoms, also referred to as
challenging behavior (CB) [1,2]. CB includes a wide range of
behaviors such as screaming, restlessness, wandering, pilfering,
or hoarding [3]. CB represents a complex construct that results
from the interaction of biological, psychological, and social
factors that are idiosyncratic to the person with dementia (PwD)
[4]. This behavior causes considerable stress for family
caregivers [5] and is one of the most common reasons why
family members transfer care responsibilities to residential care,
for example, nursing homes [6,7]. Due to the limited positive
effects of psychotropic medications and their tremendous
adverse effects [8,9], individualized nonpharmacological
approaches combining caregiver education and support with
direct intervention for the PwD are the first-line strategies to
manage CB [10,11]. Consequently, the current guidelines on
CB emphasize the importance of describing the behavior and
the context in which behavioral symptoms occur as well as
identifying potential modifiable triggers for CB from which to
derive a treatment plan to address the underlying contributors
[12-14]. Therefore, approaches are needed that include an
assessment of the topography (nature, duration, and frequency),
consequences (safety and stress), and multitude of the possible
bio-psycho-social causes of CB. Afterwards, the results of the
assessment must be linked to individual interventions in a
meaningful way [15]. To date, systematic approaches
incorporating both the description of the behavior and its
underlying causes and linking the assessment to individualized
interventions in a meaningful way, especially for the homecare
environment, are rare [15].

Several widely used instruments are available to assess CB such
as the neuropsychiatric inventory (NPI) [16], the
Cohen-Mansfield agitation inventory (CMAI) [17], and in
homecare, the revised memory and behavior problems checklist
[18]. However, the primary focus of these instruments is the
description of the behavior rather than the understanding of the
underlying causes of CB [19]. In the German context, the
Innovative dementia-oriented Assessment system (IdA) is
available, which was originally developed to systematically
guide nursing staff in the description and analysis of the
underlying causes of CB of nursing home residents [19]. The
theoretical framework of the IdA instrument is the need-driven
dementia-compromised behavior model [20]. There is evidence
that the IdA instrument in combination with dementia-specific
case conferences stimulates self-reflection and external
reflection about the CB by members of nursing staff [21].
Furthermore, this approach supports the nursing staff to describe
the CB and its circumstances more accurately [21]. Although

the IdA instrument was originally developed for use in the
nursing home setting, it might also be a useful instrument for
family caregivers in the home care setting. To support family
caregivers in the caring of PwD and the management of CB,
many different approaches have been developed [1]. In this
regard, many studies have highlighted the potential of assistive
technologies (ATs) to support family caregivers [22]. AT is an
umbrella term that describes “a product, equipment or device,
usually electronic or mechanical in nature, which helps people
with disabilities to maintain their independence or improve their
quality of life” [23,24]. Despite the enormous number and
diversity of ATs in dementia care [24], the technology-based
management of CB is highly underrepresented [25,26]. ATs
combined with multimodal actimetry sensor technology might
provide a promising and innovative addition to the existing
face-to-face approaches for family caregivers [27,28]. Actimetry
sensors can capture wide facets of CB by measuring
acceleration, movement, rotation, and the location of an
individual. In-depth information about the context in which the
CB occurs can be assessed particularly well by measuring air
pressure, loudness, and light level with actimetry sensors [29].
Although using standardized assessments, these reports are
related to the point of view of the caregiver, which is influenced
by many different factors. These factors can include the
subjective view of the caregiver, the period that the caregiver
and PwD spend together, or even the memory of the caregiver
[30]. In addition, accelerometric measures show associations
between the accelerometric motion score (AMS) and the
physical nonaggressive behavior domain of CMAI [28]. To the
best of our knowledge, there is only 1 Web-based technology,
the WeCareAdvisor, that supports caregivers in analyzing the
underlying causes and management of CB [31]; however, it
does not include the potential to employ actimetry sensor
technologies. The insideDEM study aims to develop and test
the feasibility of an assistive technology–based intervention
that includes a multimodal actimetry sensor technology for
family caregivers of PwD to understand CB and to manage CB
in the home care environment. The purpose of this paper is to
describe the design of a feasibility study as the Medical Research
Council (MRC) framework recommends in the development of
complex interventions. The feasibility study includes outcome
and process evaluations.

Objectives
The primary aim of the outcome evaluation is to test the study
procedure and the practicability of the intervention itself and
to select the appropriate outcomes. The main aim of the process
evaluation is to gain information about the processes of delivery,
the acceptance of the intervention, and the requirements to
optimize the design of the intervention. Both evaluations
contribute to the development of a pilot study and even a trial
on a larger scale [32].
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Table 1. Domains according to the Medical Research Council framework for process evaluation and research questions.

Research questionsSubdomainDomain

How were the households recruited for the intervention, and
which individuals received the intervention?

Recruitment and reach of householdsA: Implementation of the intervention

Was the intervention delivered as intended for each of the
households?

Delivery of the intervention to households

What adaptations of the delivery of the intervention are made
during the intervention phase?

Adaptations of the implementation

How is the acceptance of the caregivers with respect to the
intervention?

Response or acceptanceB: Mechanism of impact of the interven-
tion

How is the acceptance of persons with dementia with respect
to the intervention?

Response or acceptance

Does the intervention lead to unexpected consequences and
pathways?

Unexpected consequences and pathways

What adaptations of the intervention had to be made during
the intervention?

Adaptation of the intervention

What are the ethical implications of the assistive technology,

and how are they influencing the design of the ATIa?

Ethical evaluationC: Context of the intervention

What are the legal and social implications of the ATI in the
German context regarding reimbursement by the statutory
health insurance and the regulations of the German Act on
Medical Devices (Medizinproduktegesetz)?

Social and legal implications

What are the economic implications of the actual effort of the
development, delivery and standard operating costs, and further
costs for realizing a sufficient ATI?

Economic evaluation

aATI: assistive technology intervention.

Research Questions
The outcome evaluation is guided by the following research
questions:

1. What effect does the assistive technology intervention (ATI)
have on CB and agitation of the PwD?

2. What effect does the new ATI have on the (1) primary
caregivers’ skills to manage the CB of the PwD, (2) quality
of the current caregiving relationship to the PwD, (3)
behavior-related distress, (4) self-perceived health, and (5)
goals of caregiving?

The process evaluation is guided by the following research
questions, which are subdivided into 3 domains (Table 1).

Methods

Study Design and Setting
This prospective exploratory feasibility study is a phase 2 study
according to the MRC framework for the development and
evaluation of complex health care interventions [32,33]. This
study uses a pre-post design with an 8-week intervention period,
without a control group. The setting of the study is the home
environment of family caregivers and PwD in the region of
Krefeld, North Rhine-Westfalia (Germany).

Eligibility Criteria

Person With Dementia
A PwD is included in the study if he or she (1) has either a
documented diagnosis of dementia or a Mini-Mental State
Examination [34] score of 24 or less and (2) shows at least one
CB according to NPI [35]. The exclusion criteria are a
documented restless legs syndrome (International Statistical
Classification of Diseases and Related Health Problems, ICD
10, G25.81), a Korsakoff syndrome (ICD 10, F10.6 and F11-F
19), or a disorder of adult personality and behavior (ICD 10,
F60.0-F60.9).

Family Caregiver
A caregiver is included if he or she (1) is the primary caregiver;
(2) lives in the same household as the PwD; (3) provides at least
4 hours/day of care; (4) understands, reads, and writes in the
German language; (5) has no visual impairment; and (6) is
willing to use the technology over the course of the intervention
period. Specific competences in the use of any technology are
not required.

Intervention
The new complex ATI for caregivers to manage the CB of PwD
was developed by a multidisciplinary team using a user-centered
design process with different methods: user workshops, usability
tests, cognitive debriefing, and consecutive expert panels. The
user of the ATI is a primary caregiver of a PwD. The ATI will
be placed in the homes of caregivers of PwD, and it aims to
support the caregiver in understanding the behavior of his or
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her family member with dementia, in monitoring their behavior,
and in choosing individualized interventions. Moreover, the
ATI should help the caregiver to collect and communicate
information regarding behavior to relevant health care workers.
The ATI consists of different hardware and software components
(Figure 1).

App User Interface
The key component of the ATI is an app user interface (AppUI)
with the IdA [19], which was transformed into a digital
app-based version. The AppUI consists of 4 major components
(I-IV), shown in yellow in Figure 2.

Figure 1. Software and hardware components of the insideDEM intervention. GP: general practitioner.

Figure 2. Components of the app user interface. GP: general practitioner; PwD: persons with dementia.
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Component I: Behavior Assessment

This component contains a home care–adapted digital version
of the IdA that is divided into 2 parts with 8 domains
encompassing 55 questions. Part 1: domain 1: description of
the behavior includes 11 questions concerning general
information on the behavior (description of the behavior,
situation, frequency, occurrence, severity, and context) and the
level of perceived burden [19]. Part 2: domains 2 to 8: capturing
the triggers of the behavior: domain 2 cognitive status (9
questions), domain 3 physical health status and discomfort (9
questions), domain 4 independence in everyday life (4
questions), domain 5 communication (5 questions), domain 6
personality and lifestyle before the onset of dementia (4
questions), domain 7 mood and emotions (8 questions), and
domain 8 environmental influences (5 questions).

In addition, component I includes 2 subcomponents:
subcomponent A, explanation of assessment parts, domains,
and questions and subcomponent B, textual summary of the
collected information.

Subcomponent A is a guiding and educational element of AppUI
intended to lead the caregiver through the assessment process
(introduction to every assessment domain). Every question of
the assessment is accompanied by an on-demand information
button. This button will provide more detailed information about
the specific topic of a question displayed on a pop-up screen.
This information contains a textual explanation of why the
specific question is important to answer in the context of CB,
and there are examples of how caregivers obtain information
to answer the question. In Subcomponent B, a textual summary
of the information collected is shown after the user has
completed an assessment domain. The collected data are slightly
rephrased, and the summary has to be acknowledged by the user
to ensure its validity.

Component II: Recommendation

On the basis of the collected information in domains 1 to 8 of
component I, the user will obtain individualized
recommendations for possible nonpharmacological
interventions. For example, the assessment contains the question
“Did you talk to the general practitioner (GP) about possible
side effects of the medication?” Here, for example, the user
obtains suggestions about important questions for the GP for
the next visit.

Component III: To-Do List

The to-do list includes the important questions for the GP from
the recommendations in component II. The list can be accessed
by the user from the home screen.

Component IV: Calendar

The calendar shows all entries from the behavior assessment
according to the date of the documentation from the user
(component I).

Hardware Components and Technical Infrastructure

Home Server Operating Case

The delivery of the technical infrastructure is based on a modular
and flexible distributed system architecture to provide a basis
for future enhancements (eg, a more complex integration of
sensor data). The hardware consists of a tablet personal
computer and a sensor bracelet for gathering vital data from the
PwD. The data processing (storage, distribution, and signal
processing, which should be emphasized in future projects) is
performed by a dedicated embedded system in the domicile of
the study participants. A central home server is responsible for
gathering data from all clients for observation and subsequent
analysis and to enable further system extensions, for example,
giving access to external entities such as caregivers and medical
services. Moreover, this server is responsible for maintenance
tasks and the automatic configuration and updating of the client
systems (Figure 1). All involved systems use a message broker
for communications in a secured environment (dedicated
wireless local area network [WLAN] and virtual private network
tunnels) and are accessible to external systems through standard
interfaces. For the delivery of the technical infrastructure, we
developed a home server operating case that includes the home
server, an independent WLAN router and the capability for all
devices to be charged by the user.

Sensor Bracelet

A sensor bracelet tailored to the specific needs of the insideDEM
study has been developed [29,36]. As shown in Figure 3, this
instrument is a watch-like device to be worn on the wrist or
ankle. The bracelet contains numerous sensors to record data
from the PwD and the environment. The sensors, including their
specifications, are listed in Table 2. The bracelet is fully
programmable and is currently setup in such a way that it records
the data in a manner that is as detailed as possible. For example,
accelerometers and gyroscopes record with a sampling rate of
up to 100 Hz. On the basis of Bluetooth low-energy and
dedicated beacons (Texas Instruments CC2650STK, shown in
Figure 4), location information is recorded.

During the study, the bracelet has to be charged through a
Universal Serial Bus connection to the home server. In this
system, the offload manager is used to (1) load the recorded
data from the bracelet, (2) scan the data with respect to
symptoms indicating malfunctioning or an incorrect use of the
sensor, and (3) prepare the bracelet for the next recording session
(cleaning and synchronizing times). As soon as the sensor is
ready for recording (indicated on the display) and detached from
the home server, it starts recording the data, that is, no manual
intervention is needed to prevent loss of data. The recorded data
are transformed into an activity plot highlighting very active
and very passive episodes. Due to the cognitive decline of the
PwD, the primary caregiver of the PwD must be responsible
for equipping the PwD with the nonintrusive sensor bracelet
and for monitoring its proper functioning on a daily basis.
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Figure 3. Sensor bracelet developed for insideDEM.

Table 2. Sensor modalities and corresponding sampling frequencies recorded by the sensor bracelet.

Frequency of dataSensor modality

100 Hz3-axis accelerometer

100 Hz3-axis gyroscope

50 HzSkin temperature sensing

50 HzReference temperature sensing

50 HzPhotoplethysmography

On every Bluetooth eventBluetooth beacon recording

The intervention assistants who deliver the ATI to the
participants are trained nurses (later called intervention
assistants) from a day care center of a communal residential
care institution in Krefeld, Germany, with longstanding working
experience in the care of PwDs. The intervention assistants are
trained in using the ATI and in counseling alongside a
self-developed delivery protocol (Multimedia Appendix 1). The
caregivers obtain several in-house trainings (Table 3) and
information sheets with important information about the ATI
and the general study procedure. To manage participant attrition
[37] and to encourage the use of the ATI, family dyads are
visited twice after the first initial in-home visit. A second
in-home visit is conducted in the second week and a third, in
the fourth week with an intervention period at the end. In
addition, intervention assistants provide the opportunity for
individualized in-home visits, which can be requested by the
participants through a telephone support hotline. The
intervention assistants provide first-level troubleshooting for
all technical problems. To provide a standardized process for

all participants in the use of the ATI, in this early development
phase, the participants are asked to complete the whole
assessment in component I with all questions at least once in 1
week. In addition, the participants are encouraged to use the
ATI as often as they feel comfortable doing so. From our
previous study, we have found that most PwDs will have good
compliance regarding the bracelet [29]. We are aware that
wearing a device can be a burden for the PwD and it might not
be tolerated. Especially during the first in-house face-to-face
training for caregivers (1-1.5 hours), the intervention assistants
will focus on how the bracelet will be tolerated by the PwD. If
there is any sign of burden or extra CB by the PwD before or
during the intervention, we will instruct the caregiver to take
off the bracelet immediately. The ATI can be used without the
bracelet.

Delivery of Intervention
The process of delivery of the ATI is facilitated by different
actions (Table 3).
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Figure 4. Bluetooth low energy beacon (red) and the sensor bracelet.

Table 3. Components of the delivery of the intervention.

Performance of the deliveryElementsTimeline

Project teamTraining of the main intervention assistants in the use of the assistive
technology (2 days and 10 hours)

Preintervention

External providerCounseling training of the assistive technology intervention (2 days and
16 hours)

Preintervention

Intervention assistantsIn-house face-to-face training for caregivers (1-1.5 hours)First week of intervention

Intervention assistantsIn-house visit and supervision of the caregiversSecond week of intervention

Intervention assistantsIn-house visit and supervision of the caregiversFourth week of intervention

Intervention assistantsAdditional in-house visits on demandFifth to eighth weeks of intervention

Intervention assistantsTelephone hotline for prompt help, leaflet with written instructionsFirst to eighth weeks of intervention

Data Collection

Sociodemographic Data
The sociodemographic data of the PwD encompass gender, age,
education, and year of diagnosis of dementia. The severity of
the cognitive impairment is assessed according to the Global
Deterioration Scale [38] at the baseline assessment before the
intervention starts (T0) and after 8 weeks of the intervention
(T1). The use of health care services is assessed with the
questionnaire for Health-Related Resource Use in an Elderly
Population (FIMA) [39]. This questionnaire includes 29 items
focusing on aspects such as medication, GP visits, and other
health care resources in the last 4 to 12 weeks.

For the primary caregiver, the sociodemographic characteristics
include gender, age, education, living arrangement, hours of
care per week, relationship to the PwD, and self-perceived
stability of the care arrangement [40].

In addition to the sociodemographic data, the affinity for using
technology of the family caregiver is assessed with the

technology affinity questionnaire (TA-EG) at T0. In this
questionnaire, affinity for using technology is defined as a
personality characteristic that consists of trust in and a positive
attitude and excitement toward the use of technologies (such as
mobile phones and computers) [41]. The TA-EG involves 19
items rated with a 5-point Likert scale covering 4 domains:
excitement related to technology use, self-perceived competence,
perceived positive impact, and perceived negative impact of the
use of technology [41]. A higher mean indicates a higher affinity
for using technology [41].

Outcome Measures
Data on outcome measures are gathered face-to-face by trained
interviewers (researchers of the German center for
neurodegenerative diseases) with the family caregivers at T0
and T1 (Table 4). To provide maximum flexibility according
to the individual needs of caregivers and PwDs, the interviews
are conducted either at home or at the day care center that
recruited the participants.
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Table 4. Data collection for the outcome study.

MeasurementType of variableNumber of itemsMeasurementOutcome or variable

Outcome for the person with dementia

T0-T1Outcome12Neuropsychiatric inventory [35]Challenging behavior

T0-T1Outcome29Cohen-Mansfield agitation inventory [17]Agitation

OngoingOutcomeModalities accord-
ing to Table 2

Sensor dataChallenging behavior and agitation

Outcome for caregivers of the person with dementia

T0-T1Outcome29Caregiver Assessment of Behavioral Skill
Self-Report [47]

Skills to manage challenging behavior

T0-T1Outcome14The Scale for the Quality of the Current
Relationship in Caregiving [43]

Quality of the current relationship

T0-T1Outcome12Caregiver distress score from the Neu-
ropsychiatric Inventory [35]

Behavior related distress

T0-T1Outcome12General Health Survey Questionnaire
Short Form 12 [44]

Self-perceived health

T0-T1Outcome1Goal Attainment Scale [46]Goals of caregiving

Person With Dementia

Challenging Behavior
The CB of the PwD is assessed with the NPI, proxy version
[35]. The NPI assesses the presence, frequency, and severity of
dementia-related behaviors in 12 different domains: delusions,
hallucinations, depression, anxiety, euphoria, aggression, apathy,
disinhibition, irritability, aberrant motor behavior, problems
with sleeping, and appetite and eating disorders in the last 14
days. Frequency is rated on a 4-point scale (occasionally, often,
frequently, and very frequently), and severity is rated on a
3-point scale (mild, moderate, and severe) [41]. The total NPI
score will be calculated by adding the first 12 behavioral
domains together. Therefore, we will calculate
frequency×severity. A higher score indicates a higher level of
the relevant domain of the NPI.

Agitation
For measurement of agitation, the CMAI [17] is used. The
CMAI covers 29 items, each rated on a 7-point scale, to assess
the occurrence and frequency of agitation (never, less than once
a week but still occurring, once or twice a week, several times
a week, once or twice a day, to several times a day, and several
times an hour [17]). A higher cumulative score indicates a higher
level of agitation.

Family Caregiver

Skills to Manage Challenging Behavior
Self-reported management skills regarding CB from the
perspective of the caregiver are measured with the German
version of the Caregiver Assessment of Behavioral Skill
Self-Report (CABS-SR). The CABS-SR includes 3 subscales:
general approaches to caregiving (11 items), behavioral
management of skill (17 items), and a single skill item scored
between 1 and 4 as follows: 1=I do not do this very well; 2=I
have some difficulty doing this; 3=I usually do this well; and
4=I do this very well. The cumulative score ranges between 11

and 44, with higher scores indicating higher levels of
self-perceived skills [42].

The Quality of Current Relationship
The self-rated quality of the current relationship between the
caregiver and the PwD is assessed with the scale for the Quality
of the Current Relationship in Caregiving (QCPR), which
includes 14 items scored on a 5-point scale (1: totally disagree;
2: disagree; 3: not sure; 4: agree; and 5: totally agree) [43]. The
total score ranges from 14 to 70, with a median score more than
42 indicating a better relationship and less than 42 indicating a
poorer relationship between the caregiver and the PwD [43].

Behavior-Related Distress
The behavior-related distress is assessed with the distress scale
of the NPI. The distress is rated on a 5-point scale (no distress
to minimal, mild, moderate, moderately severe, very severe,
and extreme distress) [41]. The total distress score is generated
by adding the scores of the 12 items from the questions related
to distress [33].

Self-Perceived Health
Self-rated health is assessed with the General Health Survey
Questionnaire Short Form 12 (SF-12) [44]. This instrument
measures 8 different concepts such as physical functioning and
role limitations because of general or physical health problems.

Goals of Caregiving
As standardized assessments often fail to depict the individual
situation of complex care situations and the related problems
[45], we measure the individual goal of caregivers on what
should change in the care situation with the Goal Attainment
Scale (GAS) [46], which has previously been used in
dementia-specific technology studies [25]. At T0, the caregiver
defines the specific goals that he or she would like to achieve
using the AT. To indicate a subjective decrease or increase in
the expected outcomes, numerical weights are assigned to
evaluate goal attainment at T1: more than expected=1, much
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more than expected=2, less than expected=−1, and much less
than expected=−2. Considering that behavioral or health-related
aspects can change rapidly in a PwD, we ask the caregivers at
T1 whether the goals are still relevant.

Recruitment
A convenience sample of 20 dyads (primary caregiver-PwD)
will be recruited face-to-face over a 5-month period. For
pragmatic reasons, we determined the number of participants
based on a realistic estimation of the intervention assistants in
the day care centers. The intervention assistants from the day
care center who are delivering the ATI to the home environment
of the dyads are in charge of the recruitment process as well.
In addition, the process of recruitment will be guided by the
research team. The intervention assistants have longstanding
working experience in the care of PwDs and a close relationship
with the dyads to ensure the success of the recruitment. Different
recruitment strategies used are (1) day care center with
intervention assistants as gatekeepers, (2) a second local day
care center as gatekeepers, (3) 2 neurologists as gatekeepers,
and (4) an announcement in the local newspaper, followed by
an open 2-hour information event at one of the day care centers.
As the study will only take place in the home environment of
the caregivers and the PwD, it is not important whether a PwD
is a guest at the day care or not. In case of interest in the study,
the intervention assistants conduct a face-to-face introduction

with individuals and describe the aims, scope, study procedure,
and participation requirements. Simultaneously, the potential
participants receive written information about the study
procedure and the document to give informed consent. After a
minimum period of 7 days, the intervention assistants conduct
a second detailed face-to-face introduction to receive the actual
consent. Afterwards, the eligibility criteria are determined either
in the care center or at the home of the families. No incentives
are provided to participate in the study.

Process Evaluation
The domains of the process evaluation are guided by the MRC
framework for the process evaluation of complex interventions
[48]. The process evaluation addresses the following domains:
(A) implementation of the intervention, (B) mechanism of
impact of the intervention, and (C) context of the intervention.
Each domain comprises different subdomains (Figure 5), for
which different means of data collections are used.

Domain A: Implementation of the Intervention
This domain describes the process of recruitment and reach of
households, the process of delivery of the intervention, and
whether any adaptations were necessary according to what was
initially planned in regard to how to implement the intervention.
This aspect allows us to evaluate whether the implementation
of the intervention was successful and how it possibly impacts
the success of the intervention.

Figure 5. Framework of the insideDEM process evaluation. CABS-SR: Caregiver Assessment of Behavioral Skill Self-Report; CMAI: Cohen-Mansfield
agitation inventory; GAS: Goal Attainment Scale; NPI: neuropsychiatric inventory; NPI-CB: neuropsychiatric inventory-challenging behavior; QCPR:
Quality of the Current Relationship in Caregiving; SF-12: Short Form 12.
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Subdomain: Recruitment and Reach of Households

The process of recruitment and reach is documented in a
standardized handwritten recruitment protocol (Multimedia
Appendix 1). As the intervention assistants are essentially in
charge of the recruitment process, we additionally conduct
semistructured qualitative interviews with them (Multimedia
Appendix 1).

Subdomain: Delivery of the Intervention to Households

The intervention assistants document in a standardized
handwritten delivery and intervention protocol whether all of
the components of the intervention will actually be delivered
to the participants (Multimedia Appendix 1). The protocol is
applied during and after the initial in-house face-to-face training
and is continued throughout the entire 8-week intervention
period. Similarly, in this document, we record the feasibility of
the application of the delivery curriculum. All nonconformities
to the curriculum are documented by the intervention assistants.
In addition, semistructured qualitative interviews are conducted
with the intervention assistants to review the process of delivery
(Multimedia Appendix 1).

Subdomain: Adaptations of the Implementation

Adaptations of the implementation of the intervention during
the study phase are documented by the intervention assistants
in a handwritten standardized delivery and intervention protocol
(Multimedia Appendix 1). Furthermore, the intervention
assistants will review the process of delivery after the initial
delivery meeting on an audio recorder to obtain more qualitative
data on the process of delivery (Multimedia Appendix 1). To
monitor the quality of the delivery and to integrate potential
adjustments immediately, a daily meeting among the researchers,
intervention assistants, and developers of the software takes
place in each week of the intervention phase. In addition, after
the intervention, we will conduct semistructured qualitative
interviews with the intervention assistants (Multimedia
Appendix 1) and caregivers (Multimedia Appendix 1) to
evaluate this domain.

Domain B: Mechanism of Impact of the Intervention
This domain describes the response and the user acceptance of
the intervention, the unexpected consequences and pathways
of the intervention, and the adaptations of the intervention.

Subdomain: Response and Acceptance

For the evaluation of the user acceptance, Venkatesh’s Unified
Theory of Acceptance and Use of Technology (UTAUT) is used
[49]. The UTAUT is a helpful model for analyzing technology
acceptance in the field of dementia [50]. The UTAUT consists
of 6 main variables: performance expectancy (PE), effort
expectancy (EE), social influence (SI), facilitating conditions
(FC), intention to use (ITU) and usage behavior (UB). PE is
defined as the degree to which an individual believes that using
the system will help or improve a certain task. EE is defined as
the degree of ease that an individual associates with the use of
the technology. SI is defined as the degree to which the user
perceives that other important persons believe that the user
should use the technology. FC is defined as the degree to which
an organizational or technical infrastructure is available to
support the use of the technology. In addition to acceptance,

any unexpected consequences of using the AT are assessed.
ITU is defined as “the degree to which a person has formulated
conscious plans to perform or not perform some specified future
behavior” [51], and UB describes the characteristics of use of
the AT. The first 4 variables are moderated, in turn, by gender,
age, experience, and voluntariness of use [49]. Information on
the acceptance of the intervention from different perspectives
is collected using quantitative and qualitative approaches. The
Technology Usage Inventory (Multimedia Appendix 1) is a
standardized questionnaire based on, for example, the UTAUT
to evaluate the acceptance of new technology. It contains 30
items covering dimensions such as ITU, accessibility,
user-friendliness, and usefulness. Higher scores in each domain
indicate a higher level of acceptance. To assess system usability
and the overall user experience and to adjust the user scenarios,
we use the User Experience Questionnaire (UEQ) (Multimedia
Appendix 1). The UEQ includes 26 pairs of opposite adjectives
describing the attributes: attractiveness (6 pairs), perspicuity (4
pairs), efficiency (4 pairs), dependability (4 pairs), stimulation
(4 pairs), and novelty (4 pairs); each pair is rated on a 7-point
scale (from −3 to +3). A product with a highly rated usability
is effective, efficient, and satisfying for the user and his or her
needs. We administer the UEQ after the first use of the ATI and
after the intervention period at T1. In addition, we assess the
log files of the users’ app navigation and the overall UB
characteristics via log files (Multimedia Appendix 1). The
variables of interest are the time spent on a page, the time needed
for the major tasks, the number of reverse navigations, the
number of completed assessments (intervention component I),
the number of documented behaviors per intervention period
and per week (intervention component I), the number of
displayed texts clicked per assessment question and the time
spent on a specific text page (subcomponent A), and the number
of user comments. Finally, we conduct qualitative semistructured
interviews with the caregivers and intervention assistants based
on the UTAUT (Multimedia Appendix 1), which will provide
in-depth information on the reasons for using the ATI and
further factors influencing its acceptance. To assess the
acceptance of the ATI by the PwD, we use the caregiver as a
proxy informant and the qualitative semistructured interviews
with the intervention assistants (Multimedia Appendix 1). The
duration of time the bracelet was actively worn is collected via
log files (Multimedia Appendix 1).

Subdomain: Unexpected Consequences and Pathways

The semistructured interviews with the caregivers and the
intervention assistants are analyzed regarding any unexpected
consequences (Multimedia Appendix 1). Moreover, data from
the delivery and intervention protocol as well as from the review
the process of delivery are used (Multimedia Appendix 1).

Subdomain: Adaptations of the Intervention

With respect to the intervention’s adaptions, we distinguish
between technology-external and technology-internal factors.
Technology-internal aspects include bug fixes, periods of down
time, and content changes during the intervention phase.
Technology-external aspects include the counseling activities
of the intervention assistants and the number of visits. The
information source is the delivery and intervention protocol
(Multimedia Appendix 1) and the semistructured qualitative
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interviews with the intervention assistants (Multimedia
Appendix 1).

Domain C: Context of the Intervention
This domain describes any contextual factor that is external to
the intervention and that potentially influences the impact of
the intervention. In this study, we focus on ethical, social and
legal, and economic implications (ELSIs).

Subdomain: Ethical Evaluation

The ethical evaluation is conducted in a workshop based on the
model for the ethical evaluation for social-technical
arrangements (MEESTAR) [52], including significant
stakeholders, project partners, and members of the advisory
board (Multimedia Appendix 1).

Subdomain: Social and Legal Implications

Expert interviews will be conducted to evaluate the social and
legal implications and the perceived acceptance of the
intervention in the field of home care (Multimedia Appendix
1). The experts represent different areas of the health care system
such as medical device regulation (Medizinproduktegesetz),
statutory health insurance companies, GPs, and home health
care providers. As they play a major role in dementia care as
gatekeepers for new technologies, we will conduct
semistructured qualitative interviews with GPs and nurse
managers of home health care providers in the home care setting
(Multimedia Appendix 1). The aim is to assess their perspectives
and attitudes regarding the use of the new ATI.

Subdomain: Economic Evaluation

The individual costs of the deployment, delivery, and standard
operation of the ATI are calculated and described separately in
an economic evaluation. Subsequently, a comparison of all
originating costs is performed (Multimedia Appendix 1).

