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Abstract

Background: In the United States, more than 6 million adults live with Alzheimer disease (AD) that affects 1 out of every 3
older adults. Although there is no cure for AD currently, lifestyle-based interventions aimed at slowing the rate of cognitive
decline or delaying the onset of AD have shown promising results. However, most studies primarily focus on older adults (>55
years) and use in-person interventions.

Objective: The aim of this study is to determine the effects of a 2-year digital lifestyle intervention on AD risk among at-risk
middle-aged and older adults (45-75 years) compared with a health education control.

Methods: The lifestyle intervention consists of a digitally delivered, personalized health coaching program that directly targets
the modifiable risk factors for AD. The primary outcome measure is AD risk as determined by the Australian National
University-Alzheimer Disease Risk Index; secondary outcome measures are functional fitness, blood biomarkers (inflammation,
glucose, cholesterol, and triglycerides), and cognitive function (Repeatable Battery for the Assessment of Neuropsychological
Status and Neurotrack Cognitive Battery). Screening commenced in January 2021 and was completed in June 2021.

Results: Baseline characteristics indicate no difference between the intervention and control groups for AD risk (mean −1.68,
SD 7.31; P=.90).

Conclusions: The intervention in the Digital, Cognitive, Multi-domain Alzheimer Risk Velocity is uniquely designed to reduce
the risk of AD through a web-based health coaching experience that addresses the modifiable lifestyle-based risk factors.

Trial Registration: ClinicalTrials.gov NCT04559789; https://clinicaltrials.gov/show/NCT04559789

International Registered Report Identifier (IRRID): DERR1-10.2196/31841

(JMIR Res Protoc 2022;11(2):e31841)   doi:10.2196/31841

KEYWORDS

health coaching; Alzheimer risk; digital health; mobile phone

Introduction

Background
Alzheimer disease (AD) is a chronic neurodegenerative disorder
characterized by the buildup of neurofibrillary tangles and

plaques in the brain and a steady decline in memory and
executive function. These cognitive changes eventually lead to
physical dependence [1] and ultimately death. Currently, AD
is the sixth leading cause of death in the United States, climbing
from the 12th position in less than 3 decades [2]; mortality rates
of other chronic illnesses such as cardiovascular disease and
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stroke have continued to decrease during this same time frame
[3]. Although AD was first identified more than 100 years ago,
the advances in disease detection, prevention, and treatment
have not been as successful as those in other chronic illnesses.
Many cases go undetected for up to 20 years, owing to a long
prodromal period, fear of diagnosis, and inability to access
proper testing [4].

In addition to being a significant contributor to deaths among
US adults, AD is a major burden to the health care system. AD
accounts for an estimated US $355 billion in annual direct and
indirect health care costs [5]. These costs have been rising
dramatically, increasing by 38% in the past year alone [2,5]. As
the number of older adults is expected to increase by more than
53% within the next 40 years [6], the number of older adults
living with AD will also continue to grow and increase the
burden on the health care system, as well as individuals with
the disease and their caretakers. So far, pharmacological
interventions have been ineffective in generating long-term and
sustained improvements in cognitive function [7]. The
combination of these circumstances has created a critical need
for the development and implementation of effective
preventative interventions.

AD is a multifactorial disease that involves several mechanisms
that contribute to its development and progression.
Nonmodifiable risk factors include advanced age, female sex,
and presence of the apolipoprotein E4 (APOE4) allele. Such
nonmodifiable risk factors are important to consider when
assessing an individual’s risk for developing AD, but nothing
can be done to address these factors. However, some modifiable
risk factors (eg, lipids, glucose, inflammatory factors, and
multiple lifestyle behaviors) have been identified as possible
contributors to the disease [8,9]. These risk factors represent
important targets for interventions to reduce the risk for
developing dementia.

