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Abstract

Background: During aging, a significant loss of muscle mass, strength, and power is associated with a decline in daily functional
capacities. Traditionally, resistance training is prescribed to prevent or reverse the skeletal muscle weakness, but the required
training intensity may be too demanding for older people with poor physical performance. Resistance exercise with blood flow
moderation (KAATSU training), originally developed in Japan, combines resistance exercise with blood flow restriction. It has
been reported that KAATSU training enhances muscle hypertrophy in many populations. However, few studies have evaluated
the effects of resistance exercises with blood flow restriction in elderly people and how this affects vascular structure and function.

Objective: The aim of this study was to evaluate (1) the acute and chronic effects of resistance exercise with blood flow restriction
on vascular health in elderly people with low gait speed and (2) whether low-load resistance training with blood flow restriction
elicits similar strength and gait speed gains to those elicited by conventional resistance training without blood flow restriction.

Methods: This is an ongoing randomized controlled trial in elderly people with low gait speed. Overall, two study arms of 13
participants each perform resistance exercise with and without blood flow restriction. The 2 groups are as follows: the control
group will perform conventional resistance exercise (60% of 1 repetition maximum) and the KAATSU group will perform the
low-load resistance exercise with blood flow restriction (20% of 1 repetition maximum) for 12 weeks. Pulse wave velocity, venous
occlusion plethysmography, and flow-mediated dilation are used to assess arterial stiffness, muscle blood flow, and endothelial
function, respectively. The secondary outcomes are gait speed, strength, and quality of life. All measures will be performed before
and after the training program.

Results: This research study is in progress. Recruitment has started, and data collection is expected to finish in August 2020.

Conclusions: The findings of this study will have important implications for the rehabilitation of elderly people.

Trial Registration: ClinicalTrials.gov NCT03272737; https://clinicaltrials.gov/ct2/show/NCT03272737

International Registered Report Identifier (IRRID): DERR1-10.2196/14691

(JMIR Res Protoc 2019;8(11):e14691)   doi:10.2196/14691
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Introduction

Background
According to the World Health Organization, many countries,
including China, Thailand, and Brazil, will see an increase in
the percentage of the population over 65 years, from 7% in 2000
to 14% in the 2030s [1].

This increase in the proportion of older people represents a huge
challenge for health care as aging is accompanied by decrements
in cardiovascular function, skeletal muscle weakness, and
changes in blood coagulation, all of which have a negative
impact on the functional capacity of the elderly person [2,3].

Therefore, strategies that can prevent, minimize, or even reverse
these effects of aging are imperative to maintain mobility and
the ability to perform activities of daily living that are
fundamental for the autonomy of elderly people [4].

Senescence and Skeletal Muscle System
One of the major factors contributing to the age-related muscle
wasting is disuse; however, even master athletes show
aging-related muscle wasting and weakness, suggesting that
other factors, such as an inherent aging process, must also
contribute [5].

Elderly people with muscle weakness have 2.6 times higher
risk of severe mobility limitation, 4.6 times higher risk of low
gait speed, and 2.1 times higher risk of mortality compared with
elderly people without muscle weakness [6].

Senescence and the Cardiovascular System
Progressive loss of cardiomyocytes, reduction of the
β1-adrenergic response, and degenerative alterations in the sinus
node are all hallmarks of the aging heart. In parallel, there is an
increased deposition of collagen that will contribute to diastolic
dysfunction of the heart [7].

In addition to these cardiac changes, aortic stiffness is increased
and atheromatous plaques and endothelial dysfunction develop
[8]. Levels of coagulation factors are elevated and those of
anticoagulants are decreased, increasing the underlying
incidence of thrombosis, especially above the age of 70 years
[9,10].

Physical Exercise and the Cardiovascular System
Many questions related to the effect of physical training on the
health of older people still need to be answered, such as the
most appropriate type and the best form of training to enhance
functional gains without secondary vascular impairment.
Aerobic training improves the cardiovascular system, increases
muscle blood flow, arterial compliance, and endothelial function
that reduce the risk of comorbidities [11]. However, the use of
this exercise modality in elderly people with reduced gait speed
is limited [12].

Resistance exercise is a potent tool to gain and maintain strength
and skeletal muscle mass in sarcopenic older people with
diminished gait speed [13,14], but high intensities (>60% of 1
repetition maximum [RM]) are required for gains in skeletal
muscle mass [15]. However, older people may not be able to

cope with such loads and should avoid this type of exercise as
it may cause undue stress on the cardiovascular system [16].

Recently, it was reported that low-intensity resistance exercise
with blood flow restriction (BFR) may be able to induce gains
in strength and muscle mass in older people [17]. Typically,
BFR training uses low loads (20%-30% of 1RM) and short
periods of training [18], a load that is better coped with and may
thus be more applicable to elderly people, especially those who
are sarcopenic. However, so far there are no studies evaluating
the safety of BFR training for the cardiovascular system in this
population [19].

Study Aim and Hypotheses
The aim of this study is to evaluate (1) the acute and chronic
effects of resistance exercise with BFR on vascular health in
elderly people with low gait speed and (2) whether low-load
resistance training with BFR elicits similar gait speed and
strength gains to those elicited by conventional resistance
training without BFR. Specifically, we will investigate the effect
of the 2 training modalities on arterial stiffness, muscle blood
flow, endothelial function, gait speed, and muscle strength in
this population.

Our hypotheses are that low-load resistance exercise with BFR
elicits the same increase in strength and improvement in quality
of life as conventional resistance training and that it has no
detrimental effect on arterial stiffness, muscle blood flow, and
endothelial function. The findings of this trial may inform future
recommendations for training of the elderly population.

Methods

Study Design
This study is designed as a randomized, blind, controlled
intervention trial.

Ethical Approval
The study received ethical approval from the ethical committee
of the Hospital Israelita Albert Einstein and is registered on the
ClinicalTrials.gov website. Participants are only included after
signing the informed consent form.

Identifiable elements, including names, phone numbers, street
addresses, city or state, zip code, email addresses, and date of
birth will be collected but maintained under strict confidentiality.
Screening materials will be kept for the participants recruited
in the study and destroyed for those that do not meet the criteria
or decide not to take part. Authorization for use and disclosure
of the participants’ personal health information is restricted to
this specific study, and data will be kept for 5 years after
publication.

Sample Size and Power Calculation
The sample size was calculated with Stata software (StataCorp
LP) for both the acute and chronic protocols based on previous
reports. It has been reported that flow-mediated dilation (FMD)
was on average 4.3% (SD 3.1%) and arterial stiffness was on
average 9.2 m/s (SD 1.1 m/s) [20].
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Power analysis indicated that we need 10 participants per group
to detect a difference in FMD of 3.1% and arterial stiffness on
average 1.1 m/s between groups at a statistical power of 0.80
and an alpha of .05.

Owing to the conditions and frailty of elderly people, up to 20%
dropouts are expected, and therefore, we are recruiting 13
participants per group.

Eligibility
The eligibility criteria for participation in the study are provided
in Textbox 1.

Textbox 1. Inclusion and exclusion criteria.

Inclusion criteria:

• Elderly people aged ≥65 years

• Gait speed <0.9 m/s

Exclusion criteria:

• Smoking <6 months

• Previous deep venous thrombosis

• Uncontrolled arterial hypertension (blood pressure >160/100 mm Hg)

• Uncontrolled dyslipidemia (total cholesterol >220 mg/dL)

• Infections within the past 1 month

• Osteoarticular or neurological problems that prevent training

• Use of oral anticoagulants

• Symptomatic peripheral obstructive arterial disease or ankle-brachial index <0.9

• History of anemia, cerebrovascular disease, or myocardial infarction in the last 6 months

• Elderly people with uncontrolled diabetes mellitus or peripheral neuropathy

• Use of double antiplatelet agents: aspirin, Aggrenox, cilostazol, eptifibatide, ticlopidine, and tirofiban

Participant Information and Informed Consent
Eligible participants are recruited primarily based on the results
of a gait speed test. They consult with a cardiologist and a
physiatrist to assess their health and determine whether they
can participate in the study. In addition, medical records of the
participants will be filled in for later analysis. Eligible
participants are informed of their rights, and the procedures of
the study and will be allowed to participate only if they provide
written informed consent. Relatives are informed about the
details of the tests and exercise sessions, if necessary.

Recruitment
Participants are recruited from the Vila Mariana Unit of the
Hospital Israelita Albert Einstein and elderly care centers in
São Paulo.

Randomization
Using a website [21], participants are randomized into two
groups, each with 13 participants:

1. Low-load resistance exercise group (20% of 1RM) with
BFR (resistance exercise with blood flow moderation,
KAATSU);

2. Conventional resistance exercise (CRE) group (60% of
1RM).

The block sizes and randomized sequences are hidden from
those who recruit or allocate participants to prevent

predictability of the next assignment [22]. The participants must
be aged 65 years or above.

Blinding
Research team members administering clinical assessments are
blinded from participant allocation. Participant allocation will
not be revealed during the study.

Exercise and Training Intervention

Acute Protocol: Resistance Exercise Session
Participants are instructed to consume a light meal before the
training sessions and drink water. They should avoid physical
activity and alcohol consumption 48 hours before the sessions.
In addition, 24 hours before the first clinical tests, they should
avoid consuming caffeine, chocolate, and tea.

Before the experimental exercise session, all participants
undergo 2 familiarization sessions and 1RM tests to standardize
the resistance exercise intensity. The KAATSU group
participants perform bilateral seated knee extension and leg
press exercises: 3 sets of 15 repetitions with 20 seconds rest
between sets and 60 seconds between exercises at 20% of 1RM
(Table 1). There is a 72-hour rest interval between sessions.
Then, cuffs are inflated to a pressure that does not cause pain
or discomfort during the warm-up and resistance exercises. This
protocol is based on the study that evaluated KAATSU training
in patients with metabolic diseases [23].
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The CRE group individuals perform bilateral seated knee
extension and leg press exercises: 3 sets of 15 repetitions with
60 seconds of rest between both sets and exercises, at 60% of
1RM.

Blood pressure and heart rate are evaluated before and 15 min,
30 min, and 60 min after the acute exercise session. Arterial
stiffness, muscle blood flow, and vascular endothelial function
are measured before and 60 min after the exercise session
(Figure 1).

Table 1. Resistance exercise protocol of the acute study (session 1).

Cuff size
(mm)

Session duration
(min)

Interval between
sets (s)

Lifting cadence
(s)

% of 1 repetition
maximum

ExercisesRepetitionsSeriesGroups

—d10601-1c60KEa and LPb153Conventional resis-
tance exercise

5010201-120KE and LP153KAATSU

aKE: knee extension.
bLP: leg press.
c1-1: 1.0 s concentric and 1.0 s eccentric lifting cadence.
dNot applicable.

Figure 1. The sequence of activities that will be developed during the acute study. AP: arterial pressure; BP: blood pressure; FMD: flow-mediated
dilation; PWV: pulse wave velocity; VOP: venous occlusion plethysmography.

Chronic Protocol: Resistance Training Program
The protocol comprises 2 sessions per week for 12 weeks
(Figure 2).

All groups are submitted to the same exercise protocol. The
KAATSU group participants perform 2 sets of 15 repetitions
at 20% of 1RM each time. The CRE group participants perform
2 sets with 15 repetitions at 60% of 1RM for each exercise in

the first 4 weeks. The rest interval between exercises is 60
seconds for both groups, and rest interval between sets is 60
seconds for the CRE group and 20 seconds for the KAATSU
group. The exercise duration of each repetition is 2.0 seconds
(1.0 second concentric and 1.0 second eccentric lifting cadence).
The exercise volume is increased to 3 sets for both groups in
the fifth week of training. A load adjustment is carried out in
training sessions 9 and 18 (Table 2).
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Figure 2. The sequence of activities that will be developed during the chronic study. AP: arterial pressure; BP: blood pressure; FMD: flow-mediated
dilation; PWV: pulse wave velocity; VOP: venous occlusion plethysmography.

Table 2. Resistance exercise protocol of the chronic study.

Cuff size
(mm)

Session duration
(min)

Interval between
sets (s)

Lifting cadence
(s)

% age of 1RMaExercisesRepetitionsSeriesGroupsSessions

—f10601-1e60KEc and

LPd

152CREb1-8

5010201-120KE and LP152KAATSU1-8

————1RM test———CRE and
KAATSU

9

—10601-160KE and LP153CRE10-17

5010201-120KE and LP153KAATSU10-17

————1RM test———CRE and
KAATSU

18

—10601-160KE and LP153CRE19-24

5010201-120KE and LP153KAATSU19-24

aRM: repetition maximum.
bCRE: conventional resistance exercise.
cKE: knee extension.
dLP: leg press.
e1-1: 1.0 s concentric and 1.0 s eccentric lifting cadence.
fNot applicable.

Determination of Blood Flow Restriction Pressure
BFR is accomplished using the KAATSU Nano device
(KAATSU Global) that automatically detects the pressure
needed on the limbs to reduce blood flow.

First, baseline pressure is calculated according to the age and
general physical condition of the participants. This is the
pressure observed after manually tightening the pneumatic cuffs
on the upper arms or upper legs. Second, the cuffs are placed
around both upper limbs, and a cycle function is started that
comprises 8 cycles of 20 seconds inflation and 5 seconds
deflation of the cuffs. After this step, the instructor removes the
cuffs and places the leg cuffs on both lower limbs and inflates

the cuffs up to the optimal pressure that does not cause pain or
discomfort. The optimal pressure values result from a
combination of age, level of fitness, limb circumference, and
tests standardized by the methodology [24]. Participants remain
with the cuffs on the lower limbs from the beginning to the end
of the exercise session [23].

Data Management
Data from the trial are routinely scrutinized for omissions and
errors. All manually entered data are entered twice, and the
source of any inconsistency is explored and resolved. Electronic
data are stored and copied to an external hard drive. Data are
only accessible to the study researchers. Each participant in the
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study is provided with an identification number, and the
recorded data are coded using this number.

Primary Goals

Venous Occlusion Plethysmography Protocol
Muscle blood flow is evaluated with venous occlusion
plethysmography. The participant’s legs are elevated above the
level of the heart to ensure adequate venous drainage. A
mercury-filled silastic tube, connected to a low-pressure
transducer and a plethysmograph (DE Hokanson), is placed
around the largest circumference of the calf region. One cuff is
placed around the ankle and another around the thigh. The ankle
cuff is inflated to a suprasystolic pressure, 30 seconds before
starting the measurements. At 15-second intervals, the cuff
around the thigh is inflated above the venous pressure for a
period of 7 to 8 seconds. Increased tension in the silastic tube
reflects an increase in leg volume and vasodilation. The signal
of the muscle blood flow wave is recorded on a polygraph and
analyzed every minute, averaging 3 records per minute. The
protocol is performed in a cycle of 5 min of rest, 3 min of
isometric exercise, and 2 min of recovery [25].

Isometric Handgrip Exercise Protocol
In a supine position, the maximal voluntary handgrip force is
determined as the highest force in 3 consecutive attempts using
a Jamar hydraulic palmar dynamometer (Asimow Engineering).
For the activation of the central command, mechanoreceptors,
and muscular metaboreceptors, the individual performs, after
5 min of rest (baseline records), 3 min of exercise at 30% of
maximal voluntary contraction. This maneuver isolates the
activation of muscle metaboreceptors to observe their selective
activation [26]. After the isometric handgrip exercise, there are
2 min for recovery to occur. Throughout the protocol, muscle
blood flow, blood pressure, and heart rate are recorded.

Measurement of Arterial Stiffness—Pulse Wave Analysis
and Velocity
Arterial stiffness is estimated from the carotid-femoral aortic
pulse wave velocity [27]. The carotid-femoral aortic pulse waves
are recorded by tonometry (SphygmoCor, AtCor Medical). At
the same time, an electrocardiogram is registered to calculate
the wave transit time. Overall, 2 distances are measured: the
recording point between the carotid artery and the sternal furcula
(distance 1), and between the sternal furcula and the recording
point in the femoral artery (distance 2). The distance traveled
by the pulse wave is calculated as distance 2−distance 1. The
carotid-femoral aortic pulse wave velocity is calculated as
follows: carotid-femoral aortic pulse wave
velocity=¼(×)distance traveled by the pulse wave (m)/transit
time (seconds).

Basal Blood Flow and Vasodilatory
Capacity—Flow-Mediated Dilation
Basal blood flow and flow-mediated vasodilation are measured
as previously described [28,29]. Images of the brachial artery
are recorded by a 2-dimensional ultrasonography device with
a spectral Doppler and linear transducer (Ultra-0122, Philips).

The participant is maintained in the supine position with the
arm slightly abducted, for 20 min. After locating the brachial
artery, the transducer is placed on the anteromedial aspect of
the arm, perpendicular to the axis of the arm, 2 cm to 10 cm
above the antecubital fold, over the artery. To confirm the
location and quality of the arterial pulse obtained, Doppler is
triggered. The resolution of contrast, depth, and gain is adjusted
to optimize the longitudinal images of the lumen and arterial
wall interface. The insonation angle is ≤60°. Blood flow velocity
spectra are recorded simultaneously in the 10-MHz linear pulse
mode. The diameter of the artery and the basal blood flow are
recorded continuously over 120 seconds. After the baseline
recording, a cuff on the forearm is inflated to 50 mm Hg above
the systolic blood pressure. The occlusion is maintained for 5
min and then released quickly. The Doppler recordings are
resumed 30 seconds before deflating the cuff and are continued
for another 180 seconds. The diameter and the postocclusion
blood flow are measured after release. The vasodilatory capacity
is calculated as the percentage increase in the diameter of the
brachial artery after occlusion.

Secondary Goals

Speed Gait Test
To measure their gait speed, participants walk 4.6 m and the
time needed to cover this distance is recorded. The mean of 3
attempts is calculated and divided by the distance. The
participants included must achieve an average of <0.9 m/s in
the walking test [30,31].

One Repetition Maximum Test (Knee Extension and
Seated Leg Press)
The dynamic force of the lower limb muscles is evaluated by
the maximal repetition of knee extension and leg press exercise,
according to the protocol presented in a previous study [32].
The partipants perform a warm-up comprising 1 series with 10
unloaded repetitions. After this step, the mass to be lifted is
progressively increased until the maximum load that can be
lifted is reached, with a maximum limit of 5 attempts and a 3
min to 5 min interval between them. The test is conducted by
a physical education professional who verbally encourages the
participants throughout these steps and performs the load
adjustment at weeks 5 and 10.

Heart Rate and Blood Pressure
Blood pressure and heart rate are evaluated with oscillometry
(Dixtal DX 2020).

Anthropometric Assessment
Anthropometric measurements are registered before and after
the training program following the International Society for
Anthropometric Assessments standards [33]. Body mass is
measured with an accuracy of 0.1 kg (Filizola). Stature is
obtained by means of a stadiometer with an accuracy of 0.5 cm.
Body mass index is calculated as body mass divided by height
squared. The circumference of the quadriceps is measured using
a tape measure (Seca) with a precision of 0.1 cm.
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Quality of Life EuroQol-5 Domain
The questionnaire Quality of life Euro QoL–5 Domain s used
to estimate the quality of life in participants before and after
the study [34].

Benefits
The possible benefits of KAATSU training are improved muscle
strength and gait speed in elderly people, without any
detrimental effect on arterial stiffness, muscle blood flow, or
endothelial function, and perhaps even an enhanced vascular
function, all achieved at a lower training load with BFR than
with conventional resistance training.

Adverse Events and Risks
BFR exercise may cause headache, red spots, redness, pain, and
discomfort in lower limbs during or after exercise sessions.

Auditing
Auditing is carried out as per the policies of the sponsor and of
those overseeing the sponsor.

Results

The last equipment for the study was obtained in January 2018.
Recruitment and data collection were initiated in February 2018.
Data collection is expected to be completed in January 2020,
and the results are expected to be available in August 2020.

Discussion

Overview
This is the first time that the effects of BFR exercise on elderly
people with low gait speed are evaluated utilizing the gold

standard cardiovascular assessment. All necessary support and
funding to conduct our study have been received.

Studies that have analyzed the effects of BFR with resistance
exercise on cardiovascular function in older people are scarce.
Shimizu et al showed that BFR training improved endothelial
function and blood circulation in active elderly people [35].
Similarly, Patterson et al reported that 4 weeks of unilateral
plantar flexion with BFR enhanced limb blood flow in sedentary
older people [36]. Yasuda et al demonstrated that 3 months of
low-intensity resistance exercise with BFR did not change
arterial stiffness and muscle blood flow in inactive seniors [37].
So far, there is thus no indication that BFR exercise has
detrimental effects on vascular function, but no studies have
been performed on elderly people with poor physical
performance. Therefore, studies are necessary to assess the
benefits and possible harm for cardiovascular function owing
to BFR exercise in older people.

This protocol describes a collaborative co-design study focused
on the application of a new treatment method to combat
sarcopenia in the older population. The findings from this study
will have important implications on the safety to prescribe this
type of exercise to the elderly people.

Limitations
Finding eligible participants may be problematic, and the
exclusion criteria limit our investigation in elderly people with
low gait speed.

Conclusions
This trial will evaluate the effects of resistance training with or
without BFR on muscle strength and gait speed and whether
BFR during exercise has any detrimental or beneficial effects
on arterial stiffness, muscle blood flow, and endothelial function
in elderly people with low gait speed.
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Abstract

Background: Coronary artery disease (CAD) is among the main causes of hospitalization and death worldwide, therefore, the
implementation of programs to reduce its impact is necessary. Supervised cardiac rehabilitation has been shown to have positive
effects on CAD control. However, there are barriers to patient participation in the traditional, face-to-face cardiac rehabilitation
programs, mainly in low-resource environments.

Objective: This study aimed to verify patient compliance to a home-based cardiac rehabilitation program, which includes
unsupervised health education and physical exercises, guided by telephone. Moreover, we compare this new method to the
traditional supervised cardiac rehabilitation offered in most hospital centers.

Methods: We present here a two-arm, single-blinded, and randomized controlled design protocol, which compares the traditional
cardiac rehabilitation (CenterRehab) with the home-based cardiac rehabilitation (Home-Based) in 72 patients affected by CAD.
The primary outcome is the compliance to the cardiac rehabilitation sessions. The secondary outcomes (to evaluate effectiveness)
include measurable variables such as functional capacity, CAD risk factors (blood pressure, waist circumference, glycemic,
cholesterol levels, depressive symptoms, and the level of physical activity), the patient’s quality of life, the disease knowledge,
and the morbidity rate. Parameters such as the program cost and the usability will also be evaluated. The programs will last 12
weeks, with a total of 60 rehabilitation and 6 educational sessions. Patients of the CenterRehab program will participate in 24
supervised sessions and 36 home sessions, while the patients of the Home-Based program will participate in 2 supervised sessions
and 58 home sessions, guided by telephone. After the 12-week period all participants will be recommended to continue practicing
physical exercises at home or at a community center, and they will be invited for re-evaluation after 3 months. The outcomes will
be evaluated at baseline, and after 3 and 6 months.

Results: Participants are currently being recruited for the trial. Data collection is anticipated to be completed by October 2019.

Conclusions: This is the first study in Brazil comparing the traditional cardiac rehabilitation approach with a novel, home-based
protocol that uses an accessible and low-cost technology. If positive results are obtained, the study will contribute to establish a
new and viable model of cardiac rehabilitation.

Trial Registration: ClinicalTrials.gov NCT03605992; https://clinicaltrials.gov/ct2/show/NCT03605992

International Registered Report Identifier (IRRID): DERR1-10.2196/13901

(JMIR Res Protoc 2019;8(11):e13901)   doi:10.2196/13901
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Introduction

Background
Cardiovascular diseases (CVDs), including its main form, the
coronary artery disease (CAD), are the leading cause of death
worldwide [1]. CAD has a negative impact on morbidity, quality
of life, and survival of the population [2]. In Brazil, CAD is
among the main causes of hospitalization and death [3]; thus,
the implementation of programs that minimize these impacts is
necessary [4-6].

The World Health Organization defined cardiac rehabilitation
(CR) as a set of activities and interventions necessary to ensure
the best physical, mental, and social conditions for the patients
with chronic or postacute CVD, to be able to preserve or return
to their appropriate place in the society by their own efforts [7].
The main goal of CR is the education and training for self-care,
with an emphasis on physical exercise, as its positive effects
on improving the quality of life as well as reducing
hospitalization and the risk of death in CAD patients have been
thoroughly demonstrated [8-10].

Despite the benefits of supervised CR programs, such
interventions have been shown to be impractical in low- and
middle-income countries (LMICs). Only 40% of them currently
have a CR program, and in those, there is a grossly insufficient
capacity [11]. In Brazil, it is estimated that more than 3.9 million
people would benefit from a CR program; however, less than
20% of them have access to it [12]. The main obstacles for
participation in CR programs in low-resource environments are
the accessibility to programs provided by the public health
system and the lack of time because of professional and family
commitments and transport availability [10,12]. Therefore,
alternative CR models are necessary to improve participation,
considering the community diversities and the economic
viability [13,14].

Therefore, the home CR model presents some advantages and
improves patients’ participation and compliance to a healthy
lifestyle and drug treatment as well as facilitates the patient and
health professional education process [15,16].

Home-based CR is a term used to refer to CR at home or in
other nonclinical settings, such as community centers, health
clubs, and parks. This term also encompasses the use of
information and communication technologies and hybrid form
rehabilitation (ie, some sessions held in person at the
rehabilitation clinic in conjunction with rehabilitation sessions
at home) [16]. The home-based CR approach has been shown
to be more efficient compared with conventional rehabilitation
programs [16-19]. Studies showed that CR programs performed
at home can overcome the traditional participation barriers and

promote effects comparable with CR outpatients regarding the
mortality, risk of recurrent coronary event, cardiovascular risk
factors, and exercise capacity [17-19].

Different models of interventions and cardiac monitoring are
used in home rehabilitation programs [5,6,15,17,19]. However,
most models use equipment demanding a higher technological
ability from the participants, such as manipulating digital
equipment, downloading data from an exercise tracking
equipment to a computer, using a chat software, and receiving
information via email. Patients with a low education level living
in a low-resource environment could have difficulties in making
proper use of the required equipment. Thus, one of the
challenges in designing a home-based CR program in LMICs
is the use of a feasible, accessible, and viable technology for
monitoring patients. Ideally, the technology should ensure an
ideal heart rate range to allow for the expected training effects,
without increasing the risk of adverse effects.

Objectives
The aim of this trial is to verify the compliance and the
effectiveness of a home-based CR program, which includes the
health education and physical exercises components, mostly
unsupervised and guided by telephone. We also compare this
novel approach with the traditional, supervised CR program
offered in most Brazilian hospital centers.

Methods

Study Design and Procedure
The study is a single-blind, randomized controlled trial. The
researchers will be blinded for the treatment’s allocation during
the duration of the trial. Owing to the nature of the intervention,
neither the participants nor the program staff can be blinded to
the allocation type. Patients will be recruited at the outpatient
University Hospital's CR Center. The study will conform to the
Consolidated Standards of Reporting Trials (CONSORT)
guidelines for nonpharmacological interventions [20]. After
being invited to participate in the study, the volunteers will sign
a consent form and will be randomized into 2 different groups:
traditional CR (mostly supervised) and home-based CR (mostly
unsupervised). The randomization will be made in blocks of 4
volunteers at a time [21]. A blinded researcher will evaluate the
participants before and after the intervention and will collect
the data into a database.

This study protocol is in accordance with the most recent version
of the World Medical Association Declaration of Helsinki. This
study was approved by the Ethics Committee in Research of
the Universidade Federal de Minas Gerais, Brazil and was
registered under the CAAE 51528615.3.0000.5149, on February
23, 2016. The CONSORT flowchart is reported in Figure 1.

JMIR Res Protoc 2019 | vol. 8 | iss. 11 |e13901 | p.14https://www.researchprotocols.org/2019/11/e13901
(page number not for citation purposes)

Lima et alJMIR RESEARCH PROTOCOLS

XSL•FO
RenderX

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


Figure 1. Consolidated Standards of Reporting Trials flow chart. CR: cardiac rehabilitation.

Patient and Public Involvement
Patients and the public were not directly involved in the study
design. The intervention design was chosen based on previous
studies, which reported that home-based CR programs promoted
comparable effects with CR outpatient regarding the mortality,
recurrent coronary event risk, cardiovascular risk factors, and
exercise capacity [2,16-19,22]. The results of the study will be
disseminated through institutional media, and educational
activities will be conducted with CR patients and the study
participants.

Participants
Patients will be eligible if they meet the following inclusion
criteria: (1) if they have a CAD and have undergone angioplasty
or myocardial revascularization surgery and (2) if they had a
heart attack, provided that they were considered at low and
moderate risk for the practice of physical exercise of moderate
intensity, according to the stratification for the risk of events
during a cardiovascular rehabilitation program [23]. Moreover,
the inclusion criteria would require that patients have clinical
stability (according to a medical evaluation) and be resident of
the Belo Horizonte metropolitan region. Participants will be
excluded if the history of recent cardiac events or clinical
decompensation is more recent than 1 month and if at least one
of the following limitations is present: peripheral arterial

occlusive disease, preventing the test of maximum exercise
level (emergence of claudication before the maximal
cardiorespiratory fatigue); chronic pulmonary disease (ie,
chronic obstructive pulmonary disease, pulmonary fibrosis, and
pulmonary arterial hypertension of precapillary etiology); history
of ventricular fibrillation or sustained ventricular tachycardia
in the last year; and physical, cognitive, and/or social limitations
that prevent participation in a physical exercise program and
the comprehension of monitoring the device usage.

Intervention
The parameters for monitoring the exercise prescription
compliance will be the same for both groups. An exercise
session will be constituted by 5 to 10 min of warm up, 40 min
of aerobic activity with a heart rate between 60% and 80% of
the heart’s maximum rate, and 5 to 10 min of cool down [24].
The educational sessions will be given to both groups in 6
meetings of 40 min, using a systematized protocol [25]. In these
meetings, topics regarding the control of risk factors and the
treatment of CVDs will be taught. After the 12 weeks of
intervention, all participants will be encouraged to continue
practicing physical exercises either at home or at the community
center and will be invited for a re-evaluation after 3 months.
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Groups

Traditional and Face-to-Face Cardiac Rehabilitation as
Control Group
The control group will receive, in person, the usual program
consisting of supervised exercises and health educational
activities at the CR center. This intervention will last for 12
weeks, with a total of 60 sessions: 24 supervised and 36 home
sessions (5 exercise sessions per week). The participants of this
group will be instructed to complete a training diary, with
information regarding the frequency and intensity of exercises
(using a scale of perceived exertion) as well as the presence of
symptoms during or after exercises. The same information will
be registered in their individual file while exercising at the CR
center.

Home-Based Cardiac Rehabilitation
The participants of this program will perform their exercise
mostly at home. Weekly phone calls will be programmed to
check the correct execution of the previous stage of the program
and also identify and register the presence of symptoms and
undesirable effects. Monthly meetings will be programmed for
educational activities to verify if the exercises and training diary
are being both performed and compiled correctly and to address
any kind of issue by the participants.

This intervention will have a duration of 12 weeks, with a total
of 60 sessions: 2 supervised sessions and 58 home sessions (5
exercise sessions per week).

During the first week, all individuals of the home-based group
will be receiving training regarding the utilization of the
monitoring equipment. A heart rate monitor with the heart rate
zone individually calculated will be given to each participant
at the first supervised session. Furthermore, all participants of
this group will be using a step counter (pedometer) to monitor
the number of prescribed exercises as well as an aid to compile
the training diary with information regarding the frequency of
exercises, the presence of symptoms during the exercise, the
perceived exertion, and the number of daily steps.

Measures
The participants will be invited to complete a sociodemographic
questionnaire. The clinical characteristics will be extracted from
the participant’s medical records, including the risk factors,
cardiac history, results of cardiac examinations, comorbidities,
and medications in use.

Primary Outcome: Compliance of Cardiac Rehabilitation
Sessions
The primary outcome of this trial was carefully chosen. A
correct exercise compliance promotes positive changes in

behavior and lifestyle [18], besides reducing the risk for
rehospitalization and improving quality of life [26].

The compliance on CR sessions will be analyzed by the
percentage of participants who completed at least 75% (45/60)
of the sessions. This parameter will be evaluated after 3 months.

Secondary Outcomes: Functional Capacity, Cost,
Morbidity, Control of Risk Factors, Heart Health
Behaviors, and Usability
Changes in the functional capacity will be analyzed using the
incremental shuttle walk test (ISWT), a walking test that
evaluates the functional capacity through the analysis of the
walked distance [27].

The cost analysis and morbidity variables will be evaluated after
3 months and after 3 and 6 months, respectively, in both groups.
The analysis of the programs’ cost will be made by calculating
the total sum of each procedure in the 2 groups, considering the
hospital’s payments table for procedures and services. Morbidity
will be evaluated through a survey to identify the number of
hospitalizations, complications, and the presence of adverse
clinical events during the study period.

Resting blood pressure, measured in mm Hg, and waist
circumference, measured in cm, will be analyzed. Waist
circumference will be assessed at the superior border of the iliac
crest, in accordance with the standardized guideline [28].
Alterations in fasting glucose (mg/dL), glycohemoglobin (%),
and total cholesterol (mg/dL) values will be analyzed before
the CR program and reanalyzed after 3 and 6 months.

Other behaviors will be assessed using psychometrically
validated scales. Quality of life will be assessed using the Short
Form 36 questionnaire [29], depression by the Patient Health
Questionnaire-9 [30], the physical activity level using the Duke
Activity Status Index Score [31], and the level of knowledge
by the Coronary Artery Disease Education Questionnaire-Short
Version [32].

Alterations in fasting glucose, glycohemoglobin, total
cholesterol values, measures of resting blood pressure, waist
circumference, quality of life, depression, physical activity level,
functional capacity, and knowledge about coronary diseases
will be evaluated at the beginning and after 3 and 6 months of
the intervention in both groups. The assessment schedule is
reported in Table 1.

The usability of the equipment used in the home-based group
will be verified through the System Usability Scale after 3
months [33].
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Table 1. Schedule of outcome assessments for control and home-based groups.

Home-based groupControl groupOutcome measures

6 months3 monthsBaseline6 months3 monthsBaseline

Primary outcome

—X——Xb—aCompliance on cardiac rehabilitation sessions

Secondary outcomes

XXXXXXFunctional capacity

—X——X—Cost analysis

XX—XX—Morbidity

Risk factors

XXXXXXResting blood pressure

XXXXXXWaist circumference

XXXXXXFasting glucose

XXXXXXGlycohemoglobin

XXXXXXTotal cholesterol

Heart health behaviors

XXXXXXQuality of life

XXXXXXDepression

XXXXXXPhysical activity level

XXXXXXKnowledge

—X————Usability

aNo collection for the specified outcome measure on that date.
bCollection for the specified outcome measure on that date.

Data Monitoring
An independent researcher, who will be blinded to the group
allocation, will perform database management and the statistical
analysis.

Sample Size
On the basis of previous CR studies [34] and on our 7-year
experience in providing rehabilitation services in a university
hospital, we estimated a compliance of 70% in the control group
and of 96% in the home-based group. We calculated that for an
alpha significance level of 5% and a power of 80% in the Fisher
exact t test, the sample size of each group should be at least 36
volunteers. We also calculated the sample size for the secondary
outcome, the functional capacity (ISWT), considering an
arbitrary small size effect of 0.25. To detect a statistically
significant difference within and between groups (2×2), at least
34 volunteers in each group are needed, keeping the same values
of alpha and power. After a pilot study with 10 subjects in each
group, the sample calculation will be performed again. All the
calculations were made using the G Power 3.1.9.2. software
(Franz, Universitat Kiel) [35].

Statistical Analyses
Data will be presented as a measure of the central tendency and
dispersion. Data distribution will be analyzed using the
Shapiro-Wilk test. All statistical analyses will be performed
considering the intention-to-treat analysis and a per protocol

basis to mitigate bias. The comparison between groups of the
primary outcome will be made using the Fisher exact test,
considering that the expected frequency of noncompliance of
the home-based group may assume a value lower than 5%.
Differences between groups and at the follow-up 3 and 6 months
after the intervention, in addition to the interaction effect, will
be analyzed using the generalized estimation equations [36]. In
all models, the endpoint variable will be analyzed as a dependent
variable and the variable at baseline and after 3 months as
independent variables. An alpha value of 5% will be considered
for statistical significance. Post hoc tests will be performed
where significant differences are observed between the groups.

Results

Recruitment started in February 2018 with an end date of
October 2019. Between February 2018 and August 2019, 51
patients have consented to participate in this trial, and all of
them were evaluated after 3 months. The recruitment was slower
than estimated because of the reform of the CR sector during
this period.

Discussion

Principal Findings
Various studies showed that home-based CR programs overcome
the traditional participation barriers and promote effects
comparable with CR outpatients regarding the mortality, risk
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of recurrent coronary event, cardiovascular risk factors, and
exercise capacity [16-34]. These studies were mostly performed
in the middle- and high-income countries, where the use of
technologies is viable without great difficulties.

In LMICs, the use of technologies for CR programs is oftentimes
not feasible. Thus, our study is important because it is performed
in a public hospital in a country with a prevalence of
low-income, low-schooling population, which have difficulties
in using new technologies.

To our knowledge, this is the first study performed in Brazil
that contemplates a remote CR program using an accessible and
low-cost technology. If positive results are obtained, this study
will contribute to establish a new model of remote CR, where
the participants will be able to perform the prescribed exercises
near home, at convenient times, minimizing the barriers for

access to CR and reaching populations that frequently would
not have accessibility to CR programs.

We believe that this study has a high potential to improve the
care of patients affected by CAD in Brazil as well as in other
countries from Latin America.

Strengths and Limitation of This Study
An important strength of this study is the first to examining the
potential of assessing CR remotely in Brazil using an accessible
and low-cost technology. There is currently insufficient evidence
on the effectiveness of home-based CR programs in LMICs, so
the results may be used to improve the care of patients with
coronary diseases in Brazil as well as in other LMICs. The
limitation of this study is that it enrolls participants with low
and moderate risk. Therefore, the results of this study may be
used in the practice of cardiovascular rehabilitation within
certain limitations.
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Abstract

Background: Men who have sex with men (MSM) continue to be the predominately impacted risk group in the United States
HIV epidemic and are a priority group for risk reduction in national strategic goals for HIV prevention. Modeling studies have
demonstrated that a comprehensive package of status-tailored HIV prevention and care interventions have the potential to
substantially reduce new infections among MSM. However, uptake of basic prevention services, including HIV testing, sexually
transmitted infection (STI) testing, condom distribution, condom-compatible lubricant distribution, and preexposure prophylaxis
(PrEP), is suboptimal. Further, stronger public health strategies are needed to promote engagement in HIV care and viral load
suppression among MSM living with HIV. Mobile health (mHealth) tools can help inform and encourage MSM regarding HIV
prevention, care, and treatment, especially among men who lack access to conventional medical services. This protocol details
the design and procedures of a randomized controlled trial (RCT) of a novel mHealth intervention that comprises a comprehensive
HIV prevention app and brief, tailored text- and video-based messages that are systematically presented to participants based on
the participants’ HIV status and level of HIV acquisition risk.

Objective: The objective of the RCT was to test the efficacy of the Mobile Messaging for Men (M-Cubed, or M3) app among
at least 1200 MSM in Atlanta, Detroit, and New York. The goal was to determine its ability to increase HIV testing (HIV-negative
men), STI testing (all men), condom use for anal sex (all men), evaluation for PrEP eligibility, uptake of PrEP (higher risk
HIV-negative men), engagement in HIV care (men living with HIV), and uptake of and adherence to antiretroviral medications
(men living with HIV). A unique benefit of this approach is the HIV serostatus-inclusiveness of the intervention, which includes
both HIV-negative and HIV-positive MSM.

JMIR Res Protoc 2019 | vol. 8 | iss. 11 |e16439 | p.21http://www.researchprotocols.org/2019/11/e16439/
(page number not for citation purposes)

Sullivan et alJMIR RESEARCH PROTOCOLS

XSL•FO
RenderX

mailto:pssulli@emory.edu
http://www.w3.org/Style/XSL
http://www.renderx.com/


Methods: MSM were recruited through online and venue-based approaches in Atlanta, Detroit, and New York City. Men who
were eligible and consented were randomized to the intervention (immediate access to the M3 app for a period of three months)
or to the waitlist-control (delayed access) group. Outcomes were evaluated immediately postintervention or control period, and
again three and six months after the intervention period. Main outcomes will be reported as period prevalence ratios or hazards,
depending on the outcome. Where appropriate, serostatus/risk-specific outcomes will be evaluated in relevant subgroups. Men
randomized to the control condition were offered the opportunity to use (and evaluate) the M3 app for a three-month period after
the final RCT outcome assessment.

Results: M3 enrollment began in January 2018 and concluded in November 2018. A total of 1229 MSM were enrolled. Data
collection was completed in September 2019.

Conclusions: This RCT of the M3 mobile app seeks to determine the effects of an HIV serostatus–inclusive intervention on
the use of multiple HIV prevention and care-related outcomes among MSM. A strength of the design is that it incorporates a
large sample and broad range of MSM with differing prevention needs in three cities with high prevalence of HIV among MSM.

Trial Registration: ClinicalTrials.gov NCT03666247; https://clinicaltrials.gov/ct2/show/NCT03666247

International Registered Report Identifier (IRRID): DERR1-10.2196/16439

(JMIR Res Protoc 2019;8(11):e16439)   doi:10.2196/16439

KEYWORDS

men who have sex with men; HIV prevention; HIV care

Introduction

Background
Men who have sex with men (MSM) face the highest burden
of HIV in the United States [1], and there is a paucity of
efficacious or promising mobile health (mHealth),
HIV-prevention interventions tailored specifically for MSM
[2]. New HIV prevention tools are needed that can address the
needs of MSM, especially young MSM aged 15-24 for whom
yearly HIV incidence doubled from 2002 to 2014 [3], and for
young MSM of color for whom these burdens are most severe
[4-6]. Currently, HIV prevention services are underutilized by
MSM, with just over half (56%) reporting being tested in the
past 12 months, high proportions (76% of HIV-positive and
66% of HIV-negative MSM) reporting recent condomless,
receptive anal intercourse, and few (<20%) reporting utilization
of pre-exposure prophylaxis (PrEP) [7]. Statistical models of
MSM epidemics parameterized to represent US epidemics
demonstrate that high levels of prevention service coverage will
be required to substantially reduce HIV incidence [8,9], and
increased utilization of routine prevention activities, like
frequent HIV testing, may enhance the uptake of biomedical
interventions like PrEP [10]. At the same time, engaging MSM
living with HIV in mHealth HIV-prevention efforts is critical
and addresses the two most important factors that determine
cost-effectiveness, namely the HIV prevalence of the target
population and the cost per person reached [11].

Researchers in the past decade have been exploring the most
effective ways to engage MSM in a package of HIV prevention
services. A growing body of research has suggested that mobile
phone apps provide a dynamic environment for intervention
and can offer on-demand prevention services for MSM [12-17].
This research indicates that MSM are open to receiving
prevention information and resources via apps [18]. Electronic
messages communicated through apps, known as mobile
messaging, are an appealing approach to enhance intervention
uptake because they allow for messaging that can reach a wide

audience of MSM, including rural MSM [16]. Further, younger
MSM might be especially interested in using mobile technology
to receive health information [19]. This study builds on an
existing HIV prevention app designed for MSM, HealthMindr,
to add and evaluate tailored prevention messaging.

The HealthMindr App
The HealthMindr app is a comprehensive HIV prevention app
for MSM [20]. Developed using social cognitive theory [20,21],
HealthMindr features basic prevention services, including:
screening for HIV and sexually transmitted infection (STI) risk;
a scheduling and reminder system for routine HIV testing; a
PrEP eligibility screener; a nonoccupational postexposure
prophylaxis (nPEP) risk assessment tool; an ordering platform
for delivery of at-home HIV and STI screening kits, condoms,
and lubricant; and service locators for HIV and STI testing, and
PrEP, nPEP, and HIV treatment and care. The app was built
based on extensive input from MSM, public health leaders, and
staff from community-based organizations [22,23]. The basic
app (before the addition of messages and videos) was pilot tested
with 121 MSM in Atlanta and Seattle, and the results indicated
high levels of acceptability, use of tools to develop and maintain
a consistent HIV testing routine, use of PrEP screening and
referrals, and ordering of at-home HIV test kits and condoms
[20].

Study Intervention: HealthMindr Plus Brief Messages
The current study utilized the HealthMindr platform with the
addition of social cognitive theory–based, sexual health
messaging components. For this randomized controlled trial
(RCT), we developed a series of brief text-based (n=63) and
sourced a series of video (n=12) messages designed designed
to promote health-seeking behavior and further the adoption of
sexual health services recommended by HealthMindr. The
messages were delivered through the HealthMindr platform and
aligned with the prevention tools offered in the app [20]. The
purpose of this study was to evaluate the use and efficacy of
the mobile-messaging platform as a public health strategy for
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improving sexual health outcome measures among MSM by
determining whether exposure to the message-delivery platform
resulted in improvements in participants’ self-reported sexual
health and prevention behaviors, beliefs, and attitudes. Specific
aims to accomplish this purpose included two phases: (1)
formative research (focus groups and in-depth interviews) for
app message development; and (2) an RCT for testing efficacy
of the app. This paper describes the methods for this study in
more detail.

Methods

Overview
The Mobile Messaging for Men (M3) study was conducted in
two phases. The first phase consisted of a series of focus groups
and in-depth interviews to ensure that written messages, videos,
and app features presented in the trial were appropriate for the
audience. The second phase was an RCT, with MSM in three

serostatus/risk groups randomized to receive either the
intervention condition (M3 app) for a three-month exposure
period or a waitlist-control condition with the option to receive
the app for three months at the end of the study. The
serostatus/risk groups were defined by self-report as: (1) HIV
seropositive; (2) HIV seronegative at higher risk (condomless
anal sex and not taking PrEP as prescribed in the past 3 months);
and (3) HIV seronegative at lower risk (no condomless anal sex
in the past 3 months, or condomless anal sex while taking PrEP
as prescribed in the past 3 months). Postintervention data
collection occurred at three time points: 3 months (immediately
postintervention), 6 months (three-months postintervention),
and 9 months (six-months postintervention) (see Figure 1).
Participant follow-up will be completed in September 2019,
with primary outcome analyses to follow. The study was
reviewed and approved by the Emory University Institutional
Review Board (Protocol #87684) and registered at
ClinicalTrials.gov (NCT03666247).

Figure 1. Timeline of participant activities and assessments. Only participants from the waitlist/control group who opt to participate in the intervention
will be assessed in PT2. BL: baseline survey; PT: postintervention assessment; FU: follow-up survey.

Formative Research for Online Messages

Message Development Process
Message development for qualitative input from the target
audience took two forms: brief written message and video
message development. Two committees of subject matter experts
(written messages: JB, GM, PS, KH, MD, EO, RZ; video
messages: SH, MAC, EO, DG, BB, RZ, RS) were established
to implement written and video message creation. First, the
committees determined six domains of prevention messages
and related study outcomes: (1) condom use; (2) HIV testing;
(3) STI testing; (4) PrEP continuum outcomes; (5) antiretroviral
therapy (ART) use; and (6) engagement in care.

The written message committee reviewed the literature on HIV
prevention messages in the six domain areas, as well as
messages used in their ongoing research, and developed 63
messages that were 2-3 sentences each and were organized into

the 6 prevention domains. Messages within each domain were
mapped onto Social Cognitive Theory constructs (eg,
information, relevance, norms, barriers, and self-efficacy).
Through the mobile app, each participant received a common
core of 36 messages (approximately 6 messages per domain)
and another set of 9 secondary messages specific to each of the
3 serostatus/risk groups. For HIV-positive men, these secondary
messages focused on ART uptake and adherence, for
HIV-negative men who reported condomless anal sex in the
past three months, additional messages pertained to PrEP, and
for HIV-negative men who did not report recent condomless
anal sex, additional messages were about condom use and
HIV/STI testing. Participants were sent a written message every
1-2 days and a video message once per week.

The video messages were selected after identifying existing
videos in the field of recent HIV and STI prevention related to
the six domain areas, with the goal of identifying 12,
approximately one-minute video clips for delivery on the mobile
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app. About two videos per domain area were delivered to all
study participants at a rate of one per week. Through online
searches and common, prevention video–development funding
agencies (eg, the Centers for Disease Control and Prevention
and the Kaiser Family Foundation), an initial pool of several
hundred videos was identified, and they were systematically
and iteratively reduced in number by the subject matter expert
committee through several rounds of reviews and ratings.

Phase 1: Formative Research

Qualitative Message Development Process
Two qualitative methods were used to elicit feedback from
MSM who were potential participants in the RCT: focus group
discussions and in-depth interviews. The goals of the qualitative
phase were to: (1) develop knowledge around possible topics
for HIV prevention messaging, preferred modes of receiving
mobile prevention messages, and messaging frequency; and (2)
develop HIV status/risk level-specific prevention messages
intended for dissemination to MSM, cognitively test the
messages, and finalize messages for inclusion in the RCT.

Nine focus group discussions, one per risk group per study city,
were conducted. Focus group discussions focused on message
delivery aspects, including mode, format, length, framing,
delivery source, and other non-content related characteristics.
Participants were prompted to describe notable HIV prevention
messages they had encountered prior to their engagement with
this study, describing both the content and format of the message
as well as their thoughts on its efficacy and applicability.
Participants were then asked to complete a pile-sorting activity
[24], where participants were shown cards with HIV prevention
messages and were asked to sort them into piles representing
how they would like those messages to be received (eg, a card
contained a message about regular condom use, and choices for
delivery of message included video, scientific facts, or fun
messaging). The aim was to understand which delivery and
content factors were important for the delivery of each type of
prevention message.

Two rounds of in-depth interviews were conducted: one round
for text-based messages and one round for video messages.
These in-depth interviews assessed the extent to which the

predeveloped text- or video-based messages were understood
and believed, and how messages needed to be customized to
address contextual differences and variations in prevention
needs, such as local context, demographic contexts, risk group,
or relationship contexts. For the written messages, 18 in-depth
interviews were conducted, two per risk group per study city.
Participants completed a ranking activity in which they were
given cards on which predeveloped written messages were
printed. Within each of the six domains listed above, participants
ranked the messages from most effective to least effective. They
were then asked about their reactions to each message, including
their comprehension, willingness to read the message,
appropriateness of the message and word choice, and their
perception of their ability to enact behavioral change. For the
video-based messages, 26 in-depth interviews were completed
across the study sites. Participants were shown each video-based
message and, after each, were asked about their reactions to the
videos, including identification of intended messages,
comprehension of the messages contained in each video, and
willingness to view the message. Participants were also asked
about specific elements of the video, such as length, style,
language use, and how each video might be made more
effective. Based on the feedback from participants in these focus
group discussions and in-depth interviews, each written and
video-based message was revised or edited by the subject matter
experts to be made more suitable for inclusion in the RCT.

Intervention Messaging
The M3 intervention provided risk-customized written and video
messages for participants, augmenting the core prevention
services available in HealthMindr. Core messages were
delivered to all participants regardless of HIV status and risk
group. Secondary messages were delivered to participants based
on their self-reported HIV status and risk group assignment at
baseline; risk group status was dynamic during the trial and
updated using data from monthly check-ins during the app
exposure period or by participant self-initiation of check-in.
Message domains for core and secondary messages are
summarized in Table 1. Video messages were 60-80 second
excerpts from existing videos related to HIV prevention and
education. A total of 12 video messages were offered as part of
the intervention for all participants regardless of risk group.

Table 1. M3 domains in the mobile app.

Secondary messagesCore messagesDomain

HIV-positiveHigher risk HIV-negativeLower risk HIV-negativeAll risk groups

✓✓✓Condoms

✓✓✓✓STIa testing

✓✓✓HIV testing

✓✓PrEPb

✓✓ARTc

✓✓Engagement in care

aSTI: sexually transmitted infection.
bPrEP: pre-exposure prophylaxis.
cART: antiretroviral therapy.
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Messages were provided to participants according to a
predetermined schedule and in a consistent sequence that started
on their date of enrollment. Most messages provided a hyperlink
to relevant services referenced in the message. For example, a
message to promote routine HIV screening was paired with a
link to the app function for scheduling routine HIV screening
(Figure 2).

Commodity Ordering
Participants assigned to the intervention group also had the
ability to order prevention commodities (HIV at-home self-test
kits, home specimen collection kits for STI testing, condom
variety packages, and condom-compatible lubricant) directly
through the app for delivery to an address of their choosing.
The kits were purchased or built by Emory University, and
delivered through Amazon Fulfillment Services. At-home HIV
self-test kits were fulfilled with OraQuick kits (Orasure
Technologies, Bethlehem, Pennsylvania, United States).
At-home specimen collection kits (CareKits) were provided
through the Emory Center for AIDS Research, and included
instructions and materials for participants to collect urine, a
rectal swab, a pharyngeal swab, and microtainer blood
specimens sufficient to support testing for urethral, rectal, and
pharyngeal gonorrhea and chlamydia, and for syphilis.
Specimens were returned to the study laboratory by mail, and
STI testing was performed in a Clinical Laboratory Improvement
Amendments–certified laboratory using methods previously
reported [25]. Negative STI results were provided to participants
through emails or text messages; positive STI results were
provided to participants by phone call with referrals to treatment.
Positive STI test results were reported to state and local health
departments, as required by law and as disclosed to participants
during the informed consent process; HIV self-tests are sent by
participants directly to the vendor and thus HIV self-test results
during the study were unknown to staff.

Phase 2: Randomized Controlled Trial
A total of 1229 MSM were recruited and enrolled into a
randomized controlled trial in three US cities with substantial
HIV incidence: Detroit, Michigan; New York City, New York;
and Atlanta, Georgia [26]. The intervention of HIV prevention
messages and HealthMindr services were delivered as a mobile
phone app, available on both iOS and Android operating
systems. At the time of randomization, all participants received
standard of care referrals to HIV prevention and treatment
services in the form of a paper list of local prevention resources.

Study Design and Procedures

Overview
Among the 1229 men enrolled, 478 were from Atlanta, 335
from Detroit, and 416 from New York City. Men were randomly
assigned to either the immediate intervention group or the
waitlist-control group at a 1:1 ratio. All participants received
the same surveys at baseline and at three-month intervals
thereafter. At baseline, participants assigned to the intervention
group installed the M3 app and study staff gave them an
orientation on its use. These participants received access to the
full mobile app and messages based on their risk profiles over
a period of three months, after which the app was deactivated.
Wait-list control participants were not provided access to the
intervention app at the baseline visit but continued to receive
quarterly surveys. At nine months postenrollment, participants
in the waitlist-control group were given the option of accessing
the intervention app. Those who opted to do so were given the
app for three months and were asked to complete one final study
visit and survey at the 12-month point. Figure 2 provides an
overview of the study timeline and includes study visits,
procedures, and the participants involved at each time point.

Figure 2. Example text-based messages from the M3 app.
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Recruitment
Recruitment activities were conducted over the course of 10
months in each study city from January-October 2018. To reflect
the diversity of MSM, we used a multi-modal recruitment
strategy with a goal of recruiting a sample of MSM who were
diverse in terms of age, race/ethnicity, and HIV risk. Modes of
recruitment included targeted banner advertisements (eg,
Facebook), traditional print advertisements (eg, flyers, public
transit), recruitment at venues, referrals from community service
providers, and in-person outreach.

Eligibility
Men eligible to participate in this study were: (1) aged 18 years
and older; (2) assigned a male sex at birth; (3) self-reported
their current gender identity as male; (4) self-reported anal
intercourse with a man in the past year; (5) were current
residents of the study city metropolitan area (Atlanta, Detroit,
or New York City); (6) planned to stay in the city area for the
next nine months; (7) owned and used an Android or iOS
smartphone; (8) were able to read and understand English
without assistance; and (9) were included in one of the three
groups of serostatus and risk groups described above. As of
November 2018, all study participants provided written informed
consent prior to participating in the study.

Enrollment
Men recruited in community venues were offered a brief
interviewer-administered screening survey; men recruited
through flyers or online venues were offered a brief online
eligibility screener. Eligible men were invited to attend an
in-person baseline enrollment visit. At the enrollment visit,
research staff reviewed consent documentation with potential
participants and reconfirmed eligibility criteria. Following
consent and enrollment, all participants completed a baseline
behavioral survey (see Multimedia Appendix 1) that collected
information related to primary and secondary outcomes,
including: (1) demographic characteristics; (2) HIV and STI
status and testing history; (3) condom use; (4) PrEP use and
adherence (for HIV-negative participants); (5) ART use and
adherence (for HIV-positive participants); (6) knowledge,
perceptions, beliefs, intents, and communication with sex
partners about HIV status and risk reduction; (7) mobile phone
and data usage; (8) access to Internet and information; and (9)
psychosocial covariates. The initial visit took up to 90 minutes.

Randomization
Following completion of the behavioral survey, participants
were randomized into either the intervention or the wait-list
control group. Participants were successfully randomized within
18 strata based on the three serostatus/risk groups, three cities,
and race/ethnicity (non-Hispanic white or not), ensuring balance
in randomization for these three dimensions [27]. Within the
strata of city, serostatus/risk group, and race/ethnicity,
participants were randomly assigned to the next treatment
allocation from a randomly permuted block sequence (block
sizes were 2 and 4).

Follow-Up Assessments
To understand the effects of the intervention, follow-up surveys
were administered to all participants in three-month intervals
(a survey immediately postintervention, a three-month
postintervention follow-up, and a six-month postintervention
follow-up). The content of the postintervention surveys included
study outcomes, which included sexual risk behaviors and use
of prevention services. Participants took interim follow-up
assessment remotely at 3 and 6 months and were given the
option of taking the final 9-month outcome assessment remotely
or in person as the baseline was done.

Incentives
Modest incentives were given to participants for completing
assessments in the study. Participants in the intervention group
could be compensated up to US $140 when completing all
assessments over the nine-month study period. Participants in
the waitlist-control group were compensated up to US $190
when opting to use the intervention app after nine months, and
US $140 if they chose not to use the intervention app. All
consenting participants who completed in-person site visits,
baseline visits, and nine-month follow-up were compensated
US $50, and an additional US $20 for each remotely completed
follow-up survey (immediately postintervention, after three
months, and after six months). Waitlist-control participants who
opted to use the intervention app were eligible for an additional
US $50 postintervention follow-up assessment incentive.

Measures

Serostatus-Specific Measures

HIV-Negative Participants

For HIV-negative participants, HIV testing was assessed at
baseline using a series of questions about HIV screening in the
previous 12-month and three-month intervals, including reasons
for screening behavior. Follow-up surveys asked about HIV
screening behaviors in the past three months. HIV-negative
participants were also asked a series of questions related to
PrEP, including if they were aware of PrEP, had ever used PrEP,
were currently using PrEP, or had discontinued PrEP. Reasons
for use or nonuse of PrEP were also included at baseline and in
three-month follow-up intervals. HIV-negative participants were
also asked about the likelihood of using possible PrEP agents
in the future. Additionally, participants were asked to rank their
prevention preferences when considering PrEP options that
might be available as future PrEP formulations.

HIV-Positive Participants

Participants living with HIV were asked at baseline about their
previous 12 months of engagement with HIV care, and at
follow-up about their previous 3 months of engagement with
HIV care. Questions included missed appointments, reasons for
nonengagement, and measures of viral suppression. Participants
living with HIV were also asked at baseline about their use of
ART in the previous 12-month period and previous 30-day
adherence. Postintervention surveys asked about previous
three-month initiation of ART and past 30-day adherence to
ART, if applicable. Questions also included reasons for missed
doses as well as the HIV Self-Efficacy Adherence Scale [28].
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Questions Asked of All Participants
STI testing was assessed at baseline by asking participants if
they had been screened in the previous 12-month period for
non-HIV STIs, reasons for screening behavior, and any
STI-related vaccinations. STIs for analysis included chlamydia,
gonorrhea, syphilis, herpes, genital warts, hepatitis A, B, and
C, and any other STI. Follow-up surveys asked information
about screening and diagnoses in the previous three months.
All participants were asked at baseline and in follow-up surveys
about their recent experiences in accessing health care. All
participants were asked about their beliefs on the efficacy of
various HIV prevention methods (eg, condoms, PrEP) as well
as the likelihood they would engage in HIV prevention behaviors
in the next three-month period. All participants were asked
about sexual behaviors in the previous three-month period at
baseline and during three-month follow up surveys. Questions
delineated main from casual partners, enumerating casual
partners, and determining patterns of behavior for ongoing risk
group classification. Participants were asked at baseline and in
all postintervention surveys about substance use and
dependency. Alcohol misuse was assessed using the validated
Alcohol Use Disorders Identification Test (AUDIT) [29].
Participants were also asked which, if any, substances other
than alcohol they used. Substance dependency was assessed
with the Drug Use Dependency Identification Test (DUDIT)
[30].

Covariates
Factors that might be associated with intervention efficacy were
assessed at baseline and at three-month intervals. These included
the Centers for Epidemiological Studies on Depression 10-item
(CESD-10) scale [31] for past-week depressive symptoms, a
modified technology use scale from a 2015 Pew report [32],
lifetime and previous three-month sex work, previous

three-month intimate partner violence (IPV), previous-month
resilience, a subset of items from the HIV-related Stigma Scale,
a modified HIV/AIDS Conspiracy Scale [33], Perceived HIV
Severity Scale [34], and Health Care Mistrust Scale [35].

Data Analysis Plan
We will conduct bivariate analyses, stratified by intervention
group, for characteristics related to demographic factors,
educational history, social determinants of health, city of
enrollment, risk group, and baseline behaviors, to assess for
failure of randomization. Failure of randomization will be
defined by a significant (P<.05) difference in the distribution
of a characteristic between the intervention and control groups.

The primary outcomes of interest in this study (Table 2) will
be associated with the following alternative hypotheses:
assignment to the intervention group will be associated with
increased HIV testing among HIV-negative men, increased
engagement with HIV care and ART use/adherence among
people living with HIV, increased uptake and adherence to PrEP
among higher risk HIV-negative men, sustained lack of
condomless anal sex among lower risk HIV-negative men,
increased condom use for those who reported prior condomless
sex, and increased STI testing for all sexually active men.
Assuming that there are no failures of randomization, we will
use descriptive analyses to calculate the ratios of rates or
prevalence between participants assigned to the intervention
group and participants assigned to the control group. For HIV
testing, PrEP uptake, and STI testing, we will consider using
descriptive methods for time-to-event analysis and describing
unadjusted hazard ratios if randomization does not fail. If a
failure of randomization occurs, we will conduct a stratified
analysis for the association between outcomes and
randomization assignment by variable where the failure occurred
and will consider adjusting estimates for that factor if indicated.

Table 2. Primary outcomes.

Participant HIV risk groupOutcome

HIV-positiveLower risk and higher risk HIV-negative

✓HIV testing

✓Engagement in HIV preventative care

✓PrEPa uptake

✓PrEP adherence

✓Engagement in HIV care

✓ARTb uptake

✓ART adherence

✓✓Condom use

✓✓Condom use compliance

✓✓STIc testing

aPrEP: pre-exposure prophylaxis.
bART: antiretroviral therapy.
cSTI: sexually transmitted infection.

Secondary outcomes will focus on participants’ self-reported
intentions, such as increasing the frequency of preventive

behaviors, decreasing risk behavior, seeking information and
treatment, and partner communication, particularly around risk
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and prevention behaviors such as ART and PrEP. Secondary
outcome analysis will include intervention and control group
comparisons, similar to primary outcome analysis.

Human Subjects
Study procedures and documents, including consent forms,
eligibility screeners, assessments, recruitment advertisements,
and sexual health messages, were submitted and approved by
Emory University’s Institutional Review Board. All study staff
were required to complete training in human subjects research
ethics and data security before they were permitted to engage
in research procedures and view participant identification
information. Any third parties contracted in the data collection
and management process have established Business Associates
Agreements with Emory University, to ensure their adherence
to the scientific and ethical standards of the university. A data
safety monitoring board was not required for this study, as it
poses no greater than minimal risk due to the limited safety
concerns to the study population.

Results

M3 enrollment began in January 2018 and concluded in
November 2018. A total of 1229 MSM were enrolled. Data
collection was completed in September 2019.

Discussion

Eisinger and Fauci have recently written that we have the tools
to end the HIV/AIDS pandemic, and that the remaining
challenge is to aggressively implement the effective strategies
that we have [36]. We agree and believe that the same premise
applies to HIV prevention: that prevention tools, including HIV
testing, condoms, STI testing, PrEP, and postexposure
prophylaxis, offer significant promise to curb new infections
among MSM if deployed at scale and aligned with the needs of
MSM. Here, we describe an RCT to test the effects of a mobile
phone app to help MSM select, coordinate, and manage their
use of prevention tools. The design incorporates both the
previously described HealthMindr app and a set of text and
video messages that are tailored to the HIV status and the risk
level of participants.

The resulting M3 mobile app provides tailored electronic
messages along with service offerings in a unified platform,
potentially increasing the uptake of primary prevention
interventions. It features several characteristics of best practice
in the development of mHealth tools: it is theoretically
grounded, was developed through an iterative process with input
from likely end users and current prevention providers, and uses
tailoring of content based on the specific needs and
circumstances of users. If assignment to the intervention is
associated with higher use of prevention services, the M3 app
could be used by public health agencies to reach MSM with a
consistent, epidemiologically tailored package of HIV
prevention interventions, and could provide an opportunity to
reach men who might be geographically less accessible for

existing, in-person prevention services. The inclusion of mail-out
condoms and STI and HIV testing commodities also facilitates
the provision of a full package of basic services to rural MSM,
who are a group that are consistently less served with basic
sexual health services and commodities than urban MSM [37].
A further potential benefit of this approach is the HIV
serostatus-inclusiveness of the intervention: all men can
potentially benefit from the M3 app, regardless of HIV
serostatus.

Our study is subject to a number of possible limitations, typical
of the potential biases associated with randomized prevention
trials [38]. It is possible that we might have selection bias,
manifested as a failure of randomization. We have taken steps
to mitigate this possibility by implementing stratified
randomization by site and risk group; stratified randomization
minimizes the risk for failure of randomization across a domain
that might be associated with efficacy. We will assess failure
of randomization by comparing the distribution of key
participant characteristics by randomization arm, using
chi-square or Fisher exact tests as appropriate. We anticipate
that there could be measurement bias because we are relying
on self-reported outcomes, as is common in behavioral studies.
We have attempted to minimize this bias by allowing options
for completing assessments privately or remotely, by using
previously established or validated items, and by measuring
key outcomes with multiple measures (for example, adherence
is assessed in both 7-day and 30-day recall periods, and assesses
condom use in the past 3 months and at last sexual encounter).
We could be subject to exclusion bias if there is differential loss
to follow-up between the intervention and control arms. We
mitigated this risk by using proven approaches to increase
retention in both arms, including multiple modes of contact
(phone, email, text message) and offering flexible options for
completing surveys at home or in the research clinic. Because
we set quotas to ensure adequate representation of men of color
and high- and low-risk HIV-negative men, our sample may not
have high external generalizability; however, we have designed
the study to have power to analyze within specific, high-priority
groups of participants, given their importance in HIV epidemics
among MSM living in the United States. Because of the
recruitment structure, cross-sectional analyses of the levels of
prevention and risk behaviors from the baseline data should be
interpreted in light of the sampling strategy.

Future study activities include completion of data collection for
the RCT, analysis of RCT data, and identification of possible
areas of improvement of the app for usability, including the
assessment of use patterns of waitlist-control participants. In
parallel, it is important that conversations with possible
implementers of electronic health interventions (eg, local and
state health departments and community-based prevention
organizations) continue to anticipate possible implementation
strategies and opportunities based on the principles of
implementation science, in case the results of the RCT indicate
improved outcomes for men randomized to the intervention
group [39].
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Abstract

Background: Type 2 diabetes is a significant cause of morbidity and mortality in the United States. Lifestyle modifications
including increasing physical activity and losing weight have been demonstrated to improve glycemic control. However, most
patients struggle to make these changes. Many stakeholders are interested in using gamification and social incentives to increase
engagement in healthy behaviors. However, these approaches often do not appropriately leverage insights from behavioral
economics that could be used to address predictable barriers to behavior change.

Objective: This study aimed to describe the protocol for the Influencing DIabetics to Adapt Behaviors related to Exercise and
weighT by Enhancing Social incentives (iDiabetes) trial, which aimed to evaluate the effectiveness of gamification interventions
that leverage insights from behavioral economics to enhance supportive, competitive, or collaborative social incentives to improve
glycemic control, promote weight loss, and increase physical activity among overweight and obese adults with type 2 diabetes.

Methods: We are conducting a one-year four-arm randomized controlled trial of 361 overweight and obese patients with type
2 diabetes and a glycated hemoglobin (HbA1c) level ≥8.0. Wireless weight scales and wearable devices are provided to remotely
monitor weight and physical activity and transmit data to the study team. Patients are recruited by email, following which they
establish a baseline measure of weight, daily step count, HbA1c level, and low-density lipoprotein cholesterol level and then repeat
these measures at 6 and 12 months. The control arm receives no other interventions. Patients randomized to one of the three
intervention arms are entered into a game designed using insights from behavioral economics to enhance supportive, competitive,
or collaborative social incentives. To examine predictors of strong or poor performance, participants completed validated
questionnaires on a range of areas including their personality, risk preferences, and social network.

Results: Enrollment of 361 patients was completed in January 2019. Results are expected in 2020.

Conclusions: The iDiabetes trial represents a scalable model to remotely monitor the daily health behaviors of adults with type
2 diabetes. Results from this trial will help provide insights into how to improve management of patients with type 2 diabetes.

Trial Registration: ClinicalTrials.gov NCT02961192; https://clinicaltrials.gov/ct2/show/NCT02961192

International Registered Report Identifier (IRRID): DERR1-10.2196/14180

(JMIR Res Protoc 2019;8(11):e14180)   doi:10.2196/14180
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behavioral economics; gamification; social incentives; diabetes; glycemic control weight; physical activity; remote monitoring;
wearable devices
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Introduction

Background
Type 2 diabetes is a significant cause of morbidity and mortality
in the United States [1,2]. Lifestyle modifications including
increasing physical activity and losing weight have been
demonstrated to improve glycemic control [3,4]. However,
changing daily health behaviors can be challenging for many
patients, especially those who start with lower levels of
motivation. Recently, many stakeholders have become interested
in using mobile technologies to passively monitor these daily
behaviors and to deploy interventions at a broader scale [5,6].

Gamification is the use of game design elements in nongame
settings and is increasingly being used in interventions to
promote healthy behaviors [7]. Although gamification is used
widely, it is often not designed to incorporate theories from
health behavior [8-11]. Behavioral economics is a field that
incorporates principles from psychology and economics to help
us understand why individuals make decisions that are
predictably irrational [12,13]. For example, individuals tend to
be more motivated to avoid losses than gain an equivalent
reward [14-16], by immediate rather than delayed gratification
[17], and they tend to avoid the feeling of regret [18]. In a
randomized trial, members of our group found that insights
from behavioral economics could be embedded within
gamification design to enhance social incentives such as
accountability, peer support, and collaboration to significantly
increase physical activity among families in the community
[19]. We have also conducted a pilot study to demonstrate how
these approaches could be used to promote weight loss [20].

Objective
The objective of this article was to describe the protocol for the
Influencing DIabetics to Adapt Behaviors related to Exercise
and weighT by Enhancing Social incentives (iDiabetes) trial,
which aimed to evaluate the effectiveness of gamification
interventions that leverage insights from behavioral economics
to enhance either supportive, competitive, or collaborative social
incentives to improve glycemic control, promote weight loss,
and increase physical activity among overweight and obese
adults with type 2 diabetes. This builds upon on our previous
work by testing more types of social incentives and
implementing them with a more high-risk population. The trial
recruited patients from Penn Medicine, an academic health
system in Philadelphia, and used a Web-based platform at the
University of Pennsylvania, called Way to Health [21], which
facilitated virtual recruitment, Web-based informed consent,
automated study communication, and remote monitoring of
behavior.

Methods

Study Design
iDiabetes is a 4-arm randomized controlled trial with a 1-year
intervention period. The trial was conducted using Way to
Health [21], an automated information technology platform at
the University of Pennsylvania that integrates wireless devices,
conducts clinical trial randomization and enrollment processes,

delivers messaging (via text or email), delivers self-administered
surveys, automates payment transfers, and securely captures
data for research purposes. This platform has been used to run
over 100 clinical trials including several by our group focusing
on physical activity and weight loss [8,15,16,19,20,22-25]. All
participants received US $25 for completing laboratory testing
to assess baseline hemoglobin A1c (HbA1c) and low-density
lipoprotein cholesterol (LDL-C) during the enrollment process.
Participants who were eligible and completed enrollment into
the study received an additional US $25. Participants received
US $50 to obtain laboratory tests (HbA1c and LDL-C) and
conduct a virtual weigh-in at home via FaceTime (Apple Inc.)
or Skype (Microsoft Inc) after 6 months and 12 months, similar
to prior work [20]. Participants were randomly assigned to the
control arm or 1 of 3 gamification intervention arms designed
to enhance supportive, competitive, or collaborative social
incentives. Data on participant characteristics were collected
through validated questionnaires. The University of
Pennsylvania Institutional Review Board approved the study.

Participant Recruitment
Potential participants were identified from EPIC, the electronic
health record at Penn Medicine, by using Penn Data Store (the
health system’s clinical data warehouse) and Clarity, an EPIC
reporting database. The study team sent email invitations, letters,
and made phone calls introducing the study and its eligibility
criteria with instructions on how to learn more and begin the
enrollment process online. Recruitment occurred from January
23, 2017, to January 7, 2019.

Participants were eligible for the program if they were aged
between 18 and 70 years, they were able to read and provide
informed consent to participate, they had a diagnosis of type 2
diabetes with an HbA1c level of 8.0 or greater within the last 90
days, they had a self-reported body mass index of 25 or greater,
and they owned a smartphone or tablet compatible with the
wearable device and wireless weight scale. Participants were
excluded if there was a condition that made their participation
unfeasible (eg, inability to provide informed consent and
illiteracy or inability to speak, read, and write English), if there
was a condition that made participation unsafe (eg, pregnancy,
previous diagnosis of an eating disorder, or history of unsafe
weight loss practices), or if he or she was already enrolled in
another study targeting physical activity, weight loss, or
glycemic control or any other medical conditions or reasons
because of which the participant would be unable to complete
the 1-year program.

Participant Enrollment
Interested participants were instructed to visit the study website
to create an account, review and complete informed consent,
and complete the eligibility survey. Eligible participants who
had not recently had blood tests were then instructed to obtain
baseline HbA1c and LDL-C laboratory tests that were conducted
at either a qualifying Penn Medicine facility or a Quest
Diagnostics laboratory. Participants were also instructed to
complete a series of assessments including surveys and validated
questionnaires described in Table 1. These included a baseline
survey assessing sociodemographic and health characteristics,
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the domain-specific risk-tasking survey collecting data related
to risk preferences [26], personality type (Big Five Inventory)
[27], and the Medical Outcomes Study Social Support survey
[28]. The qualitative assessment at the end of the study is
conducted through an online survey and participants are asked
to rate their satisfaction with the devices, interventions, and
study overall by using Likert scales (strongly agree, agree,
neutral, disagree, and strongly disagree). Participants are also
asked to respond to open-ended prompts to describe ways in
which their experience helped or did not help them to lose
weight, increase physical activity, and manage their diabetes.

After baseline assessments were completed, participants were
mailed a wearable device (Withings Steel) and were given
instructions on how to authorize the device to send data to the
Way to Health technology platform (Figure 1). This wearable
device tracked physical activity (daily step count) and sleep
(minutes of total sleep, light sleep, and deep sleep). These types
of devices have been demonstrated by our previous study to be
accurate for tracking step counts [29]. The wearable device was
waterproof and had a battery that lasted about 6 months.
Participants were provided with a replacement battery at the
beginning of the study and, if necessary, were mailed a new
battery later. The study team was available on phone to help
participants set up the wearable device.

Table 1. Participant survey assessments.

12 months6 monthsBaselineQuestions (n)QuestionnaireDomain

——✓——aBaseline

——✓19Medical outcomes study social supportSocial support

——✓30Domain-specific risk-tasking surveyRisk preferences

——✓44Big FivePersonality

✓————Qualitative survey

aNot applicable.

Figure 1. Depiction of the wireless devices used by participants.

Baseline Step Count
Once the participants’wearable device was setup and connected
to the study, they were asked to get used to wearing the device
for several weeks. During this period, a baseline step count was
estimated using the second week of data—a method used in
previous work [16,19]. The first week of data was ignored to
diminish the potential upward bias of the estimate from higher
activity during initial device use. To prevent potential
mismeasurement, we ignored any daily values less than 1000
steps because evidence indicates that these values are unlikely
to represent capture of the actual activity [30,31]. If less than 4
days of data were available during the second week, the patient
was contacted to inquire about any device issues, and the run-in
period was expanded until at least four days of data were
captured.