Ethical Approval
The Ethics Committee of the German Society of Nursing
Science approved the design and the study protocol in March
2017 (application number 17-004).

Data Analysis
In this section, we describe the data analysis for the outcome
evaluation and the process evaluation separately.

Outcome Evaluation
The outcome data are analyzed by applying descriptive statistics
(means, SDs, and counts) relevant to the individual assessment.
The Kolmogorov-Smirnov test is used to determine whether a
sample is normally distributed [53]. After determining whether
the related outcome samples of each assessment are normally
distributed, we compare the 2 samples from T0 and T1 and
analyze the differences between the 2 datasets. For non-normally
distributed samples, we apply a Wilcoxon signed-rank test, and
for normally distributed samples, a dependent-sample t test.
Nominal data are compared with a chi-square test. For all
quantitative data analyses, we use IBM SPSS Version 21. The
significance level is set to 5%.

On the basis of the recorded data from the sensor bracelet, AMS
[28] is computed; this score can be used to capture the overall
activities of the PwD.

Process Evaluation
Descriptive statistics are applied to all quantitative data
(Multimedia Appendix 1) and for all relevant log files
(Multimedia Appendix 1). We compare the baseline
characteristics of the quantitative data with the characteristics
at T1.

All semistructured qualitative interviews (Multimedia Appendix
1) are transcribed into digital versions and subsequently
analyzed by applying content analysis [54]. The handwritten
recruitment protocol and the handwritten delivery and
intervention protocol (Multimedia Appendix 1) are analyzed
by using documentary analysis [55]. The results of the workshop
based on the MEESTAR model are summarized in a workshop
report (Multimedia Appendix 1).

Results

The newly developed app- and sensor-based AT has been
developed and was evaluated until July in 2018. The recruitment
of dyads started in September 2017 and was concluded in March
2018. The data collection was completed at the end of July 2018.

Discussion

The management of CB is a highly individual and complex task,
and it poses a significant psychological and physical burden to
the PwD and his or her caregivers [5]. To the best of our
knowledge, the insideDEM technology is one of the very few
examples to support the process of understanding the CB of the
PwD via an ATI. In fact, to the best of our knowledge, there is
no comparable technology that encompasses the functionalities
of a caregiver assessment and a sensor assessment of the CB,
questions that reflect possible factors influencing the CB, and
the provision of recommendations to support caregivers to
manage the CB of the PwD. In our view, it is important to
evaluate the factors that shape the acceptance of the ATI from
different perspectives as early as possible in the development
of an ATI. This perspective is based on the assumption that
acceptance is a necessary but not sufficient factor for evaluating
the effectiveness of complex interventions [56]. The feasibility
study will provide useful information on how to shape the
intervention and the overall study procedure for trials at a larger
scale. In the context of this study, understanding the delivery
and use of the ATI in the real-life context of PwDs and their
caregivers is indispensable.

A possible weakness of this study is that it is more likely that
healthier and more motivated participants will take part in the
study, which could possibly limit the results and transferability
of the results for larger trials. A main concern is that the results
could lead to an overestimation of the factors shaping the
acceptance of the technology because of the participation of
motivated and healthier participants. In addition, study attrition
is a main concern, despite our strategy to mitigate this issue.
Nevertheless, we think that the close and flexible support of the
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intervention assistants and their years-long experience in
dementia care will lower this effect.

Before it is even possible to design a high-quality randomized
controlled trial for this intervention, the process evaluation will
provide valuable information for further steps of development
by including the results of the intervention phase and the ELSIs.
An important part of the ELSI criteria is the ethical aspects

entailed in an ATI. Assistive systems may affect values such
as independence or privacy and create tensions with other values
such as safety or health. Moreover, different stakeholders hold
different values, which further complicate the matter.
Specifically designed for ATs, the model for the ethical
evaluation of sociotechnical arrangements, MEESTAR [52],
provides a suitable framework, allowing a normative ethical
orientation in the design of an ATI.
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Abstract

Background: This study aims to examine the adaptive process of children and mothers from multistressed low-income families
in Singapore. It aims to bridge the knowledge gap left by existing poverty studies, which are predominately risk focused. Through
a sequential longitudinal mixed-methods design, we will differentiate children and mothers who demonstrate varied social,
developmental, and mental health trajectories of outcomes. Through utilizing the Latent Growth Curve Model (LGCM), we aim
to detect the development and changes of the positive Family Agency and adaptive capacities of these families over time. The
construct of Family Agency is underpinned by the theoretical guidance from the Social Relational Theory, which examines child
agency, parent agency, relational agency, and the interactions among these members. It is hypothesized that positive Family
Agency within low-income families may lead to better outcomes. The key research questions include whether the extent of positive
Family Agency mediates the relationship among financial stress, resource utilization, home environment, and parental stress.

Objective: The study elucidates the Family Agency construct through interviews with mother-child dyads. It also aims to
understand how financial stress and resources are differentially related to home environment, parent stress, and parent and child
outcomes.

Methods: In phase 1, 60 mother-child dyads from families receiving government financial assistance and with children aged
between 7 and 12 years will be recruited. In-depth interviews will be conducted separately with mothers and children. On the
basis of 120 interviews, a measurement for the construct of Family Agency will be developed and will be pilot tested. In phase
2a, a longitudinal survey will be conducted over 3 time points from 800 mother-child dyads. The 3 waves of survey results will
be analyzed by LGCM to identify the trajectories of adaptation pathways of these low-income families. In addition, 10 focus
groups with up to 15 participants in each will be conducted to validate the LGCM results.

Results: This project is funded by the Social Science Research Thematic Grant (Singapore). The recruitment of 60 mother-child
dyads has been achieved. Data collection will commence once the amendment to the protocol has been approved by the Institutional
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Review Board. Analysis of phase 1 data will be completed by the end of the first quarter of 2019, and the first set of results is
expected to be submitted for publication by the second quarter of 2019. Phase 2 implementation will commence in the second
quarter of 2019, and the project end date is in May 2021.

Conclusions: Findings from this study can potentially inform social policy and programs as it refines the understanding of
low-income families by distinguishing trajectories of adaptive capacities so that policies and interventions can be targeted in
enhancing the adaptive pathways of low-income families with children.

International Registered Report Identifier (IRRID): PRR1-10.2196/11629

(JMIR Res Protoc 2019;8(2):e11629)   doi:10.2196/11629

KEYWORDS

low-income families; family agency; adaptive pathways; trajectories

Introduction

Background
The Singapore government has, in recent years, shifted its
policies aiming to rectify the trend of income divide and make
Singapore a more inclusive society. This is reflected in the
national budget in the past decade [1], introducing an increased
number of redistributive measures of wealth to families from
the lowest stratum. These include Workfare, which was
implemented in 2007, ComCare—a government-funded
short-term financial assistance scheme introduced in 2005— as
well as progressive tax rebates and utility subsidies [2]. Together
with civic charity efforts through nonprofit organizations [3],
there are initial signs of narrowing of the rapid income divide
as reflected in slightly declined Gini coefficient rates in recent
years from a peak in 2007 [4]. Such interventions may avert the
potential formation of an underclass as warned by some
economists [5]. This shift in the government’s fundamental
approach to poverty and welfare should be acknowledged as
crucial steps toward social inclusion, preventing a weakening
of social cohesion and the consequent wide range of social ills
if inequality grows unchecked [6].

Little is known, however, as to whether the new redistributive
schemes have strengthened the organic adaptive capacities of
the lowest quintile (bottom 20%) of households. In an attempt
to bridge this gap, this proposed study seeks to examine adaptive
microprocesses and approaches that low-income families used
in their daily interactions and transactions to navigate the
challenges and new redistributive opportunities in coping with
financial constraints. This proposed study aims to advance the
construct of family adaptation using an innovative perspective
posited by the Social Relational Theory (SRT) [7]. SRT is a
dynamic systems framework used in studying family dynamics
as it pertains to children’s socialization and development. SRT’s
core constructs, which emphasize that family members, both
children and parents, are active agents. The construct of Family
Agency is conceptualized as the agency of family members
acting individually on behalf of the family or collaboratively
to manage their financial challenges. It is hypothesized that
positive Family Agency mediates the financial difficulties and
outcomes. In other words, families with positive Family Agency
are better able to manage the financial challenges they face that
result in better social, emotional health, and mental health
outcomes for children and mothers of these low-income families
[8-11].

Some of the dynamic constructs of Family Agency can be tested
using existing instruments: children as agent in poor families
by Children’s Family Influence Behavior [12], relational agency
between family members in dealing with poverty by Influence
in Families Questionnaire [13], and Network of Relationships
Inventory [14]. The dimensions of Family Agency that lack
existing instruments as proxy include children’s contributions
to their families and the bidirectional influences between
mothers and children that enhance Family Agency. These
dimensions will be distilled from in-depth observations of
low-income families in Singapore in phase 1 of this proposed
study. We will then formulate measurement items that will be
the best proxy for these constructs.

Impact of Poverty on Children and Families
Economic deprivation is 1 pervasive environmental factor that
cuts deeply to affect families and children in diverse ways. An
overview of the literature suggests that families with low
socioeconomic status do not only face significant physical and
mental risks but also expose their children to various
developmental vulnerabilities that have come to predict their
developmental trajectories in major domains of functioning:
physical and mental health, educational performance and
achievement, emotional and behavioral well-being, as well as
executive function and social competence [15-18]. These effects
are cumulative, pervasive, and can impact one’s life course in
the long run and possibly transmitted intergenerationally [15,19].

Chronic economic strain influences children’s future life
experiences and outcomes [17,20]. Research has shown that
families with fewer economic, educational, and psychological
resources are less able to provide a home environment that
supports their children’s cognitive growth and development and
prepare them for school [21,22]. The income effect is a potential
mediating or moderating pathway through the materials and
services parents provide for their children [19].

Economically deprived families are often compounded by
attendant life stressors such as poor housing, chronic
unemployment or unstable employment, single parenthood,
teenage pregnancy, family violence, parental incarceration, and
family members’physical or mental health issues [15,19,23,24].
Parenting stress arising from these compounded stressors then
mediates the effects of poverty on child adjustment [25,26]. A
recent Singapore study [27] concurs with major studies that
show poorer mental health conditions by primary caregivers
compared with those of the typical population. Between 14%
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and 31% reported severe to extremely severe scores measured
with the Depression, Anxiety and Stress Scale (DASS) [28],
above the reported national statistics of 10% for depressive and
anxiety disorders in Singapore.

A body of research has built up to reveal the long reach of
poverty on the psychological well-being of parents, particularly
with mothers and in relation to maternal depression, and on
specific coping styles [29]. However, the challenge remains for
researchers to isolate the respective contribution of the families’
impoverished experiences to their state of well-being when these
poverty-related forces impinging on their lives are dynamic and
interactive in nature. Socioeconomic disadvantage in childhood
is evidently related to both immediate and persisting
impairments in mental health and well-being [23,30]. Family
processes and family stress models have shown children and
adolescents who grow up in families in poverty to have both
more internalizing and externalizing symptoms compared with
their peers raised in more affluent families [31]. The level and
stability of family income have distinct effects on family
functioning and children’s well-being [32,33].

Aims of This Study
The study aims to examine the following research questions:

1. To elucidate the Family Agency construct through
interviews with mother-child dyads (qualitative data).

2. How are financial factors, including financial stress and
resources, differentially related to home environment, parent
stress, and parent and child outcomes?

3. Does Family Agency mediate the relationship between
financial stress, internal and external resources, and home
environment, which result in better parents’ and children’s
outcomes?

4. Are there subgroups of children with distinct trajectories
in terms of the levels of positive Family Agency perceived
by the participants? How do they differ in terms of home
environment and parent stress factors? Are there
significantly different outcomes experienced by the children
in each subgroup over 3 time points? Do the family
outcomes differ significantly?

5. What is the strength of the relationships among financial
stress, internal and external resources, home environment,
parental stress, and outcomes according to gender and
ethnicity?

6. What are the characteristics of the microagentic processes
and the dynamics of intersections between families and the
external ecological environment among families with
positive children, parents, and family outcomes based on
2 SD above mean versus with outcomes 2 SD below mean
scores?

Methods

Overview
This study will employ a sequential longitudinal mixed-methods
design, which consists of 2 phases of data collection. In phase
1, in-depth interviews will be conducted with 60 mother-child
dyads. To examine the adaptive processes of different families

facing financial stress, maximum variant sampling criteria will
be utilized to include (1) ethnicity (the 3 major ethnic groups
of Chinese, Malays, and Indian families); (2) genders of
children; and (3) family types: intact, single parent, and
stepfamily. The mothers and children will be asked to describe
their relationship with one another and share with the
interviewers’ things that worry them the most and how they
formulate solutions to these challenges. On the basis of the
results from the 120 interviews, the team will operationalize
and develop measures for the construct of Family Agency guided
by the SRT.

In phase 2 of the study, we collect repeated measures
longitudinal survey data over 3 time points. A total of 800 pairs
of mother-child dyads with children aged between 7 and 12
years whose families are receiving ComCare financial assistance
will be invited to participate in this longitudinal study. Phase 2
tests the conceptual framework of this proposed study, built on
known risk factors of children growing up in families facing
financial stress, together with the measurements of Family
Agency developed in phase 1. On the basis of the findings of
the longitudinal data, 10 focus groups discussions with up to
15 participants in each group will be held after each preliminary
data analysis is completed to validate the findings. These 150
participants will be drawn from the participants of phase 2a of
this study.

Figure 1 gives an overview of the data collection methods that
will be used in this study.

Ethics
This study has been approved by the Institutional Review Board
at the National University of Singapore (S-18-003).

Participants
Singaporean families with 1 or more children aged between 7
and 12 years and currently receiving government financial
assistance are eligible to participate in this study. The mother
and 1 child within the mentioned age range will be recruited
from each participating family. To examine the adaptive
processes of different families facing financial stress, maximum
variant sampling criteria will be utilized to include (1) 4 major
ethnic groups: Chinese, Malay, Indian, and others; (2) both
genders of children aged between 7 and 12 years; and (3)
different family types: intact, single parent, and stepfamily.

Recruitment Process

Phase 1
The officers from the Ministry of Social and Family
Development will identify recipients of ComCare financial
assistance that fit into the recruitment criteria. A letter of
invitation to participate in this study has been sent out to all
these families. To expedite the recruitment process, 2 part-time
research assistants (RAs) have been hired to telephone potential
participants from the sampling list to attain the desired sample
size. In addition to phone calls, the RAs will make home visits
to potential participants by knocking on doors during the
recruitment.
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Figure 1. Schematic design.

Verbal consent will first be obtained when the families indicate
interest to participate. Written consent will be obtained from
both mother and child when the researchers visit the families.
The RAs will also spend time to break the ice and build trust
with the participants. The child and mother dyad will be
interviewed separately. Children and mothers will be assured
that the information provided by one party will not be disclosed
to the other to maintain confidentiality.

Phase 2a
Approximately 800 mother-child dyads from the same source
will be sampled, based on the expected correlation of the
variable (ρ), type 1 error, power, extent of measurement errors

(σ2), within-subject variance (sx
2), and the smallest meaningful

differences are set at 0.6, 0.05, 0.8, 0.8, 0.6, and 0.05,
respectively. This sample size is based on longitudinal sample
size consideration [34]. Survey interviews will be conducted

with the same sample at 3 different points in time with a
6-month interval between waves of data collections. The
feedback from review panel has been provided as Multimedia
Appendix 1. The researchers will visit the mothers and children
of the families to obtain consent. They will be informed that it
is a 3-wave data collection with intervals of 6 months, and the
same interviewer will be conducting the 3 waves of survey with
the same families to facilitate building trust and rapport. To
minimize attrition rates, tokens of appreciation will be presented
to the mother and children after each wave of survey completion.
The RAs will also send festive greeting cards to keep in touch
with the participants. The mothers and children will also be
informed that at the end of the 3 waves of survey, they may be
invited to focus group discussions (FGDs) to provide inputs to
the analysis of the findings. They are considered the experts of
their own lives and are in the best position to validate the
findings.
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Phase 2b
After the initial data analysis of phase 2a, the major trajectories
of adaptive behaviors will be identified among the samples.
According to the trajectories identified, focus groups will be
formed. From the original sampled families, the research team
will invite participants from similar trajectories (outcome
measures) for the specific focus groups to collect their input for
the analysis. It is estimated that up to 150 participants will take
part in the focus groups.

Measures
For covariates including gender, ethnicity, citizenship, and
educational levels of mothers and children, a demographic form
will be filled in to capture the basic information. The antecedents
include the financial stress and resources of the family, which
will be measured by the Economic Hardship Questionnaire [35]
consisting of 12 items focusing on financial conditions
experienced by the family in the past 6 months and family
resilience, which will be measured by the 10-item Family
Hardiness Scale [36]. The construct refers to the internal
strengths and durability of the family unit and is characterized
by a sense of control over the outcomes of life events and
hardships, a view of change as beneficial and growth producing,
and an active rather than passive orientation in adjusting to and
managing stressful situations. Intermediary constructs include
Family Agency, which will be measured by the scale we would
develop in phase 1; Parents’ Efficacy measured by the Adult
Hope Scale-12 items [37]; Children’s Efficacy measured by the
Children Hope Scale consisting of 6 items tapping agency and
pathways of agency [38]; and Home Environment construct
measures how families tap on resources within the home, which
serves as sources of strength and support to its family members.
This is measured by the Family Environment Scale [39], which
has 45 items measuring 2 dimensions of family relationships
and systems maintenance. Outcome variables include Children’s
outcomes, which is measured by the Behavior Assessment
System for Children [40] and self-assessment of health condition
using EQ-5D-Y [41]. Parents’ Outcomes will be measured by
the DASS [42], which examines parent health by assessing the
extent to which parents experience life stresses, particularly
under economic stress, and Brief COPE Scale [43], consisting
of 28 items assessing specific adaptive and maladaptive coping
strategies and EQ-5D [41].

These scales are selected as they have been used by researchers
examining low-income families. This will facilitate the
comparison of results. We will conduct separate Confirmatory
Factor Analyses to validate the a priori factor structures of all
measures. All the scales will be translated into Mandarin, Malay,
and Tamil as we expect a good proportion of the families from
different ethnic groups to be more conversant in these languages.
The constructs will be measured with self-reporting
questionnaires to be completed by parent and child. The
questionnaires used in this study have been provided as
Multimedia Appendix 2.

Data Analysis

Data Analysis Plans for Phase 1
The data analysis at this phase aims to stay close to the data,
which are a low-level interpretation with the goal to understand
the latent variables closely related to the construct of Family
Agency. Thematic coding will be performed on all the
transcripts of the semistructured interviews with the aid of
qualitative software QSR Nvivo 11. Quasi-statistical analysis
methods will be used to summarize data with descriptive
statistics for concept clarification on the construct Family
Agency and instrument development.

Data Analysis Plans for Phase 2a
Sequential Equation Model (SEM) will be used to analyze the
data collected at the 3 time points. The estimated coefficients
of SEM will provide the magnitudes of the level of influences
on the various constructs on child and family outcomes.
Descriptive statistics such as Pearson correlational analyses will
be carried out to examine the degree of association of financial
stress, internal and external resources, home environment,
parental stress, and the 2 outcomes, breakdown by gender and
ethnicity by chi-square. As gender and ethnicity are discrete
variables and the number of groups is relatively small,
multiple-group longitudinal SEM will be carried out to test
whether the regression coefficients differ for gender and
ethnicity. Factorial invariance across groups will be examined
before proceeding with multiple-group longitudinal SEM. The
existence of different trajectories in these low-income families
will be examined using the Latent Growth Curve Model
(LGCM) to find out whether heterogeneity exists for the
families. Factor scores will be generated for the dimensions of
the Family Agency construct over the 3 waves. The mediating
role of Family Agency will be investigated in 2 ways. First, path
analysis approach using SEM will be used to examine the fit
between Family Agency as an intermediate between financial
stress “and” or “or” resources. Model fit will be examined by
the Root Means Squared Error of Approximation, Comparative
Fit Index, Akaike’s information criterion, and Bayes information
criterion. Evidence of a mediating role of Family Agency will
be defined by statistically significant (P<.05) coefficients for
paths between independent variables (financial stress and
resources) and Family Agency and between Family Agency and
the dependent variables (child outcome and parent outcome).
Second, if statistically significant paths are identified, the
potential causal role of Family Agency will be investigated via
a doubly robust propensity score approach, inverse
probability-weighted regression adjustment [44,45]. Briefly,
the approach proceeds as follows: the proportion of the total
effects of the independent variables because of controlled direct
effects and natural indirect effects (as mediated through Family
Agency) will be estimated using a system of 2 multivariable
logistic regressions (1 for the mediator and 1 for the outcome)
weighted by the joint inverse probability of the independent
variable and mediator (Family Agency). These equations will
be used to predict outcomes under different levels of treatment,
with the difference between predicted outcomes providing
estimates of the direct and indirect effects using regression
adjustment. These methods are shown to be doubly robust to
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misspecification of either the exposure or outcome models and
thus less vulnerable to residual confounding [46]. As Family
Agency may also modify the relationship between independent
variables on outcomes, we will also investigate the presence of
interaction in estimated mediation models [44].

Phase 2b: Focus Group Discussions
On the basis of these identified trajectories, qualitative data
through FGDs (n=10) will be used to conduct contrasting case
analysis. Moreover, 2 FGDs for each trajectory will be
conducted separately with children and mothers (2 FGDs × 5
trajectories=10 FGDs with up to 15 members each) and will be
used to closely examine the contrasting family processes
between highest and lowest score cases. Group comparisons
across ethnicities, family types, and family size among the
positive deviance sample will be examined.

Sample Size and Power Calculations

Sample Size Justification for Longitudinal Survey Data
A total of 800 children aged between 7 and 12 years and their
mothers matching the sampling criteria stated in phase 1 will
be invited to participate. The sample size of 800 is based on the
degree of accuracy of 0.034 [47]. Survey interviews will be
conducted with the same sample at 3 different points in time
with 6-month intervals between waves of data collections. This
sample size of 800 is based on longitudinal sample size
consideration [43]. The expected correlation of the variable (ρ),

type 1 error, power, extent of measurement errors (σ2),

within-subject variance (sx
2), and smallest meaningful difference

(d) are set at 0.6, 0.05, 0.8, 0.8, 0.6, and 0.05 respectively.
Package R longpower, liu.liang.linear.power function, is used
to calculate the sample.

Phase 1: Sample Size n=60 (Mother-Child Dyads)
This phase aims to obtain an intimate understanding of the
microprocesses of low-income families. A total of 60 mothers
and children will be interviewed separately with a semistructured
guide. Children should be aged between 7 and 12 years and
their families should be current recipients of financial aid from
ComCare.

Phase 2a: Sample Size n=800 for 3 Waves of Surveys
Children (n=800) together with their mothers (n=800) who
fulfill the sampling criteria stated in phase 1 will be invited to
participate. Survey interviews will be conducted with the same
sample at 3 different points, with a 6-month interval before the
next wave of data collection. The sample size determination
has been provided in Table 1.

Calculation for sample size has been illustrated in Figure 2,

where s is the required sample size; X2 is chi square for df=1
(3.841); N is population size; p is population proportion
(assumed 0.5); and d is degree of accuracy expressed as a
proporation.

Strategies to Minimize Attrition Rates
One of the biggest challenges in collecting longitudinal data is
the loss of contact over several time points, which will
compromise the validity and integrity of the study [48]. A
2-pronged protocol will be employed in this proposed study to
minimize dropout.

Prong 1: Researcher-Oriented Strategies
The 800 child-mother dyads will be interviewed by 40 trained
interviewers who will follow the same families over the 3 waves
of interviews. Each interviewer will follow up with 20
child-mother dyads. All interviewers have to undergo intensive
training in engaging low-income families, rapport building,
interview skills, interview ethics, role playing, handling
confidentiality, and cultural sensitivity, conducted over 3
weekends (15 hours in total). Systematic training manual
documenting the protocols will be utilized to guide the
interviewers.

Prong 2: Participant-Oriented Strategies
In the 6-month gap between the waves of the interviews, the
interviewers will make 1 call to each family per month and send
festive greeting cards to keep in touch. The token of appreciation
per dyad is incremental across progress time points to incentivize
the participants to stay in the study. Nevertheless, the overall
dropout rate is estimated to be 10 ± 5% [49]. The statistical
difference between lost-to-follow-up dyad and those remaining
in the study will be assessed using appropriate methods (eg,
chi-square), regarding input/outcome variables pertinent to the
objectives/hypothesis of this study.

Table 1. Sample size determination based on degree of accuracy and population size.

Population (n=20,000)Population (n=10,000)Particular

0.0340.033Degree of accuracy

798810Sample size

Figure 2. Calculation of sample size.
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Results

Phase 1 recruitment has achieved the planned 60 dyads as on
October 1, 2018. Interviews will start in November 2018 and
continue until February 2019. The development of the
measurement scale for the Family Agency construct will be
developed and piloted between March and May 2019. Moreover,
3 waves of survey will be implemented between May 2019 and
July 2020. Data analysis will be performed for every wave. The
statistical analysis to identify the trajectories of adaption will
take place concurrently. FGDs will be held in August 2020. The
final analysis and integration of results will be carried out by
the research team between September 2020 and January 2021.
These results will be written for publications between February
and May of 2021 before the project concludes.

Discussion

Principal Findings
This proposed study aims to contribute to family research
scholarship on 2 fronts: conceptual advancement and
longitudinal empirical evidence. These advancements in concept
and datasets will inform and facilitate the shift in policy and
practice with low-income families. In this proposed study, the
team plans to conduct a short-term 3-wave longitudinal survey
over 18 months. The major benefit of using a 3-wave
longitudinal study for this project is the advantage of detecting
developments and changes of Family Agency and adaptive
capacities over time. Conducting 3 waves is the minimum period
that allows the application of LGCM to examine whether these
lower-income families grow, decline, or remain stable in their
Family Agency. LGCM focuses on within-individual changes,
resulting in more accurate and nuanced conclusions concerning
the adult and child outcomes [50]. More importantly, predictor
variables and their consequences are built into the model [51].
Thus, it allows us to investigate different growth parameters

and the incorporation of both time-varying predictors (eg, child
and parent hope) and time-invariant predictors (eg, gender and
race). Establishing the best possible causal effect is made
possible through LGCM, whereas a cross-sectional design does
not allow this. For instance, how the effect of financial stress
of parents at first wave might affect parenting in the second
wave. Without 3 waves of data collection design, the taxonomy
on the Family Agent would be a static concept. While examining
the changes over the 3 waves using a latent-class growth model,
the dynamics of Family Agency are incorporated into the
taxonomy.

Contributions to Policy and Practice
Existing local, economic, and social policy researchers [52-55]
have underscored the risk of a rich-poor divided Singapore and
the pileup risks confronted by poor families [2,56] and have
advocated for decisive corrective measures. Results of these
studies by economists are valuable in providing a clearer
problem definition to policy makers, which may have
contributed, at least in part, to the move from the traditionally
welfare-aversive government stance to one that actively puts in
place measures to promote inclusive growth and strengthen its
redistributive role [57].

This meticulous examination of social problems to achieve a
clear problem definition as the base of policy construction has
to be balanced with similar attention in assessing the strengths
of the low-income families and the environment that the policies
target. Indeed, emerging behavioral economics research has
shown that resource availability may be insufficient to move
families out of poverty and that attention should instead be given
to default adaptive processes that some families use to help
them rise above their economic and social situations [58,59].
In other words, locating change factors at the individual family
level helps to identify the impetus for sustainable practices
within lived contexts and helps us to understand what
low-income families draw on to foster their hope and optimism
amidst multiple impositions and constraints.
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Abstract

Background: Bacteriuria, either asymptomatic (ASB) or symptomatic, urinary tract infection (UTI), is common in persons
with spinal cord injury (SCI). Current Veterans Health Administration (VHA) guidelines recommend a screening urinalysis and
urine culture for every veteran with SCI during annual evaluation, even when asymptomatic, which is contrary to other national
guidelines. Our preliminary data suggest that a positive urine culture (even without signs or symptoms of infection) drives antibiotic
use.

Objective: Through a series of innovative studies utilizing mixed methods, administrative databases, and focus groups, we will
gain further knowledge about the attitudes driving current urine testing practices during the annual exam, as well as quantitative
data on the clinical outcomes of these practices.

Methods: Aim 1 will identify patient, provider, and facility factors driving bacteriuria testing and subsequent antibiotic use
after the SCI annual evaluation through qualitative interviews and quantitative surveys. Aim 2 will use national VHA databases
to identify the predictors of urine testing and subsequent antibiotic use during the annual examination and compare the clinical
outcomes of those who received antibiotics with those who did not. Aim 3 will use the information gathered from the previous
2 aims to develop the Test Smart, Treat Smart intervention, a combination of patient and provider education and resources that
will help stakeholders have informed conversations about urine testing and antibiotic use; feasibility will be tested at a single
site.

Results: This protocol received institutional review board and VHA Research and Development approval in July 2017, and
Veterans Affairs Health Services Research and Development funding started on November 2017. As of submission of this
manuscript, 10/15 (67%) of the target goal of provider interviews were complete, and 77/100 (77%) of the goal of surveys. With
regard to patients, 5/15 (33%) of the target goal of interviews were complete, and 20/100 (20%) of the target goal of surveys had
been completed. Preliminary analyses are ongoing; the study team plans to present these results in April 2019. Database analyses
for aim 2 will begin in January 2019.
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Conclusions: The negative consequences of antibiotic overuse and antibiotic resistance are well-documented and have national
and even global implications. This study will develop an intervention aimed to educate stakeholders on evidence-based management
of ASB and UTI and guide antibiotic stewardship in this high-risk population. The next step will be to refine the intervention and
test its feasibility and effectiveness at multiple sites as well as reform policy for management of this common but burdensome
condition.