Many modifiable risk factors for vascular disease are known to
concurrently contribute to the development of AD [10]. These
risk factors include overweight and obesity, physical inactivity,
stress, chronic inflammation, dietary habits, sleep, and blood
glucose and lipid levels [11]. Additional risk factors for AD
include low cognitive activity and low social engagement [11].

Intervention Strategies

Single-Domain Lifestyle Interventions
The average age of AD diagnosis is 75.5 (SD 9.7) years [12],
but current research suggest that subtle changes in cognitive
function can begin 20 years before diagnosis [4,5]. This early
stage of the disease represents an important time during which
interventions targeted at the modifiable risk factors could be
the most effective.

Several studies have investigated single-domain lifestyle
interventions to lower the risk of dementia and AD [7,9,13].
Three popular interventions include cognitive training [7],
dietary changes [9,14], or physical activity [13]. Evidence
suggests that strict adoption of a healthy diet significantly
reduces AD risk [9,14]; however, there is less effect if adherence
is not strictly followed. Computerized cognitive training has
gained popularity, and research supports a moderate

improvement in cognition among healthy adults after training
[7]. In addition, aerobic exercise is a possible intervention for
cognitive decline among healthy adults. Researchers found that
an aerobic exercise intervention was not better than the control
for any cognitive domain; however, this review only selected
adults without cognitive decline and did not address the
individual risk of cognitive decline or dementia [13]. Although
single-domain interventions are effective, combining these
interventions may provide an even greater benefit.

Multi-Domain Lifestyle Interventions
Owing to the limited efficacy of the single-domain interventions,
researchers have begun to investigate the use of multi-domain
lifestyle interventions that target various factors associated with
cognitive decline [15]. One of the largest trials is the Finnish
Geriatric Intervention Study to Prevent Cognitive Impairment
and Disability trial [16]. This 2-year longitudinal intervention
targeted older adults with increased risk of developing dementia,
as determined by the Cardiovascular Risk Factors, and Aging,
and Dementia risk score [10,15]. The lifestyle intervention in
the study addressed nutrition, exercise, cognitive training, and
vascular risk monitoring. At the end of the 2-year intervention,
participants in the intervention group showed 25% improvement
in cognitive assessment scores compared with the control
participants, with the greatest improvements occurring in
processing speed and executive function [10,15].

Although these results are promising, not all multi-domain
interventions have resulted in cognitive improvements. For
instance, prevention of dementia by intensive vascular care [17]
and Multi-domain Alzheimer Preventative Trial [18] did not
positively affect cognitive decline. Thus, further research is
needed to determine the optimal elements to include in a
multi-domain lifestyle intervention and the best population to
target to maximize the benefits. As such, the Digital, Cognitive,
Multi-domain Alzheimer Risk Velocity (DCMARVel) trial will
assess the impact of a digital lifestyle intervention targeting the
modifiable risk factors for AD in middle-aged to older adults
compared with a health education (HE) control. The
personalized intervention involves health coaching (HC) to
address the lifestyle areas known to be linked to AD risk, such
as diet, exercise, sleep, stress, cognitive training, and social
interaction.

Purpose
Of the studies on multi-domain lifestyle interventions for
reducing AD risk, few have tested middle-aged individuals and
few have implemented digital interventions. Using the
intervention program earlier in the disease course can maximize
its benefits, and using digital technologies rather than relying
on face-to-face implementation can greatly increase the reach
and scalability of these programs. Therefore, the purpose of the
DCMARVel trial is to determine the effects of a 2-year digital,
multi-domain lifestyle intervention on AD risk among at-risk
middle-aged to older adults (45-75 years). Moreover, the digital
and personalized nature of the intervention provides the
opportunity to explore the variables that may contribute to the
accessibility and subsequent adherence to an AD risk reduction
intervention. This paper outlines the study protocol and baseline
characteristics of the study population. The main aims of this
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study are as follows: (1) to determine the effect of a 2-year
digital, multi-domain AD risk reduction intervention on the
overall risk of AD in adults at risk of developing the disease;
(2) to determine the effect of digital interventions on the rate
of cognitive decline; and (3) to determine the effect of digital
interventions on the changes in general health outcomes.