In-Person Visit and Randomization
After a baseline step count had been established, the participant
was scheduled for an in-person visit with the study team to
complete the enrollment process. During this visit, all
participants received education on the importance of diet and
physical activity for weight loss and glycemic control. The
participants were provided with a wireless weight scale and had
a baseline weight measured (Figure 1). As weight can fluctuate
based on time of day and clothing, we monitored for weights
taken at home that were >5 lbs different. In those cases, the
study team reached out to participants to clarify the most
accurate weight to use as his or her baseline. At the in-person
visit, participants were then randomized to one of the study
arms. A participant was considered ready to be randomized
once he or she had completed all surveys, established a baseline
step count, completed baseline laboratory work for HbA1c and
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LDL-C, and had come in for an in-person study visit to establish
a baseline weight measurement. Randomization was conducted
electronically using block sizes of 4 groups with 3 participants
per group. The first participant in the group was randomly
assigned to an arm, and the next 2 participants were assigned
to fill that group. In most cases, the participants in a group did
not previously know each other. However, if 2 participants did
know each other and wanted to join together, then they were
randomized together as either groups of 2 or 3 persons.
Participants were informed of their arm assignment during the
in-person visit with the opportunity to ask any questions related
to the intervention design.

All investigators, statisticians, and data analysts were blinded
to arm assignments until the study and analysis were completed.

Interventions
Participants in the control arm used the devices but received no
other interventions and were not asked to conduct goal setting.
Participants randomized to 1 of the 3 gamification arms
conducted goal setting during the in-person visit. This included
selecting a HbA1c reduction goal (1.5%, 2%, or 2.5%), a weight
loss goal (6%, 7%, or 8% of their baseline weight), or an
increase in daily step counts (33%, 40%, or 50% greater than
baseline, or any step goal that is at least 1500 steps above their
baseline). A number of design considerations were incorporated
to help participants achieve their goals while minimizing risks.
First, the weight loss goal was set for a gradual decline over the
first 26 weeks and then to maintain that level during the next
26 weeks. Participants were given a weight target each week,
and if not achieved, the target remained the same for the
following week. Second, participants had a 4-week ramp up
toward their daily step goal. For example, a participant with a
baseline of 6000 steps per day and goal of 8000 steps per day
was asked to achieve goals of 6500, 7000, 7500, and 8000 for
each of the first 4 weeks of the study. Then, they were asked to
maintain the 8000 steps per day goal for the remainder of the
study. Finally, the HbA1c goal was set for the 6-month time
point and was expected to be maintained through 1 year.

Participants in the gamification arms were entered into an
intervention approach based on prior work that used points and
levels designed to incorporate insights from behavioral
economics [19,20]. First, participants were asked to sign a
precommitment pledge to strive to achieve their goals during
the study. Precommitment has been demonstrated to motivate
behavior change [32,33]. Second, at the beginning of each week,
the participant received 70 points (10 for each day that week).
If the participant did not weigh-in, they lost 10 points from their
balance. This leverages loss aversion, which has demonstrated
that loss framing is more effective at motivating behavior change
than gain framing [14-16]. Third, at the end of each week, if
participants had at least 40 points, achieved their weekly weight
target, and averaged at or above their daily step goal, they were
moved up a level (levels from lowest to highest: blue, bronze,

silver, gold, and platinum). If not, participants were dropped a
level. This design creates achievable goal gradients—the notion
that the next highest level was attainable—and a sense of social
status and progression through the game. All participants begin
at the silver level, so that they will feel the loss of dropping to
bronze if they do not achieve enough points in the first week.
Participants who finished in the platinum level received a trophy,
and participants who finished in the gold level received a medal.
Fourth, participants got a new set of 70 points every Monday.
This design leverages the fresh start effect that is the tendency
for aspirational behavior around temporal landmarks such as
the beginning of the year, month, or week [34]. Fifth, to help
re-engage participants who are struggling to meet their goals at
months 3, 6, and 9 (defined as being in the blue or bronze levels
of the game), the study coordinators called them to inquire about
their progress in the study, reset them to the silver level, and
offered them the opportunity to readjust their goals based on
their initial options. Sixth, the participants’ primary care
physician was mailed a monthly report with data on their change
in weight, step goals, HbA1c, and LDL-C (Figure 2). A copy of
this letter was also mailed to the participant. Finally, the game
varied based on the social incentive arm described as follows:

1. In the supportive social incentive arm, participants were
asked to identify a family member or friend to be their
support sponsor. This sponsor is encouraged to support the
participant in their progress during the study. A weekly
report is sent by email to the sponsors with the participants’
performance including their points and level (Figure 3).

2. In the competitive social incentive arm, participants are
placed into a group of 3 participants. These participants
typically did not know each other before the study but were
introduced to each other by email at the beginning of the
intervention. At the end of each week, the participants
receive an email with a leaderboard that ranks them on their
cumulative points in the study thus far and also displays
their level. In the event of a tie in total cumulative points,
the participants will be secondarily ranked on level. This
feedback may help to induce participants to compete for
the top spot among the group.

3. In the collaborative social incentive arm, participants are
placed into a group of 3 participants as a team. These
participants typically did not know each other before the
study but were introduced to each other by email at the
beginning of the intervention. Each day, one of the members
of the group is randomly selected to represent his or her
team for that day, and that information is shared with the
entire group. If the participant selected weighed in on the
previous day, the team keeps their points. If he or she did
not, then the team is told that they lost 10 points. In this
design, each person is accountable to the others in the team,
and this may induce a collaborative effort to meet their
daily goals. The entire team moves up a level only if the
team has at least 40 points by the end of the week.
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Figure 2. Example of a physician letter.

Figure 3. Example of support partner messages.

Outcome Measures
The primary outcomes were change in HbA1c, change in weight
in pounds, and change in mean daily steps from baseline to the

end of the 1-year study. Secondary outcomes include the change
in LDL-C levels from baseline to end of the 1-year study, and
change in mean daily steps, weight in pounds, and HbA1c from
baseline to the 6-month time point of the study.
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Power
We estimated that a sample size of 360 participants (90 per arm)
will provide at least 80% power using a conservative Bonferroni
adjustment of the type I error rate with a 2-sided alpha of .017
and accounting for a dropout rate of 10% to detect (1) an
1100-step change in physical activity with a standard deviation
of 2000 steps; (2) a 6-lb change in weight with a standard
deviation of 10 lbs; and (3) a 0.8% change in HbA1c with a
standard deviation of 1.5%. These values are based on prior
work [19,20,35,36]. This trial has been powered for 2 phases
of hypothesis testing. In the first phase, we will compare each
of the 3 intervention arms with control. In the second phase, we
will compare successful intervention arms with each other. We
expect that the magnitude of difference between intervention
arms will be less than that of successful intervention arms
compared with control. For this second phase of analyses, we
will use a conservative Bonferroni adjustment of the type I error
rate with a 2-sided alpha of .017 to adjust for up to 3
comparisons. As only intervention arms that demonstrated a
significant difference with the control are compared with each
other in the second phase, the overall family-wise error rate of
this 2-phase procedure is controlled at 0.05 [37].

Statistical Analysis
All analyses will be performed using intention-to-treat. For the
main analysis, we will use multiple imputation for missing data.
Similar to prior work [16,19], for missing step data, including
values less than 1000 steps per day, we will perform 5 sets of
imputations, and results will be combined using Rubin’s
standard rules [38]. We will perform sensitivity analyses using

available data without imputation. The primary analysis will fit
a mixed effect regression model to evaluate changes in outcome
measures adjusted for each participant baseline measure, time
at the observation level using calendar month fixed effects, and
participant random effects. Secondary analyses will fit mixed
effects regression models adjusted for other variables of interest
such as participant characteristics.

To understand predictors of response to the interventions,
exploratory analyses will fit mixed effects regression models
to evaluate associations of participant characteristics or
behaviors with strong or poor performance in the outcome
measures. In addition, we will use latent class analysis of the
baseline variables to identify classes of participants and compare
differences in their performance across the arms. We will also
conduct an exploratory qualitative evaluation of the survey’s
free text responses by using grounded theory to identify themes
reported by the participants.

Results

The study flow diagram is depicted in Figure 4. Over a 2-year
period, 361 participants were randomized into the trial. Among
the approximately 10,000 individuals identified in the electronic
health record and invited to participate, 1420 created an account
on Way to Health and were assessed for eligibility. Reasons for
exclusion included ineligibility (168), declining informed
consent (61), and not completing all enrollment steps before
recruitment closed (651). The trial will conclude in January
2020, and analyses will be reported separately.
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Figure 4. Study flow diagram of participants randomized into the Influencing DIabetics to Adapt Behaviors related to Exercise and weighT by Enhancing
Social incentives trial. BMI: body mass index; HbA1c: glycated hemoglobin; LDL-C: low-density lipoprotein cholesterol.

Discussion

Overview
Daily behaviors related to management of type 2 diabetes have
typically been challenging to address because they occur within
the everyday lives of patients and not during in-person visits
with a clinician. The iDiabetes trial uses remotely monitored
devices to test a scalable approach to monitor these behaviors
and deploy interventions. Insights from behavioral economics
are incorporated within the gamification interventions to address
predictable barriers to behavior change. Social incentives, which
are the influencers that motivate individuals to adjust their
behaviors based on social ties and connections [39-41], are
compared across different designs including supportive,
competitive, and collaborative types. We will also explore
whether data from validated assessments completed by
participants can identify predictors of response to interventions.

Strengths and Limitations
This study has several limitations. First, only a small portion
of the individuals invited enrolled into the trial, and this may
limit generalizability. Second, the control arm did not receive
daily messaging; therefore, we cannot disentangle the impact
of the gamification interventions with daily messaging. Third,
we are evaluating physical activity using step counts and do not
have other measures of physical activity or exercise. Finally,
we are unable to measure variations in the amount of support,
competition, or collaboration for each participant in those
respective arms.

This study also has several strengths. First, although
gamification is used widely by insurance and workplace
wellness programs, these designs often do not incorporate
principles from theories of health behavior. Lessons from this
study could help to inform the design of those programs to
increase effectiveness. Second, insights from interventions
among diabetics could be applied to patients with other chronic
conditions that may benefit from changes in physical activity
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or weight. Third, this trial was conducted through a
remote-monitoring approach that could be scaled more broadly
at a lower cost than a more personnel-intensive approach.
Finally, our exploratory analysis will enable us to design more
targeted interventions in the future by understanding which
participants respond best to each of the interventions.

Conclusions
The iDiabetes study is one of the first evaluations of
behaviorally designed gamification in a high-risk patient
population. This trial has demonstrated that it is feasible to
conduct a remotely monitored intervention, and the findings
could help us to understand how to improve the management
of adults with type 2 diabetes.
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Abstract

Background: Despite the high prevalence of tobacco use among Alaska Native (AN) people, tobacco cessation interventions
developed specifically for this group are lacking. Social media hold promise as a scalable intervention strategy to promote smoking
treatment utilization and cessation, given the barriers to treatment delivery (ie, geographic remoteness, limited funding, climate,
and travel costs) in the state of Alaska (AK). Building on a longstanding tobacco control research partnership with the AK Tribal
Health System, in this study, we are developing and pilot-testing a culturally relevant, Facebook (FB)-delivered intervention that
incorporates a digital storytelling approach adapted from the effective Centers for Disease Control Tips from Former Smokers
campaign.

Objective: This study aims to promote evidence-based smoking treatment (eg, state quitline and Tribal cessation programs)
uptake and cessation among AN people.

Methods: This study fulfills the objectives for stage 1 of the National Institute on Drug Abuse behavioral integrative treatment
development program. In stage 1a, we will use a mixed method approach to develop the FB intervention. Cultural variance and
surface/deep structure frameworks will address the influence of culture in designing health messages. These developmental
activities will include qualitative and quantitative assessments, followed by beta testing of proposed intervention content. In stage
1b, we will conduct a randomized pilot trial enrolling 60 AN adults who smoke. We will evaluate the feasibility, uptake, consumer
response, and potential efficacy of the FB intervention compared with a control condition (quitline/treatment referral only).
Primary outcome measures include feasibility and biochemically verified smoking abstinence at 1-, 3-, and 6-month follow-ups.
Secondary outcomes will include self-reported smoking cessation treatment utilization and abstinence from tobacco/nicotine
products. We will also explore interdependence (relationship orientation and collaborative efforts in lifestyle change) as a culturally
relevant mediator of intervention efficacy.

Results: The study enrolled 40 participants for phase 1, with data saturation being achieved at 30 AN people who smoke and
10 stakeholders. For phase 2, we enrolled 40 participants. Qualitative assessment of proposed intervention content was completed
with 30 AN smokers and 10 stakeholders. We are currently analyzing data from the quantitative assessment with 40 participants
in preparation for the beta testing, followed by the randomized pilot trial.

JMIR Res Protoc 2019 | vol. 8 | iss. 11 |e15155 | p.42http://www.researchprotocols.org/2019/11/e15155/
(page number not for citation purposes)

Sinicrope et alJMIR RESEARCH PROTOCOLS

XSL•FO
RenderX

mailto:Sinicrope.Pamela@mayo.edu
http://www.w3.org/Style/XSL
http://www.renderx.com/


Conclusions: The project is innovative for its use of social media communication tools that are culturally relevant in a behavioral
intervention designed to reach AN people statewide to promote smoking treatment utilization and cessation. The study will further
advance tobacco cessation research in an underserved disparity group. If the pilot intervention is successful, we will have a
blueprint to conduct a large randomized controlled efficacy trial. Our approach could be considered for other remote AN
communities to enhance the reach of evidence-based tobacco cessation treatments.

International Registered Report Identifier (IRRID): DERR1-10.2196/15155

(JMIR Res Protoc 2019;8(11):e15155)   doi:10.2196/15155

KEYWORDS

smoking; tobacco cessation; Alaska; Alaska Natives; tobacco smoking; internet; social media; clinical trial randomized; smoking
cessation; intervention

Introduction

Background and Significance
Cigarette smoking, the most preventable cause of morbidity,
mortality, and excess health cost in the United States, accounts
for 480,000 premature deaths yearly [1]. At 22%, American
Indian (AI)/Alaska Native (AN) persons have the highest US
smoking prevalence; and within this group, AN residents of
Alaska (AK) have a prevalence of smoking more than double
that of Alaskan whites (42% vs 17%) [2]. Accordingly, AN
people who smoke experience more tobacco-related diseases
and mortality compared with non-Native people living in AK
or US whites [3-6]. A national public health objective is to
reduce tobacco-caused health disparities [7,8]. The state of AK
developed its own health improvement plan, Healthy Alaskans
2020, that identifies priority health indicators. Decreasing
smoking prevalence among AN adults to 17% is one of the
priorities [9]. We will address both objectives by developing
effective strategies to decrease tobacco use within AN
communities across the state of AK and among AN people as
a whole. With approximately 20% of the state’s population
self-identifying as AN race [10], substantial reductions in
tobacco use will greatly contribute to reducing statewide tobacco
use rates.

Quitlines have proven efficacy [11] but remain underutilized
by AN people [12,13]. In addition, only 4% to 7% of unaided
quit attempts are successful among AN smokers compared with
10% among non-Native smokers. Evidence-based counseling
and medication treatments could boost quit rates to as high as
30% to 40% [14,15]. Therefore, a need exists to increase
utilization of available, low/no cost, and evidence-based
smoking cessation resources such as AK’s Tobacco Quitline or
Tribal tobacco cessation resources.

The Alaska Native Tribal Health Consortium (ANTHC), a
consortium of regional Tribal health leaders, represents diverse
AN people in AK. ANTHC co-owns and comanages the Alaska
Native Medical Center (ANMC) in Anchorage. ANMC provides
specialty care to AN people statewide, serving as the AK Tribal
Health System’s only tertiary care facility. ANTHC’s
Community Health Services Tobacco Prevention and Control
Program provides tobacco cessation counseling and nicotine
replacement therapy (NRT) to inpatients at ANMC. Upon
discharge, patients are referred to cessation services at their
regional Tribal health organization, which vary widely, or to

AK’s Tobacco Quitline. AK’s Tobacco Quitline, operated by
the state, is available to all Alaskans but provides free NRT for
only 1 month. Given these barriers, the ANTHC Tobacco
Prevention and Control Program appealed to ANTHC’s Clinical
and Research Services to explore ways to expand capacity for
support of AN Tribal members’ cessation efforts statewide.

Although our study with AN pregnant women and youth
demonstrated that face-to-face interventions had limited reach
and efficacy [16,17], Web-based social networks, such as
Facebook (FB), are potentially powerful tools for reaching,
engaging, and connecting AN people who smoke in cessation
efforts [18] because of their large reach, relatively low cost, and
potential for greater adoption and sustainability. The following
section reviews the literature on the topic of social media use
for health promotion with ANs and, generally, in the area of
tobacco cessation. Utilization of the internet to access health
information and social media use have increased among AN
people, even in remote regions. In a representative survey of
340 households in rural southwest AK (73% AN adults), 87%
had at least 1 cell phone, 60% had a smartphone, and 81% used
FB, Twitter, or other social media sites [19,20]. A survey of
362 AN females from a rural census area reported that 80%
used internet, 78% had smartphones, and 90% used FB [21].
Although the potential of social media to enhance smoking
cessation is understudied, it remains a priority research area
[18,22,23], with some trials using social media platforms for
smoking cessation reporting effectiveness [24-27].

An intervention with both a website and an FB group evaluated
quasi-experimentally among 238 young adult smokers resulted
in greater self-reported 7- and 30-day smoking abstinence rates
and quit attempts, compared with an unmatched comparison
group of quitline users at a 3-month follow-up [24]. Participants
interacted significantly more with FB than the website; of FB
users, 56% were men and 44% were women, with women more
actively posting and engaging than men. An analysis of sex
differences in communication styles revealed that women
emphasized support and connecting, whereas men expressed
strong assertions about quitting smoking [25].

Another study evaluated a 100-day Twitter intervention [26].
Among 160 smokers aged 18 to 59 years, Tweet2Quit doubled
the rate of self-reported sustained abstinence at 2 months post
quit date compared with a control condition (smokefree.gov
cessation website referral plus nicotine patches), 40% versus
20%. Sex, but not age, was related to treatment outcome, with
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women less likely to quit smoking than men in both study
conditions.

An uncontrolled FB study for young adult smokers tested
whether monetary incentives enhanced FB intervention
engagement [27]. FB engagement was high, did not differ by
incentive, and self-reported smoking abstinence at 6 months
was 18%. Another observational study evaluated social media
to support smoking cessation efforts among participants enrolled
in a state-run cessation program in Saudi Arabia. Investigators
found that WhatsApp- and Twitter-based social media support
groups were more likely to report a decrease in smoking
frequency compared with those not using social media [27].

A total of 3 other feasibility studies examined FB use among
smokers. Haines-Saah et al [28] found more postings to the
Picture Me Smokefree FB page among women than men (ie,
189 total photos posted among women, mean 9.5, vs 94 posted
by men, mean 4.2). Content analysis revealed that postings were
of similar quality for both sexes; sharing of photos and captions
about experiences with tobacco use and struggles with quitting
in the context of family life and relationships were the main
themes. Evaluation of the FB page smokefreewomen.gov [29]
found that increased frequency of moderator postings to
facilitate dialogue and provide support engaged existing and
new users, resulting in a marked increase in user postings and
reach. Finally, an FB intervention using health communication
messaging and supportive moderator postings was associated
with a decrease in cigarettes smoked per day from baseline to
2-week follow-up; increased engagement was associated with
greater smoking reduction [30].

Objective
To overcome barriers of geography, climate, and scalability,
we proposed to create and pilot-test a culturally salient social
media (ie, FB) intervention to promote evidence-based smoking
treatment utilization and cessation for AN people that will
eventually be maintained by ANTHC’s Tobacco Prevention
and Control Program. The project builds on ANTHC and Mayo
Clinic’s longstanding tobacco control research partnership with
the AN community and is informed by our understanding of
cultural factors that can both impede (eg, stress and adverse
childhood experiences) and encourage (eg, close family ties and
community values) cessation in this population. The goal of

this formative study is to develop an FB intervention that will
be a hidden and closed FB group. The goal of the randomized
pilot trial is to obtain effect size estimates to adequately power
a larger scale efficacy trial. For this phase of the research, the
main outcome measures will be intervention feasibility
(treatment acceptability and program satisfaction) and verified
smoking abstinence. Secondary outcome measures will be
self-reported other tobacco abstinence, smoking treatment
utilization, and interdependence as a culturally relevant mediator
of intervention effectiveness. Additional feasibility measures
such as social media engagement, usability, and satisfaction
will also be addressed.

The goal of the pilot trial is to obtain effect size estimates to
adequately power a larger scale stage 2 efficacy trial.

Theoretical Framework
We used cultural variance and surface/deep structure
frameworks [31,32] to address the influence of culture in
designing health messages. Cultural variance framework
considers AN cultural influences on health behaviors, including
beliefs and norms (ie, communication styles and social
acceptance of tobacco use), values (eg, interdependence), and
AN knowledge systems/ways of knowing [33-38]. Surface and
deep structure inform content and format of messages. Surface
structure matches materials/messages to observable social and
behavioral characteristics (eg, AN people, music, and clothing),
and deep structure incorporates cultural beliefs and values.
Surface structure generally enhances receptivity, comprehension,
and acceptance of messages, whereas deep structure conveys
salience. We will also use a planning framework based on the
National Cancer Institute [39] and Centers for Disease Control
(CDC) [40] recommendations for developing social media and
other digital health communication tools, addressing key
components of message construction [41,42] that are also
consistent with stage 1 of the 3-stage model of behavioral
therapies development [43] that includes intervention
development, refinement, modification/adaptation, and pilot
testing. In summary, we will conduct the research in 4 phases.
In phase 1, we will use qualitative in-depth interviews and then
in phase 2, quantitative methods to develop/refine message
concepts. Next, in phase 3, we will develop and beta-test the
intervention prototype; and finally, in phase 4, we will conduct
a randomized pilot trial of the intervention (Figure 1).
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Figure 1. Overview of process to develop CAN Quit Facebook intervention. AN: Alaska Native; RCT: randomized controlled trial. CAN Quit:
Connecting Alaska Native people to quit smoking (CAN Quit).

Intervention Content
Content for our FB intervention is culturally relevant, adapting
the storytelling approach used in both the ANTHC digital stories
about smoking cessation from AN people and the CDC Tips
mass media campaign [44]. On the basis of factual health
communication messaging, Tips features graphic, emotional,
true stories from former smokers to increase awareness of
smoking harms and encourage quitting. It includes the call to
use free, evidence-based statewide quitline numbers and
smoking cessation website resources (smokefree.gov). The
campaign increased quitline utilization and quit attempts on a
population level [44,45].

Tips stories promote salience and reduce tendency for smokers
to discount adverse health outcomes as uncommon because
stories feature real people [46]. Numerous studies, including a
previous study by our team [33], suggest that storytelling is
congruent with AN culture (strong oral storytelling tradition)
[47-49], making the Tips format ideal for social media content
development. Digital storytelling and other narrative forms of
communication (eg, photonovela and photovoice) have emerged

as important tools for health behavior change [50-52]. The
communication forms reinforce traditional knowledge systems
and cross-generational learning and build social connections
[36,38]. Also relevant to the Tips campaign is the study
conducted by our team indicating that AN adults preferred
graphic, factual messages on tobacco use harms compared with
other appeals, although this research was limited to interventions
communicating risks during pregnancy [53,54].

The intervention will comprise an FB group moderated by a
facilitator. To address potential concerns about FB privacy [55],
we will utilize a closed and hidden FB group and a group
policy/guideline that emphasizes confidentiality of all content.
A hidden group is defined as invitation only, with the group
and content not visible to anyone on FB except participants.
Thus, anyone searching on FB would not find the group nor be
able to request to join. Also, group membership or postings
through news feeds will not be visible on the participants’
personal FB page.

We chose to use a moderated group based on research indicating
that moderators play a critical role in directing and tailoring
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content to the group and enhancing overall social media
engagement [25,56]. Also, the frequency of moderator FB
postings is associated with increased participant engagement
[29].

Methods

Overview
This study was reviewed and approved by the Institutional
Review Boards for the AK area and Mayo Clinic. Tribal
approval for the study was received from ANTHC. Our study
fulfills objectives for stage 1 of the National Institute on Drug
Abuse (NIDA) behavioral integrative treatment development
program, where the intervention is developed in stage 1a and
then evaluated for feasibility in 1b (Figure 1) [43].

Participants and Recruitment
For all study phases, we will recruit AN men and women who
smoke, statewide, using targeted and paid FB ads (ie, digital
targeting) based on the following: (1) aged >19 years, (2)

self-reported AN race/ethnicity, and (3) keywords related to
tobacco use. FB ads are a successful method of recruiting for
research studies, especially among hard-to-reach populations
[57,58]. We developed ads that include an image and short text
consistent with FB’s advertising guidelines. We will partner
with organizations that have a large FB following, such as the
Alaska Federation of Natives, along with community-specific
FB pages to advertise the study. We will also advertise in Tribal
newsletters, newspapers, and websites and hand out flyers.

Eligibility criteria for participation are as follows: (1) AN person
(male or female); (2) aged >19 years; (3) smoked at least 1
cigarette per day over the past 7-day period; (4) person with
cigarettes as main tobacco product used; (5) considering or
willing to make a quit attempt; (6) has access to broadband
(high speed) internet on a mobile phone, at home, work, or other
location; (7) has an FB account or willing to set one up before
study enrollment; and (8) has not been enrolled in a program
or using pharmacotherapy to stop smoking over the last 3
months. Participants will participate in the study only once, not
in multiple phases (Table 1).

Table 1. Participant eligibility and rationale for both the formative study and pilot trial.

RationaleStudy inclusion criteria

Study targets a population with the highest prevalence of tobacco use in the United States. We chose to
conduct this initial study in AK to reduce sample and intervention design heterogeneity. Across the nation,
there is immense cultural and geographic variability among ANs, for example, urban versus reservation
dwelling and ceremonial versus nonceremonial tobacco use. ANs do not commonly use tobacco for
ceremonial purposes. Also, AK has the highest percentage of AN residents versus all other states (19%
vs 2%) [59,60]. If effective, the intervention could be adapted for and disseminated to AN adults nation-
wide.

ANa person (based on self-reported

race/ethnicity) and resides in AKb

Legal smoking age in AK is 19 years. Different social media venues and content may be warranted to
address developmental issues among those <18 years. A Twitter-based intervention for adult smokers
aged 20 to 59 years found that age was not related to engagement or cessation [61]; thus, we chose not
to restrict the upper age limit.

Aged ≥19 years

There are no preliminary data to indicate that sex-specific interventions are warranted at this stage of
the research. We will explore sex differences on feasibility and efficacy as a research question.

Both men and women will be included

This allows for participation of AN smokers who report fewer cigarettes per day and are considered light
smokers but have cotinine concentrations equivalent to heavy white smokers, indicating differences in
nicotine metabolism [15,62].

Smoked at least 1 cigarette per day over the
past 7-day period

Cigarette smoking in combination with other tobacco product use is highly prevalent in some AK rural
regions [2]; thus, results are more generalizable if other tobacco use is allowed.

If other tobacco products are used, cigarettes
are the main tobacco product used

Intervention promotes treatment utilization and quitting. We will explore readiness to quit as a potential
moderator of FB engagement and efficacy.

Considering or willing to make a quit at-
tempt

FB can be accessed on a variety of technology devices, such as computers, iPads, and mobile phones.
Broadband internet access is needed to access social media and upload and download videos and other
links.

Has access to broadband (high-speed) inter-
net on mobile phone, at home, work, or
other location

There is already good adoption of FB in rural regions of AK. Including participants familiar with regular
social media interaction enhances participation, whereas nonusers or those unfamiliar with FB are less
likely to engage in the intervention [61,63]. To provide study access to a broader group, we will offer a
Web- or paper-based tutorial for those without an FB account.

Has an existing FB account or willing to set
up an account before study enrollment

Study promotes treatment uptake, utilization, and quitting.For past 3 months, not enrolled in a program
or using pharmacotherapy to stop smoking

aAN: Alaska Native.
bAK: Alaska.

Enrollment will occur online and by phone. All advertisements
will contain the study toll-free phone number, email address,
and a website link to Qualtrics, where interested participants

can verify eligibility and enroll. Individuals emailing or calling
will receive a brief description of the study and a link to the
study website. The website will contain a short description of
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the study and eligibility criteria. Participants will receive a US
$25 Visa gift card as appreciation for their participation for each
assessment they complete.

Measures
For all phases, we will ask the same sociodemographic and
tobacco use questions: sex, age, Tribal affiliation, cultural
identity (eg, language and traditionalism) [34], region of
residence, marital status, education, employment, and current
frequency of use of FB and other social media platforms.
Tobacco use measures will include cigarettes per day, readiness
to quit (Contemplation Ladder) [64], use of other tobacco and
nicotine products, time to first cigarette after waking (<30 min
vs >30 min) [65-67].

Analyses
Sample characteristics will be summarized using descriptive
statistics including means, percentages, and frequencies. Further
analyses are described later by phase.

Quality Assurance
For all phases, we use the same coordination and communication
procedures successfully utilized in our previous study that
include regular study team meetings held via teleconference
and a systematic plan for following up with participants to
ensure as high a follow-up rate as possible is achieved with
regard to key outcomes. First, to track follow-up (number and
type) and reasons for attrition, the study coordinator keeps a
database of all contacted and consented participants. Generally,
subjects are contacted up to about 3 times (with actual contact)
before being considered lost to follow-up. This same process
is followed for mailed saliva collection kits that include a
self-addressed, stamped return envelope with every mailing.
For survey data, missing data will be minimized through
Web-based assessments using Qualtrics. An email link will be
sent automatically by the Mayo Clinic Survey Research Center
to complete the assessment. If a participant does not complete
Web-based assessments, he/she will be contacted through email
or by phone by the project coordinator and prompted to complete
the assessment. The baseline and follow-up surveys will be
done on the Web or by phone, or the survey will be mailed with
a postage-paid return envelope depending on participant
preference. These surveys will take about 15 to 30 min each to
complete. Participants will be mailed a US $25 Visa gift card
as remuneration for completing each assessment, including
returned saliva cotinine kits (Mayo Clinic Laboratories).

Stage 1a, Phases 1 to 3
We evaluated existing content using a mixed method approach,
beginning with qualitative work to refine intervention content
and a quantitative survey to evaluate the perceived effectiveness
(PE) of selected content (phases 1-2). Once content was
evaluated both qualitatively and quantitatively, a content library
and moderator guide were developed, group moderators were
trained, and the FB group prototype was developed. The
complete FB group is now being beta-tested for final refinement
(phase 3) using quantitative measures.

Stage 1a, Phase 1

Sample

We used a stratified purposeful sample [68] of AN adults who
smoke with divisions based on audience segment (sex; age
group 19-29, 30-49, and ≥50 years; and region—urban and
rural). Krueger [69] recommends conducting at least 10 to 15
interviews per major subset before reaching data saturation,
whereby no new information is being learned [69]. We estimate
about 50 interviews, 40 with AN smokers (20 men, 20 women;
20 urban, 20 rural; 12-13 within each age group) and 10 with
stakeholders (eg, AK’s Tobacco Quitline coaches and Tribal
cessation program counselors) before reaching data saturation.
An interview and moderator guide were developed to
qualitatively assess potential intervention content. All
participants being interviewed received a US $25 gift card for
remuneration.

Procedures

Moderator Guide and Training

In all, 2 ANTHC research associates conducted interviews. They
are experienced in phone interviewing and completed Tobacco
Treatment Specialist training and training on qualitative research
methods.

Analysis

Recordings were transcribed and content analysis [70] was
performed using QSR NVivo software [71] to generate response
themes. Codes and categories were developed based on
moderator guide topics and themes emerging from the data. A
total of 2 study team members coded responses for each topic
area. During this open-coding process, themes were extracted
for analysis when there was code endorsement or elaboration
by several interviews. In addition to open coding, planned
comparisons within and across sex, age, and region strata were
conducted and connections were made between identified
categories. Coding discrepancies were resolved through
discussion with a third study team member until consensus was
reached.

Stage 1a, Phase 2
From qualitative results, the research team selected 6 test
concepts: 4 videos and 2 image/text moderator postings
representing different types of appeals and message sources to
evaluate for PE [72] via a quantitative Web-based survey.

Sample

We tested these concepts using a Web-based survey with a new
sample of 40 AN adults who smoke (eligibility criteria Table
1) via a stratified purposeful sample [68], with divisions based
on audience segment (eg, sex, age group, and urban/rural region)
[69].

Procedures

Respondents viewed test concepts (eg, video, pictures, and text)
embedded in a Web-based survey via Qualtrics survey software,
or by phone if preferred, with the option to be mailed or emailed
the concepts for review in advance of the survey.
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Measures

Measures included a validated measure of PE to pretest each
concept. PE is useful for assessing the likelihood of success of
potential messages when large-scale efficacy pretesting for
behavioral impact is impractical [72]. We used a 6-item
validated measure of PE used to evaluate Tips stories [72],
similar to PE measures used in other research [73]. After
viewing each concept, respondents rated their level of agreement
on a scale from 1 (strongly disagree) to 5 (strongly agree) with
the following statements: (1) this was worth remembering; (2)
this grabbed my attention; (3) this was powerful; (4) this was
informative; (5) this was meaningful; and (6) this was
convincing. Participants also rated each concept for this fits
with my culture.

Analysis

PE items were summarized using descriptive statistics including
means, percentages, and frequencies. The Chi-square goodness
of fit test was used to summarize concepts most and least
preferred by the participants. The associations of participant
sex, age, and region with message concept preferences were
examined using linear regression. Following the analysis of PE
data, the research team reviewed and synthesized results from
the previous phases to develop the prototype intervention for
beta testing. Postings that were consistent with the content had
high scores for PE, and those that qualitatively generated a
positive reaction as being culturally salient and emotional and
included images specific to AN culture as expressed by the
interview participants were included.

Stage 1a, Phase 3

Prototype

The Mayo Clinic Social Media Department created the FB group
page, and members of the research team developed the content
library of moderator postings and set up the software to capture
participant use data. Existing Tips and ANTHC digital stories
deemed culturally acceptable in the formative phases were
utilized for moderator postings. Additional content was added
from an ANTHC photo library based on participant feedback
and the expertise on AN culture provided by our ANTHC
partners [47-49]. We created a content library of 66 postings
that included 8 videos and 58 image/text postings. For each
piece of content, a sample of accompanying text is provided for
moderators to use, as well as a probe for generating further
discussion or ways to respond to users’ questions. All sample
text ends in a question to spark discussion among group
members. All content includes the phone number of the AK
state Quitline as well as a study-specific link that connects
participants to the Quitline and AN Tribal cessation resources.
Although the content library is crucial for generating discussion
among participants, a central aspect of the intervention is the
way that the moderators interact with group members. Therefore,
in addition to rigorously refining our content, we also engaged
our moderators in a structured training process where they were
taught principles of group moderation, best practices for
moderating and engaging participants, how to promote
appropriate conversations and redirect engagement, and how
to respond to difficult situations that often arise in a Web-based
group among other topics. Moderators also participated in

didactic training to learn about basic communication principles
consistent with active listening and motivational interviewing.
Finally, moderators were given the opportunity to practice their
moderating skills with a social media expert/consultant using
a role-playing format. This reinforced the content of the
structured training and developed the moderators’ skills in
writing posts to promote engagement, promoting participation
and support of group members, and pulling in and welcoming
new members. Moderators were encouraged to help generate
daily participation in the FB group until group members became
the main drivers of communication, but not to post new content
daily, to avoid the risk of participants simply reading content
rather than engaging with it.

The FB group is currently being beta-tested over a 30-day
period. Results will be used to evaluate our processes and make
any final refinements to our content (Figure 1).

Beta Test

Sample

We will beta-test the FB group with 10 AN adult smokers (Table
1) via a stratified purposeful sample [68], with divisions based
on audience segment (eg, sex, age group, and urban/rural region)
[69]. An FB group size of 10 was the minimum number for
optimal engagement in previous studies [74,75]. The purpose
of this phase will be to expose participants to the 30 days of
moderator postings and obtain feedback to ensure that the system
works as intended, note any technical issues that need to be
remedied, and facilitate any refinements of the program.

Measures

We will utilize a Web-based survey that includes the 3-item
Social Media Usability Measure: perceived ease of use,
usefulness, and satisfaction rated on 5-point scales (1-strongly
disagree and 5-strongly agree) [76] as well as open-ended
questions. Refinements will be made based on user feedback.

Analysis

Sample characteristics, Social Media Usability measures, and
concepts most and least preferred will be summarized using
descriptive statistics including means, percentages, and
frequencies. Open-ended questions will be summarized, and
themes will be generated using content analysis [70]. Results
from this phase are for beta testing purposes, only for purposes
of refining the content for the pilot randomized trial.

Stage 1b, Phase 4
We will use rigorous design and methodology to evaluate the
FB intervention’s feasibility and potential efficacy via a pilot
randomized controlled trial.

Participants

Although not able to detect statistically significant study group
differences on smoking abstinence, the study can obtain
estimates of the intervention effect toward planning a definitive
stage 2 efficacy trial. For the dichotomous variable of point
prevalence abstinence, 30 subjects per condition should provide
relatively stable group proportions for effect size estimates.
Effect size estimates will include odds ratios for smoking
abstinence. In addition to demonstrating feasibility, a doubling
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of the abstinence rate for the intervention versus control
condition at 6 months will be considered to be of clinical
significance and warrant proceeding to an efficacy trial [77].
This approach is consistent with recommendations for stage 1
study in behavioral addictions treatment development [43] and
conducting small-scale trials to advance electronic health
interventions [65]. Given the small sample size, proposed
mediational analyses are exploratory.

Both recruitment and eligibility will be similar to the previous
3 phases of the research, whereby flyers and targeted FB ads of
AN people who smoke will be used (Table 1).

Procedure

We will utilize a 2-arm, parallel-group, randomized controlled
design with 60 participants randomized with 1:1 allocation to
the intervention or control condition. Participants will be
randomized within stratified blocks based on sex (ie, male or
female), age group (eg, 19-29, 30-49, and ≥50 years), and region
(ie, urban or rural)—potential variables related to outcomes
[78,79]. Assessments will be conducted for both study groups
at baseline and at 1-, 3-, and 6-month follow-ups. The primary
outcomes are feasibility indicators and the 7-day biochemically
confirmed smoking abstinence rate at the 6-month follow-up.
Secondary end points are self-reported engagement in smoking
cessation treatment and quit attempts (Figure 1).

Study Conditions

All participants will receive evidence-based [14] tobacco
treatment referral information by postal mail (printed materials)
and/or email, including information on their regional Tribal
tobacco treatment program, state quitline and information on
access to NRT, and smokefree.gov quit smoking resources. The
control condition will receive no additional intervention
provided by research staff. The intervention condition will,
additionally, receive the FB intervention developed in stage 1a.

The FB intervention, comprising 30 days of prewritten and
evaluated postings, will be moderated daily by an ANTHC
tobacco research counselor. When participants enter the study,
they will be informed about the policies for posting content and
that any inappropriate postings will be removed. As engagement
may be optimal in the first 4 weeks, we will have 30 days of
moderator postings available. However, we opted to have the
FB group active for 3 months because participants might
continue to engage in the intervention for continued social
support; thus, the 30 postings will be repeated for each month
the group is active. We will, therefore, measure engagement
over time to empirically inform decisions about treatment
duration in future trials. Accordingly, our assessments are timed
to capture smoking behavior changes within the first 30 days
(ie, 1 month), at the end of treatment (3 months), and at 6-month
follow-up (Figure 2).

Figure 2. Study design. AK: Alaska; AN: Alaska Native.
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Feasibility

We will collect data on the number of potential participants
screened, number eligible based on the inclusion/exclusion
criteria, number of eligible participants enrolled, and reasons
for exclusion or nonparticipation. The proportion of 60
participants completing the 6-month follow-up assessment (ie,
retention) and the proportion providing a saliva cotinine
specimen at each assessment will also be summarized. Treatment
acceptability will be assessed with brief intervention satisfaction
rating scales [16].

For each week of the study, we will extract for each intervention
participant the following engagement metrics: number of logins;

number of digital story downloads; number of user-generated
posts, comments, questions, and responses to the moderator or
other users; number of likes, shares, and reactions; and time
and date of each. In addition, a transcript of all participant
postings will be generated for content analysis.

Measures

Assessments will be completed at baseline and 1-, 3-, and
6-month follow-ups. With the exception of obtaining a saliva
specimen from all participants for cotinine analysis, all measures
will be administered on the Web using Qualtrics (Table 2).

Table 2. Pilot trial measures.

1, 3, and 6 monthsBaselineMeasures

—aXSociodemographics and tobacco use

X—Feasibility measures (eg, retention, Facebook use, and engagement)

X—Self-reported smoking abstinence

XXSelf-reported tobacco/nicotine product use

X—Saliva cotinine to verify smoking abstinence

X—Self-reported smoking treatment utilization

XXCommunal Orientation Scale (mediator)

aNot applicable.

Smoking Abstinence

At each follow-up, we will obtain self-reported cigarette use in
the past 7 and 30 days, number of cigarettes smoked per day,
and quit attempts. We will also assess current use of smokeless
tobacco/iqmik, electronic cigarettes, and other tobacco/nicotine
products. All participants will be mailed a saliva kit with a
collection tube and postage-paid return envelope. Participants
returning a saliva specimen will receive an additional US $25
Visa gift card. The specimen will be shipped to and assayed by
Mayo Clinic laboratories, a standard approach for randomized
trials, especially those with sample sizes <500 [30,79].

Smoking Treatment Utilization

As a secondary aim, we will document the self-reported use of
any evidence-based cessation aid during the 6-month study
period. For this pilot study, it is not practical to objectively
verify self-reported treatment use given heterogeneity of
potential services/medications used.

Communal Orientation Scale

The 14-item validated Communal Orientation Scale (COS)
[80,81] will be administered at baseline and follow-up to
examine interdependence as a culturally relevant mediator of
intervention efficacy. In the intervention condition, we will also
explore association of COS baseline scores with the degree of
FB engagement, whereby a higher COS score would most likely
be associated with a higher degree of engagement. This measure
assesses the extent to which individuals are relationship- versus
self-oriented.

Analysis
Recruitment data will be summarized, including the number of
potential participants screened, number excluded for each
inclusion/exclusion criteria, and number of eligible individuals
agreeing to participate. To assess program reach, we will
calculate proportion of subjects enrolled to total eligible subjects
and compare enrollment rates by region (rural or urban) using
the Chi-square test. Baseline demographics will be summarized
and compared between study groups using the Chi-square test
for categorical variables and the 2-sample t test/rank sum test
for continuous variables. Percentage of enrolled participants
completing each follow-up assessment (ie, study retention) and
ratings of treatment acceptability will be compared between
study groups using the Chi-square test (Fisher exact test). FB
use and engagement will be summarized using descriptive
statistics and time effects over the 3-month treatment period
and assessed via mixed effects models as appropriate to explore
sex, age group, and region effects, respectively. The association
of COS baseline scores and FB engagement will be evaluated
using linear regression. Qualitative (content) analysis [70] will
be utilized to generate themes in FB postings and comments.

Biochemically confirmed 7-day point prevalence tobacco use
rate at 1-, 3-, and 6-month follow-ups will be compared between
conditions using logistic regression (with odds ratio and 95%
confidence interval estimates). Using an intent-to-treat approach,
we will classify participants eligible but lost to follow-up or not
providing biochemical verification of smoking abstinence as
smoking. We will also explore multiple imputation methods
[82-84] to classify lost to follow-up as cigarette smokers or
nonsmokers and conduct sensitivity analyses as appropriate.
For these analyses, we will adjust for stratification factors (eg,
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sex, age group, and urban/rural region) and any baseline
differences observed between treatment conditions if data allow
(ie, adequate numbers of subjects verified as abstinent).
Secondary analyses using logistic regression will explore
intervention effects on self-reported abstinence from all
tobacco/nicotine products, quit attempts, and self-reported
tobacco treatment utilization. We will follow procedures
suggested by MacKinnon [85,86] to assess mediation, fitting
logistic/linear regression models to the data.

Results

The study enrolled 40 participants for phase 1, with data
saturation being achieved at 30 AN people who smoke and 10
stakeholders. For phase 2, we enrolled 40 participants.
Qualitative assessment of proposed intervention content was
completed with 30 AN smokers and 10 stakeholders. We are
currently analyzing data from the quantitative assessment with
40 participants in preparation for the beta testing, followed by
the randomized pilot trial.

Discussion

Principal Findings
This multistage pilot project will develop a social media
intervention to promote smoking cessation among AN people
through utilization of existing evidence-based approaches, such
as AK’s Tobacco Quitline.

The proposed study, focusing on AN smokers, advances the
methods of published social media intervention studies through
the use of biochemical verification of smoking abstinence and
extended duration of follow-up. Previously, most studies have
targeted only young adults, whereas we plan to include a wide
age range. We will also explore potential sex, age, and regional
(urban/rural) effects on FB engagement and quitting, as there
is limited research exploring these variables within the context
of social media platforms for smoking cessation [24,26]. Within
smoking cessation intervention efficacy and effectiveness trials
generally, a recent literature review on sex/gender differences
found that of 126 tests conducted, only 2 observed that women
were significantly more likely to quit smoking than men,
compared with 59 that found women were significantly less
likely to quit smoking than men; the remaining 65 studies
reported no difference by gender [87].

Strengths
This pilot project is innovative for using social media
communication tools that are culturally relevant and have
already been adopted and that create statewide intervention
access, thus promoting a scalable and sustainable approach that
is tailored to the culture of AN people. The study is significant
because it will advance research on population-specific
treatments for ANs, an underserved, tobacco-use disparity group.
If the pilot intervention is successful, we will have a blueprint
to conduct a large randomized controlled efficacy trial.

Limitations
Despite our strong mixed method experimental design, there
are some limitations to our approach. First of all, although FB
adoption is high among AN people overall, those not using
social media will not be reached by this intervention. It is
possible that some age groups will be more represented in this
study than others because of possible gender-based differences
in FB use and engagement. Finally, from the study design, we
will not be able to assess the relative contribution of each
component to intervention efficacy. Furthermore, FB utilizes
certain algorithms to notify their users about topics that may be
of interest to them based on their usage. However, as this is a
hidden and closed group, none of the page posts will be added
to a user’s news feed. Despite this, it is possible that exposure
to Quitline-related ads or posts may be increased among those
who participate in the group—an aspect to an FB intervention
that the authors will have no control over. To explore these
possible exposures, we will query intervention participants at
the close of the FB group, a question about the perceptions about
whether or not they received more than normal notifications,
posts, or ads related to smoking, smoking cessation, or quitlines.

Conclusions
The described intervention has potential for promoting
engagement with evidence-based smoking cessation treatment
including AK’s Tobacco Quitline and Tribal cessation programs
statewide and holds promise for AN people because it is scalable
and sustainable. It utilizes a popular channel of communication
and an existing, evidence-based treatment that could be
considered for other remote AN communities to enhance the
reach of evidence-based tobacco cessation treatments.
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Abstract

Background: Postpartum weight retention contributes to long-term weight gain and obesity for many women. Lifestyle
interventions with numerous visits are logistically challenging for many postpartum women. Delivering a lifestyle intervention
via social media may overcome logistic challenges to participation in in-person weight loss programs.

Objective: The objective of this study is to conduct a randomized feasibility pilot trial of a 6-month postpartum weight loss
intervention delivered via Facebook or in-person groups with 72 postpartum women with overweight or obesity.

Methods: Women with overweight or obesity who are 8 weeks to 12 months postpartum (N=72) will be recruited from the
Hartford, Connecticut community. Eligible participants must also own an iPhone or Android smartphone and be an active Facebook
user. Participants will receive a 6-month postpartum weight loss intervention based on the Diabetes Prevention Program lifestyle
intervention and adapted for postpartum women. Participants will be randomized to receive the intervention via a private Facebook
group or in-person group meetings. Assessments will occur at baseline, weekly during the intervention, at 6 months (at the end
of the intervention), and at 12 months. Primary feasibility outcomes are recruitment, sustained participation, contamination,
retention, and feasibility of assessment procedures including measurement of costs to deliver and receive the intervention. We
will describe 6- and 12-month weight loss as an exploratory outcome.

Results: Recruitment began in September 2018. The first wave of the intervention began in February 2019, and the second
wave of the intervention is expected to begin in fall 2019. We anticipate completing follow-up assessments in fall 2020, and
results will be analyzed at that time.

Conclusions: Results will inform the design of a large randomized controlled trial to assess whether delivering a postpartum
weight loss intervention via Facebook is noninferior for weight loss and more cost-effective than delivering the intervention via
traditional in-person groups.
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Introduction

Postpartum weight retention contributes to long-term weight
gain and obesity for many women [1-3]. Although average
postpartum weight retention ranges from 0.5 kg to 3 kg [2,4,5],
it is variable [6,7], with as many as 50% of women retaining 5
kg or more [2,4,5]. In addition to failing to lose weight gained
during pregnancy, some women gain weight in the year
following childbirth [8]. Having parents who are obese,
especially a mother, greatly increases a child’s risk of becoming
obese [9,10]. The postpartum period provides a critical period
for obesity intervention [11]. Although lifestyle interventions
have shown to be modestly efficacious for postpartum weight
loss in randomized controlled trials [12,13], interventions with
numerous in-person sessions are logistically challenging for
many postpartum women [14], adding yet another strain on
women at an already stressful and demanding period of life
[14-20]. Treatment models for weight loss that fit into the busy
lives of new moms are needed [21].

Facebook may be an effective platform for delivering
evidence-based weight loss programming to postpartum women.
Facebook is currently the most popular online social network
[22], used by 81% of online moms [23]. Overall, 70% of
Facebook users engage daily, including 43% multiple times per
day [24], for at least 50 min a day on average [25]. Many women
seek support about health and parenting from their Facebook
network [23,26]. Facebook can connect postpartum women
seeking to lose weight with each other, even across wide
geographic regions. Moms, especially first-time moms, often
look to other women for advice and support [26-29].

Postpartum weight loss interventions that deliver at least some
content via Facebook appear promising [30-32], and additional
research is ongoing [33]. We developed a postpartum weight
loss intervention based on the Diabetes Prevention Program
(DPP) lifestyle intervention, tailored to needs of postpartum
women and for delivery by a trained weight loss counselor via
a private Facebook group [30]. Our pilot work demonstrated
that (1) this approach is feasible and acceptable; (2) we were
able to engage participants; and (3) on average, participants
achieved meaningful weight loss (average 12-week weight loss
was 4.8% [SD 4.2%]; 58% lost ≥5%) [30]. Although delivering
intervention content via Facebook offers many advantages, we
have no reason to believe that it will be more efficacious than
a traditionally delivered intervention (ie, via in-person group
sessions). Instead, we hypothesize that in a large randomized
trial, delivery via Facebook will be not inferior for weight loss
and more cost-effective than in-person delivery. Our previous
single-arm pilot study [30] did not allow us to explore the
feasibility of (1) recruitment rates under conditions of
randomization into online versus in-person conditions; (2)
sustained participation in the Facebook-delivered intervention
after 12 weeks; (3) contamination in both conditions; and (4)
the feasibility of assessment procedures, particularly the
measurement of costs associated with delivering and receiving
the intervention. Answers to these feasibility questions are

needed before conducting a large-scale noninferiority trial
(Multimedia Appendix 1).

The aim of this study is to conduct a randomized feasibility
pilot trial of a 6-month postpartum weight loss intervention
delivered via a private Facebook group or in-person groups with
72 postpartum women with overweight or obesity to answer
these feasibility questions and finalize the design of the
subsequent noninferiority trial. We will examine the feasibility
of recruitment, sustained participation, contamination, retention,
and assessment procedures in both conditions. We will describe
weight loss as an exploratory outcome. Results will provide
critical preliminary data to finalize the design of a subsequent
noninferiority trial.

Methods

Study Design
The study is a randomized feasibility pilot trial comparing
delivery of a postpartum weight loss intervention via Facebook
or in-person groups among women with overweight or obesity.
The trial will be conducted in 2 waves. In each wave,
participants will be randomized in a 1:1 ratio to either the
Facebook-delivered or in-person intervention condition. The
University of Connecticut institutional review board (IRB)
approved this study.

Study Population
We will recruit 72 adult women with overweight or obesity who
are 8 weeks to 12 months postpartum at the time of enrollment.
To be eligible to participate in this study, women will have to
meet the following inclusion criteria: aged 18 years or older;

body mass index ≥25 kg/m2 per measured height and weight at
baseline; either own a scale or be willing to be provided one if
needed; comfortable reading and writing in English; own an
Android or iPhone smartphone; active Facebook user (defined
as daily Facebook use and posts or comments at least weekly
over the past 4 weeks); clearance from their primary care
provider or obstetrician/gynecologist; willing to participate in
either treatment condition (Facebook or in-person); available
to attend in-person meetings over the 6-month study period in
Hartford, Connecticut; less than 45 min travel time to
intervention meetings; and willing and able to provide informed
consent.

Participants who meet the following criteria will be excluded:
currently pregnant; plans to become pregnant during the study
period; current participation in a clinical weight loss program
(online or in-person); diagnosed with type 1 or type 2 diabetes
as self-reported or reported by their health care provider; medical
conditions or medications affecting weight; incapable of walking
a quarter of a mile unaided without stopping; pain that prevents
engagement in exercise; previous bariatric surgery; planned
surgery during the study period; plans to move out of the area
during the study period; high depressive symptoms or suicidal
ideation (a total score of 12 or higher or positive response on
question number 10 on the Edinburgh Postnatal Depression
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Scale [EPDS] [34]); positive screen for binge eating disorder
(BED) [35]; or failure to complete baseline survey, orientation
webinar, or prerandomization survey. Additionally, key study
personnel; spouses, dependents, or relatives of key study
personnel; University of Connecticut employees who report to
key study personnel; and University of Connecticut students
taught by key study personnel will be excluded from
participation.

Recruitment
We will recruit postpartum women from the Hartford,
Connecticut community. We will distribute flyers in local
obstetric or pediatric clinics or practices; Special Supplemental
Nutrition Program for Women, Infants, and Children offices;
community organizations; and community venues and events.
We will also recruit by posting study advertisements on
ResearchMatch, Craigslist, and online social networks, including
Facebook, Instagram, and Twitter. We will identify local
Facebook groups relevant to postpartum women (eg, parenting
groups and general community groups such as buy/sell groups)
and contact the group administrators for permission to post our
recruitment messages in their groups. We will also use paid
advertisements on Facebook and Instagram. We will submit
announcements to be included in email distribution lists at the
University of Connecticut and UConn Health. Recruitment
messages will include the study team’s email address and phone
number and ask interested individuals to contact the team for
more information about the study. If a woman contacts the study
team by email, we will reply and ask her to provide her phone
number or call the team. We will attempt to contact interested
individuals’ phone 3 times, with a final contact via email.
Research staff will screen potential participants for eligibility
via phone.

In addition to recruiting postpartum women, we will post
recruitment messages online targeting pregnant women whose
expected due dates put them in the eligible postpartum window
(eg, “are you pregnant and due before June 2019?”). Interested
individuals will be asked to complete a brief online form that
includes their name, contact information, and expected due date.
Approximately 2 months after their expected due date, we will
contact them via email or phone about their interest in the study
and, if interested, screen them for eligibility.

Baseline Assessment
A 30- to 45-min in-person baseline assessment will include
provision of informed consent, measurement of height and
weight, completion of a contact information sheet, and
screenings for elevated depressive symptoms and BED. Study
personnel will also help participants download the MyFitnessPal
app and provide instruction on how to use this app to track their
diet and activity. Study personnel will provide instructions on
how to locate Facebook app usage data within the Facebook
app and how to locate Facebook app usage data using the battery
settings (iPhone users) or help participants download and use
a free app to track time on Facebook (Android users).

After the baseline visit, staff will email participants a link to
complete a survey via Research Electronic Data Capture
(REDCap) [36]. The survey is designed to take 30 min to

complete and includes measures of demographics; reproductive
history [37], including gestational weight gain during the index
pregnancy [38]; previous postpartum weight loss attempts [39];
quality of life [40,41]; infant feeding [42,43]; social support for
diet and physical activity changes [44]; and social media use
[45]. Participants will also report their Facebook use habits,
including what device(s) they used to access Facebook, what
proportion of use was from their smartphone (vs other devices),
and the extent to which other people used Facebook on their
phone [46].

We will email participants a US $20 gift card after they have
completed the baseline visit and online survey. Following the
baseline assessment, research staff will fax the medical clearance
form to participants’ primary care provider or
obstetrician/gynecologist.

Orientation Webinar and Prerandomization Survey
Next, participants will complete a 60-min orientation webinar.
The purpose of the webinar is to educate participants about what
research is, review study procedures, review the importance of
participation by enrolled participants, and engage them in a
discussion about the advantages and challenges of participating
in each treatment condition, which previous research has
suggested may help participants have more realistic expectations
of study participation [47], which may lead to higher retention.
Following the orientation webinar, we will email participants
a short online survey that includes completion of a
randomization agreement, report of app-tracked time on
Facebook over the past 7 days, and report of their Facebook use
habits, including what device(s) they used to access Facebook,
what proportion of use was from their smartphone (vs other
devices), and the extent to which other people used Facebook
on their phone [46].

Randomization
Only participants who have completed the telephone screening,
baseline assessments (visit and survey), orientation webinar,
and prerandomization survey and for whom medical clearance
has been obtained will be randomized. Randomization will
occur after completing recruitment for the wave, approximately
a week before the start of the intervention. We will randomize
participants in a 1:1 ratio to the Facebook and in-person
conditions in randomly permuted blocks of size 4 and 6.
Randomization will be stratified by weeks postpartum at
enrollment (8 weeks to <6 months vs 6-12 months postpartum)
and smartphone type (iPhone vs Android). We will stratify
randomization by months postpartum because in the absence
of intervention, weight change varies across the postpartum
period [48,49]. We will stratify randomization by smartphone
type to ensure balance in methods for assessing time on
Facebook because available tools differed by phone type during
the design phase, and app or phone operating system updates
may impact measurement unequally.

Intervention
Over 6 months (25 weeks), a trained weight loss counselor will
deliver a lifestyle intervention based on the DPP lifestyle
intervention [50] and adapted for the needs of postpartum
women. The DPP lifestyle intervention is a gold standard
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lifestyle intervention with ample efficacy data for weight loss
[51,52]. In addition, the DPP lifestyle intervention has been
successfully translated to numerous settings and populations
[53], including primary care via the internet [54] and the
postpartum period [55-57]. The DPP curriculum includes
behavioral strategies such as self-monitoring, stimulus control,
problem solving, social support, environmental restructuring,
and relapse prevention [50]. The interventions will be delivered
by weight loss counselors with backgrounds in nutrition/dietetics
who have completed National DPP training and training by a
licensed clinical psychologist with extensive experience using
the DPP in our specific intervention protocols. Weight loss
counselors will be supervised by a licensed clinical psychologist
with extensive experience in developing and delivering in-person
and online lifestyle interventions.

The intervention goals are 5% to 10% weight loss and increasing
physical activity to 150 min per week of moderate-intensity
physical activity. Participants will receive calorie and physical
activity goals to help them achieve a healthy weight loss of 1
to 2 pounds per week. Calorie goals will account for
breastfeeding, as appropriate [58]. Intervention content,
individualized calorie goals, tools for self-monitoring, and access
to a Pinterest board of existing online resources will be
consistent across conditions; the 2 treatment conditions differ
only in delivery modality.

We include intervention content specific to the needs and
challenges of postpartum women, including information about
energy intake needs while breastfeeding [59]; adjusted calorie
goals for women who are breastfeeding [60]; quick, easy recipe
ideas with emphasis on foods that appeal to children [55];
gradually increasing physical activity goals for women who
were inactive during pregnancy [61]; physical activity ideas
that engage infant/children; discussion around feelings of guilt
for taking time away from family to exercise; discussion of
barriers common to postpartum women [14-20]; managing stress
related to parenting [62]; tips for getting baby on a regular sleep
schedule; and partner communication skills to help to mobilize
social support and assistance [63].

We will ask all participants to use MyFitnessPal to track their
energy intake, physical activity, and weight. We will provide
participants instructions for downloading the MyFitnessPal app
and setting up their account, including setting a passcode to
allow the weight loss counselor to review their diet/activity
records, and tips for general use. Staff will be available to
answer questions about using the website or mobile app. The
weight loss counselor will email participants in both treatment
conditions feedback on data entered into MyFitnessPal weekly
or every 2 weeks (corresponding to the frequency of intervention
sessions in the in-person condition). Participants will be

withdrawn from the intervention if they report becoming
pregnant to the weight loss counselor or study staff.

In-Person Condition
In the in-person condition, the intervention will be delivered
via weekly 90-min group meetings for the first 15 weeks and
then every other week in weeks 16 to 25. Intervention materials
will be provided via handouts. The weight loss counselor will
facilitate discussions about weekly topics. During recruitment
and baseline procedures, participants will be told that they may
bring their babies to in-person intervention meetings but that
older children are not allowed to attend. Participants will receive
up to US $5 to reimburse them for parking or bus fare.

Facebook Condition
The intervention will be delivered via a private (secret)
Facebook group. Secret Facebook groups are restricted such
that group membership is by invitation only, membership in the
group does not appear in member profiles or search results, and
only members can see content posted within the group [64].
During consent and the orientation webinar, study staff will
outline how participants are encouraged to engage with each
other (eg, read intervention posts and respond to the weight loss
counselor and other participants daily), different ways to access
intervention posts (eg, view in news feed and visit the group
directly), and encourage participants to adjust their settings to
get notifications of new posts in the group. On the first day of
the intervention, the weight loss counselor posts a reminder of
the format of the intervention, including encouraging
participants to post at least one update a week.

We will schedule daily intervention posts to be posted from the
weight loss counselor’s account using the Facebook post
scheduling tool. There will be 2 posts daily for the first 15
weeks, and 1 post daily for weeks 16 to 25, corresponding to
the decrease in contact in the in-person condition. Intervention
posts have been developed based on our previous research
[30,65-67] to cover the intervention content in that intervention
module of the DPP lifestyle intervention through posts that
provide information or resources, solicit sharing of thoughts or
experiences or challenges related to the topic of the week, ask
participants to set goals (posted on Mondays), ask participants
to report their progress toward these goals (posted on Sundays),
and ask participants to report their weekly weight change (posted
on Fridays). Sample intervention posts are shown in Figure 1.
The weight loss counselor will facilitate discussions about
weekly topics by engaging participants in problem solving,
assisting them in setting SMART goals (ie, goals that are
Specific, Measurable, Attainable, Relevant, Time-Based),
providing constructive feedback, sharing resources, providing
positive reinforcement, and answering questions.
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Figure 1. Sample intervention posts from the Facebook-delivered postpartum weight loss intervention by post type. For the middle post on the left,
participants’ responses have been obscured with a black rectangle to protect participants’ confidentiality.

Assessments

Weekly Surveys
Weekly during the intervention, participants in both treatment
conditions will complete a brief (5-min) online survey to report
current weight; app-tracked time on Facebook over the past 7
days; and their Facebook use habits, including what device(s)
they used to access Facebook, what proportion of use was from

their smartphone (vs other devices), and the extent to which
other people used Facebook on their phone [46].

Six-Month Follow-Up Assessment
At 6 months, immediately following the intervention,
participants will attend a focus group with other members of
their weight loss group. Research staff will measure participants’
weight at the focus group visit. We will ask participants in both
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treatment conditions to elaborate on barriers and facilitators to
participation. Participants in the Facebook condition will be
asked for their reactions to and ratings of intervention posts that
received low engagement. We will use their feedback to refine
the format of low-engagement intervention posts to make them
more engaging. Participants who do not attend the focus group
will complete an individual follow-up visit that includes
measurement of weight and an individual interview.

At 6 months, participants will also complete an online survey
that includes assessment of current pregnancy, depressive
symptoms [34], quality of life [40,41], infant feeding [42,43],
social support for diet and physical activity changes [44], social
media use [45], group cohesion [68,69], contamination, and
intervention acceptability [30]. Participants will also report
app-tracked time on Facebook over the past 7 days and their
Facebook use habits, including what device(s) they used to
access Facebook, what proportion of use was from their
smartphone (vs other devices), the extent to which other people
used Facebook on their phone [46], and whether they
consciously changed their Facebook use as a result of becoming
aware of the time spent on Facebook and, if so, in what way
[70].

We expect that this follow-up visit will take 1 to 1.5 hours, and
the survey will take 30 to 45 min. We will email participants a
US $40 gift card after they complete the focus group and survey.

Twelve-Month Follow-Up Assessment
At 12 months (6 months after the end of the intervention),
participants will attend a follow-up visit to measure weight and
complete an online survey. Research staff will provide
participants with instructions on how to remove the
MyFitnessPal and time tracking apps from their phones. We
will email participants a link to complete an online survey that
includes measures of current pregnancy, depressive symptoms
[34], quality of life [40,41], infant feeding [42,43], social support
for diet and physical activity changes [44], and social media
use [30,45]. Participants will also report app-tracked time on
Facebook over the past 7 days and their Facebook use habits,
including what device(s) they used to access Facebook, what
proportion of use was from their smartphone (vs other devices),
and the extent to which other people used Facebook on their
phone [46]. We expect that the survey will take about 30 min,
and the visit will take about 15 to 45 min. We will email
participants a US $40 gift card after they complete the study
visit and survey.

Measures

Primary Outcomes: Feasibility
We will examine the feasibility of recruitment, sustained
participation, contamination, retention, and feasibility of
assessment procedures, particularly measurement of costs related
to delivering and receiving the intervention.

Recruitment
We will calculate recruitment rates from the number of
individuals contacted, screened, consented, and randomized,
overall and by recruitment source. We will record the reasons

for ineligibility and nonparticipation, including unwillingness
to be randomized to either an online or in-person condition.

Sustained Participation
We will assess sustained participation in the intervention, that
is, treatment retention. For the in-person condition, we will
calculate sustained participation as time to last intervention
session attended. Attendance at in-person intervention sessions
will be recorded by the weight loss counselor at each meeting.
For the Facebook condition, we will calculate sustained
participation as time to last post, comment, or reaction (based
on the date of post or comment reacted to) in the Facebook
group. We will download objective engagement data from
Facebook and calculate the date of last engagement.

Contamination
At 6 months, participants will complete a survey that includes
questions about whether they participated in other weight loss
programs (online or in-person) and whether they sought weight
loss support on Facebook or other online social networks [71];
and, if so, to what extent and reasons why they sought this
support.

Retention
We will calculate retention as the proportion of participants
who complete the 6- and 12-month follow-up assessments in
each condition.

Feasibility of Assessment Procedures
We will examine the extent and mechanisms of missing data
on each measure to be included in the subsequent noninferiority
trial, especially procedures used to capture costs. We will
systematically track costs associated with delivery of both
intervention conditions, capturing information on the costs that
would be required to implement each intervention in practice
(ie, outside the research context) using methods developed by
others [72-74]. We have created an accounting system that
captures administrative (eg, setting up the Facebook group and
copying participants’ handouts), intervention delivery (eg,
leading in-person intervention meetings and counseling via the
Facebook group), and participant costs (eg, travel time to
intervention meetings, time spent attending intervention
meetings, and time spent on Facebook to participate in the
intervention) for both conditions [75]. We will document any
challenges with procedures for collecting data, including study
records, participant-reported measures, measurement of weight,
engagement data from Facebook, and time data recorded from
tracking tools.

Exploratory Outcome: Weight Change
At baseline, 6 months, and 12 months, weight will be measured
twice and averaged. We will calculate percent weight change
from baseline to 6 months and from baseline to 12 months. We
will define clinically significant weight loss as 5% or greater
[76,77] and will calculate the proportion of participants
achieving this degree of weight loss at both follow-up points.
For women who become pregnant during the study, we will use
self-reported prepregnancy weight as their follow-up weight.
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Treatment Fidelity and Participant Safety

Treatment Fidelity
We will randomly select 20% of intervention modules, stratified
by phase of the intervention: in-person group meetings weekly
(weeks 1-15) or every other week (weeks 16-25). Study staff
will review audiotapes from the in-person group sessions and
content library of intervention posts from the Facebook
condition and rate whether content objectives were met in each
module. The weight loss counselor will receive feedback for
intervention modules with less than 90% adherence to the
protocol.

Participant Safety
The possible risks of participating in this study include an injury
while being physically active, possible discomfort from
completing questionnaires, and breach of confidentiality.
Participants will be screened for ability to engage in physical
activity, and we will obtain medical clearance from each
participant’s primary care provider or obstetrician/gynecologist.
Participants will be encouraged to participate in physical activity
they are comfortable with, while gradually scaling to meet
intensity recommendations, and avoid any exercises that could
lead to injury, pain, or discomfort. Participants who experience
injury or discomfort from exercise will be asked to meet with
a health care provider before returning to physical activity. We
will keep study data stored on REDCap [36], on
password-protected research drives, or in locked filing cabinets.
We will encourage participants to review privacy policies of
Facebook, MyFitnessPal, and any time tracking apps, and during
the informed consent process, we will review with participants
the privacy considerations of participating in an intervention
delivered via a secret Facebook group (eg, who can see what
they post and what access Facebook has to content they share
in the group). We will record and follow up on any adverse
events that occur during the intervention, regardless of likely
relation to the intervention. We will report any events that are
related or possibly related to study procedures to the University
of Connecticut IRB within 24 to 48 hours regardless of level of
severity, and all other adverse events those that are not related
or unlikely related to study procedures, during annual continuing
IRB review.

Although not expected to be related to study participation, over
the course of the study, research staff may become aware of
elevated depressive symptoms among our participants, as
depression is common among postpartum women [78]. Study
assessments at baseline, 6 months, and 12 months include the
EPDS [34]. Elevated depressive symptoms and/or suicidal
ideation at baseline are exclusionary. The weight loss counselor
will monitor participants’ posts on the Facebook group and
discussions at in-person intervention sessions for disclosures
of feelings of depressed mood during the intervention phase
and will call participants disclosing such feelings to assess for
clinical depression and make appropriate referrals if necessary.
At any point during the study, we will refer participants for
mental health care and/or arrange immediate psychiatric
evaluation, as appropriate, and will alert referring providers of
elevated depressive symptomology as identified by the EPDS
[34].

Statistical Analysis
We will use REDCap [36] to administer participant surveys and
for participant tracking and data management. We will use SAS
9.4 (SAS Institute, Inc) to analyze quantitative data. Reporting
of the feasibility outcomes and exploratory outcome of weight
change will be descriptive (eg, percent retention at 6 and 12
months).

Primary Outcomes: Feasibility
Examination of feasibility outcomes will inform the design of
the subsequent full-scale noninferiority trial.

Recruitment
We will report recruitment using a Consolidated Standards of
Reporting Trials (CONSORT) diagram [79,80]. We will
compare yield from different recruitment approaches and will
examine whether any eligibility criteria are excluding an
inordinate proportion of otherwise eligible women. In particular,
we will examine the number of otherwise eligible women
excluded from participation because one or the other delivery
mode is not feasible or unwillingness to be randomized to either
treatment condition. If recruitment rates are lower than expected,
we will adjust recruitment timelines as we plan the subsequent
noninferiority trial.

Sustained Participation
We will compare sustained participation in both conditions. We
will modify the delivery of both intervention conditions to
address logistical and other barriers to sustained participation.

Contamination
We will describe the extent of contamination and reasons women
sought these extra sources of support. If a significant proportion
of women report seeking weight loss support from other sources,
we will adapt our intervention to better meet their needs to
reduce the occurrence of contamination in the subsequent trial.

Retention
We will report retention rates in each condition using a
CONSORT diagram [79,80]. If retention is lower than expected,
we will explore reasons for dropout and make changes to the
protocol to address these challenges. We will also examine the
proportion of participants who become pregnant during the
study period.

Feasibility of Assessment Procedures
We will examine the extent and mechanisms of missing data,
particularly measures of costs associated with delivering and
receiving the intervention. For measures with an unacceptable
amount of missingness, we will consider alternative measures
in the subsequent noninferiority trial. We will resolve any issues
arising in the collection of cost-related data and develop
procedures for assessing time spent on Facebook to participate
in the intervention.

Weight Loss (Exploratory)
We will report average percent weight loss in each treatment
condition and the proportion that achieved clinically significant
weight loss (≥5%).
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Power
The purpose of this pilot trial is to examine the feasibility, thus
identifying modifications required before examining
noninferiority in a large randomized controlled trial. Leon et al
[81] state that “power analyses should not be presented in an
application for a pilot study that does not propose inferential
results.” As they and others recommend [81,82], we based the
sample size on necessities for examining the feasibility, thus
identifying modifications required to the design of the trial or
study procedures before conducting a full-scale noninferiority
trial. Conducting 2 waves allows us to iteratively refine how
we deliver intervention content via Facebook while assessing
the feasibility of recruitment and engagement under the
conditions of the subsequent trial. Although we will aim to
maximize retention in both conditions, with retention of 80%
or greater to be acceptable, a priori, we decided that a retention
rate in either condition lower than 60% would indicate that the
noninferiority trial is not feasible as designed. With 36
participants per treatment condition, the 95% CI for the
estimated retention rate will be within ±13% if observed
retention is 80%. Given 36 participants per condition, the lower
limit of the 95% CI for the observed retention rate in either
treatment condition should not be lower than 60%.

Owing to the variability in estimated standard errors from pilot
studies, estimated effect sizes from small pilot studies should
not be used to determine sample size to adequately power
randomized controlled trials to assess intervention efficacy
[81,83]. Thus, as recommended [81,83], we will calculate
sample size requirements for the subsequent full-scale
noninferiority trial based on a clinically meaningful
noninferiority margin for percent weight loss and variance in
weight loss observed in previous adequately powered trials of
postpartum weight loss interventions [84].

Results

Recruitment began in September 2018. The first wave of the
intervention began in February 2019, and the second wave of
the intervention began in October 2019. We anticipate
completing follow-up assessments in fall 2020, and results will
be analyzed at that time.

Discussion

This randomized feasibility pilot trial will provide the necessary
data to support a fully powered noninferiority trial comparing
the Facebook-delivered postpartum weight loss intervention
with traditional in-person delivery. A feasibility trial is important
for several reasons. First, we need to demonstrate the feasibility
of recruiting a sample of postpartum women who are willing
and able to participate in either treatment condition. Barriers to
attending numerous in-person sessions include work schedules,
lack of childcare, and unreliable transportation [14-20], which
may limit the available participant pool. In addition, women
who have a strong preference for 1 condition may be more likely
to drop out of treatment if they do not get randomized to their
preferred condition. For this reason, we need to test recruitment
and enrollment procedures to ensure adequate pacing of
recruitment of eligible postpartum women who are able and

willing to participate in either the in-person or Facebook
condition to achieve the higher sample size required for efficacy
testing.

Second, we need to establish that we can sustain participation
in the Facebook-delivered condition adequately for 6 months.
Previous studies using social media platforms for weight loss
intervention delivery were either shorter than 6 months or had
highly variable engagement [85]. In our 1-arm pilot of a 12-week
version of the Facebook-delivered intervention, 63% of women
sustained participation until the last week of the intervention,
including 42% who engaged on the last day of the intervention
[30]. Although this rate of treatment retention is promising, this
study will provide information about sustained participation in
the intervention throughout the full 6-month intervention. We
have refined our intervention content after pretesting it in this
and other pilot studies by identifying posts that received low
engagement and rewording them to be more succinct; adding
high-quality graphics; and including features known to elicit
engagement such as polls, gifs, and challenges [65,86]. As
attrition from treatment is a common challenge in postpartum
weight loss intervention studies regardless of treatment modality
[12,13], this study will also provide an opportunity to examine
sustained participation in the in-person condition.

Third, we need to establish the feasibility of assessment
procedures, particularly the measurement of costs related to
delivering and receiving the intervention. We will systematically
track costs that would be required to implement each
intervention in practice (ie, outside the research context) [72-74]
using a tracking system and procedures we previously developed
[67]. The time participants spend using Facebook to participate
in the intervention is a critical component of estimating the cost
of receiving the intervention. Many Facebook users log in
multiple times a day for short periods to scan their feed [87].
Within those periods, only a fraction of time might be dedicated
to reading intervention posts and engaging with the counselor
and other participants. Currently, no best practice exists for
accurately measuring time spent on a particular Facebook feed
[88]. We propose to use a difference-in-differences approach
to compare changes in total Facebook use from preintervention
across treatment conditions to estimate time spent to participate
in the Facebook-delivered intervention. This approach requires
accurate measures of total time on Facebook throughout the
intervention for participants in both treatment conditions. As
part of this project, we will develop procedures for measuring
time spent on Facebook to participate in the intervention that
maximize accuracy while not placing undue burden on
participants nor changing their behavior as a result of surveilling
their social media activities [70]. We will ask participants in
both conditions to report the average time spent using Facebook
recorded by the Facebook app’s time tracking tool or another
app for tracking app usage and compare changes in Facebook
use between the conditions over the course of the study. We
will also query use patterns (eg, from other devices) and use
this information to explore the likely accuracy of app-tracked
time on Facebook. This formative work is needed before moving
to a large-scale trial to assess cost-effectiveness.