International Registered Report Identifier (IRRID): DERR1-10.2196/12272

(JMIR Res Protoc 2019;8(2):e12272)   doi:10.2196/12272

KEYWORDS

spinal cord injury; urinary tract infection; patient-focused care; qualitative evaluation; antimicrobial stewardship

Introduction

Background
Antibiotic stewardship (promoting appropriate use of antibiotics)
is a high-level policy and public health initiative, as shown by
recent mandates from the Center for Disease Control and the
United Nations [1,2]. Persons with spinal cord injury (SCI) are
vulnerable to inappropriate antibiotic use because of their
medical complexity and frequent health care contact [3].
Specifically, bacteriuria is a common consequence of neurogenic
bladder after SCI; asymptomatic bacteriuria (ASB) has a
prevalence of 30% to 90% depending on the bladder
management strategy used [4]. For comparison, the prevalence
rate in healthy premenopausal women is 5%. ASB, defined as
the presence of bacteria in the urine of a person not otherwise
having signs or symptoms of a urinary tract infection (UTI),
does not require treatment except in pregnancy and before
urologic procedures [4]. In fact, evidence-based guidelines
published by the Infectious Diseases Society of America
recommend against collecting screening urine cultures or
treating ASB in persons with SCI [4,5]. The Veterans Health
Administration (VHA) guidelines outlining care for persons
with SCI, however, recommend a yearly urinalysis and urine
culture as part of an annual physical checkup, regardless of
whether signs or symptoms of infection are present [6].
Obtaining these tests in asymptomatic patients is essentially a
screening for ASB. Although the VHA guideline does not
explicitly recommend treatment of ASB, review of 2 years of
annual examination visits uncovered that 35% of cases of ASB
were subsequently treated with antibiotics [7].

Our goal is to develop an effective antibiotic stewardship
program for bacteriuria tailored to the SCI population and SCI
providers. To address gaps in knowledge relevant to antibiotic
stewardship in SCI, we will utilize a mixed methods approach.
First, we will answer the following question: do providers and
persons with SCI believe that testing the urine and treating
asymptomatic colonization will lead to better outcomes? We
will explore this by conducting qualitative interviews with
patients with SCI and SCI providers to understand their
perceptions and expectations related to having their urine tested
annually, and being prescribed and adhering to prescribed

antibiotics, and correlating this information with quantitative
knowledge surveys. Next, we hypothesize that urine testing
during the annual examination leads to antibiotic use, and the
antibiotics, in turn, have downstream consequences. This will
be examined through analysis of VHA data sources. Finally,
we will develop an intervention to more effectively deliver
evidence-based bacteriuria management to persons with SCI.
We hypothesized that the intervention will be feasible to use
and increase patient satisfaction with bacteriuria management
during the annual evaluation.

Conceptual Framework
Cabana et al and others have explored the barriers to successful
implementation of clinical practice guidelines into actual
practice [8]. Clinical practice guidelines for bacteriuria
management are often long and complex, requiring users to
keep a sequential mental record of the statements to arrive at
the diagnosis of UTI or ASB. Clinical practice guidelines may
conflict with the users’ pre-existing biases of the standard of
care, also limiting their use [9,10]. For example, many providers
that take care of persons with SCI believe that treating ASB
from urease-producing organisms such as Proteus species is
beneficial, but the evidence is not convincing toward this
[11,12]. Our project will utilize the Cabana framework to lessen
the diagnostic challenge of distinguishing UTI from ASB.

Methods

Project Design Overview
Figure 1 provides an overview of the project aims. We will
identify contextual factors influencing provider and patient
knowledge and beliefs about urine testing and treatment at the
annual examination, using quantitative and qualitative methods
(aim 1). We will then identify the evidence regarding patient,
provider, and facility predictors of urine testing and subsequent
antibiotic use, as well as compare the clinical outcomes of those
who received antibiotics with the outcomes of those who did
not (aim 2). We will then use information gained from the above
aims and previously successful antibiotic stewardship initiatives
[5] to intervene, by providing evidence-based bacteriuria
management through education and resources for patients and
providers (aim 3).
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Figure 1. Optimizing bacteriuria management in the veteran spinal cord injury population. An overview of the planned project.

To develop an effective intervention to lessen the burden of
utilizing clinical practice guidelines, we need a complete
understanding of the key factors that drive provider testing and
treatment behaviors (eg, knowledge and attitudes) and patient
engagement. We will utilize the Cabana model, as described
above, to understand provider barriers to using clinical practice
guidelines in clinical practice [8]. During the development of
the intervention (aim 3), we will use the concept of intervention
mapping described by Kok et al [13], as well as audit and
feedback, as a main component of the intervention. Intervention
mapping is a process to develop theory- and evidence-based
interventions and involves the following 6 steps: (1) needs
assessment; (2) identification of change objectives; (3) selection
of theory-based intervention methods and practical applications
to enact change; (4) development of intervention components;
(5) intervention adoption, implementation, and maintenance
plan; and (6) plan for evaluation of intervention effectiveness.
Audit and feedback or providing health care professionals with
up-to-date data about their performance, has previously been
shown to improve quality of care and was a successful
component of the Kicking catheter-associated urinary tract
infection (CAUTI) intervention [14,15]. We have also included
a medical anthropologist in our team to explore how
organizational culture intersects with and shapes medical
practices in SCI clinics.

Aim 1
This aim focuses on identifying patient, provider, and facility
factors driving bacteriuria management in persons with SCI.
We will employ qualitative and quantitative phases to identify
patient, provider, and facility factors driving urine testing and
antibiotic use during the annual evaluation.

Participants and Approach: Qualitative Phase
Semistructured, open-ended interviews will be conducted with
health care providers (n=15) at 5 national VHA SCI outpatient
centers (ie, hub sites) and 2 to 3 of their corresponding satellite
primary care clinics (ie, spoke sites) and SCI patients (n=15).
Maximum variation sampling, a purposeful sampling strategy,

will guide our approach [16]. We are deliberately including
physicians and nonphysician (ie, physician assistants and nurse
practitioners) providers to capture a broad variety of experiences,
and identify overarching themes, across geographically diverse
sites; this sample size will allow for maximum variation in our
data [17]. Our patient sample will be inclusive of factors such
as age, ethnicity or race, and bladder management strategy (ie,
indwelling catheter, intermittent catheter, etc) to capture a wide
range of perspectives.

The interview guides are based on the major domains of our
conceptual model. Provider interviews will begin by collecting
demographic information that will include age, level of training,
and information on board certification (physical medicine and
rehabilitation, SCI medicine board-certified, and/or other
specialties). Additional provider questions will focus on the
utility of obtaining an annual urinalysis or urine culture and
attitudes toward antibiotic stewardship. Patient interviews will
begin by collecting demographic information that includes age,
level of injury, numbers of years since injury, and method of
bladder management. Patient interviews will focus on related
topics discussed during the provider interviews, as well as
previous experiences with UTI treatment and medication
adherence.

Participants and Approach: Quantitative Phase
Following the interviews, all SCI patients and providers will
be invited to participate in phone surveys. Patients who received
a prescription for antibiotics for UTI will be invited to complete
the Morisky Medication Adherence Scale-8 (MMAS-8). This
is an 8-item validated questionnaire to evaluate intentional and
unintentional medication nonadherence [18-20]. Providers will
receive a closed-ended survey to assess knowledge in 6 domains
about bacteriuria management. This is a validated survey used
previously to explore this topic [21].

Analysis for Aim 1
Analysis of the qualitative and quantitative data will be
concurrent. For the qualitative analysis, a combined inductive
and deductive coding approach will be used to code the data.
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Moreover, 2 members of the research team (FS and LM) will
read through the transcripts and develop a list of codes, based
on participants’ experiences (inductive) and the subelements of
our conceptual model (deductive). The full research team will
hold regular meetings to discuss results and resolve any
discrepancies in the coding process. Once coding is complete,
individual codes will be sorted (ie, grouped together into like
categories) by the research team to identify larger themes [22].
Qualitative analysis software, Atlas.ti, (Scientific Software
Development GmbH) will be utilized to facilitate the coding
process.

For the quantitative analysis, the patient scores on the MMAS-8
will be reported using descriptive statistics (mean, median,
interquartile range, etc). The provider surveys provide data in
the form of self-report ASB/UTI guidelines familiarity score,
a knowledge score (series of hypothetical clinical scenarios
testing the application of ASB/UTI guidelines), and a
cognitive-behavioral domain score. We have previously used
this survey to assess knowledge and behavior concerning ASB
in acute and long-term care [21]. The knowledge score is the
percentage of correct answers to the hypothetical clinical
scenarios, with each correct response receiving 1 point.
Descriptive statistics will be used to report the mean knowledge
scores for various groups of respondents, and analysis of
variance will be used to compare knowledge scores by provider
type (ie, attending physician, physician assistant, and nurse
practitioner, etc) and level of training. The relationship between
the guideline familiarity score and knowledge score will be
assessed using a Pearson correlation coefficient. The cognitive
behavioral responses in each domain will be averaged to
generate a numerical score for that domain. Correlations between
the cognitive behavioral constructs and knowledge score will
be calculated using the Pearson correlation coefficient.

The quantitative and qualitative data for patient and providers
will then be integrated. For patients, we will integrate the mean
scores on the MMAS-8 to interview responses on adherence to
antibiotics. For providers, we will integrate the knowledge and
guideline familiarity scores from the survey with their interview
responses on familiarity with the guidelines. Congruence and
incongruence between the quantitative and qualitative findings
will be explored; for example, if providers answered in the
affirmative about knowledge of guidelines, we will correlate
the qualitative data with their scores on the knowledge survey.

Aim 2
This objective will determine (1) which patient, provider, and
facility factors are predictors of urine testing and subsequent
antibiotic use during the annual evaluation and (2) compare the
clinical outcomes of those who received antibiotics with the
outcomes of those who did not, utilizing national VHA data
sources. These databases (especially for use in SCI) have been
described previously [23,24]. The corporate data warehouse
(CDW) is a national repository including clinical and
administrative data from the VHA. Data are stored in a relational
database and are updated on a continual basis. We will use data

from several domains within CDW to obtain demographics on
the patient population (age, gender, race or ethnicity, and marital
status); diagnoses, individual patient utilization (number of
visits and admissions), provider type, and facility characteristics
(SCI center vs non-SCI center and number of visits and
admissions for the facility); temperature and heart rate; and
laboratory data including albumin, creatinine, total white blood
cell count, urea, glucose, hematocrit, electrolyte panels, and
microbiology data (ie, date and time of culture, specimen type,
organisms, and antibiotic susceptibilities). Outpatient
medications to assess antibiotics filled and history of exposure
to antibiotics will be obtained from all available outpatient
pharmacy domains.

Participants
All adult patients with SCI treated at VHA facilities for an
outpatient annual examination during the years 2015 and 2016
will be included. The study sample will be drawn from a
cumulative list of veterans with SCI maintained by the Veterans
Affairs Allocation Resource Center since 1988, which includes
approximately 33,000 patients. Veterans are added to the list
when an administrative record indicates an SCI in the inpatient
diagnostic field with certain International Classification of
Disease (ICD)-10 code.

The inclusion criteria for this aim are veterans who were seen
for their annual examination in the outpatient setting in the VHA
SCI system of care during the years 2015 and 2016
(approximately 6300 veterans are seen each year across the
nation). Exclusion criteria are veterans who were seen for their
SCI annual evaluation in the inpatient setting because visits
may be complicated by other acute medical issues occurring at
the time. The study will also exclude veterans with a history of
genitourinary tract tumors per ICD-10 codes (and, therefore,
more likely to have altered anatomy and/or immunosuppression),
as well as those that died less than a year from the annual
evaluation encounter. Only the first eligible encounter for each
participant will be included. On the basis of our study looking
at bacteriuria management in a single VHA center [7], we
anticipate approximately 6000 participants after applying the
exclusion criteria.

Approach
Aim 2a is to determine which patient, provider, and facility
factors are predictors of urine testing and subsequent antibiotic
use. To identify the annual examination encounter, we will use
outpatient visits in the clinic stop code for SCI (210) that also
has a current procedural terminology code for a renal ultrasound
(usually ordered only during the annual evaluation).

The general schema for this objective is shown in Figure 2. This
is derived from the Cabana model for adherence to clinical
guidelines.

Themes from aim 1 will guide an administrative database search
of clinical outcomes of the current VHA urine testing and
treatment practices.
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Figure 2. Bacteriuria management decision making in the veteran spinal cord injury population.

The variables to be collected are described in Table 1. These
were generated by the preliminary study results [7] and will be
amended, based on other themes identified from objective 1.
Zip codes of addresses will be obtained and given a GeoScore,
a type of neighborhood socioeconomic index that is emerging
as health services and health disparity research and is moving
toward large administrative datasets, and was used by Hamilton
et al exploring socioeconomic impact on health care utilization
after SCI [25]. Deyo comorbidity index will also be calculated
using VHA data sources.

Aim 2b will compare the clinical outcomes of those who
received antibiotics with the outcomes of those who did not.
We will use the same cohort as defined above. Table 2 defines
the exposure and outcome variables, as well as covariates that
will be considered for the second part of this aim.

Analysis for Aim 2
It would be clinically meaningful to show no difference in the
outcomes between the 2 groups as we hypothesized that one
driver of treating ASB at the annual exam is to prevent some
of these negative downstream effects.

We will construct separate logistic regression models to
determine the predictors of the following: (1) urine testing and
(2) the initiation of antibiotics in the 7 days following the annual
examination, with day 1 being the day of the examination. First,
univariate analyses will be performed between each exposure
variable (Table 1) and the outcome variables. Variables that
satisfy a previously established P value criterion (.25) on
univariate analysis will be considered for entry into a
multivariate logistic regression model. We will use a lower P

value threshold for the univariate analysis to ensure a robust
model. Odds ratios will be used to determine the impact of each
variable on antibiotic use. The alpha of .05 will be used to
determine statistical significance. Multivariable logistic
regression will be used to test all variables for independent
associations. For aim 2b, rates of the above outcomes between
those who received antibiotics versus those who did not will be
compared using chi-square tests for nominal variables and t
tests for continuous variables. The Mann-Whitney nonparametric
U test will be used if the distribution of any continuous variable
is not normal. We will construct a logistic regression model to
determine the effect of antibiotics in the 7 days following the
annual examination on the outcomes defined in Table 2.
Univariate and multivariate analyses will be the same as aim
2a.

Aim 3
The provider components of the Test Smart, Treat Smart
intervention (aim 3a) will be an adaptation of the successful
Kicking CAUTI intervention, consisting of audit and feedback,
visual aids, and order sets, refined for SCI providers using
iterative design. The patient components will be developed more
de novo but be driven by previous work on how patients with
SCI prefer to receive information (combination of internet and
provider-driven sources) as well as the concept of intervention
mapping described above [13,26,27].

Aims 3a and 3b will complete steps 1 to 4 of the intervention
mapping process and lay the foundation for step 5 by pilot
testing the intervention to assess feasibility (aim 3c).
Specifically, we will assess time to complete the intervention,
perceived burden to providers, and patient satisfaction.
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Table 1. Definition of variables for aim 2a.

DefinitionVariable type and name

Exposure variables

Patient factors

Calculated using date of birth CDWa patient domainAge at encounter

Male or femaleGender

As per VHAb conventionEthnicity or race

GeoScore to zip code to median incomeSocioeconomic status

ICD-10c codes for complete and incomplete quadriplegia and paraplegiaNeurologic level of injury

Catheter prescriptions in pharmacy dataBladder management strategy

Determine positive culture from CDW MicroUrease-producing organism on culture

Use as continuous variable from CDW MicroLevel of pyuria on urinalysis

Use clinic stop code 210 for SCId clinicNumber of clinic visits per year

—eOthers (as determined by aim 1)

Provider factors

Physician, physician assistantProvider type

Number of SCI patients seen by provider in 2015 and 2016Provider load of SCI patients

—Others (as determined by Aim 1)

Facility factors

Identify by unique facility codes from majority of visitsSeen at SCI center (hub) or SCI satellite clinic (spoke)

Using VAf Citrix Access Groupings for north, south, east, and westGeographical region

General knowledge code that is applied to each facilityFacility complexity

Provide results from Healthcare Analysis and Information Group (HAIG)
2012 survey

Presence of antimicrobial stewardship program

—Others (as determined by aim 1)

Outcome variables

Identified in CDW microdomainUrine culture obtained

Antibiotic prescription noted in CDW outpatient pharmacy domainAntibiotics given for urine within 7 days

aCDW: corporate data warehouse.
bVHA: Veterans Health Administration.
cICD-10: International Classification of Disease-10.
dSCI: spinal cord injury.
eNot applicable.
fVA: Veterans Affairs.
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Table 2. Definition of variables for aim 2b.

DefinitionVariable type and name

Exposure variable

Antibiotics within 7 days of urine cultureAntibiotic use

Outcome variables (within 60 days of annual evaluation encounter)

As recorded in CDWa emergency domainEmergency visits

ICD-10c codes for hematuria, urethral stricture, urethral injury, acute

kidney injury, UTId
GUb complication

Presence of an admission with above ICD-10 codes in CDW inpatient
domain

Admission for GU complication

Positive culture or toxin result, per CDW microClostridium difficile infection

Presence of urine culture in CDW microdomainRepeat urine culture

ICD-10 codes for bladder, ureter, renal calculusDiagnosis of GU stone

Covariates

Calculated using date of birth CDW patient domainAge

Male or femaleGender

As per VHAe conventionRace or ethnicity

ICD-10 codes for complete and incomplete quadriplegia and paraplegiaNeurologic level of injury

Catheter prescriptions in pharmacy dataBladder management strategy

aCDW: corporate data warehouse.
bGU: genitourinary.
cICD-10: International Classification of Disease-10.
dUTI: urinary tract infection.
eVHA: Veterans Health Administration.

Development of Provider and Nursing Intervention
For the provider intervention, the study team will conduct a
series of focus groups with the SCI clinic team (providers and
nurses) to receive feedback on the proposed intervention. The
intervention design will be based on antibiotic stewardship
principles of right drug, right dose, and right duration. The
duration and number of meetings will be determined by the
group and adjusted in response to the pace of progress. The
components of the provider intervention will be refined through
iterative design to address the potential barriers and facilitators
to adoption of their use. Lab order sets will be refined to help
providers not send urinalysis and urine cultures on asymptomatic
patients during the annual evaluation and, if they are
inadvertently sent, to prevent providers from ordering
antibiotics. The current annual evaluation laboratory order set
in the Houston Veterans Affairs electronic medical record
includes a urinalysis and urine culture; this will be removed.
The decision aid will be a pocket card that makes the ASB and
UTI guidelines actionable and, thus, applicable to individual
patients at the point of care. If providers state during focus
groups that having a communication tool would be helpful,
talking points will be developed on how to discuss bladder
management, urine testing, and bacteriuria treatment with
patients during the annual evaluation. Nursing interventions
will include developing a script and symptom checklist for
nurses to use when interacting with patients requesting urine

testing and bacteriuria management during the annual
evaluation. Although the focus of the intervention is on helping
providers decide whether to use antibiotics or not, we will also
provide education and material on how to choose the right drug
given latest information about antibiotic resistance in organisms
causing UTI in SCI.

Attending, resident, and physician extender education sessions
will be incorporated into the weekly SCI lecture series. The first
such meeting will introduce the intervention and underlying
rationale, review the relevant ASB and UTI guidelines, and
explain how and when core components such as order sets will
be introduced. After this initial introductory meeting, the
decision aids and other intervention materials will be given to
all participants. During follow-up sessions, a case example from
the annual evaluation clinic from the prior month will be
discussed using the decision aid to clarify whether management
was or was not compliant with ASB/UTI guidelines. This type
of small-group, case-based audit and feedback was highly
effective in the Kicking CAUTI campaign, as it retains key
characteristics of effective audit and feedback, in that it is
personalized (to the clinic), timely, nonpunitive, and provides
the correct answer [14]. Group discussion will enable providers
to ask questions about other cases they managed recently.
Nursing education and audit and feedback will be done monthly
during nursing in service by the study team.
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Development of Patient Intervention
Aim 3b focuses on developing patient intervention materials.
As an analogous intervention to Kicking CAUTI for patients
does not exist, the second part of this aim will focus on ways
to intervene on the patient aspect of urine testing and bacteriuria
management. The intervention components will focus on patient
education on objectives such as understanding neurogenic
bladder and bladder management strategies after SCI and how
the consequences of neurogenic bladder and/or catheterization
place persons at higher risk for bacteriuria. Intervention
components will include a webpage linked to the Texas
Paralyzed Veterans of America (PVA) homepage with
information targeting the above objectives, a paper flyer
summarizing information such as that presented on the website,
as well as talking points on how to ask a provider for more
information on neurogenic bladder and bacteriuria management.
We will create a video that will be housed on the PVA website,
which can be readily accessed on the computers in the clinic
room.

Aim 3c is to conduct a quasi-experimental pilot study of the
Test Smart, Treat Smart intervention at the Houston VHA. For
providers, the main objectives of this pilot study are to assess
the following: (1) time to use or complete components of the
intervention and (2) perceived burden of using intervention
components. For patients, the main objectives of the pilot study
are to test the following: (1) their quality of life regarding
bladder management before the annual evaluation and (2)
satisfaction with neurogenic bladder management and bacteriuria
testing education received during the annual evaluation. A Test
Smart, Treat Smart kick-off meeting with clinic staff will occur
before the start of the intervention trial. It will also be discussed
at the local PVA meeting the month before the start of the trial.
The trial of the intervention will total 4 months. At the 2- and
4-month marks, providers and patients will participate in
separate focus groups to provide feedback about the intervention.
Patients will receive the SCI-Quality of Life-Bladder
Complication assessment before the annual evaluation
encounter. This is a validated instrument exploring how bladder
management affects patients emotionally, and it has 6 items
specifically for UTI [28]. To assess the fidelity of the
intervention and prudent safety monitoring, we will compare
rates of clinic visits and hospitalizations for UTI/CAUTI before
the intervention, at the midpoint of the intervention, at the end
of the intervention, and 2 months after the intervention.

Analysis for Objective 3
The qualitative responses will be coded and analyzed as
described for objective 1. The SCI-Quality of Life scores will
give us ideas on baseline satisfaction with bladder management
to be used for future effectiveness studies. Descriptive statistics
will be used to analyze the rates of the hospitalization and clinic
visits for UTI/UTI for safety monitoring, and a t test will be
used to analyze the difference in the rates of these outcomes at
different time points.

Declarations

Ethics Approval and Consent to Participate
This protocol has been approved by the Baylor College of
Medicine institutional review board (IRB) and VHA Research
and Development (H-38357).

Aim 1
The qualitative interviews and quantitative surveys will be
performed after verbal informed consent and approved waiver
of written informed consent.

Aim 2
The database analysis will be completed under approved waiver
of informed consent.

Aim 3
The focus groups will be completed after verbal consent is
obtained with approved waiver of written informed consent.
The quasi-experimental study will be completed after verbal
consent is obtained and with approved waiver of written
informed consent.

Results

This protocol received IRB and VHA Research and
Development approval in July 2017, and the funding start date
for the project was November 2017. The initial plan of having
patients complete a Web-based survey had to be abandoned to
achieve IRB approval; phone surveys are being completed
instead, which has proven to be challenging. We have recently
made the addition of a scripted phone message identifying who
we are and why we are calling, informing potential participants
that we are not solicitors. Recruitment for aim 1 is progressing;
as of submission of this manuscript, 10 (67%) of the target goal
of 15 provider interviews were complete, and 77 (77%) of the
target goal of 100 surveys. With regard to patients, 5 (33%) of
the target goal of 15 interviews were complete, and 20 (20%)
of the target goal of 100 surveys had been completed. The study
team plans to present the results for providers in April 2019.
Database analyses for aim 2 will begin in January 2019.

Discussion

Our previous work shows that the resources for effective
antibiotic stewardship programs are more likely to be in place
in VHA facilities with SCI units versus hospitals that do not
[29]. Specifically, VHA facilities with SCI centers are more
likely to have at least 1 full-time infectious diseases physician,
an infectious diseases fellowship program, and a clinical
pharmacist with formal infectious diseases training—all
characteristics that have been shown to decrease antibiotic use
in previous studies [30]. However, deploying these resources
effectively requires a more complete understanding of the
barriers and facilitators of their use, which is the purpose of this
protocol.

We anticipate several challenges in carrying out the work as
described in this protocol. Difficulty in scheduling time for the
provider interviews and surveys due to busy clinic schedules is
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anticipated. The team will work individually with providers to
find a convenient time for their interviews. The study team has
strong contacts with national VHA SCI leadership and will
enlist their help in contacting local SCI leadership in the various
sites to explain our project and encourage participation. We are
aware that a database study cannot provide an explanation for
why a test was done or what factors went into the provider’s
decision to place the order for a test or antibiotics. For this
reason, the findings from our database studies of the clinical
outcomes downstream from the annual urine testing will be
triangulated with our qualitative results. The association we
expect to find between urine tests and higher use of antibiotics,
even potentially Clostridium difficile, will provide evidence to
make our intervention acceptable to end users. In other words,

if we find that potential harms result from routine urine testing
in SCI, this finding will encourage people to adopt new
practices. The literature supports the concept that interventions
are more likely to be adopted if the evidence base is considered
trustworthy and source of evidence is relevant [31].

Bacteriuria management in persons with SCI is a routine task
that involves complex decision making to be handled in a
guidelines-compliant manner, particularly the given conflicting
guidelines on this topic. Our future work will focus on the
implementation and sustainability of antibiotic stewardship
interventions for bacteriuria in this high-risk population. We
have developed regional and national partners on this work to
increase the likelihood of widespread adoption.
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Abstract

Background: Increasing proportions of the global population transition through a university setting, a setting associated with
engagement in behaviors that diminish health such as high levels of physical inactivity. Increasing physical activity (PA) is a key
element of health promotion strategies in many countries, but a better understanding of students’ PA and how it is associated
with personal, behavioral, and environmental factors is needed. Studies provide protocols to collect information regarding these
factors separately; however, none have developed a validated systematic approach to gather information pertaining to all across
a whole country.

Objective: The purpose of this project is to examine students’physical activity and how it is associated with personal, behavioral,
and environmental factors.

Methods: Student Activity and Sport Study Ireland (SASSI) is a university-based cross-sectional study that was carried out
across the island of Ireland in 2014. A novel and comprehensive Web-based environmental audit tool (EAT) gathered information
pertaining to the environment provided by universities for physical activity. A Web-based student survey (SS) collected information
about physical activity beliefs, attitudes, motivations, and behaviors of students. The audit tool and SS were developed through
rigorous consultation processes involving international experts. An institutional champion volunteered at each university to recruit,
administer, and ensure the completion of both assessments.

Results: Data collection was undertaken between May and December 2014. A total of 80% (33/41) of universities completed
the EAT, whereas 88.31% (8122/9197) of students (49.10% [3966/8122] male; mean 23.17 [SD 6.75], years) completed the SS
sufficiently. Studies are currently underway with the data collected using this protocol.

Conclusions: SASSI provides a novel and comprehensive protocol for systematically assessing the PA of students and the
related personal, behavioral, and actual environmental factors. The strengths of the SASSI study are presented and include high
response rates and a unique dataset that can provide information to relevant stakeholders and policy makers, along with aiding
the development of university environments and interventions that promote PA involvement. The weaknesses of the protocol are
recognized with suggestions given to overcome them in future research. This protocol is applicable for other countries and has
great potential to create harmonization of data, which would allow for direct comparisons across nations.

International Registered Report Identifier (IRRID): RR1-10.2196/10823
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Introduction

Background
Early adulthood (ie, ages 18-24 years) is regarded as an
exploratory phase, which anchors health-related behaviors that
often persist into later life and determine long-term health
outcomes [1]. It is becoming increasingly popular for individuals
to attend a university during early adulthood. The global student
population exceeded 178 million in 2010 and is expected to
reach 263 million by 2025 [2]. Research indicates a high
proportion of university students engage in behaviors that
diminish their health, such as high levels of physical inactivity
(23%-44%) [3], and exceeding the daily recommended alcohol
and tobacco smoking limits [4]. With students exposed to
multiple health-related behaviors of both a positive and negative
nature, it seems prudent to focus on a behavior known to benefit
the physical, cognitive, and social health of individuals, such
as physical activity (PA) [5]. The recommendation to increase
PA is a key element of health promotion strategies in many
countries [3], where PA includes sport, structured exercise, and
active transport [6]. In the general population, PA is an
important factor for the prevention of noncommunicable diseases
such as obesity, cardiovascular heart diseases, and type 2
diabetes mellitus [7,8]. Although PA levels of children and
adults across the globe are well documented [9], university
students’ behaviors, beliefs, and attitudes, and how these are
formed and reinforced, require further research, particularly in
representative or random samples [10].

Understanding the factors that relate to PA is a key step for
developing effective evidence-based programs [11]. Social
cognitive models have performed well for understanding the
factors that relate to individuals’ PA, with Bandura’s social
cognitive theory [12] seen as a popular choice for this purpose
[13,14]. Social cognitive theory proposes an agentic perspective,
suggesting that not only is the environment dictating behavior
but also that individuals are being self-regulating and
self-developing [12]. Social cognitive theory is founded on a
causal model of triadic reciprocal causation in which personal
factors, behavioral patterns, and environmental characteristics
all interact and influence one another in a bidirectional fashion
[12]. However, this theory has been said to focus mainly on the
social environment and rarely address the multidimensional
role of the physical environment [15].

For this reason, it seems appropriate to also use an ecological
approach that summarizes the multiple levels of influence on a
behavior, breaking them down into intrapersonal, interpersonal,
physical environment, and policy [16]. Furthermore, research
has noted the benefits of using social cognitive theory and
ecological approaches in combination to investigate the factors
relating to PA [17]. Research suggests that personal (eg, age,
sex, attitudes, and knowledge of benefits), behavioral (eg, past
PA and smoking), and environmental (eg, peer support and
recreational PA opportunities) factors are associated with adults

and students’ PA [10,18]. Personal and behavioral factors
relating to PA are much better understood in university students
when compared with research examining associations between
PA and the physical environment [10,19,20]. Research is needed
to determine and better understand how the environment within
which individuals spend time might act to enhance or constrain
PA [20]. Our understanding of the impact of the university
setting on students’ PA is limited [21], but the physical
environment has been shown to influence students’
decision-making process regarding engagement in PA [17].
Nonetheless, evidence is lacking regarding the impact of
institution size, support staff, extent and nature of facilities,
financial investment, opportunities for participation, and
institutional ethos and policy on students’ PA participation.

Objectives
To date, studies provide protocols to collect both individual
[22-24] and environmental information [25,26]; however, none
have developed a validated systematic approach to gather
information pertaining to the individual (ie, personal and
behavioral) and environment across a whole country. Student
Activity and Sport Study Ireland (SASSI), the first of its kind,
addresses the important topic of the interaction between these
factors and participation in PA on the island of Ireland. First,
this study aimed to develop and create a comprehensive and
usable audit tool for examining the environment, provision, and
support offered by universities for students’ PA participation.
Second, it aimed to develop a survey to collect information
regarding the level, type, and nature of PA participation by
students, including the associated determinants, health-related
behaviors, and outcomes. Finally, this study aimed to create a
protocol, guided by social cognitive theory and an ecological
approach that would allow for the audit tool and survey to be
used together and provide a holistic view of the factors relating
to university students’ PA.