Methods

Study Design and Participants
This is a single-site, 2-year randomized controlled trial (RCT).
The participants include men and women aged from 45 to 75

years who have risk factors for dementia. Each participant has
been informed of the purpose of the intervention and has agreed
to be assigned randomly into 1 of the 2 study groups (HC or
HE).

To be included in the study, the participants must have at least
2 positive risk factors for AD as determined by the Australian
National University-Alzheimer Disease Risk Index
(ANU-ADRI) [11] and not more than 1 protective factor (eg,
high level of physical activity). Textbox 1 shows the complete
list of the inclusion and exclusion criteria. The participants will
complete 4 study visits over 2 years: at baseline and 4, 12, and
24 months.

Textbox 1. Inclusion and exclusion criteria.

Inclusion criteria

• Age: 45-75 years

• BMI: 18.5-39.9 kg/m2

• Fluent in English (written and spoken)

• At least 2 of the following risk factors for Alzheimer disease (AD) from Australian National University-Alzheimer Disease Risk Index (ANU-ADRI):

• High school education or less

• Overweight or class I or class II obese (BMI 25-39.9 kg/m2)

• History of diabetes, hypertension, high cholesterol, smoking, or traumatic brain injury

• At most, 1 of the following protective factors for AD from ANU-ADRI:

• High level of physical activity (as defined by the high International Physical Activity Questionnaire category)

• High fish consumption (as defined by consumption of fish or seafood that is not fried, for >5-6 times per week)

• High level of cognitive engagement (as defined by engaging in at least 6 of the following activities several times a week: reading a book,
newspaper, or magazine; playing brain games; playing games; writing letters or emails; participating in web-based social network activities;
attending a concert, play, or musical; or visiting a library)

• Ability to send and receive SMS text messages

• Own a smartphone with a reliable internet connection and willing to use email

• Ability to participate in light to moderate physical activity

• Willing to be randomized

Exclusion criteria

• Physician diagnosis of the following:

• Mental health condition (eg, eating disorder, alcohol and substance use, and schizophrenia)

• Neurologic conditions (eg, epilepsy, stroke, multiple sclerosis, Parkinson disease, brain tumor, or severe traumatic brain injury)

• Dementia, probable dementia, or mild cognitive impairment

• Other significant health condition (eg, congestive heart failure, chronic obstructive pulmonary disease, coronary artery disease, renal failure,
chronic kidney disease, and pulmonary hypertension)

• Recent cardiovascular event or recent treatment for cancer (within the last year), on dialysis, or on active organ transplant list

• Visual problems that prevent viewing screen at a normal distance (eg, legal blindness, detached retina, and occlusive cataracts)

• History of learning disability

• Currently participating in a formal cognitive training coaching program or other lifestyle change program (eg, diabetes prevention program)

• Currently pregnant or planning to become pregnant in the next 2 years

• Not meeting all the inclusion criteria
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During the first visit, after eligibility was confirmed and
informed consent was obtained, the participants completed a
baseline survey. The survey contained questions about
demographics (age, race or ethnicity, and education level),
contact information, sleep, stress, anxiety, depression, general
well-being, and dementia risk. Then, the participants completed
a set of cognitive assessments, including the Repeatable Battery
for the Assessment of Neuropsychological Status (RBANS)
[19] and the Neurotrack digital assessments. Next, the
participants completed a series of physical evaluations, including
the Short Physical Performance Battery, 6-minute walk test

(6MWT), dual-task, hand grip, and sit-to-stand lower-body
power assessment. Finally, biometric data were collected,
including body composition: BMI, body fat using dual-energy
x-ray absorptiometry, and resting heart rate; blood pressure;
fasting blood glucose; lipid panel—total cholesterol,
high-density lipoprotein (HDL), low-density lipoprotein (LDL),
and triglycerides; brain-derived neurotrophic factor;
interleukin-6; high-sensitivity C-reactive protein; and APOE
status. Reassessment will occur after 4, 12, and 24 months and
will include the collection of most but not all of the data
collected at baseline (Table 1).
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Table 1. Summary of measures collected at each study visit.