Both social media and in-person treatment modalities have
advantages and disadvantages that may impact efficacy for
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weight loss. The Facebook-delivered condition, by not requiring
group visits, has the advantage of allowing participants to
receive intervention content and participate in discussions where
and when it works for them and providing more ready access
to support from the counselor and other moms. They also do
not need to carve out time in their schedule to attend intervention
sessions, which may result in more time available for lifestyle
activities such as exercise and meal preparation. A disadvantage
is that intervention content competes with other highly engaging
content in participants’ Facebook feeds and can easily be
scrolled past. To compete for attention, intervention posts should
be designed using similar features as other content on social
media (eg, high-quality images). To this end, our team applies
popular social media marketing trends when designing posts,
and solicited feedback from postpartum women on intervention
posts that received low engagement in our previous pilot study
to refine intervention posts to elicit greater engagement from
participants. Although an advantage of using a commercial
social media platform for intervention delivery is the ability to
capitalize on Facebook’s attractive technology (website and
mobile app) and software for scheduling content, intervention
research using Facebook as a delivery platform can be
complicated by Facebook’s proprietary algorithm that
determines how content is prioritized. Recently, Facebook
announced an effort to put greater priority on content from
Facebook groups; however, researchers have no way of knowing
how much content ends up in each participants’ newsfeeds and
have no ability to control that. New post notifications can be
set up to circumvent this challenge. To the extent that data
support the efficacy of Facebook-delivered intervention
approaches, privacy protection will need to be secured before
delivery in clinical settings.

An advantage of in-person delivery is that participants who
attend receive face time with the counselor and each other,
which provides more opportunity to develop tighter interpersonal
bonds. Emotional support can be expressed through nonverbal
behaviors such as smiling, nodding, and eye contact, all of which
cannot be communicated online. Social media platforms attempt
to fill this gap by allowing users to use clickable reactions (eg,
like button) and gifs that create emotion through 1- to 2-second
animations. A disadvantage is that missed visits are fairly

common and, when repeated, often lead to attrition from
treatment. This negatively affects treatment receipt and
ultimately outcomes. Barriers to attending in-person sessions
include work schedules, lack of childcare, and unreliable
transportation [14-20]. Given the unique advantages and
disadvantages of each treatment modality, we hypothesize that
delivery via Facebook will not be appreciably worse on weight
loss outcomes compared with delivery via in-person groups.

We hypothesize that social media delivery will be more
cost-effective (ie, cost per participant, per kg lost, and per
participant who lost ≥5%) than in-person delivery. Online
interventions do not require physical space or travel time for
interventionists or participants. In an era of limited health care
dollars, data on cost-effectiveness can influence decision making
about the provision of treatments or preventive interventions
and the willingness to pay for these programs [73,74]. Previous
cost-effectiveness analyses of weight loss interventions have
suggested that technology-based approaches may be
cost-effective compared with traditional in-person counseling
[89,90], but available data on technology-delivered weight loss
interventions are sparse [91]. This feasibility pilot trial will
provide information on the feasibility of collection of
cost-related data needed to evaluate cost-effectiveness of the
Facebook-delivered intervention compared with in-person
delivery in a subsequent large-scale noninferiority trial.
Demonstration of cost-effectiveness in addition to efficacy can
support the coverage of online lifestyle interventions by
employers and health insurers.

Conclusions
In summary, results from this randomized feasibility pilot trial
will inform the design of a large-scale randomized controlled
trial to assess whether delivering a postpartum weight loss
intervention via Facebook is noninferior for weight loss and
more cost-effective than delivering the intervention via
traditional in-person groups. Following the noninferiority trial,
we will assess the effectiveness of the Facebook-delivered
intervention when implemented in real-world settings.
Efficacious, cost-effective, and scalable strategies for postpartum
weight loss have potential for high impact on the obesity
epidemic and long-term maternal health.
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Abstract

Background: Although implicit and explicit learning approaches have been well investigated in healthy populations, there is
less evidence regarding the relative benefits of each approach in clinical practice. Studies in stroke typically investigate single
elements of an implicit learning approach (ILA; eg, reduced quantity feedback or an external focus of attention) within controlled
environments. These studies predominantly evaluate performance, with few measuring this over time (ie, learning). The relevance
and transferability of current research evidence into stroke rehabilitation is therefore limited.

Objective: The objective of this study was to compare the ILA with standard care in the acute phase following stroke, to generate
data and insights to inform the design of a definitive trial, and to understand patient and therapist perceptions of the ILA.

Methods: This is a multicenter, assessor-blind, cluster randomized controlled pilot trial with nested qualitative evaluation.
Stroke units (clusters) will be randomized to either ILA (intervention) or standard care (control) arms. Therapy teams at the
intervention sites will be trained in the ILA and provided with an intervention manual. Those at the control sites will have minimal
input from the research team, other than for data collection. Consent will be provided at the individual participant level. Once
enrolled, participants will receive rehabilitation that focuses on lower limb recovery, using the designated approach. Measures
will be taken at baseline, every 2 weeks until the point of discharge from hospital, and at 3 months post stroke onset. Measures
include the Fugl Meyer Assessment (motor leg subsection), modified Rivermead Mobility Index, Swedish Postural Adjustment
in Stroke Scale, and achievement of mobility milestones. Fidelity of the treatment approach will be monitored using observational
video analysis. Focus groups and interviews will be used to gain insight into the perceptions of trial participants and clinical
teams.

Results: The first site opened to recruitment in February 2019. The opening of a further 5 sites will be staggered throughout
2019. Results are expected in early 2021.

Conclusions: The findings from this mixed methods pilot study will be used to inform the design of a definitive study, comparing
the ILA with standard care in acute stroke rehabilitation.

Trial Registration: ClinicalTrials.gov NCT03792126; https://clinicaltrials.gov/ct2/show/NCT03792126

International Registered Report Identifier (IRRID): DERR1-10.2196/14222

(JMIR Res Protoc 2019;8(11):e14222)   doi:10.2196/14222
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Introduction

Background
Regaining the ability to stand, step, and walk is an important
goal for people who have experienced a stroke and is a common
focus during early rehabilitation.

The process of functional recovery post stroke is underpinned
by theories of motor learning, of which there are 2 broad
categories—explicit and implicit. Explicit learning occurs when
someone is thinking about what to do and about how to move;
it is a conscious form of learning. Implicit learning occurs
through trial and error and without thinking specifically about
how to move; it is a subconscious form of learning. There is,
already, agreement that 2 practice conditions are particularly
important when differentiating explicit from implicit learning.
These are as follows: (1) the quantity of instructions and
feedback that therapists give and (2) the focus of attention (FOA)
derived from these instructions and feedback statements [1].

Many factors can influence the process of motor learning.
However, experts consider that high quantity of information
and/or promotion of an internal FOA (ie, focusing on body
movements) are synonymous with an explicit learning model,
and that reduced quantity of information and/or an external
FOA (ie, focusing on the environment) are synonymous with
an implicit learning model [2]. Bias toward one or the other
form of learning can be created in a number of ways, including
the way that practice is structured, how the person is instructed,
and how they receive feedback.

Implicit and explicit approaches have been well investigated
with healthy participants. Research has shown that tasks learnt
explicitly are less robust and are less likely to be retained over
time than those learnt implicitly [3]. Research in sport broadly
supports the view that giving excessive verbal information
during task practice reduces movement automaticity [4,5] and
that reducing the frequency of feedback can enhance learning
[6-8]. However, a recent systematic review highlights that such
benefits may be small, and the overall quality of evidence is
poor [9]. In relation to FOA, there is strong evidence that people
master skills more effectively if they are prompted to focus their
attention toward the environment, rather than on their body [3].

Research in stroke rehabilitation is more limited. Although
studies in stroke show the relative benefits of reduced quantity
feedback [10] and an external FOA [11-14], limitations of study
design restrict transferability and generalizability of these
findings. Most studies measure performance and have not
evaluated the benefits of the given approach over time (ie,
learning). In 2 studies that have compared the benefits of internal
and external focus conditions on longer-term practice, no group
differences were found for upper limb function (trained using
a robotic device) [15] or balance (trained using a balance board
device) [16].

Therefore, although implicit learning is a promising concept in
stroke rehabilitation, we do not know how this approach can be
effectively delivered, tailored, and evaluated in a clinical setting.
Likewise, given the heterogeneity of impairments caused by
stroke, there may not be a single optimal approach; it is feasible

that an individualized motor learning approach is necessary to
maximize recovery for an individual [17,16]. We currently lack
evidence regarding who benefits most from each approach and
at what time point in their recovery. Despite this, observational
studies have shown rehabilitation practice to be largely explicit
in nature [18-22].

Objectives
This paper outlines the protocol for a clinical trial, which will
compare an implicit learning approach (ILA) with usual care
during the rehabilitation of mobility in the acute phase following
stroke. The focus is on lower limb recovery, that is, sitting,
sit-to-stand, transfers, stepping, and gait. The broad aims are as
follows:

• To establish the feasibility of delivering an ILA during
stroke rehabilitation

• To test the integrity of the study protocol (pilot)
• To generate data to inform the design of a phase III trial.

Methods

Study Design
This is a multicenter, assessor-blind, cluster randomized
controlled pilot trial, with embedded feasibility study. It also
includes a nested qualitative evaluation designed to explore the
views of participants and therapists. We aim to recruit 6 Stroke
units (clusters) to take part in the trial. Each unit will be
randomized to deliver either the ILA or standard care.
Individuals within each cluster, who meet the inclusion criteria
and agree to take part, will receive all of their lower limb
rehabilitation using the designated approach for the duration of
their inpatient stay. The study has been approved by the
Berkshire Research Ethics Committee B (18/SC/0582).

Stage 1: Understanding and Describing Baseline
The success of this study is dependent on (1) the ability of
therapy teams in the intervention sites to consistently and
robustly deliver the ILA to trial participants (fidelity) and (2)
there being a sufficient difference in the rehabilitation delivered
to the ILA group, compared with control.

To understand current practice within each unit, we will conduct
an observational study at the beginning of the trial. This will
take place before cluster randomization and thus before
clinicians have received any information or training related to
the ILA. We will use nonprobability sampling to video record
between 6 and 10 patient-therapist dyads (exact number to be
agreed locally, depending on the size of the unit/team). Each
recorded session will involve a different patient-therapist pair,
but the individual patients and therapists may be recorded more
than once. Therapists will be asked to continue with a routine
therapy session aimed at improving sit-to-stand, stepping,
transfers, or gait.

We will analyze the content of these recorded sessions using a
previously validated method [21]. This will give us an indication
of the likely content of standard care in each participating
organization and will help us to tailor the required training (for
the intervention sites). By later comparing the collective content
of these recordings with those taken during the main trial, we
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will also get insight into the scale of the differences between
the trial interventions and standard care.

Stage 2: Cluster Randomized Controlled Trial

Recruitment and Randomization of Clusters
Criteria for stroke unit eligibility are a dedicated unit that (1)
routinely admits patients with acute stroke and (2) has a
dedicated therapy (occupational therapy and physiotherapy)
service for at least 5 days per week.

Stroke units do not need to provide hyperacute care to be
involved, but they must admit patients within 5 days of stroke
onset. Written informed consent will be obtained by the cluster
guardian (senior clinician) at each site. The cluster guardian is
consenting for the stroke unit to take part in the trial.

The unit of randomization (cluster) is the stroke unit. The trial
statistician (SE) will use a Web-based randomization system to
allocate sites to control or intervention.

Recruitment and Consent of Individual Participants
Within each cluster, all new admissions will be screened for
eligibility within 72 hours. Screening will be performed by the
local stroke research nurse or therapist. They will consult other
members of the multidisciplinary team, if necessary, to confirm
eligibility. Those that meet the inclusion criteria will be provided
with verbal and written information, which they will be given
a minimum of 24 hours to consider. Those willing to participate
will be asked to sign a consent form.

There may be individuals who do not meet the inclusion criteria
at the beginning of their stroke unit stay but regain sufficient
function to meet the criteria at a later date. We will continue to
monitor potential participants and will recruit up to 14 days post
stroke, if eligibility changes.

Inclusion Criteria
The inclusion criteria are as follows:

• Clinical diagnosis of stroke, presenting with lower limb
paresis

• Has rehabilitation goals relating to lower limb mobility or
function

• Within 14 days of stroke onset
• Medically stable
• Able to tolerate daily therapy for a minimum of 30 min per

session, sit for more than 5 seconds without support, and
understand and follow single stage commands.

Exclusion Criteria
The exclusion criteria are as follows:

• Previous stroke with residual impairments
• Other neurological diagnosis (eg, Parkinson disease,

Multiple Sclerosis)
• Clinically relevant premorbid disability levels (required

physical assistance of 1-2 people to transfer from bed to
chair and/or unable to mobilize without physical assistance
of 1-2 people).

Intervention
For those enrolled at the intervention sites, all mobility-focused
rehabilitation sessions will utilize the ILA for all rehabilitation
(whether delivered by a physiotherapist, occupational therapist,
or therapy assistant) that focuses on sitting, sit-to-stand,
standing, stepping, transfers, and walking. The content of
therapy will be based on the treatment guidelines and
intervention manual, which have been developed with input
from an international expert group (using Delphi methodology).
As this is a clinically grounded, pragmatic trial, therapists will
have freedom to tailor the specific content of each treatment
session to patient need, while remaining true to the ILA.
Specifically, the intervention is not prescriptive with regard to
the exercises and tasks that are practiced; these are selected by
the treating therapist. However, the therapist will be asked to
minimize the use of instructions and feedback during practice
and to set the task up to promote an external focus. If a task is
being performed incorrectly, the therapist can either provide a
further instruction or amend the task to facilitate correct
performance. This approach gives the therapist autonomy to
tailor the content of therapy to the individual patient, while
working within the framework for implicit learning that is
outlined in the intervention guidelines.

Other therapy interventions, such as upper limb rehabilitation,
will be provided as per usual practice. Although the content of
this additional therapy will not be monitored, the quantity of
other therapy, outside of the trial interventions, will be recorded
and compared between groups. Frequency of treatment will be
based on the usual practice of the treating hospital. The actual
number of sessions received by each participant will be
recorded. Specific details relating to the ILA intervention will
be shared with intervention sites once randomization has taken
place.

Control
Standard care is as per the usual working practice for the stroke
unit. Standard care clusters will not have access to the trial
materials (eg, treatment manual) or details about the specific
elements of the intervention. They will be aware of the broad
aims of the study but not the specific detail of the intervention.
Although standard care has been shown to be typically explicit,
we will verify this through the baseline observations for each
site and the ongoing fidelity monitoring (see Monitoring Fidelity
section). Contact with the research team will be kept to a
minimum. An overview is given in Multimedia Appendix 1.
The guidance for standard care is based on published
observational studies describing usual practice in stroke
rehabilitation [1,10,11].

Training for Intervention Sites
For sites randomized to the intervention arm, all
physiotherapists, occupational therapists, and therapy assistants
will be trained in the ILA. Training is anticipated to last no more
than 3 hours and will be delivered by the chief investigator (LJ)
as group sessions. Training will include the following:

• Theoretical background to implicit and explicit motor
learning

• Research design, methodology, and process (overview)
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• Content of the ILA, including video examples and case
studies to highlight application

• Opportunity for discussion and questions.

Additional training sessions will be offered if new members
join the team during the recruitment phase. A manual including
written, photographic, and video resources will demonstrate
how to adapt standard care interventions to the ILA. Therapists
will be able to refer to the manual throughout their involvement
in the study. Therapists’ skill in delivering the intervention will
be measured as part of the fidelity monitoring (see below).

Although the wider multidisciplinary team (eg, nurses, doctors,
other Allied Health Professionals) will not be asked to change
their approach with patients, those at intervention sites will be
invited to attend a short educational session to raise their
awareness of the trial and will be provided with written
information about the study and the concepts under
investigation. As these professions would not typically be
analyzing movement or giving specific instructions and
feedback, this level of engagement is deemed appropriate and
realistic.

Duration of Treatment
Patients will be recruited as soon as eligible, up to a maximum
of 14 days post stroke onset. Trial interventions will be delivered
for the duration of each participant’s inpatient stay, as deemed
appropriate by the treating team. This approach is pragmatic
and will ensure that the intervention can be fitted into the current
care pathway, but accepting that discharge will be at different
times for different patients. We will record length of stay for
each participant to gain a better understanding of any variability
across sites.

Bias Protection
Outcome assessors will be blind as to the intervention group.
Video recording of outcome measures will be used to achieve
this, with the blind assessments being conducted by a research
assistant, who is not otherwise involved in the trial (EW).

Participants will be informed that the study is investigating
different approaches to providing instructions and feedback to
patients during rehabilitation. They will be aware that this
involves differences in the amount and the type of instructions
and feedback given by therapists. However, they will be blind
as to whether their stroke unit is providing control or
intervention. Whether or not participants have guessed their
treatment arm will be explored in the qualitative interviews.

Therapists will be involved in delivering the intervention and
cannot therefore be blind. As part of their training, therapists
at the intervention sites will receive information about both
implicit and explicit learning. We deem this to be important to
engage teams in delivering the intervention to the best of their
ability. We accept that this may introduce unintended bias, but
consider this risk to be small. The priority is for the intervention
to be delivered consistently, and an understanding of the
theoretical basis and the research hypothesis will aid this.

Monitoring Fidelity (Adherance)
We will endeavor to record all trial treatment sessions. A small
and unobtrusive video camera will be used to do this. For
practicality, and to avoid observer bias, the treating therapists
will be asked to set up the video camera for each session.

For each individual treating therapist (at intervention sites), the
first 3 video recordings will be analyzed. We will provide each
therapist with objective feedback regarding their adherence to
the ILA guidelines (eg, proportion of internal to external focus
instruction). In cases where adherence is low, this feedback will
include practical solutions on how to improve fidelity and may
involve further monitoring until adherence is achieved. For all
other sessions, a random sample of videos (minimum of 1 in 6)
will be selected for analysis; the sample will be stratified to
ensure an equal proportion of videos from each site. Videos
will be analyzed using a previously validated method [21] and
will be compared for coherence with the written records of the
treatment session. We will use a recognized framework to guide
this process [23] through the systematic and transparent
identification and appraisal of potential problems and solutions
relating to fidelity.

Measures
Measures will be performed and recorded by the stroke research
practitioner(s) or designated clinician at each site. As the
research practitioner is unlikely to remain blind to the
intervention arm, all measures will be video recorded and later
scored by a blinded second assessor. Frequent measures are
required to understand the rate of change. Outcome measures
have been selected with consideration of international
recommendations for measurement of sensorimotor recovery
in stroke [24]. Measures include the Movement Specific
Reinvestment Scale [25], Fulg Meyer – motor leg subsection
[26], modified Postural Adjustment in Stroke Scale (SwePASS)
[27,28], modified Rivermead Mobility Index (mRMI) [29],
Modified Rankin Scale [30], and the EuroQol 5 Dimension
questionnaire (EQ5D) [31]. An overview is given in Figure 1.
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Figure 1. Trial flow chart. EQ5D: EuroQol 5 Dimension questionnaire; FM: Fugl Meyer; ILA: implicit learning approach; MOCA: Montreal cognitive
assessment; mRS: modified Rankin Scale; mRMI: modified Rivermead Mobility Index; MSRS: Movement Specific Reinvestment Scale; SwePASS:
modified Postural Adjustment in Stroke Scale; NIHSS: National Institutes of Health Stroke Scale; SU: stroke unit.

Proposed Sample Size
The sample size is based on estimating the recruitment rate to
a desired level, while also remaining mindful of the study’s
other objectives. We anticipate being able to recruit 50.0%
(60/120) of all eligible people. To ensure that our estimate of
this rate has a 95% confidence interval no wider than 20% (ie,
±10%), we must approach 104 people (based on exact

confidence intervals [32]). As the study is cluster randomized,
we must also account for this in our sample size. We aim to
recruit 6 stroke units (chosen based on practicalities and ensuring
we get a range of sites in which to implement the intervention,
ie, hospitals of different sizes, and in different geographical
locations). Assuming an intracluster correlation of 0.01, we
require 120 people in total (15 per cluster). On the basis of 50%
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recruitment rate, we anticipate 60 people will consent to the
study, allowing us to estimate retention to within ±14%. Each
of the 6 sites will, therefore, be required to recruit 10
participants; keeping recruitment focused over a short time
frame may also help to maintain treatment fidelity.

Analysis
Data will be stored and managed using the Statistical Package
for Social Sciences software. Analysis will be performed by the
trial statistician (SE) who will be blind to group allocation.

The unit of analysis is the individual patient. As this is a pilot
study, analysis will primarily be descriptive. Descriptive
methods will be used to estimate practicality of factors relating
to the protocol, such as recruitment (proportion of eligible
people who consent to the study) and retention (completion of
outcome measures at 3 months).

Fidelity of the interventions will be established by comparing
the number and type of coaching statements delivered to each
group. We will describe the mean number of coaching
statements per person (and the breakdown of these statements
as externally or internally focused) in each group. Although we
expect large differences, we will not formally test the difference
as the study is not designed to do so; we will instead provide
an estimate of the difference with corresponding 95% confidence
interval. Differences in outcome and potential effect size for
the Fugl Meyer SwePASS and mRMI be calculated using
confidence interval estimation.

The CONSORT (Consolidated Standards of Reporting Trials)
diagram can be found in Multimedia Appendix 2.

Stage 3: Qualitative Evaluation
To enable us to understand patient and therapist perceptions
and experiences of the ILA, will we invite a subset of
participants to take part in the qualitative evaluation.

Patient Interviews
We will invite 20 participants (10 from the intervention arm
and 10 from the control arm) to take part in a semistructured
interview. These will be conducted within 1 week of the final
treatment session to ensure that the intervention is recent enough
for the patient to recall. The purpose is to provide an
understanding of patient perceptions of the ILA (compared with
standard care); identify if there are any differences in the
experience of those receiving the ILA, versus standard care (eg,
motivation); and determine the extent to which participants
were aware of what was being learnt during their treatment
sessions. Interviews will be conducted by the chief investigator
(LJ). They will focus on patients’ experiences of therapy and
their perceptions of the benefits and disadvantages of the
therapeutic style received. We will use maximum variation
sampling to identify the sample and to include those with
differing stroke severities (including differing levels of language
and cognitive impairments), age, gender, and family/care
situations.

Interviews will take place in hospital or in the patient’s home,
will last for approximately 45 min, and will be audio recorded.
They will later be transcribed verbatim and thematically

analyzed by the chief investigator (LJ) and a second researcher.
The topic guide can be found in Multimedia Appendix 3.

Therapist Discussion Groups
Three discussion groups (1 at each intervention site), involving
therapists who took part in the study, will take place at the end
of the trial, after all treatment sessions have been delivered. All
therapists and therapy assistants who are involved in delivering
the ILA will be invited to take part. The structure and analysis
of these groups will be based on Normalization Process Theory
(NPT) [33,34]. NPT is a sociological theory that focuses on the
process by which complex interventions are made workable
and integrated into everyday practice. It is concerned with
identifying and understanding the ways that people make sense
of the work of implementing and integrating a complex
intervention (coherence); how they engage with it (cognitive
participation); enact it (collective action); and appraise its effects
(reflexive monitoring) [33]. The topic guide for the discussion
groups will be broadly structured around the NPT framework,
using a similar approach to that described previously [35]. For
example, we will explore therapists’ views and beliefs relating
to motor learning models, including their perceived impact and
applicability within clinical practice. The insights gained from
the discussion groups will give us a more valid understanding
of the potential application of the ILA in clinical practice,
thereby considering future implementation from the outset.

Results

Recruitment commenced in February 2019 and will take place
over an 18-month period. We anticipate results to be available
in 2021. The anticipated outputs from this trial will be as
follows:

• A description of current therapy practice across the 6 sites,
in relation to the application of implicit and explicit learning
models

• An understanding of how well therapy teams can adapt
their practice and maintain fidelity of the ILA within clinical
practice (by comparing the quantity and focus of
instructions/feedback given between intervention and
control sites, alongside quantitative data from therapist
focus groups and patient interviews)

• An estimate of the difference in treatment received between
the intervention and control groups, based on the frequency
of instructions and feedback and their FOA

• Evidence to inform the design of a phase III trial, including
the following:
• An estimate of recruitment and retention rates to inform

the future recruitment strategy
• Agreed randomization procedures
• Identification of appropriate primary and secondary

outcome measures
• A measure of effect size and an estimation of the

required sample size

• An understanding of both patient and therapist perceptions
of the ILA.

JMIR Res Protoc 2019 | vol. 8 | iss. 11 |e14222 | p.76https://www.researchprotocols.org/2019/11/e14222
(page number not for citation purposes)

Johnson et alJMIR RESEARCH PROTOCOLS

XSL•FO
RenderX

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


Discussion

Overview
Retraining of movement following stroke requires knowledge
of how to apply behavioral principles of learning within the
clinical setting. To date, a number of researchers have
highlighted implicit learning as an important concept in stroke
rehabilitation [36-40], and the factors that promote implicit
learning have been defined through expert consensus [2].
Namely, implicit learning can be biased through restricting the
use of instructions and feedback, adopting an external FOA,
and practicing the whole task where possible [2]. Given that
many people with stroke will have impairments of cognition
and or language, it is feasible that ILAs, which reduce attentional
demand and promote automaticity, are particularly valuable in
this group. However, these concepts have not been robustly
tested in clinical settings, and we lack evidence to guide
rehabilitation professionals in how these approaches can be
applied following stroke. We need to better understand how we
can adopt fundamental principles of motor learning within the
clinical setting, what works best, and for whom.

To date, much of the research in this field has investigated
discrete aspects of an ILA. For example, simplifying the way
in which multidisciplinary teams use instructions within an
acute stroke setting [41] or promoting an external FOA
[11,13,14,16]. Others have used different learning paradigms
as a means of applying implicit learning in practice, including
analogy learning [42,43] and errorless learning [12].

Strengths and Limitations
Despite a clear conceptual framework for how implicit learning
can be biased [40], operationalizing an implicit approach is
challenging within the complexities of stroke rehabilitation. To
our knowledge, this is one of the first studies to examine the
implicit learning paradigm in the acute phase following stroke.
It is also one of the first studies to investigate implicit learning
as a complex intervention, involving multiple contributory

elements. Thus, we are trialing the principle of the ILA, rather
than a fixed version of it, accepting that practice may vary from
therapist to therapist and from session to session. We are asking
rehabilitation teams at the intervention sites to alter their whole
approach to lower limb rehabilitation to maximize the bias
toward implicit learning pathways and to do this throughout
their intervention. The cluster randomized design is an important
enabler of this and will give us the best chance of gaining
fidelity among the intervention sites.

However, this approach has several methodological challenges,
which will be explored through this pilot trial. In particular,
how well therapy teams can maintain fidelity to an implicit
approach, particularly when asked to apply it with a range of
patients and over a period of time. Another key challenge relates
to the “dose” of the implicit learning intervention, that is, how
we ensure that there is sufficient bias toward implicit learning,
such that there is a strong difference between the rehabilitation
received by the intervention and the control groups in this study.
This challenge is confounded by the fact that there is likely to
be variability in the specific components of rehabilitation
delivery received by the control groups. These differences may
arise between individual therapists as well as between different
sites. Our baseline period of observational data collection will
allow us to understand and describe these differences, which
will be further explored through the qualitative arm of the trial.

Conclusions
Findings from this pilot study will be used to design a phase III
trial. The use of qualitative and quantitative methodologies,
within a study design that is embedded within clinical services,
will help to ensure that the trial remains clinically grounded.
This enables us to best understand if and how implicit learning
models can be applied within clinical settings. It will help us to
design a future pragmatic (effectiveness) trial and will maximize
potential for our future findings to be readily translated into
clinical practice. This phased approach aligns to the model for
developing, testing, and evaluating complex interventions, as
outlined in the Medical Research Council guidelines [44].
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Abstract

Background: Adherence to antiretroviral therapy (ART) is essential for allowing persons living with HIV to live longer, healthier
lives. However, a large portion of this population has suboptimal adherence and are not virally suppressed. Conventional
interventions aimed at improving ART adherence lack portability and scalability, and improvements in adherence are not often
sustained. Mobile health (mHealth) ART interventions offer a low-cost and accessible method of improving adherence, but many
have limited functionality and do not offer comprehensive support. The combination of an mHealth intervention with a face-to-face
adherence intervention and interactive health coaching feature may offer sufficient support in a manner that is sensitive to resource
limitations that are often found in HIV treatment settings. This paper details the protocol of a study designed to evaluate the
potential of an enhanced mHealth intervention for improving ART adherence.

Objective: The primary objective of this study is to assess the feasibility and acceptability of the Fitbit Plus app enhanced with
a face-to-face LifeSteps session (Fitbit Plus condition) for improving ART adherence. In addition, we will determine the preliminary
efficacy of the intervention by calculating treatment effect sizes.

Methods: This study will be conducted in 2 phases. The intervention will be developed and piloted with a small group of
participants during phase 1. Pilot participants will provide feedback that will be used to refine the intervention for phase 2. In
phase 2, a preliminary randomized controlled trial (RCT) comparing Fitbit Plus with a condition that approximates the standard
of care (SOC) will be conducted with 60 persons living with HIV. Interviews will be conducted with RCT participants at baseline,
and follow-up interviews will be conducted at 1, 3, 6, and 12 months. ART adherence is the primary outcome and will be monitored
throughout the study via electronic pill boxes. Effect sizes will be generated using a fractional logit model estimated by generalized
estimating equations.

Results: Phase 1 of this trial is complete; data collection for phase 2 is ongoing. Follow-ups with enrolled participants will
conclude in January 2020.

Conclusions: This study will contribute to the literature on ART adherence and may produce an efficacious intervention. Owing
to a small sample size, there may be insufficient power to detect statistically significant differences between Fitbit Plus and SOC.
However, if Fitbit Plus is found to be acceptable and feasible and yields promising effect size estimates, this pilot study could
serve as the foundation for a larger, fully powered trial of Fitbit Plus.

Trial Registration: ClinicalTrials.gov NCT02676128; https://clinicaltrials.gov/ct2/show/NCT02676128

International Registered Report Identifier (IRRID): DERR1-10.2196/15356

(JMIR Res Protoc 2019;8(11):e15356)   doi:10.2196/15356
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Introduction

Background
The Centers for Disease Control and Prevention estimates that
1.1 million people living in the United States are infected with
HIV [1], with an estimated 38,739 new HIV diagnoses in 2017
alone [2]. Antiretroviral therapy (ART) is highly effective and
allows persons living with HIV (PLWH) to live longer, healthier
lives [3,4]. Despite the effectiveness of ART, only 60% of
PLWH living in the United States achieve viral suppression [5].
Medication nonadherence is a significant contributor to
unsuccessful viral suppression; a meta-analysis found that only
an estimated 59% of participants in North American studies
were adherent at the commonly accepted minimal threshold for
successful viral suppression of 90% [6]. Although newer
medications can produce viral suppression at lower levels of
adherence, relatively high adherence is still necessary to avoid
disease progression and shortened lifespan [7-9].

Given the significant public health problem presented by poor
adherence to ART, a great deal of research has been devoted to
improving adherence. Interventions have been developed to
address poor ART adherence, with most studies demonstrating
some degree of success [10]. LifeSteps, one of the early
interventions in this area, is a single session intervention that
incorporates motivational interviewing, cognitive-behavioral
skills, and problem-solving components and is grounded in the
Information-Motivation-Behavioral Skills Model of ART
adherence [11-13]. It was found to improve adherence more
rapidly when compared with a self-monitoring condition [12]
and has been used in conjunction with cognitive behavioral
therapy (CBT) interventions to improve ART adherence and
reduce depressive symptoms in PLWH [11,14,15]. A noted
shortcoming of ART adherence interventions is the tendency
of their treatment effects to diminish over time [10]; most
real-world clinical settings lack the resources necessary to
sustain any adherence improvements that are achieved [10].

To address concerns of portability and sustainability of
improvements from traditional ART adherence interventions,
effort has also been directed at the development of mobile health
(mHealth) ART adherence interventions. mHealth ART
interventions allow greater accessibility than clinical settings
and provide a low-cost option for continued intervention. To
date, the bulk of the research in this area has focused on text
message–based ART adherence interventions. A meta-analysis
of text messaging interventions [16] found fairly modest but
significant support for these interventions. However, most of
the interventions examined were of short duration, which is
noteworthy given the well-known challenges of habituation and
response fatigue with these types of interventions.

Currently, there are hundreds of HIV-related mHealth apps
marketed for PLWH on either Android or Apple platforms.
Fortunately, a number of mHealth apps for PLWH have been
found to be effective, as well as feasible and acceptable [17].
However, most current mHealth interventions have limited
functionality, such as only offering medication reminders [17].
Another review highlighted key content areas that are not
currently addressed by existing apps: resources regarding

psychological and emotional support and components that
enhance linkage to treatment providers [18]. Therefore, more
comprehensive mHealth interventions, which address multiple
self-management needs of PLWH, are needed.

Evidence suggests that treatment supporters result in better
adherence to ART [19]. Examples of treatment supporters
include peer support sessions, home visits by nurses or
counselors, case management, and provision of training in
treatment support to a friend or family member of the patient.
The importance of this type of adherence support has been found
in other reviews as well [20,21].

Health coaches represent one type of treatment supporter. Health
coaching has a patient-centered focus, involving patients in the
process of goal setting [22]. Health coaches assist the patient
in achieving a greater understanding of the patient’s medical
condition and encourage patient accountability [22]. Reviews
of the general literature regarding health coaching conclude that
the approach shows great promise for improving health
outcomes [23,24].

Objective
One particular smartphone app that has shown promise in
improving ART adherence incorporated personalized
health-related information with medication reminders [25]. This
paper outlines the protocol behind a study designed to extend
and enhance this previous work. These enhancements include
a face-to-face adherence intervention and an interactive health
coaching feature, which were selected to address barriers and
limitations of typical mobile adherence aids. At the conclusion
of the study, we will be able to determine the feasibility,
acceptability, and preliminary efficacy of this intervention.

Methods

Overview
To assess the feasibility, acceptability, and preliminary efficacy
of the study intervention, we will develop and test the
intervention through 2 phases. In phase 1, we will pilot and
refine our face-to-face intervention and the use of our
smartphone app (Fitbit Plus). In phase 2, we will conduct a
randomized controlled trial (RCT) of 60 PLWH to examine the
effect of the face-to-face intervention followed by Fitbit Plus
(Fitbit Plus condition) compared with the face-to-face
intervention alone, which approximates standard of care (SOC
condition) in most HIV treatment settings. Participants in the
RCT will complete a baseline interview and follow-up
interviews at 1, 3, 6, and 12 months. The primary outcome will
be ART adherence based on electronic pill box (EPB) data.

Participants and Recruitment
A total of 80 PLWH (n=20 in phase 1 and n=60 in phase 2) will
be recruited from the Northeast region of the United States via
community advertisement and in-person recruitment at an
outpatient HIV treatment center. Persons will be eligible for the
study if they are at least 18 years of age, have been prescribed
ART, are living with HIV, have had a detectable viral load (>20
copies/mL) within the past 6 months, report less than 100%
self-reported medication adherence, and have a smartphone that
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is compatible with Fitbit Plus. Persons living with physical or
cognitive impairment that could impede completion of the
intervention or jeopardize informed consent, active psychosis,
or who are not fluent in English will be excluded from
participation. This study has been reviewed and approved by
the first author’s institutional review board.

After receiving a description of the study from research staff,
anyone interested in participating will be asked to complete a
screening interview. The screening interview, which will include
a review of medical information, will assess eligibility and will
be used to ensure no exclusion criteria are met. Demographic
information, including age, gender, time since HIV diagnosis,
mode of HIV transmission, and type of cell phone used will be
collected as a part of the screening interview. For screening
purposes, a single-item visual analog scale [26] will be used to
measure ART adherence for the past month. In this measure,
respondents are asked to rate percentage of prescribed doses
taken in the past month on a visual analog scale ranging from
0% to 100%. We will confirm the absence of cognitive
impairment using the University of California, San Diego Brief
Assessment of Capacity to Consent measure [27] and the
absence of active psychosis using the Mini-International
Neuropsychiatric Interview (MINI) [28], with positive responses
to the MINI further queried by doctoral-level study staff. Written
informed consent will be obtained from those who are eligible;
this will be obtained at the time of the screening interview for
those who are screened in person or during the first in-person
visit for those who are screened over the phone.

Phase 1: Development and Piloting Phase

Procedures
During phase 1, we will test the face-to-face adherence
intervention followed by the use of Fitbit Plus with 5 to 10
PLWH. In-depth interviews will be conducted with these pilot
participants after they have used Fitbit Plus for 3 months, in
addition to brief phone interviews after 1 month of Fitbit Plus
use, to gain an understanding of the strengths and limitations
of the app as well as to garner feedback regarding the
face-to-face session content. This feedback will guide
refinement, and this process will then be repeated with another
5 to 10 PLWH. To enhance follow-up rates, participants in
phase 1 will be paid US $50 for completing the postintervention
interview. The data collected from these participants regarding
feasibility, acceptability, and barriers or challenges that would
limit effectiveness will guide modifications to the intervention.

Face-to-Face Antiretroviral Therapy Adherence
Intervention
Our single session face-to-face ART adherence intervention
will be based on the LifeSteps intervention [11,12,14,15].
Consistent with the literature regarding efficacious adherence
interventions [21,29], LifeSteps combines brief motivational
interviewing, CBT, and problem-solving skills and is grounded
in the IMB Skills Model of ART adherence [13]. During the
development phase of the study, Fitbit Plus orientation material
will be added to the face-to-face intervention that will be
delivered to pilot participants and to RCT participants assigned
to the Fitbit Plus condition. The introduction to Fitbit Plus will

include downloading the app to the participant’s phone, entering
the participant’s ART medication schedule, and assisting the
participant in formulating an ART adherence goal, which will
be entered into the app so that both the patient and health coach
can track progress toward the goal. Participants who do not
have password protection enabled on their phones will be
encouraged to activate this feature to protect the privacy of their
information. During the orientation to Fitbit Plus, we will
highlight that the interactive coaching feature is not intended
for use in medical or other emergencies and that side effect and
other medical questions should be directed to clinic treatment
providers. Pilot participant feedback will guide refinement of
the face-to-face intervention, including the Fitbit Plus orientation
content, during phase 1 of the study.

The Mobile Health Antiretroviral Therapy Adherence
App (Fitbit Plus)
An earlier version of Fitbit Plus (previously known as Twine)
was found to show promise in improving ART adherence [25].
Fitbit Plus is fully Health Insurance Portability and
Accountability Act compliant. The participant version of Fitbit
Plus runs on an iPhone with iOS version 9.0+ or an Android
phone with version 4.4+. The vast majority (94%) of
smartphones in the United States use a platform (iOS or
Android) that is compatible with Fitbit Plus [30]. Therefore,
the proposed intervention could be disseminated readily. In
addition to running on smartphones, the health coach version
also runs on a Chrome, Firefox, or Safari Web browser or an
iPad with iOS version 9.0+. The Fitbit Plus app that is
compatible with any medication, includes medication reminders
and tracking, and secure 2-way messaging. Fitbit Plus will
generate a push notification at the time ART dosing should
occur each day. After each push reminder, participants are
prompted to click yes or no that they have taken their
medication. Responding to the prompt requires only the single
click of a text box, minimizing respondent burden.

On their “dashboards,” health coaches will be able to monitor
participants’ adherence to ART in real time and identify
participants whose adherence falls below optimal levels and
may be in need of support, in addition to responding to
participant requests for support or information. There is general
support in the extant ART adherence literature for adherence
monitoring and feedback [31,32]. Health coaches will support
ART adherence through interactive secure messaging. Health
coaches will provide support, encouragement, and resources,
including links and attachments, via the messaging feature. At
a minimum, health coaches will message participants at least
weekly. In the development phase of the project, we will develop
content that health coaches can send via the app to address
commonly encountered situations that impede ART adherence
(eg, stress/anxiety, depressive symptoms, substance use, and
treatment fatigue). Coaching materials and strategies will also
be refined based on pilot participant feedback. Fitbit Plus will
allow us to examine utilization data for both the adherence
tracking and interactive features.

Training and Supervision of Health Coaches
Health coaches will receive training and supervision in the
face-to-face intervention and the interactive coaching component
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of the mHealth ART adherence app from the first author who
has extensive experience in the training, supervision, and
delivery of interventions grounded in motivational interviewing
and CBT. Training will include didactics, role-playing, and
review of audiotaped sessions. Weekly supervision will be held
to ensure competent and standardized delivery. All face-to-face
sessions will be audiotaped, and the content of the interactive
coaching messages delivered via Fitbit Plus will be logged. A
randomly selected 30% (18/60) of face-to-face session
recordings and Fitbit Plus coaching messages will be rated for
health coach competence and adherence to intervention protocol.

Phase 2: Randomized Controlled Trial Phase

Procedures
After informed consent has been obtained, participants will
complete a baseline interview (see Table 1 for timeline of
procedures). EPBs will be distributed at the conclusion of the
baseline interview, with instructions to begin storing their ART
medication in the EPB and to continue to adhere to their regimen
as they normally would. Adherence will then be monitored for
a 2-week period to establish a baseline adherence level.
Participants will be randomized to Fitbit Plus or SOC using urn
randomization [33] to ensure that the 2 groups are comparable

on important prognostic variables (number of years on ART,
percent self-reported adherence on the visual analog scale [26],
level of substance use reported on the Timeline Followback
(TLFB) interview [34], and level of depressive symptoms
reported on the Centers for Epidemiologic Studies-Depression
Scale [35]). Participants assigned to the Fitbit Plus condition
will receive the face-to-face intervention followed by 12 months
of access to Fitbit Plus, whereas the SOC condition will receive
the face-to-face session alone. Participants will be informed
whether or not they are receiving the app during the face-to-face
session, and only Fitbit Plus participants will receive an
introduction to the app. Follow-up interviews will be conducted
1, 3, 6, and 12 months after the baseline interview. Participants
in phase 2 will be compensated US $25 for completion of the
baseline interview and US $30, US $35, US $40, and US $50,
respectively, for completion of the 1-, 3-, 6-, and 12-month
follow-ups.

Measures
All data collection will be captured with a secure electronic data
capture system developed by Vanderbilt University, REDCap.
Paper versions of the assessments can be provided upon request
but then will be entered by research staff into REDCap (see
Table 2 for schedule of assessments).

Table 1. Timing of participant enrollment, receipt of interventions, and assessment activities during phase 2.

Post allocationIntervention
start (+2 weeks)

Baseline (0)Enrollment (–t1)Timepoint

+12 months+6 months+3 months+1 month

Enrollment

——————b✓aEligibility screen

——————✓Informed consent

—————✓—Allocation

Interventions

✓✓✓✓✓——Fitbit Plus

————✓——Standard of care

Assessments

✓✓✓✓—✓—Primary outcomes

✓✓✓✓—✓—Secondary outcomes

✓✓✓✓—✓—Other outcomes

aIndicates study activity will occur at the corresponding time-point.
bNot applicable.
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Table 2. Schedule of assessments.

12-month follow-up6-month follow-up3-month follow-up1-month follow-upBaselineMeasures

ARTa adherence

✓✓✓✓✓bElectronic pill box data

✓✓✓✓✓Adult AIDS Clinical Trials Group
medication questionnaire

✓✓✓✓✓3-item ART adherence questions

✓✓——c✓Viral load

Potential treatment mechanisms

✓✓✓✓✓LifeWindows information-motivation-
behavioral skills ART questionnaire

✓✓✓✓✓HIV Treatment Adherence Self-Effica-
cy Scale

Potential moderators of treatment effects

✓✓✓✓✓Timeline Followback

✓✓✓✓✓Center for Epidemiological Studies-
Depression Scale

✓✓✓✓✓Fägerstrom Test for Nicotine Depen-
dence

Treatment received

✓✓✓✓✓Treatment services review

✓✓✓✓✓Use of medications

Feasibility and acceptability

✓✓———Fitbit Plus satisfaction questionnaire

✓————Semistructured interview

aART: antiretroviral therapy.
b✓ indicates measure will be administered at the corresponding time-point.
cNot applicable.

Antiretroviral Therapy Adherence

MEMS Cap

ART adherence will be measured via EPB throughout the course
of the study. Participants will be asked to bring the EPB to each
follow-up interview. At each follow-up interview, adherence
data (dates and times of pill bottle openings) will be downloaded
from the EPB and then returned to the participant for continued
medication adherence monitoring. At the last study visit
(12-month follow-up), EPBs will be collected from participants,
and all data will be downloaded and then deleted from the
device.

Although this is an objective measure of adherence, there are
limitations that should be noted. As the data from most EPBs
must be downloaded using a specific device, there is a potential
for data loss if a participant never brings the EPB to a study
visit or misplaces it entirely. We will attempt to mitigate this
in the following ways: (1) by reminding participants to bring
the cap to every visit and (2) having replacements available
should a participant report misplacing their EPB. These
strategies have successfully minimized data loss in previous
longitudinal studies of medication adherence [36-39].

In addition, adherence rates may be artificially inflated as EPBs
record the date and time every time it is opened. It does not
differentiate purposes for opening (eg, taking medication vs
refilling pill bottle). EPBs could also potentially underestimate
adherence rates owing to situations in which participants open
the device, take out multiple doses, and then do not open the
device again for several days but still take their medication (eg,
pocketing doses for weekend travel). At each study appointment,
participants will be asked if they can recall any instances in
which they (1) opened the EPB but did not take medication or
(2) took their medication but did not open the EPB. This
information will be added to the EPB data to create a self-report
corrected version of the EPB data. As is typically done in ART
adherence studies (eg, [40]), we will consider the self-report
corrected EPB data to be the primary ART adherence data.
However, we will also conduct our planned data analyses on
the uncorrected EPB data to bolster our confidence in the
findings.

Self-Reported Adherence
Self-reported adherence will be collected at baseline and
follow-up interviews using the Adult AIDS Clinical Trials
Group medication questionnaire that asks participants to report
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on the number of doses missed of their prescribed ART within
the last 4 days [41]. We will also assess self-reported adherence
with a 3-item ART adherence measure developed by Wilson
and colleagues [42]. This brief measure has been found to have
good psychometric properties and good construct validity when
compared with electronic drug monitoring [42].

Viral Load
Viral load data will be collected at baseline and at the 6- and
12-month follow-up appointments. These data will be collected
through a laboratory belonging to a hospital system in the
Northeastern region of the United States. The laboratories use
assays with sensitivity to detect viral load >20 copies/mL.

Potential Treatment Mechanisms
A total of 2 factors that may be mechanisms of successful
treatment for improving ART adherence are motivation and
self-efficacy. The LifeWindows IMB ART Adherence
Questionnaire (LW-IMB-AAQ) [43] is designed to measure
barriers to ART adherence that fall within the information,
motivation, and behavioral skills areas. These areas are
consistent with the IMB model of adherence [13]. Self-efficacy
for adherence to HIV medications will be assessed using the
HIV Treatment Adherence Self-Efficacy Scale (HIV-ASES),
which has been shown to have robust internal consistency and
reliability [44]. The HIV-ASES is a 12-item scale of patient
confidence in their ability to carry out behaviors related to
adhering to medication regimens. Responses range from 1
(“cannot do it at all”) to 10 (“completely certain can do it”). Item
scores are averaged, with higher scores indicating higher
adherence self-efficacy. The LW-IMB-AAQ and HIV-ASES
will be administered at the baseline and follow-up interviews.

Potential Moderators of Treatment Effects
There are well established links between substance use,
depressive symptoms, and poor ART adherence among PLWH
[45-47]. Therefore, we will evaluate whether substance use
and/or depressive symptoms moderate treatment effects. The
TLFB interview will be administered to assess daily alcohol
and drug use at baseline, as well as during the follow-up
interviews. The TLFB interview is a calendar-assisted structured
interview that provides a way to cue memory so that accurate
recall of prior substance use is enhanced [48,49]. The TLFB
interview has excellent reliability [50] and validity [48] and
will provide data on the number of standard drinks consumed
per day and types of drug classes used each day. At baseline, it
will be administered to assess substance use during the 3 months
before the interview. The Center for Epidemiological
Studies-Depression Scale [35] will be used to measure level of
depressive symptoms at baseline and follow-up interviews. This
20-item measure is widely used and has good sensitivity and
specificity and high internal consistency [51]. Finally, nicotine
dependence has also been associated with poor ART adherence
[52,53]; thus, we will collect information about nicotine
dependence during the baseline and follow-up interviews with
the widely used Fägerstrom Test for Nicotine Dependence [54].

Treatment Received
The Treatment Services Review (TSR) [55] will be used to
assess receipt of case management, psychiatric, substance use,

and other treatment services. At baseline, participants will be
asked about services received in the previous 3 months. At
follow-up interviews, they will be asked about services received
since the previous interview. We will modify the TSR to ask
specifically about HIV-related services received, including
medical treatment for any ART-related side effects or
HIV-related sequelae. Participants will also be asked to provide
information regarding the use of medications for medical,
psychiatric, or substance use indications. At baseline, patients
will be asked to provide information regarding medications
used in the past 3 months. At each follow-up interview, they
will be asked to provide information concerning use of
medications since the previous interview.

Feasibility and Acceptability
At the conclusion of the study, we will compile a patient
eligibility rate, enrollment refusal rate, rate of recruitment, and
follow-up completion rate to evaluate the feasibility of
conducting a subsequent larger scale study using this protocol.
We will also compile a study dropout rate and intervention
session completion rate as indices of acceptability. Intervention
acceptability and feasibility will also be assessed by asking
participants randomized to receive Fitbit Plus satisfaction
questions at the 6- and 12-month follow-ups. These questions
will allow us to collect participants’ overall opinions of the
smartphone app and will allow us to observe whether satisfaction
changes between 6 and 12 months. In addition, a semistructured
interview will be completed with these participants at the
12-month follow-up to solicit additional information about the
acceptability and feasibility of the intervention. More
specifically, the semistructured interview will allow us to ask
questions about different features of the app, what their favorite
and least favorite aspects were, and if they have any
recommendations for improvement.

Planned Analyses
Tests of the effects of treatment on the primary outcome variable
(percent ART adherence based on corrected EPB data at 1-, 3-,
6-, and 12-month follow-ups) will be conducted using a
fractional logit model [56] estimated by generalized estimating
equations (GEEs) [57-59]. GEE is a quasi-likelihood estimation
method of repeated measures analysis that allows for the
inclusion of both categorical and continuous independent
variables and for appropriate modeling of covariance structures
when outcomes are correlated across time. The primary, between
groups, independent variable in the above regression analysis
is treatment group assignment. Variables measured at baseline
will be examined using screening runs before primary analyses
to see which of these baseline variables are most strongly
associated with the primary outcome (adherence based on EPB
data) in our sample. Those that show significant relationships
with outcome will be entered as additional covariates in the
primary analyses. The linear effect of time will also be included
as a covariate in these analyses, as we assume that adherence
rates will show a tendency to decrease over time. We will also
test for nonlinear (ie, higher order) effects of time. Testing the
time by group interaction will indicate the extent to which
treatment differences are more or less pronounced closer in time
to the intervention.
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The same process described above for EPB adherence data will
be employed to examine the impact of Fitbit Plus, relative to
SOC, on the secondary measures of self-reported adherence
percentage and viral load (dichotomized). Changes in viral load
test assays have created inconsistencies in the literature in regard
to level of viral load that is detectable. To be able to compare
our results with the extant literature, we will dichotomize viral
load at the 3 most commonly used levels (20, 50, and 200
copies/mL) and examine intervention effects using each of these
levels. We will then explore potential mediators (motivation
and self-efficacy) of the intervention effect on HIV medication
adherence. This will be done using 2 common approaches to
evaluating mediation mechanisms; Baron and Kenny’s approach
[60] and structural equation modeling [61,62].

In addition to the analyses that address the specific aims of the
study, our data set will allow us to perform exploratory analyses
that could enhance our understanding of ART adherence and
may suggest avenues for future research. We will examine the
temporal association between alcohol and drug use (TLFB) and
missed ART doses. Using hierarchical linear models, we will
regress daily ART adherence (based on EPB data) onto daily
substance use. This will allow for the calculation of odds ratios
that reflect the extent to which alcohol and drug use on a given
day are associated with ART adherence on that day, relative to
days in which participants refrained from using substances.
Given that ART adherence will be examined dichotomously
for these analyses, a logistic regression model will be specified
in all analyses. More fine grained analyses will allow us to
examine whether certain classes of drugs or level of alcohol
consumption are temporally associated with missed ART doses.

Results

Funding for this project began in July 2015. Recruitment for
phase 1 of this trial began in February 2016 and was completed
in October 2016. Recruitment for phase 2 of this trial began in
November 2016, and data collection is ongoing. A total of 53
participants have been enrolled in phase 2 and were randomized
to treatment condition. At this time, the follow-up rate at the
12-month follow-up is 90%. It is anticipated that the final
follow-up appointment will occur in January 2020. Formal
analysis of deidentified data will proceed after the conclusion
of data collection.

Discussion

There is a pressing need for more effective and accessible
interventions for improving ART adherence given the high
number of PLWH who are nonadherent and have not achieved

viral suppression [5,6]. This paper provides an outline of a
protocol for a research study that aims to evaluate the
acceptability, feasibility, and preliminary efficacy of an
enhanced smartphone app intervention for improving adherence
to ART among PLWH. Over a 2-phase design, this study will
refine the Fitbit Plus intervention and compare this with an SOC
condition in a preliminary RCT. The Fitbit Plus intervention is
designed to overcome barriers and limitations of traditional
mHealth apps for ART adherence [17]. Given the extant
literature, we anticipate that Fitbit Plus will be feasible and
acceptable and will improve ART adherence [31,32].

Although this study promises to contribute to the literature on
ART adherence, there are also important limitations that need
to be considered. As this is a pilot study, the sample size that
will be recruited is sufficient for establishing acceptability and
feasibility of the intervention. However, we may not be
adequately powered to detect statistically significant differences
between groups. This is especially true regarding analyses
containing higher order effects and multiple predictors. Rather,
our goal is to yield a stable effect size estimate of treatment
effects that can be used to justify a larger scale RCT. In addition,
persons younger than 18 years will be excluded from
participation, limiting the generalizability of study findings.
ART adherence among adolescents living with HIV is also a
major public health concern [63]. Should this intervention be
found efficacious within the current population, it will need to
be tested among teenagers and young adults to determine if
modification is required.

Despite the limitations outlined above, this study will contribute
to the literature in very important ways. First, we will gain a
preliminary understanding of whether the inclusion of an
in-person adherence intervention session and a smartphone app
with interactive health coaching improves ART adherence. In
addition, we will also be able to explore whether Fitbit Plus
helps to sustain treatment effects over a 12-month period. A
further contribution of the proposed study is the examination
of measures of putative mechanisms, grounded in the IMB
model [13,64], through which Fitbit Plus may impact adherence.
These analyses hold the potential to increase our understanding
of the adherence intervention treatment mechanisms. Finally,
our battery of assessment measures will allow us to conduct
very interesting exploratory analyses. For example, we will be
able to examine the temporal association between substance
use and missed ART doses using data collected for each day
during the course of the study. In summary, this study has the
potential to produce an efficacious intervention for improving
adherence to ART.
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Abstract

Background: Patient-reported outcome measures (PROMs) are tools that enable patients to directly report their own assessments
of well-being, or symptoms, in a structured and consistent way. Despite the usefulness of PROMs in optimizing health outcomes,
their use in clinical practice is not routine. PROMs are complex to integrate into the clinical setting, with many elements potentially
impacting on the success of implementation. For this reason, a protocol has been developed to guide a systematic review to collate
information on implementation as presented in the randomized controlled trials (RCTs) to date.

Objective: The primary objective of this systematic review is to identify and synthesize factors available from RCT data about
the fidelity of PROM interventions in clinical practice. The secondary objective will be an assessment of how implementation
factors impact fidelity outcomes.

Methods: Preferred Reporting Items for Systematic Reviews and Meta-Analyses reporting standards will be followed. MEDLINE,
EMBASE, and the Cumulative Index to Nursing and Allied Health Literature via OvidSP will be accessed using a defined search
strategy. Grey literature and ClinicalTrials.gov will be reviewed for unpublished studies. Data extraction will be done to identify
fidelity and factors impacting implementation, summarized using a narrative synthesis. An evidence-based implementation science
framework will assist in identifying potential elements of importance and their effect on the process and outcomes of
implementation. A meta-analysis to assess the impact of implementation factors will be attempted. A Cochrane risk of bias tool
will be used.

Results: This protocol has received funding, and searches of databases will commence at the end of May 2019. It is planned
that this systematic review will be finalized for publication in (December) 2019.

Conclusions: Applying an implementation science evidence-based framework to the published literature may identify factors
present in the data that impact on the implementation of PROMs into routine clinical care. This systematic review aims to improve
understanding of how these factors impact the fidelity of this intervention, so that PROMs can be more effectively used in the
care of patients. This systematic review can also offer more detailed information about the process and outcomes of successful
implementation of PROMs.
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Introduction

Background
Patient-reported outcome measures (PROMs) offer the potential
[1] to provide unique information that can be used by health
professionals [2] to optimize both the health care pathway and
outcomes for patients [3]. PROMs are valid and reliable
assessment tools that collect information directly from patients
and are defined by the Food and Drug Administration as “any
report of the status of patient’s health condition that comes
directly from the patient, without interpretation of the patient’s
response by a clinician” (p. 508) [4]. The benefits that come
from using PROMs are informed by the response to this
information actioned by the health professionals, not by the
completion of the report alone. With ever-increasing health care
costs, the use of PROMs may optimize patient care, service
delivery, and patient outcomes. They may also identify problems
that have previously gone unnoticed and lead to increased
service use [5]. Hospitals are moving to integrate PROMs into
clinical settings, both for individual patient care and quality
improvement activities as well as allocation of resources [5].
However, PROMs need to be successfully implemented in a
health care setting so that patients and clinicians can use them
as intended.

An understanding of what is impacting implementation can
ensure the optimal use of a PROM intervention. This remains
problematic, however, and despite the large body of research
on the benefits of using PROMs for patient care [5-7], the uptake
of these tools remains slow, indicating that their implementation
may be ineffective if not done well, with a reason for poor
implementation grounded in the complexity of health care
systems [8].

The difficulties of implementation have been acknowledged in
the literature. Guidelines developed by leading PROMs
academics and published by the International Society of Quality
of Life (ISOQOL) offer a tailored evidence-based approach to
implementing PROMs into clinical practice by identifying the
needs of the institution. In 2016, Porter et al [4] reviewed and
evaluated the factors impacting on PROM implementation to
develop a framework that specified the elements that should be
considered in PROM implementation. The challenges identified
in the study by Porter et al [4] focused largely on the disconnect
between PROMs data and clinical pathways. Other systematic
reviews of qualitative and nonrandomized research reported
that the setting into which the PROMs were to be integrated
had a significant effect on their implementation [4,9]. Antunes
et al (2014) [10] conducted a systematic review on the use of
PROMs in palliative care and identified that slow uptake was
likely because of staff and setting-related elements. They
proposed a need for ongoing coordination and education during
implementation [10]. These are similar to the findings of the
systematic review by Duncan et al [11] of the facilitators and
barriers of PROMs use by allied health professionals. They
attributed the contextual factors, such as organizational and peer

support, as having a significant impact on the success of PROM
integration. Boyce et al [1] performed a systematic review of
qualitative data describing staff experiences of PROM use and
found that PROM usage was impacted if there was a lack of
infrastructure to support staff in analyzing and acting on PROM
data. What is consistently highlighted across these reviews is
that the clinical setting and its stakeholders determine
implementation success. A rapid scoping review of systematic
reviews [12] was conducted to explore what evidence-based
data were available regarding the implementation of PROMs.
This scoping review demonstrated that there were some common
factors impacting implementation of PROM, specifically, the
engagement of staff, the use of technology, and pathways to
respond to PROMs data.

None of the previous reviews, however, systematically extracted
data about implementation issues from randomized controlled
trials (RCTs) evaluating the use of PROMs. An RCT protocol
design aims to ensure that the intervention is delivered as it is
intended and also an outcome of successful implementation.
Although not designed to measure implementation, RCTs have
been purposefully designed to eliminate confounders and will
report on these.

There is a lack of clear understanding of what influences
successful PROM intervention implementation fidelity. This
review may be useful to inform researchers on how to accurately
measure implementation outcomes [13] and the implementation
process [14].

Objective
The primary objective of this systematic review is to identify
and synthesize factors available from RCT data about the fidelity
of PROM interventions in clinical practice. These factors will
then be structured around the Promoting Action on Research
Implementation in Health Services (iPARIHS) implementation
science framework, such as those relating to the context,
participants, the intervention itself, or the study team facilitating
the research.

The primary objective will be to assess intervention fidelity and
if this has any influence on study outcomes. The secondary
objective will be to describe any factors impacting fidelity and
the processes and outcomes associated with these.

Research Question
This review will address the following research question:

What are the factors RCTs report that impact the
implementation of PROMs into clinical practice?

Methods

Overview
This systematic review protocol has been registered in
PROSPERO International Prospective Register of Systematic
Reviews (CRD42017056138). It has been written according to
the Preferred Reporting Items for Systematic Reviews and
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Meta-Analyses (PRISMA) protocols [15]. The checklist is
included as Multimedia Appendix 1. The findings will be
reported transparently [16,17] with a structured narrative
synthesis [18]. If possible, a meta-analysis of implementation
factors will be attempted.

Criteria for Considering Studies for This Review

Types of Studies
This systematic review will include RCTs that used PROMs
with feedback provided to clinicians to support their decision
making in the clinical setting. The control will be standard
clinical practice or usual care. RCTs have been chosen because
their design ascertains the enrollment of a relatively homogenous
group of patients that are balanced between the intervention and
control groups and control for the impact of confounders. A
review of RCTs offers an opportunity to study the fidelity of
implementing the PROM intervention and factors associated
with better implementation in an optimized setting.

The focus of this review is the use of PROMs as an intervention
for patient care in clinical practice, and any study that does not
use a PROM intervention will be excluded. RCTs that use proxy
PROM measures (ie, those completed by a carer) will also be
excluded, as this review focuses only on reports collected
directly from the patient.

Types of Participants
Participants will be any patients attending health care facilities,
including hospital outpatients, specialist clinics, and health
centers as well as the staff caring for them in these facilities,
that is, patients completing PROMs reports and the clinicians
responding to PROMs information.

Types of Interventions
The intervention will be the completion of PROMs by patients,
with the results fed back to clinical staff to use in their ongoing
clinical care.

Types of Outcome Measures
The primary outcome is intervention implementation fidelity,
that is, whether the intervention was delivered as it was intended
or not. Intervention fidelity will be assessed using the criteria
described in the systematic review by Proctor et al [13]: (1)
adherence to the program protocol, (2) dose or amount of
program delivered, and (3) quality of the program delivery.

Search Methods for Identification of Studies

Electronic Searches
Searches of databases to be accessed for this step will include
MEDLINE, EMBASE, and the Cumulative Index to Nursing
and Allied Health Literature via the OvidSP website. All
searches will be saved using an account established in each
search database. Databases such as ClinicalTrials.gov will be
searched for ongoing studies. Other sources of grey literature
will be limited to clinical trial results reported in theses,
dissertations, and conference papers. Field experts will be
contacted.

Searching Other Resources
Field experts will be contacted for recommendations, and
resources from the ISOQOL will be accessed. Reference lists
of identified systematic reviews and studies will be searched to
ensure a comprehensive list.

Data Collection
The findings will be reported listing all outcomes in tables [17],
summarized using a structured narrative synthesis [18], and a
quantitative meta-analysis using forest plots (if possible) to
present the data will be performed [16].

Selection of Studies
Studies will be screened initially by retrieving abstracts to
identify whether they meet the eligibility criteria. Screening
will be done independently by NR and MJ. If a study is
identified as eligible for inclusion, the full-text version will be
retrieved. After review of the full text, if a study is subsequently
decided as not eligible, it will be excluded. A PRISMA
flowchart will be used to present this information [15].

During the screening process, any discrepancies in the NR’s
and MJ’s assessment of eligibility of the studies will be resolved
by discussion. If this is not possible, the study will be referred
to KA and DW for further input until a consensus is reached.

Data Extraction and Management
Endnote bibliographic software will be used to manage the
literature by allocating studies using folders of included,
excluded, and for discussion. Included studies will be entered
for meta-analysis in RevMan 5.0. A database of the
implementation data of included studies will be created during
data extraction for narrative synthesis using Excel.

Data extraction will be done by NR and verified by MJ in 10%
of studies. A data extraction table will be developed that, for
each included study, states the research question, methodology,
number of participants, primary outcome, secondary outcomes,
tools used, and main findings to extract the demographics of
the studies included.

Implementation data, including implementation strategies,
process measurements, and outcome measurements will be
extracted. The iPARIHS framework will be used to identify any
implementation factors reported by study authors [19]. This
information will be extracted using a content analysis approach.
The key elements of iPARIHS are presented in Figure 1. The
framework identifies what is present in the context for those
exposed to the intervention and within the intervention itself.
This framework also acknowledges the role of a facilitator,
which has been identified as important [1]. RCTs often have
research staff facilitating the study, so the impact of this can
also be measured. This framework has been successfully used
in a number of clinical studies, such as the prevention of
Methicillin-resistant Staphylococcus aureus [20] and the Eat
Walk Engage protocol [21]. If reported, these factors will be
defined as impacting outcomes [13] or processes of
implementation [14].
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Figure 1. Components of the integrated Promoting Action on Research Implementation in Health Services framework.

Assessment of Risk of Bias in Included Studies

Assessment of Methodological Quality and Risk of Bias

Other systematic reviews of efficacy have identified issues with
study quality including attrition bias, performance bias, and a
high risk of randomization bias for those health workers
participating in the study [4,11]. Each study included will be
assessed individually using the Cochrane risk of bias tool 2
(RoB 2.0).

This process will be carried out by the primary reviewers NR
and MJ independently. If a consensus is needed, this will be
addressed through discussion. If this is still not resolved, input
will be sought from the other authors, KA and DW.

Analysis

Measures of Treatment Effect, Unit of Analysis Issues,
and Dealing With Missing Data
All eligible studies will be included in the narrative synthesis
irrespective of the dose, delivery, duration, or intensity of the
intervention, that is, independent of how often the PROM is
administered, how it is administered, the duration of the PROM
intervention and follow-up, and the number of PROMs
administered.

If a meta-analysis is possible, it will be performed through a
standard approach, that is, dichotomous data effect sizes will
be calculated as odds ratios with 95% confidence interval,
continuous data will be converted into standardized mean
differences (SMDs), and time to event data will be calculated
as hazard ratios. SMDs will be used to accommodate differences

among PROM types reported by studies. If necessary, authors
will be contacted if the report does not provide sufficient
information. If the data cannot be obtained, the study will be
excluded from the meta-analysis but still be included in the
narrative synthesis. Similarly, studies with incomplete outcome
data can still be included in the narrative synthesis if they report
implementation factors.

Data Synthesis
A narrative data analysis approach [17,22] will be applied to
the primary outcomes data collected based on the iPARIHS
framework in Figure 1. This data will then be synthesized to
describe intervention fidelity guided by the concepts presented
in the study by Proctor et al [13]. The processes of
implementation will be guided by the concepts described in the
study by Powell et al [14]. Relationship within and between
studies will be collated using mapping and tabulation of data
[23]. The robustness of the synthesis will be assessed by
comparing with previous systematic reviews, the scoping review,
and study findings [18].

Meta-Analysis and Investigation of Heterogeneity
A meta-analysis will be performed to assess the impact of
intervention fidelity on quality of life outcomes, provided there
are sufficient data.

Stratified analysis of patient populations, for example, oncology,
mental health, chronic diseases, will be attempted if there is
heterogeneity in the data. Statistical heterogeneity will be
assessed using I-square statistic to describe the variation across
studies. There is likely to be heterogeneity in the evidence base
because of enrolled patient populations or intervention design,
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and for that reason, a random effects model will be needed. The
variability in effect estimates because of heterogeneity, rather
than sampling error, will be classified as the proportion of
observed effects [23]. This process is expected to allow
quantitative consolidation of findings across studies.

Sensitivity Analysis
A sensitivity analysis will be done by removing studies at high
risk of bias as assessed by RoB 2.0, and the impact on study
outcomes will be reported [23].

Results

This protocol has received funding. Searches of databases will
commence at the end of May 2019. It is planned that this
systematic review will be completed, and a paper will be
finalized for publication in (December) 2019.

Discussion

This systematic review will have some limitations that will be
addressed where possible. Limiting to RCTs may result in
mainly positive studies, but this will be accounted for in the

final discussion of the systematic review. A search strategy
confined to English language studies may result in a restricted
assessment of health contexts and study findings. However, the
search strategy is innovative, as the searches will extend beyond
traditional databases and also include searches of clinical trial
databases and consultation of experts in the field to capture any
ongoing trials. The resulting systematic review can make a
valuable contribution to the research knowledge.

PROMs have been shown to have the potential to improve both
the processes of care and outcomes for patients. It is important
to better understand how to translate these findings into clinical
settings. This can ensure that the fidelity of future intervention
can be improved, and outcomes can be achieved. An
implementation science framework, such as iPARIHS, offers
the opportunity in a systematic review to better identify the
factors impacting on implementation. It is expected that the
findings of this review can be used to describe the evidence
available in RCTs investigating the use of PROMs in the clinical
setting. This is important to rapidly progress PROMs in the
clinical care of patients, as well as achieve better design and
research studies in the future.
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Abstract

Background: Malnutrition occurs following a decrease or an imbalance in the absorption of energy, protein, vitamins, and
minerals because of numerous factors. Thus, it has serious and life-threatening consequences. To plan for this issue, we need
information on the burden of this problem.

Objective: The aim of this study is to determine the prevalence of malnutrition among elderly people in Iran.

Methods: For the purpose of this study, papers, including original articles, theses, and conference proceedings on the prevalence
of malnutrition among people aged 60 years and above, and have been published in national and international journals until
September 2018 will be included without any language limitation. The following keywords along with their synonyms in Persian
will be used in the literature search: malnutrition, elderly, and Iran. At first, the screening process will be conducted based on our
inclusion and exclusion criteria. Then, the full text of the remaining articles will be read carefully, and eligible articles will be
selected according to the objectives of the study. Next, the methodological quality of the selected papers will be reviewed, and
the required information will be extracted from those with acceptable quality. Finally, a meta-analysis will be performed using
the Stata software (version 14) when optimum criteria are met. It should be noted that all stages of screening, selection, quality
assessment of primary studies, and data extraction will be performed by two reviewers independently.

Results: This review is ongoing and will be completed at the end of 2019.

Conclusions: This review aims to provide comprehensive evidence about the prevalence of malnutrition among elderly people
in Iran. This can help Iranian health managers and policy makers make informed decisions for preventing malnutrition and
promoting the health status of elderly people.

Trial Registration: PROSPERO CRD42018115358; https://tinyurl.com/y28su47m

International Registered Report Identifier (IRRID): DERR1-10.2196/15334

(JMIR Res Protoc 2019;8(11):e15334)   doi:10.2196/15334
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Introduction

Description of the Condition
Rapid population growth is a result of positive social, economic,
and health trends, which has not only changed the demographic
pattern but has also significantly increased the life expectancy
from about 48 years in the early 1950s to about 68 years in the
early 21st century [1]. Therefore, both developed and developing
countries have been faced with a growth in the aging population,
which is considered as an important health challenge [2].

In most countries, the chronological age of 60 years has been
considered as the beginning of old age [3]. According to the
World Health Organization (WHO), the number of older people
will reach 1.5 billion by 2050, and the majority of these people
will be living in developing countries [1,4]. At the same time,
the percentage of people aged over 60 years in Iran is expected
to increase from 5.2% (in 2000) to 21.7% (in 2050) [5]. As one
of the most important phases of life, old age is accompanied
with a wide range of long-term conditions such as chronic
illnesses, cognitive problems, physical weakness, anorexia, and
chewing and swallowing problems that can disturb the
nutritional balance and result in malnutrition [6-11]. Although
any age group may suffer from malnutrition, it is most common
among older people because of the comorbidities and changes
in physiological and psychosocial characteristics of people in
this age group [12].

Malnutrition has serious and life-threatening consequences that
are known to be major causes of increased mortality among the
elderly [13,14]. According to the WHO, nutritional disorders
are one of the most common causes of death in the elderly [15].
In addition, complications of malnutrition, including
osteoarthritis, osteoporosis, diabetes, cardiovascular disease,
and hypertension, impose a significant social and economic
burden on elderly people [10,16,17].

The prevalence of malnutrition in elderly people in different
countries of the world varies between 10% and 60% [18-33].
Some of these differences are because of the variations in using
the measurement tools, study setting, and demographic groups
that have been studied [34-36].

Despite the high prevalence reported, it seems that the real
prevalence is beyond the reports, as a significant proportion of
malnourished individuals are not identified until nutritional
deficiencies lead to significant physical changes [34]. On the
basis of the issues mentioned above, it seems that the risk of
malnutrition among elderly people is a major challenge to the
health care systems around the world and needs a special and
urgent attention [37].

Importance of This Review
Over the past decades, despite the scientific community’s desire
to conduct studies on the malnutrition of the elderly, there is a
large knowledge gap in this area [38]. More importantly,
research findings and health practices and policies on this issue
are not interconnected, and therefore, informed strategies are
not used [37]. In fact, all countries need to integrate the health
care policies and researches on the prevention and treatment of
malnutrition [35,37].

Iran, like many other countries, has been faced with a
remarkable shift in population composition and needs to prepare
to address this upcoming challenge. Although some actions
such as revisiting the educational system and setting up new
care settings for the elderly have been taking place, the role of
research findings to inform decisions and policies is neglected.

Several studies have been conducted to determine the prevalence
and risk factors of malnutrition in the elderly in Iran [39-50],
and these studies have reported different and incomparable
prevalence data. The wide discrepancy in the study results limits
the use of such evidence for relevant national planning and
policy making [29]. We need to synthesize and summarize the
evidence on this issue, which would help us bridge the
evidence-practice gap and promote the health care decisions
and services to elderly people [35]. This aim can be achieved
through systematic reviews and meta-analysis of context-based
studies.

There are 3 published systematic reviews on malnutrition among
elderly people; however, in one of them, hospitalized patients
were the studied population [51], and another review had some
significant shortcomings such as nonsystematic approach and
incomprehensive search [52]. The third one is a systematic
review and meta-analysis conducted in 2016 on the malnutrition
outbreak among older people in Iran living with families or in
nursing homes [26]. This study also had some limitations,
including the lack of comprehensiveness in searching and a
priori registration or publication of review protocol, using the
reporting tool (Strengthening the Reporting of Observational
Studies in Epidemiology) to evaluate the risk of bias, and failure
to determine the source of heterogeneity. Thus, we designed
this study to address the limitations of previous systematic
reviews and provide a comprehensive evidence on the
prevalence of malnutrition among aged people in Iran.

Objectives

Primary Objective
The primary objective is to assess the prevalence of malnutrition
among aged people in Iran.

Secondary Objectives
The secondary objectives are (1) to evaluate the prevalence of
malnutrition among elderly people in Iran according to the
assessment tools, study setting, severity of the problem, and
regional setting and (2) to evaluate the heterogeneity and
determine its potential causes.

Methods

This protocol has been reported based on the Preferred Reporting
Items for Systematic Reviews and Meta-Analyses Protocol
checklist [53].

Eligibility Criteria

Types of Studies
In this systematic review, we will include all studies that
reported the prevalence of malnutrition among elderly people
in Iran or provided main data to calculate this measure. These
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may be included as descriptive and observational studies. We
will include population-based prevention clinical trials, cohort
studies, and case-control studies if the baseline data were
available and consistent with the objectives of this systematic
review.

Types of Participants
We will include studies conducted on people of both genders,
aged 60 years and above, who live in elderly nursing homes or
are community indwelling elders. Studies on hospitalized elderly
people will be excluded. There will be no restriction in terms
of race and ethnicity.

Type of Measuring Tools
We will include studies that measured and reported malnutrition
by using standard and valid measuring tools (questionnaire,
anthropometric, or biological indices).

Sample Size
We will include studies with a minimum sample size of 30.

Search Methods for the Identification of Studies

Electronic Searches
A comprehensive search will be conducted in local and
international databases to obtain published and unpublished
articles until September 30, 2018.

PubMed, Scopus, and Web of Science are the international
databases that will be searched. In addition, the local databases
that will be searched include Iranian Databases of Medical
literature, Scientific Information Database, Magiran, Iran
Medical Sciences Thesis Database and the Iranian Research
Institute for Information Science and Technology.

Furthermore, relevant gray literature (eg, thesis or dissertations
and conference papers) will be included by searching in the
international and local databases and Google Scholar search
engine. We will not consider any language limitation.

We will test the primary search strategy (Multimedia Appendix
1) in PubMed, the main database in the field of medical sciences.
At first, we will find equivalent keywords from Medical Subject
Headings database and will create appropriate syntaxes for
PubMed. Then, we will adopt it for other databases.