Methods

General Information
Guided by social cognitive theory and an ecological approach,
SASSI is a university-based environmental audit tool (EAT)
and student survey (SS), which was conducted in 2014. All
universities (n=41) on the island of Ireland were invited to
partake in SASSI, with universities classified into the following
categories, based on their size: (1) large=≥11,000 students; (2)
medium=4000 to 10,999 students; and (3) small=≤3999 students.
The university size was based on the distribution of the 2013
to 2014 full-time undergraduate and postgraduate enrollment
figures across all universities [27,28]. The active partners in the
study included the research team, the Student Sport Ireland
(SSI) Research Management Group, and the institutional
champions (ICs; Figure 1). SSI is the governing body of
university sport in Ireland. Owing to the all-island approach,
ethical clearance from relevant ethical committees in the
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Republic of Ireland (Waterford Institute of Technology School
of Health Science Research Ethics Committee) and Northern
Ireland (Ulster University Research Governance) was obtained
and extended through recognition by all universities involved.
Detailed information sheets about the study were provided
before the start of the EAT and SS. Signed informed institutional
consent was received for the EAT, and students were informed
that they were providing consent when they chose to proceed
with the SS. The data collection process used for the EAT and
SS are presented in the coming sections and in Figure 2.

Institutional Champions
Given the extent of the study and the geographical spread of
the universities, the research team relied heavily upon the
voluntary contribution of ICs (n=52). In the majority of cases,

the IC was the designated contact person for SSI in each of the
universities. The ICs were an integral part of the study; their
key roles were to promote the research within their university,
lead the completion of the EAT through engagement with other
institutional stakeholders, and recruit for and administer the SS
according to predetermined quotas. To maintain consistency
across all universities and ensure the collection of valid data,
each IC completed a half-day training program that was used
to empower the IC to assist with sufficient data collection. Not
only did this process ensure standardization in the
implementation across each university, it also created an
opportunity to build grassroots commitment and ownership in
the study. A research manager was employed as part of the
research team and was responsible for overall quality control
and ensuring that the ICs were supported in their roles.

Figure 1. Active partners in Student Activity and Sport Study Ireland. SSI: Student Sport Ireland.

Figure 2. Data collection process for Student Activity and Sport Study Ireland.
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Environmental Audit Tool
The purpose of the EAT was to provide an analysis of the
environment and provision made by universities to support
student participation in PA. The EAT consisted of eight sections,
with 39 questions addressing the following constructs potentially
relevant to university support for PA participation: (1)
organizational structures; (2) personnel; (3) facilities; (4) funding
or investment; (5) opportunities for participation; (6)
high-performance athletic support; and (7) institutional ethos,
prioritization, and quality of provision. An initial section
gathered information on the respondents (eg, title, contact
details, and section responsible for completing).

Environmental Audit Tool Administration and
Completion Procedure
To aid with the distribution and data collection, the EAT was
translated into a Web-based instrument using SurveyMonkey
(SurveyMonkey Inc, San Mateo, California, USA). The research
manager then uploaded the university-specific audit tools,
generating a Web-based link for each. This link was sent to the
ICs of each participating university via email, who were
requested to identify the appropriate personnel in their
universities to complete or inform each section. Owing to the
time and information required, a save as you go function was
applied to the EAT, allowing the participants to save answers
and return later. This function also allowed the respondents to
edit answers before submitting to the research manager.

Environmental Audit Tool Development
To guide the development of the EAT, SSI identified the
following aspects that should be investigated: (1) local context
(eg, location and enrollments); (2) policies and provision; (3)
culture (eg, perceived level of support for PA participation); (4)
facilities; and (5) needs and resources assessment (eg, current
needs and resources to further promote PA). In addition to the
above guidance, additional insight into possible content was
gained by examining existing literature and other published
audits on environments provided by universities in England and
Scotland [25,26]. Subsequent to the production of the final EAT,
an extensive 6-month consultation process took place to further
develop, refine, and confirm it. This included consultation with
(1) members of the research team and the SSI research
management group (n=10); (2) key stakeholders in the PA
provision in universities (n=15, SSI designated contact person);
and (3) international experts (n=3, personnel involved in the
Sports Provision in Scottish Universities and Irish Higher
Education Surveys, and a statistician). These consultations were
used to review draft versions of the EAT and maximize face
validity of the tools used in the EAT. Face validity is seen as
the extent to which a measure appears to provide the desired
information and is usually assessed by expert consensus [29].
The whole process resulted in the development of a
comprehensive EAT, designed to investigate the environment
provided by universities to support and promote PA engagement.
An overview of the sections included in the EAT is provided
below, with the full version available in Multimedia Appendix
1.

Organizational Structure of Physical Activity

To understand the organizational structures of PA within
universities, two questions were asked. First, the number of
organizational structures (eg, Department of Sport, sport clubs,
and student union) which provide direct support to PA
participation, the individual (eg, Director of Sport and student
services) within the institution that the organizational structure
reports to, and a brief description of the role of the structure
were asked about. Second, the nature and number of other
partnerships within the institution that support sport and PA
participation (eg, health service and disability service) were
assessed. Responses were open, allowing the respondents to
answer from their universities’ perspective.

Personnel

The EAT included questions regarding (1) the number of
full-time employees, part-time employees, and volunteers
supporting PA participation in 2009 and 2014 and (2) the
relevant staff titles (eg, Director of Sport). This question was
answered for each named organizational structure within the
university (ie, from previous section). Information regarding
training and recognition available to student volunteers was
also gathered.

Facilities Provision

Questions regarding the extent and nature of both indoor and
outdoor facilities available to each university at all locations
were included in the EAT. Details about the type of facility (eg,
courts and pitches), facility dimensions, specifications and
number, ownership (owned or hired), and accessibility for
individuals with a disability were gathered. A list of named
facilities was included (n=19), and respondents had the option
to include other facilities. The section included closed responses
(ie, yes or no and owned or hired) and open responses to allow
more details about the facilities to be provided. Respondents
were asked to complete this section for each location used by
their university to provide PA opportunities.

Funding or Investment for Physical Activity

Investment in PA provision within universities was investigated
by gaining insights into the (1) past (last 20 years) and planned
(next 5 years) capital investment in facilities by institutional,
private, and public sources; (2) current investment in each of
the previous 5 years; (3) provision of direct institutional grants
for sports clubs; (4) annual fees or charge to students; and (5)
student charge to access facility or PA opportunity. Specific
funding ranges (eg, up to 25,000; 25,001-35,000) were provided
for capital and current investment questions. Open responses
were facilitated in the remaining questions.

Student Sport and Physical Activity Participation Provision

Questions were asked regarding (1) sports clubs provided by
the university; (2) the nature of sports clubs provided (ie, type
and provision for individuals with a disability); (3) number of
participants; (4) description of link between sports clubs and
the universities’ organizational structures; and (5) participation
rates in exercise and fitness opportunities. Additional detail was
gathered regarding the competition levels engaged in, level of
training hours, staffing, income, and expenditure of clubs. A
response was requested for a list of 54 named sports clubs

JMIR Res Protoc 2019 | vol. 8 | iss. 2 | e10823 | p.225http://www.researchprotocols.org/2019/2/e10823/
(page number not for citation purposes)

Murphy et alJMIR RESEARCH PROTOCOLS

XSL•FO
RenderX

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


(Multimedia Appendix 1), with an option for the respondent to
include additional options. The majority of questions were
closed in nature, with drop-down menus to facilitate selection
of the most appropriate answers.

High-Performance Programs and Athletes

Questions regarding various aspects of provision for
high-performance programs and athletes were included in the
EAT. High performance or elite was defined as students
currently competing at national or international standards at
either senior or junior levels. The following aspects were
examined: (1) institutional partnership with national governing
bodies of sport and national or international-level sports clubs
and (2) provision, nature, source, and value of athletic
scholarships and of in-kind athletic support (eg, free access to
facilities and sport science support). A combination of open and
closed questions was used, and the option of adding other
choices was included as appropriate.

Institutional Ethos and Prioritization

The EAT concluded with questions regarding perceived
institutional ethos and prioritization for PA provision. First,
respondents were asked about the perceived importance placed
on participation in and the promotion of PA and how this
importance has changed over the last three years. This was
followed by asking about the impact of specific factors (eg, cost
of provision and health of students) on the institutional
prioritization of PA. Subsequently, the perceived quality of
provision under a range of headings (eg, indoor and outdoor
facilities, PA opportunities, and funding) for PA was assessed.
Finally, the existence and availability of strategic priorities for
PA in each university was asked. Likert scales were used to
assess the above, with an exception to the final area, which
allowed respondents to include a link to any strategic
information regarding PA provision.

Data Management of the Environmental Audit Tool
The responses from SurveyMonkey (SurveyMonkey Inc, San
Mateo, California, USA) were directed to an SPSS database
version 22 (SPSS Inc). Each university was given a unique
identification (ID) number, which allowed the data to be
matched across the EAT and SS. To produce a clean and
complete dataset, the following steps were followed: (1)
successful data transferal from SurveyMonkey (SurveyMonkey
Inc, San Mateo, California, USA) to SPSS was confirmed; (2)
missing data were identified and appropriately coded; (3)
university size was added; and (4) to ensure that the datasets
were anonymous, any text that would enable identification of
a specific university was edited. The EAT was developed so
that provision for each construct by universities could be
usefully scored and analyzed. From the EAT, the following key
performance indicators (KPIs) were agreed to represent the
environment and provision made by universities to support
student participation in PA (Multimedia Appendix 2).

An institutional score for total provision and for provision
relative to 100 students was calculated for each KPI listed above.
The development of the provision score facilitates analysis of
total and relative provision for each KPI across small, medium,
and large institutions. In addition, it is also possible to categorize

universities as making high, medium, and low provision for
each KPI. The different categories of provision were determined
by calculating a university rank (1-33) for both the total
provision score and the total score relative to 100 students.
These two ranking values were then summed and ranked to get
a composite rank for each university. On the basis of this
composite rank, institutions were assigned equally to either a
high, medium, or low provision category for each KPI (ie, ranks
1-11=high; ranks 12-22=medium; and ranks 23-33=low). Details
regarding calculation of university total provision score for each
KPI are provided in Multimedia Appendix 2.

Student Survey
The purpose of the SS was to provide information of the
students’ behaviors, beliefs, and attitudes regarding sport and
PA. The SS consisted of 8 sections, with 98 questions addressing
the following areas: (1) general PA; (2) determinants of PA;
(3) volunteering in sport; (4) coaching acquired; (5) sport and
recreational PA participation; (6) elite athlete satisfaction; and
(7) related health behaviors. Additional questions gathered
demographic information about the respondent (eg, sex, age,
and household income).

Student Survey Administration and Completion
Procedure
To achieve a nationally representative sample from each
university, 3% (7/32) of the student population in large
universities, 5% (12/32) of the population in medium-sized
universities, and 6% (13/32) of the population in smaller
universities were sought. Students were also required from
different fields and years of study within each university,
depending on the student enrollments [27,28]. Data collection
implemented a stratified cluster design for subject selection,
stratified by year group and across fields of study, which allowed
for a representative sample based on university enrollments. A
quota of students needed from each university was developed
and given to the IC responsible. The IC then worked alongside
the research manager to ensure that the sample was
representative of their student body. The IC requested access
to the required students and administered the SS during class
time, which was completed using the SurveyMonkey software
(SurveyMonkey Inc, San Mateo, California, USA). Before the
students were given their university-specific survey link, the
study was explained, and it was advised that the SS be
completed on a laptop, tablet, or mobile phone. The use of a
supervised Web-based survey was to maximize response rates,
minimize potential for data entry errors, and facilitate the
merging of data from over 30 universities. Administering the
survey during class time was based on previous research where
response rates in excess of 90% have been achieved [3,30]. To
ensure that the ICs collected the data as requested, the date
stamp of responses was examined by the research manager.
Where the majority of responses (>90%) occurred in batches
and within normal university hours, it was deemed likely that
the protocol was adhered to. The ICs were encouraged to collect
as many responses as possible. Where the response rate was
greater than the quota needed, the research manager drew a
random stratified sample to obtain a representative sample for
the overall study. This allowed each university to use their own
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full dataset for further local analysis while the quota for the
national survey was achieved.

Student Survey Development
The SS was developed using versions of known tools and
measures that have been used in similar studies [23,24,31-33].
The research team consulted with the SSI research management
group (n=7), international experts (n=3; health professionals),
and statisticians (n=2) to develop and refine the SS through a
series of drafts (n=4) over a 5-month period. Again, these
consultations were used to review draft versions of the survey,
generate consensus among experts, and maximize the face
validity of the tools used in the SS. The final SS used open and
closed questions to gain the relevant responses, with any
sensitive questions related to personal or financial circumstances
placed at the end of the survey, as they can be a barrier to further
survey completion [34]. Filtering was applied throughout the
survey so that the relevant questions were asked based on
participants’ previous responses. An overview of the SS’s main
sections can be found below, with more information of how the
SS was structured, along with the filtering information available
in Multimedia Appendix 3.

General Physical Activity

Students’ views of their PA levels were asked using five
single-item questions, including (1) if they think they take
enough PA to keep healthy; (2) their PA levels compared with
others; (3) their PA levels compared with those of last year; (4)
increasing PA over the next year; and (5) how important PA
opportunities were when enrolling. Responses were recorded
using a range of Likert scales and categories. Knowledge of the
PA guidelines was asked using a single question, with responses
allowed in minutes per week or day. General PA levels were
measured using three valid and reliable measurement tools for
assessing attainment of the PA guidelines [35]: the International
Physical Activity Questionnaire-Short Form [36], an adapted
version of the Patient-Centered Assessment andCounselingfor
Exercise [37], and a single-item measure [38]. Domains of PA
were measured, including PA as a form of transport, cycling,
walking, and muscle strengthening exercises. PA as a form of
transport was measured using two questions asking about the
form of transport used to get to the university and the duration
of time it takes [24]. Students who travelled to the university
by a motorized form were asked to give three reasons for not
actively travelling, with 12 options available. Walking for
recreation was measured with a 3-item question asking about
the frequency, duration, and intensity [24]. The frequency and
duration of cycling PA [31] and muscle strengthening PA were
also assessed using 2-item questions [24].

Determinants of Physical Activity

The psychosocial determinants of PA participation were assessed
using the Determinants of PA Questionnaire (DPAQ) [39].
Shortened from its original for practical purposes, 1 item for
each of the 11 determinants was selected based on the items
with the highest factor loading from a confirmatory factor
analysis [39]. The shortened DPAQ presents 11 statements,
worded positively and negatively, asking students to respond
using a 7-point Likert scale ranging from strongly disagree to
strongly agree. The determinant areas included knowledge,

environmental resources, motivation, beliefs about capabilities,
emotion, skills, social influences, beliefs about consequences,
action planning, coping planning, and goal conflict related to
PA.

Volunteering in Sport

A question asked students if they completed any sports voluntary
work in the past four weeks, with responses dichotomized into
volunteers and nonvolunteers. Those who volunteered were
asked to indicate the duration (hours per week) and type (range
of 7 activities) of volunteering both inside and outside the
university.

Coaching

This section asked students if they had received any formal
coaching or instruction to improve PA performance in the past
four weeks, with responses dichotomized into yes or no. If “yes,”
then information about where it was accessed was asked with
6 responses provided.

Sport and Recreational Physical Activity Participation

Student engagement in recreational PA inside their university
was assessed by asking “Did you do any sport or recreational
PA in the last four weeks?” with four options that acted as filters,
categorizing students as “nonparticipants,” participating only
“within university,” “outside university,” or “both in and outside
university.” Each category directed to a specific set of questions
designed to find out more about their behavioral choices.

Those in the “within university” and “both” categories were
asked about the frequency, intensity, duration, standard, and
the type of PA they participate in, with options given for each
[33]. These students were asked to rate the top five reasons for
participation within their university, with 17 responses provided
[40], and their satisfaction with provision for PA by their
university using 10-point Likert scales. Students were then asked
to indicate the uptake of any new PA since beginning in the
university and the highest level that they have participated at,
through closed questions [41].

Those in the “outside university” category were asked about
the frequency, intensity, duration, standard, and the type of PA
they participate in, along with whom they participate. The top
three reasons for not participating through the university were
asked with an option to suggest what their university could do
to encourage participation [33]. Questions regarding the reasons
for PA participation, the uptake of new activities, and the highest
standard participated were then asked.

Those in the “nonparticipants” category were asked for the three
reasons for nonparticipation in any PA, the length of time since
they last participated, if they could be encouraged to participate
in PA (yes or no), and what would encourage them to participate
(13 options) both inside and outside the university [26].

Elite Athlete Satisfaction

Students who indicated that the highest level participated as
“elite” were asked if they received a scholarship or bursary from
their university. If “yes,” questions about the sufficiency of
scholarship, the type of activities participated in, and their
satisfaction with the provision for elite athletes by their
university followed.
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Related Health Behaviors

Questions were asked to assess the health-related behavior
choices of students. Alcohol intake, smoking, and drug use were
all measured using single-item frequency questionnaires [23].
Sedentary behaviors were measured by students to estimate the
minutes spent sitting on weekdays and weekends in a range of
8 situations [42]. Dietary habits were measured using two
adapted single-item frequency measures, asking about
convenience foods (eg, fast food) and fresh foods (eg, fruit and
vegetables) [23]. Students’ perception of body image, general
health in the past 12 months, and happiness were assessed using
single-item measures with responses recorded using Likert
scales [24,31]. Mental health was measured using the 5-item
Mental Health Index, a subscale from the Short Form Health
Survey [43,44].

Data Management of the Student Survey
The sample collected was reviewed against the nationally
representative figures once the data collection was complete.
This enabled a weighting to be matched to the selection process
based on the parameters of age and sex, depending on any gaps
or underrepresentation in the initial data collection. The decision
to weight by gender and age was based on the knowledge from
previous research that participation in sport and PA is
significantly influenced by both factors. Weighting of the dataset
was completed by statisticians (n=2) and allowed the data to be
representative of the national statistics regarding university
enrollments. Each dataset was given an ID when data collection
was complete, which was the only identifier for each respondent.
An ID was also generated based on the university the responses
came from, which reflected the ID of the universities in the
EAT. This meant the environmental data and SS responses could
be matched, allowing examination of the relationship between
the university environment and students’ responses to the SS.
Reliability of data would affect any future analysis; thus, data
cleaning and reliability checks were paramount to this phase.
This involved checking data for consistency, completeness, and
accuracy through spot checks.

Results

Environmental Audit Tool
Data collection using the EAT was undertaken between May
and August 2014. A total of 80% (33/41) of universities
responded to the EAT. Overall, 70 people from the participating
universities played a part in the completion of the EAT,
including the following staff or equivalent in each university:
Director of Sport; Sports or Clubs and Societies Officer; and
Health or PA Promotion Officer. In 42% (14/33) of institutions,
the IC only played a role in the completion of the EAT.

Student Survey
Data collection using the SS was undertaken between October
and December 2014. Students from 78% (32/41) of universities
participated in this phase of the study. Of the 9197 students
administered the SS, 88.31% (8122/9197) provided sufficient
responses (49.12% [3966/8122] male; mean 23.17 [SD 6.75]
years). Analyses were conducted on the datasets to examine the
PA attitudes, beliefs, and behaviors of students and to investigate

the influence of relevant factors (ie, individual, behavioral, and
environmental) for student PA engagement. The full findings
generated from this protocol are available in the SASSI report
[45], with additional studies planned in the near future.

Discussion

Potential of the Protocol
The SASSI study is a novel, two-phase cross-sectional study
combining a purposefully developed EAT and a supervised
Web-based SS. Together, the measurement tools provide
comprehensive data, which permits an investigation of how
personal, behavioral, and environmental factors relate to
students’ PA. This enables us to have a holistic view of the
factors related to behavior as guided by the social cognitive
theory and ecological approach used. In addition, the protocol
allows the evaluation of the actual environment provided by
universities and their association with students’ PA. This has
the potential to eliminate the gap in the literature regarding the
association of the physical environment with PA engagement
in students [10,20]. The data collection tools developed can be
used to evaluate existing university provision for PA and
measure change in that provision; interrogate and inform the
future research agenda; and provide a platform for the pooling
and harmonization of data collected. Finally, the authors believe
that this protocol is generalizable and can be used in other
nations and by other stakeholders to quantify and evaluate the
factors that are important for student PA engagement. Such
evaluations will contribute to the impact of health promotion
efforts for this population.

Strengths
The protocol has several strengths, which encourage the
possibility of its use in other nations wishing to investigate PA
in this population. Identification of similar survey instruments
and the consultation process throughout the development phases
were strengths that allowed for the creation of 2 assessment
tools that were used in over 30 universities across 2 nations.
The consultation process in both phases also allowed for face
validity to be maximized for the EAT and SS by the research
team, management group, and international experts. Both the
EAT and SS are comprehensive in assessing their intended areas
but are designed to be used together, which provide a unique
dataset. This unique dataset has the potential to increase our
understanding of the actual environment provided by
universities and the effects it has on students’ PA, while also
assessing personal and behavioral factors. Other major strengths
of the SASSI protocol concern the training, buy-in, and input
from the ICs throughout both phases and the success of
administering the EAT and SS through a Web-based platform.
These strengths were key factors for the high response rates in
the EAT (80% of universities invited completed the EAT) and
SS (88.31%; 8122/9197) of the 9197 students administered the
SS sufficiently completed it). For phase 2, the use of a
supervised survey delivered during class time replicated the
response rates of similar study protocols [3,30].
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Limitations
Although the SASSI protocol possesses strengths, the
weaknesses also need to be recognized here and addressed for
future research. The EAT and SS required a great deal of
information and were time-consuming. This magnifies the
importance of the buy-in from the ICs and the features offered
through Web-based administration (eg, stop-save and ease of
administration), which aided completion. Additional limitations
concerning the questions used in the EAT and SS need to be
addressed. Despite both tools being comprehensive, certain
questions and options offered may have resulted in responses
that do not provide all the information needed. For example, in
the EAT, capital and current investment were assessed using
closed questions with the lowest option being “up to €25,000.”
This meant that universities that invested €25,000 were grouped
with others who invested zero, with no way for the research
team to tell the difference. In addition, in the SS, certain
health-related behavior questions (eg, alcohol and smoking)
assessed frequency but not the intensity of the behavior (eg,
units of alcohol or cigarettes). The primary focus of SASSI was
PA, which meant less importance was put on other questions,
but this is still a limitation of this protocol. Suggestions for
future research may be to provide additional options in the
closed questions or offer open responses instead. Finally, the
validity and reliability of some measures included have not been
acquired for this population, with certain measures used in the
SS shortened and adapted for practical reasons and to reduce
the burden on students. Evidence suggests that lengthy

measurement tools lead to greater amounts of missing data on
individual questions, decreased variability in answers to
grid-based questions, and shorter responses to open-ended
questions [46]. Although the methodology allows for face
validity of the measures used in the EAT and SS to be
maximized through the use of known measures, a consultation
phase and training days, there may be a need for future research
to test their concurrent validity and reliability. A further
weakness of the SASSI protocol was the cross-sectional design
that meant the correlates of PA could be measured, but not the
true determinants.

Conclusions
Nevertheless, the authors believe that the SASSI protocol, with
its whole country approach, is unique and can be used as a model
for other nations hoping to investigate the PA and its related
factors in university students. The use of one standardized
comprehensive protocol to study such a topic would lead to the
harmonization of data, allowing for the comparison of findings
across countries. The information collected using the SASSI
protocol may have potential uses such as providing information
to relevant stakeholders and policy makers, providing strategic
guidance for future policy and planning of university settings
and university health interventions to enhance the health,
well-being, and sustainability of students. The authors also hope
that the tools developed in SASSI can be used in future
longitudinal research, hoping to investigate the personal,
behavioral, and environmental determinants of PA in university
students.
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Abstract

Background: Primary, specialist, and allied health services can assist in providing equitable access in rural and remote areas,
where higher proportions of Aboriginal and Torres Strait Islander people (Aboriginal Australians) reside, to overcome the high
rates of chronic diseases experienced by this population group. Little is currently known about the location and frequency of
services and the extent to which providers believe delivery is occurring in a sustained and coordinated manner.

Objective: The objective of this study will be to determine the availability, accessibility, and level of coordination of a range
of community-based health care services to Aboriginal people and identify potential barriers in accessing health care services
from the perspectives of the health service providers.

Methods: This mixed-methods study will take place in 3 deidentified communities in New South Wales selected for their high
population of Aboriginal people and geographical representation of location type (coastal, rural, and border). The study is designed
and will be conducted in collaboration with the communities, Aboriginal Community Controlled Health Services (ACCHSs),
and other local health services. Data collection will involve face-to-face and telephone interviews with participants who are health
and community professionals and stakeholders. Participants will be recruited through snowball sampling and will answer structured,
quantitative questions about the availability and accessibility of primary health care, specialist medical and allied health services
and qualitative questions about accessing services. Quantitative data analysis will determine the frequency and accessibility of
specific services across each community. Thematic and content analysis will identify issues relating to availability, accessibility,
and coordination arising from the qualitative data. We will then combine the quantitative and qualitative data using a health
ecosystems approach.
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Results: We identified 28 stakeholder participants across the ACCHSs for recruitment through snowball sampling (coastal,
n=4; rural, n=12; and border, n=12) for data collection. The project was funded in 2017, and enrolment was completed in 2017.
Data analysis is currently under way, and the first results are expected to be submitted for publication in 2019.

Conclusions: The study will give an indication of the scope and level of coordination of primary, specialist, and allied health
services in rural communities with high Aboriginal populations from the perspectives of service providers from those communities.
Identification of factors affecting the availability, accessibility, and coordination of services can assist ways of developing and
implementing culturally sensitive service delivery. These findings could inform recommendations for the provision of health
services for Aboriginal people in rural and remote settings. The study will also contribute to the broader literature of rural and
remote health service provision.

International Registered Report Identifier (IRRID): DERR1-10.2196/11471

(JMIR Res Protoc 2019;8(2):e11471)   doi:10.2196/11471

KEYWORDS

Aboriginal Australians; availability; accessibility; community-based health care services; health care services

Introduction

Access to coordinated and timely specialist care improves health
outcomes for people with complex health needs [1]. During
2010-2012, the estimated life expectancy at birth for Aboriginal
and Torres Strait Islander Australians (hereafter Aboriginal
Australians) was 10 years lower than that for non-Aboriginal
Australians [2]. Much of this gap in life expectancy between
Aboriginal Australians and non-Aboriginal Australians has been
attributed to chronic diseases [3]. The rates of these chronic
diseases are considerably higher among Aboriginal people than
among the overall Australian population [4]. In 2008, a 25-year
political commitment called Closing the Gap was made through
the establishment of seven targets across health, education, and
employment, yet only modest progress has been achieved over
almost a decade [5].

Approximately one-third of the Australian population lives
outside the eight major cities, roughly 7.7 million people [6].
However, a significant disparity between the decentralization
of the population and health expenditure exists both between
urban versus rural and regional and remote areas [7] as well as
among rural or regional and remote comparative areas.
Nationally, age-standardized services for very remote areas
were funded at less than a third of the amount received by major
cities [8]. This may lead to inequity in both the funding and
provision of health services in these regions. The state of New
South Wales (NSW) is home to the largest proportion of
Australia’s Aboriginal population, 65% of which live outside
metropolitan areas compared with only 25% of the
non-Aboriginal population [9]. Large tertiary medical centers
located in metropolitan areas can be accessed by the entire
population, yet time and cost barriers in traveling long distances
to facilities can be prohibitive, particularly for
socioeconomically disadvantaged groups such as Aboriginal
Australians.

Tackling chronic diseases requires a multidisciplinary approach
[10], with regular, appropriate consultation, treatment, and
support. Various policy initiatives have been developed at the
national, state, and local level to respond to this situation. At
the national level, the mainstream strategy outlines the need to
manage chronic diseases among Aboriginal Australians and

indicates that access to appropriate services is vital for reducing
the burden of disease [11]. Providing such services will not only
reduce the burden of chronic diseases to communities and the
country at large but also impact the quality and longevity of life
for Aboriginal Australians significantly [5]. The implementation
of the most recent, long-term national Aboriginal health plan
focuses on improving the health system through more
comprehensive, culturally competent, and effective services,
including investing in increased capability of Aboriginal
Community Controlled Health Services (ACCHSs) to meet
identified needs [12]. Ensuring that services are adequately
resourced is vital to ensuring this outcome is achieved [13,14].

The unique social and cultural needs of Aboriginal Australians
should be carefully considered in the provision of care to ensure
culturally competent service delivery [15]. The National
Aboriginal Community Controlled Health Organization, the
Aboriginal Health and Medical Research Council (AHMRC),
and rural ACCHSs have led to significant improvements in the
delivery of health care to Aboriginal Australians [16,17].
However, the capacity of ACCHSs are limited, and most health
care services are provided to Aboriginal people through
mainstream health care services [15]. The coordination of
services across multiple agencies and health problems is
challenging. An ecosystems approach provides a way to think
about health issues as a whole through a system lens, enabling
integrated responses across and between health services and
health issues. A health ecosystem approach brings key
stakeholders together to form partnerships and facilitates
engagement between all relevant sectors necessary for connected
health care to occur [18,19]. The approach has been used to
help conceptualize and understand health in its wider
environmental or ecosystem context and provide innovation in
health care [19,20]. Determining the location and frequency of
current health care services over a geographical jurisdiction
allows for the identification of targeted areas for coordinated
future service provision to create a fairer spread of care across
the population.

The primary aim of this study is to determine the availability
and accessibility of primary health care, specialist medical, and
allied health services to Aboriginal people living in three rural
or remote towns in NSW and their current level of coordination
from the perspectives of service providers in those communities.
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Methods

Study Design

Study Approach
Our study design will utilize a mixed-methods approach to give
a broader, more comprehensive perspective to answer the aims
of the study and combine the strengths of quantitative and
qualitative approaches. We will use both inductive and deductive
approaches, using initial deductive reasoning driven by the
examination of the aims of the study in combination with
generating findings that emerge from observations from the
data. The study will take place in 3 communities (coastal,
remote, and border) across NSW with higher than average
populations of Aboriginal people [9]. These three communities
have been selected based on their locations being representative
of centers with varying access to metropolitan health services
and each having a strong history of community-driven health
service development. The investigators have existing,
established relationships with the three communities, built up
over several years of collaborative working and co-designed
research. The coastal, remote, and border communities have
populations of 14,000 (17% Aboriginal), 1400 (65%
Aboriginal), and 500 (63% Aboriginal) people, respectively
[6,9].