24 months12 months4 monthsBaselineCategory and measurement

NoNoNobYesaInformed consent

Demographics

NoNoNoYesAge (years)

NoNoNoYesRace

NoNoNoYesEducation level

NoNoNoYesMarital status

YesYesYesYesResting blood pressure (heart rate)

YesYesYesYesSupplement and medication list

Body composition

YesYesYesYesHeight and weight; BMI

YesYesYesYesBody fat (DXAc)

Bloodwork

YesYesYesYesLipids (LDLd, HDLe, TCf, and triglycerides)

YesYesYesYesGlucose

YesYesYesYesBDNFg

YesYesYesYeshs-CRPh

YesYesYesYesIL-6i

ANU-ADRIj

YesYesYesYesSmoking and drinking habits

YesYesYesYesExercise and dietary patterns

YesYesYesYesHistory of diabetes, depression, high cholesterol, and TBIk

YesYesYesYesSocial engagement and cognitive activity

YesYesYesYesFish intake

YesYesYesYesPesticide exposure

RBANSl (total and subscales)

YesYesYesYesImmediate memory

YesYesYesYesDelayed memory

YesYesYesYesVisuospatial and constructional abilities

YesYesYesYesLanguage

YesYesYesYesAttention

Neurotrack digital assessments

YesYesYesYesImage pairs

YesYesYesYesSymbol match

YesYesYesYesItem price

YesYesYesYesArrow match

YesYesYesYesLight reaction

YesYesYesYesPath points

YesYesYesYesDigital choice anxiety survey

Functional fitness measures

YesYesYesYesSPPBm
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24 months12 months4 monthsBaselineCategory and measurement

YesYesYesYes6MWTn

YesYesYesYesDual-task

YesYesYesYesHand grip

YesYesYesYesTENDO sit-to-stand

Behavioral, quality of life, and health care use questions

YesYesYesYesEveryday Cognition (E-Cog-12o)

YesYesYesYesSleep (PSQIp)

YesYesYesYesStress (PSSq)

YesYesYesYesWell-being (SF-12r)

YesYesYesYesLoneliness (UCLAs)

YesYesYesYesDepression (PHQ-9t)

YesYesYesYesAnxiety (GAD-7u)

YesYesYesYesHealth care use (UCSDv)

NoNoNoYesAPOEw status

aWill be measured.
bWill not be measured.
cDXA: dual-energy x-ray absorptiometry.
dLDL: low-density lipoprotein.
eHDL: high-density lipoprotein.
fTC: total cholesterol.
gBDNF: brain-derived neurotropic factor.
hhs-CRP: high-sensitivity C-reactive protein.
iIL-6: interleukin 6.
jANU-ADRI: Australian National University-Alzheimer Disease Risk Index.
kTBI: traumatic brain injury.
lRBANS: Repeatable Battery for the Assessment of Neuropsychological Status.
mSPPB: Short Physical Performance Battery.
n6MWT: 6-minute walk test.
oE-Cog-12: 12-item Everyday Cognition Scale.
pPSQI: Pittsburgh Sleep Quality Index.
qPSS: Perceived Stress Scale.
rSF-12: 12-Item Short Form Health Survey.
sUCLA: University of California, Los Angeles, 3-item Loneliness Scale.
tPHQ-9: 9-item Patient Health Questionnaire.
uGAD-7: General Anxiety Disorder 7-item scale.
vUCSD: University of California at San Diego.
wAPOE: apolipoprotein E.