Searching Other Resources
To ensure access to all relevant articles and to find those not
previously found, the list of included articles, references, and
the relevant national and international organizations’ reports,
such as WHO, will be searched manually.

Data Collection and Analysis

Selection of Studies
The study selection will be done in 2 stages. At first, the search
results will be imported into the reference manager software
(EndNote X7, Thomson Reuters) for storage and organization.
After detecting and deleting duplicates, 2 researchers (SE and
HKH) will screen the titles and abstracts of all retrieved
documents based on the inclusion and exclusion criteria. Then,
the full text of potentially eligible studies will be screened

independently by the same researchers to finalize the review
and start data extraction. Any disagreement between reviewers
will be resolved by discussing or consulting with a third person.

Irrelevant articles, which do not meet the inclusion criteria, will
be deleted by providing reasons. All the mentioned steps will
be presented on the Preferred Reporting Items for Systematic
Reviews and Meta-Analyses (PRISMA) flow diagram [54].

If there is a lack of access to the full text of some studies or if
there is any unclear information, the researchers will contact
the corresponding author thrice during a period of 7 to 14 days
[55,56]. We will report all the missing data if we cannot find
them. At the end, all other eligible articles retrieved from other
sources will be added to the final list.

Data Extraction and Management
At this stage, the 2 researchers will independently extract data
from the included articles using data extraction form. The data
extraction form includes review information; bibliographic data
such as authors, title, year, issue; and study data such as design,
setting/context, year, sample size, sampling method, data
gathering method, data collection period, participants, and main
results. Data extraction will be done by 2 independent reviewers
(MM and HKH), and any disagreement will be resolved by
discussing or consulting with a third expert person.

Assessment of Risk of Bias in Included Studies
The quality assessment and risk of bias of the included studies
will be assessed by 2 independent assessors (MN and SE), and
the strategy of discussion or consulting with a third reviewer
will be applied in case of disagreement. For assessing the
observational studies, assessors will use a 10-item rating tool
developed by Hoy et al [57] in 2012. This tool has been
developed based on literature review, expert opinion, and the
researchers’ experiences and has a high interrater agreement in
assessing the quality of prevalence studies. On the basis of this,
each item scores 0 for the response No and 1 for Yes. The total
score will be between 0 and 10 [57]. We will use the Cochrane
Collaboration tool for assessing the clinical trials [58]. The
result of risk of bias and quality assessment will be presented
in a table.

Dealing With Missing Data
We will deal with missing data using 2 strategies. In case of
missing the full text of studies from the review, or if there is
any unclear information, the researchers will contact the
corresponding author(s) thrice during a period of 7 to 14 days
[55,56]. When outcome data are not reported, we will calculate
the outcome data if there is additional information in the
publications [59,60]. However, if these 2 strategies are not
successful, we will analyze only the available data and report
all missing data and discuss their impact on the findings [59].

Assessment of Heterogeneity
We will assess the heterogeneity among studies by using forest

plot, I-square (I2) test, and Cochran Q test [61-63]. The

significance level of less than 0.05 and I2 equal to or more than
50% will be assumed as a severe heterogeneity. In cases of
severe heterogeneity, subgroup analysis considering age, gender,

JMIR Res Protoc 2019 | vol. 8 | iss. 11 |e15334 | p.101https://www.researchprotocols.org/2019/11/e15334
(page number not for citation purposes)

Khoddam et alJMIR RESEARCH PROTOCOLS

XSL•FO
RenderX

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


elderly residency, and malnutrition severity will be performed
to identify the potential source of heterogeneity.

Assessment of Reporting Bias
We will check the possibility of publication bias graphically
(funnel plot) and statistically (Egger test) [61,64], using Stata
software, version 12 (StataCorp LP). A P value of less than .05
will be considered as statistically significant or nonignorable
publication bias.

Data Synthesis and Analysis of Outcomes
The main outcome of this review is malnutrition. If there are
enough studies reporting the prevalence of malnutrition in
elderly people, we will do a meta-analysis to calculate the pooled
estimate of prevalence and subgroups analysis (gender, age,
and residence place) 95% CIs using Stata software.

On the basis of the level of methodological heterogeneity, we
will use fixed or random effects model to conduct meta-analyses
[61].

Subgroup Analysis and Investigation of Heterogeneity
On the basis of the quality of heterogeneity, subgroup analysis
will be conducted on the following variables: age, sex,
geographical region, residency (nursing home/home), risk (at
risk or affected), and severity of malnutrition. By this way, the
potential sources of heterogeneity will be identified.

Sensitivity Analysis
Although the need for doing sensitivity analysis is not often
specified before completing the systematic review and

meta-analysis [61], we will use it to determine the impact of
the quality of the study, study design, sample size, and methods
of analysis, if needed. In fact, this is a repeated meta-analysis
to assess the robustness of the process of selection and inclusion
of the studies [65].

Results

This protocol was registered in the International Prospective
Register of Systematic Reviews (PROSPERO) on December
23, 2018. We will report this systematic review and
meta-analysis based on the PRISMA checklist. The flow
diagram will be drawn to show the systematic search and
selection process of articles. In addition, the table of excluded
studies and the reasons for their exclusion will be presented.

Discussion

Systematic reviews and meta-analyses can synthesize and
summarize the best knowledge available from health care studies
for reducing gaps between evidence and practice [66]. This
study presents a protocol for systematic review and
meta-analysis targeted to provide comprehensive evidence about
the prevalence of malnutrition among elderly people in Iran.
The result of this review can provide a context-based evidence
to help Iranian health managers and policy makers to make
informed decisions for preventing malnutrition and promoting
the health status of elderly people.
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Abstract

Background: In many countries, humanistic psychotherapy (HPT) is viewed as a broad psychotherapeutic approach and is
accepted in health care systems. To qualify for reimbursement by health insurance in Germany, psychotherapy approaches have
to be evaluated positively by the German Scientific Board of Psychotherapy (GSBP). The GSBP examined HPT and its
subapproaches based on an application by a number of professional organizations affiliated with HPT (Work Group Humanistic
Psychotherapy, WGHPT). The GSBP came to the decision that none of the HPT subapproaches provided sufficient evidence to
be evaluated as evidence based. Potential reasons for the discrepancy between international recognition of HPT and GSBP’s
decision will be explored: researchers’ allegiance may have led to a risk of bias disadvantaging HPT. Furthermore, the evaluation
criteria of the GSBP did not systematically consider whether HPT was conceptualized bona fide and implemented with sufficient
treatment integrity in the studies.

Objective: This systematic review will re-examine the studies included in the review of the GSBP. Within 2 comparisons (HPT
vs control and HPT vs other psychotherapeutic interventions), we will examine moderating effects of treatment quality (bona
fide and treatment integrity) and allegiance on the effectiveness of HPT.

Methods: This review is based on the prior systematic review by the GSBP. The GSBP examined randomized controlled trials
(RCTs) and studies with non-RCTs of HPT interventions for individuals with mental disorders. All studies suggested by the
WGHPT were included; moreover, the GSBP conducted searches in standard electronic databases (Cochrane Central Register
of Controlled Trials, MEDLINE, PsycINFO, and PSYNDEX) and handsearches in relevant systematic reviews and contacted
experts. A total of 2 independent GSBP reviewers performed study screening using a structured form. On the basis of the prior
work of the GSBP, all studies that were positively screened by the GSBP will be included in this review. Data will be extracted
independently by 4 authors. Standardized mean difference will be calculated, and possible publication bias will be tested using
funnel plots and Egger test. A priori defined subgroup or meta-regression analyses will be performed for treatment quality,
allegiance, type of nonactive control, study quality, type of subapproach, and target population (children and adolescents or
adults).

Results: The GSBP identified 115 eligible studies that will be reanalyzed in this systematic review.

Conclusions: Results about moderator effects of treatment quality and allegiance will provide important information about their
impact on the evaluation of HPT and other psychotherapy approaches and can be used for further evaluation methods.

Trial Registration: PROSPERO CRD42019128983; https://www.crd.york.ac.uk/prospero/display_record.php?RecordID=128983

International Registered Report Identifier (IRRID): PRR1-10.2196/15140

(JMIR Res Protoc 2019;8(11):e15140)   doi:10.2196/15140
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Introduction

Background
Humanistic psychotherapy (HPT) is often viewed as a broad
psychotherapeutic approach next to psychodynamic, cognitive
behavioral, and systematic psychotherapeutic approaches [1],
and HPT is largely accepted worldwide. However, in Germany,
as yet, HPT is not approved within the German health care
system—in contrast to psychodynamic, cognitive behavioral,
and systemic therapy. To become established in the German
health care system and for service providers (eg,
psychotherapists) to be reimbursed by health insurances, the
procedure is as follows: the German Scientific Board of
Psychotherapy (GSBP) in a first step evaluates the concept and
evidence of psychotherapeutic approaches or subapproach
methods. Only if the GSBP recognizes an approach as
scientifically sound, further steps to integrate the approach into
the German health care system are taken. In 2012, a number of
professional organizations affiliated with HPT, the Work Group
Humanistic Psychotherapy (WGHPT), submitted an application
for scientific recognition of HPT (Humanistic Psychotherapy
Application, HPT-A) to the GSBP [2]. On the basis of the
GSBP’s method paper 2.8 [3] that defines criteria and
procedures for the evaluation process, the GSBP examined HPT,
including its subapproaches as defined by the HPT-A [2].

The general evaluation process within the GSBP includes 2
steps. First, it is evaluated whether the concept of an intervention
can be judged as a psychotherapy approach (an overall concept)
or as a subapproach according to the criteria of the GSBP.
Second, the evidence for the approach or its subapproaches is
evaluated. The GSBP concluded in 2018 that HPT may not be
considered as a psychotherapy approach according to its criteria
[4]. This was mainly decided because of the heterogeneity of
the HPT subapproaches and the lack of a common concept of
indications and contraindications; furthermore, a general training
concept for HPT as a broad concept including knowledge about
all subapproaches was not sufficiently elaborated. As a
consequence, GSBP evaluated the evidence on the level of HPT
subapproaches but not as an overall approach [4]. None of these
subapproaches provided enough evidence to be evaluated as
evidence based according to the criteria of the GSBP [4].
Moreover, even when considering all subapproaches together,
there was not sufficient evidence for the treatment of anxiety
disorders with HPT; this is a mandatory requirement for the
recognition of a psychotherapy approach by the GSBP [4].

This conclusion was much debated within the German
professional public. In light of the widespread recognition of
HPT worldwide, this outcome seems puzzling: other reviews
on HPT [5] and the meta-analysis by Elliott et al [1] mainly
demonstrated positive effects of HPT. Elliott et al [1] analyzed
about 191 studies on the effectiveness (including both efficacy
and effectiveness studies) of HPT involving person-centered
psychotherapy, supportive or nondirective psychotherapy,
task-focused psychotherapy, integrative emotion-focused

psychotherapy, existentially oriented supportive-expressive
group therapy for medical populations (eg, cancer), and other
subapproaches (such as gestalt psychotherapy or psychodrama)
with results demonstrating large pre-post and pre–follow-up
effect sizes. Results comparing only HPT with cognitive
behavioral therapy (CBT) indicated that CBT seems to be
slightly superior to HPT [1].

Reasons for the discrepancy between the meta-analysis by Elliott
et al [1] and the result of the review process by the GSBP [4]
are multifold. A central point is the nonidentical selection of
subapproaches included by the WGHPT [2] versus 2
meta-analyses by Elliot et al [1,6]. Moreover, although there is
some overlap between the diagnostic groups examined by Elliott
et al [1] and defined by the GSBP [3], the GSBP follows the
diagnostic system, for example, of the International Statistical
Classification of Diseases, Tenth Revision (ICD-10), more
stringently. Furthermore, the meta-analysis by Elliott et al [1]
included studies applying motivational interviewing but did not
examine child and adolescent psychotherapy in contrast to the
GSBP [4].

Furthermore, according to the GSBP’s method paper 2.8 [3],
the body of evidence is evaluated in a 2-step process: (1) does
the particular study fulfill specified inclusion criteria? (see
section Criteria for Selecting Studies for This Review) and (2)
does the study provide evidence for the efficacy of the approach
or subapproach: yes or no? In contrast to this categorical
approach, Elliott et al [1] also accounted for the size of effects
by summarizing effect sizes across studies.

When evaluating the evidence of HPT according to the GSBP
procedures [4], the humanistic subapproaches were often
designed as a control group in comparison with other
psychotherapeutic approaches, such as CBT, in the studies that
were included. As researchers’ allegiance is often associated
with therapy outcomes [7], this design may have led to a risk
of bias diminishing possible effects of HPT. Elliott et al [1]
controlled allegiance in their comparison of HPT with CBT.
This led to a reduction of the difference in pre-post effect sizes
between HPT and CBT, resulting in similar pre-post effect sizes
for both CBT and HPT.

In addition, the evaluation process of the GSBP [4] does not
systematically evaluate the effects of treatment quality, including
bona fide psychotherapy and treatment integrity. Bona fide
psychotherapy may be defined by mentioning or describing an
established psychological approach, psychological treatment
principles, a treatment manual, or active treatment ingredients
[8]. Moreover, bona fide psychotherapy is usually implemented
by a trained therapist (in this case in HPT) [9]. Bona fide thus
targets the conceptual quality of a treatment. An additional
quality feature of psychotherapy is treatment integrity “[…]
conceptualized broadly including adherence to specific treatment
procedures (e.g., the importance of exposure in psychotherapy
for post-traumatic stress disorder), common factors (e.g.,
therapeutic alliance), and therapist effects (i.e., differences in
the effects due to individual therapists)” (pg 8 [10]). Treatment
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integrity thus targets the process quality of treatment and
psychotherapy. We assume that process quality and conceptual
quality are closely associated. Treatment quality seems to be
relevant for research on HPT, as Elliott et al [1] found that only
nondirective supportive (non–bona fide) HPT showed worse
outcomes in comparison with CBT.

Thus, both allegiance and treatment quality may have had effects
on the evaluation of the evidence of the humanistic
subapproaches by the GSBP.

Objectives
This systematic review will re-examine the studies identified
within the systematic review of the GSBP [4] to analyze the
relevance of allegiance and treatment quality (bona fide
psychotherapy and treatment integrity) for the effectiveness of
HPT (including both efficacy and effectiveness studies).
Therefore, 2 comparisons will be conducted: (1) comparison of
humanistic subapproaches versus control and (2) comparison
of humanistic subapproaches versus other psychotherapeutic
interventions. Within both comparisons, we will analyze the
moderating effects of treatment quality. In addition, allegiance
to HPT in the first comparison and allegiance to the comparator
psychotherapeutic intervention in the second comparison will
be analyzed as moderators.

Methods

Design and Procedure
This study is a secondary moderator analysis based on a
systematic review conducted by the GSBP [4]. The following
tasks were completed by the GSBP [4]: (1) development of a
search strategy with defining criteria for the study selection (see
section Criteria for Selecting Studies for This Review) including
the types of studies, participants, interventions, and comparators
(see corresponding paragraphs below); (2) search of studies (see
sections Search Methods for Identification of Studies and
Bibliographic Database Search); and (3) study screening (see
section Criteria for Selecting Studies for This Review). Thus,
the criteria for selecting studies and the search methods for
identifying studies were defined by the methods underlying the
evaluation process of the GSBP [3]. Randomized controlled
trials (RCTs) and non-RCTs with control groups were included.

On the basis of the prior work of the GSBP [4], this study will
pursue the following tasks: (1) data extraction according to a
coding protocol developed specifically for this study (see
sections Types of Outcome Measures and Data Extraction), (2)
assessment of methodological quality, and (3) data synthesis
(see the corresponding paragraphs below) to estimate effect
sizes and potential moderators (allegiance and treatment quality).

Criteria for Selecting Studies for This Review
This systematic review will be based exactly on the set of studies
previously identified by the GSBP. The research questions of
this study focus on determining whether the evaluation of
psychotherapy studies by the GSBP is biased by allegiance or
treatment quality. As the board’s decisions have far-reaching
consequences for psychotherapeutic approaches and their
implementation in the German health care system, it is an

extremely important question to evaluate whether researcher
allegiance and treatment quality are to be considered or can be
neglected in this context. To be able to compare the present
result with the original result of the GSBP and to evaluate
whether the GSBP review should be supplemented by an
analysis of effect sizes and potential moderators (allegiance and
treatment quality), the body of studies to be included has to be
identical. There will be no additional study search to identify
more recently published literature. The criteria for study
selection and the search strategy of the GSBP [4] were as
follows: the GSBP included and excluded studies based on a
2-step screening process. First, titles and abstracts were screened
independently by 2 reviewers. Second, potentially relevant
German or English publications were screened by 2 independent
reviewers using a structured form [3]. Disagreement was
resolved by a consensus discussion by members of the GSBP.

Types of Studies
The GSBP [4] examined RCTs and non-RCTs. Studies without
any control group were excluded. All studies had to include
pre- and postassessments regardless of follow-up assessments.
Studies were excluded in case of clear indication of data
manipulation.

Types of Participants
Studies examining participants without any mental disorder or
studies assessing mental disorders without objective and reliable
diagnosis process via standard operationalized diagnostic
interviews were excluded. Only studies applying interventions
to individuals with clinically significant mental disorders were
analyzed. All diagnoses had to be made on the basis of either
the ICD [11] or the Diagnostic and Statistical Manual of Mental
Disorders [12]. Participants were adults or children and
adolescents suffering from any of the following mental disorders
(diagnostic groups according to GSBP [3]): (1) mood and
affective disorders (F3, F94.1, and F53 according to ICD-10);
(2) anxiety disorders and obsessive-compulsive disorders
(F40-F42, F93, and F94.0); (3) dissociative and conversion
disorders (F44-F48); (4) substance abuse and dependence (F1
and F55); (5) personality and behavior disorders (F6); (6)
reaction to severe stress and adjustment disorders (F43); (7)
eating disorders (F50); (8) nonorganic sleep disorders (F51);
(9) sexual dysfunction (F52); (10) psychological and behavioral
factors associated with disorders or diseases classified elsewhere
(F54); (11) schizophrenia, schizotypal, and delusional disorders
(F2); (12) organic, including symptomatic, mental disorders
(F0); (13) mental retardation (F7) and pervasive developmental
disorders (F84); (14) hyperkinetic disorders (F90) and conduct
disorders (F91 and F94.2-F94.9); (15) disorders of psychological
development (F80-F83); (16) nonorganic enuresis (F98.0) and
nonorganic encopresis (F98.1); (17) feeding disorder of infancy
and childhood (F98.2); and (18) tic disorders (F95) and
stereotyped movement disorders (F98.4).

Types of Interventions
The following HPT subapproaches were examined according
to the definitions by the WGHPT [2]: (1) client or
person-centered therapy, (2) gestalt therapy, (3) emotion-focused
individual and couple therapy, (4) psychodrama, (5) logotherapy,

JMIR Res Protoc 2019 | vol. 8 | iss. 11 |e15140 | p.109http://www.researchprotocols.org/2019/11/e15140/
(page number not for citation purposes)

Schünemann et alJMIR RESEARCH PROTOCOLS

XSL•FO
RenderX

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


(6) existential analysis, (7) body psychotherapy (including
bioenergetic, biodynamic, biosynthesis psychotherapy, and
Hakomi; excluding Reiki, Alexander Technique, Feldenkrais,
and breathing therapy), (8) Pesso Boyden System Psychomotor,
(9) integrative therapy, and (10) transactional analysis. A
manual, a treatment guideline, or the name of the
psychotherapeutic subapproach had to be mentioned for the
study to be included.

Types of Comparators
Both controlled and comparative effectiveness studies were
included. Active control groups were other evidence-based
psychotherapeutic interventions previously considered to be
effective by the GSBP (CBT, psychodynamic psychotherapy,
and systemic therapy). Nonactive comparators were no-treatment
control (patients are administered only assessments); wait-list
control (patients received treatment following the study period);
attention-placebo, nonspecific control, sham treatment (patients
received treatment that involves nonspecific psychotherapeutic
factors), and treatment as usual. In addition to the GSBP [4],
this review will extract other active and nonactive control
conditions (eg, medication).

Types of Outcome Measures
The primary efficacy outcome of this review for the planned
moderator analyses will be symptom severity at the end of
treatment measured on a metric symptom-specific scale. If
studies report more than 1 symptom-specific metric outcome,
outcomes on self-rating scales (eg, Beck Depression Inventory)
will be given priority over observer-rated scales (eg, Hamilton
Depression Rating Scale). As studies on multiple populations
quite likely using a broad variety of symptom-specific scales
are included, it is not possible to specify a list of relevant
outcomes or define a hierarchy of symptom scales before the
extraction process. Therefore, first, all outcome measures from
all studies will be extracted. In a second step, a sequence for all
used self-rating (as well as observer-rated) scales will be
determined that will be applied to all studies. In this sequence,
more commonly used symptom scales and more reliable scales
will be given priority over seldom used respectively less
reliable scales. The sequence of scales will be documented to
rule out selective outcome reporting.

Secondary efficacy outcomes will include assessment of
impairment and consequences, such as interpersonal outcomes
(eg, Dyadic Adjustment Scale), general assessment of
functioning (eg, General Assessment of Functioning), or quality
of life (eg, WHO Quality of Life).

The primary efficacy outcome will be analyzed separately for
short term (end of intervention) and follow-up if available (6
months after the end of intervention). If multiple follow-up
measures are reported, the one closest to 6 months will be used.

The primary safety outcome will be dropping out of the study
because of any reason.

All outcomes that are likely to be meaningful to people making
a decision about the target condition (clinicians, patients or
consumers, the general public, administrators, and policy
makers) will be addressed independently of the frequency of

their reporting in primary studies. Owing to the long tradition
of psychotherapy research, most instruments used in clinical
trials are usually psychometrically sound. Such measures will
be preferred throughout the review (if referenced or sufficient
psychometric quality reported).

In accordance with the GSBP’s method paper 2.8 [3], studies
that do not use any reliable or valid outcome measure (at least
for primary outcomes) or that use only primary outcomes not
representing relevant variables for participants or mental
disorders (eg, severity of symptoms, psychological strain,
impairment in daily life, quality of life, and utilization of health
services) will be excluded. In addition, studies with incomplete
reporting of intervention effects or changes in primary and
secondary outcomes compared with the control group will be
excluded.

Search Methods for Identification of Studies
This systematic review will be based on all studies identified
within the systematic review of the GSBP [4]. First, the GSBP
included all studies suggested by the WGHPT [2]. Second, the
GSBP used several methods to retrieve further potentially
relevant articles. In addition to standard electronic databases,
handsearch in relevant systematic reviews was performed. In
addition, experts were contacted once in the beginning of the
process and after each electronic database research to name
relevant studies to add relevant missing studies.

Bibliographic Database Search
The following databases were searched: Cochrane Central
Register of Controlled Trials, MEDLINE, PsycINFO, and
PSYNDEX. No language restrictions were applied. All databases
were searched using both standard vocabulary (eg, Medical
Subject Headings) and keywords (freetext). The full search
strategy is presented in Multimedia Appendix 1. Both English
and German keywords were used. First Bibliographic database
search was conducted in December 2013, and a search update
was performed in July 2016. As described above, a further
update of the GSBP search is not feasible as answering the
primary research questions necessitates exactly the identical
study pool of the GSBP [4].

Data Collection and Assessment of Methodological
Quality

Data Extraction
For each study, study characteristics and results for the planned
moderator analyses will be extracted by 1 of 2 authors (OS or
AJ) using a structured form and assessing the full text.
Methodological quality for each study will be assessed
independently by 2 authors (OS and NH or AJ and UW).
Disagreement will be recorded and resolved by discussion either
within the author pair or within whole author team if necessary.
Extracted data will include information on participant
characteristics (eg, age, gender, and diagnostic group), study
characteristics (eg, sample sizes, study design, allocation, and
dropout rates), intervention characteristics (eg, HPT
subapproach, type of control group, therapist characteristics,
and setting), primary and secondary outcomes, risk of bias,
allegiance, and treatment quality (bona fide and treatment
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integrity). Outcomes will be extracted from publications with
estimation and substitution of missing data according to the
guidelines of the Cochrane Collaboration [13], for example,
calculating standard errors from exactly reported t test values.
Data will be managed using Microsoft Excel (Microsoft
Corporation).

Assessment of Methodological Quality
Internal validity will be assessed with the second version of
Cochrane’s risk of bias tool (RoB 2.0; [14]) adapted according
to suggestions made by Munder and Barth [10] for its use in
psychotherapy outcome research. The risk of bias tool provided
by Cochrane is a widely used measure to assess internal validity
in controlled trials, yet its application on psychotherapeutic
studies has been criticized [10]. Munder and Barth [10] have
therefore provided suggestions for its use in the context of
psychotherapy research. Accordingly, the following 4 domains
will be assessed in accordance with RoB 2.0: (1) bias arising
from the randomization process (sequence generation, allocation
concealment, and baseline differences), (2) bias because of
missing outcome data (availability of outcome data), (3) bias
in outcome measurement (appropriate measuring and differences
between groups), and (4) bias in selection of the reported result
(accordance with specified plan, multiple measurement, and
multiple analyses). The domain “bias due to deviations from
intended interventions” (pg 17 [14]; effect of adhering to
intervention) of the RoB 2.0 tool will be adapted as suggested
by Munder and Barth [10] (concomitant treatments,
implementation of treatment, and adherence to intervention).
In case of non-RCTs, risk of bias will be assessed with the
ROBIN-I tool provided by Cochrane for non-RCTs comparing
different interventions [15]. Allegiance will be assessed
according to the multilevel allegiance rating scale provided by
Steinert et al [16]. Both bona fide psychotherapy and treatment
integrity will be rated using the definition by Benish et al [8]
and Munder and Barth [10].

External validity (generalizability) will be addressed by
documenting study setting, patient selection criteria, patient
characteristics, applicability of the intervention in routine care,
clinical relevance of outcomes, efficacy at follow-up, and
discontinuation rates.

If considerable methodological heterogeneity is present,
subgroup analyses will be performed by comparing the findings
between studies of low, some, and high risk of bias (according
to Munder and Barth [10]). The strength of the body of evidence
will be provided by presenting and discussing results of the
methodological quality of all included studies.

Data Synthesis

Planned Treatment Comparisons
Overall, 2 comparisons will be conducted. First, HPT
subapproaches will be compared with nonactive controls.
Second, HPT subapproaches will be compared with other
psychotherapeutic interventions that have previously been
scientifically recognized by the GSBP (CBT, psychodynamic
psychotherapy, and systemic psychotherapy).

Meta-Analysis
The statistical analysis will follow actual guidelines [13,17,18].
For metric measures (eg, symptom severity and quality of life),
standardized mean difference will be calculated, as it is unlikely
that all studies administer the same measures. For rare outcomes
(dropout rates) with highly varying baseline rates, odds ratios
will be calculated. For all studies, effect sizes will be calculated
using the intention-to-treat principle, that is, analyzing all
subjects allocated to a study arm. For all metric outcomes, the
definition of the intention-to-treat sample provided by the
authors will be followed if available. All analyses will be
performed by applying a random effects model with inverse
variance weights [19]. We plan to use a random effects model
rather than fixed effects one because we assume that the
included studies will not be functionally equivalent and will
show considerable clinical (concerning population and
intervention) and methodological (eg, design and quality)
heterogeneity. Statistical heterogeneity between study results
will be tested for significance using Cochran Q test and

quantified using the I2 statistic [20]. Results will be visually
displayed as forest plots. Possible publication bias will be tested
using visual examination of funnel plots and applying Egger
test [21].

Subgroup and Meta-Regression Analysis
A priori defined subgroup (in case of categorical predictors) or
meta-regression (in case of metric predictors) analyses will be
performed according to treatment quality, allegiance, type of
nonactive control (wait-list vs all others including treatment as
usual), study quality, type of HPT subapproach, and population
(children and adolescents vs adults). Differences between
subgroups will be tested formally [22-24]. All meta-regression
analyses will be performed using the restricted maximum
likelihood estimate method, a recommended random effect
approach that accounts for residual between-trial heterogeneity
[25]. In case of considerable heterogeneity between study results
that cannot be explained by the a priori defined subgroup and
meta-regression analyses, a series of a posteriori (explorative)
meta-regression analyses will be performed to identify sources
of heterogeneity. A priori and a posteriori analyses will be
clearly labeled as such.

Sensitivity Analysis
Sensitivity analyses will be performed for the primary efficacy
outcome using results from all trials in contrast to results from
RCTs only.

Qualitative Summary
If clinical or methodological heterogeneity of the included
studies proves to be extremely high, a qualitative rather than
quantitative synthesis of the evidence will be performed.

Results

This systematic review and meta-analysis was submitted for
registration in the PROSPERO International prospective register
of systematic reviews (CRD42019128983). As this review and
meta-analysis is a reexamination of the previous review process
by the GSBP, preliminary searches, piloting of the study
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selection process, and formal screening of search results against
eligibility criteria were completed. In the context of their
screening process, the GSBP identified 115 eligible studies that
will be reanalyzed in the following systematic review and
meta-analysis. The next step will be final data extraction.

Discussion

The examination of the moderating effects of treatment quality
and allegiance will provide important information concerning

their effects on the evaluation of psychotherapy approaches.
This information is crucial for the further development of the
evaluation methods of the GSBP and for other stakeholders that
need to assess the efficacy and effectiveness of
psychotherapeutic approaches within health care systems. The
examination of treatment quality and allegiance within the
evaluation of humanistic subapproaches may further highlight
the role of implementation of interventions when new innovative
concepts are compared with well-established interventions.
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Abstract

Background: Invasive intensive care unit (ICU) treatments for patients with advanced medical illnesses and poor prognoses
may prolong suffering with minimal benefit. Unfortunately, the quality of care planning and communication between clinicians
and critically ill patients and their families in these situations are highly variable, frequently leading to overutilization of invasive
ICU treatments. Time-limited trials (TLTs) are agreements between the clinicians and the patients and decision makers to use
certain medical therapies over defined periods of time and to evaluate whether patients improve or worsen according to
predetermined clinical parameters. For patients with advanced medical illnesses receiving aggressive ICU treatments, TLTs can
promote effective dialogue, develop consensus in decision making, and set rational boundaries to treatments based on patients’
goals of care.

Objective: The aim of this study will be to examine whether a multicomponent quality-improvement strategy that uses protocoled
TLTs as the default ICU care-planning approach for critically ill patients with advanced medical illnesses will decrease duration
and intensity of nonbeneficial ICU care without changing hospital mortality.

Methods: This study will be conducted in medical ICUs of three public teaching hospitals in Los Angeles County. In Aim 1,
we will conduct focus groups and semistructured interviews with key stakeholders to identify facilitators and barriers to
implementing TLTs among ICU patients with advanced medical illnesses. In Aim 2, we will train clinicians to use protocol-enhanced
TLTs as the default communication and care-planning approach in patients with advanced medical illnesses who receive invasive
ICU treatments. Eligible patients will be those who the treating ICU physicians consider to be at high risk for nonbeneficial
treatments according to guidelines from the Society of Critical Care Medicine. ICU physicians will be trained to use the TLT
protocol through a curriculum of didactic lectures, case discussions, and simulations utilizing actors as family members in
role-playing scenarios. Family meetings will be scheduled by trained care managers. The improvement strategy will be implemented
sequentially in the three participating hospitals, and outcomes will be evaluated using a before-and-after study design. Key process
outcomes will include frequency, timing, and content of family meetings. The primary clinical outcome will be ICU length of
stay. Secondary outcomes will include hospital length of stay, days receiving life-sustaining treatments (eg, mechanical ventilation,
vasopressors, and renal replacement therapy), number of attempts at cardiopulmonary resuscitation, frequency of invasive ICU
procedures, and disposition from hospitalization.

Results: The study began in August 2017. The implementation of interventions and data collection were completed at two of
the three hospitals. As of September 2019, the study was at the postintervention stage at the third hospital. We have completed
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focus groups with physicians at each medical center (N=29) and interviews of family members and surrogate decision makers
(N=18). The study is expected to be completed in the first quarter of 2020, and results are expected to be available in mid-2020.

Conclusions: The successful completion of the aims in this proposal may identify a systematic approach to improve communication
and shared decision making and to reduce nonbeneficial invasive treatments for ICU patients with advanced medical illnesses.

International Registered Report Identifier (IRRID): DERR1-10.2196/16301

(JMIR Res Protoc 2019;8(11):e16301)   doi:10.2196/16301

KEYWORDS

intensive care; critical care; prognosis; outcome; prediction; medical uncertainty; medical futility; palliative care; communication

Introduction

Background

Clinical Significance of Intensive Care Unit
Overutilization Among Patients With Advanced Medical
Illnesses
In the United States, 1 in 5 people die using intensive care unit
(ICU) services, frequently receiving invasive treatments despite
minimal anticipated benefit [1,2]. Investigators in our research
group found that 20% of ICU patients in the University of
California Los Angeles (UCLA) health care system were
perceived by physicians to be receiving futile care [3]. A recent
study from our research group [4] and previous work from others
[5-7] also showed that hospitals that utilize ICUs more
frequently were more likely to perform invasive procedures and
have higher costs with no improvement in hospital mortality.
Interestingly, most patients with advanced medical illnesses
prefer not to receive such aggressive care at the end of life
[1,8-12] but ICU care in this population is increasing [2,13].
This trend represents an important health care problem; a
multicenter controlled study estimated that patients with
advanced medical illnesses who died in ICUs spent an average
of 8 days in undesirable states, such as being comatose or
receiving mechanical ventilation [14]. Among conscious ICU
patients who died, 50% experienced significant pain for more
than half the time during the final week of life [14]. Furthermore,
terminal hospitalizations account for 7.5% of total inpatient
costs in the United States, with ICU care accounting for nearly
80% of these costs [1,15]. Overall, these findings show that
optimizing ICU utilization among patients with advanced
medical illnesses is an opportunity to improve the quality and
efficiency of care in this high-risk, high-cost population.

Intensive Care Unit Overutilization in the Los Angeles
County Department of Health Services
Like many health care systems, ICU overutilization is highly
prevalent in the hospitals of the Los Angeles County (LAC)
Department of Health Services (DHS), the second-largest public
health care system in the United States. A recent study from
our group showed that among 808 medical ICU patients at
Harbor-UCLA Medical Center (HUMC), over 20% had reduced
likelihoods of benefit from ICU care due to advanced medical
illnesses, such as advanced dementia and metastatic cancer (see
Table 1) [16]. Of these patients, 86% died or were discharged
in severely compromised health states and only 6% were
discharged home. This subset of patients is at the highest risk
to have invasive treatments that prolong suffering without
improving outcomes. As such, we focus this proposal on
improving ICU utilization on these critically ill patients with
advanced medical illnesses.

In order to understand why patients with advanced medical
illnesses received ICU care so frequently, we conducted
semistructured interviews of ICU physicians and nurses at LAC
DHS hospitals. Key themes that emerged from these interviews
were that health care providers do not comprehensively discuss
prognoses, risks and benefits, and patient preferences for ICU
treatments, which lead to inaccurate expectations from ICU care
and unrealistic fears of prematurely forgoing potentially
beneficial treatments. Barriers to effective shared decision
making included (1) underappreciation of the value of ICU care
planning, (2) lack of institutional standards and tools for ICU
care planning, and (3) difficulty in scheduling meetings between
providers and families.

Table 1. Priority levels of medical intensive care unit (ICU) admissions at Harbor-University of California Los Angeles Medical Center.

Percentage, %DescriptionPriority

46.9Critically ill, needing intensive treatment and monitoring that cannot be provided outside of ICUs1

23.4Not critically ill, but requiring close monitoring and potentially immediate intervention2

20.9Critically ill, but reduced likelihood of recovery because of underlying diseases or severity of acute illness3

8.8Not appropriate for ICU; equivalent outcomes achievable with non-ICU care4

Facilitating Shared Decision Making Using
Time-Limited Trials
Prior work has shown that developing ICU interventions that
change physician behaviors, facilitate communication between

providers and families, and improve patient care is challenging
[14,17,18]. A large multicenter clinical trial—the Study to
Understand Prognoses and Preferences for Outcomes and Risks
of Treatment (SUPPORT)—did not improve the quality of
end-of-life care by providing physicians with patients’
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prognostic information and nurse-facilitated advanced-care
planning [14]. A hypothesis for why SUPPORT failed to change
outcomes is that it did not use a multifaceted, systems approach
to changing physicians’ behaviors [19,20]. Furthermore, even
when prognoses are understood and risks and benefits of ICU
care are discussed, it is likely that clinicians, patients, and
families frequently remain uncertain about the appropriateness
of ICU care [21-23]. In such situations, the default decision in
most ICUs is to pursue aggressive ICU treatments, often without
reassessment of that decision [24].

For patients with advanced illnesses, this approach places them
at risk for prolonged suffering with minimal anticipated benefit
[3,4]. Time-limited trials (TLTs) are agreements between the
clinicians and the patients and decision makers to use certain
medical therapies over a defined period of time and evaluate
whether patients improve or worsen according to predetermined
clinical parameters [24]. TLTs involve detailed discussions of
patients’ preferences for care, prognosis, and what would
constitute clinical improvement based on patients’ values and
preferences. Follow-up meetings are held to see if patients
improve or worsen according to predetermined clinical
parameters and next steps in care are negotiated based on these
results [24]. TLTs promote regular structured dialogue between
providers and patients and their families, promote consensus in
decision making through iterative assessments of clinical
trajectory, and set rational boundaries to treatments based on
patients’ goals of care. TLTs have been used effectively for
outpatient advanced-care planning in patients with end-stage
kidney disease, stroke, cancer, and chronic obstructive
pulmonary disease [25-30]. However, to our knowledge there
have been no studies that examined their effectiveness in ICU
patients. Schenker et al examined audio-recordings of ICU
family meetings for 72 patients at high risk for death or severe
impairment and found that TLTs were offered only 13% of the
time [31]. When TLTs were offered, clinicians frequently did

not discuss key elements, such as outcomes used to determine
improvement, worsening, or possible next steps after the trial
[31].

In summary, nonbeneficial treatments are frequently delivered
in medical ICUs to patients with advanced medical illnesses.
Although the appropriateness of ICU care in this population is
subject to varying opinions, there is general consensus that
intensity of ICU treatments should align with patients’
prognoses, preferences, and values [32]. Previous studies suggest
that most patients with advanced medical illnesses, when
informed of their therapeutic options, would forgo invasive
treatments and would prefer palliative approaches [1,8-12].
Unfortunately, structured care planning between clinicians and
critically ill patients and their families is infrequent [33,34].
TLTs are a promising, but underutilized, care-planning approach
for ICU patients with advanced medical illnesses. An
intervention utilizing TLTs as a default care-planning approach
for ICU patients with advanced medical illnesses has the
potential to address key barriers to shared decision making
identified in our preliminary studies [35]. However, given the
paucity of studies on their use in critically ill patients and the
complexity of ICU communication, input from key stakeholders
on how best to implement TLTs in this group is crucial.

Objectives

Overview
The objective of this proposal is to test an intervention that seeks
to reduce invasive and nonbeneficial ICU treatments by
improving communication between providers, surrogate decision
makers, and critically ill patients with advanced medical
illnesses. We propose to implement an intervention that
facilitates communication and shared decision making between
providers and patients and their families by using protocoled
TLTs for ICU patients with advanced medical illnesses who
receive aggressive care (see Figure 1).

Figure 1. Implementation strategy for time-limited trials. ICU: intensive care unit.
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We hypothesize that a multicomponent quality-improvement
intervention, informed by stakeholder input and that uses
protocoled TLTs as the default ICU care-planning approach for
critically ill patients with advanced medical illnesses, will
decrease the duration and intensity of nonbeneficial ICU care
without changing hospital mortality. We will examine our
hypothesis with the specific aims discussed in the following
sections.

Aim 1
Aim 1 consists of identifying barriers and facilitators to
performing TLTs in ICU patients with advanced medical
illnesses using focus groups of physicians and semistructured
interviews of patients and their families.

Aim 2
Aim 2 consists of examining whether a multicomponent
quality-improvement intervention using TLTs as the default
care-planning approach for ICU patients with advanced medical
illnesses reduces duration and intensity of nonbeneficial ICU
treatments

Methods

Overview
This proposal will be conducted in the medical ICUs of three
public hospitals in LAC DHS: HUMC, Olive View Medical
Center (OVMC), and Los Angeles County-University of
Southern California (LAC-USC) Medical Center. We will
implement the aims sequentially across the medical centers.
The sequential implementation strategy will be used to identify
ways to improve training and uptake of the interventions with
each iteration. For Aim 1, we will conduct focus groups and
interviews with key stakeholders to identify facilitators and
barriers to implementing TLTs among ICU patients with
advanced medical illnesses. This will be performed prior to
implementing quality-improvement interventions in Aim 2 (see
Multimedia Appendix 1). The information obtained from these
qualitative evaluations will be used to enhance our
implementation strategy for Aim 2, in which we will examine
the effectiveness of our intervention using a before-and-after
study design (see Multimedia Appendix 1).

Aim 1

Rationale and Overview
In the first phase of the proposed study, we will conduct focus
groups with ICU physicians and interviews with patients and/or
surrogate decision makers to explore attitudes toward ICU care
among patients with advanced medical illnesses and strategies
to optimally implement TLTs. We anticipate that themes from
these sessions will include perceived barriers to conducting
family meetings, knowledge and skill deficits among clinicians
in conducting meetings, clinical outcomes most effective in
decision making, optimal timing and frequency of meetings,
optimal duration of TLTs, and communicating sensitive medical
topics to lay populations.

Experimental Approach

Structure of Focus Groups With Intensive Care Unit
Physicians

In-person focus groups with medical ICU physicians will be
conducted at HUMC, OVMC, and LAC-USC Medical Center.
We will invite all ICU attendings and fellows from each
institution; we anticipate that 10-30 people will be invited and
that 6-15 will participate per institution. Informed consent will
be obtained for audio-recording. The meetings will be held at
each medical center, will last approximately 90 minutes, and
will be led by two of the study investigators.

Content of Focus Groups With Intensive Care Unit
Physicians

Moderators will lead discussions in each group. Discussions
will begin with an explanation of the risks and benefits of
aggressive ICU care for patients with advanced medical illnesses
and of the goal of delivering care that aligns with patients’
values and preferences. We will explain the concept of TLTs
and elicit responses to a prespecified set of open-ended
questions.

Sample questions include the following: (1) How are decisions
regarding ICU care currently made? (2) Do you believe that
TLTs are appropriate interventions? Why or why not? (3) What
information is needed to effectively make decisions about
continuing aggressive ICU care? (4) What is the best way to
communicate that information? (5) Should care providers make
recommendations regarding the next steps in care after TLTs?
(6) What are barriers to having meetings with patients and their
families? (7) What information do you typically provide in
family meetings? (8) How do you feel about using a protocol
and checklist during family meetings? (9) How comfortable are
you with making recommendations for end-of-life care? and
(10) How much variability do you perceive between physicians
regarding prognoses and goals of care?

Structure of Semistructured Interviews With Patients and
Surrogate Decision Makers

In-person interviews with patients and/or surrogate decision
makers will be conducted at HUMC, OVMC, and LAC-USC
Medical Center. We will invite English-speaking patients or
family members and surrogate decision makers who are
available to participate in interviews; we anticipate that that 20
people will be invited and that 10 will participate per institution.
Patients and family members will be invited for interviews after
at least 72 hours of ICU hospitalization to provide adequate
opportunities for communication and care planning with ICU
clinicians. Informed consent will be obtained for
audio-recording. The interviews will be held at each medical
center, will last approximately 45 minutes, and will be led by
one of the study investigators.

Content of Semistructured Interviews With Patients and
Surrogate Decision Makers

An investigator will lead semistructured interviews of patients
and/or family members, which will explore decision making in
the ICU. We will explore factors that played key roles in
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decision making during ICU hospitalization with a prespecified
set of open-ended questions.

Sample questions will include the following: (1) Describe the
most difficult decision you had to make during this
hospitalization, (2) What decision did you make and how did
you come to that decision? (3) What did the ICU care providers
do that made that decision harder or easier? (4) What clinical
events resonated with you regarding whether you or your family
member was improving or worsening? (5) What other factors
besides those discussed in family meetings affect your decision
regarding ICU care? (6) How often were you confused about
information that was presented to you during hospitalization?
(7) What information was difficult to understand and why? and
(8) What can the care providers do to better support you during
this time?

Analysis of Focus Groups and Interviews
Analysis of data from focus groups and interviews will be
descriptive, summarizing the range of issues that ICU
physicians, patients, and surrogate decision makers discuss.

Using the audio-recordings and moderators’ notes, content
analysis of the group discussions and interviews will be
performed to systematically define themes, emphasizing those
that represent facilitators and barriers to implementation of our
intervention [36-39]. These themes will be used to modify the
implementation of the quality-improvement intervention in Aim
2.

Aim 2

Rationale and Overview

In the second phase of the proposed study, we will implement
an intervention that facilitates family meetings using serial TLTs
as the default care-planning approach for ICU patients with
advanced medical illnesses. The multicomponent intervention
is based on the capability, opportunity, motivation to perform
a behavior (COM-B) framework by Michie and colleagues
[40-42]; the intervention will address barriers identified in our
preliminary studies that inhibit capabilities, opportunities, and
motivation for effective shared decision making (see Figure 2).

Figure 2. Conceptual framework for interventions. EHR: electronic health record; ICU: intensive care unit.

Experimental Approach

Study Population

Patients with a low likelihood of benefitting from ICU care due
to advanced medical illnesses will be identified by assigning
patients to priority levels from the Society of Critical Care
Medicine guidelines for ICU admissions (see Table 1) [43-45].
This system prioritizes ICU admissions based on the projected
likelihood of benefit. For this proposal, we will train all ICU
physicians—attendings and fellows—to perform daily
priority-level assessments for ICU patients. We have previously
published our experience with training ICU teams to classify
patients using this system [16]. Each day, case managers will
ask ICU physicians to assign priority levels to each patient after
ICU rounds. Our intervention will be implemented on all new
ICU admissions who are assigned to priority levels 3 or 4. We
will exclude patients who were assigned to different priority
levels on admission but who are assigned to priority levels 3 or
4 during their ICU stay. If patients cannot communicate for
themselves and do not have surrogate decision makers, they
will be excluded.

Setting and Study Design

The study will be conducted in medical ICUs of three LAC
DHS hospitals using a before-and-after study design. The study
will be conducted sequentially among the three hospitals to
allow investigators to modify and improve the implementation
strategy over the course of the study based on clinician feedback
(see Multimedia Appendix 1). For each hospital, we will collect
preintervention data during the first 4 months and examine
outcomes for a 4-month period after implementing the study
intervention (see Multimedia Appendix 1). There are 52 medical
ICU beds among the three hospitals. We anticipate that 960
patients will be admitted and screened in both the pre- and
postintervention periods across the three medical ICUs. Based
on our preliminary data, we estimate that 15% will be priority
3 and 4 patients who are candidates for intervention and 10%
will be excluded due to lack of surrogate decision makers. As
such, we estimate studying 130 patients during each 4-month
period. Using alpha=.05 (two-sided), beta=.20 (80% power),
and mean ICU stay of 6.5 days (SD 3.7) from our previous study
[16], we expect to be able to detect a difference of 1.3 ICU days
between time periods.
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Time-Limited Trial Protocol

Physician-led family meetings will be conducted using a
standardized protocol, which includes: (1) introductions, (2)
summary of ICU course, (3) discussion of short- and long-term
prognosis, (4) risks and benefits of aggressive ICU care, and
(5) eliciting patients’ preferences for care during critical illness
and/or at the end of life (see Multimedia Appendix 2 and Figure
1). Based on discussion of these elements, if patients and
surrogate decision makers wish for a palliative approach, the
patient will be transitioned to comfort-focused care. If patients
and surrogate decision makers prefer aggressive ICU care, a
TLT will be performed. For the TLT, care providers and
surrogate decision makers will identify specific clinical
parameters that will be used to determine whether patients are
improving or worsening. Care providers will recommend a time
period for which these parameters will be followed and likely
actions to be taken at the end of the trial based on improvement
or worsening. In the follow-up meeting, care providers will
review trends in clinical parameters; they will also redefine
prognoses based on these trends and additional clinical
information obtained since the last meeting. Based on this
information, recommendations regarding the next steps for care
will be made. If the patients and surrogate decision makers opt
for a palliative approach, comfort-focused care will be provided.
If they prefer continuation of aggressive care, another TLT will
be negotiated. This iterative process will be continued, with
sequential meetings performed at the discretion of the ICU team
(see Figure 1).

Multicomponent Implementation Strategy

Additional components to the implementation strategy are shown
in Figures 1 and 2. ICU physicians—attendings and
fellows—will be trained to use the TLT protocol in educational
sessions utilizing actors as family members in role-playing
scenarios (see Figure 2). Case managers will identify eligible
patients each day by asking ICU physicians which admissions
are ranked priority 3 or 4 and will schedule family meetings
between care providers and patients and their families within
24 hours of admission. Family meetings will be conducted using
checklists to improve compliance with the protocol (see
Multimedia Appendix 2). A standardized electronic health
record (EHR) template will be created to encourage
documentation of important outcomes from meetings and to
facilitate data collection. Each medical ICU will have a
physician champion who will direct implementation of study
protocols at each medical center and conduct monthly feedback
sessions with ICU teams to discuss opportunities for
improvement. Physician champions and research team members
will meet every month to discuss strategies to improve family
meetings, patient enrollment, and data collection.

Outcomes and Measurements

All outcomes will be collected in both the pre- and
postintervention periods. The primary outcome will be ICU
length of stay. Secondary outcomes will include hospital length
of stay, days receiving life-sustaining treatments (eg, mechanical
ventilation, use of vasopressor medications, and renal
replacement therapy), number of attempts at cardiopulmonary
resuscitation (CPR), number of invasive procedures (eg, central

venous or arterial catheterization, thoracentesis, paracentesis,
lumbar puncture, and endoscopy), and outcomes of
hospitalization (eg, death, discharge to hospice, skilled nursing
facility, or home). These data will be collected from
retrospective chart review by trained case managers using
standardized data abstraction forms.

Analysis Plan

Primary and secondary outcomes will be compared before and
after the intervention [46-48]. Days in ICU, days in hospital,
and days receiving life-sustaining treatments will be compared
using Wilcoxon rank-sum tests [49,50]. ICU and hospital

mortality rates will be compared using χ2 tests. Other continuous
and categorical outcomes will be compared between groups

using t tests or χ2 tests, respectively, or equivalent nonparametric
approaches for variables that are nonnormally distributed.
Multivariable regression models will be used to examine the
effects of covariates, such as patient demographics, comorbid
conditions, severity of illness, and hospitals, on study outcomes
[49,50]. Primary and secondary outcomes before and after the
intervention will also be analyzed and will be stratified by ICU
survivors and nonsurvivors. Days receiving ICU care, days
receiving life-sustaining treatments, number of invasive
procedures, and number of CPR attempts among patients who
did not survive hospitalization will be considered nonbeneficial
treatment and will be compared before and after the intervention.

Expected Results

We expect to find fewer ICU days, hospital days, and days of
life-sustaining treatments after the TLT intervention. We also
expect a fewer number of attempts at CPR and other invasive
procedures. We expect mortality rates to remain unchanged
before and after the intervention. We expect reductions in ICU
days, days receiving life-sustaining treatments, and number of
invasive procedures after the intervention to be greater among
patients who died during hospitalization than among survivors.

Limitations

We recognize that priority levels used to identify patients are
subjective. However, we believe that using clinicians’ general
impressions on the likelihood of benefit from ICU care, rather
than more objective measures such as prognostic scoring
systems or predefined lists of medical conditions, emulates
clinical practice and will be more informative regarding the
effectiveness of this intervention. If there are fewer priority 3
and 4 patients than anticipated, we will expand the study criteria
to include patients who were initially categorized into a different
priority level on ICU admission but were assigned priority level
3 or 4 during the ICU hospitalization. Based on our preliminary
data, this will make an additional 10% of ICU patients eligible
for the study.

Ethical Considerations
Our project was approved by the Institutional Review Board
(IRB) at the Los Angeles BioMedical Research Institute at
HUMC (project number: 043544) with approval at the other
two medical centers using a reliance agreement. For Aim 1,
informed consent was obtained for participants in focus groups
and interviews. For Aim 2, the IRB waived the need for
informed consent. There were several key factors involved in
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the waiver of consent. First, communication between ICU
physicians and families is an expected practice; as well, the aim
of the quality-improvement intervention was to encourage
physicians to discuss elements that are vital to effective shared
decision making, such as patient values and preferences,
prognosis, and expectations for ICU treatments. As such, the
intervention posed minimal risk to participants beyond usual
ICU practice. Second, TLTs were not coercive or prescriptive,
and maintained patient and family autonomy in decision making:
at the end of the TLTs, patients and family members could
choose to continue invasive treatments. Third, the
quality-improvement intervention created a new default
communication approach that applied to all ICU patients with
advanced medical illnesses, regardless of participation in the
study. Finally, implementation of the quality-improvement
program was approved by the LAC DHS. Given these factors,
the IRB determined that there was minimal risk to participants,
waiver of consent would not adversely affect the rights and
welfare of the participants, and the project could not be feasibly
performed without the waiver.

Results

The study began in August 2017. The implementation of
interventions and data collection were completed at HUMC and
OVMC. As of September 2019, the study was at the
postintervention stage at the LAC-USC Medical Center. We
have completed focus groups with physicians at each medical

center (N=29) and interviews of family members and surrogate
decision makers (N=18). The study is expected to be completed
in the first quarter of 2020, and results are expected to be
available in mid-2020.

Discussion

Overutilization of ICU treatments among critically ill patients
with advanced medical illnesses leads to medical care that is
invasive, costly, and potentially misaligned with patient
preferences. The successful completion of the aims in this
proposal will improve the quality and efficiency of care by
reducing unnecessary invasive treatments and decreasing ICU
care that does not achieve its intended goals and prolongs
suffering. This will be achieved through better communication
and alignment of ICU care with patients’values and preferences.
Additionally, these studies will generate preliminary data and
a track record of collaboration between researchers, clinicians,
and hospital leaders, which will be foundational for future
applications that attempt large-scale implementation of
interventions that improve ICU communication and care
planning. Thus, this proposal has the potential to catalyze the
development of an ICU research program that addresses
complex challenges in health care systems; this could be done
through partnerships between academicians in health services
research and frontline physicians and hospital administrators
with experience in operationalizing health care improvements.
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Abstract

Background: According to the September 2015 Institute of Medicine report, Improving Diagnosis in Health Care, each of us
is likely to experience one diagnostic error in our lifetime, often with devastating consequences. Traditionally, diagnostic decision
making has been the sole responsibility of an individual clinician. However, diagnosis involves an interaction among
interprofessional team members with different training, skills, cultures, knowledge, and backgrounds. Moreover, diagnostic error
is prevalent in the interruption-prone environment, such as the emergency department, where the loss of information may hinder
a correct diagnosis.

Objective: The overall purpose of this protocol is to improve team-based diagnostic decision making by focusing on data
analytics and informatics tools that improve collective information management.

Methods: To achieve this goal, we will identify the factors contributing to failures in team-based diagnostic decision making
(aim 1), understand the barriers of using current health information technology tools for team collaboration (aim 2), and develop
and evaluate a collaborative decision-making prototype that can improve team-based diagnostic decision making (aim 3).

Results: Between 2019 to 2020, we are collecting data for this study. The results are anticipated to be published between 2020
and 2021.

Conclusions: The results from this study can shed light on improving diagnostic decision making by incorporating diagnostics
rationale from team members. We believe a positive direction to move forward in solving diagnostic errors is by incorporating
all team members, and using informatics.

International Registered Report Identifier (IRRID): DERR1-10.2196/16047

(JMIR Res Protoc 2019;8(11):e16047)   doi:10.2196/16047

KEYWORDS

informatics; health care team; data science; decision support techniques; decision-making, computer-assisted; data display;
diagnosis, computer-assisted

Introduction

Background
Americans experience at least one diagnostic error in their
lifetime, sometimes with devastating consequences (Institute
of Medicine [IOM] report 2015). Lack of timely attention to

diagnostic error can have dire implications for public health, as
exemplified by the widely reported diagnostic error regarding
Ebola virus infection in a Dallas hospital emergency department
(ED) [1]. Diagnostic error is likely to be one of the most
common types of errors in ED settings [2]. The high-paced,
high-volume, low-certainty, multiagent, dynamic, and complex
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environment may lead to diagnostic errors and adverse events
[3-6]. Thus, in an environment prone to interruptions, vital
patient information and cues to make a diagnosis are often lost
during information collection and integration among physicians,
residents, nurses, and other health care providers.

The team-based diagnostic approach has the potential to reduce
errors. Although the current diagnostic process is often the
responsibility of an individual clinician, ideally the diagnostic
process involves collaboration among multiple health care
professionals [7]. To manage the increasing complexity,
clinicians will need to collaborate effectively and draw upon
the knowledge and expertise of other health care professionals.
Collaborative problem solving has been found to have a positive
impact on diagnostic performance for team members to combine,
sort, and filter new information [8-11]. Current diagnostic
decision support tools do not support team-based decision
making. These tools can generate diagnostic hypotheses based
on the information already entered into the electronic health
record (EHR) [12-15]. However, information loss in ED is more
common during team communication among health care
professionals [16,17]. Therefore, the recent IOM report calls
for research into the process of how, where, when, and who is
responsible for the entry of the vital information into the system
to understand the etiology of failures in the team-based
diagnostic decision-making process [18].

Research has shown that technology can positively impact
provider interactions and coordination, helping group dynamics
and efficiency [19]. Various computer supported cooperative
work studies in health care have shown that clinicians deploy
working records or provisional information to facilitate team
collaboration, mostly in paper environments during case
discussions to exchange key information [20-22]. These working
records are essentially summaries of patients’ situations or
important information cues that providers write down during
patient interviews or during the information-gathering stage.
Currently, the information documented on these working records
is not transferred to the EHR and often is discarded after
knowledge sharing sessions. Moreover, the decision support
tools in the EHR do not support such computerized transitional
documentation [23]. For example, nurses in ED collect patient
medical history into transitional documents. Clinicians enter
patient interview information related to diagnosis on paper or
sticky notes [23]. However, the informal information, if shared
with the team, can help to achieve shared team situation
awareness to reach the correct diagnosis [24]. Research on
collaborative environments has shown that sharing a physical
workspace to communicate information can provide benefits
such as improved activity awareness and coordination [25-28].
For example, Defense Collaboration Services (developed by
the US Department of Defense) have shared Web-based
platforms that can be accessed by different team members, and
they can raise information need as well as input vital information
cues related to mission planning [29,30]. Such real-time
platforms in health care can provide an overview of the patient’s
situation from different information-gathering agents (eg, nurses,
residents, students, and physicians) to reach the correct
diagnosis.

Objective
The informal information in a real-time workspace can help the
team to communicate and interpret vital information with each
other, which can improve team-based diagnostic decision
making in the ED by reducing the loss of information. The
objective of our study is to develop a collaborative prototype
for improving team diagnostic decision making using an
informatics approach.

Methods

Overview
We want to focus on all types of diagnosis for adult patients
who come to the ED in both the trauma and medicine units.
This will ensure that we can generalize the future prototype for
all ED patients. The overall methodology is described in the
following 3 aims.

• Aim 1: identify factors contributing to failures in
team-based diagnostic decision making

• Aim 2: understand the barriers in using health information
technology (IT) tools for team collaboration

• Aim 3: design and evaluate a collaborative decision-making
prototype

Aim 1: Identify Factors Contributing to Failures in
Team-Based Diagnostic Decision Making
The research questions are as follows: (1) What are the specific
diagnostic workflow processes that are vulnerable to failures
in information gathering, integrating, interpreting, and
establishing an explanation of the correct diagnosis? and (2)
What specific information cues do teams share with each other
to reach a diagnosis collaboratively?

Aim 1 Methods Overview
We will use the combination of direct observation, hierarchical
task analysis (HTA), and health care failure mode and effect
analysis (HFMEA) to analyze team tasks in the diagnosis
process [31-33]. HTA involves describing the task being
analyzed through the breakdown of the task into a hierarchy of
goals, subgoals, operations, and plans [31]. The HFMEA
technique will help us detect possible failure modes of each of
the subprocesses and identify potential causes, effects, and
solutions for the failure in the team diagnostic process [32]. A
research assistant with qualitative coding background will
analyze the data. The steps involved in this method are as
follows:

• Step 1: observe scenarios in ED settings and transcribe the
scenarios from audio recordings

• Step 2: use data from the transcription to create HTA
process maps

• Step 3: conduct HFMEA to identify failures and
improvement strategies

Step 1: Observe Scenarios
The observation will start once the patient is admitted in the
ED. A total of 2 research assistants will simultaneously observe
the ED nurse and the attending physician. The observations will
be nonintrusive, and researchers will turn on audio recorders
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only when the team is discussing or communicating with each
other regarding the patient case [34-40]. We will take notes and
audio record the conversation, interactions, and case discussion
among the ED team members. We will transcribe the audio
recordings and collect the transitional information that the nurse
and the attending physicians record on paper.

Step 2: Construct Hierarchical Task Analysis Process
Maps
The research team will analyze the observation transcript
independently and construct HTA process maps for each case
until there are no more tasks related to reach the diagnosis. We
will merge the goals and tasks for the physician and the nurse
to construct the process maps. For example, if the highest goal
is finding diagnosis, we will merge nursing goal of finding
patients home medication history as a subgoal under finding

diagnosis. We will focus on the main goals associated with
finding the correct diagnosis and represent the associated task
steps to accomplish those goals in a hierarchical decision tree
(Figure 1) [31,41,42]. After we have developed the HTA process
maps for each of the 40 patient cases, we will validate the HTA
process maps with 2 ED physicians [41,43]. Finally, we will
map the failure-prone tasks’ steps from the decision tree, based
on the list for detecting failures across the diagnostic process
developed by the IOM committee, as described in Table 1 [44].
For example, if consultation with other clinical team was not
possible (Figure 1, subtask 2.2), we will code that as information
integration 4 (information from other team not available), or if
past medical conditions get missed (Figure 1, subtask 3.2), then
we will code that as information interpretation 1 (inaccurate
interpretation of history). After mapping with failure-prone
subtasks, we will start the HFMEA process.

Figure 1. Hierarchical task analysis diagram: tasks and subtasks are designated by numbers. EHR: electronic health record.
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Table 1. Nature of failures and description derived from the Institute of Medicine’s report.

Failure descriptionNature of failure

Unable to elicit key informationInformation gathering 1

Unable to get key historyInformation gathering 2

Missed key physical findingsInformation gathering 3

Failed to order or perform needed testsInformation gathering 4

Inappropriate review of test resultsInformation gathering 5

Wrong tests orderedInformation gathering 6

Tests ordered in wrong sequenceInformation gathering 7

Technical errors in handling, labeling, and processing of testsInformation gathering 8

Wrong hypothesis generationInformation integration 1

Inaccurate suboptimal weighing and prioritizationInformation integration 2

Unable to recognize or weigh urgencyInformation integration 3

Information from other teams not availableInformation integration 4

Inaccurate interpretation of historyInformation interpretation 1

Inaccurate interpretation of physical findingsInformation interpretation 2

Inaccurate interpretation of test resultsInformation interpretation 3

Delay in considering diagnosisEstablish explanation of diagnosis 1

Patient develops infections or other complicationsEstablish explanation of diagnosis 2

Information missed to form hypothesis because of health information technologyEstablish explanation of diagnosis 3

Signs and symptoms not recognized for specific diseaseEstablish explanation of diagnosis 4

Delay or missed follow-upEstablish explanation of diagnosis 5

Step 3: Conduct Health Care Failure Mode and Effect
Analysis
We will form a multidisciplinary ED team including 1 ED
physician, 1 ED resident, and 1 ED nurse. We will then ask the
team to conduct a brainstorming session with each HTA process
map and discuss the vulnerable junctions (task steps) for patient
safety, information loss, misinterpretation, group conflict, and
factors associated with poor communication. The team will also
discuss additional failure-prone task steps found in step 2 to
find potential solutions. The team will rate the severity score
(scale of 1 to 4) for each failure-prone task step as minor (score
1), moderate, major, and catastrophic (score 4). Then, the team
will also rate the probability of the occurrence of such incidents
on a scale of 1 to 4 as remote (score 1: happening rarely in 2

years), uncommon (once a year), occasional (every 3-6 months),
or frequent (score 4: every month). We will combine the severity
and probability scores to obtain a hazard score. We will focus
only on subtasks with hazard scores of 5 or greater to identify
potential solutions. Finally, the team will be asked to find
potential solutions, including health IT interventions, that can
improve the team communication and team diagnostic
decision-making process. The final results will be shown as in
Table 2 for each of the 40 patient cases.

Each brainstorming session will be limited to 50 min, will be
audio recorded and transcribed, and will occur over multiple
sessions. The principal investigator will conduct a final data
analysis of the transcripts to identify the high failure-prone task
steps and possible solutions.

Table 2. Factors contributing to failure in team-based diagnostic decision-making process.

Remedial strategyEffectsCausesFailure descriptionFailure modeSubtasksHazard score

Update radiology team
to send urgent patient
results first

Delay in patient
diagnosis

Radiology is over-
whelmed with
tasks

Information from other
teams not available

Information gather-
ing 4

Subtask 2.2: consult
with clinical teams

5

Actively engage differ-
ent team members to
focus on multiple data
sources in EHR

Wrong diagnosisInformation lost
because of interrup-
tion

Information missed to
form hypothesis be-
cause of health informa-
tion technology

Establish explana-
tion of diagnosis 3

Subtask 3.3: informa-
tion overlooked in

EHRa for past admis-
sions

7

aEHR: electronic health record.
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Study Subjects and Recruitment Methods
We will recruit 4 ED physicians and 4 ED nurses for the
observation study to increase provider diversity. For the HFMEA
part of the study, we will recruit 2 ED physicians, 2 ED nurse,
and 2 ED residents. A total of 14 providers will be recruited
from 3 hospital sites by email and telephone, and a US $50 gift
card will be provided for participation.

Sample Size Justification
On the basis of our pilot study sample size, we will observe 40
patient cases. We will include only adults (aged >18 years) for
selecting cases. We will observe each scenario until the team
reaches a consensus about the diagnosis. Previous studies have
observed 32 to 50 cases for reaching data saturation [43,45-47].

Team Members Makeup
For this aim, we will assume the ED team includes the attending
physician and the attending nurse. However, we will include
senior and junior-level residents, radiology physicians, other
nursing staff, pharmacists, and support staff based on the
makeup of that current team on that particular shift.

Limitations
The HTA and HFMEA methods are time consuming,
specifically observation, construction of the HTA, and data
analysis. However, a 3-year timeline is reasonable. In addition,
there may be concern that step 2 (HTA process maps) may not
generate adequate failure-prone steps. However, step 3
(HFMEA) brainstorming session by the group will also identify
failure-prone steps in addition to discussing failure-prone steps
found in the HTA process maps and will complement each
other.

Aim 2: Understand the Barriers in Using Health
Information Technology Tools for Team Collaboration
The research questions are as follows: (1) What are the barriers
to sharing information using current health IT tools? and (2)
What are the leverage points (ie, critical pieces of information
that lead to a useful decision path [48]) for the team during
complex diagnostic decision-making tasks and negotiating
conflict [49]?

Aim 2 Methods Overview
We will conduct a Critical Incident Technique (CIT)–based
team Cognitive Task Analysis (CTA) interview [50-53]. CTA
is a process of understanding cognition while performing
complex tasks. It provides a mechanism for eliciting and
representing general and specific knowledge [54-56]. Team
CTA is an extension of CTA that considers a team as a single
cognitive entity (eg, more than a collection of individuals)
[57,58]. CIT comprises a set of procedures for gathering facts
on human behavior in a recent complex situation. In this study,
team CTA will help us identify the barriers that ED team
members face while gathering, integrating, interpreting
information and forming hypotheses about the diagnosis using
current health IT tools. Effective teamwork includes motivating
and gathering information from each discipline, regardless of
interdisciplinary conflicts [59].

Procedure
We will ask the team members to describe a recent complex
case that was challenging to solve as a team for an admitted
patient. Experiences related to critical incidents in
interprofessional teamwork will be evoked by asking open-ended
questions: “Are there any difficulties or challenges involved in
working together using the current health IT tools?” followed
by “Can you describe a situation that you remember in detail
when you experienced such a difficulty?” Once the situation is
established with time-specific detail, follow-up questions and
probes will be asked to elicit the team’s dynamic
decision-making strategies to negotiate conflicts, the specific
actions by each team member, and the process by which the
problem was solved. We will focus on how team members
prioritize and rank patient information to negotiate conflict to
reach consensus.

Study Subjects and Recruitment Methods
We will recruit 5 ED teams by email and telephone. Each team
will consist of 4 clinicians, including 1 attending ED physician,
1 ED nurse, 1 ED resident, and 1 ED pharmacist. Inclusion
criteria will be at least 1-year experience as a team member and
a recent (within last 3 months) experience in working in the
ED. Each clinician will receive a US $50 gift card for
participation.

Data Collection
We will use the transcripts from the audio recordings of the
interviews for data analysis. All patient identifiers will be
removed.

Study Measures
The study measures are as follows: (1) cues and patterns of the
team members’ preferences for using current health IT tools,
(2) leverage points (cues related to shared and complementary
cognition), (3) common sources of conflict and resolution
strategies [60], and (4) complementary knowledge and skills to
synthesize task elements.

Data Analysis
A total of 2 investigators will independently code the transcripts
from the team CTA interviews and merge the individual codes
into subthemes and later into broader themes through a process
of negotiated consensus. We will code based on a qualitative
content analysis process [61-63]. We will use ATLAS.ti
software for data analysis.

Sample Size Justification
We will interview 20 providers for the team CTA interviews.
Previous studies used a range of 6 to 30 providers for
successfully conducting similar team CTA interviews [64-67].

Limitations
CTA studies are based on memories. It can be difficult to
explore past information, as key pieces of information may not
be stored properly in the memory [68]. Therefore, we conducted
a pilot study to prepare the questions that can evoke the response
needed for data analysis [55].
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Aim 3: Design and Evaluate a Collaborative
Decision-Making Prototype

Aim 3 Methods Overview
We will develop complex case vignettes, design the prototype,
and conduct the usability study.

Complex Team-Based Diagnostic Case Vignette Design
We will design 8 complex clinical vignettes based on team-based
diagnostic problems from our findings from aims 1 and 2 [69].
We will validate the complexity of cases with 3 ED physicians.
These cases will be presented to participants in a mock
electronic EHR.

Prototype Design: Preliminary Design Concept
The purpose of this prototype is to gather, integrate, and collect
vital patient information from different team members to rank
and filter information for making an informed diagnostic
decision collaboratively. The results from aim 1 will inform
design by allocating failure-prone task steps as the main focus

in the interface (ie, if unable to get key history becomes a major
failure-prone task, then a separate tab should be created in the
interface as pending information for patients). The results from
aim 2 will provide specific design allocation for features such
as knowledge characteristics (ie, team should be able to see
updates of all patients in 1 screen) or expertise process
requirements (ie, comments from each team member based on
medical expertise should be grouped to improve trust in the
information) and so on. For example, in this shared platform
(Figure 2), all team members can enter relevant information
regarding the patient (color coded as mocha for ED physicians,
blue for residents, and magenta for nurses). Everyone can also
add possible hypotheses about the diagnosis in the possible
diagnosis tab. Only the ED physician will be able to delete a
diagnosis (shown as red strike-through in the diagnosis tab).
Physicians and other team members can also assign tasks and
group patients by waiting labs or completed (left side of the
interface). This is an initial version only. The design will be
refined based on aim 1, aim 2, and iterative design in aim 3 to
ensure patient safety.

Figure 2. Screenshot of the mock-up user interface for the collaborative decision-making prototype.

Iterative Design
To facilitate rapid development, initial low-fidelity mock-ups
and storyboarding will be iteratively created to illustrate the
design and functionality of the tool and load it in a laptop. We
will use the usability inquiry approach for the iterative design

to understand user’s likes, dislikes, and needs [70]. The
interprofessional research team (including 9 clinicians with
diverse clinical background and 6 researchers) will then
iteratively review and revise the mock-up based on the written
and verbal feedback related to usability (think-aloud methods),
efficiency, and ease of use for 3 months or until no further
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revisions are identified. Think-aloud methods will provide rich
verbal data about specific changes and functionalities of the
initial mock-up [71-73]. We will audio record and screen record
(using Camtasia Studio) the sessions to analyze verbal feedback
and measure the mouse movements. We will analyze the data
using think-aloud methods and screen recordings to identify
design issues and iterate interface functionalities accordingly.

Usability Testing of the Prototype
We will conduct the study in the Emanate Health System. We
will provide initial training to each provider about the scope of
the research, the prototype tool, and the 3 steps of usability
testing that will reveal the prototype’s ease of use, familiarity,
effectiveness, and user satisfaction. Each session will last less
than 60 min. We will conduct the usability testing of the
prototype in the following 3 steps:

• Step 1: evaluate ease of use and familiarity
• Step 2: test prototype effectiveness
• Step 3: conduct prototype evaluation

Step 1: Evaluate Ease of Use and Familiarity (10-12
Min)
We will use the cognitive walkthrough evaluation method to
understand the user’s background and the level of mental effort
[74-76]. First, we will ask each provider about his or her initial
perception and what action each of the interface components
(eg, buttons and checkboxes) is expected to perform when
interacted with. Then we will ask each provider to complete a
sequence of tasks and subtasks while using the prototype and
will provide assistance when asked. An example of a potential
task is as follows: “Please use the interface to add a potential
diagnosis” or “Please assign a task to your colleague.” Providers
will then be given 5 min to use the tool on their own to gain
familiarity, and any questions asked will be answered. Finally,
we will ask the providers to conduct similar tasks without
assistance to understand familiarity and ease of use. The number
of times assistance is needed will be audio recorded and will
serve as a descriptive measure of ease of use for data analysis.
The ability of providers to accomplish tasks without assistance
will serve as a marker of high ease of use. The principal
investigator will conduct the final data analysis from the audio
transcripts to find the number of times assistance was required
before and after demonstration.

Step 2: Test Prototype Effectiveness (36 Min)
To measure the effectiveness of decision making using the
prototype, we will use a 2 randomized between
(presence/absence of the prototype) × 2 between (expertise) ×
2 within (time pressure) factorial design. Each team will receive
8 vignettes presented in random order. The main effect of the
presence or absence of the prototype tests the experimental
question. With this design, we are also able to test for the
interaction between the impact of the interface and the domain
of expertise under time pressure. For example, the interface
could change the interaction between time pressure and domain
expertise (a 3-way interaction), eliminate the influence of time
pressure overall for both ED expert and non-ED expert teams
(2-way interaction), and have a main effect on quality for
everyone in all conditions.

Step 3: Conduct Prototype Evaluation (10-12 Min)
We will conduct a team satisfaction survey to understand team
members’ satisfaction level and System Usability Scale survey
to understand the ease of use with the prototype. First, we will
ask each provider to complete a Web-based user satisfaction
survey to measure individual team members’ satisfaction for
using the prototype [77]. This teamwork process–specific survey
focuses on organizational context, team task design, information
sharing, and team processes [78]. Research has shown that it is
difficult to capture team-specific activities through commonly
used surveys such as National Aeronautics and Space
Administration Task Load Index [29]. This survey (6-point
Likert scale) has been used for understanding team dynamics
in other successful fields when evaluating group decision support
tools [79-85]. Data analysis will include factor analysis, scale
reliability analysis, aggregation analysis, and path analysis [77].
Finally, the ease of use of the prototype will be evaluated using
the System Usability Scale, a rapidly administered, 10-question,
100-point scale designed to evaluate a user’s subjective
assessment of usability [86]. Data analysis will include total
score calculations based on the participants’ answers.

Dependent Variables
We will have 2 dependent variables, diagnostic accuracy and
overall team diagnostic decision quality. For diagnostic
accuracy, the presence of the correct diagnosis in the top 3 items
of the diagnostic differential will be computed as a dichotomous
(yes or no) variable. For example, if the clinical team correctly
diagnoses the top 2 of the 3 diagnoses in the vignettes, it will
be counted as yes. The overall team diagnostic decision quality
will be an aggregate score created from the combination of the
(1) correct diagnosis, (2) rating of the confidence of the final
diagnosis (on a scale of 0-3, with 0 being the lowest confidence
rating), and (3) correctly ordered diagnostic tests. The overall
score will range from 0 to 10, with correct diagnoses receiving
4 points and confidence ratings and correctly ordered tests
receiving 3 points each.

Independent Variables
Time pressure is an independent variable because we will be
assigning high time pressure as less than 3 min and low time
pressure as less than 6 min.