We will conduct the study in collaboration with ACCHSs and
other service providers including hospitals, general practice
clinics, pharmacies, and community health centers. Stakeholder
participants will be staff recruited from local health districts
and primary health networks, ACCHSs, pharmacies, early
childhood centers, general practices, Aboriginal working parties,
schools, local councils, and the private health sector. By
interviewing representatives from multiple service providers in
each community, we will be able to triangulate the data to ensure
that we capture a comprehensive picture of service providers’
perspectives.

Phase 1: Community Engagement and Recruitment
Figure 1 presents a flowchart of the study phases. In Phase 1,
the researchers approached ACCHS stakeholders in the three
selected locations to participate in the study. We gave these
stakeholders the opportunity to join the research team and
contribute to the development and implementation of the
research design and data collection tools. We have established
an independent study advisory group to oversee the study and
its governance [21]. The advisory group comprises both
Aboriginal and non-Aboriginal professionals and community
members who have knowledge and expertise relating to at least
one of the three communities. This group can enhance the
reflexivity of the research process by guiding the researchers
during each of the three phases. Each organization involved in
the study was asked to nominate individual participants who
meet the study inclusion criteria of having existing relationships
within the communities and knowledge of and access to
information regarding the provision of services to these
communities.

While we selected the three communities for the study based
on their demographic characteristics and their established
relationships with the researchers, a snowball sampling
recruitment process will be used to recruit individual
participants. We asked partner ACCHSs to provide information
on all relevant service providers in their community for
recruitment. Subsequently, the research team contacted each of
these organizations to invite them to participate in the study.
Where consent was granted by the organization to approach
their staff members to participate in the study, the organization
subsequently introduced the study to their staff and facilitated
recruitment by providing contact details of potential participants.
While snowball sampling does not provide a known sampling
population size, it gives a more effective means of accessing
vulnerable and isolated population groups, such as rural
populations and professionals (including those who identify as
Aboriginal) working with Aboriginal communities, for
mixed-methods research [22].

Phase 2: Data Collection
We will deidentify each location to ensure confidentiality and
privacy for the participants, which may facilitate more honest
and candid responses, and to protect the privacy of the
communities. All participants will go through an informed
consent process and sign consent forms prior to data collection.
We will collect the data over a 2-week period in each community
using both face-to-face and telephone interviews. Each
community supported the undertaking of data collection in this
timeframe and considered it to be appropriate for answering the
aims of the study and that it would not place an undue burden
on the community. We will invite the participants to undertake
a structured, quantitative interview about the primary health
care, specialist medical and allied health services in their
community and give them the opportunity to provide longer,
open-ended (qualitative) answers for each question. The
quantitative component will allow the participants to indicate
the specific services (primary, specialist, and allied health
services, eg, podiatry, renal nurse, or sonography) available in
these communities, by providing a response of “yes,” “no,” or
“unsure.” Participants will be asked to identify where (through
giving an open-ended response, eg, ACCHS or local hospital)
these services are offered. We will also ask the participants
about the frequency of service delivery, measured through a
9-point scale from “always” to “never” (including the responses
“weekly,” “monthly,” and “annually”). The qualitative
component will collect information about the participant’s
experiences, beliefs, and expectations about accessing health
services in their community. Participants will also be asked
open-ended questions about the barriers and enablers to health
care services for Aboriginal people in their respective locations.

One of the authors and a project manager, who are experienced
in conducting interviews for qualitative research in Aboriginal
communities, will conduct the interviews. All interviews will
be audio recorded and transcribed by a transcription service.
Quantitative data will be collected using REDCap (REDCap
Software), a secure electronic data capture tool hosted at The
George Institute for Global Health [23].
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Figure 1. Flow chart of the study.

Phase 3: Data Analysis
We will analyze the data to provide an informative analysis of
service providers’ perceptions of the provision of health care
services to these communities. A research student who was not
involved in the data collection will conduct the initial data
analyses, with subsequent data interpretation by the study
investigators and the advisory group.

Descriptive statistical analysis will be used for all quantitative
data to determine the frequency of specific services, across the
three communities and combined, to determine their availability.
We anticipate that data on services will be defined and
categorized by service type (eg, primary, specialist, or allied),
service delivery type (eg, nurse, podiatrist, or sonographer), and
delivery organization (eg, public or private). In each community,
we will compare participant reports of the type and frequency
of health services available. We will tabulate services readily
identified by all participants as well as those where there is
uncertainty or dispute. Similarly, the reported frequency of
services will be compared across participants in each community
to determine knowledge about services available at a community
level.

All qualitative data will undergo thematic and content analysis
using both inductive and deductive approaches [24]. This
analysis will include the identification of any potential barriers
or enablers or broader emerging themes relating to the provision
of and access to health services for Aboriginal people. The
qualitative and quantitative data will be visually combined and
mapped using a health ecosystem approach [18]. This will
provide an ecological framework [25] to analyze how the various
parts of the health care systems in this study, such as perceptions
of coordination, funding, and design, interact. A

member-checking [26] process will subsequently be undertaken
through consultation with the advisory group to examine the
validity of the findings and ensure reflexivity has occurred
across the study.

Quantitative analyses will be performed using SPSS 19.0 (IBM
Corp) and qualitative analyses using NVivo 10 (QSR
International).

Ethics and Governance
The AHMRC of NSW gave ethical approval for this study
(1173/16). A requirement of ethical approval was the
establishment of an advisory group to advise the research team.
The advisory committee comprised representatives from
ACCHSs and mainstream (including rural-specific) health
organizations. This committee met twice at the development
and start-up of the study and will meet again once data collection
is complete. The study addresses the AHMRC and National
Health and Medical Research Council principles and guidelines
for Aboriginal and Torres Strait Islander research [21]. We will
share the findings of this study with the three Aboriginal
communities and their ACCHSs, the advisory group supporting
the study, and the AHMRC as well as in peer-reviewed
publications and at conferences.

Results

We identified 28 stakeholder participants across the ACCHSs
for recruitment through snowball sampling (n=4 coastal, n=12
rural, and n=12 border) in Phase 1 for data collection in Phase
2. The project was funded in 2017, and enrolment was
completed in 2017. Data analysis is currently underway, and
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the first results are expected to be submitted for publication in
2019.

Discussion

This study will use quantitative and qualitative data to provide
unique insight into the lived experiences of service providers
in 3 rural communities with high Aboriginal populations in
NSW. Further, this study provides insights into the availability
and frequency of primary, specialist, and allied health services
in those communities. Combining the quantitative and
qualitative data will provide a comprehensive way to identify
issues and enablers from a systems perspective and make explicit
how all the parts of the health system might interact, support,
and influence outcomes [25]. The results of this study may
identify barriers and enablers of health services in rural and
remote communities. This information will help inform
recommendations about how to improve health care services to
Aboriginal people. Subsequently, this will contribute to easing
the burden of chronic diseases for people in these communities
specifically and to other nonmetropolitan jurisdictions across
and beyond Australia.

The provision of health care services to Australians is a
multifaceted undertaking that is often influenced by a range of
factors, particularly social, cultural, political, and geographical
factors. When this provision exists outside major cities, the
challenges and expenses faced by health care providers are
significantly increased [8]. The provision of coordinated
primary, specialist, and allied health services may help overcome

some of the barriers relating to access to services and in turn
improve health outcomes among Aboriginal people living in
rural and remote areas [27]. These barriers include geographic
remoteness, socioeconomic factors, cultural competence of
services, and specialist availability [28] in addition to the general
limitations of public and primary health care systems [29], such
as waiting times and hospital service structure.

The strengths of this study are its collaborative development
and delivery, with the key stakeholders involved in health
service delivery to Aboriginal Australians including
community-controlled health services. Another strength is the
application of the novel ecosystems approach that enables a
broader lens on the interactions between individuals, issues,
and system [19,20]. Limitations may include bias relating to
the representativeness of the participant sample and the validity
of self-report responses as well as the interpretation of
qualitative data by the researchers. We will attempt to ameliorate
any biases through member-checking of the results and
undertaking snowball sampling until data saturation is reached.
The study is the first of its kind to comprehensively map the
primary, specialist and allied health activities in identified
geographical areas of need for a high priority population group
from the perspectives of service providers. Ultimately, this study
will provide insights into how to better provide health care
services for Aboriginal people in rural and remote communities.
The findings will also contribute to the broader literature of
rural and remote health service provision [30] and provide
recommendations for future practice, which if adopted could
lead to improvement of population health services.
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Abstract

Background: Heterotopic ossification (HO) is a significant complication for wounded warriors with traumatic limb loss.
Although this pathologic condition negatively impacts the general population, ectopic bone has been observed with higher
frequency for service members injured in Iraq and Afghanistan due to blast injuries. Several factors, including a traumatic insult,
bioburden, tourniquet and wound vacuum usage, and bone fractures or fragments have been associated with increased HO for
service members. A large combat-relevant animal model is needed to further understand ectopic bone etiology and develop new
pragmatic solutions for reducing HO formation and recurrence.

Objective: This study outlines the optimization of a blast system that may be used to simulate combat-relevant trauma for HO
and replicate percussion blast experienced in theater.

Methods: We tested the repeatability and reproducibility of an air impact device (AID) at various pressure settings and compared
it with a model of blunt force trauma for HO induction. Furthermore, we assessed the ability of the higher-power air delivery
system to injure host tissue, displace metal particulate, and disperse bone chips in cadaveric sheep limbs.

Results: Data demonstrated that the air delivery setup generated battlefield-relevant blast forces. When the AID was charged
to 40, 80, and 100 psi, the outputs were 229 (SD 13) N, 778 (SD 50) N, and 1085 (SD 114) N, respectively, compared with the
blunt force model which proposed only 168 (SD 11) N. For the 100-psi AID setup, the force equaled a 5.8-kg charge weight of
trinitrotoluene at a standoff distance of approximately 2.62 m, which would replicate a dismounted improvised explosive device
blast in theater. Dispersion data showed that the delivery system would have the ability to cause host tissue trauma and effectively
disperse metal particulate and host bone chips in local musculature compared with the standard blunt force model (13 mm vs 2
mm).

Conclusions: Our data showed that a high-pressure AID was repeatable or reproducible, had the ability to function as a simulated
battlefield blast that can model military HO scenarios, and will allow for factors including blast trauma to translate toward a large
animal model.
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Introduction

Heterotopic ossification (HO) refers to ectopic bone formation,
typically in residual limbs or periarticular regions following
trauma, surgery, or injury [1]. This pathological process
manifests outside the skeleton [2] and comprises a hybrid of
cortical and cancellous bone [3]. HO is induced by damage to
soft tissue and inflammation [4,5] and has been most frequently
observed after combat-related trauma to service members with
blast injuries [6].

Reviews of orthopedic injuries from Operation Iraqi Freedom
and Operation Enduring Freedom have reported that
approximately 70% of war wounds involved the musculoskeletal
system [7], largely in part from the use of improvised explosive
devices (IEDs) and rocket-propelled grenades. Given the intense
nature of blast injuries, which require rapid tourniquet use,
debridement, and surgical intervention, HO has been reported
to occur in approximately 63%-65% of wounded service
members with limb loss or major extremity injuries [8-10].
Reports of recent Operation Iraqi Freedom and Operation
Enduring Freedom combat-related amputees with known HO
have indicated that approximately 20%-40% of affected patients
required surgery to excise their bony masses [10-13].
Symptomatic HO may delay rehabilitation regimens, as ectopic
bone resection often requires modifications to prosthetic limb
componentry and socket size [11,14].

The causative factors of HO development, especially in the case
of blast injuries, are not well known. However, it has been
hypothesized that contributing factors may include the
following: (1) the blast, which generates extensive trauma and
potential concomitant brain injury [15]; (2) tourniquet use,
which alters local pH and creates a hypoxic environment [16];
(3) the presence of bacteria and biofilms [17]; (4) negative
pressure wound therapy that may be used postinjury [9]; and
(5) fractured bone, which may be dispersed into the musculature
(clinical observations, unpublished data). To identify the various
contributing factors for ectopic bone and to provide new
evidence-based medicine that may inform clinical guidelines,
animal models are currently being developed. However, as noted
by Forsberg et al in Burned to the Bone, “one of the challenges
preventing advances in this field has been the lack of robust
animal models for HO” [18].

While rats and rabbits are the most commonly used animals for
HO research, their bone growth rates are 600% and 40% higher,
respectively, than those of humans [19,20]. This may limit the
translatability of this work because HO has been documented
to be more metabolically active than nonpathological osseous
tissue [1,3,21-24]. Small animal models also cannot accurately
reflect combat casualty care because variables such as serial
debridement and negative pressure wound therapy must be
omitted [25]. The most practical model, and one that is highly
understudied, is the ovine model, which has almost identical

mineral apposition rates [26] and bone ingrowth into
intramedullary implants [27] compared with that of humans.
Despite this evidence, only a single study by Walton et al [28]
has evaluated HO development in an ovine model; the study
results indicated that ectopic bone occurred only 17% of the
time. However, Walton et al used blunt force rather than blast
trauma, which does not replicate combat conditions, and
histological data confirmed that HO formation did not occur.
In an effort to address these limitations, preparations are
underway to expand HO data collection into a large animal
model that includes use of a simulated blast scenario. The first
step in this process was to develop a system that could deliver
a repeatable and reproducible high-pressure blast. This study
outlines the optimization of a simulated blast system that may
be translated to a large animal ovine model to assess the
development of HO in blast-related scenarios.

Methods

Incident Pressures and Air Impact Device Selection
IEDs are often fabricated from 120-mm artillery rounds and
contain approximately 5.8 kg trinitrotoluene (TNT) or its
equivalent [29,30]. At a standoff distance of 5.5 m (one of the
most commonly used measures for blast assessment), this yields
an incident pressure of 110.9 kilopascal (kPa) based on the
Kingery-Bulmash blast parameter calculator, which was used
for calculating estimated incident pressures in this study [31].
Previous military blast injury models in rodents have utilized
pressurized gas systems to mimic IED repercussions [29]. It
has been shown that these system types result in incident
pressures and other blast parameters, including waveform shape
and impulse to detonation, that correlate with IED or other blast
outputs [29,32].

In order to more closely simulate an IED or rocket-propelled
grenade blast that may occur in theater, and to appropriately
translate this to a large animal model, we consulted a special
effects pyrotechnics expert who was familiar with the creation
of controllable blasts using pressurized gas or air. We identified
Martin Tornado Air Cannon with a 4-inch valve (Model
BB4-12-28, Martin Engineering, Neponset, IL) as a viable
option for simulating a blast. Based on technical sheets, the
Tornado system provides rapid depressurization of air within
0.1 seconds [33]. Incident pressures were estimated to range
between approximately 174 and 588 kPa (ie, 40-100 psi),
consistent with what may be experienced in the range of a
battlefield blast setting based on parameters from the
Kingery-Bulmash blast parameter calculator [29-31]. The Martin
Tornado Air Cannon and its setup, which have been termed the
air impact device (AID), were assembled based on
manufacturer’s recommendations and assessed initially for force
output.

JMIR Res Protoc 2019 | vol. 8 | iss. 2 | e12107 | p.241http://www.researchprotocols.org/2019/2/e12107/
(page number not for citation purposes)

Williams et alJMIR RESEARCH PROTOCOLS

XSL•FO
RenderX

http://dx.doi.org/10.2196/12107
http://www.w3.org/Style/XSL
http://www.renderx.com/


Force Plate Testing
Animal limbs and carcasses for this and subsequent analyses
were obtained from local butcher shops and from separate
Institutional Animal Care and Use Committee-approved studies.
To determine force outputs of the AID, NeuLog force plates
(Amazon, Seattle, WA, Model Number NUL225) and
accompanying sensors were purchased. The AID was secured
to a metal cart using industrial strength tie-downs and situated
such that the air release opening was directly over a force plate
(Figure 1). Tie-down straps were used to secure the device. The
NeuLog force plate was adjustable in height and tested at a
distance of 2 inches from the AID air release opening to collect
force plate data. The force plate was bolted to a custom-made
aluminum stand, and tie-downs were used to secure the structure
during AID discharge. The force plate was positioned 2 inches
from the AID, and data was collected via universal serial bus
to a general use Apple MacBook Pro on which NeuLog’s
publicly available software had been downloaded. The AID was
pressurized using a DeWalt fast charge air compressor and tested
at pressures of 40, 80, and 100 psi. These settings were assessed
experimentally to, in future, determine their ability to cause
localized trauma but be within a factor of safety to not cause
ovine fractures at this stage of the model. Once pressurized, the
AID was discharged. Data were collected with 10 repeat
measurements at each psi.

In order to establish baseline force outputs for ovine-induced
trauma, we also reproduced the method performed by Walton
et al [28], which required a weight of approximately 3.5 kg
(head of a sledge hammer) to be dropped from a height of 1
meter. The force of this impact was recorded 10 times for
comparison against the AID outcomes. Once force data were

collected, testing of the AID system was advanced to ex vivo
cadaveric sheep limb analysis.

Cadaveric Limb Testing
The AID blast was evaluated on 8 ovine carcass limbs and 4
whole sheep cadavers to characterize the effect of the air blast,
to ensure that the force would not generate a localized fracture,
and to optimize the surgical model. To ensure that the limb was
in the same position between each blast, a support frame was
custom welded and a brace secured in the midregion of the limb
to prevent flexion and fracture. This was done for disarticulated
limbs (Figure 2), as well as whole carcasses (Figure 3). The
AID was placed 2 inches from the cadaveric limb (Figure 2) to
be consistent with the force plate testing. Bolts were used to
attach the limb to the metal frame. Note the metal brace on the
back of the limb provided support to the femur and prevented
breakage or severe ligament damage from occurring (Figure 2).
Radiographs were taken following AID blasts to verify
postprocedure bone integrity.

Mock Shrapnel Displacement Testing
IED blast injuries often afflict wounded warriors with shrapnel
in the distal limbs. To model this scenario and assess the ability
of the AID blast procedure to disperse simulated shrapnel
particles into the musculature of cadaveric sheep limbs, a whole
carcass was obtained. An incision was made in the midshaft
region of a femur. Deep tissue was dissected longitudinally until
bone was exposed. A 2.5-g mixture of Cobalt-Chromium (CoCr)
beads having a diameter of approximately 0.5 mm was
suspended in 5 mL saline solution. The slurry was pipetted over
the bone surface. A radiograph was obtained to determine the
initial distribution of the CoCr beads (Figure 4).

Figure 1. Setup of the air impact device for force plate analysis.
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Figure 2. Representative image of a cadaveric sheep limb attached to a metal support frame for air impact device (AID) testing.

Figure 3. Impact of the air impact device (AID) blast on a cadaveric sheep. Left: Representative image showing a surgically prepared limb prior to an
AID blast. The air release opening of the AID was positioned directly above the incision; Right: Still shot showing the effect of the impact force of the
AID blast.

Once placement was determined, the midshaft incision was
sutured closed and covered with clear adhesive (ie, Tegaderm),
and the AID discharge procedure, as outlined above, was
performed. To assess for particulate dispersion, the blasting
procedure was repeated 5 times. After each blast, a radiograph
was obtained to track the displacement of CoCr beads in the
deep tissue. This process was repeated in 2 cadaveric limbs.

For comparison, CoCr displacement testing was also performed
using the Walton et al [28] method. More specifically, a sheep
cadaver was obtained, an incision made in the midshaft region
of the femur as described, and a 3.5-kg weight was dropped
from 1-m height. Bead placement was again imaged using

radiography at time zero and after each drop of the weight to
track the movement of the CoCr beads.

In addition to assessing the displacement of CoCr beads, testing
was also performed to determine whether the AID could cause
host bone chips or fragments to disperse in cadaveric sheep
tissue. A mock surgery was performed wherein a bone core of
approximately 10 mm was taken from the distal femur. Bone
chips were created using a rongeur, mixed with saline to create
a slurry, and placed in apposition to the bone in the midshaft of
the femur (Figure 5). The sheep was covered with a drape to
prevent any contamination that may have been forced though
the incision site and to protect equipment in the room (Figure
6). Radiography was obtained after AID blasts (Figure 7).
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Figure 4. Radiograph demonstrating that following air impact device exposure or blunt force trauma, femora were intact and not fractured. In addition,
images show dispersion of Cobalt-Chromium beads (white).

Figure 5. Photography demonstrating a mock surgery on a cadaver sheep for bone chip collection and placement. Left to right: Incision being made
toward the distal end of the femur. A 10-mm bone core (arrow) was taken from the distal femur. Bone chips (arrow) were placed on the exposed midshaft
of the femur. The incision site was sutured closed. Note that the fascia was also closed by suturing to ensure that the air impact device would not result
in surgical site dehiscence.

Figure 6. Photography demonstrating the AID blast. Left: A custom limb support created from 80/20 aluminum. This ensured the femur was supported
during the lateral air impact device (AID) blast. Right: The final setup of the AID blast over a surgically operated leg.
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Figure 7. Radiograph obtained after 5 AID blasts revealed that the bone chips placed on the lateral side of the femur had migrated posteriorly as well
as into the adjacent muscle tissue.

Results

Force Plate Testing
Results from the force plate portion of testing showed that the
air discharge forces of the AID exceeded the force achieved by
Walton et al, which required dropping a 3.5-kg weight from a
1-m height (Figure 3). When the AID was pressurized to 40 psi,
the air volume was 6.2 cubic feet [33]. At this psi, the incident
pressure was 174 kPa, which would equate to a 5.8-kg charge
weight of TNT at a standoff distance of approximately 4.5 m
[31]. Incident pressure in this case was defined as a free air
burst, meaning a burst that had no contact with the ground before
striking an object [34]. The force output was 229 (SD 13) N.
At 80 psi, the air volume was 10.7 cubic feet [33]. At this psi,
the incident pressure was 450 kPa, which would equate
approximately to a 5.8-kg charge weight of TNT at a standoff
distance of approximately 2.95 m [31]. The force output was
778 (SD 50) N. At 100 psi, the air volume was 12.9 cubic feet
[33]. At this psi, the incident pressure was 588 kPa, which would
equate approximately to a 5.8-kg charge weight of TNT at a
standoff distance of approximately 2.62 m [31]. The force output

was 1085 (SD 114) N. Testing did not go higher than 100 psi
given that the AID began to have connection leaks at higher
pressures.

The force of dropping the 3.5-kg weight was 168 (SD 11) N.
Taken together, the data indicated that the AID resulted in a
force output that was approximately 7× greater than the dropped
weight (Tables 1 and 2) and provided incident pressures that
may more closely model an IED.

Cadaveric Limb Testing
Tests from the cadaveric limbs indicated that with a support bar
in place (Figure 2), limbs did not fracture. However, it was
found that when an incision was present in the leg, the rapid
discharge of air opened the incision and created a pocket that
compromised the subdermal tissues. To mitigate this outcome,
the incision site was covered with durable plastic, such as
Tegaderm, which prevented the explosive air from entering the
incision site and compromising the musculature. Whole carcass
testing was performed in a horizontal plane to more closely
simulate a sheep that would be lying on a table for a procedure
to be performed.

Table 1. Force plate data output comparisons.

Force output (N)Group

Minimum, maximum95% CIMean (SD)

148, 179159-177168 (11)~3.5-kg weight

214, 245217-241229 (13)AIDa (40 psi)

732, 881745-811778 (50)AID (80 psi)

1008, 1252968-11901080 (114)AID (1000 psi)

aAID: air impact device.
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Table 2. Force plate data statistical comparisons.

P valueaGroup

<.001~3.5-kg weight versus AIDb (40 psi)

<.001~3.5-kg weight versus AID (80 psi)

<.001~3.5-kg weight versus AID (100 psi)

<.001AID (40 psi) versus AID (80 psi)

<.001AID (40 psi) versus AID (100 psi)

<.001AID (80 psi) versus AID (100 psi)

aP<.05 is significant.
bAID: air impact device.

Mock Shrapnel and Bone Displacement Testing
Results from the mock shrapnel displacement testing showed
that the AID discharge procedure dispersed CoCr beads within
the musculature of a cadaveric sheep limb (Figure 4). More
specifically, groups of beads were tracked and dispersed to a
distance of approximately 2.7 mm with each blast that was
performed. By the fifth blast, beads resided approximately 13.3
mm distal to their start point. The data also indicated that the
sheep limbs were able to withstand multiple sequential blasts.
More specifically, radiographs indicated that the limbs did not
fracture following multiple AID discharges (Figure 4).

For comparison, the process of dropping a 3.5-kg weight on the
limb resulted in minimal movement of the CoCr beads with
each sequential hit (Figure 4). Beads primarily tracked parallel
to the bone and may have been an artifact from motion during
the capturing of the radiographs or as saline drained through
the surgical pocket that was created (Figure 4). By the fifth drop
of the weight, beads had dispersed by approximately 2 mm or
less into the surrounding tissue regions.

Discussion

Principal Findings
The setup of an AID system described herein generated
repeatable and reproducible blast of pressurized air that resulted
in a force of approximately 1100 N. This may cause significant
trauma to local tissue without compromising the underlying
skeletal structure of a large animal (which may be critically
important for a translatable animal model because lameness and
extreme discomfort may necessitate euthanasia). The forces
generated in our model were approximately 7× greater than
those generated in the blunt force trauma model previously
developed to induce ectopic bone [28].

The delivery of a pressurized blast of air was consistent with
previous animal studies and incident pressures that may be
present in an IED blast [29]. However, the overall goal was not
to create massive polytrauma, but rather consistent blasts of air.
The AID used in this model also demonstrated that it could
effectively disperse metal particulate within the muscle, which
would be expected with percussion blasts. Metal beads tracked
parallel to the bone following the weight drop, displacing within
the soft tissue planes of our intermuscular approach. In contrast,
beads that dispersed into the musculature following AID blasts
appeared to disperse in a radial pattern created by the pressurized
blast of air.

Bone chips or fragments were also found to be affected by the
AID. This may be particularly important when the animal model
portion of testing begins because in a battlefield-relevant
scenario, bone chips or fragments are a common result of
blast-related trauma. These data indicate that as this work
progresses toward animal modeling, clinically relevant outcomes
may be achieved. Current testing has been limited to ex vivo
analysis. Live animal modeling will be needed to determine
whether these data model parameters are safe and effective. In
vivo data will also reveal whether an approach of highly
pressurized air, as opposed to blunt force, will lead to higher
rates of HO formation in an ovine model.

Conclusion
HO negatively affects the quality of life for service members
and those in the public sector. For example, the pathology can
inhibit the ability of those with limb loss to effectively use
prosthetic socket systems due to pain as soft tissues compress
against bony HO. This in turn delays rehabilitation and, in some
cases, requires surgical excision. Methods to better understand
the etiology and ectopic bone mitigation will improve clinical
outcomes. This study outlines the setup of a high-pressure air
blast system to simulate combat-related trauma that may lead
to future HO manifestation.
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Abstract

Background: Pharmacogenomics suggests that diseases with similar symptomatic presentations often have varying genetic
causes, affecting an individual patient’s response to a specific therapeutic strategy. Gene therapies and somatic cell therapies
offer unique therapeutic pathways for ocular diseases and often depend on increased understanding of the genotype-phenotype
relationship in disease presentation and progression. While demand for personalized medicine is increasing and the required
molecular tools are available, its adoption within pediatric ophthalmology remains to be maximized in the postgenomic era.

Objective: The objective of our study was to address the individual hurdles encountered in the field of genomic-related clinical
trials and facilitate the uptake of personalized medicine, we propose to conduct a review that will examine and identify the digital
technologies used to facilitate data analysis in somatic and gene therapy trials in pediatric patients with ocular diseases.

Methods: This paper aims to present an outline for Healthcare Information Technology and Information and Communication
Technology resources used in somatic and gene therapy clinical trials in children with ocular diseases. This review will enable
authors to identify challenges and provide recommendations, facilitating the uptake of genetic and somatic therapies as therapeutic
tools in pediatric ophthalmology. The review will also determine whether conducting a systematic review will be beneficial.

Results: Database searches will be initiated in September 2018. We expect to complete the review in December 2019.

Conclusions: Based on review findings, the authors will summarize methods used for facilitating IT integration in personalized
medicine. Additionally, it will identify further research gaps and determine whether conducting further reviews will be beneficial.

International Registered Report Identifier (IRRID): PRR1-10.2196/10705
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Introduction

“Personalized medicine” and more specifically, genomics, is
transforming health care through the implementation of
strategies aiming to individualize prevention and treatment [1].
By matching patients to specific drugs and therapies, thereby
providing customized and tailored treatments, patient needs,
values, and preferences are considered [2]. While personalized
medicine requires quantitative assessment methods including,
but not limited to, genotype sequencing, it also relies heavily
on the involvement of patients in their management and
treatment [2]. Multiple gene therapy trials targeting corneal and
retinal disorders are currently underway [3]. Ideally, retinal
gene therapies will be administered to patients before significant
vision loss. Gene therapy can, currently, only prevent further
degeneration of retinal cells by delivering the critical missing
gene, not halting disease progression or blindness [4]. Therefore,
pediatric patients stand to benefit greatly from the development
of gene therapies for retinal diseases. Patient-centered
personalized medicine has been facilitated by the integration of
informatics within health care (Healthcare Information
Technology [HIT]), as well as access to information by means
of telecommunications (Information and Communication
Technology [ICT]), which have enabled interactions and
exchange of information [5,6,7]. Developed by researchers at
the Picker Institute in 1988, “patient-centered care” represents
a health care delivery methodology driven by patient needs and
perspectives, empowering patients to become partners in the
management of their own health [8], thereby improving the
quality of service delivery. In fact, according to the “Crossing
the Quality Chasm” report developed by the Institute of
Medicine, patient-centered care represents one of the 6 essential
elements of high-quality care [9] and has the potential to shift
medical practice away from the more conventional approach of
“one size fits all” [10].

HIT and ICT have tremendous potential to contribute to and
enhance patient-centered approaches [11]. Electronic health
(eHealth), or the use of ICT in health care [12], has facilitated
the flow of information and improved health care quality [8].
Although eHealth remains underutilized, its role in personalized
medicine and the improvement of communication in clinical
settings is significant [13]. While health systems implementing
patient-centered approaches facilitate advances in personalized
medicine, research suggests that promoting the utilization and
integration of big data and ICT solutions in personalized
medicine remains a challenge to overcome [14]. HIT, an
enabling and fundamental component of health systems,
facilitates the improvement of health system quality and
efficiency, as well as patient safety by addressing patient needs
and preferences in the right setting at the right time,
subsequently enforcing active patient engagement and autonomy
[15,16]. Through digital methods utilizing personal health
records, or digital collection of health-related information
recorded and maintained by patients [17], patients and their
caregivers have additional control over their illnesses [18,19],

improving patient engagement [20]. The wide adoption of HIT
requires addressing issues including data storage, fragmentation
of data, and lack of interoperability to be addressed before the
full potential of this strategy may be realized in personalized
medicine.