Cognitive Testing

RBANS Test Battery
The cognitive function of the participants will be assessed using
RBANS [19] at all the 4 time points. Details of this test battery
are published elsewhere [19,20]. In brief, memory (immediate
and delayed), visuospatial and construction, attention, and
language will be tested using a digital (iPad) platform.
Reliability (r=.81) and validity (r=.59) of the RBANS test

battery were previously demonstrated with global cognition
scores when tested with community-dwelling older adults [21].

Neurotrack Test Battery
Neurotrack Technologies has developed a digital battery of
cognitive assessments measuring attention, associative learning,
memory, inhibition, executive function, and processing speed.
The Neurotrack assessments were found to be valid (r=.57),
reliable (r=.73), and able to discriminate between older adults
who are cognitively normal and cognitively impaired [22,23].
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Item Price Test
Associative learning and memory will be assessed using the
Item Price test. This assessment will consist of a familiarization
phase in which the items (eg, various fruits and vegetables) will
be presented along with their associated prices. Immediately
after the familiarization phase, the participants will be presented
with the items and a corresponding price. The participants will
be instructed to select yes or no depending on whether the item
price matches the previously viewed amounts. In total, 60 trials
will be presented, including 24 targets (images previously
paired), 24 foils (images previously present but not paired), and
12 shams (images not presented). Scores will be reported as the
accuracy of identifying the correct item based on its price.

Image Pairs Test
Image pairs is an eye-tracking task that measures visual
recognition memory and learning [22,23]. The participants will
be presented with 110 images, categorized into 4 phases. Phase
1 will be a familiarization phase consisting of 20 images. During
phase 2, the participants will be presented with 2 images—1
novel and 1 previously viewed in phase 1. During this phase,
the participants will be instructed to focus their gaze on the
novel image. Phase 3 will consist of a learning phase in which
the participants will be presented with 2 images and will be
asked to remember their association with each other as pairs.
Phase 4 will consist of 50 trials with 20 targets from phase 3,
20 foils, and 10 sham trials. During this phase, the participants
will be instructed to select yes or no to identify if the presented
images were previously viewed together as a pair. This test will
measure the participant’s ability to learn and identify image
pairs. Scores for phase 2 will be reported as the percentage of
time spent on gazing at the novel image, and for phase 4, it will
be reported as accuracy.

Symbol Match Test
Symbol match is a processing speed and executive functioning
task that uses a paired verification or rejection paradigm (forced
choice). The participants will be instructed to determine whether
2 symbols are equal or unequal using a legend with 9 number
or symbol pairs. The participants will be allotted 2 minutes to
complete as many trials as possible. Scores will be determined
by the number of correct trials minus the number of incorrect
trials.

Arrow Match Test
Arrow Match test is a measure of attention and processing speed.
The participants will be shown 5 arrows in the middle of the
screen and will be instructed to identify the direction of the
middle arrow. The arrow may point in either the same direction
or the opposite direction from the other arrows. The participants
will be presented with 32 trials, and the scores will be reported
as the number of correct responses relative to the time elapsed
during all the trials.

Path Points Test
Executive function will be assessed using the Path Points test.
Similar to the paper-pencil Trail Making Test Part B [24], the
Path Points test is a digital version in which the participants
will be instructed to connect a series of alternating numbers and

letters from 1-A to 7-G. Scores will be reported as the duration
required to complete the 14 responses. Only correct responses
will be considered for scoring.

Light Reaction Test
Reaction time and inhibition will be assessed using the Light
Reaction test. The participants will be presented with either a
positive (green light) or a negative stimulus (red light). The
participants will be instructed to press a button if the positive
stimulus appears and to refrain from pressing the button if the
negative stimulus appears. The average response time for
reacting to the positive stimulus (green light) will be recorded.