Procedures
We will explain the procedure and ask participants to finish 4
cases under high time pressure (<3 min) and 4 cases under low
time pressure (<6 min). Initially, all team members, the nurse,
the resident, and the physician, will be distant and reviewing
the case independently. They will use the decision-making
prototype (loaded in laptops) to communicate among themselves
for sharing information to establish an explanation for the
diagnosis. They will have the final 1 min to discuss, as a group,
the high time pressure cases and the final 2 min for low time
pressure cases to reach consensus about the correct diagnosis.
We will ask each team to rate their confidence in the diagnosis.
We will also note the responsible team members who voice
their concerns regarding each of the complex patient cases.
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Data Analysis
We will use Chi-square test to evaluate association between the
independent variables with the decision quality. We will use
analysis of variance (ANOVA) to calculate the mean difference
within and between ED expert teams’and non-ED expert teams’
decision quality. The within- and between-group design will
provide us with a sample size adequate for an ANOVA test.
The proportion of decisions made with the correct diagnosis
and overall decision quality will be shown as a percentage value
using ANOVA. If the distribution is not normal, we will use
the General Linear Model for the data analysis [87].

Overall Study Measures
The overall study measures are as follows: (1) providers’
comments about the initial design, (2) number of times
assistance was required before and after demonstration, (3)
scores for team decision quality, and (4) survey responses.

Study Subjects and Recruitment Methods
We will recruit 12 teams with each team (6 ED experts and 6
non-ED experts) comprising a physician, a resident, and a nurse
(36 providers: US $50 gift card will be provided) by emails and
phone calls. The inclusion criterion for the ED team is that
members should have at least 6 months’ experience working in
the ED, and non-ED teams should include providers with
expertise in other clinical domains.

Sample Size Justifications and Power Calculation
Previous studies successfully enrolled 7 to 36 providers for
similar usability studies [74,88-93]. The 12 teams and 8 case
vignettes in this within- and between-group design with a
2-tailed alpha of .05 and a moderate effect size give a power of
0.83.

Limitations
Reasonable efforts will be made to ensure the prototype
realistically simulates a shared workspace for team
collaboration. However, the assessment provides initial steps
in understanding team diagnostic decision quality, serving as a
foundation for future study in real-world situations.

Results

We are collecting preliminary data for this study between the
period of 2019 and 2020. The results are expected to be
published between 2020 and 2021.

Discussion

Collaborative Decision Support Design
Studies have shown that uneven information can result from
the exclusion of team members from messages or the failure of
team members to share uniquely held information [94-96].
Studies also show that task conflict can arise when some team
members operate with incomplete information, suggesting that
when information is provided, agreement can quickly be reached
[97-99]. Collaborative decision support tools have proven to be
effective in other successful fields in resolving conflict by
providing a platform to coordinate team tasks.

This protocol addresses the problem of diagnostic error through
innovative approaches for reducing the loss of vital patient
information and effectively sharing key information to form
correct diagnosis as a team. The robustness of the methodology
used in this protocol has been applied to other successful fields.
Observation, HTA (aim 1), and team CTA (aim 2) methods
have been applied in military, naval warfare, aviation, air traffic
control, emergency services, and railway maintenance
[100-105]. This Web-based prototype, in the long term, can be
integrated with EHR as well as installed in mobile (app-based)
devices for providers to capture the transitional information and
share this information with team members to reach the correct
diagnosis. For this protocol, we are exploring the prototype only
as front end; it will not be integrated or installed into any
systems or any EHR. The protocol is planned over a period of
5 years. The research team is experienced and plans to execute
the project before the timeline.

Conclusions
The results from this study can shed light on improving
diagnostic decision making by incorporating diagnostics
rationale from team members. We believe a positive direction
to move forward in solving diagnostic errors is by incorporating
all team members, and using informatics.
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Abstract

Background: Point-of-care testing (POCT) for influenza promises to provide real-time information to influence clinical decision
making and improve patient outcomes. Public Health England has published a toolkit to assist implementation of these tests in
the UK National Health Service.

Objective: A feasibility study will be undertaken to assess the implementation of influenza POCT in primary care as part of a
sentinel surveillance network.

Methods: We will conduct a mixed methods study to compare the sampling rates in practices using POCT and current virology
swabbing practices not using POCT, and to understand the issues and barriers to implementation of influenza POCT in primary
care workflows. The study will take place between March and May 2019. It will be nested in general practices that are part of
the English national sentinel surveillance network run by the Royal College of General Practitioners Research and Surveillance
Centre. The primary outcome is the number of valid influenza swabs taken and tested by the practices involved in the study using
the new POCT.

Results: A total of 6 practices were recruited, and data collection commenced on March 11, 2019. Moreover, 312 swab samples
had been collected at the time of submission of the protocol, which was 32.5% (312/960) of the expected sample size. In addition,
68 samples were positive for influenza, which was 20.1% (68/338) of the expected sample size.

Conclusions: To the best of our knowledge, this is the first time an evaluation study has been undertaken on POCT for influenza
in general practice in the United Kingdom. This proposed study promises to shed light on the feasibility of implementation of
POCT in primary care and on the views of practitioners about the use of influenza POCT in primary care, including its impact
on primary care workflows.
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Introduction

Background
Influenza is associated with high levels of morbidity and
mortality [1]. Vaccination is suboptimally effective at preventing
influenza in certain groups [2], and antivirals may improve
clinical outcome, especially when administered early in the
course of the disease [3].

The Royal College of General Practitioners’ (RCGP) Research
and Surveillance Centre (RSC) program of influenza and
respiratory disease surveillance has been established since 1967,
making it the longest established primary care sentinel network
in Europe [4,5]. Its work contributes to several important public
health outputs including the early identification of pandemics
and the assessment of vaccine effectiveness.

Current antiviral treatment for influenza needs to be
administered within 48 hours from the onset of symptoms for
optimal efficacy [6,7], although new antiviral agents have
recently been developed, which may prove more effective. These
new antivirals such as Baloxavir promise to improve time to
resolution of symptoms and reduce complications for patients
with influenza [8], although their use will likely be restricted
to patients with microbiologically confirmed diagnosis, given
their cost.

However, currently only a small proportion of patients with
influenza-like illness (ILI) in primary care undergo
microbiological testing, with few patients receiving antiviral
medications appropriately according to guidelines [9].

Point-of Care-Testing
Recently, highly accurate rapid molecular test platforms for
influenza have become commercially available to hospitals and
health care clinics. These near-patient or point-of-care tests
(POCT) can produce results in under 30 minutes and so could
be used to direct the use of antiviral medications for treatment
and chemoprophylaxis of influenza [10,11]. Rapid molecular
diagnostic testing for influenza has the potential to (1) improve
clinical decision making regarding the use of antibiotics and
antivirals, (2) improve patient outcomes due to the early
appropriate use of antivirals, and (3) provide better information
to inform sentinel surveillance and clinical research including
studies of vaccine effectiveness and real-world trials.

In the United Kingdom, 2 commercially available, highly
accurate molecular POCT platforms for influenza have recently
been given the Conformité Européenne marking, the Cobas Liat
test produced by Roche Diagnostics and the Abbott ID Now
(formerly the Alere influenza A and B) test produced by Abbott
Diagnostics [12].

Public Health England has advised that institutions interested
in using POCT for influenza should consider a set of predefined
questions (Multimedia Appendix 1) before implementation of
these new tests [13]. However, these considerations do not
specifically relate to implementation of POCT in primary care.
In addition, guidelines have not been given regarding the
specimen numbers needed for seasonal influenza situational

awareness, which would be necessary for influenza disease
surveillance in primary care [14].

Objectives
We conducted this study to determine the feasibility of POCT
for influenza in primary care, comparing its implementation
with current practice for influenza specimen sampling within
the RCGP RSC surveillance network, including the views of
practitioners about the challenges of incorporating influenza
POCT into primary care workflow.

Methods

Study Design
We will perform a mixed methods study to compare the
sampling rates using POCT and current virology sampling
practices within the RCGP RSC network and to understand the
issues and barriers to the implementation of influenza POCT
in primary care workflows.

Study Setting and Population
The study will take place from March to May 2019. It will be
completed at the end of the influenza season (when no cases
will be detected during 2 consecutive weeks or equivalent).

The study will be nested in the English national sentinel
surveillance network run by the RCGP RSC. Previous work has
shown that the age and gender distribution of patients in the
sentinel network is broadly similar to the English National
census distribution, although there is a significantly higher
proportion of both males and females in the 25 to 44 years age
band, when compared with the census, and a lower proportion
of people in the 0 to 4 years age band [4].

Data Collection and Analysis
We will recruit 6 practices with a registered population of
between 30,000 and 60,000 patients. Clinicians in the study
practices will be encouraged to undertake nasal swabs from
consented patients aged over 6 months presenting with an acute
ILI (with symptoms of 5 days or less). The swabs will be tested
for influenza in the practice using the POCT machine by the
clinician or trained practitioner. The test will take approximately
15 min for a result to be displayed, and the clinician will be
encouraged to record this result in the patients’ medical record.

Currently, virology sampling practices within the sentinel
networks take up to a maximum of 20 samples per week per
practice before (to look for circulating flu) and during (to see
which strains are circulating and any drift) the season and when
the season is over. Moreover, 35% (881/2591) of the specimens
collected through the sentinel network are laboratory-confirmed
influenza. Thus, over a 10-week study period, we would expect
1200 samples to be taken with 427 influenza positive swabs.

The primary outcome is the number of valid influenza swabs
taken and tested by the practices in the RCGP RSC network
using the new POCT.

The baseline characteristics of the patients who receive influenza
testing with POCT will be compared with other patients who
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receive influenza specimen sampling within the sentinel
surveillance network in terms of the following:

• Age group (6 months to 14 years, 15 to 64 years, and ≥65
years)

• Sex
• Chronic conditions that may make that individual more

vulnerable to influenza infection (such as chronic pulmonary
disease, cardiovascular disease, metabolic disorders, renal
disease, treatment-induced immunosuppression and
disease-induced immunosuppression, and medically
attended obesity)

• Pregnancy status
• Socioeconomic status
• Ethnicity
• Influenza vaccination status or contraindication to influenza

vaccination
• Pneumococcal vaccination
• Antibiotic and antiviral prescription
• Use of statins
• Smoking behavior or parental smoking behavior (for

children)
• Perinatal and congenital risk factors (eg, birth weight and/or

maturity at birth, perinatal factors, inborn errors of
metabolism, and relevant malformations and congenital
syndromes)

• Number of siblings (for children)
• Adherence to the local childhood vaccination program (for

children)
• Number of health care visits 12 months before the study

period, describing a study subjects’ health care seeking
behavior

Number of hospitalizations 12 months before the study period
is to be used as proxy for the severity of the chronic conditions.

The primary quantitative data collection will be undertaken at
each practice. Data processing will be coordinated by researchers
at the Department of Clinical and Experimental Medicine of
the University of Surrey. Any data provided to the research
team will be stored in their secure servers, which are compliant
with the relevant legal and National Health Service digital
information governance requirements. Aggregated data will be
presented from the final analysis and will not contain any patient
identifiable information.

Secondary outcomes will include the utility of the influenza
POCT in primary care and the issues and barriers to
implementation of influenza POCT in primary care workflows.
Data for secondary outcomes will be collected by a
semistructured survey of clinicians/practice staff at the
participating practices (see Multimedia Appendix 2).
Information will be collected about the following domains
previously found to be important to implementation of POCT
sampling:

• Performance of the POCT platform
• Clinical pathways and training
• Result reporting
• Clinical governance
• Costs
• Monitoring of effectiveness.

The semistructured survey and results reported will be used to
assess which practices were more successful at integrating
POCTs into their practice processes by comparing business
process models of the practices. Business process models are
graphical representations of business-oriented processes within
an organization. This is helpful to model collaborations and
business transactions within health systems. Business processes
are typically modeled using the Business Process Modeling
Notation (BPMN). BPMN can be used to depict the end-to-end
flow of a business process. The notation has been specifically
designed to coordinate the sequence of processes and the
messages that flow between different process participants in a
related set of business activities [15].

Results

Ethical Approval
The study was funded in July 2018 by the Development of
Robust and Innovative Vaccine Effectiveness (DRIVE)
European Union, Innovative Medicines Initiative project. The
study received ethical approval from the UK Health Research
Authority on February 4, 2019, Integrated Research Application
System reference: 252081, Research Ethics Committee
reference: 19/WM/0015. Moreover, 6 practices were recruited
to the study, and data collection commenced on March 11, 2019.

Initial Findings
In addition, 312 swab samples had been collected at the time
of submission of the manuscript, which was 32.5% (312/960)
of the expected sample size. Furthermore, 68 samples were
positive for influenza, which was 20.1% (68/338) of the
expected sample size. Qualitative interviews were being
undertaken with practices, and the full results are expected to
be published in summer 2019.

Discussion

Principal Findings
Our main finding from this study so far is that 312 influenza
swabs have thus far been taken and tested using the new POCT
machines in practices that are part of the RCGP RSC sentinel
surveillance network.

To the best of our knowledge, this is the first time an evaluation
study has been undertaken on POCT for influenza in general
practice in the United Kingdom. Accurate, real-time monitoring
of infectious diseases using rapid diagnostic POCT has been
shown to improve outbreak preparedness and response compared
with existing surveillance systems [16]. This proposed study
will focus on the feasibility of implementation of POCT
sampling in primary care versus current methods of influenza
sampling in a sentinel network and on the views of practitioners
about the use of influenza POCT in primary care, including its
impact on primary care workflows.

The RCGP RSC sentinel network is appropriate for this research
as the national sentinel surveillance network for England, and
the implementation of POCT for influenza in general practices
within this network have a potential to rapidly influence clinical
care and public health surveillance.
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Limitations of the Study

Generalizability
Although the study will be conducted in primary care, the
general practices involved in the RCGP RSC sentinel
surveillance network may not be representative of general

practices as a whole in the United Kingdom, as seen by the
higher average practice scores in payment for results and higher
average vaccination rates of practices within the network.

Sample Size
The small sample size used for this study makes it difficult to
generalize our findings to a wider group of general practices.
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Abstract

Background: Young racial and ethnic minority men who have sex with men (MSM) and trans women are disproportionately
affected by HIV and AIDS in the United States. Unrecognized infection, due to a low uptake of HIV testing, and poor linkage to
care are driving forces of ongoing HIV transmission among young racial and ethnic minority MSM and trans women. Internet
and mobile technologies, in combination with social network-based approaches, offer great potential to overcome and address
barriers to care and effectively disseminate interventions.

Objective: We describe Health eNavigation (Health eNav), a digital HIV care navigation intervention that extends supportive
care structures beyond clinic walls to serve youth and young adults living with HIV who are newly diagnosed, not linked to care,
out of care, and not virally suppressed, at times when they need support the most.

Methods: This study leverages ecological momentary assessments for a period of 90 days and uses person-delivered short
message service text messages to provide participants with digital HIV care navigation over a 6-month period. We aim to improve
engagement, linkage, and retention in HIV care and improve viral suppression. Digital HIV care navigation includes the following
components: (1) HIV care navigation, (2) health promotion, (3) motivational interviewing, and (4) digital social support.

Results: Recruitment began on November 18, 2016; enrollment closed on May 31, 2018. Intervention delivery ended on
November 30, 2018, and follow-up evaluations concluded on October 31, 2019. In this paper, we present baseline sample
characteristics.

Conclusions: We discuss real-world strategies and challenges in delivering the digital HIV care navigation intervention in a
city-level, public health setting.

International Registered Report Identifier (IRRID): DERR1-10.2196/16406

(JMIR Res Protoc 2019;8(11):e16406)   doi:10.2196/16406
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Introduction

Overview
Young racial and ethnic minority men who have sex with men
(MSM) and trans women are disproportionately affected by
HIV and AIDS in the United States [1-5]. Although MSM

represent just 2% of the US population, this group accounts for
57% of all new HIV infections and is the only risk group with
new HIV infections rising each year [6]. The US Centers for
Disease Control and Prevention estimates that among all MSM
in the United States, black and Latino MSM account for the
majority of HIV infections [7]. A recent study found an HIV
incidence among black MSM to be 4.16% per year; in a
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simulated cohort, authors found that almost 40% of black MSM
would be infected with HIV by age 30 and approximately 60%
by age 40 [8]. While there has been progress in reducing
infections among racial minorities, new HIV infections among
black MSM increased 22%, with the largest increase among
young men who have sex with men (YMSM) [7]. Nationally,
almost two-thirds of new infections in 2008 occurred among
those 13-29 years of age, most of which were among African
American and Latino MSM [6]. Similar to young racial and
ethnic minority MSM, young racial and ethnic minority trans
women also bear a huge burden of HIV infections in the United
States [9,10]. Data in San Francisco, California, found a 39.5%
HIV prevalence among adult trans women [11] and a 7% HIV
prevalence among young trans women [12].

Unrecognized infection, due to a low uptake of HIV testing,
and poor linkage to care are driving forces of ongoing HIV
transmission among young racial and ethnic minority MSM and
trans women. Compared to older MSM and white MSM, YMSM
(aged 18-29 years) (63%) and racial and ethnic minority MSM
(54%) were more likely to be unaware of their HIV infection
[10]. In terms of linkage to care, 62% of African Americans
and 67% of Latinos were linked to care within 3 months of
diagnosis compared to 71% of whites; only 56% of those
between 25 and 34 years of age were linked to care compared
to about 70% in other age categories [10]. Ultimately, these
subgroups were less likely to achieve viral suppression.
Similarly, the burden of HIV in trans women is exacerbated by
unrecognized infections and low access to HIV care [10]. In
2012, counseling and testing data from San Francisco public
testing sites found that of the 17,898 HIV tests over the year,
only 403 HIV tests were conducted with trans women [13].
Findings from a study of adult trans women living with HIV in
the San Francisco Bay Area found that 77% of participants were
linked to care but only 44% were virologically suppressed [14].
Research has found that trans women with HIV in San Francisco
have a significantly higher average aggregate viral load (ie,
community viral load) compared to other populations [15].

Internet and mobile technologies, in combination with social
network-based approaches, offer great potential to overcome
and address barriers to care and effectively disseminate
interventions. Traditional delivery methods of linkage and
engagement services for HIV care services may be less effective
at reaching at-risk youth and young adult MSM and trans women
living with HIV in today’s social media-driven environment.
As more individuals now have access to the Internet and other
mobile technologies, social networking online and seeking
health-related information on the Internet has become
increasingly popular, especially among young sexual and gender
minorities. Recent innovations in online methods for increasing
HIV testing, initiating partner interventions and behavioral
interventions, HIV care, self-management, and provider care
have also demonstrated efficacy comparable to face-to-face
interventions [16,17]. Interventions that leverage mobile
technology and social media have also been found to have a
greater impact in influencing behavior than radio and television
campaigns [16]. There is evidence that social media can be
effectively utilized to connect young adults with HIV and
sexually transmitted disease information and increase condom

use [18]. This is particularly relevant to the sociocultural
contexts of young racial and ethnic minority MSM and trans
women who experience homophobia and transphobia, both
within their own racial and ethnic communities and the larger
society; this makes them often more hidden and inaccessible
through traditional public health outreach efforts [9,19]. Through
accessing and receiving Internet- and/or mobile
technology-based HIV interventions, these young racial and
sexual minority individuals can remain safe and maintain their
privacy. Additionally, since youth and young adults have large
social networks online [20], interventions delivered on the
Internet or through mobile technology may have greater
diffusion effects. Social network members can provide both
tangible and intangible resources or support, which may
facilitate or protect against heath-related risks [21]. Furthermore,
social network-specific norms can affect individuals’ attitudes
regarding sex, risk behaviors, and health-seeking behaviors
[22].

Mobile-based interventions have high promise for engaging
youth and young adults in their HIV care. Mobile phones
represent a common thread for communication among almost
all youth and young adults in the United States, where
approximately 95% of those aged 18-29 years own their own
mobile phone [23]. Importantly, according to the 2012 National
Health Interview Survey, more than 70% of those living in
wireless-only households (ie, with no landline) in 2011 were at
or below 200% of the federal poverty threshold, contradicting
the conventionally held idea that use of mobile technology is
concentrated among better-resourced people [24]. In fact, mobile
technology today is used by almost all Americans in all
socioeconomic groups and by higher percentages of African
Americans and Latinos than whites [24]. Short message service
(SMS) text messaging via mobile phones has been used to
provide sexual health information to young people [25]. A South
African study used SMS text messaging for all participant
interactions, from recruitment through to final follow-up, and
found that 10 motivational-style SMS text messages increased
HIV testing rates to a statistically significant degree when
compared to the control group [26]. Furthermore, the WelTel
Kenya1 trial demonstrated that SMS text messaging support
via weekly messages to participants improved adherence to HIV
treatment medications or antiretroviral therapy (ART) and
increased viral load suppression; this occurred when participants
were required to respond regarding whether they were doing
well or if there was a problem [27]. SMS text messaging alerts
are also relatively unobtrusive, offering the user confidentiality
in environments where HIV is often taboo.

Issues that youth and young adults living with HIV experience
are complex and may benefit from a combination of digital and
mobile health technologies and clinical and community-based
interventions to achieve positive health outcomes. Traditional
HIV care services must move outside of clinical settings to
incorporate digital and social media technologies. The San
Francisco Department of Public Health’s Center for Public
Health Research developed a digital HIV care navigation
intervention called Health eNavigation (Health eNav), which
is designed for young and young adult (ages 18-34) MSM and
trans women living with HIV. Among youth and young adults,
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linkage to care is relatively high at more than 80%, but there is
a steep drop-off in retention in care (ie, <50%) and low viral
suppression (ie, <70%) 12 months from diagnosis [13]. Youth
and young adults are a subpopulation in particular need of
interventions to improve linkage, retention, and engagement in
HIV care. Many youth and young adults may not have a medical
home (ie, a consistent relationship with and access to a primary
care provider) due to population-specific challenges and barriers,
such as homelessness, needs related to identity development,
and job insecurity.

Intervention Description

Overview
Health eNav is a 6-month, digital HIV care navigation
intervention leveraging SMS text messaging to provide digital
HIV care navigation services to young people living with HIV.
During the intervention, participants are connected to their own
digital HIV care navigator and receive the following
components: (1) digital HIV care navigation and (2) ecological
momentary assessments. Through the use of technology, Health
eNav extends supportive care structures beyond clinic walls at
times when youth and young adults living with HIV who are
newly diagnosed, not linked to care, out of care, and not virally
suppressed need support the most. Health eNav is an
engagement and retention-in-HIV-care intervention, aimed at
addressing critical gaps and barriers to successfully identifying,
linking, engaging, and retaining youth and young adults living
with HIV in medical care. The goal of Health eNav is to improve
outcomes across the HIV care continuum, specifically retention
in HIV care, ART initiation, and viral suppression.

Health eNav seeks to improve health outcomes by amplifying
the reach and value of the patient-centered medical home
(PCMH) model [28] with the use of digital technology. This
PCMH model uses a care team approach to provide patients
with focused and culturally relevant services, strong
provider-patient relationships, the elimination of barriers to
care, and increased efficiency and quality of care. In addition
to the PCMH model, Health eNav delivers digital HIV care
navigation that aligns with the chronic care model [29]. Health
eNav seeks to provide increased linkages to community
resources in a community-driven, cost-effective way; promote
self-management that empowers participants to take an active
role in their health; and offer clinical decision support,
information sharing, and proactive care in real time [29,30].

Digital HIV Care Navigation
Digital HIV care navigation includes the following: (1) HIV
care navigation, (2) health promotion, (3) motivational
interviewing, and (4) digital social support.

HIV Care Navigation
HIV care navigation guides participants in knowing where,
when, and how to access all health and related services and
increases access to appropriate resources [31]. HIV care
navigation services include the coordination of, and/or referrals
to, the following services: (1) primary medical care, (2) specialty
care, (3) mental health care and substance abuse services, (4)
imaging and other diagnostic services, (5) laboratory services,

(6) health insurance, (7) housing, and (8) benefits, entitlements,
and public assistance.

Health Promotion and Education
Health promotion and education ensures optimal health literacy
for all participants by providing information on the biology of
HIV, disease management, communication with providers, risk
reduction and healthy behavior, and ART adherence. Health
promotion content is tailored, personalized, and specific to the
needs of each participant; it is also documented in their
individual care plan and updated on an ongoing basis. Health
promotion and education are delivered to meet participants’
educational, developmental, language, gender, sexual, and
cultural needs.

Motivational Interviewing
Motivational interviewing is a technique and a style of
counseling that can help resolve the ambivalence that prevents
patients from realizing their personal goals. Motivational
interviewing builds on Carl Rogers' optimistic and humanistic
theories about people's capabilities for exercising free choice
and changing through a process of self-actualization. The
therapeutic relationship for both Rogerian and motivational
interviewers is a democratic partnership. Motivational
interviewing is directive and aims at eliciting self-motivational
statements and behavioral change from the client in addition to
creating client discrepancy to enhance motivation for positive
change [32,33]. Motivational interviewing activates the
capability for beneficial change that everyone possesses [34].
Although some people can continue to change on their own,
others require more formal treatment and support over the long
journey of recovery. Even for participants with low readiness,
motivational interviewing serves as a vital prelude to
longer-term behavior change.

Social Support
The intervention provides patients with maximal access to social
support from a digital navigator. The digital navigator maintains
an open, nonjudgmental space with participants and provides
social support through engaging in active listening, joint problem
solving, and peer counseling on an as-needed and ongoing basis
during the 6-month intervention period. They may also provide
counseling to assist with disclosure where feasible and/or
facilitate referrals to external social support providers (eg,
community-based organizations) when appropriate.

Ecological Momentary Assessments and Harnessing the
Power of Digital Sensing
Ubiquitous data collection in real time by using mobile
technology can provide the critical contextual data needed to
explain barriers to HIV care engagement. Ecological momentary
assessment (EMA) is a behavioral medicine method used to
collect data close in time to participants’experience and in their
natural environment, shedding light on the dynamics of behavior
in the context of real-world settings [35-38]. EMAs are delivered
to participants in the form of a short, daily, SMS text message
survey to assess or sense early indicators of barriers and
facilitators to HIV care engagement and treatment adherence.
In Health eNav, EMAs gauge participants’ daily emotional
affective state, mental health, substance use, and other risk
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behaviors known to directly affect HIV care engagement and
treatment adherence. Furthermore, EMA data are fed back into
digital HIV care navigation through a dashboard. Digital sensing
of daily changes in affect and/or mental health by using EMAs
can prompt tailored digital discussions, facilitate timely
personalized referrals, and inform our understanding of early
predictors of engagement in HIV care and treatment adherence.

Methods

Reporting and Design
We have followed the Standard Protocol Items:
Recommendations for Interventional Trials guidelines for
reporting on protocols [39]. This is a single-arm, prospective,
explanatory, mixed-methods, pre-post design feasibility study.

Setting
This intervention was housed physically in the Center for Public
Health Research at the San Francisco Department of Public
Health; however, most of the engagement in the intervention
was virtual, through SMS text messaging.

Participants
Eligible participants were youth and young adults, aged 18-34
years, diagnosed with HIV infection, who identify as an MSM
or a trans woman and report living in San Francisco, California.
Eligible participants also met at least one of the following
criteria: (1) newly diagnosed with HIV or have tested HIV
positive for the first time within the last 12 months prior to
enrollment, (2) not linked to HIV medical care or are aware of
their HIV infection status but have never engaged in care or
never had an HIV medical visit after being diagnosed with HIV,
(3) out of care or diagnosed with HIV more than 12 months
prior to enrollment and had a gap in their HIV care that was
longer than 6 months, within the last 24 months, and (4) not
virally suppressed or have a viral load of at least 200 copies/mL
at their last lab test. If participants did not have access to a
mobile phone, they were provided with a mobile phone, 2 years
of cellular service, and unlimited SMS text messaging.

Ethics Approval
All procedures performed in studies involving human
participants were in accordance with the ethical standards of
the institutional and/or national research committee and with
the 1964 Helsinki declaration and its later amendments or
comparable ethical standards. This study protocol was approved
by the Institutional Review Board (IRB) at the University of
California, San Francisco (IRB number: 16-19675).

Recruitment
Recruitment took place at San Francisco Department of Public
Health community clinics and community-based organizations
(CBOs). Convenience sampling was used to recruit potential
participants from five clinics and CBOs in San Francisco serving
young people living with HIV. Recruiting materials (eg, flyers)
and presentations to staff were used to advertise study
recruitment. Staff referred potential participants to the study
through phone and email communication and/or in-person
meetings. Enrolled participants were also invited to refer peers
from their social network. We screened 171 potential
participants and 140 were eligible; 20 of these individuals were
lost to follow-up following screening. A total of 120 participants
were enrolled into the study.

Study Procedures and Data Collection Methods
At enrollment and baseline, participants were educated about
the study, provided informed consent, and completed
administrative paperwork. Participants met with their digital
navigator and completed the following: a short qualitative
interview, a comprehensive care plan, and computer-assisted
self-interviewing (CASI) surveys. Participants received
one-on-one training and instruction on SMS text messaging and
completing EMA surveys. SMS text message and EMA data
(ie, date and time, text, and responses) were collected using
third-party vendors. Participants were sent automated EMA
SMS text messages once per day at 8:00 am, 12:00 pm, or 8:00
pm for 90 consecutive days. They were required to respond to
EMA surveys within 24 hours. Participants could receive
between 17 and 31 daily EMA texts depending on their
responses to programmed skip logic. EMAs tended to take less
than 5 minutes to complete each day. Participants earned US
$1 for each completed EMA survey; if participants completed
90% or more, they earned a bonus of US $100. At 3 months,
participants met with their digital HIV care navigator in person
for an informal check-in and were remunerated for the number
of EMA surveys they completed during that period. Digital HIV
care navigation continued for 6 months from enrollment.
Participants were able to communicate with their digital HIV
care navigator via SMS text message on an open schedule and
conversations spanned any topic that participants would want
discussed. The digital HIV care navigator would send weekly
check-in messages to participants that included the following
topics: general well-being, health education and health
promotion, social support, and primary care appointment
reminders, among others. CASIs were administered every 6
months for 18 months, and medical chart abstraction was
conducted every 6 months for 18 months. Figure 1 describes
the study design.
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Figure 1. Health eNavigation (Health eNav) study design. CASI: computer-assisted self-interviewing; EMA: ecological momentary assessment; SMS:
short message service.

Results

Recruitment began on November 18, 2016, and the first
participant was enrolled on December 16, 2016; enrollment
closed on May 31, 2018. Intervention delivery ended on
November 30, 2018, and all study-related follow-up and
procedures concluded on October 31, 2019. We present baseline
sample characteristics in Table 1 below. Overall, the majority
of participants were people of color, with the largest ethnic and
racial minority subgroup being Latinx (38/120, 31.7%); 85.8%
(103/120) identified as an MSM and 14.2% (17/120) identified

as a gender minority. At baseline, many participants reported
experiencing unstable housing, with only 32.5% of participants
(39/120) renting or owning an apartment or home. Over
one-third of participants (43/120, 35.8%) reported temporary
or transitional housing, and 14.2% (17/120) reported living at
a shelter or being homeless. Over half of the participants
(68/120, 56.7%) reported having some college education or
more. Nearly a third were newly diagnosed, and 6.7% (8/120)
had never received primary HIV care. While the majority of
participants have accessed HIV care within the last 6 months
(99/120, 82.5%) and are currently on ART (92/120, 76.7%),
only about half (65/120, 54.2%) were virally suppressed.
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Table 1. Overall baseline sample characteristics for Health eNava, 2017-2018 (N=120).

ValueCharacteristics

Demographics

27.75 (4.07)Age (years), mean (SD)

Race or ethnicity, n (%)

22 (18.3)Black or African American

38 (31.7)Hispanic or Latinx

28 (23.3)Otherb or multiple

32 (26.7)White

Gender identity, n (%)

103 (85.8)Male

17 (14.2)Trans woman, genderqueer, gender nonconforming, or other

Socioeconomic factors, n (%)

Housing status

21 (17.5)Lives with a family member, friend, or partner who rents or owns a home

43 (35.8)Temporary or transitional housingc

17 (14.2)Homeless or lives in a shelter

39 (32.5)Rents or owns an apartment or house

Income in the last month (US $)

30 (25.0)0-250

30 (25.0)251-600

30 (25.0)601-1300

29 (24.2)1301 or more

Education

39 (32.5)High school or GEDd

13 (10.8)Less than high school

68 (56.7)Some college or more

HIV diagnosis status, n (%)

38 (31.7)Diagnosed in the last year

82 (68.3)Diagnosed more than 1 year ago

Engagement in HIV care, n (%)

Received primary HIV care

8 (6.7)No

112 (93.3)Yes

Received primary HIV care in the last 6 months

21 (17.5)No

99 (82.5)Yes

Currently undertaking ARTe

27 (22.5)No

92 (76.7)Yes

Last viral load test result

65 (54.2)Undetectable

32 (26.7)Detectable

JMIR Res Protoc 2019 | vol. 8 | iss. 11 |e16406 | p.149http://www.researchprotocols.org/2019/11/e16406/
(page number not for citation purposes)

Arayasirikul et alJMIR RESEARCH PROTOCOLS

XSL•FO
RenderX

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


ValueCharacteristics

15 (12.5)Unknown

aHealth eNav: Health eNavigation.
bIncludes participants who identified as American Indian or Alaska Native (n=6) or Asian (n=7).
cIncludes participants who lived in single-room occupancy hotels, motels, boarding houses, halfway houses, drug treatment centers, independent living
units, domestic violence shelters, battered persons' shelters, or safe houses.
dGED: General Educational Development.
eART: antiretroviral therapy.

Discussion

We were able to serve and provide digital HIV care navigation
to 120 youth and young adults living with HIV in San Francisco.
Some of our successes, lessons learned, and challenges and
barriers are described.

Successes

Delivering Personalized Social Support
The project was able to deliver personalized social support to
youth and young adults living with HIV through innovative use
of digital technology. For example, 1 participant was
transitioning between HIV care providers and did not want his
digital HIV care navigator to accompany him to the
appointment. However, while he was in the waiting room, the
participant was having a very difficult time fighting to not
internalize the stigma from being in an HIV clinic. He went on
to have a very difficult conversation with his new care provider.
Meanwhile, he was able to speak with his personal digital HIV
care navigator through this difficult clinical encounter. The
digital HIV care navigator served as a caring source of support
to listen to and support this participant; as a result, this
participant was able to work through his feelings of stigma and
other negative emotions to maintain linkage and engagement
in care.

Collecting Real-Time Data
The project was able to collect timely individual-level data
securely through mobile devices. After enrollment, participants
received daily SMS text message surveys for 90 days on a
variety of topics, including mental health and substance use.
These data can impact individuals’ linkage, engagement, and
retention in HIV care. They are reviewed by the HIV care
navigator who can deliver personalized social support depending
on how participants responded to text surveys. For example, 1
participant went approximately 30 days with no feelings of
depression or anxiety. Suddenly, the participant started to
indicate that they were feeling anxious or depressed. The digital
HIV care navigator checked in with the participant via SMS
text message and found out that they had not been able to
successfully get a job, even after multiple interviews. The digital
HIV care navigator was able to provide timely emotional and
informational support to a participant that may not have shared
this kind of information with their usual care provider.

Challenges and Barriers

The Importance of Collaborative and Translational
Communication
In our experience, technology vendors can be incredibly siloed.
For example, few technology vendors have experience in health
care or public health, let alone research. It is important to be
acutely aware of these disciplinary boundaries as you may need
to translate your research or public health needs for an audience
who may not be aware of what exactly you do. Effective
communication to foster understanding of purpose and
organizational context will help aid negotiations and in scoping
a project appropriately.

Keep Your Eye on the Front End and the Back End
It is important to emphasize both how the technology looks (ie,
front end or user interface) and how it is structured in its
programming code (ie, back end), as this can impact how data
and metadata are collected and how databases are structured.
For example, metadata are data that are collected on the back
end. While the primary data might be SMS text messages, types
of metadata might include date, time, and geolocation, among
others. It may be important to consider how the data are
collected, including metadata, and how the data are structured.
For example, does the technology measure time using a 24-hour
clock versus a 12-hour clock? Will the project need to calculate
time? If so, the 24-hour clock might be a better measure to
compute a new time variable using two time measurements.
While seemingly minor, a detail like this might require a
redesign with a hefty price tag, especially if there is a limited
budget for adjustments.

Agree on a Contract That Lives On for the Length of a
Project
When entering into a contract with a technology vendor, create
a contract that spans the entire length of the project if possible.
Important issues may include key software updates, ongoing
technical support, and new features, among others. This will
allow additional adjustments to be made along the way.

Tips for Implementation
1. Offer an alternative work schedule to incorporate flexibility

in providing digital navigation and support conversations
with participants at times that they prefer and are most
accessible to them.

2. Prioritize initiating conversations with participants who
have a higher acuity level versus those who have lower
acuity.
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3. Develop a quick reference guide of resources to provide to
participants.

4. Utilize peers as digital HIV care navigators.
5. Implement creative ways to spark a conversation quickly.
6. Comprehensively assess participants’ social media imprint

and presence and provide digital HIV care navigation using
all the platforms participants actively use.

7. Use direct, succinct, but conversational language, especially
with SMS text messaging and participants with limited
literacy.

8. If your technology platform allows, use alternative media,
such as GIFs, emojis, and memes, among others.

9. Use non-HIV-related messages to develop rapport and build
trust.

10. Be responsive in real time, if at all possible. While SMS
text messaging is asynchronous, make an effort to be quick
to respond when participants choose to engage.

11. Carve out time to engage in a lengthier SMS text message
session in real time. Designate a day and time in the week
to conduct a quick text message chat.

12. Develop and integrate a feedback loop for digital HIV care
navigation to inform primary care and the care team.

13. SMS text messaging may be a viable, sensitive method for
evaluating when participants have fallen out of care and/or
when a particular mode of communication (eg, phone
number) is no longer viable.

14. Incorporate an assessment process to understand
individuals’ attitudes toward digital technology; assess
whether or not a digital intervention is suitable for a
participant or not.

15. Do not use digital HIV care navigation to replace traditional
navigation with high-acuity participants.
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Abstract

Background: Most frail older persons are living at home, and we face difficulties in achieving seamless monitoring to detect
adverse health changes. Even more important, this lack of follow-up could have a negative impact on the living choices made by
older individuals and their care partners. People could give up their homes for the more reassuring environment of a medicalized
living facility. We have developed a low-cost unobtrusive sensor-based solution to trigger automatic alerts in case of an acute
event or subtle changes over time. It could facilitate older adults’ follow-up in their own homes, and thus support independent
living.

Objective: The primary objective of this prospective open-label study is to evaluate the relevance of the automatic alerts
generated by our artificial intelligence–driven monitoring solution as judged by the recipients: older adults, caregivers, and
professional support workers. The secondary objective is to evaluate its ability to detect subtle functional and cognitive decline
and major medical events.

Methods: The primary outcome will be evaluated for each successive 2-month follow-up period to estimate the progression of
our learning algorithm performance over time. In total, 25 frail or disabled participants, aged 75 years and above and living alone
in their own homes, will be enrolled for a 6-month follow-up period.

Results: The first phase with 5 participants for a 4-month feasibility period has been completed and the expected completion
date for the second phase of the study (20 participants for 6 months) is July 2020.

Conclusions: The originality of our real-life project lies in the choice of the primary outcome and in our user-centered evaluation.
We will evaluate the relevance of the alerts and the algorithm performance over time according to the end users. The first-line
recipients of the information are the older adults and their care partners rather than health care professionals. Despite the fast
pace of electronic health devices development, few studies have addressed the specific everyday needs of older adults and their
families.

Trial Registration: ClinicalTrials.gov NCT03484156; https://clinicaltrials.gov/ct2/show/NCT03484156

International Registered Report Identifier (IRRID): PRR1-10.2196/14245

(JMIR Res Protoc 2019;8(11):e14245)   doi:10.2196/14245
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Introduction

Background
We are facing an increase in the number of older adults with a
high prevalence of functional and cognitive decline [1,2]. Early
preventive strategies could stabilize or even prevent this decline
[1,3,4]. Most frail older individuals are living at home, and we
recognize the difficulties in achieving seamless in-home
monitoring for the early detection of subtle health changes over
time [1,2]. Clinical assessments are usually performed too far
apart and outside the person’s own environment. These
evaluations rely on self-reported information affected by recall
bias and poor reliability [5]. A follow-up before functional or
cognitive impairment could have a positive impact through
personalized care plans when symptoms can still be treated.

Technology could potentially help to overcome this shortfall in
terms of follow-up by providing continuous sensitive and
ecologically valid measures. Several real-life studies confirm
the relationship between sensor-based monitoring of
physiological parameters and health outcomes [6,7]. The
follow-up of health changes over time could also support the
living choices made by older individuals and their care partners.
Some people abandon their desire for independence in favor of
the more reassuring environment of a dedicated living facility
much earlier than necessary. Nevertheless, although information
and communication technologies have been shown to be
effective in many medical situations [8], few solutions are
proposed to monitor the intrinsic capabilities of older adults in
their own homes [9-11]. Beyond organ-based telemonitoring
solutions (eg, heart failure or diabetes monitoring), a
comprehensive function-based monitoring solution could be

beneficial to avoid the overlap and multiplication of technical
tools in this complex population.

We hypothesized that a network of low-cost sensors could
trigger alerts if an acute and unusual event is detected in
activities of daily living—ADL (eg, use of the bathroom at
night, followed by several hours of immobility) or subtle
changes over time (eg, disorganization in stereotypical habits).
Our solution based on nonintrusive sensors could provide
relevant information to care partners and health professionals
to support the monitoring of older people in their homes, thus
promoting independent living.

Objectives
The primary objective is to evaluate the relevance of the alerts
automatically generated by a sensor-based solution and the
evolution of the algorithm’s performance over time as judged
by the recipients: older adults, care partners, and professional
support workers. The secondary objective is to evaluate the
ability of this solution to detect functional and cognitive decline
and major medical events.

Methods

Study Design
This is a prospective open-label study. We will enroll 25
participants for a 6-month follow-up period. To allow for
modifications to the solution in the event of technical issues
before wider use, the first 5 participants are enrolled for a
preliminary 4-month phase before the 6-month regular follow-up
period. The enrollment process is spread out over time for the
same reason. The flow chart is presented in Figure 1.

Figure 1. The Standard Protocol Items: Recommendations for Interventional Trials (SPIRIT) flow chart.
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Setting and Participants
All participants must give their written informed consent to take
part in the study. Ethical approval was obtained from the
Regional Independent Ethics Committee in June 2017 (ID-RCB:
2017-A01002-51).

This solution targets older adults, living with or at risk of
functional or cognitive disability and living alone. The detailed
inclusion criteria are as follows: aged 75 years or above, living
alone at home; frail according to Fried criteria [12] or living
with a disability but with an ADL score [13] 3 out of 6 or above;
able to walk without help; and provision of written informed
consent.

The exclusion criteria are as follows: patient presenting a Mini
Mental State Examination (MMSE) <16 out of 30 and without
daily care partner support; and under curatorship or
guardianship.

Study participants are enrolled through a prescreening procedure
on the basis of public administrative records held by several
town halls in the region (person aged 75 years or above, living
alone at home, and able to walk without help). A clinical
research assistant (CRA) then conducts a preinclusion visit by

phone. The inclusion visit with the principal investigator (AP)
takes place in the Geriatrics Unit at the Toulouse University
Hospital.

Procedure
The solution comprises a set of several minimally invasive
sensors installed in the individual’s home (see Table 1 and
Figure 2). The solution transmits the data to a remote storage
server via a LIVE Intercom gateway (a commercially available
device). Data are then available for remote consultation by
authorized users, that is, patients, care partners, or physicians.
The LIVE Intercom also allows direct audio communication
with the support center (call function) and preliminary data
processing before 3G transmission to the remote secure health
database. The minimal sensor set consists of 4 passive infrared
(PIR) sensors to monitor activity (bedroom, kitchen, living
room, and entrance hall) and 1 contact sensor on the main
entrance door. A sensor on the refrigerator door, a pendant (or
bracelet) with a push-button emergency alarm, and a detector
under the bed will be available to several participants to assess
the technical feasibility. The solution is unobtrusive, and no
maintenance is required during the study. Technical support is
provided in the event of dysfunction.

Table 1. Sensor network description.

TechnologyNumber per houseDevice

Passive infrared sensor4Wireless motion detector

Magnet proximity sensor1Wireless door sensor

Push button1Emergency-alert pendant

General packet radio services gateway1Intercom with alert button

4 pressure sensors, 1 under each of the feet of the bedOptionalWireless bed rest detector

AccelerometerOptionalWireless physical activity tracker

Figure 2. Presentation of the overall solution. In this configuration, the solution comprises 4 passive infrared sensors to monitor activity (bedroom,
kitchen, living room, and entrance hall); 1 contact sensor on the main entrance door; 1 cookie sensor on the fridge to monitor door opening; a pendant
(or wristband) with a push-button emergency alarm; and a live intercom system (device in the left of the illustration) for direct audio communication
with the support center (calling function).
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The following data will be monitored: presence (yes/no) in
specific rooms, for example, rooms associated with eating,
bathing, and sleeping; time spent outdoors; total activity inside
the home (estimated by the average number of sensor activations
per day) [6]; fridge use; and sleeping patterns.

The solution can trigger 2 different types of alerts. The first
consists of conventional alerts. They are generated by the
participants using an alarm push button or through the intercom
system. The second type of alert assessed in this project is
automatically triggered by our artificial intelligence algorithm
after an initial learning phase (eg, gradual change in sleeping
pattern). The sensor-based alerts and the use of the Live
intercom calling function are both directed to a telecare worker
on a nationwide telecare platform (IMA/Serena) all 7 days a
week and 24 hours a day. The telecare worker can suggest a
range of actions, from direct contact with the older individual
to a phone call to the care partner or to emergency services. The
first month is dedicated to algorithm learning: all sensors are
functional, but no automatic alert is generated from the platform.
Activity data relating to sleeping, eating, and time spent

outdoors, and so on, are recorded and analyzed. After the first
month, there will be sufficient data to detect unusual behaviors
and eventfully trigger an alert. The algorithm used to perform
real-time detection of behavioral anomalies is described
elsewhere [14].

Follow-Up Procedure
The first 5 participants are enrolled for a total of 10 months (an
initial 4-month period followed by a 6-month follow-up period)
and the other 20 participants for 6 months. An installation visit
will take place in the days following enrollment. A remote
follow-up evaluation will be carried out over the phone by a
CRA every 2 months after the baseline assessment (see Table
2). The last visit will be conducted by the CRA in the
participant’s home after 6 months. For the first 5 participants
enrolled in the study, the baseline for data analysis is defined
as the beginning of the 6-month follow-up period at the end of
the first preliminary 4-month period which is dedicated to
technical feasibility. The proper regulatory and ethical conduct
of the study is monitored by a clinical research technician, acting
on behalf of the University Hospital.

Table 2. Data collection.

T6 months (CRA, in-
home visit)

T4 months (CRA,
phone)

T2 months (CRA,
phone)

Baseline T0 (investiga-
tor)

Preinclusion

(CRAa, in-
person)

Variables

———b✓✓Informed consent

———✓—Sociodemographic data

✓——✓—ADLc, IADLd, MMSEe

✓——✓—Frailty criteria, SPPBf

✓✓✓✓—Acceptability questionnaire, EQ5Dg

✓✓✓✓—Major medical events

Continuous measuresContinuous measuresContinuous measuresContinuous measures—Sensor data

aCRA: clinical research assistant.
bData not collected.
cADL: activities of daily living.
dIADL: instrumental activities of daily living.
eMMSE: mini mental state evaluation.
fSPPB: short physical performance battery.
gEQ5D-3L: EuroQol 5D score to describe and value health, quality of life questionnaire.

Study Measures
The primary aim is to assess the sensitivity and specificity of
the solution, defined as the ability to trigger alerts deemed
relevant by the recipients: older adults, care partners, and
professional support workers. To this end, both conventional
and automatic alerts will be recorded during the follow-up
period. Following each alert, the CRA gathers subjective
feedback from the participant (for automatic alerts only), the
care partner, and the telecare worker: Was it relevant to alert
you? The alerts are also described (number, time of the day,
duration of the communication if a communication is
established, subject of the call in case of a conventional alert,
and solutions proposed).

The secondary aim is to evaluate the ability of the system to
detect a functional or cognitive decline and any major event.
All major medical events, defined as any event resulting in
in-home physician or paramedic intervention, or a call to the
emergency services, are collected retrospectively by the CRA
every 2 months (by phone).

Sociodemographic and health data are collected at baseline. The
participants’ cognitive and functional parameters are assessed
at baseline and at the end of follow-up: MMSE (ranging from
0 to 30; the greater the score, the greater the global cognition)
[15]; ADL (ranging from 0 to 6, the greater the score; the greater
the functional autonomy in daily life) [13]; Instrumental
activities of daily living (ranging from 0 to 8; the greater the
score, the greater the functional autonomy in daily life, eg,
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ability to use the telephone) [16]; Cardiovascular Health Study
frailty index criteria (unintentional weight loss, self-reported
exhaustion, weakness, slow walking speed, and low physical
activity) [12]; Short Physical Performance Battery (consisting
of a balance test, a 3-m walking test, and a 5 chair-rises test;
score ranging from 0 to 12 with 12 indicating the highest degree
of functioning) [17].

The acceptability questionnaire is adapted from the Quebec
User Evaluation of Satisfaction with Assistive Technology Scale
(degree of satisfaction with technology ranging from 1=not
satisfactory at all to 5=very satisfactory) [18]; EuroQol
questionnaire to describe and assess health (EuroQol
questionnaire 5 dimensions, each comprising 3 levels, are
summarized into an index ranging from −0.59 to 1, with 1
indicating full health) [19]; and major medical events. Adverse
events and their potential imputability to the monitoring
procedure are collected by the CRA throughout the study.

Sample Size
To the best of our knowledge, no comparable study has
evaluated a similar primary endpoint in this population.
Therefore, a formal sample size calculation could not be carried
out. However, we can expect more than 1 alert per individual
during the 6-month period. The predictive value calculations
(estimation of legitimate alerts) will be based on numbers over
25, a 95% CI accuracy of at least ±20%. As an example, if a
participant triggers 2 alerts on average during the study, with
half of them rated as valid, a 95% CI close to 35.5% to 64.5%
can be expected.

Statistical Analysis
The main analysis will be an intent-to-treat analysis. The
quantitative outcomes will be estimated with 95% CI.
Quantitative variables will be expressed by mean values and
standard deviations. The 6-month follow-up period for the 25
participants will allow us to record the number and frequency
of alerts generated by the solution. A total of 3 positive
predictive value (PPV) calculations (estimation of legitimate
alerts) will be done (95% CI, thanks to end users’ feedback for
the overall follow-up period and for each 2-month follow-up
period: 0-2 months, 2-4 months, and 4-6 months) to estimate
the progression of algorithm performance. For the secondary
objective, we will also analyze these 3 periods to evaluate the
performance of the automatic alerts in detecting changes in
functional or cognitive autonomy or major events (sensitivity,
specificity, predictive value, and receiver operating characteristic
[ROC] curves). Alerts will be addressed with both a binary
approach (no alert vs 1 alert to estimate sensibility, specificity,
PPV, and negative predictive value) and a continuous approach
(number of alerts over the period to plot an ROC graph and
estimate the area-under-the-curve). The Department of
Epidemiology at our University Hospital will conduct statistical
analyses using SAS version 9.4 (SAS Institute, Inc).

Results

The trial was registered with ClinicalTrials.gov (NCT03484156)
on March 30, 2018. The enrollment process is spread out to

allow for changes to the system in the event of technical
problems.

The first phase with 5 participants (4-month feasibility period)
has been completed and the expected completion date for the
second phase of the study (20 participants for 6 months) is July
2020.

Discussion

Strengths and Limitations of Our Study
Older adults express the desire to live autonomously in their
own homes. Clinicians, on the other hand, have difficulty
monitoring the functional and cognitive autonomy of seniors
over time because of the limitations associated with in-person
measurements and self-reported data [5]. To date, despite the
rapid pace at which research projects and commercial electronic
health devices are developing, few solutions really meet these
daily needs. We believe that, following a learning phase, our
low-cost unobtrusive solution could trigger alerts if the sensors
were to detect an acute, unusual event or a subtle change in
everyday habits over time. This solution could provide relevant
information to care partners and health professionals to support
patient follow-up. The originality of our real-life project lies in
the choice of the primary outcome and in our user-centered
evaluation rather than in the technical specifications. We will
evaluate the relevance of the alerts according to the end users
and the progression of our algorithm performance over time.
One of the main obstacles to the wide dissemination of alert
systems is the low acceptability to end users (eg, false positive
alarms) and the difficulty of integrating this approach into a
complex and overburdened health care system. In our study,
the primary endpoint is determined by the end users themselves.
We strive to go beyond traditional medical event considerations
such as severe falls, minor falls and minor events, and major
events, which do not always make sense for older people. The
strengths of our monitoring and support solution can be
summarized in several points: it meets the needs of older people
living alone; it includes an end user assessment; it is a
nonintrusive solution; we use inexpensive sensors without heavy
maintenance; and finally, the learning algorithm should increase
the solution’s performance over time based on the end user
feedback.

Concerning the potential limitations, we plan to analyze the
performance of automatic alerts in detecting major events and
changes in participants' autonomy (to calculate the number of
subjects to be included for a future study). Although our
population is at high risk, it is likely that the duration of
follow-up is insufficient, particularly for autonomy loss.
However, our center implements other studies in comparable
populations on which we can rely for such a sample size
calculation.

Our Study in the Context of Previous Research
Several products on the market propose comparable monitoring
solutions with very similar technologies [20-22]. However, we
were unable to find objective evaluation reports supporting their
advertised performance. A review of technologies for monitoring
seniors’ home activities identified 5 main types of promising
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surveillance technologies: PIR motion detectors, worn body
detectors, pressure sensors, video surveillance, and sound
recognition. This area of research is not totally mature, and most
studies did not take place in real-life settings [23]. In a previous
study, Franco et al obtained interesting results by recording the
electrical activity of 13 subjects monitored for a period of 6
months [24]. The results highlighted the possibility of
differentiating between daily and nocturnal activities, and of
calculating the probability of having eaten, bathed, or used the
toilet with acceptable accuracy. Another study, conducted by
Stucki et al, evaluated a nonintrusive, assistive technology
system that recognizes and classifies ADL, thanks to passive
sensors in each room (20 days, 10 healthy participants, mean
age 49 years) with good sensitivity and specificity [25]. Urwyler
et al also investigated the behavior of 20 participants using an

unobtrusive wireless sensor network for 20 consecutive days.
Differences in ADL regimens were significant between healthy
controls and patients with dementia [26]. Few academic studies
addressed the specific everyday needs of older adults and their
families using such a bottom-up approach. We think that our
study complements previous works.

Conclusions and Perspectives
Our project brings together partners from the fields of health,
technology, industry, and health insurance to develop a relevant
but also economically sustainable solution. This is an
opportunity for each partner to test the option of integrating
such an innovative network into its current practices.
Retrospective correlations will be used in this longitudinal study,
which justifies further research to prospectively demonstrate
the true predictive value of our algorithm.
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Abstract

Background: Digital innovations in health care have traditionally followed a top-down pathway, with manufacturers leading
the design and production of technology-enabled solutions and those living with chronic conditions involved only as passive
recipients of the end product. However, user-driven open-source initiatives in health care are becoming increasingly popular. An
example is the growing movement of people with diabetes, who create their own “Do-It-Yourself Artificial Pancreas Systems”
(DIYAPS).

Objective: The overall aim of this study is to establish the empirical evidence base for the clinical effectiveness and quality-of-life
benefits of DIYAPS and identify the challenges and possible solutions to enable their wider diffusion.

Methods: A research program comprising 5 work packages will examine the outcomes and potential for scaling up DIYAPS
solutions. Quantitative and qualitative methodologies will be used to examine clinical and self-reported outcome measures of
DIYAPS users. The majority of members of the research team live with type 1 diabetes and are active DIYAPS users, making
Outcomes of Patients’Evidence With Novel, Do-It-Yourself Artificial Pancreas Technology (OPEN) a unique, user-driven research
project.

Results: This project has received funding from the European Commission’s Horizon 2020 Research and Innovation Program,
under the Marie Skłodowska-Curie Action Research and Innovation Staff Exchange. Researchers with both academic and
nonacademic backgrounds have been recruited to formulate research questions, drive the research process, and disseminate
ongoing findings back to the DIYAPS community and other stakeholders.

Conclusions: The OPEN project is unique in that it is a truly patient- and user-led research project, which brings together an
international, interdisciplinary, and intersectoral research group, comprising health care professionals, technical developers,
biomedical and social scientists, the majority of whom are also living with diabetes. Thus, it directly addresses the core research
and user needs of the DIYAPS movement. As a new model of cooperation, it will highlight how researchers in academia, industry,
and the patient community can create patient-centric innovation and reduce disease burden together.

International Registered Report Identifier (IRRID): PRR1-10.2196/15368
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Introduction

Type 1 diabetes (T1D) is a challenging chronic condition, which
often leads to lowered life expectancy and diminished quality
of life [1]. Despite significant advances in insulin therapy and
technological developments, only 17% of youth and 21% of
adults with diabetes achieve a glycated hemoglobin (HbA1c)
level of <7.0% (58 mmol/mol), as recommended in clinical
guidelines [2,3].

Closing the Loop: Automated Insulin Delivery Systems
In general, closed-loop insulin delivery systems, also called
“automated insulin delivery systems (AID)” or “artificial
pancreas systems (APS),” combine sensors for continuous
glucose monitoring (CGM) and insulin pumps with a control
algorithm, and these are characterized by automated insulin
delivery in response to the user’s glucose level. As
subcutaneously administered insulin stays active for multiple
hours, the algorithm used to calculate the amount of insulin
needed has to predict future glucose values to operate safely.
Closed-loop systems designed for commercial use have been
shown to be safe and effective in reducing hyperglycemia and
hypoglycemia in people with diabetes (PwD) of all age groups
[4-8], and these systems are therefore seen as the gold standard
of future diabetes therapy [9].

Qualitative research on commercially developed closed-loop
systems has indicated that individuals using these systems for
relatively short periods report reduced anxiety [10-14], improved
quality of sleep [10,14-17], and reduced burden of managing
diabetes [12,13,17-19] and this led to greater freedom and
flexibility in their lifestyle as a result [12,16-18]. This is
supported by a few quantitative studies that report less fear of
hypoglycemia [10-13,20,21]—although possibly because of
small sample sizes, the changes are not consistently
significant—a reduction in diabetes-specific distress in 2 studies
[13,20], and, in a single study, improved sleep quality [22].
These studies have used a range of closed-loop or
technology-specific quality-of-life instruments, with the
Diabetes Technology Questionnaire being the most widely used.

The Do-It-Yourself Artificial Pancreas:
#WeAreNotWaiting
However, although a variety of commercial APS are under
development and some have recently become available in a
limited number of countries, they are not universally available,
accessible, or affordable. Behind the hashtag
#WeAreNotWaiting, a community of PwD and their families
have created new tools and systems to help PwD better utilize
their devices and data. These systems are co-created in the
Do-It-Yourself Artificial Pancreas System (DIYAPS)
community, but each user has to build their own individual
system themselves and use at their own risk. Instructions and
code for these systems have been made universally available
via open-source platforms [23]. The DIYAPS or “Open-Source
Artificial Pancreas System” (OpenAPS) is one of the most

significant developments to emerge through this movement
[24]. In these systems, insulin delivery is automated and
remotely controlled by open-source algorithms and by reverse
engineering and connecting commercially available and
approved insulin pumps and CGM systems. The term “open
source” describes software whose source code is publicly
available. Open-source licenses usually deny liability and
warranty and may require disclosing source code and referring
to the project [25].

Initial observational studies on DIYAPS have described
significant improvements in glycemic control, quality of life,
and sleep quality in DIYAPS users of all age groups, including
children and adolescents, where caregivers build and maintain
these systems on their behalf [26-31]. A limited number of
studies are also specifically reporting on the experience of using
DIYAPS, and in addition to highlighting improved sleep
[28,30,32] and reduced burden of diabetes management [32],
they point to increased confidence, increased energy, and
reduced mood swings [32].

Evidence of usage of DIYAPS is limited to date, as none of
these systems have yet been evaluated by a randomized
controlled trial, regarding safety and efficiency—although at
least 1 is planned [33]. Observational studies largely describe
outcomes self-reported by users and are mainly based on smaller
cohort studies (up to n=80) [27]. There is an estimated 15+
million hours of real-world DIYAPS data, much of which have
yet to be fully analyzed. A global investigation based on
DIYAPS data is of interest to inform potential users of these
systems regarding the benefits and challenges of using the
system and to learn more about how clinical and quality-of-life
outcomes are affected by different groups of DIYAPS users, as
well as the mechanisms through which these results are being
achieved.

Another fundamental question is who might get left behind in
this user-driven technological innovation. DIYAPS aims to
better target the complexity of diabetes self-management for
the person with diabetes, reduce the cognitive and emotional
burden on PwD, and improve clinical outcomes. Such an
outcome would make an important contribution to reducing
inequalities in outcomes that are linked to individual disparities
in the capacity to cope with these burdens. However, there are
numerous challenges to be overcome to achieve this objective,
and the complexity of establishing and maintaining effective
DIYAPS currently remains high for many PwD. Thus, a further
challenge with respect to social inequality rests in how to ensure
that the benefits of APS are widely diffused across the
population so that no one is left behind in their diabetes care.
Therefore, the challenges in this area are not exclusively medical
or technical, but also ethical, sociological, and political in nature
and require an interdisciplinary and intersectoral approach to
be addressed effectively. Moreover, there is a rich vein of
expertise and knowledge available from nontraditional experts
within the DIYAPS community, which has traditionally been
overlooked by both academia and industry. Successfully
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bringing this nontraditional expertise into mainstream health
care settings is key to addressing some of the core research
opportunities and challenges that are likely to emerge as
do-it-yourself (DIY) solutions become increasingly popular and
shape digital innovations in diabetes care.

Objectives of the OPEN Project
Thus, the aim of the OPEN project (Outcomes of Patients’
Evidence With Novel, Do-It-Yourself Artificial Pancreas
Technology) is to examine what academia, industry, and PwD
can learn from one another, with the goal of making artificial
pancreas technology of all kinds available to everyone. The
OPEN consortium achieves this by bringing together an
intersectoral and interdisciplinary research team comprising
patient innovators, academic researchers in biomedical and
social sciences, health care professionals, and patient advocacy
organizations to establish an empirical evidence base
surrounding the impact of DIYAPS.

This collaboration is facilitated through a series of staff
exchanges between high-profile nonacademic organizations
dedicated to patient-driven approaches (Steno Diabetes Center
Copenhagen, Denmark; Dedoc Labs, Germany) and leading
research organizations in the field of diabetes research and
connected health (Charité—Universitätsmedizin Berlin,
Germany; University College Dublin, Ireland).

The central aims and objectives of the OPEN project have been
developed on the basis of the priorities of the DIYAPS and
wider diabetes communities. Furthermore, a key goal of the
OPEN project is to tap into the expertise of the DIYAPS
community to bring their knowledge and expertise to
mainstream health care settings.

OPEN is already co-led by some of the key members of the
DIYAPS movement and will actively continue to involve
members of the DIYAPS and wider diabetes communities to
facilitate their participation in OPEN, via staff secondments
and further collaborations. Furthermore, members of the
Diabetes Online Community are being recruited to assist with
disseminating the findings of the project on an ongoing basis
and maintain a consistent dialogue between OPEN and the wider
diabetes community.

Methods

Overview
A total of 5 interdependent work packages (WPs) have been
proposed: The first 2 WPs are focused on acquiring data to
demonstrate what, if any, are the clinical, quality-of-life, and
psychosocial benefits of DIYAPS. This will include engaging
the community in sharing glucose and insulin dosing data, as
well as self-reporting on their experience of living with
DIYAPS. WP3 is focused on reducing the technical barriers to
DIYAPS. This also feeds into the work of WP4, which is
identifying the barriers to wider uptake of these user-led
innovations and exploring ways to reduce them. The final WP
relates to how the OPEN project will disseminate the results to
the research, health care, and community of PwD.

Work Package 1: Clinical Outcomes and Guidelines
The purpose of this WP is to evaluate the clinical outcomes of
DIYAPS users of all age groups globally and create a draft for
future guidelines for closed-loop technology in clinical routine.
Individuals using DIYAPS (any type) have the ability to
anonymously donate their data to research projects, via the
OpenAPS Data Commons, on the citizen science platform “Open
Humans” [31]. Users specifically consent to share their data for
research purposes, and they can choose to either manually
upload data of their choice or upload data via an upload tool of
their choice, with the data source of choice (for further details,
please see the description of WP3). The OPEN team will request
access to and utilize data from the OpenAPS Data Commons,
which is considered pseudonymized for purposes of the OPEN
project’s use.

Glycemic outcomes will be analyzed in a pre-post evaluation
of prospectively collected data from DIYAPS users. CGM
sensor data will be analyzed to calculate certain parameters,
such as the Time in Range (percentage of sensor glucose levels
between 70 mg/dL and 180 mg/dL) before and after DIYAPS
initiation as a primary key endpoint, as well as Time below
Range (<70 mg/dL, <54 mg/dL) and Time above Range (>180
mg/dL, >250 mg/dL) as secondary endpoints. Other secondary
key endpoints include self-reported parameters, such as HbA1c

levels, incidence of acute diabetes-related complications, such
as severe hypoglycemic events and incidence and possible cause
of diabetic ketoacidosis. Assessment of basic demographic and
health data, such as specifications of diabetes treatment,
socioeconomic status, gender, age, weight, height, comorbidities,
and incidence of diabetes-related complications, will enable
analysis of clinical outcomes for different user groups. To
further validate accuracy of self-reported clinical data from
patients and caregivers, data from a subcohort will be clinically
compared with independent medical data repositories to add to
the evidence base regarding the reliability of real-world data.

This WP is led by KB and KR, both PwDs and medical doctors
at the Department of Pediatric Endocrinology and Diabetes at
Charité University Medicine Berlin.

Work Package 2: Patient-Reported Outcomes
Alongside work to evaluate the clinical benefits of DIYAPS,
we will seek to establish the quality of life and lived experiences
of DIYAPS users. Given the lack of an internally consistent,
reliable, sensitive, and validated T1D-specific quality-of-life
questionnaire that also uses item wording that is widely
acceptable to people with T1D [34], the project will take a facet
approach to assessing the quality-of-life outcomes. For DIYAPS
users and their primary caregivers and loved ones, we will assess
the potential benefits of DIYAPS on emotional well-being, sleep
quality, hypoglycemia-related anxiety and fears, the burden of
diabetes, and flexibility of lifestyle. Furthermore, we will
investigate motivations, barriers, and retention factors to
building and maintaining DIYAPS in a questionnaire-based
survey and whether there are additional benefits accrued by
individuals assembling their own closed-loop systems [35,36].
We will also explore effects on individuals’ sense of
self-efficacy, social support, and the benefits accrued from
joining a wider network of people with T1D.

JMIR Res Protoc 2019 | vol. 8 | iss. 11 |e15368 | p.165http://www.researchprotocols.org/2019/11/e15368/
(page number not for citation purposes)

O'Donnell et alJMIR RESEARCH PROTOCOLS

XSL•FO
RenderX

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


In addition to the survey data on quality-of-life outcomes, the
project will also undertake qualitative research with DIYAPS
users to generate data about their lived experience with this
technology. An objective here is to examine how the lived
experiences of DIYAPS users vary across socioeconomic status,
gender, ethnicity, and age. To achieve this, a purposively
sampled select group of the project’s participants will be asked
to describe the day-to-day burden associated with T1D and
DIYAPS. Such burdens might include but not be limited to
out-of-pocket expenses, ability to carry out daily tasks in the
work setting or at home, participation in social activities and
other issues related to social connectedness, informal care
provided by family members or relatives, and episodes of
distress caused by living with diabetes. 

This WP is led by IW, BC, and TS, diabetes management
researchers at Steno Diabetes Center Copenhagen.

Work Package 3: Technical Development
This WP will focus on the evaluation and possible improvements
of DIYAPS through statistical and machine learning techniques.
The WP has 2 main objectives: (1) improving ease of use for
DIYAPS users’ data donation to support further research and
evaluation and (2) evaluating existing DIYAPS platforms and
implications for APS improvement.

We aim to improve DIYAPS users’ ability to donate data for
retrospective analysis for outcomes and future DIYAPS
developments. This is designed for those who are interested in
contributing to the DIYAPS community by donating their
anonymized datasets, as described in WP1 [37].

The current workflow enables individuals using DIYAPS to
upload data and contribute data anonymously to research, via
the Open Humans platform. Users can either do a manual upload
of their DIYAPS data, or they can utilize the “Nightscout Data
Transfer” tool to pull data directly from Nightscout into Open
Humans. Nightscout is an open-source remote monitoring
platform commonly used for real-time visualization of disparate
diabetes device data streams, also used for retrospective data
analysis and to report generation, which is widely used by
DIYAPS users [23]. Nightscout can capture behavioral data,
such as exercise entries, temporary targets to adjust DIYAPS
behavior, or meal entries, in addition to logging DIYAPS
predictions and output at 5-min intervals, and it becomes a rich
source for retrospective data analysis for research when donated
to the OpenAPS Data Commons. However, not all individuals
choose to use Nightscout, and other methods are therefore
planned to increase the ease of data donation for research. The
OPEN team also plans to add direct upload capabilities to one
of the commonly used DIYAPS (AndroidAPS) that will
authenticate directly with Open Humans and enable an
additional data donation method to the OpenAPS Data
Commons. The current uploading methods require the user to
initiate any subsequent data uploads; both methods described
above will permit users to opt in to enable automatic, regular
data uploads. This both makes data donation easier and captures
data that are often deleted, either accidentally or to free up
storage space for the user. After enabling increased data
donation with a wider and diverse population of DIYAPS users,
we expect the OpenAPS Data Commons available dataset to be

increased from about 115 users to an estimated 300 or more
users. As the dataset is based on real-world data, there may be
concerns about data integrity. However, data are processed and
connected in many ways with complex decision trees, which
makes it hard to falsify data. Furthermore, studies have shown
that real-world data are as robust as, if not more robust than,
data gathered in clinical trials with predefined selected
populations [38].

Although current studies have shown that DIYAPS users achieve
positive outcomes (clinical and quality of life) [26-31], there
are areas for improvement and further iteration in terms of
usability, algorithm features, and optimizing individual settings
and preferences, as well as areas of statistical learning, which
are applicable to all APS (DIY or commercially developed).
With several hundred (see above) pseudonymized datasets, we
expect to be able to break down outcome data into subcohorts
to better quantify the impact of different algorithm choices and
settings. This may include comparing outcomes among
individuals using varying versions of algorithms over time,
comparing different feature choices between and across
individuals, and evaluating settings (such as specifications of
medical devices and insulin, target values, specific feature use,
and mealtime dosing behaviors). This will enable identification
of less optimal use patterns in the real world, which will yield
recommendations for prioritization of future improvement areas
in development of DIYAPS, insight into the biggest needs of
varying subcohorts, and this also indicates the most popular or
most effective features in DIYAPS, which could also be
translated and adapted and inform the use of commercially
developed APS.

This WP is led by DL, PwD and founder of OpenAPS, and AT,
PwD and developer of AndroidAPS.

Work Package 4: Barriers to Scale-Up
This WP aims to explore the potential economic, social, cultural,
legal, and political barriers to the scale-up of DIYAPS
technology.

The first objective of this WP will be to examine the potential
barriers to uptake experienced by PwD who are interested in
DIYAPS but have so far opted not to build their own system,
have opted out after an unsuccessful attempt, or otherwise
chosen to discontinue DIYAPS. We observe that many people
stay connected to the online DIYAPS community regardless of
their initial choice to use DIYAPS or not, as indicated by the
10,000+ people participating in the main “Looped” group on
Facebook, as compared with the estimated, approximately 3000
likely active users of DIYAPS. Members of the Facebook peer
support group “Looped” and other related Facebook groups
who have yet to build their own system will therefore be targeted
through questionnaires that aim to capture the reasons for not
doing so. The questionnaires will probe for indicators, such as
lack of knowledge of the benefits of using DIYAPS, lack of
confidence in one’s own information technology (IT) skills,
affordability of technologies, time and effort needed to build
DIYAPS, and other reasons for stopping DIYAPS, such as the
availability of a commercial solution or lack of support from
health care providers. The content of these questionnaires will
be generated on the basis of a list of potential barriers to uptake,
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identified through the findings from WP2 [35,36] and qualitative
in-depth interviews with a targeted sample of non-DIYAPS
users. The overall outcome will be a greater understanding of
the reasons why these individuals are not yet using DIYAPS or
have chosen not to use DIYAPS, which will consequently help
researchers to develop better ways of addressing barriers to
access and adoption of APS.

The next defining point of this WP is committed to
understanding the health equity implications associated with
the progression of DIY technology-enabled solutions for chronic
disease management. More specifically, we aim to capture the
requirements of DIYAPS users with lower levels of IT literacy.
This will be established through a series of one-to-one and focus
group interviews. The interviews will inform the development
of low-fidelity wireframes that can be demonstrated at
user-experience design workshops for further feedback from
less tech-savvy DIYAPS users. The result will be a series of
use cases that will be made available for the benefit of DIYAPS
developers and the medical device industry.

An additional aspect of WP4 is to examine the current extent
to which there are observable social inequalities in terms of
access to the technologies needed to build DIYAPS and how
these inequalities might be addressed and minimized. From this
perspective, we will utilize data from the T1International
Out-of-Pocket Expenses survey to examine the
out-of-pocket-expenses and other accessibility issues associated
with DIYAPS-related technologies [39].

This WP is led by SO, PwD and sociologist at the School of
Sociology, University College Dublin.

An overview of 4 scientific work packages is provided in
Multimedia Appendix 1.

Work Package 5: Communication and Dissemination
This WP will coordinate the training, communication, and
dissemination activities of the OPEN project and its aims to
ensure high visibility and direct impact in the community,
involving relevant stakeholders. The objectives include (1)
implementing dissemination actions and communication
activities to targeted audiences, (2) promoting the project
concept and vision by highlighting its unique structure
connecting patient researchers and innovators with established
research organizations through social media, workshops, our
newsletter, and the project website, (3) ensuring technical and
scientific dissemination of the project results through
publications in journals and conferences, and (4) raising public
awareness of the project’s objectives.

Different target audiences will be engaged with information
adjusted carefully to their needs, raising awareness among those
who can benefit from the project results and encouraging
multistakeholder dialogue. The consortium has identified
potential target groups, including the scientific community,
clinicians and health care professionals, PwD, the DIYAPS
community, policy makers and regulators, the medical and IT
industry, and the general public.

All academic outputs that result from this project will be
published in open-access journals and on the project’s public

dissemination channels. Conference presentations at academic,
clinical, and industry events provide an important opportunity
for researchers to disseminate findings to multiple audiences.
DIYAPS is currently a hot topic within diabetes care, and
face-to-face interaction with conference delegates presents an
opportunity to generate dialogue among both the proponents
and critics of DIYAPS. This consortium will not only contribute
to a body of evidence that will help to move the terms of the
discussion forward but it will also ensure that the patient voice
remains center stage.

Social media will also be used to ensure that the project findings
reach multiple stakeholders and that the findings will influence
decisions in public policy and professional practice. Twitter,
LinkedIn, Facebook, and YouTube will be used as dissemination
vehicles, providing a headline or snapshot summaries of key
takeaway messages from the project outcomes, which will attract
the attention of key stakeholders. Scheduled dissemination and
communication activities will be held throughout the duration
of the project to ensure constant information flow. Targeted
messages will be distributed to the public to ensure that impact
is maximized.

Finally, it is important to note that any technical innovations
that might emerge or evolve from this project will be shared
with the public, including DIYAPS developers, and it will
ultimately be their decision whether to use the findings of OPEN
as the basis to implement any changes in DIYAPS, as our role
is focused solely on research and establishing an evidence base.
Thus, the organizations’ efforts in this project are not directly
involved in, and will remain separated from, any direct DIYAPS
development.

This WP is led by BH, PwD and CEO of Dedoc Labs.

Results

This project has received funding from the European
Commission’s Horizon 2020 Research and Innovation Program,
under the Marie Skłodowska-Curie Action Research and
Innovation Staff Exchange grant agreement number 823902.

Initial results on clinical outcomes and patient-reported
outcomes have been presented at the Advanced Diabetes
Technologies and Treatments Conference in February 2019 in
Berlin, Germany, and the American Diabetes Association 79th
Scientific Sessions in San Francisco, the United States, in June
2019 [35,36,40,41]. A study on self-reported clinical outcomes
of the pediatric population using DIYAPS has been recently
published in JMIR mHealth and uHealth [26], showing
improved glycemic outcomes across all pediatric age groups,
which is in line with clinical trial results from commercially
developed closed-loop systems.

Discussion

DIYAPS represents an important case study in how increasingly
informed and connected patients are shaping the direction of
technological innovation in diabetes care and, potentially, for
other areas of health care. As outlined above, researching this
global movement poses unique challenges and opportunities,
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which necessitate a move away from traditional, top-down
modes of scientific inquiry toward a more cooperative and
interactive approach, which is largely driven by PwD
themselves.

The OPEN project is uniquely placed to address these
challenges, as it is a patient- and user-led research project that
brings together an international, interdisciplinary, and
intersectoral research group comprising health care
professionals, technical developers, and biomedical and social
scientists, many of whom live with diabetes and are active
DIYAPS users. Thus, the OPEN consortium is poised to bring
the benefits of expertise of all kinds combined with the
prioritization and knowledge of on-the-ground patient needs in
a way that, to the best of our knowledge, is not being addressed
by other research projects and collaborative initiatives.