Recent advances in scientific technology, including facile
genome sequencing, advanced genome editing techniques, and
controlled isolation and differentiation of cells in vitro, have
clear translational value [21]. In addition to understanding why
individuals with similar diseases respond differently to different
therapeutics, big data in health care can allow researchers to
determine why individuals with analogous conditions are
attributed different prognoses [14], enabling early intervention
through risk stratification [22]. Therapies that utilize these and
related strategies are referred to as “gene therapy medicinal
product” and “somatic cell therapy medicinal product” by the
European Medicines Agency [23]; here we will refer to them
as gene therapy and somatic cell therapy, respectively. Somatic
cell therapy refers to the administration of processed or
manipulated somatic cells to alter biologic characteristics [24].
Gene therapy alters genes in targeted cells, thereby preventing
and treating disorders [24]. “Corrected” versions of the gene
may be delivered to the patient’s cells [25], for example by
adeno-associated virus, ameliorating disease prognosis. These
therapeutic strategies may be combined by first genetically
modifying cells ex vivo before delivering them to the patients
[22]. As inherited diseases are clearly amenable to a gene
therapy strategy, pediatric patients represent a population that
may gain tremendously from advances in this field [3].

New technologies in health care are allowing physicians to tailor
and customize treatments to individual patients, translating
genomic research into medical practice. Acting as a driving
force, novel technologies are central to the advancement of gene
and somatic therapy trials. As there is no existing synthesis of
the electronic processes used in somatic and gene therapy trials
in pediatric patients with ocular diseases, this gap will be
addressed by the proposed review.

Methods

Background
We will use the Preferred Reporting Items for Systematic
Reviews and Meta-Analyses Protocol PRISMA-P 2015
Checklist (Multimedia Appendix 1) and the Cochrane protocol
guide to develop the protocol. In order to establish Medical
Subject Headings (MeSH), subject heading, and keywords
(Multimedia Appendix 2), a clear research question will be
developed and a Population, Intervention, Comparator, and
Outcome framework will be completed. To provide replicable
and transparent methods, we will describe the following 6 stages
in detail: (1) Literature search; (2) article selection; (3) data
extraction; (4) quality appraisal; (5) data analysis; and (6) data
synthesis.
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Systematic scoping reviews intend to promptly gather and
provide evidence on essential concepts pertaining to broad
research subjects [26]. As opposed to systematic reviews that
answer narrow and specific questions, scoping reviews may
answer broad questions and provide evidence that lie outside
of the effectiveness of an intervention [25]. Thus, where
systematic reviews may not be conducted due to evidence
deficiency, systematic scoping reviews have been proven to be
valuable [27].

Although scoping reviews do not require a strict methodological
approach, methodological frameworks have been developed by
Arksey and O’Malley in 2005 and by Levac, Colquhoun, and
O’Brien in 2010 [26,27].

Identification of a Research Question
Following preliminary and exploratory reading on somatic and
gene therapy trials involving pediatric patients with ophthalmic
conditions, no synthesis of evidence around the technological
advances used in these trials was found, demonstrating a
research gap. In light of this evidence paucity, we formulated
the following research question: What are the range of health
care information and communication technologies applied to
achieve patient-centered care in children undergoing somatic
and gene therapies for ocular diseases?

Search Strategy
We will systematically searche MEDLINE/PubMed, Embase,
and Scopus through the Imperial College London library.
Subsequent to the identification of MeSH, subject headings,
and keywords, the medical librarian at Imperial College London
will be asked to review the search strategy. Search terms will
consist of MeSH and keywords linked to (1) pediatric
population; (2) digital technologies; (3) traditional care; and (4)
outcomes. No restrictions will be applied on publication date,
publication status, or study location. Subsequent to the
MEDLINE/PubMed search, the search strategy will be converted
to Embase and Scopus searches. The search strategy may be
requested from the first author once finalized. Following
database searches, results will be imported to EndNote, a
reference software. Once the included studies are determined,
we will thoroughly search their bibliographic citations to identify
supplemental relevant studies.

Inclusion and Exclusion Criteria
The following Population, Intervention, Comparator, and
Outcome framework was developed for the purpose of the
review’s research question.

Population
Eligible studies will consist of pediatric patients with ocular
diseases undergoing somatic and gene therapy trials.

Intervention
Interventions will consist of advances in health care
technologies, including, eHealth, mobile health, big data, and
real-world data utilized in genomic and somatic therapies in
children with ocular diseases.

Comparison
No comparisons will be made.

Outcomes
Treatment and process outcomes will be assessed. Treatment
outcomes will consist of clinical effectiveness, clinical efficacy,
and patient-relevant outcomes. Process outcomes will evaluate
the quality and accessibility of technological advances.

Study Type
The following studies will be included (1) No restrictions will
be placed on study type; (2) English publications; (3)
publications obtained from MEDLINE/PubMed, Embase, and
Scopus; and (4) publications focusing on digital technologies
used in pediatric somatic and gene therapy clinical trials.

Exclusion Criteria
We excluded non-English publications.

Study Record Management
EndNote X8.2 (Clarivate Analytics) will be used for the
collection of bibliographic references. Following the assemblage
of references following database searches, duplicates will be
removed using a deduplication tool on the bibliographic
software. Where duplicates are not removed automatically by
means of the EndNote software, reviewers will examine and
compare findings thoroughly. Upon agreement, duplicates will
be removed. Authors of included studies will be contacted if
required.

Study Selection
In the first phase of the selection process, 2 reviewers will
independently perform screening of titles and abstracts.
Following elimination of papers with discernible ineligibility,
eligibility of the remaining papers will be assessed in the second
phase of the study selection process through full-text reading.
Disagreements on study eligibility will be resolved through
discussion between reviewers. If no consensus is reached, a
third reviewer will assist in the selection process. In the final
phase of the selection process, bibliographic references of
included studies will be reviewed, thereby identifying additional
potentially relevant papers. A PRISMA flow diagram will be
used to illustrate the selection process, as well as exclusion
reasons, demonstrating the review’s transparency and
replicability.

Data Extraction

Data Extraction Process
We will extract data from included studies and compile onto
data extraction forms designed by the research team. Prior to
comparison of completed data extraction forms, data will be
extracted independently by 2 reviewers. Differences in opinions
will be resolved through discussion and, if required, assistance
of a third reviewer. A single form consisting of the required
data will be generated.
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Table 1. Details of extracted data.

Details of extracted dataType of extracted data

Paper information • Author
• Date of publication
• Country where the clinical trial was conducted

Study characteristics • Clinical trial setting
• Type of somatic or gene therapy
• Trial duration or length
• Sample size
• Use of a control
• Follow-up duration

Participant characteristics • Number of participants
• Age of participants
• Gender of participants

Intervention details • Type of technological advances
• Information technology use in somatic or gene therapy trials (stage)
• Challenges around implementation
• Enabling factors

Comparator details • Type of comparator (traditional approach, standard care, none)

Outcome measures • Treatment outcomes
• Process outcomes

Data Items
Data extracted from included studies will consist of the
following information: (1) paper specifications; (2) study
characteristics; (3) participant characteristics; (4) intervention
details; (5) comparator details; and (6) outcome measures.
Details pertaining to extracted data may be found in Table 1.
Through collection of the extracted data, evidence around the
technological advances used in somatic and gene therapy trials
will be presented and discussed. To ensure adequate collection
of data, the team will review the data extraction forms prior to
usage.

Risk of Bias Assessment of Included Studies
The methodological quality of included studies will be assessed
by 2 independent reviewers. If, following discussion, reviewers
cannot reach consensus on the risk of bias pertaining to included
studies, a third reviewer will be asked to aid in decision making.

To assess the methodological quality of included studies, the
Cochrane Collaboration Risk of Bias Tool will be applied. The
following 6 criteria will be evaluated in each included study:
(1) random sequence generation (selection bias); (2) allocation
concealment (selection bias); (3) blinding (performance bias
and detection bias); (4) incomplete outcome data (attrition bias);
(5) selective reporting (reporting bias); and (6) other bias.

Following criteria assessment, risk of bias of included studies
will be determined, and studies will be judged as “high risk,”
“low risk,” or “unclear risk.” To illustrate the methodological
quality of the review’s included studies, a Risk of Bias Graph
and a Risk of Bias Summary will be presented.

Data Synthesis
Subsequent to data extraction, results will first be synthesized
numerically or by means of a descriptive statistic. Providing an
overview of the quantity and type of included papers, the
descriptive analysis will consist of the following information:
(1) intervention type, control group, sample size; (2)
characteristics of the population involved including, age, gender,
ocular disease targeted, location; and (3) intervention outcomes
including, health treatment and process outcomes

Results will also be synthesized narratively. Using the
PRISMA-P 2015 Checklist, data will be presented in a tabular
format to supplement the narrative synthesis. This will consist
of a synthesis of all included papers that will enable guidance
and allow assessment of potential heterogeneity between
included studies. To ensure the reliability of our findings,
narrative synthesis reporting will be conducted in a transparent
manner.

Providing a holistic analysis of the intervention, the quality of
the studied intervention will be determined by evaluating
through outcome measures, as well as satisfaction of health care
professionals and patients and the complexity of the intervention.
Recommendations regarding future research, policy, and practice
will be developed by the authors. Details of this stage are
currently being developed by the research team and may be
subjected to iterations or further updates following review
commencement. We intend to finalize this stage in December
2017.

Results

Database searches will be initiated in September 2018. We
expect to complete the review in December 2019.
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Discussion

Overview
The review intends to provide evidence on technology applied
to genetic and somatic cell therapy trials in children with ocular
diseases. In addition to developing recommendations that will
enable collaboration between key stakeholders, we aim to
provide a comprehensive overview that will facilitate decision
making and improve pediatric health care. Thus, we aspire to
move evidence into practice, or translate research into medical
practice, through the circulation of our review findings. We
predict that the review will also provide insight to other
researchers as additional research gaps that may need to be
addressed will be identified by means of evidence gathered in
the proposed review.

Strengths
Responding to a research gap, the review will provide evidence
on technological advances related to somatic and gene therapy
trials in children. We will perform rigorous and systematic
search of multiple health and medicine databases. No restrictions
applied on publication date, status, or location. The review will
identify unmet needs of pediatric patients with ophthalmologic
disorders, thereby informing policy makers and donors. On
completion of the review, additional research gaps will be
identified, thereby guiding the conduct of future systematic
reviews. Review findings will enhance the management of
pediatric patients undergoing somatic and gene therapies by
identifying digital technologies that improve patient safety,
engagement, and satisfaction. The effectiveness of digital
technologies on treatment outcomes will be assessed.

Limitations
Language restrictions will be imposed (non-English papers will
be excluded). As the review will outline the existing electronic
processes applied in somatic and gene therapy trials for children,
quality appraisal will not be conducted on identified papers.

Consultation
We believe consulting experts will provide valuable insight
regarding the development of recommendations, challenges that

need to be addressed, and potential solutions. In addition to
consulting pediatric somatic and gene therapy experts and
researchers, regulatory authorities and eHealth experts at
Imperial College London, the University of Oxford, and
Stanford University will be consulted throughout the conduction
of the review. This will allow the reviewers to obtain guidance
that has not been provided in the searched literature. Their
feedback on the protocol and review findings will be requested
prior to completion of the final report. Through multiple
consultations, we intend to engage subject experts in the
development and design of the systematic review in addition
to the subsequent action plan. It is intended that by means of
various consultations, we will develop strategies facilitating the
uptake of novel technological advancements by researchers,
health care practitioners, and patients in the field of personalized
medicine.

Knowledge Translation and Dissemination
The review intends to provide evidence on the digital
technologies used in data analysis and interpretation in pediatric
somatic and gene therapy trials. The review intends to develop
and circulate strategies to promote their uptake, enhance patient
safety and enhance development of personalized medicine within
health care systems. In order to enable informed
decision-making skills of consumers and improve health care
quality and access, results will be actively communicated to
health care providers, patients, and other relevant stakeholders.
To ensure transparency, replicability, and applicability of the
proposed systematic review, we intend to distribute our work
from the initial stage (protocol) to the final product.

Conclusions
Genomics is reshaping health systems. While advancements in
technologies are enabling the personalization and customization
of care, there is paucity around the evidence of their utilization
and impact in somatic and gene therapy trials in children. As
eHealth and mobile health resources have the potential to
empower patients through enhancement of decision-making
skills and patient engagement, the review intends to exhibit how
their utilizations may be maximized in pediatric somatic and
gene therapy trials to improve the quality of pediatric
ophthalmology.

 

Acknowledgments
This manuscript was supported by the Sir David Cooksey Fellowship in Healthcare Translation, the Oxford Academic Health
Sciences Centre, and the Strategies for Engineered Negligible Senescence Research Foundation. The authors thank the medical
librarians at Imperial College for advising on search strategies and available resources. The manuscript received financial support
from the Sir David Cooksey Fellowship in Healthcare Translation.

Authors' Contributions
EM conceived the study aims and objectives, led the draft, led the methodological review, revised all drafts, responded to
peer-review feedback, and provided oversight. TO composed the initial draft report and incorporated feedback from authors on
the first draft. DB and GW reviewed the first draft. AA, JC, and AM reviewed the second draft. The final report was agreed on
by all authors. EM is the guarantor.

JMIR Res Protoc 2019 | vol. 8 | iss. 2 | e10705 | p.254http://www.researchprotocols.org/2019/2/e10705/
(page number not for citation purposes)

Meinert et alJMIR RESEARCH PROTOCOLS

XSL•FO
RenderX

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


Conflicts of Interest
CLHH is a consultant and employee of multiple life sciences companies and biotechnology investment firms, which may develop
therapeutics utilizing gene editing technology or invest in such companies. REM is an academic cofounder of NightStar Therapeutics
Inc (London, UK), a biotechnology company that develops gene therapeutics for various indications including choroideremia.
NightStar had no role in the conception, design, or execution of this protocol or the following study. DB is a stockholder in
Translation Ventures Ltd (Charlbury, Oxfordshire, UK) and IP Asset Ventures Ltd (Oxford, Oxfordshire, UK), companies that,
among other services, provide cell therapy biomanufacturing and regulatory and financial advice to pharmaceutical clients. DB
is also subject to the Chartered Financial Analyst Institute’s codes, standards, and guidelines; therefore, he must stress that this
piece is provided for academic interest only and not be construed in any way as an investment recommendation. Additionally, at
the time of publication, DB and the organizations with which he is affiliated may or may not have agreed or have pending funding
commitments from the organizations named here.

Multimedia Appendix 1
The PRISMA-P 2015 checklist.

[PDF File (Adobe PDF File), 59KB - resprot_v8i2e10705_app1.pdf ]

Multimedia Appendix 2
MEDLINE/PubMed search strategy.

[PDF File (Adobe PDF File), 28KB - resprot_v8i2e10705_app2.pdf ]

References
1. Hood L, Auffray C. Participatory medicine: a driving force for revolutionizing healthcare. Genome Medicine 2013;5(12):110

[FREE Full text] [doi: 10.1186/gm514] [Medline: 24360023]
2. Chouchane L, Mamtani R, Dallol A, Sheikh JI. Personalized medicine: a patient-centered paradigm. Journal of Translational

Medicine 2011 Dec 01;9:206 [FREE Full text] [doi: 10.1186/1479-5876-9-206] [Medline: 22133076]
3. Buckland KF, Bobby GH. Gene and cell therapy for children--new medicines, new challenges? Advanced Drug Delivery

Reviews 2014 Jun;73:162-169 [FREE Full text] [doi: 10.1016/j.addr.2014.02.010] [Medline: 24583376]
4. Sivan PP, Syed S, Mok P, Higuchi A, Murugan K, Alarfaj AA, et al. Stem Cell Therapy for Treatment of Ocular Disorders.

Stem Cells International 2016;2016:8304879 [FREE Full text] [doi: 10.1155/2016/8304879] [Medline: 27293447]
5. US Department of Health & Human Services. Advancing Excellence in Health Care. Agency for Healthcare Research and

Quality URL: https://www.ahrq.gov/professionals/prevention-chronic-care/improve/health-it/index.html [accessed
2018-12-05] [WebCite Cache ID 74Rp7H5pv]

6. TechTerms. 2010. ICT URL: https://techterms.com/definition/ict [accessed 2018-12-05] [WebCite Cache ID 74RpCgEty]
7. Minvielle E, Waelli M, Sicotte C, Kimberly JR. Managing customization in health care: a framework derived from the

services sector literature. Health Policy 2014 Aug;117(2):216-227 [FREE Full text] [doi: 10.1016/j.healthpol.2014.04.005]
[Medline: 24837516]

8. Gibbons MC, eHealth Solutions for Healthcare Disparities. Märsche, RV 8-RV 652. Austria: Strauss Edition Wien;
2018:8147.

9. Institute of Medicine (US) Committee on Quality of Health Care in America. Crossing the Quality Chasm : A New Health
System for the 21st Century. 2001. [Medline: 25057539]

10. Liu ET, Johnston PG. Personalized medicine: does the molecular suit fit? Oncologist 2013 Jun;18(6):653-654 [FREE Full
text] [doi: 10.1634/theoncologist.2013-0191] [Medline: 23814161]

11. Cliff B. Using technology to enhance patient-centered care. Journal of Healthcare Management 2012;57(5):301-303.
[Medline: 23087992]

12. World Health Organization. 2017. eHealth URL: http://www.who.int/ehealth/en/ [accessed 2018-12-05] [WebCite Cache
ID 74RpTHakJ]

13. Madhavan S, Sanders AE, Chou WS, Shuster A, Boone KW, Dente MA, et al. Pediatric palliative care and eHealth
opportunities for patient-centered care. American Journal of Preventive Medicine 2011 May;40(5 Suppl 2):S208-S216
[FREE Full text] [doi: 10.1016/j.amepre.2011.01.013] [Medline: 21521596]

14. PerMed. Strategic Research and Innovation Agenda (SRIA). Shaping Europe's Vision for Personalised Medicine URL:
https://www.permed2020.eu/_media/PerMed_SRIA.pdf [accessed 2018-12-05] [WebCite Cache ID 74RpbqElT]

15. Barello S, Triberti S, Graffigna G, Libreri C, Serino S, Hibbard J, et al. eHealth for Patient Engagement: A Systematic
Review. Frontiers in Psychology 2015;6:2013 [FREE Full text] [doi: 10.3389/fpsyg.2015.02013] [Medline: 26779108]

16. Cresswell KM, Bates DW, Sheikh A. Ten key considerations for the successful implementation and adoption of large-scale
health information technology. Journal of the American Medical Informatics Association 2013 Jun;20(e1):e9-e13 [FREE
Full text] [doi: 10.1136/amiajnl-2013-001684] [Medline: 23599226]

JMIR Res Protoc 2019 | vol. 8 | iss. 2 | e10705 | p.255http://www.researchprotocols.org/2019/2/e10705/
(page number not for citation purposes)

Meinert et alJMIR RESEARCH PROTOCOLS

XSL•FO
RenderX

resprot_v8i2e10705_app1.pdf
resprot_v8i2e10705_app1.pdf
resprot_v8i2e10705_app2.pdf
resprot_v8i2e10705_app2.pdf
https://genomemedicine.biomedcentral.com/articles/10.1186/gm514
http://dx.doi.org/10.1186/gm514
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24360023&dopt=Abstract
https://translational-medicine.biomedcentral.com/articles/10.1186/1479-5876-9-206
http://dx.doi.org/10.1186/1479-5876-9-206
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=22133076&dopt=Abstract
https://linkinghub.elsevier.com/retrieve/pii/S0169-409X(14)00032-5
http://dx.doi.org/10.1016/j.addr.2014.02.010
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24583376&dopt=Abstract
https://dx.doi.org/10.1155/2016/8304879
http://dx.doi.org/10.1155/2016/8304879
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27293447&dopt=Abstract
https://www.ahrq.gov/professionals/prevention-chronic-care/improve/health-it/index.html
http://www.webcitation.org/74Rp7H5pv
https://techterms.com/definition/ict
http://www.webcitation.org/74RpCgEty
http://linkinghub.elsevier.com/retrieve/pii/S0168-8510(14)00104-3
http://dx.doi.org/10.1016/j.healthpol.2014.04.005
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24837516&dopt=Abstract
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25057539&dopt=Abstract
http://theoncologist.alphamedpress.org/cgi/pmidlookup?view=long&pmid=23814161
http://theoncologist.alphamedpress.org/cgi/pmidlookup?view=long&pmid=23814161
http://dx.doi.org/10.1634/theoncologist.2013-0191
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23814161&dopt=Abstract
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23087992&dopt=Abstract
http://www.who.int/ehealth/en/
http://www.webcitation.org/74RpTHakJ
http://www.webcitation.org/74RpTHakJ
http://europepmc.org/abstract/MED/21521596
http://dx.doi.org/10.1016/j.amepre.2011.01.013
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=21521596&dopt=Abstract
https://www.permed2020.eu/_media/PerMed_SRIA.pdf
http://www.webcitation.org/74RpbqElT
https://dx.doi.org/10.3389/fpsyg.2015.02013
http://dx.doi.org/10.3389/fpsyg.2015.02013
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26779108&dopt=Abstract
http://jamia.oxfordjournals.org/cgi/pmidlookup?view=long&pmid=23599226
http://jamia.oxfordjournals.org/cgi/pmidlookup?view=long&pmid=23599226
http://dx.doi.org/10.1136/amiajnl-2013-001684
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23599226&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/


17. Rouse M. TechTarget. Personal Health Record (PHR) URL: https://searchhealthit.techtarget.com/definition/
personal-health-record-PHR [accessed 2018-12-05] [WebCite Cache ID 74RqFh6KN]

18. Chan D, Howard M, Dolovich L, Bartlett G, Price D. Revolutionizing patient control of health information. Can Fam
Physician 2013 Aug;59(8):823-824 [FREE Full text] [Medline: 23946017]

19. Archer N, Fevrier-Thomas U, Lokker C, McKibbon KA, Straus SE. Personal health records: a scoping review. Journal of
the American Medical Informatics Association 2011;18(4):515-522 [FREE Full text] [doi: 10.1136/amiajnl-2011-000105]
[Medline: 21672914]

20. Wiljer D, Urowitz S, Apatu E, DeLenardo C, Eysenbach G, Harth T, et al. Patient accessible electronic health records:
exploring recommendations for successful implementation strategies. Journal of Medical Internet Research 2008;10(4):e34
[FREE Full text] [doi: 10.2196/jmir.1061] [Medline: 18974036]

21. Liu ET, Johnston PG. Personalized medicine: does the molecular suit fit? Oncologist 2013 Jun;18(6):653-654 [FREE Full
text] [doi: 10.1634/theoncologist.2013-0191] [Medline: 23814161]

22. Kessler DA, Siegel JP, Noguchi PD, Zoon KC, Feiden KL, Woodcock J. Regulation of somatic-cell therapy and gene
therapy by the food and drug administration. New England Journal of Medicine 1993 Oct 14;329(16):1169-1173. [doi:
10.1056/NEJM199310143291607] [Medline: 8377782]

23. NHS ICT Strategy. Executive Summary URL: https://www.torbayandsouthdevon.nhs.uk/uploads/ict-strategy.pdf [accessed
2018-12-05] [WebCite Cache ID 74RqcarwT]

24. European Medicines Agency. Summaries of scientific recommendations on classification of advanced therapy medicinal
products. Science Medicines Health URL: https://www.ema.europa.eu/en/human-regulatory/marketing-authorisation/
advanced-therapies/advanced-therapy-classification/
summaries-scientific-recommendations-classification-advanced-therapy-medicinal-products [accessed 2018-12-05] [WebCite
Cache ID 74RqexiJl]

25. Kohn DB. Gene therapy for XSCID: the first success of gene therapy. Pediatric Research 2000 Nov;48(5):578. [doi:
10.1203/00006450-200011000-00002] [Medline: 11044472]

26. Arksey H, O'Malley L. Scoping studies: towards a methodological framework. International Journal of Social Research
Methodology 2005 Feb;8(1):19-32 [FREE Full text] [doi: 10.1080/1364557032000119616]

27. Levac D, Colquhoun H, O'Brien KK. Scoping studies: advancing the methodology. Implement Sci 2010 Sep 20;5:69 [FREE
Full text] [doi: 10.1186/1748-5908-5-69] [Medline: 20854677]

Abbreviations
eHealth: electronic health
HIT: Healthcare Information Technology
ICT: Information and Communications Technology
MeSH: Medical Subject Headings

Edited by G Eysenbach; submitted 05.04.18; peer-reviewed by D Baines, T Jiang; comments to author 25.08.18; revised version
received 26.08.18; accepted 26.08.18; published 07.02.19.

Please cite as:
Meinert E, Alturkistani A, Osama T, Halioua-Haubold CL, Car J, Majeed A, Wells G, MacLaren RE, Brindley D
Digital Technology in Somatic and Gene Therapy Trials of Pediatric Patients With Ocular Diseases: Protocol for a Scoping Review
JMIR Res Protoc 2019;8(2):e10705
URL: http://www.researchprotocols.org/2019/2/e10705/ 
doi:10.2196/10705
PMID:30730295

©Edward Meinert, Abrar Alturkistani, Tasnime Osama, Celine-Lea Halioua-Haubold, Josip Car, Azeem Majeed, Glenn Wells,
Robert E MacLaren, David Brindley. Originally published in JMIR Research Protocols (http://www.researchprotocols.org),
07.02.2019. This is an open-access article distributed under the terms of the Creative Commons Attribution License
(https://creativecommons.org/licenses/by/4.0/), which permits unrestricted use, distribution, and reproduction in any medium,
provided the original work, first published in JMIR Research Protocols, is properly cited. The complete bibliographic information,
a link to the original publication on http://www.researchprotocols.org, as well as this copyright and license information must be
included.

JMIR Res Protoc 2019 | vol. 8 | iss. 2 | e10705 | p.256http://www.researchprotocols.org/2019/2/e10705/
(page number not for citation purposes)

Meinert et alJMIR RESEARCH PROTOCOLS

XSL•FO
RenderX

https://searchhealthit.techtarget.com/definition/personal-health-record-PHR
https://searchhealthit.techtarget.com/definition/personal-health-record-PHR
http://www.webcitation.org/74RqFh6KN
http://www.cfp.ca/cgi/pmidlookup?view=long&pmid=23946017
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23946017&dopt=Abstract
http://jamia.oxfordjournals.org/cgi/pmidlookup?view=long&pmid=21672914
http://dx.doi.org/10.1136/amiajnl-2011-000105
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=21672914&dopt=Abstract
http://www.jmir.org/2008/4/e34/
http://dx.doi.org/10.2196/jmir.1061
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=18974036&dopt=Abstract
http://theoncologist.alphamedpress.org/cgi/pmidlookup?view=long&pmid=23814161
http://theoncologist.alphamedpress.org/cgi/pmidlookup?view=long&pmid=23814161
http://dx.doi.org/10.1634/theoncologist.2013-0191
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23814161&dopt=Abstract
http://dx.doi.org/10.1056/NEJM199310143291607
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=8377782&dopt=Abstract
https://www.torbayandsouthdevon.nhs.uk/uploads/ict-strategy.pdf
http://www.webcitation.org/74RqcarwT
https://www.ema.europa.eu/en/human-regulatory/marketing-authorisation/advanced-therapies/advanced-therapy-classification/summaries-scientific-recommendations-classification-advanced-therapy-medicinal-products
https://www.ema.europa.eu/en/human-regulatory/marketing-authorisation/advanced-therapies/advanced-therapy-classification/summaries-scientific-recommendations-classification-advanced-therapy-medicinal-products
https://www.ema.europa.eu/en/human-regulatory/marketing-authorisation/advanced-therapies/advanced-therapy-classification/summaries-scientific-recommendations-classification-advanced-therapy-medicinal-products
http://www.webcitation.org/74RqexiJl
http://www.webcitation.org/74RqexiJl
http://dx.doi.org/10.1203/00006450-200011000-00002
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=11044472&dopt=Abstract
https://www.tandfonline.com/action/captchaChallenge?redirectUri=%2Fdoi%2Fabs%2F10.1080%2F1364557032000119616
http://dx.doi.org/10.1080/1364557032000119616
https://implementationscience.biomedcentral.com/articles/10.1186/1748-5908-5-69
https://implementationscience.biomedcentral.com/articles/10.1186/1748-5908-5-69
http://dx.doi.org/10.1186/1748-5908-5-69
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=20854677&dopt=Abstract
http://www.researchprotocols.org/2019/2/e10705/
http://dx.doi.org/10.2196/10705
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30730295&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/


Protocol

Adolescent Trials Network for HIV-AIDS Scale It Up Program:
Protocol for a Rational and Overview

Sylvie Naar1, PhD; Jeffrey T Parsons2,3, PhD; Bonita F Stanton4, MD
1College of Medicine, Florida State University, Tallahassee, FL, United States
2Center for HIV Educational Studies and Training, Hunter College of the City University of New York, New York, NY, United States
3Health Psychology and Clinical Science Doctoral Program, Graduate Center of the City University of New York, New York, NY, United States
4Hackensack Meridian School of Medicine, Seton Hall University, South Orange, NJ, United States

Corresponding Author:
Sylvie Naar, PhD
College of Medicine
Florida State University
Main Campus
1115 West Call Street
Tallahassee, FL, 32306
United States
Phone: 1 248 207 2903
Email: sylvie.naar@med.fsu.edu

Abstract

Background: The past 30 years have witnessed such significant progress in the prevention and treatment of HIV/AIDS that an
AIDS-free generation and the end to the global AIDS epidemic are ambitious, but achievable, national and global goals. Despite
growing optimism, globally, youth living with HIV are markedly less likely to receive antiretroviral therapy than adults (23% vs
38%). Furthermore, marked health disparities exist regarding HIV infection risk, with young men of color who have sex with
men disproportionately affected. A large body of research has identified highly impactful facilitators of and barriers to behavior
change. Several efficacious interventions have been created that decrease the rate of new HIV infections among youth and reduce
morbidity among youth living with HIV. However, full benefits that should be possible based on the tools and interventions
currently available are yet to be realized in youth, in large part, because efficacious interventions have not been implemented in
real-world settings. Scale It Up (SIU) primarily aims to assemble research teams that will ultimately bring to practice evidence-based
interventions that positively impact the youth HIV prevention and care cascades, and in turn, advance the fields of implementation
science and self-management science.

Objective: This paper aims to describe the structure of the U19-SIU and the effectiveness-implementation hybrid trials, as well
as other center-wide protocols and initiatives, implemented within SIU.