It is acknowledged that the nature of the OPEN project can pose
potential limitations and challenges. For example, the clinical
evaluation (WP1) may be potentially seen as lacking rigor
because of its inclusion and use of user-provided data. However,
it is precisely this aspect of our methodological approach which
has the potential to make a significant contribution to the extant
literature surrounding the effectiveness of APS technology.
Most studies on APS technology, to date, have been carried out
as randomized clinical trials in well-controlled clinical research
settings. Therefore, little is known about efficacy of APS in
real-world settings where outcomes are likely to be contingent
on context [42]. Moreover, previous studies have, for the most
part, focused on measuring biomedical disease
specific–outcomes; therefore, many other consequences of using
closed-loop systems, such as psychosocial outcomes, remain
relatively poorly understood [43]. By being one of the first
studies to generate evidence on the basis of reliable,

user-provided data from all 3 DIYAPS (OpenAPS, AndroidAPS,
and Loop) in real-world settings, this study will be an important
complement to the existing clinically led research studies in the
field.

In this regard, it is important to point out that both positive and
negative forms of evidence surrounding DIYAPS will be valued
equally by the OPEN team. Negative results provide important
learning opportunities for the further development and diffusion
of APS technology and for understanding what works, for
whom, and under what set of circumstances [44]. This is why
WPs around barriers (WP4), outcomes across a broad population
(WP1 and WP2), and improvements to technology (WP3) have
been designed. For example, qualitative studies exploring the
lived experience of DIYAPS users (WP2) will seek out instances
where individuals have used a closed-loop system but
subsequently discontinued use. Finally, although negative results
tend to be underreported in much of the traditional evaluation
research literature [45], the OPEN team will openly share and
attempt to publish all results from each WP.

Overall, by providing empirical evidence on DIYAPS, this
project addresses the core user needs of the DIYAPS
community. In addition, it will offer insights around accelerating
improvements and diffusion of APS technology across the wider
population of PwD. Disseminating project results in academic
and nonacademic settings will help lower barriers among key
stakeholders and encourage other researchers, policy makers,
regulators, and the medical device industry to work together
and innovate in a truly patient- and user-centric manner. We
believe this new model of cooperation has the potential to have
a profound impact on those living with diabetes, their families,
health care systems, and society as a whole.

 

Acknowledgments
This project has received funding from the European Commission’s Horizon 2020 Research and Innovation Program, under the
Marie Skłodowska-Curie Action Research and Innovation Staff Exchange grant agreement number 823902.

Conflicts of Interest
All authors have completed the Unified Competing Interest form and declare the following: KB reports grants from the Berlin
Institute of Health, fees for medical consulting from Medtronic Diabetes as a member of the Advisory Board “Impact,” medical
consulting fees, and paid talks from Roche Diabetes Care, Dexcom, Medtronic Diabetes, Diabeloop, and Bertelsmann Stiftung,
outside the submitted work. AT reports personal fees from Dexcom, Roche Diabetes Care, IME-DC, Ypsomed, nonfinancial
support from Sooil, and personal fees from Gruber-Debong GmbH, outside the submitted work. DL reports grants from the Robert
Wood Johnson Foundation, JDRF, personal fees from Lilly, Diabeloop, Roche Diabetes Care, and Novo Nordisk and Tandem,
outside the submitted work. BH reports personal fees from Roche Pharma, Roche Diabetes Care, Novo Nordisk, LifeScan, Bayer
AG, and Medtronic Diabetes, outside the submitted work. KR is Advisory Board member of Lilly Diabetes Care and Abbott
Diabetes Care outside the submitted work. SW reports paid talks from Dexcom, Roche Diabetes Care, and Mediq Direkt Diabetes,
outside the submitted work. MW was employed at Medtronic Diabetes Germany until 2018. All other coauthors have no conflicts
of interest to declare.

Multimedia Appendix 1
Overview of the four scientific work packages of the OPEN project.
[PNG File , 521 KB - resprot_v8i11e15368_app1.png ]

References

JMIR Res Protoc 2019 | vol. 8 | iss. 11 |e15368 | p.168http://www.researchprotocols.org/2019/11/e15368/
(page number not for citation purposes)

O'Donnell et alJMIR RESEARCH PROTOCOLS

XSL•FO
RenderX

https://jmir.org/api/download?alt_name=resprot_v8i11e15368_app1.png&filename=b80d7da97bb899adbd6685a2c43cee90.png
https://jmir.org/api/download?alt_name=resprot_v8i11e15368_app1.png&filename=b80d7da97bb899adbd6685a2c43cee90.png
http://www.w3.org/Style/XSL
http://www.renderx.com/


1. Influence of intensive diabetes treatment on quality-of-life outcomes in the diabetes control and complications trial. Diabetes
Care 1996 Mar;19(3):195-203. [doi: 10.2337/diacare.19.3.195] [Medline: 8742561]

2. Foster NC, Beck RW, Miller KM, Clements MA, Rickels MR, DiMeglio LA, et al. State of type 1 diabetes management
and outcomes from the T1D exchange in 2016-2018. Diabetes Technol Ther 2019 Feb;21(2):66-72. [doi:
10.1089/dia.2018.0384] [Medline: 30657336]

3. American Diabetes Association. 6. Glycemic targets: standards of medical care in diabetes-2018. Diabetes Care 2018
Jan;41(Suppl 1):S55-S64. [doi: 10.2337/dc18-S006] [Medline: 29222377]

4. Tauschmann M, Allen JM, Wilinska ME, Thabit H, Stewart Z, Cheng P, et al. Day-and-night hybrid closed-loop insulin
delivery in adolescents with type 1 diabetes: a free-living, randomized clinical trial. Diabetes Care 2016 Jul;39(7):1168-1174
[FREE Full text] [doi: 10.2337/dc15-2078] [Medline: 26740634]

5. Garg SK, Weinzimer SA, Tamborlane WV, Buckingham BA, Bode BW, Bailey TS, et al. Glucose outcomes with the
in-home use of a hybrid closed-loop insulin delivery system in adolescents and adults with type 1 diabetes. Diabetes Technol
Ther 2017 Mar;19(3):155-163 [FREE Full text] [doi: 10.1089/dia.2016.0421] [Medline: 28134564]

6. Tauschmann M, Thabit H, Bally L, Allen JM, Hartnell S, Wilinska ME, APCam11 Consortium. Closed-loop insulin delivery
in suboptimally controlled type 1 diabetes: a multicentre, 12-week randomised trial. Lancet 2018 Oct
13;392(10155):1321-1329 [FREE Full text] [doi: 10.1016/S0140-6736(18)31947-0] [Medline: 30292578]

7. Tauschmann M, Allen JM, Nagl K, Fritsch M, Yong J, Metcalfe E, KidsAP Consortium. Home use of day-and-night hybrid
closed-loop insulin delivery in very young children: a multicenter, 3-week, randomized trial. Diabetes Care 2019
Apr;42(4):594-600. [doi: 10.2337/dc18-1881] [Medline: 30692242]

8. Forlenza GP, Pinhas-Hamiel O, Liljenquist DR, Shulman DI, Bailey TS, Bode BW, et al. Safety evaluation of the MiniMed
670G system in children 7-13 years of age with type 1 diabetes. Diabetes Technol Ther 2019 Jan;21(1):11-19 [FREE Full
text] [doi: 10.1089/dia.2018.0264] [Medline: 30585770]

9. German Diabetes Society. Framework Paper for a Code of Conduct Digital Health of the German Diabetes Society (DDG)
on Digital Transformation URL: https://www.deutsche-diabetes-gesellschaft.de/fileadmin/Redakteur/Ueber_uns/
Code_of_Conduct_der_DDG_Digital_Health_19092017.pdf [accessed 2019-10-03]

10. Barnard KD, Wysocki T, Allen JM, Elleri D, Thabit H, Leelarathna L, et al. Closing the loop overnight at home setting:
psychosocial impact for adolescents with type 1 diabetes and their parents. BMJ Open Diabetes Res Care 2014;2(1):e000025
[FREE Full text] [doi: 10.1136/bmjdrc-2014-000025] [Medline: 25452866]

11. Weissberg-Benchell J, Hessler D, Polonsky WH, Fisher L. Psychosocial impact of the bionic pancreas during summer
camp. J Diabetes Sci Technol 2016 Jul;10(4):840-844 [FREE Full text] [doi: 10.1177/1932296816640289] [Medline:
26993252]

12. Iturralde E, Tanenbaum ML, Hanes SJ, Suttiratana SC, Ambrosino JM, Ly TT, et al. Expectations and attitudes of individuals
with type 1 diabetes after using a hybrid closed loop system. Diabetes Educ 2017 Apr;43(2):223-232. [doi:
10.1177/0145721717697244] [Medline: 28340542]

13. Farrington C, Stewart ZA, Barnard K, Hovorka R, Murphy HR. Experiences of closed-loop insulin delivery among pregnant
women with Type 1 diabetes. Diabet Med 2017 Oct;34(10):1461-1469. [doi: 10.1111/dme.13406] [Medline: 28631849]

14. Hendrieckx C, Poole LA, Sharifi A, Jayawardene D, Loh MM, Horsburgh JC, et al. 'It Is Definitely a Game Changer': A
qualitative study of experiences with in-home overnight closed-loop technology among adults with type 1 diabetes. Diabetes
Technol Ther 2017 Jul;19(7):410-416. [doi: 10.1089/dia.2017.0007] [Medline: 28537437]

15. Barnard KD, Wysocki T, Thabit H, Evans ML, Amiel S, Heller S, Angela Consortium. Psychosocial aspects of closed-
and open-loop insulin delivery: closing the loop in adults with Type 1 diabetes in the home setting. Diabet Med 2015
May;32(5):601-608. [doi: 10.1111/dme.12706] [Medline: 25615888]

16. Barnard KD, Wysocki T, Ully V, Mader JK, Pieber TR, Thabit H, et al. Closing the loop in adults, children and adolescents
with suboptimally controlled type 1 diabetes under free living conditions: a psychosocial substudy. J Diabetes Sci Technol
2017 Nov;11(6):1080-1088 [FREE Full text] [doi: 10.1177/1932296817702656] [Medline: 28367636]

17. Farrington C, Stewart Z, Hovorka R, Murphy H. Women's experiences of day-and-night closed-loop insulin delivery during
type 1 diabetes pregnancy. J Diabetes Sci Technol 2018 Nov;12(6):1125-1131 [FREE Full text] [doi:
10.1177/1932296818800065] [Medline: 30288999]

18. Lawton J, Blackburn M, Rankin D, Allen JM, Campbell FM, Leelarathna L, et al. Participants' experiences of, and views
about, daytime use of a day-and-night hybrid closed-loop system in real life settings: longitudinal qualitative study. Diabetes
Technol Ther 2019 Mar;21(3):119-127 [FREE Full text] [doi: 10.1089/dia.2018.0306] [Medline: 30720338]

19. Young AJ, Thabit H, Heller SR, Evans ML, Amiel SA, Hovorka R, et al. Holistic impact of closed-loop technology on
people with type 1 diabetes. J Diabetes Sci Technol 2015 Jul;9(4):932-933 [FREE Full text] [doi:
10.1177/1932296815580162] [Medline: 25852073]

20. Adams RN, Tanenbaum ML, Hanes SJ, Ambrosino JM, Ly TT, Maahs DM, et al. Psychosocial and human factors during
a trial of a hybrid closed loop system for type 1 diabetes management. Diabetes Technol Ther 2018 Oct;20(10):648-653.
[doi: 10.1089/dia.2018.0174] [Medline: 30239219]

JMIR Res Protoc 2019 | vol. 8 | iss. 11 |e15368 | p.169http://www.researchprotocols.org/2019/11/e15368/
(page number not for citation purposes)

O'Donnell et alJMIR RESEARCH PROTOCOLS

XSL•FO
RenderX

http://dx.doi.org/10.2337/diacare.19.3.195
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=8742561&dopt=Abstract
http://dx.doi.org/10.1089/dia.2018.0384
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30657336&dopt=Abstract
http://dx.doi.org/10.2337/dc18-S006
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29222377&dopt=Abstract
http://europepmc.org/abstract/MED/26740634
http://dx.doi.org/10.2337/dc15-2078
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26740634&dopt=Abstract
http://europepmc.org/abstract/MED/28134564
http://dx.doi.org/10.1089/dia.2016.0421
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28134564&dopt=Abstract
https://linkinghub.elsevier.com/retrieve/pii/S0140-6736(18)31947-0
http://dx.doi.org/10.1016/S0140-6736(18)31947-0
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30292578&dopt=Abstract
http://dx.doi.org/10.2337/dc18-1881
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30692242&dopt=Abstract
http://europepmc.org/abstract/MED/30585770
http://europepmc.org/abstract/MED/30585770
http://dx.doi.org/10.1089/dia.2018.0264
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30585770&dopt=Abstract
https://www.deutsche-diabetes-gesellschaft.de/fileadmin/Redakteur/Ueber_uns/Code_of_Conduct_der_DDG_Digital_Health_19092017.pdf
https://www.deutsche-diabetes-gesellschaft.de/fileadmin/Redakteur/Ueber_uns/Code_of_Conduct_der_DDG_Digital_Health_19092017.pdf
http://europepmc.org/abstract/MED/25452866
http://dx.doi.org/10.1136/bmjdrc-2014-000025
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25452866&dopt=Abstract
http://europepmc.org/abstract/MED/26993252
http://dx.doi.org/10.1177/1932296816640289
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26993252&dopt=Abstract
http://dx.doi.org/10.1177/0145721717697244
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28340542&dopt=Abstract
http://dx.doi.org/10.1111/dme.13406
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28631849&dopt=Abstract
http://dx.doi.org/10.1089/dia.2017.0007
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28537437&dopt=Abstract
http://dx.doi.org/10.1111/dme.12706
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25615888&dopt=Abstract
http://europepmc.org/abstract/MED/28367636
http://dx.doi.org/10.1177/1932296817702656
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28367636&dopt=Abstract
http://europepmc.org/abstract/MED/30288999
http://dx.doi.org/10.1177/1932296818800065
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30288999&dopt=Abstract
http://europepmc.org/abstract/MED/30720338
http://dx.doi.org/10.1089/dia.2018.0306
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30720338&dopt=Abstract
http://europepmc.org/abstract/MED/25852073
http://dx.doi.org/10.1177/1932296815580162
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25852073&dopt=Abstract
http://dx.doi.org/10.1089/dia.2018.0174
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30239219&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/


21. Ziegler C, Liberman A, Nimri R, Muller I, Klemencic S, Bratina N, et al. Reduced worries of hypoglycaemia, high
satisfaction, and increased perceived ease of use after experiencing four nights of MD-logic artificial pancreas at home
(DREAM4). J Diabetes Res 2015;2015:590308 [FREE Full text] [doi: 10.1155/2015/590308] [Medline: 26581230]

22. Sharifi A, de Bock MI, Jayawardene D, Loh MM, Horsburgh JC, Berthold CL, et al. Glycemia, treatment satisfaction,
cognition, and sleep quality in adults and adolescents with type 1 diabetes when using a closed-loop system overnight
versus sensor-augmented pump with low-glucose suspend function: a randomized crossover study. Diabetes Technol Ther
2016 Dec;18(12):772-783. [doi: 10.1089/dia.2016.0288] [Medline: 27835037]

23. The Nightscout Project. URL: http://www.nightscout.info/ [accessed 2019-06-28]
24. OpenAPS. URL: https://openaps.org/ [accessed 2019-10-22]
25. Choose a License. Licenses URL: https://choosealicense.com/licenses/ [accessed 2019-10-18]
26. Braune K, O'Donnell S, Cleal B, Lewis D, Tappe A, Willaing I, et al. Real-world use of Do-It-Yourself artificial pancreas

systems in children and adolescents with type 1 diabetes: online survey and analysis of self-reported clinical outcomes.
JMIR Mhealth Uhealth 2019 Jul 30;7(7):e14087 [FREE Full text] [doi: 10.2196/14087] [Medline: 31364599]

27. Melmer A, Züger T, Lewis DM, Leibrand S, Stettler C, Laimer M. Glycaemic control in individuals with type 1 diabetes
using an open source artificial pancreas system (OpenAPS). Diabetes Obes Metab 2019 Oct;21(10):2333-2337. [doi:
10.1111/dom.13810] [Medline: 31183929]

28. Lewis D, Leibrand S, #OpenAPS Community. Real-world use of open source artificial pancreas systems. J Diabetes Sci
Technol 2016 Nov;10(6):1411 [FREE Full text] [doi: 10.1177/1932296816665635] [Medline: 27510442]

29. Lewis DM, Swain RS, Donner TW. Improvements in A1C and Time-in-Range in DIY Closed-Loop (OpenAPS) Users.
Diabetes 2018;67(Supplement 1):352-OR. [doi: 10.2337/db18-352-OR]

30. Lewis D. History and perspective on DIY closed looping. J Diabetes Sci Technol 2019 Jul;13(4):790-793 [FREE Full text]
[doi: 10.1177/1932296818808307] [Medline: 30348013]

31. Petruzelkova L, Soupal J, Plasova V, Jiranova P, Neuman V, Plachy L, et al. Excellent glycemic control maintained by
open-source hybrid closed-loop AndroidAPS during and after sustained physical activity. Diabetes Technol Ther 2018
Nov;20(11):744-750. [doi: 10.1089/dia.2018.0214] [Medline: 30285476]

32. Hng T, Burren D. Appearance of Do-It-Yourself closed-loop systems to manage type 1 diabetes. Intern Med J 2018
Nov;48(11):1400-1404. [doi: 10.1111/imj.14105] [Medline: 30387315]

33. The CREATE Trial. URL: https://www.otago.ac.nz/christchurch/departments/paediatrics/research/otago717634.html/
[accessed 2019-10-03]

34. Speight J, Conn J, Dunning T, Skinner TC, Diabetes Australia. Diabetes Australia position statement. A new language for
diabetes: improving communications with and about people with diabetes. Diabetes Res Clin Pract 2012 Sep;97(3):425-431.
[doi: 10.1016/j.diabres.2012.03.015] [Medline: 22513346]

35. Braune K, O’donnell S, Cleal B, Lewis DM, Tappe A, Hauck B, et al. 117-LB: DIWHY: Factors influencing motivation,
barriers, and duration of DIY artificial pancreas system use among real-world users. Diabetes 2019 Jun;68(Supplement
1):117-LB. [doi: 10.2337/db19-117-LB]

36. Braune K, O'Donnell S, Cleal B, Willaing I, Tappe A, Lewis D, et al. DIWHY - Motivations, Barriers and Retention Factors
of DIY Artificial Pancreas Users in Real World Use. ATTD19-0211. In: Proceedings of The Official Journal of ATTD
Advanced Technologies & Treatments for Diabetes Conference. 2019 Feb Presented at: ATTD'19; February 20–23, 2019;
Berlin, Germany. [doi: 10.1089/dia.2019.2525.abstracts]

37. Ball MP, Lewis DM. figshare. 2017. OpenAPS Data Commons on Open Humans URL: https://figshare.com/articles/
OpenAPS_Data_Commons_on_Open_Humans/5428498 [accessed 2019-11-13]

38. Garrison LP, Neumann PJ, Erickson P, Marshall D, Mullins CD. Using real-world data for coverage and payment decisions:
the ISPOR Real-World Data Task Force report. Value Health 2007;10(5):326-335 [FREE Full text] [doi:
10.1111/j.1524-4733.2007.00186.x] [Medline: 17888097]

39. T1International. Costs and Rationing of Insulin and Diabetes Supplies: Findings from the 2018 T1International Patient
Survey URL: https://www.t1international.com/media/assets/file/
T1International_Report_-_Costs_and_Rationing_of_Insulin__Diabetes_Supplies_2.pdf [accessed 2019-07-04]

40. Cleal B, Braune K, O’donnell S, Hauck B, Lewis DM, Skinner T, et al. 78-LB: Detailing the experiences of people with
diabetes using Do-It-Yourself artificial pancreas systems—qualitative analysis of responses to open-ended items in an
international survey. Diabetes 2019 Jun;68(Supplement 1):78-LB. [doi: 10.2337/db19-78-LB]

41. Braune K, Raile K, Cleal B, Willaing I, Tappe A, Lewis D, et al. OPEN - Outcomes of Patients' Evidence with Novel,
Artificial Pancreas Technology. ATTD19-0215. In: Proceedings of The Official Journal of ATTD Advanced Technologies
& Treatments for Diabetes Conference. 2019 Presented at: ATTD'19; February 20–23, 2019; Berlin, Germany. [doi:
10.1089/dia.2019.2525.abstracts]

42. Dalkin SM, Greenhalgh J, Jones D, Cunningham B, Lhussier M. What's in a mechanism? Development of a key concept
in realist evaluation. Implement Sci 2015 Apr 16;10:49 [FREE Full text] [doi: 10.1186/s13012-015-0237-x] [Medline:
25885787]

JMIR Res Protoc 2019 | vol. 8 | iss. 11 |e15368 | p.170http://www.researchprotocols.org/2019/11/e15368/
(page number not for citation purposes)

O'Donnell et alJMIR RESEARCH PROTOCOLS

XSL•FO
RenderX

https://dx.doi.org/10.1155/2015/590308
http://dx.doi.org/10.1155/2015/590308
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26581230&dopt=Abstract
http://dx.doi.org/10.1089/dia.2016.0288
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27835037&dopt=Abstract
http://www.nightscout.info/
https://openaps.org/
https://choosealicense.com/licenses/
https://mhealth.jmir.org/2019/7/e14087/
http://dx.doi.org/10.2196/14087
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31364599&dopt=Abstract
http://dx.doi.org/10.1111/dom.13810
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31183929&dopt=Abstract
http://europepmc.org/abstract/MED/27510442
http://dx.doi.org/10.1177/1932296816665635
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27510442&dopt=Abstract
http://dx.doi.org/10.2337/db18-352-OR
http://europepmc.org/abstract/MED/30348013
http://dx.doi.org/10.1177/1932296818808307
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30348013&dopt=Abstract
http://dx.doi.org/10.1089/dia.2018.0214
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30285476&dopt=Abstract
http://dx.doi.org/10.1111/imj.14105
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30387315&dopt=Abstract
https://www.otago.ac.nz/christchurch/departments/paediatrics/research/otago717634.html/
http://dx.doi.org/10.1016/j.diabres.2012.03.015
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=22513346&dopt=Abstract
http://dx.doi.org/10.2337/db19-117-LB
http://dx.doi.org/10.1089/dia.2019.2525.abstracts
https://figshare.com/articles/OpenAPS_Data_Commons_on_Open_Humans/5428498
https://figshare.com/articles/OpenAPS_Data_Commons_on_Open_Humans/5428498
https://linkinghub.elsevier.com/retrieve/pii/S1098-3015(10)60470-6
http://dx.doi.org/10.1111/j.1524-4733.2007.00186.x
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=17888097&dopt=Abstract
https://www.t1international.com/media/assets/file/T1International_Report_-_Costs_and_Rationing_of_Insulin__Diabetes_Supplies_2.pdf
https://www.t1international.com/media/assets/file/T1International_Report_-_Costs_and_Rationing_of_Insulin__Diabetes_Supplies_2.pdf
http://dx.doi.org/10.2337/db19-78-LB
http://dx.doi.org/10.1089/dia.2019.2525.abstracts
https://implementationscience.biomedcentral.com/articles/10.1186/s13012-015-0237-x
http://dx.doi.org/10.1186/s13012-015-0237-x
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25885787&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/


43. Barnard KD, Hood KK, Weissberg-Benchell J, Aldred C, Oliver N, Laffel L. Psychosocial assessment of artificial pancreas
(AP): commentary and review of existing measures and their applicability in AP research. Diabetes Technol Ther 2015
Apr;17(4):295-300 [FREE Full text] [doi: 10.1089/dia.2014.0305] [Medline: 25549042]

44. Pawson R, Tilley N. Realistic Evaluation. London: Sage Publications; 1997.
45. Mlinaric A, Horvat M, Smolcic VS. Dealing with the positive publication bias: why you should really publish your negative

results. Biochem Med (Zagreb) 2017 Oct 15;27(3):030201 [FREE Full text] [doi: 10.11613/BM.2017.030201] [Medline:
29180912]

Abbreviations
APS: Artificial Pancreas System
CGM: continuous glucose monitoring
DIY: do-it-yourself
DIYAPS: Do-It-Yourself Artificial Pancreas Systems
HbA1c: glycated hemoglobin
IT: information technology
OPEN: Outcomes of Patients’ Evidence With Novel, Do-It-Yourself Artificial Pancreas Technology
OpenAPS: Open-Source Artificial Pancreas System
PwD: people with diabetes
T1D: type 1 diabetes
WP: work package

Edited by G Eysenbach; submitted 04.07.19; peer-reviewed by M Ford Holloway, L Heinemann, J Farzi; comments to author 01.09.19;
revised version received 22.10.19; accepted 30.10.19; published 19.11.19.

Please cite as:
O'Donnell S, Lewis D, Marchante Fernández M, Wäldchen M, Cleal B, Skinner T, Raile K, Tappe A, Ubben T, Willaing I, Hauck B,
Wolf S, Braune K
Evidence on User-Led Innovation in Diabetes Technology (The OPEN Project): Protocol for a Mixed Methods Study
JMIR Res Protoc 2019;8(11):e15368
URL: http://www.researchprotocols.org/2019/11/e15368/ 
doi:10.2196/15368
PMID:31742563

©Shane O'Donnell, Dana Lewis, María Marchante Fernández, Mandy Wäldchen, Bryan Cleal, Timothy Skinner, Klemens Raile,
Adrian Tappe, Tebbe Ubben, Ingrid Willaing, Bastian Hauck, Saskia Wolf, Katarina Braune. Originally published in JMIR
Research Protocols (http://www.researchprotocols.org), 19.11.2019. 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. 11 |e15368 | p.171http://www.researchprotocols.org/2019/11/e15368/
(page number not for citation purposes)

O'Donnell et alJMIR RESEARCH PROTOCOLS

XSL•FO
RenderX

http://europepmc.org/abstract/MED/25549042
http://dx.doi.org/10.1089/dia.2014.0305
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25549042&dopt=Abstract
http://europepmc.org/abstract/MED/29180912
http://dx.doi.org/10.11613/BM.2017.030201
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29180912&dopt=Abstract
http://www.researchprotocols.org/2019/11/e15368/
http://dx.doi.org/10.2196/15368
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31742563&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/


Protocol

Development of an Early Warning System to Prevent Crises in
the Palliative Home Care Setting of Patients and Their Informal
Caregivers: Protocol for a Mixed Method Study

André Fringer1,2, Prof Dr; Eleonore Arrer3, MSc; Edith Maier4, Prof Dr; Wilfried Schnepp2, Prof Dr; Tom Ulmer4,
Mag (FH)
1Research Unit Nursing Science, Institute of Nursing, Department of Health, Zurich University of Applied Sciences, Winterthur, Switzerland
2Department of Nursing Science, Faculty of Health, Witten/Herdecke University, Witten, Germany
3Institute of Applied Nursing Science, FHS St Gallen, University of Applied Sciences, St Gallen, Switzerland
4Institute for Information and Process Management, FHS St Gallen, University of Applied Sciences, St Gallen, Switzerland

Corresponding Author:
André Fringer, Prof Dr
Research Unit Nursing Science, Institute of Nursing
Department of Health
Zurich University of Applied Sciences
Technikumstrasse 81
Winterthur, 8401
Switzerland
Phone: 41 58 934 64 79
Email: andre.fringer@zhaw.ch

Abstract

Background: Most people wish to die at home, but most people in Switzerland die in hospitals or nursing homes. Family
caregivers often offer support so patients with palliative care needs can stay at home for as long as possible. However, crises and
unplanned hospital admissions often occur in this setting because of family caregiver strain and symptom severity in patients.
The so-called smart devices such as wearables or smartphones offer the opportunity to continuously monitor certain parameters
and recording symptom deteriorations. By providing professionals with this information in a timely manner, crises in the home
could be avoided.

Objective: The aim of this interdisciplinary study is to explore the symptom burden of people with palliative care needs who
are cared for at home and to understand the development of crises in the home care setting. On the basis of the findings from this
study, we will develop an early warning system to stabilize the home care situation and to prevent critical events from happening,
thereby reducing avoidable hospitalizations.

Methods: A mixed method study is being conducted consisting of 4 main consecutive phases: (1) developing the monitoring
system; (2) pretesting the system and adapting it to user needs; (3) conducting the study in the palliative home care setting with
approximately 40 patients; and (4) distinguishing symptom patterns from the collected data specific to crisis emergence, followed
by the development of an early warning system to prevent such crises. In study phase 3, each patient will receive an upper arm
sensor and a symptom diary to assess symptom burden related to patients and family caregivers. A within-case analysis will be
conducted for each patient’s situation followed by a cross-case comparison to identify certain symptom patterns that may predict
symptom deterioration (study phase 4).

Results: The collaboration with the local mobile palliative care team for participant recruitment and data collection has been
established. Recruitment is forthcoming.

Conclusions: We expect the findings of this study to provide holistic insight into symptom burden and the well-being of patients
with palliative care needs and of their family caregivers. This information will be used to develop an early warning system to
avoid the occurrence of potential crises, thereby improving palliative care provision at home.

International Registered Report Identifier (IRRID):  PRR1-10.2196/13933
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Introduction

Background
The demand for palliative care has been increasing as a result
of our ageing population and the increase in the number of
chronically ill people [1,2]. Most patients wish to die in their
own homes [3,4], which—because of complex and instable
symptom development—is often not possible. In this regard,
family caregivers represent a significant resource in the care of
people at the end of life. They help ensure that patients can
remain at home for as long as possible, thereby also alleviating
financial strains on our health care systems [5]. The social value
of family care work in Switzerland alone amounts to more than
Swiss Franc 3.5 billion per year according to federal statistics
[6]. Yet, family caregivers are highly vulnerable and often feel
exhausted and stressed, with multiple physical and psychosocial
consequences. This can lead to crises for the family or to an
unplanned hospital admission for the patient [7]. In fact, patients
at the end of life are especially at risk for hospitalization, thus
incurring high health care costs [8,9]. A study found that 80%
of severely ill patients with cancer were admitted to hospital
because of uncontrolled symptoms [8]. However, such
admissions could be avoided by providing adequate specialist
services within home care [8,10].

Research has also found that frequent visits by health care
professionals in the home are correlated with higher quality of
life for family caregivers [11]. However, such teams are not
always readily available and in-person visits can be costly and
time consuming [12].

This is where digital health or electronic health comes in. Digital
health can be defined as any “mobile health, health information
technology, wearable device, telehealth, telemedicine, and
personalized medicine” according to the Food and Drug
Administration. In recent years, digital health has successfully
been implemented within palliative care in numerous projects
[13-17]. It can improve patient–health care professional
interaction and optimize human resources, especially in regions
where access to palliative care services is limited. In addition,
and more importantly, such tools can help deliver care
interventions and improve the well-being and quality of life for
both patients and their families [18]. Digital technologies, such
as the use of sensors for remote monitoring, can offer new
opportunities for supporting family caregivers through early
recognition of critical situations and preventing them from
escalating. This may be achieved, for instance, by linking them
up to specialized health care providers and thus bridging the
geographical gap [19].

Objectives
On the basis of these considerations, our study pursues the
primary objective of exploring and understanding the home care
setting of patients with palliative needs to stabilize critical
situations and deflect crises. We aim to achieve this by
continuously monitoring the relevant indicators and vital

parameters of patients with palliative care needs in home care
and thus gain an in-depth insight into individual symptom
burden. At the same time, we will collect data on family
caregivers’ well-being as research has shown that they can also
trigger or amplify crises in the household setting and can be
greatly influenced by their loved one’s illness [20,21]. This
information will be used to develop an early warning system
for the home care environment.

To our knowledge, no such tool has been developed that focuses
on providing holistic insight into the palliative home care
environment of patients and that aims at preventing the onset
of crises and subsequently burdensome and costly unplanned
hospital admissions.

Methods

Overview
The researchers have chosen to conduct a mixed method case
study to investigate the different dimensions of the research
topic [22].

The explorative approach is of an interdisciplinary nature and
involves digital health experts, designers, and developers as
well as nursing scientists and palliative care experts. Thus, it
complies with international and national recommendations
regarding palliative care research [23,24]. In addition, the project
team is accompanied and assisted by practitioners and
representatives from relevant care organizations.

The study has 4 main consecutive phases: (1) developing the
monitoring system that consists of an upper arm sensor and a
symptom diary, (2) pretesting the system and adapting it to user
needs, (3) conducting the study in the palliative home care
setting together with mobile palliative care teams (MPCTs),
and (4) detecting symptom patterns from the collected data
characterizing emerging crises. Finally, an early warning system
to prevent such crises will be developed.

Phase 1: Developing the Monitoring System
Before developing the monitoring system, we followed an
iterative user-centered design process to ensure user acceptance.
In the first phase, we conducted interviews with palliative care
experts (physicians and nurses) to investigate the need and the
feasibility of utilizing smart devices and symptom monitoring
in the palliative home care setting. The focus of the study was
primarily on the comprehensive expertise and experience of the
participants. In addition, we conducted a scoping review on
other monitoring systems that had been used in comparable
environments.

On the basis of this preliminary work, we chose to opt for the
noninvasive and nonobtrusive certified upper arm sensor from
the firm Biovotion to objectively and continuously measure
certain parameters automatically. These parameters include
heart rate and heart rate variability, blood oxygenation, skin
temperature, skin blood perfusion, respiratory rate, galvanic
skin response, and micromovements. On the basis of the
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literature, we especially expect heart rate and respiratory rate
to provide information on possible crisis situations at the end
of life [25,26]. In this study, we also hope to gain more insight
regarding the other parameters and their possible association
with crises. The sensor itself does not indicate any information
to the patient directly on a user interface but continuously
transmits the data to a server after having anonymized them.
The server is run by the FHS St Gallen and is hosted by a
provider in Switzerland.

In addition, we designed a symptom diary for patients and their
family caregivers as well as health care professionals to report
the patient’s subjective symptoms 3 times per day on an intensity
scale from 0 (no symptoms) to 10 (worst possible symptoms)
based on the modified Edmonton Symptom Assessment System
[27]. The date and time of self-symptom evaluation must be
documented precisely for us to draw adequate conclusions by
comparing the subjective diary data with the objective sensory
data. In addition, the date will also provide us with information
on the time of the year. This will be of interest for analysis
purposes regarding the correlation of symptom burden or crises
with, for instance, the winter months. The diary also contains
the modified Caregiver Quality of Life Index—Cancer scale
[28], which is filled in by the family caregiver once a week to
determine the caregiver’s well-being. Even though we did not
restrict our sample to patients with cancer only, this
questionnaire was applied considering that most of the MPCT’s
patients have cancer and that the instrument has also been used
in research for family caregivers of palliative patients in general
[29]. Both measuring instruments have been amended based on
the feedback obtained from the expert interviews. For example,
questions related to social interaction, visits by health care
professionals, and overall daily burden have been added. In
addition, patients and their family caregivers will be able to
document their general experiences daily, including perceived
crises as free text.

Phase 2: Pretest
Before the actual study commencement, we obtained ethical
approval for the study from the responsible ethics committee
of Eastern Switzerland. Once obtained, we tested the monitoring
system within a so-called living laboratory supervised by the
Interdisciplinary Centre of Competence for Ageing. This pretest
was conducted in an older population without severe medical
conditions with the objective to make sure both the device and
diary are safe, practical, and easy to use without greatly
impacting the daily living experience before using them in a
vulnerable population. A living laboratory can be considered
an experimental natural environment where persons in their
private homes participate in testing digital devices and systems.
Sensory devices were given to 7 participants who also received
the symptom diary. Participants with an average age of 74 years
were instructed in the handling of both the sensor and the diary
and were encouraged to wear the sensor continuously on 7
consecutive days. After completion of the pretest, participants’
feedback was incorporated into the development of the
monitoring system and some minor adaptations were made.
Overall, the participants found the sensor easy to use and said
that they would be willing to wear it for a longer period than
the pretest of 1 week if it was important for their health care

provision. This willingness also suggests that the sensor was
not bothersome to wear and did not negatively impact everyday
activities. All participants wore the sensor continuously and
only took it off to charge it or when showering. They also found
the information on how to use the symptom diary easy to
understand.

Phase 3: Conducting the Study

Setting and Recruitment
Recruitment for the study is taking place in St Gallen,
Switzerland. The city’s MPCT unit has a gatekeeper function
and is responsible for recruiting the participants with support
from the research team. We chose this approach to not disrupt
this vulnerable environment of severely ill patients being cared
for at home. The MPCT in St Gallen cares for at least 80 patients
annually with specialized palliative care needs. Most of their
patients are diagnosed with advanced cancer and are being cared
for by a family caregiver in their own home.

We are planning to recruit 40 patients within a period of 12
months. Patients are eligible to participate if they are being
cared for by the MPCT in St Gallen, are at least 18 years of age,
speak German, and are capable of filling in the diary and using
the sensor accordingly—if necessary, by receiving support from
their family caregiver. The primary family caregiver is identified
routinely by the MPCT as the person with the most frequent
informal contact with the patient (daily visits or cohabitation
requirement) and who supports the patient at home. If a patient
has a pacemaker, he or she is excluded from receiving the upper
arm sensor but can still fill in the symptom diary that was
requested by the MPCT to facilitate patient documentation and
to also provide an in-depth insight into patient and caregiver
burden. We chose this specific exclusion criterion as a
precautionary measure only even though we had no indication
that the sensor might interfere with such a device. The diary is
also given to patients who are reluctant to use the sensor at
recruitment based on the consideration that they might decide
to use it at a later stage after having been introduced to the diary.

Procedures and Data Collection
The members of the MPCT select eligible patients and decide
on whether they will receive the sensor, the diary, or both (target
group). This decision is based on the Karnofsky Performance
Status Scale, where we distinguish between these 3 groups based
on their achieved percentage scores [30]. We identify patients
with a score of 50% to 60% or larger to receive the diary (group
1), 20% to 40% to receive the sensor and the diary (group 2),
and 10% to receive only the sensor (group 3). The choice of
categorization was based on discussions with the MPCT
regarding the high vulnerability of the patient group at the end
of life. It was considered to diminish the burden on those most
impaired (score of 10%) together with their family caregivers
by not providing the diary. Staff members have been trained by
the research team on how to use the symptom diary and on how
to install the sensor in the patient’s home.

Staff from the MPCT have been approaching the potential
participants. Once they indicate their wish to participate, a staff
member provides more information according to the allocated
group and obtains informed consent. At the beginning of the
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study, participants also fill in a survey with questions primarily
regarding the demographic data of both the patient and family
caregiver (eg, age, gender, diagnosis, social contacts, and
relationship with the family caregiver) to conduct subgroup
analyses. The selection of these data was based on
considerations to what extent they might also contribute to
crises, for example, older age of the family caregiver or few
social contacts. If the participant is to receive a sensor, the staff
will install the device that stores the data in the patient’s home.
The symptom diary will contain no information that can be
tracked back to the patient, but the staff will document the diary
number that also corresponds to the sensor in use. This number
is essential so that we can compare the sensor data with the
information documented in the diary.

The data collection period for each participant is 2 weeks,
although for the entire study, data will be collected over 12
months. A time frame of 2 weeks was chosen based on
considerations together with the MPCT regarding the high
vulnerability of the patient group, the end-of-life situation, and
the resource constraints. If a participant decides to discontinue
the study before then, the data collected up to that time point
will still be used for analysis, in line with the information given
to the participants at recruitment. Patients (groups 1 and 2) are
asked to fill in the diary 3 times daily and whenever a specific
event takes place during the day that requires or indicates
documentation, for instance, a crisis such as severe pain
followed by specific measures. Participants of groups 2 and 3
are also asked to wear the sensor continuously during the 2
weeks and to charge it once a day (for approximately 2 hours).

After the 2 weeks of data collection, a staff member will ask
the participants to fill in a survey to assess their experiences in
connection with the monitoring system. Questions will, for
instance, involve experiences of using the symptom diary and
sensor, comfort and satisfaction, and expectations and wishes
for future digital solutions. The staff member will then return
the diary and the sensor to the research team, together with all
other anonymous information collected.

Phase 4: Data Analysis and Development of an Early
Warning System
The data analysis will incorporate aspects of a multiple
cross-case study. A within-case analysis will be conducted for
each participant followed by a cross-case comparison. Primarily,
this will involve comparing the data from the sensor with the
symptom diary from target group 2. To do so, we will apply
quantitative and qualitative methods. The content analysis
method by Schreier [31] will be applied to gain insight into the
caregiver’s crisis experience by analyzing the qualitative data
from the diary. Two researchers will conduct the analysis using
the software MAXQDA. The results will be discussed by the
research team to avoid them from being influenced by the
perspectives and assumptions of a single researcher. Qualitative
data will later be transformed into quantitative data to compare
sensor data with crisis experiences [32]. A statistician will
conduct the quantitative data analysis (based on information
from both the sensor and diary and the demographic data) with
data comparisons, using SPSS Statistics 25 (IBM) software.
Missing data, for instance, if someone forgot to fill in the diary

at one point or did not wear the sensor, will be addressed by
applying missing-data imputations when feasible.

We expect to be able to draw conclusions that will allow the
identification of personalized threshold values that can recognize
a critical event before it sets in. These threshold values will
relate to sensor information, such as heart rate and respiratory
rate, which we anticipate to be essential for the design of the
early warning system based on previous research [25,26]. The
digital warning system will be integrated in the MPCT unit and
linked to a patient’s home. It will be calibrated individually for
each patient including the conditions as to when the MPCT is
to be alerted and the actions this will trigger.

Privacy and Security
To ensure participants’ privacy and to protect this vulnerable
study population, the research team will rely on the MPCT to
be in direct contact with the patients and families. All digitally
collected information will be stored in the cloud hosted by a
Swiss provider and will be anonymized in a way that it cannot
be tracked back to the user. Only the research team will later
have access to this information. The written information
collected by the MPCT will be made anonymous before data
analysis conducted by the research team.

Results

Up to this stage, ethical clearance for the study has been
obtained, the monitoring system, including the sensor and diary,
has been set up, and it has been pretested in a living laboratory.
The collaboration with the local MPCT for participant
recruitment and data collection has been established.
Recruitment is forthcoming.

Discussion

We anticipate that our results will greatly contribute to our
knowledge about the emergence of crises in the palliative care
environment at home. It will be especially interesting to find
out how the sensor data are correlated with the data from the
symptom diary and to what extent family caregivers are stressed
by events that primarily involve the patient. It is precisely this
tipping point that we aim to determine, so we can intervene
proactively before a crisis sets in. This can only be achieved by
means of an interdisciplinary approach and in close collaboration
with practitioners and patients and their family caregivers.

Conclusions
We expect the findings of this study to provide holistic insight
into the symptom burden and well-being of patients with
palliative care needs and of their family caregivers. This
information will be used to develop an early warning system to
avoid the occurrence of crises within home care. Future
provision of palliative care by professionals in a patient’s home
could thus be improved. Given the future challenges connected
to demographic change, staff shortages, or economic pressures,
the proposed early warning system has the potential to alleviate
these pressures to some extent by complementing and enhancing
patient–health care professional interaction and stabilizing the
home care environment.
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Abstract

Background: Childhood cancer survivors are at high risk of developing adverse late health effects. Poor nutritional intake may
contribute to this risk, but information about dietary intake is limited.

Objective: This study will assess childhood cancer survivors’ dietary intake and compare two dietary assessment tools: a
self-reported food frequency questionnaire, and dietary measurements from urine spot samples.

Methods: In a substudy of the Swiss Childhood Cancer Survivor Study (SCCSS), SCCSS-Nutrition, we assessed childhood
cancer survivors’ dietary intake via a validated food frequency questionnaire. We sent a urine spot collection kit to a subset of
212 childhood cancer survivors from the French-speaking region of Switzerland to analyze urinary sodium, potassium, urea,
urate, creatinine, and phosphate content. We will compare the food frequency questionnaire results with the urine spot analyses
to quantify childhood cancer survivors’ intake of various nutrients. We collected data between March 2016 and March 2018.

Results: We contacted 1599 childhood cancer survivors, of whom 919 (57.47%) returned a food frequency questionnaire. We
excluded 11 childhood cancer survivors who were pregnant or were breastfeeding, 35 with missing dietary data, and 71 who had
unreliable food frequency questionnaire data, resulting in 802 childhood cancer survivors available for food frequency questionnaire
analyses. To a subset of 212 childhood cancer survivors in French-speaking Switzerland we sent a urine spot collection kit, and
111 (52.4%) returned a urine sample. We expect to have the results from analyses of these samples in mid-2019.

Conclusions: The SCCSS-Nutrition study has collected in-depth dietary data that will allow us to assess dietary intake and
quality and compare two dietary assessment tools. This study will contribute to the knowledge of nutrition among childhood
cancer survivors and is a step toward surveillance guidelines and targeted nutritional recommendations for childhood cancer
survivors in Switzerland.

Trial Registration: ClinicalTrials.gov NCT03297034; https://clinicaltrials.gov/ct2/show/NCT03297034

International Registered Report Identifier (IRRID): DERR1-10.2196/14427

(JMIR Res Protoc 2019;8(11):e14427)   doi:10.2196/14427
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Introduction

Background
Survival rates among childhood cancer patients have increased
markedly and, due to new and improved treatments, now exceed
80% [1]. As patients live longer, strategies to promote long-term
overall health of childhood cancer survivors (CCSs) become
increasingly important. Complications and disabilities from
treatment, such as chemotherapy and radiotherapy, cancer
recurrence, or both, can affect morbidity and mortality many
years after a cancer diagnosis [1,2]. The St. Jude Lifetime Cohort
Study showed that a large proportion of CCSs experience late
effects 25 years after diagnosis; 95% have had at least one
chronic health condition and 80% have had a severe,
life-threatening, or disabling condition [3]. Frequently reported
late effects include cardiovascular diseases (CVDs), endocrine
disorders, musculoskeletal problems, and secondary
malignancies [2]. Such late effects may be increased by lifestyle
habits and choices. Accumulating research in CCSs shows that
late effects such as type 2 diabetes, metabolic syndrome, and
CVD can be reduced through diet adaptations, weight
management, and physical activity [4-7]. Nutrition is an
important determinant of the health of CCSs.

However, little is known about the dietary habits of CCSs [8,9],
and studies have shown that CCSs adhere poorly to dietary
recommendations [10-13]. No evidence-based nutritional
guidelines exist specifically for CCSs. Nutritional information
can be obtained from, for example, self-reported food frequency
questionnaires (FFQs) or 24-hour dietary recalls, whereas assays
of biochemical indicators—nutrients or their metabolic
products—in tissues or fluids, such as nails, feces, blood, and
urine, can more directly quantify intake of nutrients [14]. Since
self-reported dietary assessment tools are limited by
misreporting and recall bias, which can lead to over- or
underreporting, results need to be handled with caution [14].
This holds especially true for dietary assessment using FFQs;
underestimation of dietary intake in 16 CCSs was greater when
measured by the Block FFQ than by repeated 24-hour dietary
recalls, validated by the doubly labelled water method [15]. A
Canadian study among 80 CCSs showed that an FFQ could
correctly rank CCSs according to their dietary intake when
comparing it with 3-day food records [16].

The use of 24-hour urine samples to assess alkaline minerals,
halide ions, and protein intake can complement self-reported
dietary questionnaires, as well as producing nutritional indicators
that potentially are more valid than data from questionnaires
[14]. But collection of 24-hour urine samples can be a
considerable burden for survivors, and it risks bias due to
undetected incomplete sample collection and low response rates.
Recent research has focused on the utility of estimating 24-hour
urinary output from single spot urine samples [17]. These
samples are less burdensome for participants and are more easily
obtained by researchers, and potential under- or overcollection

is irrelevant [14,17]. By adjusting for parameters such as age,
sex, height, and weight, and by taking urinary creatinine into
account, samples can yield interpretable results [18]. This makes
spot urine samples a practical and cost-saving alternative to
collection of 24-hour urine samples. To the best of our
knowledge, neither spot urine nor 24-hour urine samples have
been studied in CCSs to assess dietary intake.

This study will, to our knowledge, for the first time obtain
insight into the dietary intake of CCSs from self-reported FFQs
and urinary measurements. It will compare the 2 dietary
assessment tools and determine whether spot urine collection
from CCSs is feasible.

Objectives
This study will generate detailed data on the diets of Swiss
long-term CCSs. The study’s main objective is to compare the
self-reported FFQ dietary assessment tool with assays of urine
spot samples. This will give us more information about the
reliability of the FFQ, the actual dietary intake of CCSs, and
potential associations between dietary intake and the occurrence
of somatic late effects. A secondary objective is to evaluate this
study itself—that is, to determine the response rate, cost, and
CCS reactions of the self-reported FFQ and the dietary markers
in spot urine of CCSs.

Methods

Study Design
This is a multicenter, observational study incorporated into the
Swiss Childhood Cancer Survivor Study (SCCSS). The SCCSS
is a population-based, long-term follow-up study of all childhood
cancer patients registered in the Swiss Childhood Cancer
Registry (SCCR [19]) with leukemia, lymphoma, central nervous
system tumors, malignant solid tumors, or Langerhans cell
histiocytosis diagnosed in Switzerland; who were under the age
of 21 years at the time of diagnosis; who survived 5 years or
more after the initial diagnosis of cancer; and who were alive
at the time of the study [20-22]. This study is registered at
clinicaltrials.gov (NCT03297034).

Eligibility
CCSs were eligible to participate in the SCCSS-Nutrition study
if they had childhood cancer diagnosed between 1976 and 2005,
completed a baseline SCCSS questionnaire between 2007 and
2013 [20], and were 18 years of age or older at the time of the
follow-up survey in 2017. All CCSs who were enrolled in
SCCSS-Nutrition received a follow-up questionnaire including
an FFQ. CCSs living in the French-speaking part of Switzerland
who returned the questionnaire were invited to provide a urine
spot sample. Exclusion criteria were being pregnant or lactating
at the time of the study, or having missing or implausible dietary
intake information reported in the FFQ [23].
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Recruitment
We traced the addresses of all adult CCSs who had completed
the baseline questionnaire (n=2527 CCSs) between 2007 and
2013 [20]. Among these, 1749 were 18 years old or older at the
time of the survey and thus were eligible for the follow-up
questionnaire. In February 2017, we traced 1599 CCSs and sent
them a follow-up questionnaire (Figure 1). Nonresponders
received a reminder after 8 weeks (Figure 2). If they again did
not respond, we sent a second reminder. Finally, 919 (57.47%)
CCSs completed the FFQ. We excluded 11 survivors who were
pregnant or lactating, 35 who did not report their dietary intake,
71 who had implausible dietary intake data (<850 kcal or >4500
kcal per day) [24], and 581 who lived outside the
French-speaking region in Switzerland. We thus sent an

information letter signed by the project leader to 221 CCSs who
lived in the French-speaking part of Switzerland and asked them
for informed consent to provide a urine spot sample. Among
these CCSs, 8 were no longer traceable, 1 was abroad, and 15
declined to participate. We sent urine collection kits to the CCSs
who agreed to participate and asked them to collect a first
morning sample within 2 weeks and post the sample by mail
within 24 hours to the pediatric hematology-oncology unit of
the University Hospital of Canton Vaud (Centre Hospitalier
Universitaire Vaudois [CHUV]; Lausanne, Switzerland). Among
these 212 CCS participants, 111 (52.4%) returned a sample. All
111 urine samples met the study protocol and will be available
for dietary intake assessment comparison. Those enrolled
received no compensation.

Figure 1. Response rates in the Swiss Childhood Cancer Survivor Study (SCCSS)-Nutrition study. The SCCSS-Nutrition study is subdivided into a
food frequency questionnaire assessment (FFQ; gray) and a urine spot collection (black).
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Figure 2. Timelines and response rates of food frequency questionnaire (FFQ) assessment and urine spot collection.

Data Collection

Baseline and Follow-Up Questionnaire
From baseline or follow-up questionnaires, we collected CCSs’
data on sex, age at survey, language region in Switzerland in
which they lived, country of birth, educational level, living
situation, physical activity, smoking status, and height and
weight to calculate body mass index. The baseline questionnaire
included core questions from the US and UK CCS studies
[25,26], with further questions from the Swiss Health Survey
and the Swiss census of health-related behaviors and
sociodemographic measures [27,28]. The main domains covered
by the questionnaire were quality of life, somatic health, fertility,
current medication and health services use, psychological
distress, health behaviors, and socioeconomic status. The
follow-up questionnaire repeated baseline questions on quality
of life, somatic health, health behaviors, and socioeconomic
status, with the addition of an FFQ to assess dietary intake in
detail [29,30].

Food Frequency Questionnaire
We assessed CCSs’ dietary intake, including information on
portion sizes, with a self-administered, semiquantitative FFQ
[31,32] (Multimedia Appendix 1). The FFQ was originally
developed and validated against 24-hour dietary recalls for the
adult Swiss population who are French speaking [29,31,33,34].
It solicits information on consumption frequency and portion
sizes during the 4 previous weeks for 97 fresh and prepared
food items organized into 12 food groups (dietary supplements
not included). Consumption frequencies range from “never

during the last 4 weeks” to “2 or more times per day,” and
portion sizes are recorded as equal to, or smaller or larger than,
a reference size. The reference portions were defined as common
household measures representing the median portion size of a
previous validation study performed with 24-hour dietary recalls
[29]. The “smaller” and “larger” portions represented the first
and fourth quartiles of this distribution. We used the French
Information Center on Food Quality (Maisons-Alfort Cedex,
France) food-composition table to convert the food portions
into macro- and micronutrients [35].

Urine Collection
CCSs received a home specimen collection kit including an
information sheet on how to perform first morning urine spot
collection, a 50 mL plastic specimen tube with a screw-on lid,
a sealed plastic bag, and a bubble-lined return envelope with
postage-paid labels addressed to the pediatric
hematology-oncology unit of CHUV. We asked CCSs to collect
a first morning urine sample, filling the tube up to 40 mL, and
to seal the tube and write the sample date and time on the lid.
We asked CCSs not to mark personal information on the tube
to preserve confidentiality, and to send their sample by post.
The medical staff of the pediatric hematology-oncology unit
cooled the urine spot samples as soon as they received them.
They divided the samples into one 8-mL aliquot for direct urine
chemistry and nine 3-mL aliquots for biobank storage; the 8-mL
sample was sent within 1 hour to the CHUV laboratory for
analyses. Levels of potassium, sodium, phosphate, urate, urea,
and creatinine were measured using routine laboratory
procedures (Table 1). The 3-mL urine samples were frozen at
–80°C and stored in a biobank at CHUV for later analyses.
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Table 1. Primary and secondary end points and outcomes of interest.

(Expected) time point or windowQuality promotionMethodEnd points and outcomes

Primary

CCSsb were expected to fill in and re-
turn the FFQ within 8 weeks. In case
of nonresponse, a first and second re-
minder were sent.

Validated FFQDietary intake assessed by a validated FFQa

providing information on consumption fre-
quency and portion sizes during the 4 previ-
ous weeks for 97 fresh and prepared food
items organized in 12 food groups.

Detailed dietary intake, macro- and
micronutrients

Analyses were performed together with
routine analyses in the hospital labora-
tory of Centre Hospitalier Universitaire
Vaudois with Cobas 8000 (Roche Diag-
nostics). Analyses were performed
during the whole study period.

Standard laboratory
procedures

Laboratory methods:Urinary measurements

• Sodium: indirect potentiometry
• Potassium: indirect potentiometry
• Urea: urease
• Urate: uricase
• Creatinine: Jaffe reaction
• Phosphate: phosphomolybdate

Secondary

Evaluation after finalizing the study.N/AdThe SCCSSc tracking system tracked the
number of CCSs who did not respond or
declined participation.

General response rate

Midterm evaluation and after finalizing
the study.

N/ARecording of costs, eg, laboratory, mailing,
printing, urine collection sample kits.

Costs

Evaluation after finalizing the study.N/ARecording CCSs’ reactions by telephone,
emails, or letter.

Participants’ reactions

aFFQ: food frequency questionnaire.
bCCS: childhood cancer survivor.
cSCCSS: Swiss Childhood Cancer Survivor Study.
dN/A: not applicable.

Data Management

Coding
We gave each participant an 8-digit identification (ID) code
number to maintain anonymity. We used these ID codes in lieu
of patient names for all data and urine spot samples. Data
labelled with participant ID codes are stored on encrypted
devices or secured servers. All participant data and biological
samples are strictly confidential, and disclosure to third parties
is prohibited. The coding key is stored at the Institute of Social
and Preventive Medicine (ISPM), University of Bern, Bern,
Switzerland, and is only available to authorized personnel.

Storage
All biomedical material is archived for 10 years at CHUV. In
case there is no intention for use or a participant withdraws
consent, the respective biological material will be destroyed.
FFQ answers and urine spot laboratory results will be archived
on servers of the ISPM, Lausanne, Lausanne, Switzerland, and
ISPM, Bern for at least 10 years. Timelines that record and
archive outcomes are in line with Swiss regulation. All results
will be archived at and analyzed by ISPM, Bern as a nested
study of the SCCSS.

Statistical Analyses
We will include all CCSs who provided reliable dietary intake
information and were neither pregnant nor lactating during the
survey for FFQ analyses. Table 1 indicates the primary and
secondary end points and outcomes of interest of the

SCCSS-Nutrition study. We will evaluate whether CCSs meet
dietary recommendations for Germany, Austria, and Switzerland
[36]. We will compare mean intake with the recommended
intake or, when not available, the adequate intake. We will
calculate mean intake based on age and sex recommendations
weighted by the age and sex distribution of the study population.
Nutritional goals will be set at 100, where the mean intake meets
the recommended or adequate intake. Total energy intake will
be calculated including calories from alcohol consumption. We
will calculate correlation coefficients to examine the strength
and direction of the associations between the FFQ and urinary
spot measurements. To validate the agreement between the 2
dietary assessment tools, we will perform cross-classification
analyses to investigate whether the 2 dietary assessment tools
rank CCSs’ dietary intake similarly. We will calculate the
proportion of CCSs correctly classified in the same or
contiguous category or in the opposite category (misclassified).
We will use Bland-Altman plots to assess the level of agreement
between the FFQ and the urine spot samples at the CCS group
level. We will plot the difference between the 2 measurements
against the mean of the 2 measurements for each CCS. We will
use Stata (version 14; StataCorp LLC) for all analyses.

Ethics
The cantonal ethics committee Commission cantonal d’éthique
de la Recherche sur l’être humain, Lausanne approved the
SCCSS-Nutrition study in March 2016. In July 2017, the
cantonal ethics committee Geneva Commission Cantonal
d’éthique de la Recherche approved the study with an
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amendment (protocol of both approvals: 2016-00031). Ethical
approval of the SCCR and the SCCSS questionnaires was
granted by the Ethics Committee of the Canton of Bern
(KEK-BE: 166/2014).

Results

Characteristics of Participants and Nonparticipants
Table 2 presents the sociodemographic and lifestyle
characteristics of both CCSs who completed the FFQ and those
who did not, and those who participated in the collection of
urine spot samples. The most common cancer diagnoses among

CCSs completing the FFQ were leukemia, lymphoma, and
central nervous system tumors (Table 3). Median age at
diagnosis was 10 years (interquartile range 4-14 years) and
median time from diagnosis to survey was 26 years (interquartile
range 20-32 years). Of the 902 FFQ participants, 99 (12.34%)
experienced a relapse.

Costs
The costs of this study have remained within budget (Table 4).
Costs include material, shipment of FFQs and urine spot sample
collection kits, reminders, data entry, data management, and
laboratory urine analyses.
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Table 2. Sociodemographic and lifestyle characteristics of participants and nonparticipants in the food frequency questionnaire (FFQ) and the urine
spot sample collection.

Urine spot sampleFFQCharacteristics

Nonparticipantsb (n=110)Participants (n=111)Nonparticipantsa (n=797)Participants (n=802)

53 (48.2)49 (44.1)443 (55.6)401 (50.0)Male sex, n (%)

Age at survey (years), n (%)

44 (40.0)26 (23.4)328 (41.2)c248 (30.9)≤30

37 (33.6)37 (33.3)305 (38.3)320 (39.9)31-39

29 (26.4)48 (43.2)164 (20.6)234 (29.2)≥40

Country of birth, n (%)

98 (89.1)101 (91.0)736 (92.3)763 (95.1)Switzerland

12 (10.9)10 (9.0)60 (7.5)39 (4.9)Other

N/AN/A1 (0.1)N/AdMissing data

Education (highest degree), n (%)

71 (64.6)69 (62.2)681 (85.4)e527 (65.7)Lower than university

39 (35.5)42 (37.8)98 (12.3)270 (33.7)University

N/AN/A18 (2.3)5 (0.6)Missing data

Living situation, n (%)

24 (21.8)19 (17.1)129 (16.2)e164 (20.4)Alone

86 (78.2)91 (82.0)655 (82.1)634 (79.1)Other

N/A1 (0.9)13 (1.6)4 (0.5)Missing data

Physical activityf, n (%)

32 (29.1)32 (28.8)204 (25.6)e165 (20.6)Inactive

77 (70.0)76 (68.5)572 (71.8)628 (78.3)Active

1 (0.9)3 (2.7)21 (2.6)9 (1.1)Missing data

Smoking status, n (%)

65 (59.1)69 (62.2)511 (64.1)e532 (66.3)Never

24 (21.8)15 (13.5)79 (9.9)132 (16.5)Former

21 (19.1)25 (22.5)207 (26.0)128 (16.0)Current

N/A2 (1.8)N/A10 (1.3)Missing data

Body mass index at survey (kg/m2), n (%)

3 (2.7)7 (6.3)57 (7.2)e39 (4.9)Underweight (<18.5)

67 (60.9)76 (68.5)500 (62.7)490 (61.1)Normal (18.5-24.9)

25 (22.7)15 (13.5)141 (17.7)177 (22.1)Overweight (25-29.9)

14 (12.7)10 (9.0)59 (7.4)75 (9.4)Obese (≥30)

1 (0.9)3 (2.7)40 (5.0)21 (2.6)Missing data

aIncludes 635 childhood cancer survivors (CCSs) who did not respond, 45 who declined, 11 who were pregnant or breastfeeding, 35 with missing dietary
data, and 71 with unreliable dietary data.
bIncludes 9 CCSs with no valid address available anymore or who were abroad, 15 who declined, and 86 who did not respond.
cAge at survey is calculated for FFQ nonparticipants by taking the average participants’ date of filling in the questionnaire.
dN/A: not applicable.
eBased on information from the Swiss Childhood Cancer Survivor Study baseline questionnaire filled in between 2007 and 2013 by FFQ nonparticipants.
fActive: ≥150 minutes of moderately intense or 75 minutes of vigorously intense or a combination of moderately and vigorously intense physical activity
per week.
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Table 3. Clinical characteristics of participants and nonparticipants in the food frequency questionnaire (FFQ) and the urine spot sample collection.

Urine spot sampleFFQCharacteristics

Nonparticipantsb (n=110)Participants (n=111)Nonparticipantsa (n=797)Participants (n=802)

ICCC-3c diagnosis, n (%)

27 (24.6)30 (27.0)264 (33.1)246 (30.7)I: Leukemia

30 (27.3)30 (27.0)139 (17.4)173 (21.6)II: Lymphoma

17 (15.5)9 (8.1)140 (17.6)81 (10.1)III: CNSd tumor

3 (2.7)4 (3.6)31 (3.9)28 (3.5)IV: Neuroblastoma

3 (2.7)2 (1.8)22 (2.8)12 (1.5)V: Retinoblastoma

3 (2.7)4 (3.6)41 (5.1)52 (6.5)VI: Renal tumor

1 (0.9)1 (0.9)3 (0.4)6 (0.8)VII: Hepatic tumor

5 (4.6)11 (9.9)29 (3.6)50 (6.2)VIII: Bone tumor

10 (9.1)7 (6.3)32 (4.0)66 (8.2)IX: Soft tissue sarcoma

4 (3.6)8 (7.2)42 (5.3)43 (5.4)X: Germ cell tumor

3 (2.7)4 (3.6)17 (2.1)26 (3.2)XI and XII: Other tu-
mor

4 (3.6)1 (0.9)37 (4.6)19 (2.4)Langerhans cell histio-
cytosis

Age at diagnosis (years), n (%)

29 (26.4)28 (25.2)262 (32.9)251 (31.3)<5

23 (20.9)19 (17.1)211 (26.5)164 (20.4)5-9

27 (24.6)34 (30.6)222 (27.9)239 (29.8)10-14

31 (28.2)30 (27.0)102 (12.8)148 (18.5)15-20

22.8 (18.5-30.1)28.3 (21.0-32.7)N/Ae26.1 (20.2-31.7)Time since diagnosis
(years), median (interquar-
tile range)

15 (13.6)18 (16.2)107 (13.4)99 (12.3)History of relapse, n (%)

aIncludes 635 childhood cancer survivors (CCSs) who did not respond, 45 who declined, 11 who were pregnant or breastfeeding, 35 with missing dietary
data, and 71 with unreliable dietary data.
bIncludes 9 CCSs with no valid address available anymore or who were abroad, 15 who declined, and 86 who did not respond.
cICCC3: International Childhood Cancer Classification, Third Edition.
dCNS: central nervous system.
eN/A: not applicable.

Table 4. Costs to perform the Swiss Childhood Cancer Survivor Study-Nutrition study.

Costs (US $)Expenses

6514Material, eg, (return) envelopes, questionnaires, urine tubes

20,232Address update for childhood cancer survivors

7125Mailings

13,360Data entry for food frequency questionnaires

2908Laboratory analyses of urine spot samples

602Ethics committee approval

50,741Total costs

Childhood Cancer Survivor Reactions
CCSs had varied reactions to the FFQ. The majority of CCSs
wanted to participate and welcomed a follow-up questionnaire.

Only a small number of the 1599 CCSs to whom FFQs were
sent (n=45, 2.81%) declined to complete the FFQ. Of the 221
CCSs to whom information letters for urine collection were
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sent, 15 declined to collect a urine spot sample (Figure 1). All
CCSs who declined participation expressed a willingness to
participate in future studies. A total of 26 CCSs contacted us
by telephone (n=13), email (n=5), or letter (n=8) with questions
about the purpose of the study, its setup, eligibility, or another
question, or to notify the study team about a delay in FFQ
response or urine collection. Overall, the CCSs were supportive
and open to participation in the study. We received no angry or
aggressive reactions.

We anticipate that the results of the SCCSS-Nutrition study will
be available mid-2019.

Discussion

Principal Findings
SCCSS-Nutrition is, to our knowledge, the first study in
Switzerland that has collected in-depth dietary data. It will allow
researchers to assess dietary intake and quality in CCSs and to
compare 2 dietary assessment tools: urine measurements and
FFQs. Urine spot sample measurements can quantify nutrient
intake objectively and can therefore complement self-reported
dietary information from the FFQ.

Unhealthy dietary intake is an important element in the
development of chronic morbidities such as type 2 diabetes,
metabolic syndrome, and CVD in the general population.
Populations with these morbidities are therefore widely
recommended to consume a healthy and balanced diet. The
extensively investigated Mediterranean diet, with high intakes
of fish, fruit, vegetables, legumes, nuts, whole grains, and
monounsaturated fats from olive oil, has been shown to reduce,
or even prevent, CVD, diabetes, obesity, metabolic syndrome,
and cancer in the general population [37-41] and in CCSs [5].
This makes nutrition one of the main determinants of health in
the general population, and is particularly relevant for people
with additional risk factors, including CCSs. Nevertheless,
knowledge about CCSs’ dietary intake and their nutritional
status is lacking within Switzerland and is limited worldwide.

Strengths and Limitations
This study, nested within the SCCSS, assesses dietary intake
information of CCSs and compares 2 dietary assessment tools:
the FFQ and dietary measurements from urine spot samples.
We found the SCCSS-Nutrition study to be well received and
feasible. This is, to our knowledge, the first study to provide
detailed dietary information on Swiss CCSs and to demonstrate
the feasibility of such a study. With the addition of dietary
indicators from urine spot samples, SCCSS-Nutrition makes

further comparison possible. Additionally, we had high response
rates for completing the FFQ and collecting urine spot samples.
Finally, we have access to detailed sociodemographic data from
the SCCSS baseline and follow-up questionnaire, and
high-quality clinical information extracted from medical records
in the SCCR. This a very rich dataset available for analysis.

Limitations of this study were that some CCSs said the FFQ
was too long. This might have influenced CCSs to either under-
or overreport dietary intake. Also, we asked CCSs for a single
spot urine sample rather than multiple spot samples or a 24-hour
urine collection to minimize participation burden. Comparison
of the self-reported FFQ data, representing habitual dietary
intake over 4 weeks, with urine spot analysis data, indicative
of the dietary intake during the day before, should therefore be
regarded with caution. Seasonal influences could play a role in
the FFQ assessment, as we assessed dietary intake for the past
4 weeks rather than the past year. Finally, the interval between
the FFQ assessment and urine spot collection could produce
differences in dietary intake due to seasonal influences.

Lessons Learned
Setting up this study provided valuable insight into several
methodological and logistic issues. We asked CCSs to return
urine samples within 2 weeks and to post their urine samples
between Monday and Thursday. This prevented the samples
from arriving during the weekend. The time frame of 2 weeks
was too short; several CCSs contacted us to ask for an extension.
The urine collection tubes had a diameter of 3 cm and did not
fit the opening slit of an official Swiss mailbox when the CCSs
placed a sample in a sealed plastic bag and a bubble-lined postal
return envelope. Given this, the response rate was higher than
we expected, and we reached the recruitment target because of
the up-to-date address list and personal information of SCCR,
and the high motivation of CCSs to participate. Furthermore,
including a study center took longer than expected, due to
arranging appropriate urine storage within the hospital, and an
extra briefing about the potential hazards of CCSs’ urine
contaminated with chemotherapeutic agents in case of cancer
recurrence to safeguard the safety of laboratory staff.

Conclusions
The SCCSS-Nutrition study collected in-depth dietary data that
will enable an assessment of dietary intake and dietary quality
in CCSs and a comparison of dietary assessment tools. The
study will help fill nutrition knowledge gaps and is a first step
toward surveillance guidelines and targeted nutritional
recommendations in Switzerland.
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Abstract

Background: Overtreatment and overtesting expose patients to unnecessary, wasteful, and potentially harmful care. Reducing
overtreatment or overtesting that has become ingrained in current clinical practices and is being delivered on a routine basis will
require solutions that incorporate a deep understanding of multiple perspectives, particularly those on the front lines of clinical
care: patients and their clinicians. Design approaches are a promising and innovative way to incorporate stakeholder needs,
desires, and challenges to develop solutions to complex problems.

Objective: This study aimed (1) to engage patients in a design process to develop high-level deintensification strategies for
primary care (ie, strategies for scaling back or stopping routine medical services that more recent evidence reveals are not
beneficial) and (2) to engage both patients and primary care providers in further co-design to develop and refine the broad
deintensification strategies identified in phase 1.

Methods: We engaged stakeholders in design charrettes—intensive workshops in which key stakeholders are brought together
to develop creative solutions to a specific problem—focused on deintensification of routine overuse in primary care. We conducted
the study in 2 phases: a 6.5-hour design charrette with 2 different groups of patients (phase 1) and a subsequent 4-hour charrette
with clinicians and a subgroup of phase 1 patients (phase 2). Both phases included surveys and educational presentations related
to deintensification. Phase 1 involved several design activities (mind mapping, business origami, and empathy mapping) to help
patients gain a deeper understanding of the individuals involved in deintensification. Following that, we asked participants to
review hypothetical scenarios where patients, clinicians, or the broader health system context posed a barrier to deintensification
and then to brainstorm solutions. The deintensification themes identified in phase 1 were used to guide phase 2. This second
phase primarily involved 1 design activity (WhoDo). In this activity, patients and clinicians worked together to develop concrete
actions that specific stakeholders could take to support deintensification efforts. This activity included identifying barriers to the
actions and approaches to overcoming those barriers.

Results: A total of 35 patients participated in phase 1, and 9 patients and 7 clinicians participated in phase 2. The analysis of
the deintensification strategies and survey data is currently underway. The results are expected to be submitted for publication
in early 2020.

Conclusions: Health care interventions are frequently developed without input from the people who are most affected. The
exclusion of these stakeholders in the design process often influences and limits the impact of the intervention. This study employed
design charrettes, guided by a flexible user-centered design model, to bring clinicians and patients with differing backgrounds
and with different expectations together to cocreate real-world solutions to the complex issue of deintensifying medical services.
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Introduction

Background and Rationale
Many efforts to decrease low-value care (overuse) have focused
on avoiding one-time diagnostic procedures or treatments, such
as not treating acute sinusitis with antibiotics [1]. However,
much of health care involves the routine use of medical services
for chronic conditions or preventive services. Thus, developing
effective strategies to motivate appropriate
deintensification—the scaling back or stopping of routine
medical services that more recent evidence reveals are not
beneficial—is a key component of reducing overuse. Examples
of deintensifying include decreasing the dose of oral
sulfonylurea medications for diabetes management, reducing
the frequency of cancer screening, or stopping routine testing
such as carotid artery screening that is no longer supported by
the evidence. Deintensifying unneeded and potentially harmful
services would improve quality of care by decreasing patient’s
exposure to harm [2]. Furthermore, deintensification has the
potential to improve access to necessary services for those who
need them the most [3]. Yet, research has shown that
deintensification can be rare even when patients are at high risk
for net harm [4-6].

Overuse is a wicked problem [7] with no easy solutions—and
deintensification of routine care may prove even more
challenging than attempts to reduce other types of low-value
care. A long-standing challenge that applies equally to all types
of overuse is that patients and the public may focus on small
opportunities for improvement and ignore larger treatment risks
[8-10]. In addition, patients and clinicians come to a health care
encounter with their own knowledge and beliefs about the degree
to which care is beneficial or appropriate, and each individual
could be hesitant to deintensify for a variety of reasons [11].
These beliefs may be stronger in the context of long-term
ongoing care and represent an even more challenging barrier
for reducing this type of care compared with reducing a one-time
test or treatment for a patient. Furthermore, without clear
guidance on exactly when to deintensify ongoing care [2], lack
of time and lack of communication tools may be even more
important barriers to appropriate deintensification of services
that have been a matter of routine practice for both the patient
and clinician [12]. Finally, patients and clinicians are also
embedded within larger health system contexts, with
motivational structures and processes that influence care
decisions. As many existing performance measures incentivize
high-intensity care regardless of appropriateness [13], clinicians
may feel compelled to continue with inappropriate treatment
(eg, intensive glucose management) and be hesitant to adopt
newer recommendations to deintensify.

Thus, even more than for reducing other types of low-value
care, deintensifying care that is successfully delivered as a

matter of routine for both the patient and clinician will likely
require innovative, multifaceted solutions and an in-depth
understanding of multiple perspectives—particularly
perspectives of those on the frontlines of clinical care: patients
and clinicians. Moreover, as deintensifying care presents
difficult challenges at multiple levels, simultaneously deploying
multiple interventions may be required. We believe that to
overcome these challenges, policy makers will need to do more
than elicit knowledge and attitudes about deintensification from
stakeholders [14]. A promising strategy is to directly engage
patients and clinicians in the actual design of strategies to
implement deintensification. In this paper, we detail the ways
in which we employed user-centered design (UCD) activities
to develop patient- and clinician-generated solutions, focusing
both on digital health and nondigital (ie, traditional or offline)
health, to the complex problem of deintensifying routine medical
care within primary care clinics. Applying design approaches
to interventions in health care is becoming more popular, and
a recent review found that design processes may result in more
practical, acceptable, and effective interventions as compared
with other expert-driven methods [15].

Study Objectives
We employed design charrettes, guided by a flexible UCD
model, to engage stakeholders in generating innovative strategies
to support successful deintensification in primary care. (A
charrette is defined as an intensive workshop or session in which
key stakeholders are brought together to build off of each other’s
best ideas and develop creative solutions to a particular problem
[16-18].)

The specific aims of the study were as follows:

1. To engage patients in developing high-level
deintensification strategies for primary care (patient design
charrettes [phase 1]).

2. To engage both patients and primary care providers in
further developing and refining the broad deintensification
strategies identified in phase 1 (patient-clinician design
charrette [phase 2]).

Methods

User-Centered Design Overview
UCD is a discipline that seeks to ground the characteristics of
an innovation within in-depth information about the individuals
who will use the innovation [16]. Working closely with
consultants from the University of Michigan Stamps School of
Art & Design [19], we employed a set of design activities to
help patients and providers generate strategies for
deintensification.

Design approaches prioritize deep empathy for end user desires,
needs, and challenges to fully understand a complex problem
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in hopes of developing more comprehensive and effective
solutions [20]. Design incorporates stakeholder needs and
feedback throughout the co-design process and is increasingly
being used in a variety of health care settings and conditions
[15]. Although many variations of design process models exist,
we selected the frequently used model developed by the Hasso
Plattner Institute of Design at Stanford (also known as the
d.school) to guide our work (Figure 1) [21].