Methods: SIU will achieve its aims through 4 individual primary protocols, 2 center-wide protocols, and 3 cross-project
initiatives.

Results: SIU was funded by National Institute for Child Health and Human Development (U19HD089875) and began in October
2016. As of November 2018, 6 SIU protocols have launched at least the first phase of work (ATN 144 SMART: Sequential
Multiple Assignment Randomized Trial; ATN 145 YMHP: Young Men’s Health Project; ATN 146 TMI: Tailored Motivational
Interviewing Intervention; ATN 153 EPIS: Exploration, Preparation, Implementation, Sustainment model; ATN 154 CM: Cascade
Monitoring; ATN 156 We Test: Couples' Communication and HIV Testing). Further details can be found in the individual protocol
papers.

Conclusions: To date, the youth HIV research portfolio has not adequately advanced the important care area of self-management.
SIU protocols and initiatives address this broad issue by focusing on evaluating the effectiveness and implementation of
self-management interventions. SIU is highly innovative for 5 primary reasons: (1) our research framework expands the application
of “self-management”; (2) the 4 primary protocols utilize innovative hybrid designs; (3) our Analytic Core will conduct
cost-effectiveness analyses of each intervention; (4) across all 4 primary protocols, our Implementation Science Core will apply
implementation scales designed to assess inner and outer context factors; and (5) we shall advance understanding of the dynamics
between provider and patient through analysis of recorded interactions.
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Introduction

The last 30 years have witnessed significant progress in the
prevention and treatment of HIV/AIDS. Combination
antiretroviral therapy (ART) has transformed HIV infection
from a rapidly debilitating, fatal disease into a manageable
chronic disease with high potential for a healthy life for multiple
decades [1,2]. Combinations of >25 formulations of 6 classes
of ART maintain the effectiveness of drug therapy in reducing
viral transmission. Combined with widely available, accurate,
and rapid HIV testing, pre-exposure prophylaxis (PrEP) for
individuals at high risk, and universal viral suppression for those
infected, an AIDS-free generation and the end to the global
AIDS epidemic are ambitious, but achievable national and global
goals [3,4].

However, despite growing optimism about this potentially
achievable outcome, the epidemic remains a major and
increasing cause of morbidity and mortality among adolescents
and young adults (hereafter called “youth”) and ethnic and racial
minorities. Globally, youth living with HIV (YLH) are markedly
less likely to receive ART than adults (23% vs 38%) [3,5-7].
In the United States, while the overall HIV incidence from 2003
to 2014 decreased by 25%, among youth aged 13-24 years, it
has increased by 43% [8]. Moreover, among youth, new
infections have not been evenly distributed. Several minority
groups have been overly represented; almost three-fourths of
new infections were among men who have sex with men
(MSM), and over half of new infections were among African
American youth [9]. Young MSM of color continue to see
disproportionate HIV infection rates, and these clear disparities
have guided the focus for the National HIV/AIDS Strategy for
the United States [10].

For ART to be effective, YLH must develop self-management
behaviors at every stage of the HIV treatment cascade—linkage
to care, timely initiation of care, persistence, and adherence to
ART. Similarly, youth at high-risk for HIV infection must
develop self-management behaviors to be fully engaged in the
HIV prevention cascade—routine HIV and sexually transmitted
infections testing and PrEP knowledge, access, uptake, and
adherence when warranted [10-12]. While multiple barriers
across range systems affect the HIV prevention and treatment
cascades for youth, self-management interventions focus on
how to negotiate these barriers in their current state, developing
resilience even in the face of such obstacles. A quarter century
of behavioral intervention research has focused on improving
self-management for primary and secondary HIV prevention.
This large body of research has identified highly impactful
facilitators of and barriers to behavior change and has created
several efficacious interventions that decrease the rate of new
HIV infections among youth and reduce morbidity among YLH.

However, full benefits that should be possible based on the tools
and interventions currently available have yet to be realized in
youth, in large part, because efficacious interventions have not
been implemented in real-world settings. As a recent systematic
review concluded, “As we move towards an era of universal
treatment for HIV, the clinical and public health benefits of
widening access to ART for adolescents will not be realized
until cost-effective and sustainable service delivery interventions
are widely implemented” [13].

Despite the success of the Center for Disease Control’s (CDC’s)
program for disseminating evidence-based HIV-related
behavioral interventions, a growing body of literature highlights
substantial barriers to the effective implementation of these
interventions in real-world settings [14] particularly those
addressing self-management. Even less attention has been paid
to the study of the implementation of behavioral interventions
in HIV care settings [15], particularly in adolescent HIV clinics
and community-based organizations. The Scale It Up (SIU)
U19 was funded as a National Institutes of Health cooperative
agreement as part of the Adolescent Medicine Trials Network
for HIV/AIDS Interventions (ATN). SIU is committed to the
development and assessment of the effectiveness of theoretically
and developmentally sound interventions to improve HIV
prevention and care self-management and to accelerating the
pace of implementation. The primary aim of SIU is to assemble
research teams that will develop, test, and bring to practice
theoretically and developmentally sound self-management
interventions that positively impact the youth HIV prevention
and care cascades. SIU protocols focus on implementing
interventions that have already been shown to be culturally
appropriate and efficacious in minority populations most
impacted by the epidemic. By utilizing common models and
methods across protocols, we hope to advance the fields of
implementation science (IS) and self-management science.

Methods

Aims
SIU will achieve its aims through 4 primary study protocols
(ATN 144 SMART: Sequential Multiple Assignment
Randomized Trial; ATN 145 YMHP: Young Men’s Health
Project; ATN 146 TMI: Tailored Motivational Interviewing
Intervention; ATN 156 We Test: Couples' Communication and
HIV Testing) [16-18], 2 center-wide protocols (ATN 153 EPIS
and ATN 154 Cascade Monitoring; Carcone et al, under review,
and Pennar et al, under review), and 3 cross-project initiatives.
A substantial amount of literature underscores the importance
of shortening the time from conceptualization of a research idea
to service delivery. This concern has led to the development of
effectiveness- implementation hybrid designs to facilitate the
transition of promising interventions into practice [19]. Type 1
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hybrid designs maintain a primary focus on a rigorous evaluation
of the intervention but also gather data that will inform a
subsequent implementation program. Type 2 hybrids place a
dual focus on assessing the effectiveness of the intervention
and evaluating the implementation strategy. Type 3 hybrid
designs also focus on the implementation strategy and its effect
of adaption and fidelity, but, in addition, assess patient-level or
subject-level outcomes such as symptoms or disease progression
[19,20]. The 4 SIU primary study protocols include 2 Type 1
hybrids, 1 Type 2 hybrid, and 1 Type 3 hybrid. Two additional
center-wide protocols measure contextual factors and cascade
outcomes across the primary studies, and the 3 cross-project
initiatives address cost-effectiveness, self-management
constructs, and communication science within each protocol
(Figure 1).

Scale It Up Structure
SIU is organized into 3 cores as follows: Management Core
(MC); Analytic Core (AC); and an Implementation Science
Core (ISC). The MC includes a Recruitment and Enrollment
Center that is responsible for protocol development, project
management, clinical site communication, recruitment and
retention, and data collection and management. Subject
recruitment venues (SRVs) are both Web-based and actual
physical sites (12 sites, 10 of which provide HIV care). Our
SRVs were selected on the basis of the HIV incidence (as shown
in Figure 2) and based on previous successful experience with
the enrollment of youth into intervention trials. Virtual
recruitment strategies include the following: (1) Social Media

Recruitment via national ad campaigns on social media sites;
(2) Geosocial Networking Apps Recruitment —staff will also
recruit through ads on geosocial networking dating apps using
a pop-up message shown when a user first logs in and through
a message sent by the app directly to the user’s inbox; and (3)
Text-based Recruitment— flyers and other recruitment materials
will be distributed to HIV-related organizations and those
serving youth. Using Trumpia, a popular short message service
(SMS) text messaging marketing service, interested youth will
text a keyword (eg, “RESEARCH”) to a 5-digit number (eg,
99-000) to learn about how to screen for the protocols.

In addition, the MC includes a Community Engagement Center,
with a Youth Community Advisory Board (YCAB) consisting
of youth representatives from each of the 12 physical sites within
SIU. The group meets virtually on a monthly basis and convenes
annual in-person meetings. The SIU research team does not
take the importance of meaningful community involvement in
all aspects of our research lightly [21], with several of us having
devoted a substantial portion of our research careers to
cultivating such relationships [22-32]. Our YCAB develops
their own strategic plan for community engagement, provide
commentary on summaries of the protocols before they go to
the field, and are included in discussions of progress and
problems. The YCAB collaborates with investigators on how
to best inform the communities about the planned research, that
is, posting descriptions of the research projects at each site and
discussions in advance of implementation with local staff and
community representatives.

Figure 1. The effectiveness-implementation hybrid designs used in Scale It Up (SIU).
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Figure 2. The HIV incidence in the United States and subject recruitment venue locations.

The YCAB will be involved in presenting the findings so that
the community can understand them and in a fashion that will
reach and be beneficial to community members. Furthermore,
community and ATN provider input will be especially important
with regard to implementing successful interventions beyond
the network.

The AC provides optimal analytic support for the protocol
development with the MC, statistical analysis plans for
quantitative data, and the development of new methodologies
and analytic strategies to accelerate the time from idea
generation to program delivery. In addition, the AC facilitates
the integration of scientific efforts and resources (including
empirical data) across multiple research projects in a
cost-effective way by providing a virtual platform for resource
coordination and sharing and provide analytic support for
center-wide protocols and initiatives. Finally, the AC aims to
enhance the research capacity of participating institutes or
investigators in areas of adolescent HIV self-management and
IS through training and mentoring in advanced and innovative
research methodologies, fostering high-quality research, data
sharing, and improving the scholarly productivity of the network
investigators, especially early career investigators.

The ISC facilitates a unified approach to IS research by applying
a unified IS model to strengthen planning and implementation.
The ISC provides core measures for understanding contextual

factors and assessing intervention fidelity and maintains a library
of categorized research papers. The ISC develops facilitator
training and support resources and tools for wide-scale
intervention implementation and researchers’ strategies or
commercialization models for publishing the intervention
products or preparing for the next steps with the interventions.
Finally, the ISC develops and maintains the SIU website both
internal for the center, as well as for the public, and supports
early-stage investigators to develop IS studies.

Regulatory
SIU uses a single Institutional Review Board (IRB) to accelerate
the timeline of clinical research. All SRVs and investigator
institutions sign reliance agreements with the IRB of record,
which is located at Florida State University. While SRVs receive
regular updates and notices of continuations or changes in
protocol, amendments are only submitted to the IRB of record.
A waiver of parental consent or assent is obtained for
participants who are 15-17 years old. All clinical trials are
registered on ClinicalTrials.gov, and all protocols utilize the
ATN Certificate of Confidentiality. SIU utilizes a single
monitoring system for all protocols to harmonize review
standards across protocols. The review process of the most
vulnerable protocol will be applied to all SIU protocols, thereby
ensuring adequate oversight. An independent study monitoring
committee consists of 3 independent experts who possess the
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relevant expertise (eg, HIV-related research and prevention,
adolescent medicine, and sexual health) to evaluate each center
protocol and who do not have a conflict of interest. The
committee will review each protocol and monitor data and safety
monitoring every 6 months, with additional ad-hoc reviews as
necessary.

Results

Scale It Up Protocols and Initiatives
The SIU U19 cores evaluate and prepare for implementation
self-management interventions to increase the likelihood that
youth will be adherent with each step of the HIV prevention
and care cascades with 4 individual effectiveness-
implementation hybrid trial protocols and 2 center-wide
protocols that assess contextual implementation factors and
cascade outcomes. Furthermore, the cross-project initiatives of
cost-effectiveness analyses, analysis of a theoretically driven
self-management model, and analysis of patient-provider
communication are incorporated into multiple protocols.

Effectiveness-Implementation Hybrid Trials
The individual project protocols are described later in this
supplement. The following is a brief synopsis of each (Figure
3).

ATN 144 is a SMART design that tests the sequencing of SMS
text message cell phone support (CPS), and contingency
management in youth nonadherent to ART [16]. All study
procedures will be conducted over the Web or by phone so that
youth need not attend a clinic to participate, and clinics only
need to refer participants to the study website instead of staffing
for recruitment. As a Type 1 effectiveness-implementation
hybrid, while implementation context will be assessed, the focus
is on the intervention effectiveness in true real-world settings
(in and out of the clinic and across the nation). Youth are first
randomized to 12 weeks of CPS versus SMS text messaging.
Several critical issues surrounding incentives and intervention
tapering are explored through a second randomization—(1) if
CPS or SMS text messaging for 12 weeks is successful, does
viral load (VL) suppression persist longer if the intervention
dose is tapered (ie, less frequent) over the next 12 weeks versus
terminating CPS and receiving standard care; (2) if CPS or SMS
text messaging is not successful in the first 12 weeks, will VL
suppression occur if incentives for intervention adherence are
added for 12 more weeks; and (3) if CPS or SMS text messaging
is not successful, will VL suppression occur if youth receive
the other intervention condition (with the addition of incentives)
or if they are allowed 12 more weeks within their initial
condition (with the addition of incentives). Details are provided
in ATN 144 SMART [16].

Figure 3. Scale It Up (SIU) overall. PreP: pre-exposure prophylaxis. STI: sexually transmitted infection.
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ATN145, the YMHP, tests a 4-session intervention integrating
motivational interviewing (MI), personalized feedback, and
problem-solving skills to reduce condomless anal sex (CAS)
and substance use among HIV-negative young MSM (Parsons
et al, under review). Previous studies have found that youth
receiving YMHP reported markedly greater reductions in CAS
and substance use than youth in the comparison condition, and
the CDC recently rated YMHP as “Best Evidence” and included
it in the compendium of Evidence-Based Interventions for HIV
Prevention [33]. YMHP now requires evaluation through an
effectiveness-implementation Hybrid Type 2 trial to both
provide the best evidence to inform practitioners as to which
approach to delivery (clinic-based or phone-based) is most
effective and cost-effective prior to dissemination on a wider
scale (comparative effectiveness design) while simultaneously
testing a model of intervention implementation through training
local supervisors and studying contextual barriers and
facilitators. The trial will assess HIV prevention-focused
outcomes (sexually transmitted infections, PrEP uptake) and
self-management behaviors (condom use, reduction in substance
use, PrEP adherence if uptake is achieved), as well as
intervention fidelity. Participants complete the 4-session
intervention and an immediate posttest assessment 3 months
after the baseline. They are then assessed every 3 months for
12 months postintervention. Details are provided in ATN 145
YMHP (Parsons et al, under review).

ATN 146, TMI [17] addresses the training of health care
providers to deliver MI, a method of communication shown to
improve multiple points across the youth prevention and care
cascades [27,34-45]. Pilot work to develop the TMI included
tailoring initial workshop training based on innovative methods
in communication science, developing efficient fidelity
measurement, and preliminary testing of implementation
strategies. The effect of TMI on fidelity to the original
evidence-based program, and secondarily on cascade-related
outcomes (see ATN 154 below), will be achieved by using a
dynamic waitlist-controlled design with 150 providers nested
within the 10 clinical care sites of our 12 physical SRVs,
yielding 5 clusters to receive TMI. For each randomization, 2
of the clinics receive TMI, and the others remain in the wait-list
condition. This will continue until the fifth cluster has been
randomized to TMI. After 1 year of TMI’s external facilitation
based on the dynamic adaptation process, second randomization
will compare internal facilitator monitoring and coaching plus
the encouragement of communities of practice to communities
of practice alone. Fidelity will be assessed using ratings of
standard patient interactions on a quarterly basis through the
24 months of intervention and an additional 6 months of
follow-up. As a Hybrid Type 3 Implementation-Effectiveness,
the primary focus is also on exploring the role of the barriers
and facilitators to implementation with repeated qualitative
interviews and quantitative surveys of implementation context
(see ATN 153 below). Details are provided in ATN 146 TMI
[17].

ATN 156, Enhancing Sexual Safety: Couples’ Communication
and HIV Testing Among YMSM (We Test), is a comparative
effectiveness trial of couples HIV testing and counseling
(CHTC) for adolescent age (15-19 years) same-sex male couples

[18]. This design tests the added benefits of adjunct intervention
components delivered prior to receipt of CHTC-Assertive
Communication Training (CT) videos viewed by the couple
together and individually delivered MI-based Communication
Skills Training (MI-CST). These target the development of
communication skills necessary to participate fully in HIV
prevention and sexual safety discussions inherent to CHTC.
This protocol will assess a continuum of intervention packages
to address the developmental needs of young MSM (CHTC;
CT videos + CHTC; MI-CST + CT videos + CHTC) to identify
which package optimizes outcomes while minimizing delivery
cost. Participants complete the intervention session and an
immediate posttest assessment 3 months after the baseline; they
are then assessed every 3 months for 9 months postintervention.
Details are provided in ATN 156 We Test [18].

Center-Wide Protocols and Initiatives
The 4 primary protocols, with support from the 3 cores, defacto
form center-wide protocols and cross-project initiatives,
exploiting synergies created by our U19 and creating
value-added scientific contributions that would not be possible
from individual projects alone or through traditional R01-level
funding. First, individually and collectively, the 4 research
protocols are guided by the same IS conceptual model. SIU
employs the National Institutes of Health’s definition of
implementation “the use of strategies to introduce or change
evidence-based health interventions within specific settings”
[46]. While implementation and dissemination models now
abound, we selected an adapted version of Aaron’s EPIS model
to guide our work as it is logical, evidence-based [47,48],
supported by a growing number of evidence-based instruments
[49], and has broad reach among youth HIV researchers (see
Figure 1). Thus, ATN 153 EPIS (Carcone et al, under review),
described later in this supplement, is a mixed-methods study
that includes qualitative interviews and quantitative surveys
with staff at 12 physical SRVs to assess barriers and facilitators
of the adoption and use of evidence-based behavioral
interventions in general and project-specific interventions.
Anticipated factors are assessed at the baseline, factors identified
during implementation are assessed at 12-18 months
postbaseline, and factors identified during sustainment are
assessed at 24-30 months postbaseline.

The 10 clinical care sites in SIU will provide deidentified data
from electronic health records regarding demographics and HIV
treatment cascade variables annually in ATN 154 Cascade
Monitoring (Pennar et al, under review). These data will not
only serve as outcomes of implementation but also will provide
rough but rapid estimations of demographic indices and
measures of response (such as new care entry and percent viral
suppression) that can provide useful indicators of the epidemic
at large for ATN strategic planning. In addition, we hoped to
capture prevention cascade variables, but early interviews with
the clinical sites determined that consistency in electronic record
documentation of these variables was not sufficient for this
protocol. Thus, the ATN is developing a new cross-network
protocol to assess the capability of all recruitment venues to
provide consistent and valid prevention and treatment cascade
records and develop an intervention to achieve this end (ATN
162).
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Several initiatives are represented across the protocols. First,
the 3 primary protocols gathering data from youth (ATN 144
SMART, ATN 145 YMHP, and ATN 156 We Test) are guided
by the same theoretical model for self-management [50].
According to the Five Components Model, self-management
includes 5 essential skills—problem solving, decision making,
resource utilization, forming of a patient/heath care provider
partnership, and taking action [50,51]. Thus, all 3 protocols
will include the following measures: (1) the BRIEF [52] to
assess both problem solving and decision making; (2) Patient
Activation Measure [53] in which participants rate the
relationship with their providers and the degree to which they
are involved in their care using a 4-point Likert scale; (3) an
adapted version of the 12-item Services and Support measure
utilized in ATN 004 (Healthy Choices) [54] to capture
participant self-report of health care and related services (eg,
emergency department care, hospitalizations, residential
substance use treatment facilities, case management, and support
group; resource utilization); and (4) self-reported medication
adherence and condom use and viral suppression (taking action).
The model will be tested utilizing Structural Equation Modeling
with 820 youth.

Second, given the importance of provider-patient interactions
in encouraging youth self-management, we plan to identify
provider communication behaviors that predict self-management
and health outcomes using innovative sequential analysis [55,56]
of coded audiorecordings across all 4 primary protocols. We

will use MI as a framework (eg, emphasizing autonomy and
reflections of change talk) using the Minority Youth Sequential
Code of Process Exchanges (MY-SCOPE), adapted from
existing MI coding schemes [57]. This analysis generates
transition probabilities for patient-provider communication
sequences, allowing provider communication behaviors to
predict subsequent youth communication and, then, later link
to youth outcomes (Figure 4).

Finally, we will determine the relative cost-effectiveness of
interventions within each primary protocol to assist in the
implementation and rapid diffusion of effective and
cost-effective interventions in the practice community. Each
protocol will collect detailed resource use for the interventions
using consistent methods. These data will be assigned standard
cost weights developed by the AC for performing incremental
cost-effectiveness analyses across studies. The use of resource
use measures with standard cost values will assure that the
economic analyses associated with the clinical trial meet the
International Society for Pharmacoeconomics and Outcomes
Research Good Practices for Economic Evaluation Alongside
Clinical Trials [58]. We will use a modification of The Drug
Abuse Treatment Cost Analysis Program (DATCAP) [59,60],
combined with study contract and expenditure records, capturing
both contractually allowed expenditures, and relevant
expenditures supported from other budgets, to estimate the cost
of the CPS and SMS text messaging conditions.

Figure 4. Self-management components.
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The DATCAP is a standardized instrument that estimates the
economic cost of alcohol and other drug treatment programs
(eg, personnel, facilities, and supplies). Client case flow data
are incorporated to determine the average weekly and annual
cost or client for each service type, average cost per intervention
episode, and marginal cost per contact.

When available, data on sexual activity will be collected to be
used with recent national estimates [61] of cost per HIV
infection avoided, and/or on cost per HIV infection delayed, a
more conservative measure. This will allow the estimation of
potential cost savings in a reduction in new HIV infections. If
warranted by study findings, we will use a previously validated
Markov decision analysis model [62] to estimate the expected
treatment cost savings resulting from the increase in time with
suppressed VL. The resource use measures and cost data
collected will be used to develop budget impact scenarios to
help inform “scale up” and diffusion planning for the most
cost-effective intervention combinations.

Discussion

Principal Findings
A dramatic decline in HIV transmission is achievable with
currently available protocols and interventions (including ART,
PrEP, rapid and widespread testing); however, such decline has
not yet been realized among youth. Our goal must be complete
self-management as mathematical modeling indicates that even
achieving 90% compliance at different points on the cascade is
insufficient to curb the epidemic [11]. Self-management is
critical and complex at any age, but may be especially
challenging among adolescents and emerging adults as they
transition from a largely dependent to a more independent status
(“transition to self-management”) [63] during a developmental
period marked by identity exploration, development of new
social networks, increased opportunities and choices, both
positive and risk-laden [64], and increased independence and
risk-taking behavior [65,66]. The transition to adult health care
can be abrupt and can occur with little preparation because age,
rather than developmental maturity, triggers the transition. Given
these developmental and systemic challenges, it is not surprising
that self-management tends to deteriorate during this transitional
period [54,67]. New approaches to HIV education, prevention,
and treatment of youth must be integrated with issues in
self-management to achieve an AIDS-free generation and/or
the end of the AIDS epidemic by 2030 in the United States and
globally [3,4]. To date, the youth HIV research portfolio has
not adequately advanced this important care area [13]. SIU
protocols and initiatives address the broad issue of persistent
disproportionately high rates of HIV infection among youth and
failure to engage in the HIV prevention and treatment cascades
[68] by focusing on evaluating the effectiveness and
implementation of self-management interventions.

SIU is highly innovative for 5 primary reasons. First, the 4
primary study protocols utilize innovative hybrid designs to
capture critical information to facilitate and expedite the
introduction of effective programs into practice by exploring
important implementation issues while testing the effectiveness
[19,20]. In keeping with the theme of expeditiously and

parsimoniously assessing intervention effectiveness and moving
it to practice, we shall use innovations in evaluating the
intervention effectiveness, a SMART [69], 2 comparative
effectiveness trials [70], and a Dynamic Wait List-controlled
trial [71]. Second, our research framework expands the
application of “self-management” from the management of
chronic disease [72,73] to the prevention [74] and management
of chronic disease, HIV/AIDS. We will test an innovative
theoretical model of self-management over time among all
enrolled youth in SIU protocols (N=500) using standardized
measures. Third, our AC will conduct cost-effectiveness
analyses of each intervention within the 4 primary study
protocols, enabling us to compare the effectiveness and
cost-effectiveness to further shorten the research to practice
gap. Fourth, across all 4 primary protocols, our ISC will apply
implementation scales designed to assess inner and outer context
factors based on a strong theoretical model [47-49,75] to
determine their relevance to fidelity and sustainability both for
evidence-based behavioral practice in general and for
interventions grounded in MI as the method of communication.
Fifth, we shall advance understanding of the dynamics between
the provider and patient by introducing an analytic approach
from Communication Science (“sequential analysis”) to the
provider-youth interaction across all 4 primary protocols through
analysis of recorded interactions [76].

Limitations
Challenges experienced to date include the inexperience of
SRVs in single Internal Review Board and reliance agreements,
recruitment and retention difficulties when staff are participants
in implementation trials, recruitment of high-risk YLH who are
nonadherent to ARVs outside of the clinic setting and obtaining
VL data for those youth who are not regularly attending clinic,
inexperience of clinical sites in electronic health record
downloads, and the need for communication systems for
complex protocols with multiple moving parts.

Conclusions
In summary, the 4 SIU primary protocols, 2 center-wide
protocols, 3 cross-project initiatives, and 3 supporting cores are
highly integrated and carefully constructed to support the
overarching themes of improved self-management on the part
of YLH and at-risk youth and expeditious, but appropriate,
implementation of effective prevention and treatment programs
into practice in a cost-effective manner. We aspire to address
specific research hypotheses concerning the HIV prevention or
care cascades for youth while advancing self-management theory
and IS. This agenda is dependent on the synergy of connections
between these protocols, initiatives and cores and our clinical
and community partners, without which these advances would
not be achievable.

Given that SIU implements multiple protocols and initiatives,
managing this multifaceted U19 project has proved challenging.
The challenges range from recruiting participants from clinics
with a smaller than expected pool to select from (both among
staff and YLH) to grant transfer delays between institutions, as
well as IRB and reliance agreements, which, in turn, creates a
substantial bureaucratic burden. Nevertheless, these challenges
did inform the cores on how to learn from and adapt to the
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always changing landscape of SIU. At the bureaucratic level,
the cores found that maintaining close contact with IRB and
financial administrators allows SIU to operate efficiently. At
the clinic level, the cores learned that sites rely on ATN support
for infrastructure and that even the simplest of protocols can
prove difficult to implement. For example, the small pool of
participants and participation from multiple sites required
innovative approaches for recruitment, data collection, and
interventions. As mentioned before, SIU specifically focuses

on the process of improving self-management among youth
(both YLH and at-risk youth). For these evidence-based
practices within SIU to be effective, youth must be fully engaged
in interventions at every stage of the HIV care (treatment and
prevention) cascades. SIU initially seeks to implement within
clinics, outside of the research context, and ultimately assess if
clinics have the capacity to implement these interventions
independently, thus improving health outcomes for the targeted
youth populations.
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YLH: youth living with HIV
YMHP: Young Men’s Health Project
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Abstract

Background: Among youth living with HIV (YLH) aged 12-24 years who have health care in the United States, only 30% to
40% are virally suppressed. YLH must achieve viral suppression in order to reduce the probability of infecting others as well as
increasing the length and quality of their own life.

Objective: This randomized controlled trial aimed to evaluate the efficacy of an Enhanced Standard Care condition (n=110)
compared to an Enhanced Stepped Care intervention condition (n=110) to increase viral suppression among YLH aged 12-24
years with established infection (not acutely infected).

Methods: YLH (N=220) who are not virally suppressed will be identified at homeless shelters, health clinics, and gay-identified
community-based organizations in Los Angeles, CA, and New Orleans, LA. Informed consent will be obtained from all participants.
YLH will be randomly assigned to one of two study conditions: Enhanced Standard Care, which includes standard clinical care
plus an automated messaging and monitoring intervention (AMMI), or an Enhanced Stepped Care, which includes three levels
of intervention (AMMI, Peer Support via social media plus AMMI, or Coaching plus Peer Support and AMMI). The primary
outcome is viral suppression of HIV, and YLH will be assessed at 4-month intervals for 24 months. For the Enhanced Stepped
Care intervention group, those who do not achieve viral suppression (via blood draw, viral load<200 copies/mL) at any 4-month
assessment will “step up” to the next level of intervention. Secondary outcomes will be retention in care, antiretroviral therapy
adherence, alcohol use, substance use, sexual behavior, and mental health symptoms.

Results: Recruitment for this study began in June 2017 and is ongoing. We estimate data collection to be completed by the end
of 2020.

Conclusions: This is the first known application of an Enhanced Stepped Care intervention model for YLH. By providing the
lowest level of intervention needed to achieve viral suppression, this model has the potential to be a cost-effective method of
helping YLH achieve viral suppression and improve their quality of life.

Trial Registration: ClinicalTrials.gov NCT03109431; https://clinicaltrials.gov/ct2/show/NCT03109431

International Registered Report Identifier (IRRID): DERR1-10.2196/10791

(JMIR Res Protoc 2019;8(2):e10791)   doi:10.2196/10791
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Introduction

Background
New diagnoses of HIV among youth aged 12-24 years continue
to be a challenging public health problem in the United States
[1,2], with one in four new HIV diagnoses and 60,900 youth
living with HIV (YLH) [3]. The substantial improvements in
scientists’ ability to prevent and treat HIV infection [4,5] are
underutilized by YLH. Similar to adults, if a YLH has an
undetectable viral load, there is a 94% likelihood of not
transmitting HIV [6] and the YLH is likely to live longer [7]
and have a better quality of life [8]. Furthermore, only 30% to
44% of those diagnosed are virally suppressed [2,9]. This study
evaluates a Stepped Care model to support YLH to achieve viral
suppression.

YLH are concentrated in areas of the United States where the
epidemic has grown, with certain groups disproportionately
impacted, particularly in the South [10]. Black and Latino
men-who-have-sex-with-men are at the highest risk for new
HIV infections [11]. Among youth diagnosed with HIV, 81%
are gay, bisexual, and transgender youths (GBTY), with the
highest rates reported among black and Hispanic/Latino men
[2]. GBTY coming of age today may not perceive the same risk
of premature death, which characterized young men earlier in
the epidemic when there were fewer treatment options.