The design model includes the following 5 stages:

1. Empathize: Work to understand the people who you are
trying to find a solution for.

2. Define: Clearly articulate the primary problem (ie, what
needs to be fixed).

3. Ideate: Brainstorm as many creative solutions as possible.
4. Prototype: Create representations of the solutions identified

in the prior stage.
5. Test: Elicit feedback about the prototypes.

Figure 1. Design process model. Figure adapted, with permission, from Stanford d.school.

Potential Benefits of Using a Design Approach to
Develop Strategies for Deintensification
Design is a creative process to solve complex problems, such
as the one addressed in this study: stopping or reducing
nonbeneficial medical services that have become part of a
patient’s routine care. We felt the following design approaches
could support key goals for this project:

1. Participants would first be required to think through how
other users involved in the deintensification process (eg,
patients, providers, and caregivers) might feel about
deintensification before beginning to develop solutions.
This would guide participants toward a shared
understanding of the users and ultimately more meaningful
deintensification strategies.

2. Participants would consider the workflows in primary care,
the competing demands and time constraints that providers

confront during a clinic appointment, the preferences and
motivations of users (primary care patients, primary care
clinicians, and others), and other relevant issues. This would
help ensure that the strategies generated would be
particularly relevant to the primary care setting.

3. Participants would be encouraged to brainstorm as many
creative solutions as possible and to think outside the box.
Thus, at the end of the project, we would have an extensive
list of potentially innovative strategies for deintensification.

In addition, by allowing us to directly engage those on the front
lines of care delivery to generate potential solutions (patients
and primary care clinicians), we felt that the strategies generated
would be perceived as more practical, feasible, and trustworthy
to other patients and clinicians on the front lines, increasing
their dissemination and implementation potential.
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Study Design Overview
In an earlier part of the study, 37 recommendations for
deintensification were validated by an expert panel using a
modified RAND/UCLA Appropriateness Method [22]. These
recommendations focused on common conditions and preventive
care services encountered in adult ambulatory primary care.
From these 37 recommendations, we reviewed deintensification
recommendations that were rated highly by the expert panel.
We selected 3 highly rated recommendations as topics for the
charrettes, trying to identify a set of topics that are not only
applicable to both genders but which might also elicit different
concerns from participants (eg, cancer screening vs medications
for cardiovascular prevention and diabetes treatment). The
selected recommendations included the following:

1. Recommendation 1: Stop or decrease the dose of diabetes
medications in patients aged 65 years and older who have
low hemoglobin A1c (HbA1c<6.5%).

2. Recommendation 2: Do not do screening colonoscopy in
average-risk adults aged 80 years or older. In addition, do
not conduct screening colonoscopies more often than every
10 years.

3. Recommendation 3: Do not screen for carotid artery stenosis
in asymptomatic adult patients without a history of
cerebrovascular disease.

We conducted a design charrette with patients (phase 1; July 9,
2018) and repeated the charrette with a new group of patients
(phase 1; July 14, 2018). Following these charrettes, 1
patient-clinician design charrette was conducted (phase 2;
November 29, 2018). Phase 1 focused on the empathize, define,
and ideate stages of our guiding design process model. Phase
2 focused primarily on the ideate and prototype stages. A future
phase of the project will focus on the final stage, that is, the test
stage.

The local Department of Veterans Affairs (VA) Institutional
Review Board approved the study.

Phase 1: Patient Design Charrette

Participant Recruitment
We stratified recruitment by gender and race to ensure a
diversity of perspectives. Once a patient had been deemed
conditionally eligible (see Multimedia Appendix 1 for inclusion
and exclusion criteria), a staff member mailed the patient a
recruitment letter explaining the study and informing them that
a study team member would be calling to invite them to
participate. A copy of the study consent form was included with
the mailing. Approximately 1 week after the mailing, staff
phoned the patient to explain the study and ascertain their
interest in participating. (Staff attempted to contact a patient up
to 3 times.)

For each phase 1 charrette, patients were recruited until
approximately 30 agreed to participate (10 who met the
eligibility criteria for Recommendation 1 plus 20 who met the
eligibility criteria for Recommendations 2 and 3).

Approximately 2 weeks before a charrette, relevant materials
were mailed to the patients who agreed to participate. These
materials included information on the goals of the full research

study, an explanation of what to expect during the charrette, a
summary of the 3 recommendations that would be discussed at
the session, and a map with driving directions to the session.

Design Charrette Overview
The phase 1 charrette lasted approximately 6.5 hours and was
hosted at the VA Center for Clinical Management Research in
Ann Arbor, Michigan. The registration process began by
obtaining written informed consent. Once consent was obtained,
participants were directed to their assigned group; each group
focused on 1 of the 3 deintensification recommendations
described above; 3 trained facilitators, 1 assigned to each group,
guided the participants throughout the day (see Multimedia
Appendix 2 for the facilitator’s guide). The participants
completed a baseline survey (Multimedia Appendix 3).

Following a brief presentation by the project manager, to
highlight the goals of the study and agenda for the day and
introductions within groups, 8 design activities were conducted.
The selected activities, which are commonly used in design
charrettes, were assembled to help participants better understand
the needs of clinicians, patients, and other clinical
staff/leadership involved in the deintensification process, and
to ground design of the deintensification strategies (the final
product of the day) in information about the people who will
ultimately be involved in carrying these strategies out in
practice. Portions of the charrette were audiotaped.

Charrette Activities
The charrette activities supported broad, quick, and open idea
generation. Imaginative, fresh, and creative ideas were
encouraged (see Multimedia Appendix 4). Participants were
asked to actively listen to others in their group and be
open-minded and not critical (ie, “every idea is a good idea”).
In addition, participants were instructed to go for volume (ie,
“generate as many ideas as possible”).

Presentation by a Veterans Affairs Primary Care
Physician
A VA primary care provider gave a brief presentation to orient
participants to how doctors think about deintensification,
highlight some of the challenges in deintensifying, and assure
participants that deintensifying is often the right thing to do (ie,
“appropriately deintensifying does mean that you are getting
the best care possible”). In addition, the presentation highlighted
the importance of patient input to develop innovative and
effective deintensification strategies.

Presentation by a Veterans Affairs Patient
Following the provider’s presentation, a Veteran patient who
receives his care at the Ann Arbor VA Medical Center gave a
brief presentation to explain deintensification from a patient’s
perspective, to provide support to the doctor’s presentation, and
to help make the participants feel comfortable sharing their
opinions. The Veteran patient met several times with the study
team, before the charrette, to discuss and prepare content for
the presentation.
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Case Review
Each group was presented with a written case related to their
deintensification topic (ie, related to the subgroup’s specific
recommendation; see Multimedia Appendix 5). The case
included a patient persona, a provider persona, and a fictional
story about scaling back, told from both the patient and provider
perspectives. The case highlighted some of the reasons why
deintensification can be so challenging and provided inspiration
for the gamestorming UCD activities detailed in the following
sections [17,23].

During the case review, the facilitator narrated the patient and
clinician personas, and a session participant volunteered to
narrate the corresponding story sections. After reading the case,
the facilitator asked participants to reflect on what they heard
in the case.

Mind Mapping
Mind mapping is a visual thinking tool to help organize the
information [17]. Through nonlinear groupings and branches,
it connects and organizes information around a central subject,
thus allowing participants to better understand the relationships
that exist. Mind mapping was used early in the charrette to help
jump-start the creative process.

During this activity, session participants identified information
that stood out, articulated their interpretation of issues and
concepts mentioned in the case, and discussed ideas sparked by
the case (Multimedia Appendix 6). During this discussion,
facilitators wrote the group’s comments on a flipchart, creating
branches to represent words related to the central idea (ie, the
story) and sub-branches to represent words that further expanded
on the central idea. The mind mapping diagram remained on
display throughout the entire session.

Business Origami
Business Origami is an activity that allows participants to
collaboratively develop a physical representation of a system
[17]. The aim of this activity is to help groups gain a deeper
understanding of the people and things involved, the surrounding
environment, and the interaction(s) between them.

In our design charrette, participants were instructed to imagine
that the patient and provider in the case were meeting for a
medical appointment. Participants were asked to think about
what that medical appointment might look like and to map out
the flow of the medical appointment between the patient and
doctor in the case using 3-dimensional icons (ie, paper pop-up
tokens); some icons were preprinted with potentially relevant
actors (eg, doctor, nurse, and patient’s spouse), artifacts (eg,
doctor’s computer, medicine, and educational materials), and
places (eg, check-in station, waiting room, and doctor’s office),
and some were blank to allow participants to add new ones if
needed (Multimedia Appendix 6). The interactions between the
tokens were represented by arrows drawn on the surface
(horizontal white paper) with colored markers. The completed
business origami model was displayed throughout the session.

Empathy Mapping
An empathy map is a collaborative design tool for discovering
deeper insights about users, customers, or stakeholders [24].

The aim of empathy mapping is for participants to put
themselves in the place of another person and understand their
motivations and frustrations. The structure of an empathy map
canvas often includes 4 quadrants representing the user’s
external, observable world, and internal mindset.

For our session, the facilitator placed a large outline of a human
head onto a flipchart. This head represented the patient in the
case. (The name of the patient and several of his/her
characteristics were written on the canvas.) Then, 4 quadrants
were drawn out from the head representing the following:
seeing, saying/doing, hearing, and thinking/feeling. Participants
were asked to write down on sticky notes what they think the
patient might be seeing, saying/doing, hearing, and/or
thinking/feeling during the medical appointment where
deintensification was being discussed. The facilitator placed
the sticky notes on the appropriate quadrant of the map
(Multimedia Appendix 6). Pains (fears, frustrations, and
anxieties) and gains (wants, needs, hopes, and dreams) were
also articulated and written at the bottom of the canvas. This
activity was repeated with a second human head representing
the doctor in the case. The canvases were displayed throughout
the session.

Identifying Strategies Card Game
We developed recommendation-specific scenarios about
different patients and their primary care providers. The scenarios
were designed so patients and clinicians in the scenarios varied
along a spectrum of combinations of degree of resistance to
deintensification, from highly resistant to deintensification,
somewhat resistant to deintensification, or not at all resistant to
deintensification. Scenarios covered all combinations of patient
and clinician types. Each of the scenarios included the following
5 pieces of information: (1) a brief patient description, (2) a
brief clinician description, (3) wants/needs of the patient and/or
clinician, (4) motivations/reasoning of the patient and/or
clinician, and (5) barriers (patient, clinician, and/or system-level)
to deintensification. Put together, these pieces expressed a
problem statement that participants reviewed together [25].
Following the review, participants brainstormed solutions that
could help solve the problem as they saw it for that scenario.

The following is an example of a deintensification scenario
where the patient is highly resistant to deintensification and the
provider is not at all resistant to successful deintensification:

• 1. Patient description: Arik is 74 years old and retired from
the army, suffers from diabetes, recently transferred to the
VA, with several prescriptions including insulin; most
recent HbA1c level is low.

• 2. Provider description: Dr. Stokes is a physician at a large
VA Medical Center, has been seeing Arik for 1 year.

• 3-5. Problem statement: Dr. Stokes wants Arik to reduce
his insulin (wants or needs information) because Arik’s
HbA1c level is low and current evidence suggests that a low
HbA1c can be harmful in older adults (motivation
information) but Arik has been on insulin for many years
and is scared his blood sugars will rise if he stops or reduces
it, so Arik refuses (barriers information).
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Multimedia Appendix 7 provides the full set of patient-clinician
scenarios that the participants reviewed. Participants worked in
pairs or trios to work through a card game where they were
taken through each scenario one-at-a-time in a structured
fashion, to identify barriers that might prevent the doctor or
patient from scaling back, and to brainstorm solutions (ie,
strategies) to overcome those barriers. The pairs/trios were asked
to brainstorm as many strategies as possible, then work together
to select the best 1 to 3 strategies from all those brainstormed.
Participants were prompted with the following instructions as
they worked through each scenario using a worksheet (see
worksheet template in Multimedia Appendix 8): Solution 1 -
The big problem that would prevent scaling back is (insert text);
A solution that can solve the problem is (insert text). This was
repeated for up to 2 additional solutions (ie, solutions 2 and 3)
as desired by the participants.

Participants repeated the above until they finished all the
scenarios or until time for the activity ran out.

Dot Voting
Dot voting is one of the simplest ways to collaboratively
prioritize and converge upon agreed solutions [23].

Following the card game, all scenario worksheets generated by
the group were displayed on a nearby wall and read aloud by
the group’s facilitator. Each participant in the group was given
6 dot stickers and asked to place dots on the 6 strategies they
felt were most important.

Charrette Wrap-Up
At the end of the charrette, participants completed a postsession
survey. The survey was similar to the baseline survey but
included questions related to the participant’s willingness to
participate in phase 2 of the study. Participants received a US
$125 gift card for taking part in the session.

Analysis
Following both patient design charrettes, project staff rapidly
reviewed all prioritized deintensification strategies, along with
the related facilitator notes and audio recordings. The team
followed a consensus process to identify themes and group
similar themes together. The resultant 6 themes were termed
super strategies and used to guide the phase 2 patient-clinician
design charrette (Table 1).

Table 1. Deintensification super strategy categories from phase 1.

ExampleSuper strategy category

Offer a group class to educate patients about deintensificationProvide patient education through outreacha

Educate the public about deintensification using billboards, newspapers, or magazinesEducate patients using mass/social mediaa

Have mandatory trainings for clinic staff (eg, providers and nurses) on the newest overuse
recommendations

Provide education to providersa

“Treat the patient as a person and not as a number”Provide patient-centered careb

Use decision aids to help a patient better understand the risks and benefits of scaling backEducate patients during an appointmentb

Have providers consider doing more up front to build rapport and trust with the patient
to help ensure success during future scaling back efforts

Offer alternatives to careb

aGroups focusing on this strategy: diabetes treatment in high-risk patients; Screening for carotid artery stenosis in asymptomatic patients.
bGroup focusing on this strategy: screening for colorectal cancer in older adults.

Phase 2: Patient-Clinician Design Charrette

Patient Recruitment
A staff member mailed patients, who participated in phase 1
and met other inclusion criteria (see Multimedia Appendix 1
for inclusion and exclusion criteria), a recruitment letter
explaining the patient-clinician design charrette and informing
them that a study team member would be calling to invite them
to participate. A copy of the study consent form was included
with the mailing. Approximately 1 week after the mailing, the
staff called the patient to ascertain their interest in participating
(the staff attempted to contact a patient up to 3 times). Once a
patient indicated they were interested in participating, the staff
member reviewed the consent form with the patient and
answered any questions they had.

Two weeks before the session, relevant materials were mailed
to the patients who agreed to participate. These materials
included information on the goals of the full research study, a
summary of the patient-only session (including a table outlining

3 of the super (deintensification) strategies identified during
that session), a description of what to expect during the
patient-clinician session, and directions to the session. In
addition, patients received an index card titled Personal
Experience with Deintensification. The index card stated:

Describe a time when you went to your doctor
wanting a specific test/treatment, your doctor
persuaded you that NOT getting the test/treatment
was the best thing to do, and in the end, you felt good
about it.

Patients were instructed to complete the card before the session
and bring it with them to the session.

Provider Recruitment
A staff member emailed providers a recruitment letter explaining
the patient-clinician design charrette. The study consent form
was attached to the email. Providers were instructed to review
the consent form and reply to the email if they were interested
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in participating in the session (the staff sent up to 3 recruitment
emails to providers).

Two weeks before the session, relevant materials were hand
delivered to the providers who agreed to participate. These
materials included information on the goals of the full research
study, a summary of the initial patient sessions (including a
table outlining 3 of the super (deintensification) strategies
identified during that session), a description of what to expect
during the patient-clinician session, and directions to the session.
In addition, providers received an index card titled Personal
Experience with Deintensification. The index card stated:

Describe a time when a patient came to the clinic
wanting a specific test or treatment, but after some
discussion you were able to persuade the patient that
it really wasn’t in their best interest. Then, describe
a few ways that patients have made these
deintensification conversations easier for you in the
past.

Providers were instructed to complete the card before the session
and bring it with them to the session.

Design Charrette Overview
The 4-hour session took place at the VA Center for Clinical
Management Research in Ann Arbor, Michigan. The registration
process began by obtaining written informed consent. Once
consent was obtained, participants were directed to their
assigned group, which was led by a trained facilitator (see
Multimedia Appendix 9 for the facilitator’s guide). As in phase
1, each group focused on 1 of the 3 deintensification
recommendations mentioned in the study design overview
section. In addition, each group concentrated on 3 of the 6
deintensification super strategies identified in phase 1 (Table
1).

To begin, all participants completed a baseline survey.
Following a brief presentation by a study investigator to outline
the agenda and goals for the day and to summarize the high-level
deintensification strategies generated during the phase 1 session,
each participant shared their personal experience(s) with
deintensification using the prompts introduced on the previously
mailed index card, as described above. (If a participant forgot
their card, they were instructed to simply share any experience
they have had in scaling back or stopping tests or treatments.)
After this, each facilitator briefly reviewed the 3 super strategies
that their group would be focusing on during the remainder of
the session, answered any questions participants had about the
strategies, and discussed the goal of the primary charrette
activity, WhoDo. WhoDo was used in this study to help
participants develop concrete actions that specific stakeholders
can take to support deintensification efforts. Portions of the
charrette activities were audiotaped.

Charrette Activities
WhoDo is a tool that helps to brainstorm, plan, and prioritize
actions (see Multimedia Appendix 4).

We modified the tool to create a WhoDo matrix (see Multimedia
Appendix 6) [23]. This matrix collected information not only
on the stakeholders (Who) and their actions (Do), but also on

potential obstacles to the action (Barriers) and approaches to
overcome the barriers (How to Overcome).

Specific questions that were to be considered included the
following:

1. Who: Who is involved in making deintensification happen?
Who is the decision maker? Who has the needed resources?
Whose support is needed?

2. Do: What do they need to do or do differently? What actions
will build toward the big goal? (Each Do (action) had to be
concrete and measurable.)

3. Barrier: What could get in the way of getting this (Do)
done? What potential problems exist?

4. How to Overcome: What needs to happen to be able to
overcome the barrier(s)?

In addition, we asked participants to consider stakeholders (Who)
at 3 different levels. These levels included the primary care
team level, the local VA level, and the national VA level. A list
of potential stakeholders and/or their role at each level (eg,
primary care team—provider, patient, and nurse; local VA
level—director [leadership], pharmacists [specialists], social
workers [support services], and clerk [administration]; national
VA level—National Office to promote health or prevent disease,
Veterans Service Organizations) was provided to each of the 3
groups. Facilitators stressed to participants that for
deintensification efforts to be successful at any 1 level, they
often need to be supported by other levels of the health care
system. Each facilitator gave a brief example, at 1 of the levels,
as a demonstration.

Step 1: Brainstorming of Who and Do
The initial step of the activity was a simple 30-min
brainstorming session. Facilitators instructed participants to
consider, within the 3 super strategy areas assigned to their
group, what could be done to support deintensification (Do)
and who would be needed to make it happen (Who). (Note: We
refer to these collectively as WhoDo.) Facilitator 1 asked
participants to write their WhoDo ideas on sticky notes and then
share with the entire group, facilitator 2 collected information
directly on a whiteboard as they were brainstormed by
participants, and facilitator 3 used both of the above techniques
to collect information. Facilitators worked to ensure that ideas
were generated in each of the 3 super strategy areas.

Step 2: Selection of the Most Important WhoDo
Following the brainstorming, participants were asked to work
together to identify the actions that would be most effective in
supporting appropriate deintensification. Each group was
instructed to identify the top 1 to 3 actions and to select the 1
action that they would like to use to start their first WhoDo
matrix.

Step 3: Identification of Barriers (Barriers) and
Solutions for Overcoming the Barriers (How to
Overcome)
Participants selected the level (ie, primary care team, local VA,
and national VA) for the top 1 to 3 actions, and the facilitator
copied the prioritized action into a WhoDo matrix, which was
presented on large sheets of white paper. Facilitators then asked
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participants to brainstorm potential barriers (Barriers) that could
get in the way of the action (Do) actually happening. All barriers
were documented within the WhoDo matrix. Once participants
felt like their list of barriers was complete, they were instructed
to select the one barrier that was likely the most important
obstacle to making the Who and Do happen, and the facilitator
highlighted this barrier in the matrix. Following that, participants
were instructed to discuss solutions (How to Overcome) that
could help overcome the biggest barrier. Again, all solutions
were documented within the WhoDo matrix. Once the list of
solutions was felt to be complete, participants were instructed
to select the best solution, and the facilitator highlighted this
solution in the matrix. The facilitator asked participants to then
consider how the most important solution could be supported
by the other 2 levels of the health care system. The participants
completed the same steps as above (ie, determining Who, Do,
Barriers, and How to Overcome) for one or both remaining
levels.

Step 4: Selection of the Most Valuable WhoDo
Groups were instructed to select the most valuable WhoDo from
all completed matrices. Participants were asked to consider the
following 3 questions when making their decision: (1) Which
is most likely to lead to appropriate deintensification? (2) Which
is most sustainable? (3) Which would be most acceptable to all
stakeholders? Once the most valuable WhoDo was identified,
each facilitator shared it with all session participants.

Charrette Wrap-Up
At the end of the charrette, participants completed a postsession
survey. Patient participants received a US $75 gift card for
taking part in the session.

Analysis Plan (phase 1 and phase 2)

Categorizing Strategies

The first step in our analysis will be to categorize the strategies
that were developed by participants during phase 1. Our analytic
team (LD, JS, TC, MK, and SK) will use an inductive coding
approach to create categories for the prioritized phase 1
strategies. The categories will focus on the actor or entity
responsible for initiating the deintensification strategies. We
list the categories here to convey the breadth of responses across
different levels: doctor, patient, other staff, multilevel (within

a health system), health system, and national. The team will
refine the definitions for the categories while coding the
prioritized phase 2 strategies. We will reconcile any outdated
codes from phase 1 with our phase 2 codes to ensure continuity
in our coding application. Once we finalize our coding scheme,
we will follow a deductive approach to categorize the remaining
(ie, nonprioritized) strategies for phases 1 and 2.

Developing Themes

Building on our initial work, members of the analytic team will
independently review the strategies within each level and create
a list of ideas for patterns across the strategies. The team will
consider several questions while reviewing the strategies in
each level, such as What are the similarities across the
strategies? What is the common thread in all these ideas? For
example, do the commonalities lie in who participants think
should be involved, or how this process should happen? Finally,
we will review the ideas as a group and distill them into themes
to capture what we heard from participants in each phase.

Examining the Survey Data

Analysis of the survey data will include basic descriptive
statistics of the main variables of interest.

Results

Recruitment
In phase 1, study staff sent recruitment letters and made at least
one phone call attempt to 316 eligible patients (Figure 2).

Staff were unable to reach 78 patients via phone, and an
additional 179 patients declined to participate in the study. Of
the 59 patients verbally agreeing to participate, 35 provided
written informed consent and participated in the study.

In phase 2, 18 eligible patients and 29 eligible providers received
a study recruitment letter/email (Figure 3).

One patient could not be reached via phone, and 5 patients
declined to participate; 14 providers did not respond to the
recruitment email, and 7 providers declined to participate. Of
the 12 patients who agreed to participate, 9 provided written
informed consent and participated in the study. Of the 8
providers who agreed to participate, 7 provided written informed
consent and participated in the study.
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Figure 2. Recruitment for the two patient-only design charrettes (phase 1).
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Figure 3. Recruitment for the patient-clinician design charrette (phase 2).

Data Analysis
The categorization of deintensification strategies, development
of themes, and analysis of survey data are currently underway.
The results are expected to be submitted for publication in early
2020.

Discussion

Our study protocol employs a novel method, design charrettes,
to bring providers and patients with differing backgrounds and
with different expectations together to cocreate solutions to the
complex issue of deintensification. To our knowledge, this is
the first study to use design charrettes, a collaborative session
consisting of UCD activities guided by a UCD process model,
to engage patients and providers in cocreating strategies to
support successful deintensification in primary care.

Deintensification is closely connected to the concept of
deimplementation. Deintensification occurs when a test or
treatment is scaled back or stopped. This project focused on
deintensification of routine services as exemplified in practice

recommendations. Deimplementation is a similar concept that
focuses on the broader need to develop system approaches to
stop low-value practices [26] and can be seen as an implicit part
of implementation and organizational change [27]. In the future,
there may be deimplementation projects that focus on
deintensification recommendations.

Design approaches have only recently been employed in health
care, and the wide array of existing design processes have roots
in disparate fields such as architecture, engineering, and business
[28]. These approaches are now being taught in medical schools
and are being used directly by doctors and nurses to improve
patient care and patient’s experiences [29-31]. A concrete
example of how design activities can have a real-world impact
is the following: administrators at the Rotterdam Eye Hospital
in the Netherlands wanted to transform the patient’s experience
from an often anxiety-riddled episode into something more
reliably pleasant and personal [32]. To do this, they incorporated
UCD principles into their planning process. First, hospital staff
set out to better understand their target user (ie, patients coming
into the hospital for treatment). They found that most patients
were scared about losing their eyesight; therefore, their primary
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goal was to reduce patients’ fears. The team brainstormed
potential solutions. They sought insight from both inside and
outside the health care field (eg, airlines, supermarkets, and
other medical organizations). The most promising ideas were
presented to the leadership of the hospital. Small-scale
prototypes were tested, and the best ideas spread naturally. By
using a design approach, the hospital was able to improve user
experience. Patient intake increased by 47%, and the hospital
has since won several awards for safety, quality, and design.

Other UCD success stories are summarized in a systematic
review by Altman et al [15]. The authors examined how design
has been used to plan interventions in health care settings and
assessed whether the interventions were effective. They

identified 26 papers, representing 24 interventions that used
UCD in intervention development, intervention implementation,
or both. A total of 19 of the interventions focused on physical
health, 2 on mental health, and 3 on system processes. Although
there were variable design activities employed across studies,
all but one of the interventions showed positive effects on one
or more outcomes.

By directly engaging patients and clinicians in the design
process, the uncertainties and risks involved with innovation
may be substantially minimized. Our study employs design to
increase the chances that the resultant deintensification strategies
are acceptable, effective, and sustainable in a primary care
setting.
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Abstract

Background: Several studies have shown that exposure of the fetus and newborn to prenatal and perinatal events, respectively,
may influence the health outcomes of the child throughout their life cycle.

Objective: This study aimed to increase the knowledge on the impact of different intrauterine environments on child growth
and development, as we know that pregnancy and early years are a window of opportunity for health promotion and prevention
interventions of diseases.

Methods: The recruitment occurred 24 to 48 hours after delivery and involved mothers and their newborns in 2 public hospitals
in Porto Alegre, Brazil, from December 2011 to January 2016. The mothers-newborns dyads were allocated to 5 groups: diabetes
mellitus, mothers with a clinical diagnosis of diabetes; systemic arterial hypertension (SAH), mothers with a clinical diagnosis
of systematic arterial hypertensive disease during pregnancy; maternal smoking, mothers who smoked at any moment of gestation;
small for gestational age (SGA), mothers with SGA newborns because of intrauterine growth restriction; and control, mothers
without the clinical characteristics previously mentioned. Several protocols and anthropometric measurements were applied in
the interviews at immediate postpartum and 7 and 15 days and 1, 3, and 6 months after birth. For this study, we analyzed only
data collected during postpartum interviews. The statistical analyses were performed using Pearson chi-square test, Mann-Whitney
test, or Kruskal-Wallis test with Dunn post hoc. The significance level was set at 5%. The Hospital Ethics and Research Committees
approved the study.

Results: Of the 485 eligible mothers-newborns dyads, 400 agreed to participate (82.5%, 400/485). As expected, newborns from
the SGA group had significantly lower birth weight, smaller stature, and lower cephalic perimeter (P<.001). This group also had
the highest percentage of primiparous women in comparison with other groups (P=.005) except for control. Mothers from the
SAH group had the highest mean age, the highest percentage of cesarean sections, and presented greater gestational weight gain.

Conclusions: In this study, we describe the planning and structure for the systematic follow-up of mother-newborn dyads in
the first 6 months after birth, considering the important demographic and epidemiological transition scenario in Brazil. The results
of this prospective longitudinal study may provide a better understanding of the causal mechanisms involved in health and life
course disease related to different adverse intrauterine environments.
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Introduction

Background
Several studies have described the influence of intra- and
extrauterine environment changes on human growth and
development, leading to a particular health-disease pattern
during life course [1,2]. Metabolic variation during the
gestational period can provide an unfavorable environment to
fetal growth, triggering structural and functional adaptations
with permanent effects on organs and tissues of the individual
[3,4].

Fetal exposure to high glucose concentrations can lead to
changes in neuroendocrine metabolism, acting on metabolic
programming and potentially contributing to the development
of type 2 diabetes mellitus (DM) in adulthood [5]. Intrauterine
hypoxia associated with hypertension during pregnancy also
contributes to perinatal morbidity and mortality, and to the
possibility of cognitive deficit in offspring, exemplifying the
concept of transgenerational risk of cardiovascular disease [6,7].

In the same way, maternal smoking (MS) causes changes in
immunity and lung function during the neonatal period [8].
Other effects include attention deficit hyperactivity disorder,
motor function problems, cognitive deficits [9], increased
incidence of asthma [10], and increased risk of developing
obstructive pulmonary chronic disease [11].

On the contrary, small for gestational age (SGA) infants per se
have been associated with changes in the metabolism of fetal
glucose and insulin homeostasis, altering metabolic mechanisms
essential for short-term and long-term postnatal health and
disease outcomes [12].

Thus, the analysis of the impact of those adverse intrauterine
environments mentioned on infant growth and development can
contribute to new insights on mechanisms related to health and
disease, and in the development of early interventions, which
are decisive for chronic diseases prevention [4].

Objectives
The impact of perinatal environment variations on health of the
newborn at first 6 months of life (IVAPSA) study aimed to
identify the effects of the intrauterine and perinatal
environmental variations on infant growth and development
during the first 6 months of life. The study has offered a
remarkable approach to the theme and increased the knowledge
upon the impact of different intrauterine environments on health
and disease outcomes during childhood and adulthood.

Methods

Design and Population
The participant recruitment occurred from December 2011 to
January 2016 in 2 public hospitals in Porto Alegre, Brazil:
Hospital de Clínicas de Porto Alegre (HCPA) and Grupo

Hospitalar Conceição (GHC). We invited mothers delivering
between 37 and 42 weeks of gestation to participate; they should
fit into the following groups:

• DM: clinical diagnosis of diabetes, considering any disease
classification (gestational, type 1 and 2).

• Systemic arterial hypertension (SAH): presence of
hypertensive disease during pregnancy (chronic,
preeclampsia, eclampsia and overlapping diseases).

• MS: mothers who confirmed in a specific questionnaire
that had smoked at any moment of gestation, regardless of
the number of cigarettes.

• SGA: mothers of SGA newborns–categories below the fifth
percentile of the Alexander curve [13] because of
intrauterine growth restriction.

• Control: group without the clinical characteristics previously
mentioned. Mothers without confounding comorbidities
were prioritized in the recruitment, that is, those without
the coexistence of other factors previously mentioned.

Those excluded from the analysis were the following
participants:

• HIV positive: intrauterine exposure to the virus, use of
antiretroviral drugs, and contraindication to breastfeeding.

• Twin or preterm newborns: born with low birth weight,
may present greater neonatal vulnerability and also develop
catch-up growth during the first year of life.

• Newborns with congenital malformations: more vulnerable
to diseases and are likely to require neonatal hospitalization.

• Newborns who require early hospitalization: generally
become more vulnerable and adversely affect their growth
and development.

The definition of these exclusion criteria was based on the fact
that they possibly contribute to changes in the growth and
development of the newborn and infant within the first 6 months
of life and affect their future health and disease outcomes.

The Research and Ethics Committees of the HCPA (protocol
No. 11/0097) and the GHC (protocol No. 11/027) approved our
study. All participants were recruited after written informed
consent. All methods were performed in accordance with the
latest current guidelines and regulations of the National Health
Council of the Brazilian Ministry of Health (resolutions No.
466/2012 and No. 580/2018).

Assessment of Participant Characteristics
Mothers-newborns dyads were recruited 24 to 48 hours after
delivery. The follow-up was conducted at 7 and 15 days and at
1, 3, and 6 months of the infant’s life (Table 1). During the
follow-up, through various protocols, information was obtained
on (1) the family: demographic and socioeconomic
characteristics; (2) the mother: age, schooling, profession, stress,
domestic violence, postpartum depression, and confidence; (3)
during gestation: prenatal care and parity; (4) the perinatal
period: type of delivery, gestational age, Apgar score, gender,
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weight, height, and cephalic perimeter of newborn; (5) the
infant: growth, development, and sleep; (6) maternal and infant
feeding; and (7) maternal and infant anthropometric measures.
Mothers agreed to provide breast milk in the postpartum period
and at 1 month after birth. Saliva from mothers and their
newborns were collected in the postpartum period for DNA
extraction. More detailed information about the assessments,
protocols, and the IVAPSA study can also be verified in a
previous publication [14].

Specifically, for this study, we analyzed only data collected
during postpartum recruitment. The maternal variables evaluated
were age (years), schooling (years), number of previous

pregnancies and parity, pregestational body mass index (BMI),
and weight gain during pregnancy (kg). The gestational
assistance variables used were delivery mode and number of
prenatal consultations. Newborn variables included gender,
weight (g), length (cm), cephalic perimeter (cm), and Apgar
index.

In addition, we promoted an active search in social networks
(basic health units, schools, markets, and commercial
establishments) and used the post office system to access the
most distant or unsafe neighborhoods and interviews previously
scheduled by telephone on weekends and holidays.

Table 1. Variables, protocols, and collected sample performed in the study of impact of perinatal environment variations on health of the newborn at
first 6 months of life (2011-2016).

6 months3 months1 month15 days7 daysPostpartumInterviews

CRCHome careCRCCRCaHome careHospitalLocation

Variables

—————bXGestational

—————XDemographic and socioeconomic characteristics

—————XPerinatal

XXXXXXEnvironmental

XXXXX—Maternal, newborn, and infant feeding practices

Protocols

X—X———Maternal violence

———XX—Maternal care

———X——Maternal confidence

———X——Maternal perception

——X———Maternal perceived stress

XXX———Postpartum depression

—————XBreastfeeding observation

—X————Parental care

XXX—X—Child development

XXX———Child’s sleep

XX————Mother-child bond

Collected samples

—————XSaliva

——X——XBreast milk

XXXXX—Anthropometry

aCRC: Clinical Research Center, Hospital de Clínicas de Porto Alegre.
bData were not collected.

Statistical Analysis
Database processing and analysis were performed using SPSS
software (version 18.0; SPSS Inc, Chicago, IL). The descriptive
statistical analysis verified the absolute and relative frequency
of categorical variables. For continuous variables, central
tendency measurements were obtained according to the variable
distribution. The Pearson chi-square test or Mann-Whitney test

was used to analyze the differences between the group of
participating mothers and the refusals. To evaluate the
differences between the study groups, Pearson chi-square test
or Kruskal-Wallis test with Dunn post hoc was used.
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Results

Recruitment
Before the recruitment, from September to December 2011, a
pilot study was conducted, which covered 17 mothers-newborns
dyads. Finally, the study presented a total of 485 eligible
mothers-newborns from which 85 were refusals, leading to a
total sample of 400 pairs (82.5%, 400/485). The characteristics
of participants and refusals in the recruitment are presented in
Table 2.

Considering differences between participants and
nonparticipants, there was a significant distinction for delivery

mode (higher incidence of vaginal delivery among mothers who
agreed to participate, P<.001) and for the number of pregnancies
(greater number of pregnancies among participating mothers,
P<.001). On the contrary, it was observed that other maternal
and newborn characteristics were similar.

Of mothers who participated in the postnatal study (n=400),
58.8% (235/400) were interviewed at 7 days, 66.0% (264/400)
at 15 days, 66.8% (267/400) with 1 month, 67.0% (268/400)
with 3 months, and 58.8% (235/400) with 6 months of life of
the child. The profile of refusals, losses of tracking, and data
recovered by each interview by groups can be verified in Table
3.

Table 2. Characteristics of mother-newborn dyads who accepted and refused to participate in the initial study interview (2011-2016).

P valueRefusals (Na=85)Participants (Na=400)Variables

Mother

.3027.90 (7.01)26.15 (6.60)Age (years), mean (SD)

.6610.00 (7.10)9.26 (2.73)Education (years), mean (SD)

.2153 (62)209 (54.9)White, n (%)

<.001b32 (35)248 (65.1)Vaginal delivery, n (%)

<.001c2.07 (1.46)3.10 (1.43)Number of pregnancies, mean (SD)

Newborn

.463287.23 (497.38)3234.01 (499.85)Weight (g), mean (SD)

.7848.69 (2.05)48.56 (2.25)Length (cm), mean (SD)

.0734.10 (1.36)33.79 (1.54)Cephalic perimeter (cm), mean (SD)

.928.39 (1.33)8.39 (1.33)Apgar 1st min, mean (SD)

.259.48 (0.80)9.45 (0.63)Apgar 5th min, mean (SD)

aN refers to the entire population under study.
bPearson chi-square test.
cMann Whitney test.
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Table 3. Frequency of interviewed participants, recovered data, losses of follow-up, and refusals during the study (2011-2016).

TotalControlSGAdMScSAHbDMaInterviews

7 days, n (%)

235 (58.8)90 (55)26 (70)49 (56)24 (64)46 (59)Conducted

75 (18)29 (18)7 (18)17 (19)9 (24)13 (16)Recovered data

83 (21)38 (23)4 (10)20 (23)4 (10)17 (21)Losses

7 (2)4 (2)0 (0)1 (1)0 (0)2 (2)Refusals

400 (100.0)161 (40.3)37 (9)87 (22)37 (9)78 (19)Total

15 days, n (%)

264 (66.0)102 (63.4)25 (67)53 (60)30 (81)54 (69)Conducted

14 (3)8 (5)1 (3)4 (4)1 (3)0 (0)Recovered data

114 (28.5)50 (31)11 (29)27 (31)5 (13)21 (26)Losses

8 (2)1 (16)0 (0)3 (3)1 (3)3 (4)Refusals

400 (100.0)161 (40.3)37 (9)87 (22)37 (9)78 (19)Total

1 month, n (%)

267 (66.8)109 (67.7)27 (73)55 (63)26 (70)50 (64)Conducted

7 (2)4 (2)0 (0)2 (2)1 (3)0 (0)Recovered data

95 (23)36 (22)10 (27)21 (24)9 (24)19 (24)Losses

31 (8)12 (7)0 (0)9 (10)1 (3)9 (11)Refusals

400 (100.0)161 (40.3)37 (9)87 (22)37 (9)78 (19)Total

3 months, n (%)

268 (67.0)107 (66.5)26 (70)58 (66)26 (70)51 (65)Conducted

3 (1)1 (1)0 (0)0 (0)1 (3)1 (1)Recovered data

92 (23)35 (22)10 (27)20 (23)8 (22)19 (24)Losses

37 (9)18 (11)1 (3)9 (10)2 (5)7 (9)Refusals

400 (100.0)161 (40.3)37 (9)87 (22)37 (9)78 (19)Total

6 months, n (%)

235 (58.8)94 (58)25 (68)43 (49)25 (68)48 (61)Conducted

122 (30.5)47 (29)10 (27)32 (37)10 (27)23 (29)Losses

43 (11)20 (12)2 (5)12 (14)2 (5)7 (9)Refusals

400 (100.0)161 (40.3)37 (9)87 (22)37 (9)78 (19)Total

aDM: diabetes mellitus.
bSAH: systemic arterial hypertension.
cMS: maternal smoking.
dSGA: small for gestational age.

Analysis of Variables From Newborns
As expected, newborns from the SGA group had significantly
low birth weight, height, and head circumference (P<.001).
Despite the different intrauterine environments, there was no
statistically significant difference in the Apgar 1 and 5 indexes,
and in the gender distribution (Table 4).

Analysis of Maternal and Health Care Variables
Mothers from the SAH group had the highest median age and
a higher percentage of cesareans. In addition, these mothers

presented greater gestational weight gain. Mothers from the
DM group had the highest values of pregestational BMI. The
educational level of women smokers was statistically lower
when compared with DM and control (P=.005). In addition, the
MS group presented a higher percentage of mothers who did
less than 7 prenatal consultations. Mothers of the SGA group
had the lowest median age, and a lower median pregestational
BMI and lower weight gain during gestation. This group also
had the highest percentage of primiparous women compared
with other groups (P=.005), with the exception of control (Table
4).
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Table 4. Characteristics of the newborn and mothers related to study groups.

P valueControl (Nb=161)SGAe (Nb=37)MSd (Nb=87)SAHc (Nb=37)DMa (Nb=78)Variables

Newborn

.7889 (55.2)22 (59)43 (49)19 (51)39 (50)Gender (female), n (%)

<.001f3380.59 (2400 to
4965)

2517.46 (2090
to 2760)

3114.88 (2260
to 4000)

3182.84 (2125
to 4630)

3416.60 (2475
to 4760)

Weight at birth (g), median (range)

<.001f49.33 (43.5 to 59)46.07 (42 to
49.5)

48.04 (42 to
53)

48.08 (44 to 53)48.95 (45 to
53)

Length at birth (cm), median (range)

<.001f34.04 (30.5 to 38)31.92 (30 to
34.5)

33.73 (31 to
37)

34.00 (32 to
36.5)

34.12 (31 to
37)

Cephalic perimeter (cm), median (range)

.618.37 (3 to 10)8.35 (4 to 10)8.51 (2 to 10)8.29 (3 to 10)8.31 (3 to 10)Apgar 1st min, median (range)

.199.43 (7 to 10)9.58 (9 to 10)9.51 (7 to 10)9.49 (8 to 10)9.29 (7 to 10)Apgar 5th min, median (range)

Mothers

<.001f25.73 (15 to 42)23.84 (13 to 41)24.60 (16 to
39)

29.05 (14 to 42)28.15 (17 to
40)

Age (years), median (range)

.005f9.49 (0 to 17)9.72 (5 to 15)8.37 (3 to 15)9.32 (3 to 17)9.62 (1 to 17)Maternal education (years), median (range)

.563.05 (1 to 9)2.69 (2 to 6)3.06 (1 to 8)3.08 (1 to 7)3.37 (2 to 8)Number of pregnancies, median (range)

.005g74 (45.9)21 (57)25 (29)10 (27)27 (35)Primiparous, n (%)

<.001g50 (31.0)14 (38)49 (56)5 (13)13 (17)Number prenatal consultations, n (%), <7
consultations

<.001g114 (70.8)24 (65)65 (75)11 (30)46 (59)Type of delivery, n (%) vaginal

<.001f24.51 (18.0 to
41.6)

22.78 (16.9 to
35.3)

24.79 (15.4 to
43.3)

27.92 (18.3 to
41.5)

28.49 (19.8 to
55.9)

Pregestational BMI (kg/m2), median (range)

.02f13.64 (−9.0 to
33.5)

11.48 (−3.0 to
25.8)

13.81 (−2.6 to
30.8)

16.42 (0 to
31.5)

13.05 (−3 to
36.0)

Gestational weight gain (kg), median (range)

aDM: diabetes mellitus.
bN: refers to the entire population under study.
cSAH: systemic arterial hypertension.
dMS: maternal smoking.
eSGA: small for gestational age.
fKruskal-Wallis test with Dunn post hoc.
gPearson chi-square test.

Discussion

Principal Findings
This study presented an original methodological prospective
longitudinal design [14], focusing on maternal and infant clinical
trajectory during the first 6 months of life. It was conducted in
a city with 1.5 million inhabitants in a vast geographic area.
The follow-up strategy performed a high number of
interventions in a short period, leading to several methodological
challenges [14]. Initially, a pilot study was conducted to
investigate the feasibility of the research and to consolidate the
methodology and logistics in this study. Strategies were applied
to improve the mothers’ adherence throughout the study, such
as home visits. Interviews at 7 and 15 days and at 3 months
were chosen because they do not include protocols that are
difficult to execute or need specific devices, whereas postpartum
1 month and 6 months were carried out at the Clinical Research
Center.

Usually, the follow-up is planned with larger intervals between
interventions in the classical longitudinal studies carried out in
Brazil. In the Pelotas cohort, the steps were at 3, 12, 24, and 48
months of age of the child [15]. In the IVAPSA study, the
purpose was to establish several interventions in closer intervals
up to 6 months of age [14]. Some protocols related to the
mother’s psychological parameters and the child’s gross motor
development contributed to the establishment of the selected
periods [16,17].

Refusals to participate and dropouts and follow-up lost are
expected in all cohort studies [18]. However, they can be
minimized by consolidating an adequate relationship between
the participants and the researchers, making the first contact
very decisive for follow-up. In this study, most of the
characteristics of the mothers and their newborns who refused
to participate did not differ from those who consented to.

As expected, the SGA newborn group showed lower birth
weight, length, and cephalic perimeter [19,20]. In a study
published by our group, we found that, in addition to these
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characteristics, mothers from the SGA group have shown low
levels of leptin and insulin in the transition from colostrum to
mature milk [21]. This finding can be associated with the rapid
weight gain of these newborns in the first month of life. Another
publication by our research team has shown that newborns from
the SGA group had a greater impact on the growth trajectory
in the first 6 months in comparison with MS and control groups,
even considering factors such as MS or diet [22].

The mothers from the DM group had a higher pregestational
BMI and delivered heavier newborns in relation to the other
intrauterine groups. This result corroborates previous findings
that also detected an association between pregestational BMI
greater than 25 kg/m² and fetal macrosomia [23,24]. As
demonstrated in other studies, lower birth weight medians were
observed in the HAS, MS, and SGA groups [6,25-27]. All these
intrauterine environments can be related to reduction in the
placental perfusion, owing to increased blood pressure and
constriction vase, causing a deficit in fetal growth [25,27].
Regardless of this reduction in the placental perfusion that can
also affect birth conditions [27], the Apgar index was similar
among the groups in this study. Besides, some factors have been
associated with the birth of SGA children, such as preterm
delivery, short maternal stature, mother’s low weight, maternal
age, and unfavorable socioeconomic conditions [28]. Factors
such as age or pregestational BMI were not different in the SGA
group compared with the control group, in which children were
not SGA.

The mothers of the SAH group had older age, higher median
for gestational weight gain, and high pregestational BMI, results
that were also observed by other authors [29]. According to the
guidelines of the Institute of Medicine from the United States,
the recommendation is that women with a BMI between 25 and
29.9 kg/m² should have gestational weight gain between 7 to
11.5 kg [30].

Mothers from the smoking group had lower educational level
and lower total number of prenatal consultations, demonstrating
an environment of social vulnerability. The pregnant woman’s
knowledge of her health condition (DM or SAH) may determine
the demand for more frequent care than the others. A study
published with data from this cohort, using MS and control
groups, found that the number of prenatal consultations was
negatively influenced by MS during pregnancy and by the
number of children, along with a positive correlation regarding
maternal age [31]. In the general analysis of groups, a higher
frequency of more than 7 visits (67%) was observed, which
corroborates with data observed in a previous study, evidencing
an increase in prenatal coverage in Porto Alegre [32]. Currently,
the World Health Organization recommends a minimum of 8
prenatal consultations to reduce perinatal mortality and improve
the experience of care for women [33]. In the southern region
of Brazil, the number of births from pregnant women with more

than 6 prenatal visits between the years 2000 and 2010 increased
from 53.2% to 75.5%, and the demand for prenatal care was
higher among women over 25 years of age [34,35].

Vaginal delivery was performed in most of the samples, except
in the SAH group owing to obstetric peculiarities that usually
require surgical delivery. Referring to the number of previous
pregnancies, comparative data between the years 2004 and 2014
showed a decrease in the total fertility rate in Brazil from 2.14
to 1.74 [36]. In this study, it was found that all groups had a
higher number of gestations when compared with the last
Brazilian average.

Limitations
The random distribution of the participants’ home, the vast
distance traveled by the research team, and the high level of
insecurity in some areas were some difficulties to conduct a
longitudinal study in a large city in Brazil, different from classic
cohort studies in small or medium-size cities such as Pelotas
[15] and Ribeirão Preto [37]. Other important issues include
obtaining financial support for the transportation of participants
and researchers, permanent training of the research team, high
frequency of changes at participants’ addresses, and duration
of the interview because of many questionnaires, ranging from
1 to 2.5 hours. Regarding the collection of biological materials,
the main difficulty was the extraction of breast milk (colostrum)
during the postpartum visit.

Strengths
In this study, the main strengths were the planning and
structuring of a birth follow-up, considering the scenario of
demographic and epidemiological transition in Brazil [36,38].
This process is characterized by an intense change in the pattern
of health and disease throughout the population with an
increased number of pregnant women with high obstetric risk.
The adoption of a convenience sample from public hospitals
and exclusion criteria were necessary to overcome difficulties
in sample recruitment and allowed to control possible
confounding such as gestational age, social class, and perinatal
and prenatal intercurrences, facilitating the analysis of different
outcomes between groups.

Conclusions
Considering the influence of intrauterine environments on the
health outcomes in children and adults, and the potential
interventions during pregnancy and at the newborn’s first years
of life, it is essential to understand the patterns of growth and
development related to maternal clinical background. Therefore,
this prospective longitudinal study with innovative design can
bring new insights about causal mechanisms involved in health
and illness of individual process and provides opportunities for
public health promotion with prevention strategies.
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Abstract

Background: Vedolizumab has been shown to induce clinical remission in patients with active ulcerative colitis. Treatment
with anti-integrin vedolizumab leads to clinical remission in 16.9% and clinical response in 47.1% of cases after 6 weeks. However,
in clinical practice, no decision to discontinue or continue vedolizumab therapy is made until 14 weeks at the earliest.

Objective: The aim of this study is to develop an algorithm for optimizing vedolizumab administration in patients with
moderate-to-severe ulcerative colitis by calculating the probability of clinical response at week 14, on the basis of the data from
week 6.

Methods: This is a prospective, single-arm, multicentric, noninterventional, observational study with no interim analyses and
a sample size of 35 evaluable patients.

Results: The enrollment started in August 2018 and was still open at the date of submission. The study is expected to complete
in September 2020.

Conclusions: The early identification of patients who are responding to an integrin antibody is therapeutically beneficial. At
the same time, patients who are not responding can be identified earlier. The development of a therapeutic algorithm for identifying
patients as responders or nonresponders can thus help prescribing physicians avoid ineffective treatments and stop these very
early.

(JMIR Res Protoc 2019;8(11):e14335)   doi:10.2196/14335
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Introduction

Background
Ulcerative colitis (UC) belongs to the group of chronic
inflammatory bowel diseases (IBD), with a chronic recurrent
course of disease. Vedolizumab has been shown to induce
clinical remission in patients with active UC [1]. Treatment
with anti-integrin vedolizumab leads to clinical remission in
16.9% and clinical response in 47.1% of cases after 6 weeks
[1]. However, in clinical practice no decision to discontinue or
continue vedolizumab therapy is made until 14 weeks at the
earliest. Sometimes, clinical response could be improved by an
additional infusion at week 10. The decision to perform this
infusion has not been defined yet.

Early identification of patients responding to an anti-integrin
antibody would result in a therapeutic benefit, whereas patients
who would not respond could be identified earlier than usual.
This approach would lead to a safer anti-integrin antibody
application; consequently, this would lead to an increased
penetration rate of biological treatment in IBD patients.

Objective
This study aims to create a decision algorithm for the optimized
use of vedolizumab. The algorithm is based on measurements
of early changes in noninvasive clinical markers, such as fecal
calprotectin, intestinal ultrasound (IUS), and drug levels.

In interventional pivotal studies, the partial Mayo score, as used
in the GEMINI study [1,2], is often regarded as the gold
standard.

Here, we also seek to use IUS to determine the course of IBD
disease. In the last decade, IUS has emerged as an important
imaging modality in the diagnosis of Crohn disease (CD), as
well as for monitoring disease progression, and in the therapeutic
response to CD and UC. The technique is of growing importance
in IBD [3].

Methods

Trial Design
The study is being carried out in conformity with the German
Medicinal Products Act (Arzneimittelgesetz, AMG) and is a
noninterventional study in accordance with the Medicinal
Products Act (§ 4 section 23 p. 3 AMG). The study is designed
as a prospective, single-arm, multicentric, noninterventional,
observational study, with no interim analyses and a sample size
of 35 evaluable patients, for which 50 patients need to be
recruited.

Outcomes

Primary
The aim of the study is to show that a change in selected
parameters—positive drug levels ≥24 µg/mL, fecal calprotectin
≥50%, and changes in abdominal ultrasound properties (≥25%
reduction in wall thickness)—compared with the baseline value
at week 6 are reliable predictors of clinical response at week
14.

Trough Serum Level
We assume that early measurable positive trough level might
have a predictive value for the clinical response. Data from
studies involving vedolizumab showed predictive interpretation
on trough serum levels of vedolizumab. It was shown that
87.67% of patients at week 6 responded in a
trough-level–dependent manner. In addition, studies on
antitumor necrosis factor (TNF) agents have shown that the
early drug level is important to predict response to therapy [1,4].

Secondary
To predict the probability of a clinical response to a therapy
with the integrin antibody vedolizumab at week 22, we
monitored the elevation of the fecal calprotectin level in week
6, of the abdominal ultrasound, and the drug level. In addition,
it is being investigated whether other stool markers (lactoferrin,
S100A12, or Polymorphonuklear-(PMN) elastase) can be used
as predictors for a clinical response to a vedolizumab therapy.

In addition to the primary study goal, the following secondary
outcomes are being analyzed:

• The different markers (combinations of markers), regarding
their correlation with the clinical response (eg, receiver
operating characteristic curves or chi-square);

• At which time point a 50% reduction of fecal inflammation
markers and ultrasound are reliable predictors of response
(other than at 6 weeks);

• Whether antidrug antibodies (ADA) formation at week 6
correlates with clinical response, at least in anti-TNF
treatment, and is an important marker [5]; the presence of
ADA will be determined using the Vedolizumab free ADA
enzyme-linked immunosorbent assay kit (Immundiagnostik
AG);

• Whether ADA and vedolizumab levels correlate with any
levels of fecal inflammation markers—calprotectin assay
(TechLab, Inc);

• Ultrasound (which stool marker has the best sensitivity);
• Whether the following parameters are associated with

clinical response—serum C-reactive protein (CRP) level,
number of leukocytes, number of thrombocytes, hemoglobin
level, and if applicable, ferritin level;

• The rates of adverse events are documented and evaluated;
and

• The therapy maintenance is measured by at a follow-up
visit at week 52.

Statistics

Statistical Analysis
The hypothesis for the primary endpoint of predicting clinical
response at week 14 by at least 2 improved markers (drug level,
intestinal ultrasound, and calprotectin level) at week 6 is as
follows:

H0: The probability of response P1=n11/n1+ and
P2=n221/n2+ is the same for both groups (improved
markers vs nonimproved markers).

H0: P1=P2

vs
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H1: The probability of response is not the same.

H1: P1≠P2

The sample size calculation will be done with a chi-square test.

The secondary endpoints will be analyzed with suitable
statistical methods, such as receiver operating characteristic

curves or rank correlation for correlations. To analyze
parameters associated with clinical response, a regression
analysis will be performed. The analysis of adverse events will
be done with appropriate descriptive methods.

There will be no interims analysis; there will be only 1 analysis
at the end of the study (Table 1).

Table 1. Calculation of response rate to vedolizumab infusion therapy.

Clinical response (week 14)

TotalNoYesAt least 2 improved markers (week 6)

n1+n12n11Yes

n2+n22n21No

N/Aan+2n+1Total

aNot applicable.

Sample Size Calculation
The following assumptions were used to calculate the sample
size (Table 2):

• The rate of clinical response at week 14 is 0.57 [6].
• The assumptions for clinical response rates at week 14 for

the changed markers at week 6 are that 80% of patients
with at least two improved markers at week 6 will have a
clinical response at week 14, and 25% of patients who have
less than 2 improved markers at week 6 will have a clinical
response at week 14.

The clinical response in week 14 is measured with the partial
Mayo score:

• Reduction of <2 points (clinical response)
• Partial Mayo score of ≤2 points (remission)

These assumptions result in a sample size of 36 patients
(calculated with the R function Basic Functions for Power
Analysis [pwr] chi-square test, significance level=0.05, and
power=0.9). With a dropout rate of 35%, the sample size is 50
patients.

Table 2. Sample size calculation based on a clinical response rate of 0.57.

Clinical response (week 14)

NoYesAt least 2 improved markers (week 6)

p12=0.2p11=0.8Yes

p22=0.75p21=0.25No

p+2=0.43p2+1=0.57Total

Definition of Study Population
The primary and secondary evaluation criteria are assessed
according to the intention-to-treat principle (ITT). The
corresponding collective includes all patients included in the
study, regardless of possible protocol violations (eg, study
terminations). In addition to the ITT analyses, sensitivity
analyses are being carried out according to the per-protocol
principle. Relevant protocol violations that lead to exclusion
from the per-protocol collective are defined in the statistical
analysis plan.

Selection of Study Centers
All study centers are part of the German IBD Study Group, and
they are chosen according to their main area of focus and their
experience in the treatment of UC. Regarding the results of the
IUS examinations, no differences in the diagnostic quality of
IUS measurements were found among gastroenterologists [7,8].
By signing the investigator agreement, each study center selected
confirms its fulfilment of all formal requirements for inclusion
in the study and guarantees its compliance with data privacy

laws and any other regulations pertaining to the execution of
this observational study.

Participant Criteria
The inclusion criteria for the study include (1) clinically and
endoscopically confirmed diagnosis of UC (3 months before
participation in the study); (2) secured disease by increased
fecal calprotectin ≥100 μg/g and/or endoscopic score : Ulcerative
Colitis Endoscopic Index of Severity ≥3, 3 weeks before the
baseline visit; (3) ultrasound detectable disease; sonographic
sign of active inflammation, determined by the bowel wall
thickness >4 mm (sigmoideum), >3 mm (colon); (4) if an
independent treatment with vedolizumab according to the routine
medical practice is done, there should a break of at least 12
weeks between the end of the treatment and the beginning of
the participation in the study; (5) age ≥18 years and <80 years;
(6) signed consent form; (7) start of a study-independent
vedolizumab therapy according to medical practice; (8)
sufficient German language communication skills; and (9) ability
of the patient to understand the nature, significance, and scope
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of the clinical trial and make an independent decision on the
basis of this knowledge.

The exclusion criteria include (1) pregnancy and lactation; (2)
off-label treatment with vedolizumab; (3) contraindications for
treatment with vedolizumab (according to product information);
(4) ileostoma or ileoanal pouch; (5) infectious colitis (eg,
Clostridium difficile colitis and Cytomegalovirus colitis); (6)
obesity ≥grade I (body mass index >30): insufficient,
sonographic intestinal wall imaging; (7) proctitis; (8)
participation in an intervention study within the last 30 days
before the start of the vedolizumab therapy; and (9) other
medical reasons.

Study-Specific Interventions
No medical interventions are performed in the course of the
study other than those required by the standard medical
procedure. When taking routine blood samples, vedolizumab
serum levels and anti-vedolizumab antibody levels should also
be monitored, if possible. Only the natural progress of the
disease in UC patients is monitored and evaluated.

Schedule of Visits
There are no defined study visits. In the course of the study, the
only clinical and laboratory data recorded are those
corresponding to the standard medical procedure. Data are
recorded in the following observational weeks:
baseline/screening, 6, (10, optional), 14, 22, and 52. Deviations
of ±5 days from this documentation schedule fall within the
scope of the study protocol. The period until the next
examination is subsequently shortened or lengthened
accordingly to compensate for deviations and maintain the
examination rhythm.

The following data are recorded at the initial screening
examination: date of consent, screening date, inclusion and
exclusion criteria, personal information (date of birth, sex,
height, weight, and smoker status), date of initial UC diagnosis,
first symptoms, duration of acute symptoms (in days), Montreal
classification, and information regarding previous medication
(anti-TNF, aminosalicylates, budesonide, systemic
corticosteroids, and azathioprine).

During the follow-up visits (baseline, weeks 6, 14, and 22), data
on the following parameters are collected: current medication
(vedolizumab [time and dose], aminosalicylate, budesnoide,
systemic corticosteroids, and azathioprine); partial Mayo score;
laboratory tests (hemoglobin, CRP, leukocytes, calprotectin,
lactoferrin, PMN elastase, S100A12, vedolizumab trough serum
levels, anti-vedolizumab antibodies); and IUS parameters.

At week 10 (optional visit), current medication, partial Mayo
score, laboratory tests (hemoglobin, CRP, and leukocytes),
current disease activity, notification of serious adverse
event/adverse drug reactions events, and special situations are
reported. A week 10 infusion is approved in Germany, and it
cannot be prevented in an observational study. We assume that
this infusion at week 10 will have no influence on the overall
result (nor on our predictability). In addition, the intestinal
ultrasound is measured. In the follow-up visit (week 52), the

maintenance of the therapy is assessed by determining the partial
Mayo score.

Documentation
Data are recorded using case report forms (CRFs). The
investigator is responsible for the timely, correct, complete, and
legible recording of study data in the CRF and confirms
recording by signature. CRFs are completed with a black
ballpoint pen. Corrections are documented as follows: The
wrong entry is crossed out with a single line, and corrections
are entered next to the crossed-out text and verified by date and
initials, stating the reason for the change, if necessary.
Instructions for use (entry and corrections) are included in each
CRF. Source data, according to the International Conference
on Harmonization of Technical Requirements for Registration
of Pharmaceuticals for Human Use E6 guideline on good clinical
practice (GCP), are original documents in patient files, as well
as doctors’ letters, certified copies of original records, and
laboratory printouts. Study data are to be recorded from patient
files.

Patient Identification
All patient data are pseudonymized. Each patient will be clearly
identified by a patient identification number assigned at each
study center. The investigator will keep a patient identification
list, documenting the patient identification number with the
patient’s full name, date of birth, sex, and date of informed
consent.

The patient identification list is part of the investigator file, and
it will remain at the site. The patient identification number
comprises a 2-digit clinic number, as well as a running 2-digit
number of recruited patients per study site.

Trial

Start of Patient Participation
Any patient with a clinically and endoscopically confirmed
diagnosis of UC and qualified for vedolizumab treatment
according to routine medical practice is a potential study
candidate. All potential candidates who come to the attention
of the investigator will be informed regarding the possibility of
participating in the study.

End of Patient Participation
The observation of each patient ends according to the schedule
with the last study visit. A patient’s participation in the study
will be terminated prematurely if at least one of the following
criteria is met: (1) withdrawal of informed consent, (2)
termination of vedolizumab treatment, (3) lack of medical
justification for further participation in the study, (4) premature
termination of the complete trial, or (5) subsequent discovery
that not all inclusion criteria are met and/or that any exclusion
criteria are met.

Trial Duration/End of Trial
The recruiting phase has a planned duration of 24 months. The
observational phase has a planned duration of 52 weeks. The
complete trial is considered to have ended after all queries from
the study coordination center have been answered by each
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individual study center, at the latest, 4 months after the last visit
of the last patient.

Study centers that grossly violate the AMG, data protection
regulations, or the GCP guidelines can be excluded from the
further recruitment and observation of study patients. Premature
termination of the study as a whole will be taken into
consideration if ethical or scientific justification for the trial is
compromised or no longer valid, errors or violations
significantly compromise the scientific integrity of the data
collected for the study with regard to the study aims, or the
requirements for a successful execution of the study are no
longer fulfilled for other reasons. The principal investigator will
consult the corresponding biometrician regarding any possible
premature termination of the trial. The minutes of the
aforementioned consultation meeting will be recorded and
subjected to the approval of both parties. Any decision regarding
the premature termination of the trial will be taken jointly by
the principal investigator and the corresponding biometrician.

Data Quality Assurance
Upon receipt at the study coordination center, CRF will be
checked for completeness and consistency (in-house review).
Queries will be generated for missing or implausible entries
and sent to the corresponding study centers. After the
clarification of implausible entries and completion of missing
data, CRF will be handed over to the corresponding data
management department for data entry.

Quality Control and Assurance
The principal investigator and/or auditors designated by the
principal investigator are entitled to conduct audits at the study
centers and any other facilities participating in the study. They
are entitled to inspect and review all study-relevant documents.
This right also applies to regulatory inspectors.

Ethical and Regulatory Aspects
The study is conducted in compliance with the current version
of the Declaration of Helsinki (October 2013, Fortaleza, Brazil).
This study cannot begin before approval has been obtained from
the corresponding ethics committee. Before inclusion in the
study, the investigator will inform each patient about the nature,
significance, risks, and scope of the study, as well as the
patient’s right to withdraw from the study at any time without
prejudice. An informed consent form is handed to the patient,
describing the study in nonscientific and generally
understandable language. Each patient must consent to study
participation in writing. The patient must be provided with
adequate time to decide with the opportunity to ask any
questions before the consent form is signed.

In accordance with AMG, § 40 Abs. 2a, patients are informed
that the data related to their disease will be stored with a
pseudonym and analyzed for scientific purposes. Patients must
consent to the use of their pseudonymized data in writing.
Informed consent forms are to be signed and dated by the patient
and the treating physician.

This clinical study is carried out in conformity with the
requirements of the current German Medicinal Products Act,
as well as all applicable legal provisions regarding data

protection and the GCP guidelines. The general notification
requirement as per § 67 AMG will be complied with.

Results

The enrollment started in August 2018 and was still open at the
date of submission. The study is expected to complete in August
2020.

Discussion

Rationale for the Trial
In this study, a prospective study approach was chosen, as the
probability of a clinical response at week 14 is to be calculated
on the basis of the data from week 6. A single cohort is needed
to answer this question. It is not necessary to compare groups
with the same structure.

Justifications for Trial Design
To achieve a higher representativeness of the study statement
for the population as a whole, the study will be conducted
nationwide and multicentrally, with specially selected study
sites. The treatment and diagnosis do not follow a predefined
test plan, but they exclusively follow the medical practice. A
vedolizumab infusion at week 10 is approved in Germany, and
this cannot be prevented in an observational study. We assume
that this infusion at week 10 will have no influence on the
overall result (nor on our predictability). This noninterventional
approach is intended to strengthen the representativeness of the
study statement for everyday medical practice, as no reduction
in the dispersion of the target parameters is achieved through
different experimental approaches.

Trough Serum Level
Trough serum levels above 24 µg/mL of vedolizumab at week
6 are associated with clinical remission and clinical response
[1]. Early low trough serum level and antibody detection toward
the therapeutic drug antibody are at least documented for
TNF-alpha antibodies, and they are associated with a poor
response [5]. Therefore, an early measurable high trough serum
level and the absence of antibodies might have a predictive
value on the clinical response [1].

Stool Marker
Fecal calprotectin reflects the mucosal inflammation status. The
good correlation between high fecal calprotectin and mucosal
inflammation is described previously [9,10]. We assume a clear
activity, measured by fecal calprotectin and/or endoscopic score.
Therefore, the Mayo score was chosen as the inclusion criterion.
Furthermore, there is no doubt, that fecal calprotectin is
diminished during a valuable therapeutic response. At least in
the UC trial, calprotectin was significantly diminished in the
verum arm versus placebo arm [1]. The median calprotectin
level showed a reduction of 50% (from 1000 µg/g to 500 µg/g)
[1]. Different stool markers have diverse sensitivity [11].
Therefore, a different determination of stool markers might be
useful to distinguish between responders and nonresponders.
The prediction of response is shown for fecal calprotectin [12],
lactoferrin [13], and S100A12 [11,14].
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Intestinal Ultrasound
The detection of intestinal inflammation by ultrasound is a
well-established but underused method [3]. Recently, we have
shown that the reduction of ultrasound features correlates with
clinical response in CD [7,8]. Similar data were presented at
the United European Gastroenterology week 2017 in Barcelona

for UC [15]. Furthermore, early response was seen in UC by
rectal ultrasound [16].

This early monitoring of response study aims to achieve a more
thorough understanding of therapeutic development in patients
with moderate-to-severe UC, receiving regular doses of
vedolizumab, by developing an algorithm for optimizing
vedolizumab administration.
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Abstract

Background: The Medical Monitoring Project (MMP) is a national population-based behavioral and clinical surveillance system
of adults with diagnosed HIV in the United States, and it is sponsored by the Centers for Disease Control and Prevention (CDC).
Its purpose is to provide locally and nationally representative estimates of factors affecting HIV transmission risk and clinical
outcomes.

Objective: This study aimed to describe the rationale for and methodology of the MMP, in addition to its contribution to
evaluating and monitoring HIV prevention, care, and treatment efforts in the United States.

Methods: MMP employs a stratified 2-stage sample design to select annual samples of persons living with diagnosed HIV from
the National HIV Surveillance System and conducts interviews and medical record abstractions with participating persons.

Results: MMP data are published routinely via annual reports, conference presentations, and scientific publications. Data may
be accessed upon request from the CDC, contingent on the guidelines established for the security and confidentiality of HIV
surveillance data.

Conclusions: MMP is the only source of annual population-based data on the behaviors and clinical care of persons with
diagnosed HIV in the United States. It provides essential information for monitoring progress toward national treatment and
prevention goals and guiding efforts to improve the health of persons with diagnosed HIV and prevent HIV transmission.

International Registered Report Identifier (IRRID): RR1-10.2196/15453

(JMIR Res Protoc 2019;8(11):e15453)   doi:10.2196/15453

KEYWORDS

HIV; public health surveillance; population surveillance; epidemiological monitoring; epidemiology

Introduction

The Medical Monitoring Project
The Medical Monitoring Project (MMP) is a national
population-based behavioral and clinical surveillance system
of adults with diagnosed HIV in the United States. It is
sponsored by the Centers for Disease Control and Prevention
(CDC) and conducted in health departments in 16 states and

Puerto Rico, including 6 separately funded cities located within
the states. MMP project areas include the following jurisdictions:
California; Chicago, Illinois; Delaware; Florida; Georgia;
Houston, Texas; Illinois; Indiana; Los Angeles County,
California; Michigan; Mississippi; New Jersey; New York City,
New York; New York State; North Carolina; Oregon;
Pennsylvania; Philadelphia, Pennsylvania; Puerto Rico; San
Francisco, California; Texas; Virginia; and Washington.

JMIR Res Protoc 2019 | vol. 8 | iss. 11 |e15453 | p.221http://www.researchprotocols.org/2019/11/e15453/
(page number not for citation purposes)

Beer et alJMIR RESEARCH PROTOCOLS

XSL•FO
RenderX

mailto:LBeer@cdc.gov
http://dx.doi.org/10.2196/15453
http://www.w3.org/Style/XSL
http://www.renderx.com/


The primary objectives of MMP are to provide locally and
nationally representative estimates of HIV transmission risk
behaviors and clinical outcomes among persons with diagnosed
HIV; describe health-related behaviors; determine accessibility
and use of prevention, care, and support services; increase
understanding of care and treatment provided; and examine
variations of these factors by respondent characteristics.

Background
From 2007 to 2014, MMP’s study design relied on a multistage
probability sample of persons with diagnosed HIV who were
receiving HIV medical care to generate locally and nationally
representative estimates of clinical outcomes and HIV-related
behaviors [1-4]. With this design, MMP provided data for
important national HIV prevention indicators among persons
in care for HIV, such as the proportion of those who were
prescribed HIV antiretroviral therapy (ART), were adherent to
ART, and achieved viral suppression.

Although the importance of ART for reducing morbidity and
mortality for persons living with HIV has long been established
[5,6], in recent years, the role of ART in HIV prevention has
grown more central. When taken as prescribed, ART can reduce
the amount of HIV in the blood (viral load) to undetectable
levels [7-11]. A person living with HIV who has an undetectable
viral load has effectively no risk of transmitting HIV to their
HIV-negative sexual partners [12]. Mathematical models show
the potential for halting the spread of HIV through an aggressive
program of universal testing and immediate ART initiation, a
strategy initially dubbed test and treat and now more generally
known as treatment as prevention (TasP) [13-15]. National HIV
prevention goals identify 2 areas for critical focus: broad support
for people living with HIV to remain engaged in comprehensive
care, including support for treatment adherence and universal
viral suppression among people living with HIV [16].

However, from 2007 to 2014, MMP’s design excluded persons
with diagnosed HIV who were not receiving HIV medical care,
which is necessary to initiate ART and maintain an undetectable
viral load. This design limited MMP’s capacity to monitor
progress toward linkage to and retention in care objectives and
its ability to elucidate barriers to receipt of HIV medical care.
In a 2012 report discussing implementation of the US National
HIV/AIDS Strategy, the National Academy of Medicine
(formerly known as the Institute of Medicine) concluded,
“Primary barriers to optimal outcomes for people living with
HIV include late diagnosis, delayed linkage to care for HIV,
poor retention in care, delayed initiation of ART, and poor
adherence to ART…” and recommended MMP expands its
population of inference to include HIV-positive persons not
receiving medical care [17]. Fortunately, by this time, the
National HIV Surveillance System (NHSS)—a CDC-funded
surveillance system that monitors national trends in HIV
infection diagnoses [18]—had established name-based HIV
case reporting in all US jurisdictions and could be used as a
source for sampling persons with diagnosed HIV.

Therefore, to address the information gaps described above and
enhance the usefulness of the data collected, in 2015, MMP
implemented revised methods and began to sample persons
directly from the NHSS [18] to represent all persons with

diagnosed HIV regardless of receipt of HIV medical care. This
increased MMP’s capacity to monitor and guide efforts to
prevent HIV infection and improve clinical outcomes through
available treatment and other interventions.

Methods

Design
Beginning with the 2015 cycle, MMP employed a 2-stage
sample design to produce annual representative estimates of the
sociodemographic, behavioral, and clinical characteristics of
adults with diagnosed HIV in the United States. With this
design, participating project areas can produce annual
representative estimates of these characteristics among persons
in their jurisdictions (ie, states, territory, county, and cities),
and the national dataset can be used to produce annual nationally
representative estimates.

The first stage of sampling involved a one-time geographically
stratified random sampling of US states and territories with
probability proportional to size based on the estimated total
number of persons living with AIDS as reported to the NHSS
at the end of 2002. Although the target population for MMP is
all persons diagnosed with HIV in the United States, when the
first-stage sample was initially drawn, HIV non-AIDS diagnoses
were not reportable in all the states; therefore, the estimated
number of persons living with AIDS was used as the best
available proxy. Using an indirect measure of size at any given
sampling stage does not necessarily affect the validity of the
statistical estimates derived from the overall sample if the
measure is closely correlated with the desired characteristic, as
is the case for AIDS and HIV cases.

On the basis of available funding, 20 primary sampling units
were selected during the first stage of sampling in 2004. All 20
state/territory health departments selected for the first-stage
sample agreed to participate in MMP. In 5 of the selected states,
HIV surveillance activities in 6 large cities are funded separately
from the rest of the state, and MMP chose to do the
same—resulting in a total of 26 MMP project areas. States with
separately funded cities collect data from persons sampled in
the state who are living outside of the funded cities; these states
receive state-level MMP datasets that combine the state and
city data to produce estimates that represent the state as a whole.
Owing to budget restrictions, beginning in 2009, 3 areas
(Massachusetts, South Carolina, and Maryland) were dropped
from the MMP project area sample through a random selection
process, resulting in 23 project areas representing 16 states and
Puerto Rico. MMP has retained a 100% response rate at this
first stage of sampling (ie, all sampled jurisdictions participated)
since the inception of this surveillance system.

MMP periodically evaluates the continued validity of the
first-stage sample of states and territories. An analysis of counts
of reported diagnoses of HIV for 2011 showed that the
proportional contribution of states to the burden of HIV had not
changed considerably from the distribution of AIDS cases on
which the initial sample was based, and this relationship still
holds for 2015 HIV diagnosis counts. Thus, the design weights
reflecting states’ original sampling probabilities were still
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reasonably close to what they would have been if sampled using
reported HIV diagnoses. On the basis of these findings, we
concluded that selecting a new first-stage sample was not
warranted, and we retained the original sample, thereby
preserving operational efficiencies and the ability of
participating states to continue generating local estimates of
indicators of HIV care and treatment in their jurisdictions. The
23 participating MMP project areas included approximately
72.80% (732,827/1,006,691) of all persons with diagnosed HIV
in the United States during 2016.

The second stage of sampling involves annual random sampling
of eligible persons directly from the NHSS. A pilot test of these
methods was conducted during 2012 to 2014, and findings from
that pilot informed the methods used in this study [19,20].
Eligible persons are those who, on the date of sampling, were

alive, living with diagnosed HIV, aged ≥18 years, and a resident
of an MMP project area. The date of sampling is December 31
of the year before the data collection cycle (eg, December 31,
2014, for the 2015 data collection cycle). Every year, a total of
9700 persons (with minimum state/territory sample size of 400
persons) are selected (Table 1), which allows for estimates of
sufficient precision at both the national and local levels. The
sample is drawn in March/April of the data collection cycle year
to allow time for NHSS reporting delays, and data collection
begins in June of the cycle year and ends the following May.
For example, the data collection period for the 2015 data
collection cycle was from June 2015 to May 2016. Figure 1
presents MMP’s timeline from the date of sampling to the
publication of the cycle’s surveillance data report, using
outcomes from the 2017 data collection cycle.

Table 1. Medical Monitoring Project’s sample sizes by project area.

Number of persons sampledProject area

500California (excluding Los Angeles County and San Francisco)

400Chicago, Illinois

400Delaware

800Florida

500Georgia

400Houston, Texas

200Illinois (excluding Chicago)

400Indiana

400Los Angeles County, California

400Michigan

400Mississippi

500New Jersey

800New York City, New York

200New York State (excluding New York City)

400North Carolina

400Oregon

200Pennsylvania (excluding Philadelphia)

400Philadelphia, Pennsylvania

400Puerto Rico

400San Francisco, California

400Texas (excluding Houston)

400Virginia

400Washington

9700Total
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Figure 1. Medical Monitoring Project 2017 cycle timeline.

Health department staff in participating project areas locate and
recruit sampled persons using information contained in local
health department NHSS records and other available sources
such as surveillance databases for other conditions, social
services records, and people search engines (eg, Lexis-Nexis,
TLO), as permitted by local regulations. Questionnaire data are
collected via 45-min telephone or in-person interviews with
participating persons, following which a matched medical record
abstraction of clinical data is performed for persons who
received medical care for their HIV. Questionnaire topics
include sociodemographics, HIV treatment and adherence,
barriers to care and services, sexual behaviors, alcohol and drug
use, stigma and discrimination, met and unmet needs for medical
and ancillary services, gynecological and reproductive history,
and use of HIV/STD prevention services. Medical record
abstraction topics include inpatient and outpatient health care
encounters, diagnoses, medications, and laboratory testing and
screening. Questionnaires and medical record abstraction
instruments are updated approximately every 3 years to improve
the quality and accuracy of the data collected and to respond to
emerging trends in HIV epidemiology and public health.
Participants are given a token of appreciation of approximately
US $50 in cash or cash equivalent (eg, gift card), depending on
local standards. All sampled persons are offered linkage or
reengagement to HIV medical care services, as well as
information and referrals for other medical, prevention, and
ancillary services, if needed.

As a part of routine public health surveillance, MMP is
determined to be nonresearch [21]. Participating states or
territories obtain local institutional review board approval to
collect data, when required. Informed consent to participate in
the project is obtained from all interviewed participants.

The second stage (person-level) response rate for the 2015 cycle,
the first year in which new MMP methods were implemented,
was 39.8% (3654/9179) after adjustment for eligibility. The
response rate for the 2016 MMP cycle was 44.3% (4038/9107),
and the response rate for the 2017 MMP cycle was 46.3%
(4229/9126). These improvements were because of multiple
factors, including the development of more efficient MMP
processes and establishment of cooperative relationships needed
to successfully find and recruit sampled persons. Although
MMP staff work continuously to increase response rates from
cycle to cycle, low response rates are not necessarily indicative
of nonresponse bias when probabilistic samples are drawn from
frames that can provide key information on all sampled persons
that can be used to adjust for nonresponse [22], as is the case
for the NHSS frame used by MMP. Regardless, as the system

matures, we expect improvements in response rates, as was seen
in prior years under MMP’s old design.

Weighting and Data Security
MMP data are first weighted on the basis of known probabilities
of selection at the project area and person levels. Then, data are
weighted to adjust for nonresponse using known predictors of
response based on the NHSS frame. Information available from
the NHSS includes age, sex at birth, race/ethnicity, indication
of receipt of HIV care as evidenced by laboratory test (CD4 or
viral load) results, length of time since HIV diagnosis,
completeness of address and phone number information derived
from local health department HIV surveillance databases, and
mode of HIV acquisition. Using the NHSS as a frame is
beneficial because the data are continually updated. An updated
frame with the same specifications as the initial frame is drawn
1 year after the construction of the initial frame, which allows
MMP data to be adjusted for noncoverage of the population of
interest, multiplicity, and updated information on eligibility and
HIV care receipt at time of sampling. As a final step in the
weighting process, data are poststratified to NHSS population
totals for various demographic factors (ie, sex at birth, age, and
race/ethnicity) to ensure the data are representative of the
population of inference.

MMP data are subject to the CDC’s Data Security and
Confidentiality Guidelines for HIV, Viral Hepatitis, Sexually
Transmitted Disease, and Tuberculosis programs [23]. These
protocols are followed at the project area and national level to
ensure the integrity, confidentiality, and security of MMP data.
Although local health departments maintain names and contact
information for persons with diagnosed HIV reported to the
NHSS, no contact information for sampled persons is ever sent
to the CDC. MMP itself collects no directly personally
identifiable information in its data systems. The software used
to collect interview and medical record data has
password-protected access so that unauthorized users are unable
to view, export, or modify collected data. The security of the
system meets all Federal Information Systems Management
Act, Office of Management and Budget, Health and Human
Services, and CDC Information Technology Security
requirements, which ensure the confidentiality, integrity, and
availability of data on federal information systems.

MMP collects and monitors data related to core national HIV
prevention goals of preventing new HIV infections, increasing
access to care, and improving health outcomes for persons living
with HIV [16,24]. As MMP includes a range of gender, racial,
ethnic, and sexual minority populations, the data collected are
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also used to assess disparities between groups in these factors.
Key MMP estimates used to inform national HIV prevention
efforts include ART prescription and adherence, as well as other
factors that can affect HIV transmission such as HIV stigma
and sexual behaviors. The quality of data collected is maintained
by ongoing national and local training of data collectors, the
use of electronic data collection systems with built-in logic
checks to prevent data entry errors, required data quality
assurance activities for MMP project areas, and extensive data
quality protocols that govern the processing and cleaning of
MMP data.

Results

Data Analysis
As mentioned above, in 2015, MMP expanded its population
of inference from adults receiving HIV care to all adults with
diagnosed HIV regardless of receipt of medical care. This
expansion necessitated substantial modification of sampling
and weighting methods. As a result of these changes, MMP
estimates for 2015 onward are not comparable with those
derived using the prior design, and the CDC recommends that
analysts do not combine 2015 data with data from prior years
or assess trends across the pre- and post-2015 data collection
cycles. This recommendation is consistent with the approach
of other large national health surveys following methodological
changes, such as the Behavioral Risk Factor Surveillance System
and the National Survey on Drug Use and Health, which advised
against comparing results before and after the implementation
of such changes [25,26].

One benefit of MMP’s change to direct sampling of persons
from the NHSS is that MMP data are designed to be linkable
to NHSS data. This ability to link MMP data to NHSS data
allows for additional analyses that can be beneficial for public
health programming and service delivery, such as assessing at
the individual level whether behaviors that resulted in HIV
acquisition continue to be present at the time of interview, which
may inform development of tailored HIV prevention
interventions among persons living with HIV. In addition,
participating state and local health departments can prospectively
monitor care access and HIV viral load test results among
persons who received linkage or reengagement assistance
following the MMP interview.

Owing to MMP’s design, specialized statistical analysis
procedures must be used for analysis. When analyzing complex
sample data, analysts must consider unequal selection
probabilities, nonresponse, and other adjustment factors.
Weighted survey procedures in software packages such as SAS
and SUDAAN, which require the analyst to specify the design
characteristics of MMP, should be used to analyze weighted
MMP data. The CDC has prepared documentation for analysts
that provides guidelines and sample code for weighted analysis
of MMP data.

National MMP data are not publicly available because of the
need for specialized technical assistance for working with the
large and complex datasets and the security and confidentiality
guidelines for the release of HIV surveillance data. However,

the CDC will grant access to MMP data in accordance with
security and confidentiality guidelines on a case-by-case basis.
Researchers may submit analysis concept proposals that are
reviewed and prioritized based on their importance for public
health, their scientific merit, and on the needs and current
workload of the team that oversees MMP at the CDC. There
are currently no fees associated with accessing or receiving
MMP data, but release is subject to the availability of CDC
resources to complete such requests. More information on the
appropriate procedures for concept proposals can be obtained
by contacting the CDC [27].

For state- or city-level analyses, researchers should coordinate
directly with the state or city health departments that conduct
MMP in the area(s) of interest. Contact information for the local
MMP principal investigators is available on the MMP website
[28].

Furthermore, the MMP website provides detailed project
information by cycle year, including protocols and data
collection instruments [29].

Data Dissemination
Aggregate national MMP data are published for each data
collection cycle in HIV Surveillance Special Reports [30]. These
reports provide national estimates of key sociodemographic,
clinical, and behavioral characteristics, in addition to information
on methods and variable definitions. State and local health
departments also regularly publish MMP data via health
department reports.

The CDC uses MMP data to guide efforts designed to achieve
national goals and objectives set forth in the Division of
HIV/AIDS Prevention (DHAP) Strategic Plan and other federal
directives [16,24] Specifically, MMP is the data source used
by the CDC to monitor homelessness, HIV stigma, and sexual
behaviors that increase the risk of HIV transmission among
persons with diagnosed HIV. MMP data are also used by the
CDC to inform HIV communication campaigns and educational
materials (eg, [31,32]).

At the state and city level, MMP data are used to inform the
jurisdictions’ Integrated HIV Prevention and Care Plans. These
plans are mandatory for certain CDC/DHAP and Health
Resources and Services Administration’s HIV/AIDS Bureau
grantees and are used to guide HIV prevention and care
planning. Specifically, MMP data are used to describe the needs
of persons with diagnosed HIV; existing gaps in HIV prevention
and care services; and the sociodemographic, behavioral, and
clinical characteristics of persons with diagnosed HIV. MMP
data inform establishment of priorities, allocation of HIV
prevention and care resources, and evaluation of existing
programs and policies through its use in local planning
processes.

Numerous national and local analyses of MMP data have been
disseminated through peer-reviewed scientific journals, through
reports, and at national meetings [29]. Publication highlights
from recent years include documenting significant improvements
in ART prescription and viral suppression among HIV patients
[33], increased sexually transmitted disease testing among
sexually active HIV patients [34], and an assessment of service
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delivery and patient outcomes in different medical care settings
[35]. In addition, MMP was used as a data source for an
influential publication that estimated HIV transmission at each
step of the care continuum in the United States, which was
published in the Journal of the American Medication Association
Internal Medicine [36].

Discussion

MMP is the only source of annual population-based estimates
of certain key characteristics among persons with diagnosed
HIV needed to assess national and local progress toward US

treatment and prevention goals. To advance the CDC’s High
Impact Prevention approach to HIV prevention and realize the
clinical and prevention benefits of TasP at the population and
individual levels, it is critical to ensure that everyone living
with HIV is engaged in medical care and virally suppressed.
MMP contributes essential information on barriers to treatment
and care, use of and adherence to ART, viral suppression, and
sexual behaviors that could increase the risk of HIV
transmission. National and local MMP data inform
geographically tailored approaches to improve HIV treatment
and prevention.
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Abstract

Background: Numerous studies of community reintegration (CR) in traumatic brain injury (TBI) have been conducted in
civilian populations, but research is limited in veteran and military service member populations. Little is known about how
knowledge from civilian studies translates into veterans’ experiences and needs. The US Department of Veterans Health
Administration (VHA) recognizes the distinctive health care needs of post-9/11 veteran and military service members, particularly
with TBI, including the need to bridge health and rehabilitation-related services from acute care and inpatient settings to veteran
and military service members’ homes and communities to facilitate CR.

Objective: The goal of this study is to better understand the experiences of veterans with complicated mild, moderate, or severe
TBI; their families; and CR workers as veterans and servicemembers transition to and sustain living in communities. This paper
describes the rationale, design, and methods used to reach this goal.

Methods: This five-year longitudinal mixed methods study uses both a community-engaged research (CEnR) approach and an
ethnographic approach. The sample includes 30 veterans and service members with TBI, 13 family caregivers, 11 CR specialists,
16 key stakeholders, and 82 community events. Interviews and observations are coded and analyzed using hierarchical coding
schemes and thematic analysis. Analyses include data from surveys, interviews, and participant observations. Content analysis
is used to highlight the complex social context of reintegration and to triangulate quantitative data. Egocentric (personal) social
network analysis is used to examine the support system a veteran or service member has in place to facilitate reintegration.

Results: Study enrollment and data collection are completed. Data analyses are underway.

Conclusions: The results of this study may provide a heightened understanding of environmental factors affecting CR in
complicated mild, moderate, or severe TBI. Veteran, servicemember and family voices and insights provide VHA clinicians and
policy makers with an ecological view of CR that is grounded in the life experiences of veterans, military service members, and
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families. The results of this study provide a roadmap for designing and testing interventions to maximize CR in a variety of
domains. The longitudinal ethnographic approach allows for capturing detailed experiences within the naturalistic context. CEnR
allows collaborative assessment of the social context of reintegration with community members.

International Registered Report Identifier (IRRID): DERR1-10.2196/14170

(JMIR Res Protoc 2019;8(11):e14170)   doi:10.2196/14170
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Introduction

Community Reintegration
Leading disability and rehabilitation organizations, researchers
and clinicians recognize the importance of community
reintegration (CR) to the health, quality of life, and well-being
of persons with disabilities [1-3]. CR is defined as “the
assumption or resumption of culturally and developmentally
appropriate social roles following disability” [1]. Key
components of CR emphasized by researchers, clinicians, and
consumers include independence in daily life, involvement in
productive or meaningful activities, and engagement in
satisfying social relationships [4,5].

The Veterans Health Administration (VHA) recognizes the
importance of CR in relation to the overall health and well-being
of veterans. VHA programs exist to support CR, including
vocational rehabilitation [6], community partnerships, and
educational benefits [7-9]. Many of these programs tend to be
medically based and disparate from one VHA facility to another
VHA facility. The limited scope of and variation among these
programs motivated the development of this study. The VHA
is charged to effectively assist veterans with living healthy,
meaningful, and productive lives. Neurological conditions,
including traumatic brain injury (TBI), are leading causes of
serious, long-term disability [10]. Since 2001, nearly 400,000
service members have been diagnosed with a brain injury [11],
and more than 1.2 million newly separated veterans have
accessed VHA health services [12]. In addition, complex
comorbidities, such as mental health disorders, pain, and
irritability, are likely to interfere with work, social functioning,
and independent living and affect disability long-term CR
outcomes [13,14]. Despite the heightened attention on TBI due
to recent conflicts (Operation Enduring Freedom, Operation
Iraqi Freedom, and Operation New Dawn [OEF/OIF/OND])
and associated deployments, stateside injuries account for the
majority of severe TBIs in veteran and military service members
[11]. These injuries pose unique challenges to the current
generation of veterans returning to prior relationships, living
situations, work, and social roles [15,16]. Most research on CR
for veterans and servicemembers has focused on return to work
and family life, with little examination of the social, physical,
and environmental factors that affect CR [17,18].

To address these research gaps, the VHA Rehabilitation
Research and Development Service convened a state-of-the-art
conference in 2010 to advance the science of measurement for
important outcomes for rehabilitation. One workgroup reported
on directions for conceptualization and measurement of CR [5].

The workgroup acknowledged that the concepts of activity and
participation in life roles (International Classification of
Functioning concepts) and reintegration overlap and that CR is
multidimensional and complex. The workgroup identified 11
key dimensions of CR for veterans with TBI, which were further
distilled by Sanders to 3 dimensions of CR: (1) employment or
other productive activity, (2) independent living, and (3) social
relationships and activities [17]. In this study, we use Sander’s
3 dimensions as a framework for examining CR in this
population [17].

Few studies to date have examined the subjective CR
experiences of injured post-9/11 V, SMs and their family
members [16,19,20]. Significant gaps in evidence of
reintegration among veterans and servicemembers with specific
health conditions or effective models of service delivery are
identified [16]. Furthermore, there is a need to focus research
on the intersection of individual, family, and community
perspectives to adequately account for the complex context of
reintegration. Experiences regarding barriers and facilitators to
community resources and services are needed to inform VHA
policy and service delivery models.

This research provides current and in-depth knowledge about
CR in veterans and servicemembers with TBI from recent
conflicts. This study uses a longitudinal design with multiple
data collection methods from multiple stakeholder perspectives.
The primary objectives of this research are to (1) describe CR
experiences as perceived by veterans and servicemembers; (2)
compare and contrast barriers and facilitators to CR from
multiple perspectives (eg, veterans and servicemembers,
families, and providers of CR-related health care and services);
(3) describe how personal social networks influence CR; and
(4) identify veterans and servicemembers patient-centered
strategies needed to improve CR. This paper describes a protocol
employing ethnographic research to investigate the experiences
of veterans and servicemembers living with a TBI and their
caregivers in the context of CR.

Background
CR is an ongoing, complex process [14]. Consideration of
individual perspectives helps shape the understanding of the
complex interactions between outcomes and associated
environmental CR factors [21]. Studying CR through multiple
lenses facilitates capturing the rich, layered experiences of
participants and addresses the multidimensional nature of
reintegration from an intersectional perspective [16]. Study
designs and approaches (eg, mixed methods, CEnR, and
ethnography) are used to acknowledge this complexity.
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Theoretical Background and Ethnographic
Approaches in Community Reintegration
Ethnography is the art and science used to describe a group or
culture [22]. We use an ethnographic approach to learning about
the social and cultural life of communities, institutions, and
other settings [23]. Ethnographers use a variety of research
methods and rigorous data collection techniques such as
interviews, surveys, and participant observation to avoid bias
and ensure accuracy of data collection and analyses [24]. This
approach employs both inductive and deductive techniques to
build culturally valid theories situated in local contexts.
Ethnography builds on perspectives of the people situated within
settings of interest [23]. The ethnographic approach in this
protocol is used as a way to witness events in our participants’
world that may be beyond the reach of research approaches that
are of more clinical nature [24].

The success of an ethnographic approach is dependent on rapport
between participants and researcher [25]. Common techniques
used in ethnographies to build a sense of rapport include
participant observations and ethnographic interviews [25].
Participant observation involves detailed observation and
recording of information about peoples’ lives. Ethnographic
interviews occur over time, which helps to create a more
complete picture of participant experience. This inductive,
participant-perceived, and holistic approach of ethnography is
ideal for studying veterans and servicemembers with TBI
because it allows a diversity of perspectives to be represented.

There is a continuum of approaches to engage the community
of interest. Community-engaged research (CEnR) relies on

collaborative relationships between communities and researchers
and is based on the understanding that communities best know
the needs and concerns of their members [26]. This study uses
CEnR as a collaborative research approach where the
community informs the research process. Specifically, we relied
heavily on the CEnR approach to share results of analysis with
our community partners to facilitate interpretation and validation
of concurrent study findings. Likewise, the community provides
opportunities to translate findings into meaningful practice for
community members and VHA alike. This approach to research
involves all partners in the process and recognizes the unique
strengths that each brings [27].

Methods

Design and Overview
This 5-year longitudinal ethnography study uses mixed methods
(interviews, questionnaires, and participant observation) from
a CEnR perspective (Figure 1). The combination of mixed
methods is advantageous as it can provide (1) data and
methodological triangulation, (2) a more complete understanding
of research problems than either method on its own, (3) strengths
that offset the respective weaknesses of both quantitative and
qualitative research, and (4) answers questions that cannot be
answered by either method alone [28]. Quantitative and
qualitative methods can be combined in various ways depending
on the timing of the collection of data, the relative weight of
each, and how data will be used in analysis. A convergent mixed
method design is used in this study [29]. Integration of findings
from quantitative and qualitative components occur at the data
analysis and interpretation phases.

Figure 1. Schematic of study design data collection. MPAI-4: Mayo-Portland Adaptability Inventory-4.
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Triangulation increases the validity, strength, and interpretative
potential of the study; decreases investigator biases; and
provides multiple perspectives of a given topic [30]. In this
study, we employ a triangulation protocol as a strategy to
integrate findings from different data sources. Specifically,
convergent coding matrices [29] are used to achieve 2 types of
methodological triangulation: (1) within-method triangulation
(observation and interviews) and (2) across-method triangulation
(structured questionnaires, interviews, and participant
observations). The convergent coding matrix is used to display
qualitative and quantitative findings that emerge in one place.
This approach enables consideration of agreement, partial
agreement, or dissonance between findings from different data
sources [29]. The triangulation protocol facilitates the
identification of meta-themes that cut across finding from
different methods. After each qualitative data collection point,
corresponding data are analyzed, and the results inform
subsequent qualitative data collection for further clarification
and probing of qualitative findings. When appropriate,
triangulation occurs on both the individual and aggregate levels.
Qualitative interviews, community observations, and CR surveys
are compared and contrasted to determine the extent to which
the data triangulate or converge [28]. Qualitative interviews
from all 3 participant groups are compared and contrasted.
Qualitative interviews and CR surveys are being triangulated
with the social network questionnaires.

The collaborative nature of this study is an iterative process.
The study incorporates a formal engagement of the target
community through the veteran engagement group (VEG).
Community engagement exists on a continuum of “community”
(eg, immediate family, hospital unit, neighborhood, and city)
and “engagement” (eg, transactional, transitional, and
transformative) [31]. The VEG engages the community at large,
building relationships and transforming the research process,
as well as the community at large through information and
connection.

Ethical Review and Considerations
This study protocol was reviewed and approved by the affiliated
university institutional review board as well as the local Veterans
Affairs Research and Development Committee. These oversight
entities look specifically for ethical considerations within each
submitted protocol. The entities include attorneys, nurses,
physicians, and veterans, among others, with expertise in
evaluating safety and ethics of research protocols. Given the
target population for the study protocol, persons diagnosed with
complicated mild, moderate, and severe TBI, we used several
measures to assure the protection of participants who consent
to participate in the study, some of which are described in further
detail in other parts of the protocol. Study staff underwent
training and created study-specific procedures for working with
participants who might voice thoughts of dying by suicide.
Proxy consent and assent to participate were obtained for
participants who were not competent to consent themselves
[32]. Ongoing communications such as letters sent to
participants include more information than would be used in
populations without the potential for memory problems. In
addition, team meetings often discussed the appropriateness of
using data collection tools with this population.

Sampling

Primary Sample
This sample includes veterans and servicemembers from
OEF/OIF/OND with complicated mild, moderate, or severe TBI
who received acute or transitional rehabilitation. Acute
rehabilitation occurs immediately after veterans and
servicemembers is medically stable and able to participate in
rehabilitation. Transitional rehabilitation typically occurs after
acute rehabilitation. Length of stay varies but is often a few
months. veterans and servicemembers live in an apartment-style
rehabilitation facility with a focus on functional, cognitive, and
social goals. Length of stay is typically 1 to 6 months. Patients
who have an anticipated or actual discharge from an acute or
transitional care rehabilitation program, who are English
speaking, and who have access to the internet are included.
Patients who have severe substance abuse or severe disruptive
behavior that could endanger participants or others, including
data collectors, and anticipated discharge to or residence in an
institutional facility are excluded. Proxy consent (from the
legally authorized representative) is sought for those individuals
determined not to be competent based on documentation in the
electronic health record. Each veteran and servicemember
remains active in the study for approximately 18 months to
complete all data collection points.

Initially, the study design called for enrolling patients within 2
months of discharge from the acute or transitional rehabilitation
programs. However, admissions of patients with moderate to
severe TBI to the acute and transitional rehabilitation programs
declined upon the inception of the study, resulting in very few
patients eligible to participate in the study. In consultation with
clinical coinvestigators and consultants, the study team expanded
the inclusion criteria to include patients discharged within the
past 12 months from acute or transitional rehabilitation.
Ultimately, the decision was made to remove the time since
discharge from acute or transitional rehabilitation criterion due
to the difficulties stated above.

Secondary Sample
This sample consists of people identified by veterans and
servicemembers as being within their social network and
providing some level of support such as helping them at home
or in the community and being important in their CR process.
veterans and servicemembers identify potential participants for
this secondary sample and provide contact information. For the
purposes of this study, family is defined broadly as a person
who provides a substantial amount of support as defined by the
veterans and servicemembers and may be from family of origin
or family of choice. CR specialists are defined as professionals
who have assisted the veterans and servicemembers in their
recovery after TBI (eg, case managers and VHA military
liaisons) and are identified specifically by the veterans and
servicemembers as an important asset to their rehabilitation.
People who have involvement in care of the index veteran or
servicemember and who are English speaking are included.
There are no exclusion criteria. Each secondary sample
participant remains active in the study for approximately 18
months to complete data collection.
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Tertiary Sample
This sample consists of key community stakeholders who exert
influence on the veterans and servicemembers indirectly through
professional activities or medical and nonmedical appointments
such as directors of community agencies (eg, Team Red, White,
and Blue), people who work in relevant agencies such as VHA,
State of Florida Department of Veterans’ Affairs staff, or local
or state rehabilitation organizations. Stakeholders who have
specialized knowledge related to care of veterans and
servicemembers with TBI who live in the community are
included. There are no exclusion criteria.

Quaternary Sample
This sample includes public events and spaces that are relevant
to CR for veterans and servicemembers such as job fairs, open
houses for organizations who provide veterans’ services, public
art displays, and artistic performances. The study team uses
multiple sources to identify events and resources that would be
readily available to veterans and servicemembers and their
families following their discharge from acute or transitional
rehabilitation. Sources include local hospital outreach calendars;
social media sites such as Facebook, Twitter, and Instagram;
event calendars and announcements listed through local
newspaper and media outlets; and websites for organizations
such as veterans service organizations, nonprofit organizations,
local cultural and sporting events, and community-based
organizations.

Sampling Size
The primary sample includes 30 veterans and servicemembers
with complicated mild, moderate, or severe TBI. The secondary
sample includes 13 caregivers and 11 CR specialists. The tertiary
sample includes 16 key stakeholders. Typically, health services
research with veterans and servicemembers with complicated
mild, moderate, or severe TBI is limited due to the difficulty in
obtaining a statistically powered sample size [33]. This study
includes a methodology that capitalizes on small sample sizes.
Although generalizability in the statistical sense may not be
possible with the small sample size, the external validity of
qualitative research will ultimately be determined by the
usefulness of the findings in i comparable settings with similar
veterans and servicemembers [34]. In qualitative research, data
saturation is achieved not based on sample size but rather on
the depth and breadth of information obtained from participants

related to the phenomena under study [30,35]. Evidence shows
that 20-60 knowledgeable people are enough to uncover and
understand the key themes in a study of lived experience [36].

Multiple methods are used to recruit veterans and
servicemembers who received care from a VHA Polytrauma
Rehabilitation Center, either acute or transitional rehabilitation
programs for recruitment into the study. Study staff advertise
the study in inpatient rehabilitation areas through placement of
study brochures and posters and announcements in relevant
local newsletters. In addition, clinical partners refer potentially
eligible participants to the research study team for screening.
Recruitment and enrollment occur both before and after
discharge from the acute and transitional rehabilitation programs
with baseline data collection initiating after discharge. The study
team conducts an eligibility review before enrollment using
electronic health records and an internal program evaluation
database to determine if a potential participant meets inclusion
and exclusion criteria. Potential participants are contacted via
United States paper mail if discharged or approached in person
if still on site. Follow-up contact to schedule interview and
survey data collection visits are conducted by phone calls and
US mail.

Snowball sampling, whereby participants refer other people for
participation [36], is used to identify the secondary sample.
Participants in the secondary sample are contacted after verbal
permission from the veterans and servicemembers. The tertiary
sample is identified by the study team based on their knowledge
of organizations and services relevant to CR; some participants
in this sample are referred by other study participants.
Telephone-assisted enrollment includes a waiver of
documentation of consent. All study participants receive a copy
of the informed consent (IC) form and a 1-page summary of
consent by US mail as part of the IC process. The quaternary
sample is identified by routine reviews of CR-related event
sources. All study team members participate in the selection of
events by reviewing event information by email or team meeting
and identification of the team member(s) who will observe the
event.

Measures
Table 1 summarizes variables by sample, data collection
instrument, and timing of data collection variables.
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Table 1. Variables and measures.

Data collection timingData collection instrumentSampleVariable and definition

Demographics

Veterans and service members

BaselineQuestionnairePrimaryAge, gender, military service history, date of in-
jury, and employment status

Caregiver

BaselineQuestionnaireSecondaryRelationship to veteran or service member, length
of time in relationship and caregiving, age, gender,
and employment status

CRa specialist and stakeholder

BaselineQuestionnaireTertiaryoccupation, length of time in current role, experi-
ence related to CR, or veterans and servicemem-
bers’ health

Community reintegration

Baseline and 6, 12, and 18
months

Interview guide; Mayo-Port-
land Adaptability Inventory-4
Participation Index

PrimaryParticipation in community life that encompasses:
(1) employment or other productive activity, (2)
independent living, and (3) social relationships
and activities.

Baseline and 6, 12, and 18
months

Interview guideSecondary

Barriers and facilitators to community reintegration

Baseline and 6, 12, and 18
months

Interview guide and field notesPrimaryPersonal, interpersonal, or environmental factors
that prevent or support engagement in employ-
ment or other productive activity, independent
living, or social relationships and activities

Baseline and 6, 12, and 18
months

Interview guideSecondary

One time and as neededInterviewsTertiary

Monthly and as neededParticipant observation field
notes and document reviews

Quaternary

Strategies to improve CR

Baseline and 6, 12, and 18
months

Interview guidePrimary and secondaryActivities intentionally undertaken by study par-
ticipants to remove barriers and promote CR

One time and as neededInterviewsTertiary

Monthly and as neededParticipant observationQuaternary

Personal social networks

Baseline and 6, 12, and 18
months

Social network questionnairePrimaryRelationships (ties) between an individual and mem-
bers of own immediate social environment who interact
with one another, and provide tangible social support

aCR: community reintegration.

Interview Guide
Investigators employ open-ended, broad interview questions to
capture veterans and servicemembers’ explanatory models of
TBI and perspectives of CR. The research team developed the
interview guide based on CR literature and study questions and
objectives. Questions are modified as needed based on ongoing
data collection and analysis.

Personal Social Network Questionnaire
Investigators collect personal social support network information
through the Social Network Questionnaire designed by the

investigators. Veterans and servicemembers are asked to identify
up to 5 other persons who provide them with emotional support,
small services, large services, financial aid, and companionship.

Veterans and servicemembers also provide information on each
identified person such as demographics, how long they have
known each other, how often they talk to each other, and how
that person is connected to them (eg, spouse, parent, siblings,
friends, commander, or counselor). To capture personal social
support network cohesion, veterans and servicemembers
describe the relative strength of the relationship between each
pair of their network contacts as to whether the network alters
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are “strangers,” “are as close to each other as I am to them,” or
are “neither of these.”

The Mayo-Portland Adaptability Inventory-4,
Participation Index
The Mayo-Portland Adaptability Inventory-4 (MPAI-4) consists
of 9 items with a 5-point ordinal scale [37]. Raters choose
responses that best describe the level at which the person being
evaluated experiences problems. Items tap into initiating
activities, social contacts with others, leisure and recreation,
self-care, independence in living situation, transportation, paid
and unpaid employment, and management of finances. Items
are summed to yield an overall score. The MPAI-4 has
satisfactory internal consistency (Cronbach alpha=.89) and good
content validity [38]. Although this instrument does not
specifically frame results to our study CR domains. This
instrument is designed to capture posthospitalization experiences
and can be completed by health care providers, people with
TBI, and their significant others. Ratings by different groups
can be combined to provide a more reliable assessment.

Data Collection Procedures
Figure 1 shows the data collection procedures and schedule for
all samples. Formal in-person or telephone interviews are
conducted with veterans and servicemembers (or proxies) every
6 months. Participant observation is conducted at event locations
identified by researchers and participants to help researchers
better understand CR. A semistructured field note template is
used to record observations, interactions, and context by the
study team member as soon as possible after attending
community events. Photographs are taken as needed to
supplement field note data.

Interviews are conducted by telephone or in person at the
discretion of the study participant. Follow-up interviews are
informed by survey and prior interview data. Interviews are
audio recorded with the subjects’ consent, and the study
investigator documents field notes, noting contextual features
of the interview that are not captured in the recording (eg,
nonverbal communication and characteristics of the setting).
The interviews take a semistructured approach in that they are
conducted with a preformulated interview guide, but they allow
for answers to those questions to be fully expanded at the
discretion of the interviewer and interviewee and enhanced by
probes [23]. A flexible and dynamic approach is employed that
provides an opportunity to uncover participants’ perspectives,
using a conversational style to promote a spontaneous flow of
information [39].

Web-based survey questionnaires are password protected.
Qualtrics, a secure, Web-based survey tool, is used to record
questionnaire data [40]. If the participant is unable to complete
the Web-based survey, the interviewer assists in person or via
telephone interview. Letters are mailed instructing participants
on how to log in and access the Web-based survey, and reminder
letters are mailed to ensure completion.

The CEnR approach requires meaningful engagement with
veterans and servicemembers and family stakeholders. After
initial attempts to engage study participants in a Web-based
bulletin board forum were unsuccessful, a VEG was developed

as an alternative method for veterans and servicemembers and
family stakeholder engagement to assist study team members
throughout the research process. Recent recommendations by
the Health Services Research and Development Service Veteran
Engagement Workgroup Final Report [41] support establishing
VEGs to meaningfully engage veterans and servicemembers
and significant others into research endeavors, thus ensuring
veterans and servicemembers voices are well represented. This
study’s VEG comprised 6 active volunteers. Members of the
engagement group include veterans with a TBI (n=3) and
caregivers for veterans with a brain injury (n=3). Participants
have used VHA rehabilitation services for themselves or their
loved ones. The research team developed the description and
recruitment process for VEG members. Interested persons are
recruited via word of mouth and via the James A. Haley
Veterans’ Hospital and Clinics social media outlets—Facebook
and Twitter. Of note, VEG participants are not research subjects
enrolled in the study, but they serve as consultants to the
research team. The VEG meetings vary in frequency from
quarterly earlier in the study to bimonthly, as there is more data
to share and input to solicit. This partnership yields positive
results by providing feedback (eg, interpretation guidance and
member checking) on early qualitative data analysis, advice for
participant recruitment, and dissemination of early products.
For example, the VEG is instrumental in the development of a
stakeholder-driven Tip-Sheet derived from interpretation of
data from local community event observations. The VEG also
provides critical feedback on funded proposals informed by
results of this study (eg, Resource Facilitation [42]), provides
input on priorities for dissemination of current research findings
and future next steps.

Data Analysis

Qualitative
Qualitative insights from data analysis are used to iteratively
guide subsequent data collection (eg, choice of next subjects
[theoretical sampling], modification of interview questions, and
feedback from subjects on researcher interpretations of data and
provisional results). All interview audio files, field notes, and
documents are transcribed or scanned and stored on a secure
VHA server with access only to the research team.

A computer-assisted analysis model known as Noticing things,
Collecting things, and Thinking about things (NCT) is employed
to analyze the data [43,44]. The analysis process can be linear,
starting with noticing interesting things in the data, collecting
them (eg, as codes), thinking about them, and then writing
interesting insights. However, more often, qualitative analysis
requires moving back and forth between noticing, collecting,
and thinking about things, as shown by arrows in the middle of
the figure (see Figure 1). The NCT model uses coding structures,
memoing, process mapping, and diagramming to describe,
categorize, and connect the data to determine common themes
patterns and inconsistencies relating to participants’experiences,
perceptions, and opinions.

Interview transcripts are uploaded into the qualitative analysis
software program ATLAS.ti v8.0 which is used to organize data
and systematically develop a codebook of the interview
transcripts that catalogs and defines codes and thematic
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categories. The qualitative team meets regularly to analyze the
interview transcripts in the following way: (1) assign first-level
structured codes to units of meaning, (2) synthesize codes into
complex categories, (3) compare and contrast categories to
identify relationships across categories, (4) group categories
into a taxonomic structure that describes the dataset, and (5)
link sections of text to the coding to identify salient quotes that
illustrate the codes and constructs and that support coding
decisions. Memoing or analytic writing is also performed at
each step of the analysis to create a written record of the process
and to develop conceptual ideas relating to the data.

The qualitative team members compare and contrast perceptions
of key findings following interviews. Investigators use the

following analytic strategy: (1) reviewing the first few
transcripts and developing codes independently; (2) reviewing
their work together and, through consensus, agreeing on codes
and definitions; (3) double coding transcripts until 80%
agreement is attained; and (4) after 80% agreement is attained
coding transcripts independently using the common codebook.
Every fifth coded transcript is randomly reviewed by the team
to select portions for agreement. Investigators revise and clarify
the codebook as needed by discussing points of agreement and
discrepancies and making decisions jointly to determine whether
new codes were needed. Data analysts meet routinely to review
ongoing coding results, resolve coding issues that arise, and
discuss collapsing of codes into higher-level codes and
constructs (Figure 2).

Figure 2. Coding process.

Quantitative
Egocentric social network analysis examines the presence of
relationships between veterans’ personal (ego) social support
network characteristics and successful CR as measured by the
MPAI-4 [45]. Network visualization will be performed to
investigate variables summarizing the number and types of ties
in terms of the ego network’s shape, size, and composition and
their changes over time. Regression analyses will identify which
of these variables at baseline and/or over time show positive or
negative effects on CR.

Veterans nominate persons of influence within their lives
(alters). The connectedness among alters represents network
density, and number of distinct alters represents network size.
Interpretation of network size is deemphasized as by design,
we limited the number of alters that an ego can name; however,
up to this limit, the number of positive ties may positively
influence reintegration. Higher density will suggest greater
social cohesion, which is desirable. Measures of network
composition will include the different types of connections
between an ego and each alter and their frequencies (which
denote connection strength), for example, same alter can be
friend, coworker, and neighbor (multidimensional connection).

The connection strength and/or type may be associated with
CR. The network characteristics are collected for each ego
network on each measurement occasion, which allows for
observation of evolution of individual networks over time. The
ego networks will be graphed, and the measures will be
generated using E-NET software [46].

Using UCINET [47], CR at a given assessment (MPAI-4 scores
as dependent variables) is modeled in a regression equation as
a function of network-based mechanisms. Standard regression
is used to analyze ego-level data (eg, density and demographics
of ego). A 2-level regression model is fitted to alter-level data
(eg, tie type, tie strength, and demographics of alter). Moreover,
ego-level and alter-level data are tested for association with the
rate of change of CR (linear slope) over time using 2-level and
3-level linear growth models, respectively.

Results

The project was funded in FY2019 and enrolment was
completed FY2019. Data analysis is currently under way and
the first results are expected to be submitted for publication in
2020.
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Discussion

Protocol Purpose
The goal of this study protocol is to describe methods used to
better understand and highlight the experiences of veterans and
servicemembers with complicated mild, moderate, or severe
TBI; their families; and CR workers as they transition to and
sustain living in communities. This protocol illustrates an
ethnographic approach to support understanding of said
experiences within the context of community. To our
knowledge, this protocol is unique in that it explores CR over
time from multiple perspectives, within the context of
community.

Strengths and Limitations
This protocol has several noteworthy strengths based on the
CEnR approach. Specifically, the protocol was written to (1)
provide a comprehensive understanding of veteran-perceived
and contextual factors affecting CR to identify targets for
interventions that can decrease barriers and strengthen
facilitators for veterans with complicated mild, moderate, or
severe TBI; (2) give voice to veterans and families by actively
engaging them in removing barriers to CR directly for
themselves and indirectly for others; and (3) provide a roadmap
for designing and testing interventions to maximize CR in
employment, independent living, and social relationships that
are grounded in the perceptions of multiple perspectives.

Similarly, there are several limitations that are noteworthy of
mention. First, the inclusion criteria originally included veterans
and servicemembers who sustained a moderate or severe TBI
and had recently been discharged from the local acute and
transitional rehabilitation programs. However, because of
decreasing military operations and changes in the patient
populations being admitted to these programs, there were not
sufficient numbers of eligible patients. To address this limitation,
we expanded recruitment to those with complicated mild TBI
and those who have received acute or transitional rehabilitation
at any time. Second, the proposal originally planned to engage
participants in the conduct of the study and analysis using a
Web-based bulletin board for feedback and insights. This
method proved ineffective, and the study team was not able to
engage study participants in the Web-based bulletin board.
However, the VEG provided an alternative method for engaging
community-based participation in the research study. The
purpose of this group is to provide a community for veterans
and servicemembers and caregivers to pose questions and
provide feedback on data and study issues as they arise. Finally,

the study team planned on collecting quantitative measures of
CR using both the Community Reintegration for Service
Members (CRIS) 147 item measure and the participation index
of MPAI-4. Although comprehensive, concerns about participant
burden, and the ability of participants to complete the survey
led the team to remove the CRIS and rely solely on the MPAI-4
participation index as no short-form scales were available for
the CRIS.

Finally, study data collection is limited to the Tampa Bay Area,
which includes 1 of the 5 VHA polytrauma rehabilitation
centers. The availability of community and VHA resources
varies by region and county throughout the state of Florida.
Greater resources are typically available in urban versus rural
communities, affecting access to and use of services and
supports. Access to Medicaid Waiver programs is also an
important consideration. For example, the Traumatic Brain and
Spinal Cord Injury Medicaid Waiver Program provides home-
and community-based health care services for individuals aged
18 to 64 years with TBI or spinal cord injury in Florida. The
waitlist for these services is long, and many individuals may
never receive services through this program.

Conclusions
This protocol employs an ethnographic mixed method design
(interviews, observations, and surveys) and a CEnR approach.
The intent is to elicit definitions and perceptions of CR and a
more thorough understanding of environmental and cultural
factors that influence CR in veterans and servicemembers with
TBI. The addition of the VEG, which includes both veterans
and servicemembers with TBI and caregivers of veterans and
servicemembers with TBI, in the interpretation, feedback, and
direction of findings; dissemination products; and next steps,
supports meaningful engagement, input, and empowerment of
the population being studied. Understanding of environmental
and cultural factors that influence CR may inform VHA and
Department of Defense policy and programmatic changes to
support veterans and servicemembers as they transition to local
communities and providers. The inductive,
participant-perceived, and holistic approach of ethnography
highlights the practical and participatory factors involved in
understanding CR. Using this protocol, a comprehensive
understanding of CR can be identified and disseminated,
leveraging veteran and servicemember-focused experiences that
can assuage CR barriers and strengthen CR facilitators for
veterans and servicemembers with TBI. Future research should
target development of programs and community collaborations
to address CR barriers.
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OND: Operation New Dawn
TBI: traumatic brain injury
VHA: Veterans Health Administration
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Abstract

Background: Group sex events (GSEs) are common among cisgender men who have sex with men (MSM), pose a unique risk
profile for HIV and sexually transmitted disease (STD) transmission, and may be on the rise, in part because of Web-based
networking platforms. However, collecting data on GSEs can be challenging, and many gaps exist in our knowledge about GSE
participation among MSM.

Objective: The objective of this study was to develop survey questions addressing aggregate and partner-specific group sex
behaviors to measure prevalence of GSEs and associated risks in persons participating in Project Diagnostic Evaluation To Expand
Critical Testing Technologies (DETECT), including MSM seeking HIV and STD testing at a public clinic in Seattle, Washington.

Methods: We developed a computer self-assisted survey that included questions about participant demographics, sexual history,
and risk behaviors, including group sex, as a part of Project DETECT, a Centers for Disease Control and Prevention–funded
study evaluating point-of-care HIV tests. Aggregate and partner-specific questions asked about participation in all GSEs, threesomes,
and four-or-more-somes including questions about number and HIV status of sex partners and condom use during the events. To
evaluate question performance, we assessed the discrepancies in reporting between the aggregate and partner-specific questions,
quantified question refusal rates, and calculated the additional time required to answer the GSE questions. Information about
network density (number of partnerships of overlapping duration) was estimated and compared for MSM who did and did not
report GSEs.

Results: Among 841 visits by 690 MSM who were asked any group sex survey question, participation in a GSE of any type in
the past 3 months was reported at 293 visits (293/841, 34.8%). We found that 9.0% (76/841) of MSM in the sample reported ≥1
four-or-more-some in the partner-specific questions but did not report in the aggregate. The proportion of refusals on any given
aggregate GSE-related question ranged from 0% (0/273) to 10.6% (15/141) (median 2.6%) and partner-specific questions ranged
from 0% (0/143) to 22% (5/23) (median 3.0%), with questions about four-or-more-somes having the highest proportions of
refusals. Completing the aggregate group sex questions added 1 to 2 minutes and the partner-specific questions added an additional
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2 to 4 minutes per partner to the total survey length. As expected, the partner-specific GSE questions documented higher density
of sexual networks that was not captured by asking about total partner counts and overlap of specific partnerships.

Conclusions: We found that the Project DETECT survey was able to obtain nuanced information about GSEs. The question
skip patterns and consistency checks were effective, and survey fatigue was minimal. More research is needed on GSEs, and our
survey represents a promising data collection tool to help fill gaps in knowledge about the subject.

(JMIR Res Protoc 2019;8(11):e15426)   doi:10.2196/15426
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men who have sex with men; group sex; HIV infection; sexual networks; risk; threesomes; four-or-more-somes

Introduction

A growing body of literature indicates that group sex, a sexual
interaction involving more than 2 participants, is common
among cisgender men who have sex with men (MSM) [1-6].
These events can vary widely in form and context, including
the number of participants, the relationships between
participants, the type of sex that occurs, and the site or setting
in which the event takes place [1-5]. Prevalence estimates of
group sex event (GSE) participation from previous studies
among cisgender MSM have ranged from approximately
one-quarter of respondents reporting group sex during the last
year in a venue-based sample in Washington, DC, to nearly
three-quarters of respondents reporting a GSE in their lifetime
in an online survey from the London metropolitan area [2,6-10].
GSE participation among cisgender MSM may be increasing,
in part because of the proliferation of Web-based and mobile
social networking platforms used to facilitate meeting sex
partners [6,11,12].

GSEs pose a unique set of risks for transmission of HIV and
other sexually transmitted diseases (STDs) because the single
event enables STD transmission from 1 infected individual to
multiple partners [4,13] more efficiently than a sequence of
monogamous events with the same number of partners [14,15].
Some studies have also shown that GSE participation is
associated with a higher prevalence of behavior associated with
risk for HIV acquisition such as condomless receptive anal
intercourse and using drugs or alcohol [7,8,10,12,16-18].
However, others have found that MSM who participated in
GSEs were more likely to use condoms or pre-exposure
prophylaxis (PrEP) than those who did not participate in GSEs
[9,19,20].

Much remains to be learned about the prevalence of GSEs and
the behaviors of persons who participate in them. Obtaining
nuanced data on GSEs is difficult for many reasons: the
sensitivity of the subject may make researchers and participants
hesitant to discuss the topic, in-depth questions about GSEs can
be complicated and difficult for respondents to navigate, and a
history of sexual stigma against MSM might make participants
hesitant to report GSE participation [5,21]. Studies on GSEs to
date have largely focused on determining prevalence and
associated population-level behavioral factors rather than
looking at partner-level or event-level data, and the absence of
partner-centric questions leaves significant gaps in our ability
to understand HIV and STD transmission dynamics and
characterize risk associated with GSEs [22]. Partner-specific
data are important for network-based models that are

increasingly being used in the analyses of HIV and STD
transmission because the density and structure of sexual
networks have been shown to be important characteristics in
mathematical models, especially for MSM [22]. However, the
importance of collecting these details needs to be balanced
against the additional time and effort required of study
participants to provide information on GSE participation.
Finding this balance can be particularly challenging in longer
national surveys such as the Centers for Disease Control and
Prevention (CDC) National HIV Behavioral Surveillance
(NHBS) and the American Men’s Internet Survey (AMIS). As
part of an ongoing study funded by the CDC to compare the
performance of point-of-care HIV tests, we developed a series
of aggregate and partner-specific questions to determine the
prevalence of GSEs among MSM and characterize condom use
and seroadaptive behaviors of participants during GSEs. In this
paper, we focus on the development of the survey questions;
detailed analysis of survey results will be presented elsewhere.

Methods

Study Design and Recruitment
These questions were implemented as part of a larger behavioral
survey administered via computer-assisted self-interview (CASI)
to participants in Project Diagnostic Evaluation To Expand
Critical Testing Technologies (DETECT) [23,24]. Participants
were English-speaking individuals aged ≥18 years and either
(1) cisgender men and transgender or gender nonconforming
individuals who had sex with men seeking HIV testing at the
Public Health - Seattle & King County (PHSKC) STD clinic
or (2) persons with known HIV infection referred from various
sources including the Madison Clinic at Harborview Medical
Center (a Ryan White–funded HIV care clinic) and PHSKC
HIV/STD Program staff. Participants with negative results from
all study HIV tests were able to re-enroll in the study every 90
days. The study was approved by the University of Washington
Human Subjects Division (study number 00001637). All
participants gave either written or verbal consent (using an
identical institutional review board–approved information
statement) and were compensated US $40 for study
participation. Project DETECT began enrollment in September
2015, and the behavioral survey was piloted from October 30,
2015, to February 23, 2016, with the inclusion of only those
participants who had discordant HIV test results (at least 1
positive and 1 negative HIV test result); 4 subjects completed
the survey during this time. Beginning February 24, 2016, all
study participants, regardless of their HIV test results, completed
the survey.
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Questionnaire
The CASI (Questionnaire Development System [QDS], version
3.0; Nova Research Company) assessed demographics, HIV
testing history and interaction with the health care system,
current symptoms of acute HIV infection, recent STD history,
PrEP use, antiretroviral treatment (ART) use, substance use,
and sexual behaviors at the aggregate and partner-specific levels.
Participants were asked between 18 and 287 questions,
depending on their responses. A blank piece of paper was
provided to help participants with recall and track details during
survey completion. Study staff were available to provide
clarifications regarding questions if requested. Participants were
able to refuse all questions in the survey other than the
documentations for study consent and specimen storage, sex at
birth, current gender, and gender of sex partners, if any, in the
last year.

Analysis Sample
This analysis was limited to a subset of cisgender MSM who
participated in Project DETECT. We defined MSM as reported
male sex at birth, current male gender identity, and anal sex
with at least 1 man in the past 3 months. These participants were
first asked if they participated in any GSEs and then about
threesomes and four-or-more-somes separately. Although GSEs
are generally defined in the literature as a sexual interaction
between ≥3 people, participants might consider group sex only
to include 4 or more participants [4]. Distinguishing between
threesomes and four-or-more-somes is potentially important
because participation in threesomes may be associated with
different partnership characteristics and behaviors than
participation in four-or-more-somes [1]. For the purposes of
this paper, we refer to GSEs to encompass all events that involve
≥3 persons including the study participant, threesomes to include
events with 3 people, and four-or-more-somes to indicate GSEs
that included ≥4 people.

Development of Group Sex Questions
As there are no pre-existing validated measures, the group sex
questions were modeled on NHBS and AMIS, in which
participants are asked about sexual behaviors in aggregate and
then asked about behaviors with their most recent partner(s)
[25,26]. When the last reported sex occurred in the context of
a GSE, such questions about most recent partner are challenging
to answer because of simultaneous partnerships. We, therefore,
modified these questions for Project DETECT to account for

the possibility of GSEs in the previous 3 months by asking
several questions about group sex participation with the
participant’s 3 most recent anal sex partners.

Aggregate Group Sex Questions
Depending on responses to previous questions and preprogramed
skip patterns, participants were asked between 1 and 76
questions about involvement in threesomes and
four-or-more-somes in the previous 3 months (Multimedia
Appendix 1).

Figure 1 illustrates the flow of the aggregate group sex
questions. Participants who reported having ≥1 GSEs in the past
3 months were asked to report the number of threesomes during
that time (Figure 1). Participants who reported at least 1
threesome were asked about the total number of anal sex
partners across all threesomes; total number of partners with
whom they had condomless anal intercourse (CAI) across all
threesomes; and distribution of CAI partners who were
HIV-positive, HIV-negative, or whose HIV status was unknown.
Participants were then asked the same series of questions about
four-or-more-somes if the number of reported threesomes was
less than the number of total reported GSEs. If a participant
refused to provide an answer to a question, they were skipped
to the next appropriate question. Participants were not able to
select “don’t know” as an answer option to any of the aggregate
GSE questions.

Consistency checks were programed within the aggregate
threesome and four-or-more-some questions to ensure data
accuracy. The total number of threesomes plus
four-or-more-somes could not be greater than the total number
of reported GSEs. Participants were not able to report more anal
sex partners or CAI partners within GSEs than the total number
of anal or CAI partners they had reported earlier in the survey.
The number of CAI partners in threesomes plus
four-or-more-somes could not exceed the number of anal sex
partners reported across all GSEs. Finally, the sum of
HIV-positive, HIV-negative, and unknown status CAI partners
in GSEs was required to equal the total number of CAI partners
reported in GSEs. From these data, the overall percentage of
MSM reporting anal sex in the past 3 months who also reported
participating in group sex can be estimated. Several other
measures, such as the percentage of all male sex partners who
were group sex partners as well as subgroups (eg, men who
reported group sex but only threesomes) can also be calculated.
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Figure 1. Questions and skip patterns for aggregate group sex questions. CAI: condomless anal intercourse; GSE: group sex event.

Partner-Level Group Sex Questions
Partner-level data were collected to describe up to 3 of the
participants’most recent anal sex partners (partners A-C) during
the past 3 months. Participants were asked a series of questions
about their relationship and sexual behaviors with partners A
to C. Questions included partner demographics, when and how
the participant met the partner, the self-defined nature of their
relationship (eg, “is/was partner A-C someone that you feel or
felt committed to?”), partner STD history, HIV status disclosure,
partner HIV status and ART or PrEP use, number of sexual
encounters with that partner in the past 3 months, and the dates
of first and most recent anal sex encounters with the partner
(Multimedia Appendix 1). We also asked about concurrency
between partners A to C (ie, sexual relationships with different
partners in the same period) and whether the participant knew
if partners A to C had sex with each other in the same time

frame that they were having sex with the participant, also
referred to in network modeling literature as a nondirected
transitive triad or a known triangle [27]. Those who reported
≥3 anal sex partners in the past 3 months were also asked
aggregate questions to describe those additional partners,
including the nature of their relationship, whether they engaged
in CAI in the past 3 months, and the HIV status of partners with
whom they had CAI.

If the participant reported anal sex with any of partners A to C,
they were asked if they had any threesomes or
four-or-more-somes in the last 3 months that involved that
partner. If so, they were asked to provide additional details about
the most recent GSE involving that partner (Figure 2).
Participants were asked about the number of threesomes that
involved the partner, whether any anal sex and CAI occurred
(between any participants of the threesome) in the most recent
threesome involving the partner, who had CAI within the most
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recent threesome, and the HIV status of the third man in the
most recent threesome with the partner. Participants were then
asked the number of four-or-more-somes in the past 3 months
involving the partner. If participants reported at least 1

four-or-more-some with any of partners A to C, they were asked
about the number of men in the most recent four-or-more-some
with that partner.

Figure 2. Questions and skip patterns for partner-specific group sex questions. CAI: condomless anal intercourse; GSE: group sex event.

Although we asked for the HIV status of all men in the
participant’s most recent four-or-more-some, questions about
condom use between each set of partners were limited to 4
people (partner A plus 3 additional people in the GSE) to
minimize participant burden. Figure 3 demonstrates the rapidly
increasing numbers of possible partner combinations with each
additional partner in the GSE. For example, a threesome includes
3 potential partner-pair interactions, whereas a six-some includes
15 (Figure 3). Due to programing limitations within the survey
software, we were unable to include a table or figure to
simultaneously display possible partner combinations for the

participant, which might have been more intuitive for some
participants to complete. Therefore, each question was
programed as an individual screen containing 1 question about
condom use during the most recent event between 2 individuals
(Multimedia Appendix 1). Participants were able to select “don’t
know” when asked about the HIV status of partners, including
the third person in their most recent threesome with partners A
to C. Selecting “don’t know” was also allowed when asked
about CAI between sets of partners that did not include the
participant during the most recent four-or-more-some.
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Figure 3. Increasing complexity of partner-partner interactions with increasing size of group sex events.

We programed consistency checks within the partner-level GSE
questions. For participants reporting sex with any named
partners A to C and at least 1 other man in the same encounter,
responses should have reflected at least 1 threesome or
four-or-more-some with that partner; if not, the survey would
return to the overall GSE question for that specific named
partner to reconcile this inconsistency. The number of partners
in any reported four-or-more-some was required to be 3 or more.
In addition, the sum of HIV-positive, HIV-negative, and
unknown status partners in the most recent four-or-more-some
with any of the named partners A to C was checked to ensure
that it was equal to the total number of individual participants
reported in the GSE.

Data Accuracy and Consistency Between Aggregate and
Partner-Level Group Sex Questions
Owing to concern for participant burden, there were no
programed consistency checks for accuracy between subtotals
of GSEs reported in the aggregate and in the partner-specific
sections. Participants may, therefore, report a different aggregate
total of threesomes or four-or-more-somes when compared with
the reported number of threesomes or four-or-more-somes

involving partners A to C. This could include reporting no GSE
participation in the aggregate questions and then reporting GSE
activity with any partners A to C. If we had included such
consistency checks and an inconsistency occurred between the
aggregate and partner-specific questions, participants would
have been directed back to the aggregate questions to check
their previous responses. This would have required returning
to questions much earlier in the survey and reanswering multiple
questions, potentially including all 3 sets of partner-specific
questions. For the purpose of the descriptive analysis and
comparison of participation in GSEs by visit (described below),
any reported GSE activity in either the aggregate or the
partner-specific question sets by a participant was identified as
GSE participation. Discrepancies between the aggregate and
partner-level responses were also explored during analysis.

Statistical Analysis
We first aimed to determine the acceptability and feasibility of
the group sex questions by assessing participants’ willingness
to respond to them, survey fatigue and added burden related to
these questions, and the consistency of participants’ responses
within and across study visits. We calculated the overall
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proportion of refusals in the aggregate and partner-specific GSE
question sets and compared refusal proportions for questions
about partner A against questions about partner C to assess
completeness of data collection and to determine if there was
survey fatigue with more question exposure for participants.

We also compared the length of time required to complete the
survey based on the start and end times. We compared the
distribution of total time to complete the survey for those with
2 to 3 anal sex partners and those with ≥4 partners, as
participants who reported ≥4 anal sex partners received up to
20 additional questions about their relationship with those
partners. We then stratified by whether or not the participant
reported aggregate or partner-specific group sex to assess how
much time the different group sex questions added to the overall
survey duration.

To assess consistency of responses within a single survey, we
examined discrepancies between GSE participation reported in
the aggregate and partner-specific questions of the survey and
calculated frequencies of GSE reports for each question set. We
also created a composite measure of group sex participation
that combined any GSE report in either the aggregate or
partner-specific question set and then used the composite to
report the frequency of group sex participation in the sample.

To assess consistent reporting of GSEs among participants who
enrolled in the study more than once, we used a person-specific
medical record number to identify repeat enrollments and
compared reported GSEs across all visits for each individual
person.

After assessing these data quality and survey-taking measures,
we summarized the additional information about network density
gleaned from the group sex questions, compared with asking
only aggregate or partner-specific questions about one-on-one
partnerships. We calculated 4 measures of network density of
partners with whom the participant reported CAI: (1) mean
degree, that is, number of CAI partners in the past 3 months;
(2) the percentage of participants reporting partner concurrency,
that is, relationships with 2 different men in which the
participant reported having CAI with both men in the same
3-month period; (3) known triangles, that is, the percentage of
named partners A to C with whom the participant reported both
having CAI and knowing that the 2 partners had CAI with each
other; and (4) additional and otherwise hidden triangles and
higher-order partner overlap, that is, the percentage of
participants who did not report that named partners A to C had
sex with each other in the past 3 months but did report that they
had a GSE with the partner in which both the participant and
that partner had CAI with at least 1 additional man.

In this last measure, we used questions about the most recent
GSE to quantify occurrence of CAI with up to 3 additional
partners besides the participant and the named partner A to C,
which would not have been observed without the addition of
the partner-specific group sex questions.

We compared these 4 measures among MSM with at least 2
total partners (meaning they could have engaged in group sex)
and at least 1 anal sex partner in the previous 3 months (which
was the subset of participants who were asked the GSE and
partner-specific survey questions), stratified by whether or not
they reported a GSE. We used Wilcoxon rank sum test to
compare means and chi-square tests to compare percentages.
All analyses were conducted using SAS version 9.4 (SAS
Institute Inc).

Results

From September 2015 to September 2017, there were 1260
study visits in Project DETECT. Of the 833 HIV-negative study
participants, 163 repeat participants (163/833, 19.6%) had a
median of 2 (interquartile range [IQR] 2-3; range 2-7) study
visits. Behavioral surveys were completed by 854 individual
participants at 1104 visits. Behavioral surveys were missing for
154 individual participants across 156 study visits. Among study
visits with a completed survey, male sex at birth was reported
during 1071 (1071/1104, 97.01%) visits, and of those, 1038
(1038/1071, 96.92%) visits were among participants who
identified as male gender. Of these 1038 visits, participants
reported at least 1 male anal sex partner in the past 3 months
(MSM) and were, therefore, asked at least 1 of the GSE
questions at 841 (841/1038, 81.02%) visits with 690 individual
people.

Table 1 shows GSE participation as reported through the
aggregate and/or partner-specific GSE questions. In 293
(293/841, 34.8%) visits, participants reported a GSE of any type
in the previous 3 months; at least 1 threesome or
four-or-more-some in the past 3 months was reported in 270
(270/841, 32.1%) and 137 (137/841, 16.3%) visits, respectively
(categories not mutually exclusive). For each reported GSE
activity, we found that some participants did not report GSE
participation in the aggregate question set but did report at least
1 GSE event with partner(s) A, B, and/or C (Table 1). Notably,
76 of 137 (55.5%) four-or-more-somes were reported by MSM
in the partner-specific question set but were not reported in the
aggregate. In addition to whether or not any GSEs were reported,
there were also discrepancies in the number of threesomes and
four-or-more-somes; for all types of GSEs, there were instances
where participants reported a higher number of events in the
partner-specific section when compared with their response in
the aggregate (data not shown).
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Table 1. Comparison of reported group sex event participation in aggregate and partner-specific group sex event questions among men who have sex
with men (N=841).

Reported in partner-
specific questions but
not aggregate questions,
n (%)

Reported in aggregate
questions but not partner-
specific questions, n (%)

Reported in both aggregate
questions and partner-specif-
ic questions, n (%)

Reported in either aggregate or
partner-specific questions or
both, n (%)

Type of GSEa

20 (2.4)82 (9.8)191 (22.7)293 (34.8)Reported GSE(s)

21 (2.5)81 (9.6)168 (20.0)270 (32.1)Reported threesome

76 (9.0)32 (3.8)29 (3.4)137 (16.3)Reported four-or-more-some

aGSE: group sex event.

Among the 841 visits with MSM where GSE questions were
asked, 261 visits were with 110 individual people who enrolled
in the study multiple times. Approximately half of the 110 repeat
participants reported no GSEs at any of their study visits,
whereas 20 of 110 (18.2%) reported GSEs at every visit where
they were asked the questions. The remaining 37 repeat
participants (37/110, 33.6%) reported GSEs at 1 or more, but
not all, of their study visits.

The proportions of refusals to aggregate-level GSE questions
ranged from 0% (0/273) to 10.6% (15/141), with a median of
2.6% (Table 2), and to partner-level questions stratified by
partner ranged from 0% (0/143) to 22% (5/23), with a median
of 3.0% (data not shown). The proportion of refusals to
questions about partner C was higher when compared with that
about partner A (data not shown).

Table 2. Refusal rates of aggregate group sex event questions.

Proportion refused (%)Refused to answer
question (n)

Was asked question (n)Aggregate GSEa question

1.19841Number of times participant had a GSE

00273Number of times participant had a threesome

1.64249Number of men participant had anal sex with during all threesomes

0.51211Number of men participant had CAIb with during all threesomes

5.910169Number of CAI partners during threesomes whose HIV status was unknown

7.713169Number of CAI partners during threesomes who were HIV-positive

7.713169Number of CAI partners during threesomes who were HIV-negative

10.615141Number of times participant had a four-or-more-some

0061Number of men participant had anal sex with during all four-or-more-somes

0054Number of men participant had CAI with during all four-or-more-somes

3139Number of CAI partners during four-or-more-somes whose HIV status was
unknown

8339Number of CAI partners during four-or-more-somes who were HIV-positive

8339Number of CAI partners during four-or-more-somes who were HIV-negative

aGSE: group sex event.
bCAI: condomless anal intercourse.

The time required to complete the survey increased with both
overall partner number and the number of partners with whom
the participant reported group sex (Table 3). For participants
reporting 2 to 3 total anal sex partners, the survey took a median
of 18 minutes if they did not report group sex or only reported
group sex in the aggregate questions. Participants asked the
additional partner-specific group sex questions took 1 to 2
additional minutes per partner to complete the survey. Those

with ≥4 partners were asked an additional set of questions about
the characteristics of those partners; on average, this group took
an additional 3 minutes regardless of group sex participation.
Those with ≥4 partners who reported partner-specific GSEs
with all 3 of partners A to C took between 8 to 10 additional
minutes to complete the version of the survey with all the
additional partner-specific survey questions.
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Table 3. Time required to complete the Project Diagnostic Evaluation To Expand Critical Testing Technologies (DETECT) behavioral survey, stratified
by total number of anal sex partners and the number of partners with whom the participant reported participating in group sex in the previous 3 months.

Reported ≥4 anal sex partnersReported 2-3 anal sex partnersReporting of group sex in aggregate and partner-specific
questions

Median (IQR) minutesnMedian (IQR) minutesn

21 (17-27)12218 (14-22)233No group sex reported in the aggregate and no partner-
specific group sex reported

20 (17-28)5518 (14-26)20Group sex reported in the aggregate but no partner-specific
group sex reported

24 (20-31)6320 (16-35)46Group sex reported in the aggregate, partner-specific group
sex with 1 partner

26 (20-36)4421 (19-27)22Group sex reported in the aggregate, partner-specific group
sex with 2 partners

28 (23-33)2021 (19-25)4Group sex reported in the aggregate, partner-specific group
sex with 3 partners

Table 4 subsets the sample further by limiting to MSM who
reported at least 2 male sex partners, the number of persons
needed for a GSE to occur. Data in Table 4 illustrates both the
types of network density data collected through the
partner-specific and aggregate group sex questions and how
these questions impact information available about the structure
of MSM sexual networks for those who do and do not report
group sex. Men who reported participating in group sex reported
a higher mean number of CAI partners in the past 3 months
than those with at least 2 partners who did not report group sex
participation (4.1 vs 2.0; P<.001). Although men who reported

group sex had a similar likelihood of any concurrent partnerships
compared with participants who did not report GSEs (27.0%
vs 23.4%; P=.28), they were much more likely to report that
named partners also had sex with each other (a triangle)
compared with participants who did not report any GSEs (26.0%
vs 5.9%; P<.001). The aggregate questions that asked who had
anal sex with whom during the most recent group sex encounter
found that 14.2% of participants who did not report that partners
A to C had sex with each other did report a group sex encounter
where the participant and 1 of these named partners had CAI
with at least 1 additional man.

Table 4. Comparison of measures of network density for persons reporting ≥2 sex partners and at least 1 anal sex partner by self-reported group sex
event participation in the previous 3 months.

ExamplesNo group sex event reported
(n=410)

≥1 group sex event reported
(n=289)

Measures of network density

2.04.1Mean number of condomless anal inter-
course (CAI) partners

23.427.0Proportion of participants reporting concur-
rency between anal sex partners, %

5.926.0Proportion of participants who reported that
≥1 of named partners A-C had sex with each
other (triangles), %

Not applicable14.2Proportion of participants who reported that
named partners A-C did not have sex with
each other but the participant, a partner, and
≥1 other person had CAI during the most
recent GSE (triangles and higher-order CAI
partner overlap), %

Discussion

Principal Findings
In the context of Project DETECT, we developed and tested
aggregate and partner-level questions about recent GSE
participation among MSM. The questions allowed for effective
analysis of nuanced information about overall and
partner-specific GSEs. We found that a GSE of some type in
the past 3 months was reported in 293 (34.8%) visits with MSM
that we surveyed—a finding that is consistent with what has
been previously reported in the literature [6,7,10,13,20,28,29].

Owing to discrepancies in reporting GSE participation between
the aggregate and the partner-specific question sets, we created
a composite measure of the 2 responses to form a more complete
estimation of GSE participation in this population. The largest
discrepancy between questions was in reporting
four-or-more-somes; 9% of MSM responding to these questions
reported in the aggregate questions that they did not participate
in a four-or-more-some but then later reported at least 1
four-or-more-some with at least 1 of their named partners A to
C in the partner-specific section. This demonstrates the
importance of asking about GSEs in multiple ways, including
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in the context of specific partners, to increase the likelihood of
recall or question completion. Asking only aggregate GSE
questions or partner-specific questions in our sample would
have led to underreporting and resulted in missed opportunities
for further assessing the role that simultaneous partnerships
play in HIV transmission. Studies among MSM have also
illustrated the importance of partner- or event-level data in
addition to aggregate measures, specifically in the context of
CAI [30-33] and substance use [34,35].

Overall, the majority of participants answered the GSE questions
completely; the proportion of answer refusals ranged from 0%
to 10.6% in the aggregate questions and from 0% to 21.7% in
the partner-specific questions. Refusal rates for some of the
partner-specific questions were somewhat higher than those for
the aggregate questions, which could be because of survey
fatigue, sensitivity of the questions asked, or that participants
were not able to report specific details about their partners’
behaviors in larger GSEs. Within the partner-specific questions,
refusal rates for questions about partner C were higher than
those about partner A. It is possible that the partner that
participants labeled partner A may be the one they knew most
about, were closest to, or had sex with most recently. With this
bias, it is not surprising that the refusal rates for questions about
partner C are higher than the refusal rates for partner A, although
survey fatigue may have also contributed to this difference.

Compared with participants who reported no group sex in either
the aggregate or the partner-specific questions, exposure to the
aggregate GSE questions did not increase the mean time it took
to complete the survey. Those who were also asked the
partner-specific questions took an additional 2 to 4 minutes, on
average, to complete the survey. Despite the longer survey
duration, both sets of group sex questions provided novel
information about the density of MSM sexual networks. This
extra time spent is relatively minor compared with the overall
average survey duration (19 minutes), and these questions are
critical to understand the association between GSEs and HIV
and STD acquisition as well as to parameterize network models
that are being used to estimate the impact of different
interventions on HIV epidemics [14,15,22,36].

Approximately one-fifth of the HIV-negative participants
re-enrolled in our study and had multiple research visits over
the course of the period that we evaluated. Of the 110 repeat
participants who answered the group sex questions at multiple
study visits, 36.4% reported GSEs at some, but not all, of their
study visits, indicating that person-level changes did exist. This
illustrates the importance of using data from all visits in future
analyses, as restricting to 1 visit per person would have resulted
in an underestimate of GSE participation among this sample of
MSM.

The implementation of these questions allows us to identify
novel information about the density of the sexual networks of
MSM. Traditional behavioral surveys have described the number
and percentage of all partners that are CAI partners. Only
recently have surveys also tried to describe the overlap of
partnerships and the duration of partnerships of different types.
To our knowledge, this is the first survey that has asked about
detailed partner-level interactions, enabling an understanding

of the risk-taking behaviors between partners within a GSE and
increasing our knowledge of network density. We found that
similar amounts of concurrency were reported by those with
multiple anal sex partners who did and did not report
participation in GSEs. Perhaps not surprisingly, we were also
able to document that those who engaged in group sex were
much more likely to report knowing that 2 of their recent named
sex partners had also had sex with each other. However, our
novel partner-specific questions about the most recent group
sex encounter found a subset of those who engaged in group
sex reported having CAI with several of the men in the
encounter. This sharing of sexual partners has been shown to
lead to dense subpopulations within the overall sexual network
that enhance and sustain the possibility of transmission of STDs.
The details of this sexual partner overlap would not have been
captured without the additional partner-specific questions
specifically about group sex.

Limitations
There are limitations to this study that should be considered.
Results from our study participants in Seattle, Washington, may
not be representative of all MSM or of other geographic areas
where HIV testing, care for people living with HIV, PrEP, and
other services may be less accessible or available. Owing to
these differences, it is possible that our participants may be
more likely to have GSEs or may have been more willing than
others outside of Seattle to report on sensitive information. The
majority of participants in this sample were recruited for study
participation while seeking HIV testing at a local STD clinic,
which means this sample may have different levels of recent
HIV risk than MSM recruited from other venues. In addition,
these group sex questions were not cognitively tested or
validated among this population before study enrollment, which
might have impacted the proportion of survey questions that
were refused by participants. Anecdotally, no study participants
asked clarifying questions to the study research staff, and most
of the participants completed the group sex section of the survey.

Our survey asked questions about GSEs only to persons who
reported being born male and who had at least 1 male anal sex
partner in the past 3 months, and our analysis sample restricted
further to only participants who identified as a man at the time
of the survey. Participants who identify as something other than
a man, MSM who report only oral sex, transgender and
genderqueer individuals who do not report male sex at birth,
and individuals who report nonmale partners are eligible for
Project DETECT, but were not asked the group sex questions.
In addition, we asked participants about male partners in GSEs
but did not specify that partners within GSEs had to be cisgender
men, which might have led to misclassification of partners
included in the most recent event.

Participants also may have experienced GSEs with transgender,
genderqueer, or female partners, but those events were not
captured by the current version of our questions. Little research
has been done on transgender and genderqueer individuals in
the context of group sex, but like cisgender MSM, they are at
higher risk for HIV acquisition. A 2017 meta-analysis by Baral
et al [37] found an estimated pooled HIV prevalence of 21.7%
in transgender women in the United States. Though prevalence
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estimates in transgender men are lower, the current scope of
research is limited [38]. Future surveys assessing group sex
participation at the aggregate and partner-specific levels should
include these groups in research, as conflating MSM with other
genders may not fully address the differences in HIV risk [39].

While assessing these survey questions, we saw that participants
did engage in GSEs where no anal sex was reported. In this
version of the survey, we only asked about GSEs if the
participant reported anal sex in the previous 3 months, thereby
missing potentially important information about partner
interactions and networks that might include only oral sex.

The partner-specific question set was limited to the 3 most recent
male anal sex partners. Although we did collect some
information on additional anal sex partners after the 3 most
recent, we did not collect the same level of detail (Multimedia
Appendix 1). As four-or-more-somes can include those
additional partners, collecting more detailed data can add to our
knowledge about network density and concurrency.

Finally, because of concern for survey length, the
partner-specific questions detail only the most recent threesome
and four-or-more-some. A participant’s most recent GSE may
not be consistent with other GSEs in the previous 3 months in
which they have participated, particularly in this sample of men
presenting to an STD clinic seeking an HIV test. However,
research among MSM and other populations shows moderate
agreement between reports of behaviors at last sex and
period-level prevalence questions, indicating that last sex can
serve as a valid proxy of behaviors over a period [40,41].
Although collecting detailed information about all GSE
participation in the previous 3 months could be beneficial in
helping to understand potential HIV and STD transmission,
researchers must consider balancing this detail with participant
burden and potential recall issues.

Future Research
The paper describing the analysis of the impact of group sex
participation on both STD and HIV acquisition in Project
DETECT will be forthcoming. This study has prompted
additional related research and modifications to our original
protocol. We asked 1 of the GSE questions of the venue-based
sample of MSM recruited for NHBS in Seattle in 2017, as well
as the 2018 AMIS survey, to field these questions in other
populations than the one described here. We believe that our

findings illustrate potential for these questions to be incorporated
in other national surveys and should be piloted, and ultimately
validated, in different geographic regions and with different
populations.

Since collecting these data, the Project DETECT behavioral
survey has been updated to address some of the limitations
described above. As stated above, the survey now collects
aggregate GSE information from MSM who report only oral
sex in the previous 3 months. This revision will enable us to
collect data from MSM who may have only oral sex but be
involved in GSEs where CAI is occurring between other
partners.

A Spanish language version of the survey has also been created
for Project DETECT to include those who can read and write
in Spanish but not English (Multimedia Appendix 2). This
population is important to include in HIV studies, as HIV
diagnoses among Hispanic/Latino MSM increased 13%
nationally between 2011 and 2015, and, in King County, where
our survey was administered, Latino MSM are 39% more likely
than white MSM to have an HIV diagnosis in their lifetime
[42,43]. Studies that utilize surveys similar to ours could
incorporate our questions to assess responses in additional sites
and populations.

Using a survey software that has the ability to include tables or
pictorial representations could aid in the ability to collect more
accurate and detailed quantitative information about GSEs and
interactions that involve multiple simultaneous partnerships. In
addition, performing qualitative interviews could help us better
understand STD and HIV risk in the context of GSEs, which
would improve future survey instruments.

Conclusions
It is crucial to have appropriate tools to measure and understand
GSEs, a sensitive but important topic for the sexual health of
MSM. Our study demonstrated that although no one set of
questions performed perfectly, implementing a survey with both
aggregate and partner-level questions could provide a detailed
picture of GSE participation and the density of sexual networks.
The questions seemed to be acceptable, skip patterns and
consistency checks were effective, and survey fatigue was
minimal. More research is needed on this subject, and our survey
represents a promising data collection tool to help fill the gaps
in our knowledge.
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Project Diagnostic Evaluation To Expand Critical Testing Technologies behavioral survey including group sex questions (English).
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Project Diagnostic Evaluation To Expand Critical Testing Technologies behavioral survey including group sex questions (Spanish).
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