It is imperative that YLH achieve viral suppression in order to
reduce the probability of infecting others as well as increase the
length and quality of their lives [7,8]. Among YLH, viral
suppression requires linkage and retention in care as well as
antiretroviral therapy (ART) adherence. As part of the HIV
Treatment Continuum [12], YLH must overcome all barriers
to seeking and receiving medical care and then adhere daily to
their ART [1,13]. Historically, achieving an undetectable viral
load required 95% ART adherence [14]. However, rates as low
as 80% may lead to viral suppression [15]; at present, the pills
are combined in regimens and ART is more robust. The duration
of “drug holidays” (ie, days without medication) is at least as
important as the number of pills taken as prescribed when
monitoring adherence that aims to result in an undetectable viral
load [16]. However, even with only an 80% adherence rate
required for viral suppression and the typical regimen consisting
of only one pill daily, YLH are far from meeting this target.

Retention in care and adherence to ART are related. Although
41% of YLH know their serostatus, only 62% receive medical
care within 12 months of diagnosis [1]. Retention rates can be
low, with only one in four YLH retained in care at 3 years after
treatment initiation [17]. Among one sample of YLH (atypically,
72% women), initial ART adherence was 69%, but by 1 year,
ART adherence was negligible, partly due to only a 30%
retention in HIV care [18]. Young people are also more likely
to dropout from care than middle-aged and older adults [13,19].
Existing studies suggest that few YLH remain in medical care
more than a year, ensuring that ART treatment adherence will
also be low [20-22].

Barriers to Adherence Among Youth Living With HIV
In addition to connecting YLH to care, it is important to identify
and address barriers to adherence. Others have suggested that
targeting patient group characteristics to improve adherence
may not be the answer, but instead, focusing on individual needs
with the flexibility to address specific identified barriers may
be helpful [23]. Barriers can be structural issues, and many of
the challenges to adherence faced by YLH are interrelated.
Drawing upon the work of Maslow [24], Barroso and colleagues
assert that people living with HIV must first have their basic
biological and physiological needs met to become adherent,
including food and transportation, and there must be a focus on
reducing stigma and addressing community-level barriers that
contribute to disparities [25]. Psychological issues can be part
of this complex problem, and even forgetting to take one’s
medication can be due to the lack of a set routine or a more
complex process that involves cognitive or behavioral struggles
[26]. Shame as well as mental health problems and substance
abuse may also contribute to delayed medication initiation and
difficulties with adherence [27]. Thus, it is important that
interventions targeting viral suppression have the flexibility to
address multiple factors in the lives of YLH.

Intervention Innovation of the Protocol: Stepped Care
Stepped Care is a strategy used in managing chronic diseases
and mental health problems [28-30], but has only recently been
applied to YLH in one trial [31]. Using a Stepped Care approach,
providers implement the least intensive intervention needed to
achieve the treatment goal and intensify the intervention until
the treatment goal is achieved. With this Stepped Care
framework, this study will implement a low-intensity
intervention, followed by sequential introduction of more intense
and comprehensive interventions. The interventions at the lowest
levels require little individual tailoring and may be sufficient
for some youth. However, for YLH who do not achieve viral
suppression, a more individualized, tailored intervention will
be implemented.

Mobile technologies saturate the lives of youth and young adults
and offer an opportunity for a variety of interventions. HIV
mobile health interventions are a growing area of interest and
have been used as interventions for both self-management and
medication adherence [32]. One intervention that may be
beneficial for Stepped Care models for YLH is an automated
messaging and monitoring intervention (AMMI). AMMI
interventions using daily text messaging have been shown to
be a useful method for medication reminders for HIV-infected
individuals [33] and have demonstrated positive effects on
medication adherence [34-40] and viral load [41]. We have
demonstrated the efficacy of text messaging interventions with
various high-risk groups in prior studies [42-46]. In this study,
AMMI is based on promoting ART adherence by enhancing
self-management of one’s care using the concepts of social
cognitive theory [32,47,48]. Self-management or self-monitoring
among persons living with HIV can include reflection,
reinforcement of behaviors, and support of cues to action such
as taking medications [49]. Peer support is another intervention
that is well-suited for use in a Stepped Care model. Positive
relationships are a major dimension related to retention in care
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and adherence to ART medications [50-53]. Relationships
provide motivation to increase retention in care for a range of
other chronic diseases (eg, diabetes, weight reduction, alcohol
treatment, and mental health) [54-56]. Although peer support
is a component of many evidence-based interventions, there are
mixed findings in the meta-analyses conducted on peer support;
some found a significant benefit [57,58] and others found a
major benefit [59]. Reviews of peer support studies for persons
living with HIV, which aimed at reducing stress [60], have
found peer support to be a critical intervention component. In
particular, adolescence is a developmental period wherein the
influence of peers is crucial and has been consistently recognized
as an important period from the 1980s [61] to the most recent
Lancet reviews on adolescent health determinants [62].

Coaching interventions adapted for YLH are more intensive,
individualized interventions that can be used in a Stepped Care
model. The roots of coaching can be traced to sports, where a
coach, typically working with a group of youths, is a leader who
provides guidance, support, and direction. The earliest mention
of coaching in the literature was in the 1970s in relation to
assertiveness training [63] and later as a method for improving
social skills among children [64] and helping families [65] and
other types of groups. Since then, coaching has increased in
popularity as an alternative to psychotherapy in the business
world [66] and as an intervention for a variety of health
professionals. Originally done face-to-face, most recently, this
type of intervention, commonly known as “health coaching,”
is also delivered electronically [67]. Coaching has been used as
an intervention for chronic pain [68], weight loss [69], HIV
medication adherence [70], and other health conditions. A recent
review of coaching interventions found positive effects in most
studies but highlighted the need for research to be more specific
in describing coaching interventions including the types of
behavior-change strategies used [71].

Methods

Overview of Methods and Aims
As outlined in Figure 1, we will conduct a randomized control
trial (RCT) to evaluate the efficacy of an Enhanced Standard
Care Intervention (n=110) as compared to an Enhanced Stepped
Care Intervention Model (n=110) in order to significantly
increase viral suppression among YLH in two cities, Los
Angeles, CA, and New Orleans, LA (Trial Registration:
ClinicalTrials.gov NCT03109431). This protocol is part of the
U19 Research Program Grant that is funded by the Adolescent
Medicine Trials Network for HIV/AIDS Interventions (ATN
148; 1U19HD089886).

The specific aims of this study are (1) to assess if Enhanced
Standard Care or an Enhanced Stepped Care results in the
primary outcome of more sustained viral suppression and
improvements in secondary outcomes, (2) to test whether

secondary outcomes such as mental health symptoms and drug
use mediate the effect of the intervention on viral suppression
over time, (3) and to conduct a cost-effectiveness analysis to
weigh the benefit of intervention effects on primary and
secondary outcomes against intervention implementation costs
beyond costs incurred through the standard of care.

All procedures in this study have been approved by the
Institutional Review Board of the University of California, Los
Angeles, which serves as the single Institutional Review Board
of Record for researchers at the collaborating institutions.

Recruitment
In both New Orleans and Los Angeles, teams of predominantly
bachelor’s degree–level interviewers aim to screen up to 1500
youths to recruit a cohort of 220 seropositive youths. A
description of the study sites in Los Angeles and New Orleans
can be found in Rotheram-Borus’ and colleagues’ article [12].

Inclusion and Exclusion Criteria
The current inclusion criteria are age of 12-24 years,
HIV-positive status, established HIV infection (not acutely
infected), and ability to provide informed consent. Exclusion
criteria include age under 12 years or above 24 years,
HIV-negative status, acute infection with HIV, inability to
understand the study procedures due to intoxication or cognitive
difficulties (any youth who appears to be under the influence
of alcohol or drugs will be unable to enroll in the study but
invited to return at a later date), and inability to provide
voluntary written informed consent.

Recruitment Procedures
To identify eligible participants, youth in high-risk settings will
be asked to complete a brief screening and rapid HIV test. All
screenings are done face-to-face with a study team member
from our Recruitment, Engagement, and Retention Center. Older
youths (aged 15-24 years) will provide oral consent for the
screening, and younger youths (aged 12-14 years) will provide
written consent for the screening to ensure that they understand
the screening process. Next, all youths aged 12-24 years whose
judgment does not appear to be impaired from a disability or
substance use will be asked to give written informed consent
to complete the screening. Interviewers are trained to assess for
problems with cognition, and additional screening questions
will be asked if any concerns are identified. To qualify as
“eligible” for recruitment, youths must test seropositive on a
rapid HIV test and be virally unsuppressed. Based on these
screening criteria, eligible youths will be invited to complete
the voluntary informed consent (we have a waiver of parental
consent for minors). YHL will be randomized to the intervention
conditions via the CommCare system (see next section) after
viral load results are obtained and entered, which typically takes
several days.
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Figure 1. Design of ATN Protocol 148—randomized controlled trial for youth living with HIV (YLH). AMMI: automated messaging and monitoring
intervention.

As part of the voluntary informed consent procedures, YHL are
asked to provide additional consent to access sensitive
information for care coordination and study retention (locating
missing participants) for the duration of the study (24 months),
which includes their contact information; social media accounts;
contact information of their close relatives, friends, and
providers including case managers and probation officers; social
security number; driver’s license or identification card number;
and access to their medical records. Providing this additional
information is not mandatory, and YLH can refuse to provide
these permissions as long as they provide their own contact
information; all information will be stored securely in the
CommCare system. Only the study team will have access to
this information.

Assessments
Following enrollment, study participants will be asked to
complete a baseline assessment, which is administered by the
interviewer using Android tablets in approximately 45 minutes.

This assessment covers the following sections: background,
risk behaviors, and sociodemographic variables as well as eight
cross-cutting domains related to the HIV Treatment Continuum
[12]. Interviewers enter the participants’ responses in the
CommCare system developed by the Dimagi Corporation,
Cambridge, MA. CommCare is an open-source, mobile
phone-based platform that is cloud based and HIPAA (Health
Insurance Portability and Accountability Act) 1996 compliant.
This mobile app is used to collect all study data and send out
short message service (SMS) messages and weekly surveys as
part of AMMI as well as spontaneous broadcast messages for
particular groups of participants.

Participants also have a blood draw for viral load monitoring
and a series of rapid diagnostic tests (RDTs) which include the
following:

• HIV as part of screening: Potential study participants
undergo HIV testing using the CLIA-waived Alere
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(Waltham, MA) Determine HIV-1/2 Ag/Ab Combo finger
stick blood test for both HIV-1/2 antibodies and the HIV-1
p24 antigen with a window period of 12-26 days, which
can be read in 20-30 minutes. Once enrolled in the study,
participants also receive HIV testing using the Cepheid
(Sunnyvale, CA) Xpert HIV-1 Qual Assay, which is highly
sensitive, uses whole blood to detect HIV-1 total nucleic
acids, and has a 92-minute read time.

• Chlamydia and Gonorrhea are tested using a Food and Drug
Administration-approved Cepheid Xpert CT/NG Assay
polymerase chain reaction that is read in 90 minutes.

• Syphilis is tested using the CLIA-waived Syphilis Health
Check finger stick blood test to detect treponemal antibodies
with a 10- to 15-minute read time.

• Hepatitis C is tested using the CLIA-waived OraQuick
HCV Rapid Antibody test finger stick blood test with a 20-
to 40-minute read time.

• Substance use is tested using a multidrug urine test panel
to detect the presence of marijuana, cocaine, opiates, and
methamphetamine with a 2- to 5-minute read time.

• Alcohol use is assessed using a breathalyzer test that is
sensitive for assessing alcohol use in the last 24 hours.

Following completion of the baseline assessment, participants
will receive a US $50 cash incentive. Any study participant who
tests positive for HIV or a sexually transmitted infection (STI)
will be offered immediate access to treatment.

Follow-Up Assessments
Study participants will be reassessed every 4 months over a
period of 24 months. In total, the study participants will
complete six follow-up assessments and receive a US $50 cash
incentive for each follow-up assessment. Follow-up assessments
will include another 45-minute assessment, a blood draw for
viral load monitoring, and a series of RDTs for STIs and
substance use, as described above. In addition, if study
participants report any potential STI symptoms or exposure,
they will immediately be offered testing. In between
assessments, YLH who need STI testing can use standard care
in the community or contact the study team for assistance. At
these assessments, participants who are not virally suppressed
(viral load<200 copies/mL) will “step up” to the next level of
care while still receiving the prior level(s) of care.

Outcome Measures

Primary Outcome: HIV Viral load
The primary outcome measure is a suppressed viral load at each
4-month assessment for 24 months. At both sites, whole blood
is collected with the anticoagulant EDTA and sent at ambient
temperature to an internal laboratory where plasma is
separated. In addition, 1.5-3.0 mL plasma is shipped to an
off-site CLIA-certified laboratory to measure viral load by
quantitative HIV-1 RNA real time polymerase chain reaction
with a level of detection of 20 copies/mL. Samples from New
Orleans are measured at room temperature and those from Los
Angeles are measured after they are frozen and thawed. The
study team will receive the results through the laboratory’s
online portal.

Secondary Outcomes
The following secondary outcomes are also measured at each
4-month assessment for 24 months.

Retention in Care

YLH are deemed to be retained in care if they attend at least
two medical appointments annually. When starting ART, three
appointments are scheduled in the first 3 months. Therefore,
retention in care also depends on how long YLH have been
prescribed ART. We will assess YLH every 4 months; therefore,
there are six opportunities over the 24 months of follow-up to
obtain self-reports during medical appointments and ensure
adherence to ART regimens.

Antiretroviral Therapy Adherence

ART adherence is based on a Likert scale that asks YLH to rate
their ability to take all their HIV medications as prescribed over
the prior 30 days. Response categories range from “Very poor”
(1) to “Excellent” (6) [72,73].

Alcohol Use Over the Past 4 Months

This parameter will be assessed using the Alcohol Use Disorders
Identification Test, consisting of three questions with
Likert-scale responses [74].

Substance Use

YLH will be asked to indicate if they used any of the following
substances over the past 4 months: marijuana, synthetic
marijuana, cocaine or crack, heroin, ecstasy, methamphetamines,
prescription stimulants or amphetamines, gamma hydroxybutyric
acid, ketamine, poppers, inhalants, hallucinogens, prescription
painkillers not used as prescribed, and other prescription
medications not used as prescribed. YLH will also be asked
how many times they injected “drugs such as heroin, opiates,
cocaine or amphetamines (crystal)” over the past 4 months.
RDTs for alcohol and substance use will be administered to
evaluate the degree of underreporting when RDTs indicate use
but self-reports do not. Given the fairly short window of
detection for RDTs (eg, 24 hours for alcohol), RDTs are not
used as outcomes.

Sexual Behavior

YLH will be asked to report on the following sexual behaviors
over the past 4 months: the number of sexual partners (in total
and partners who are HIV positive) and the number of insertive
and receptive anal sex acts. YLH will also be asked the
frequency of condom use with sexual partners at each sexual
encounter. Responses categories range from “None of the time”
(0) to “All of the time” (5).

Mental Health

Mental health is assessed using three scales. YLH will be
administered four questions from the 12-item Short Form Health
Survey [75]. Specifically, they will be asked if they “felt calm
and peaceful,” had “a lot of energy,” and “felt sad and blue”
during the past 4 weeks. Response categories range from “None
of the time” (0) to “All of the time” (5). YLH are administered
the Patient Health Questionnaire for adolescents (PHQ-A) [76],
which asks YLH to report how often they were bothered by
problems from a list of nine items over the past 2 weeks. Lastly,
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YLH are administered the Generalized Anxiety Disorder 7-item
scale [77]. Similar to the PHQ-A, YLH are asked to report how
often they were bothered by problems from a list of seven items
over the past 2 weeks, such as “Feeling nervous, anxious or on
edge.”

SMS weekly surveys consist of six items that inquire about how
many days YLH felt “sad or depressed;” if they had “any genital
itching/pain/discharge, burning during urination, lower stomach
pain, or discomfort during sex;” how many times they had sex
without using a condom; how many days they used “alcohol
and/or drugs;” how many days they did not have a place to
sleep; and how many days they missed taking medications.
Surveys mainly serve as a tool for research staff to monitor
YLH health; check in with them, if needed; and encourage YLH
to self-monitor their health and behavior. Items for medication
adherence, alcohol/substance use, and sadness/depression will
also be treated as outcomes in analyses similar to
secondary-outcome analyses. However, low SMS
survey–response rates are anticipated based on prior studies
with YLH [78]. Therefore, analyses on SMS survey outcomes
will be treated as exploratory; precedence will be given to
analysis results for secondary outcomes from the 4-month
assessment.

Costing

Costs are of two types: costs of delivering the intervention and
additional costs incurred by participants for their use of health
care services and services from other agencies. The cost of
delivering the intervention requires an estimation of staff time.
Coaching logs and other intervention information will be entered
into CommCare, which does not provide information regarding
the amount of time spent performing study tasks. Thus, staff
activity information that is captured by this system will be
supplemented by Time It, a mobile app that allows individuals
to record the time spent carrying out different staff activities
[79]. Each staff member, including program directors,
interviewers, and coaches, will record relevant categories of
activity over the course of 1 week per quarter. A set of staff
activity categories will be prespecified in the mobile app.
However, staff are allowed to add more categories as they
perform other tasks not previously specified. In addition,
personnel time will be estimated from several sources; budgeted
time and time recorded on time sheets, for hourly employees,
will provide a basis for each staff member’s hours devoted to
the project.

The costs of additional services are derived from respondent
reports of utilization and medical records and will be estimated
using publicly available data. Research-specific costs (eg,
incentive payments, informed consent, screens, and software
adaptation for survey tools) are excluded from the total costs.
All cost data will be adjusted for price back to Year 1 of the
study by using the medical care component of the consumer
price index.

Description of the Intervention
As shown in Figure 1, the Enhanced Stepped Care condition
has three levels of intervention: Level 1, Enhanced Standard
Care plus AMMI; Level 2, online peer support via social media

plus AMMI plus Enhanced Standard Care; and Level 3,
coaching plus online peer support via social media and AMMI
plus Enhanced Standard Care. If YLH fail to be virally
suppressed (based on analyses of viral load in the blood stream
at 4-month intervals), YLH in the Enhanced Stepped Care
condition will be provided the next level of intervention in
addition to the other levels of care to which they were previously
assigned. Note that these interventions overlap with our team’s
other study of HIV-negative youths and are also described in
Swendeman et al [49]. To assess dose of the interventions, we
will examine the number of responses to the AMMI surveys
(Level 1), the number of peer support posts and logins (Level
2), and the number of coaching sessions (Level 3).

Level 1
Level 1 of the Enhanced Stepped Care model is Enhanced Care
plus AMMI. As this is not a medication treatment study, YLH
are treated in the community using best practices that are
consistent with available treatment guidelines for providers.
However, given that YLH have failed to achieve viral
suppression with the existing services available to them, we are
enhancing standard care by adding an additional component.
Thus, Enhanced Care includes existing services received by
YHL from health care providers and other agencies as well as
daily text messages. Messages for this study focus on five areas:
wellness, health care, medication reminders, drug use, and
sexual health. We have tailored and adapted preexisting libraries
of theoretically based text messages that have been found to be
successful in other RCTs with similar populations [80-83], with
messages tailored for two different groups—GBTY and
non-GBTY. Messages include a focus on empowering YLH
(ie, “Don't rely on other people, take your health seriously,”
and “When you take your meds regularly, you’re in control”)
as well as providing health-related facts (“Meds keep HIV in
check” and “Syphilis can increase your viral load”). The goal
of AMMI is to target the areas that can impact adherence to
ART that will translate into increased rates of viral suppression.

Level 2
The second level of our Enhanced Stepped Care intervention is
a secure, private online/social media peer-support intervention.
Participants are invited to participate in an online discussion
board through muut.com, an open-source discussion forum that
is mobile and desktop friendly. Project staff review access
requests to ensure that only participants are attempting to join
the board. YLH can personalize their Muut profiles using avatars
and (nonidentifying) photos, but cannot choose usernames that
compromise their anonymity. Online discussion boards are
tailored to topics relevant to youth. Others’ experiences with
interpersonal group interventions for high-risk youth indicate
that group cohesion based on these factors can be a key factor
influencing group participation and retention [84,85].
Discussions can be initiated by youth or study team members,
including HIV-specific topics related to linkage and retention
in care as well as other challenges experienced by YLH.

On all discussion boards, study team members have
administrator privileges, allowing them to monitor all activities,
post information for discussion, and credit incentives for
participants. They take multiple steps to safeguard
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confidentiality and continually review online postings and delete
any identifying information posted. Users are removed from
the discussion boards if they post inappropriate content three
times after receiving feedback for each occurrence, which
includes solicitation for sex and drug use; racist, homophobic,
or other stigmatizing content; pornographic content; or “trolling”
inflammatory remarks or personal insults.

Level 3
Participants who fail to achieve viral suppression at levels 1 or
2 of the intervention will be assigned to our coaching
intervention. Coaching will focus on a variety of risk factors
concurrently, as is common in HIV research [86-88], and build
on our prior work with this type of intervention. Coaching is
based on the strength-based model [89,90] that has demonstrated
positive impacts on persons living with HIV [91,92] and HIV
prevention [93,94]. Identifying and accomplishing goals are
critical components of the model. Sessions can be conducted
via phone or in person. At the first session, the coach and youth
complete a strength assessment that will addresses six main life
domains: daily living (survival needs such as food, housing,
finances, and employment), physical health (non-HIV-related
health problems), health services and health care related to HIV
(insurance, linkage to care, ART adherence, viral suppression,
treatment cascade, and adherence), social relationships (social
support, disclosure, and stigma), mental health (eg, depression,
anxiety, and coping), and risks (substance use and risky sexual
behaviors). This assessment is used to guide the development
of up to three personalized goals with shared responsibility
between the youth and coach, depending on the nature of the
goals.

After the assessment, sessions will focus on goal attainment.
At each session, the coaches use the skills common to 80% of
all child and adolescent evidence-based interventions (EBIs)
[95,96]: relaxation, relapse prevention, positive
activities/alternatives, referrals, modeling/role playing, positive
self-talk, triggers, emotional regulation,
monitoring/self-monitoring, support networking/building social
support, assertive communication, setting up rewards, problem
solving, goal setting, praise, and engagement/rapport building.
The use of these skills and their relevance to our coaching
intervention are described in further detail in Swendeman et al
[49]. The coaching intervention is not manualized but rather
relies on the strength assessment, goal setting, and the use of
evidence-based skills to develop a personalized plan of
intervention for each youth that addresses the unique factors
that impact adherence and ultimately, viral suppression.
Participation in coaching will continue while the YLH is in the
study, but we expect that coaching sessions will decrease in
frequency over time as the goals are accomplished.

Selection and Training Coaches
Our coaching model uses paraprofessionals who have experience
and skills in working with the population but do not have
advanced degrees [97]. These community members have
expertise in addressing the “predictable problems” [98] that
these youth experience and will use evidence-based practices
to intervene and address specific identified goals [97]. Coaches
are also hired based on their interpersonal skills, ability to

connect with YLH, and skills in implementing an
evidence-based but nonmanualized intervention. They receive
intensive training prior to field work to participate in ongoing
weekly supervision and have access to real-time supervision in
the field.

Data Analyses

Aim 1
Intent-to-treat analyses will be used to compare viral suppression
as our primary outcome and secondary outcomes between YLH
randomized to the Enhanced Stepped Care or Enhanced Standard
Care conditions. Comparisons of the same outcomes will also
be made between steps in the Enhanced Stepped Care condition
as exploratory analyses; the study is only powered for
comparisons between study arms. Multilevel models (MLM
[99]) will be used to model correlations between repeated
observations on the same YLH in order to properly estimate
standard errors. Generalized linear MLM will be fit to discrete
outcomes such as the binary outcome for viral suppression.
MLM fit to the primary outcome for viral suppression will be
parameterized to test for the average of viral suppression
differences over the follow-up period between study arms (ie,
time-averaged effects). This parameterization will be used
because all participants are virally unsuppressed at baseline
based on eligibility criteria. Secondary outcome levels can differ
across study arms; a more standard parameterization that allows
for baseline and slope differences over time will be used. We
anticipate that randomization will balance out sociodemographic
and other important background characteristics across study
arms. If characteristics are found to differ across study arms,
they will be included as adjustment covariates in MLM. More
sophisticated adjustment methods such as propensity scores
will be implemented as needed [100]. Data will also be checked
for missing data patterns. Appropriate statistical techniques
such as multiple imputation will be applied [98,101].

Aim 2
We will use bivariate-outcome MLM to examine temporal
relationships between primary and secondary outcomes. Model
parameterization will be based on a number of factors, including
visualizations of outcome trajectories and model fit statistics.
One parameterization that may be used in a bivariate-outcome
MLM is a bivariate random intercept and slope model that we
have used in a prior HIV study to examine the time-varying
relationship between HIV-transmission behaviors and mental
health symptoms [102]. This model is formulated through two
separate MLM equations for each outcome that is linked through
random effects to model random intercepts and slopes. A
variance-covariance matrix is modeled to estimate correlations
between random effects. Correlations capture time-varying
associations between outcomes such as the correlation between
the first outcome at baseline and the second outcome over time
and vice versa. The bivariate-outcome model offers a flexible
modeling framework to test different mediational models. For
example, if the bivariate-outcome model contains outcomes for
viral suppression, a secondary outcome such as mental health
symptoms, and an intervention effect covariate, then we can
test if mental health symptoms mediate the impact of the
intervention on viral suppression. Details on bivariate random
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intercept and slope models and other model parameterizations
to test for mediational effects in longitudinal data are provided
in a previous study [103].

Aim 3
Cost-effectiveness analyses will be conducted to weigh the
benefit of intervention effects on primary and secondary
outcomes against intervention implementation costs beyond
those incurred through the standard of care. Specifically,
analyses will compare the additional cost required, on an
average, to obtain an additional unit of outcome in the Enhanced
Stepped Care intervention by calculating the cost effectiveness
ratio (CER) [104]. The CER is the difference in total costs of
providing an Enhanced Stepped Care intervention versus
Enhanced Standard Care, divided by the difference in outcomes
of Enhanced Stepped and Enhanced Standard Care [104,105].
The primary outcome of viral suppression and secondary
outcomes are outcomes of interest. CER is calculated for
different combinations of YLH and provider characteristics.
We will conduct sensitivity analyses, as recommended by Gold
et al [104], to estimate the extent to which the CER calculation
is affected by differences in assumptions about the size of the
differences in treatment effect. In particular, we will determine
how sensitive the CER is to assumptions that the difference in
treatment effect is 1 SD below or above the mean estimated
effect size. Similarly, we estimate the sensitivity of conclusions
to costs that are 1 SD below or above the estimated mean.

Sample Size Calculations
Sample size calculations are estimated for our primary analysis,
which is a comparison of the probability of viral suppression
between Enhanced Stepped and Enhanced Standard Care
conditions over five time points. The first follow-up is not
included in the comparisons because we anticipate that it will
take 6 months for improvements in viral suppression to be seen
in the Enhanced Stepped Care condition. Based on our proposed
sample size of 220 (n=110 in each condition), we anticipate
80% power for a two-sided test with a .05 alpha level to detect
time-averaged percentage differences in viral suppression as
small as 9%-13% between conditions. Based on consultation
with HIV clinicians, we expect viral suppression rates to be
fairly low in the Enhanced Standard Care condition, and we
will use a range of rates from 6% to 20% in our calculations.
Calculations assume a compound symmetry covariance
structure. An autocorrelation coefficient is specified to account
for correlations between repeated measurements. Calculations
are conducted with a range of autocorrelation coefficient values
similar to what we have found in prior studies, from .1 to .3.
Lastly, we make a conservative assumption of 20% loss to
follow-up so that the sample size in each condition is 88. In
practice, we anticipate a much lower attrition rate. Sample size
calculations were carried out using Power Analysis and Sample
Size software, version 08.0.11 (Englewood, NJ) [106].

Results

Recruitment for this study began in June 2017 and is ongoing.
We estimate data collection to be completed by the end of 2020.

Discussion

This RCT is the first known application of an Enhanced Stepped
Care intervention for adolescents and young adults living with
HIV. One of the most innovative aspects of this protocol is one
that is slightly more difficult to discern: It will provide
guidelines on how to implement evidence-based practices, rather
than replicating an EBI manual with full fidelity. Although a
great deal of progress has been made in secondary prevention
with EBI manuals [107], an Enhanced Stepped Care approach
requires assessments to uniquely become part of the intervention
process when it is time to step up the intervention. There are
individual differences in the need for intervention, and there is
no need to provide more intervention than is needed. Instead of
each YLH receiving the same intervention (as in many EBIs),
the dose and type of intervention are linked to outcomes.
Training staff in specific skills allows them to apply these skills
based on the needs of the youth in a personalized manner that
promotes self-management of one’s health.

Enhanced Stepped Care is a particularly important model since
the funding and resources for HIV care have not increased in
recent years. If Enhanced Stepped Care is more successful than
the Enhanced Standard Care, this model may be a novel way
for others to think about their implementation of a typical EBI.
It will be critical to establish cost-effective and diffusible
strategies that can be nationally diffused; knowing the cost of
the two intervention conditions in this study will be important
to inform public policy and the selection of interventions by
communities. Without a dramatic reversal, HIV incidence among
adolescents is expected to increase, and each additional infection
costs US $379,668 (in 2010) [108]. The Enhanced Stepped Care
model proposed in this study is expected to result in better
outcomes and cost savings for society by preventing HIV
secondary transmission and postponing disease progression.
The clinical benefits of Enhanced Stepped Care without
increased costs are documented for diabetes [109] and
depression [110]; however, data evaluating the cost-effectives
of the Stepped Care model for HIV care are lacking. This study
will perform an economic evaluation within the RCT and
provide valuable data to support the cost-effectiveness of the
Enhanced Stepped Care approach in order to enhance HIV
treatment and care among YLH groups from both clinical and
societal perspectives. If the Enhanced Stepped Care program
results in lower or comparable total health care costs relative
to usual care, this finding will offer a unique venture point for
scaling up the Stepped Care program across the country.

This protocol is particularly relevant to YLH nationally, who
typically face challenges of homelessness, mental health
problems, school or job issues, contact with the criminal justice
system, and risks within their sexual partnerships in addition to
their seropositive HIV status. Studies of ART adherence and
retention in care have consistently found depression and the
types of life challenges young people are experiencing to be
directly related to engagement, retention, and adherence to care
over time [16,111]. If we fail to address these comorbid issues
with YLH, we will not succeed in meeting the goal of viral
suppression with YLH. Our Enhanced Stepped Care approach
aims to address these issues with increasingly intensive
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interventions, based on the individual needs of YLH. Although
addressing comorbid issues may be costlier initially, it may
have substantial savings in terms of reducing the probability of

HIV transmission among YLH, which is an important
individual-level and public health outcome.
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