Physical Function Assessments
Short Physical Performance Battery consists of 3 assessments:
standing balance, usual walk time, and chair stand performance.
The standing balance score will be compiled from 3 balance
tests: standing with feet together, standing in a semitandem
position, and standing in a full tandem position. If the participant
could stand with their feet together and in the semitandem
position for 10 seconds, 1 point will be given for each condition.
If the participant stands for 10 seconds in the full tandem
position, 2 points will be given, 1 point for 3-9.99 seconds, and
0 points if they do not hold the position for at least 3 seconds.
For the assessment of usual walk time, the participants will be
instructed to walk at their usual pace for 4 m. Scores will range
from 0 to 4 based on the time to completion [25,26]. The chair
stand test will be performed in a standard straight-back chair
(seat height=0.43 m). The participants will be instructed to sit
with both feet on the floor with arms crossed over their chest.
The time to complete 5 chair stands will be recorded, with scores
ranging from 0 to 4. Each component (balance, walking time,
and chair stand) will be summed to generate a composite score;
scores <10 indicate physical dysfunction.

Cardiovascular endurance will be assessed using the 6MWT
[27,28]. The 6MWT will be performed in a well-lit hallway
with cones separated by 25 m. The participants will be instructed
to walk as quickly as possible for 6 minutes. The distance
covered within the 6 minutes will be recorded. The 6MWT is
a valid and reliable estimate of aerobic fitness [28].

Hand grip strength will be assessed using a Takei hand grip
dynamometer (Takei Scientific Instruments Co, Ltd). The
participants will be properly fit and instructed to squeeze
maximally for at least 3 seconds. Verbal encouragement will
be provided. Three trials will be completed on each hand with
a 60-second rest between trials. Hand grip strength is positively
correlated with overall muscle strength and physical mobility
[29-31].

Gait speed will be determined using 2 trials: habitual and fast.
For the habitual trial, the participants will be instructed to walk
20 m at their habitual or usual walking speed. Immediately after
the habitual speed trial, the participants will be instructed to
walk as quickly and as safely as possible without running. Two
trials will be completed for both conditions and only the middle
10 m gait speed distance will be recorded and used for all the
analyses. Gait speed was previously found to be a valid and
reliable measure of physical mobility [32] and cognition [33].
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Immediately after the gait speed trials, the participants will be
instructed to repeat both habitual and fast trials while completing
a serial subtraction cognitive task. The participants will be given
a randomly generated 3-digit number ranging from 100 to 999
and will be instructed to begin walking immediately upon
receiving their number. The participants will walk the entire
distance while subtracting 3 from their assigned number aloud.
Both, time to cover the 10 m distance and correct and incorrect
numbers will be recorded [34-37].

Lower extremity muscular power will be assessed using a power
chair stand [38-40]. The participants will be instructed to sit on
a chair of standard height (0.43 m) with both feet flat on the
floor and arms crossed over their chest. Power (peak and
average) and velocity (peak and average) will be measured using
TENDO (Tendo Sport). Five trials will be completed, and the
average scores will be used for all analyses.

Surveys

ANU-ADRI Tool
ANU-ADRI is an evidence-based 79-item risk assessment tool
designed to predict the risk of future AD development.
ANU-ADRI collects information on education, BMI, cholesterol,
diabetes, history of traumatic brain injury, depression, physical
activity, cognitive engagement, social network, fish intake,
alcohol consumption, smoking, and pesticide exposure [11].
This valid and reliable tool will be used as the primary inclusion
tool and a primary outcome variable in this study. Details of
the ANU-ADRI scoring procedures are published elsewhere
[11]. Briefly, scores for each subsection will be tallied and a
composite risk score will be used for all the analyses. A change
of 2 points in the ANU-ADRI score is considered clinically
meaningful [41].

Anxiety
Anxiety will be assessed using the General Anxiety Disorder
7-item scale [42]. It is a valid and reliable measure of anxiety
among older adults [43]. Scores range from 0 to 21, with higher
scores indicating higher anxiety severity [42].

Loneliness
The University of California, Los Angeles, 3-item Loneliness
Scale [44] will be used to determine the degree of loneliness
among the study population. Scores range from 3 to 9, with
higher scores being associated with greater levels of loneliness.
Scores above 5 indicate loneliness.

Health-Related Quality of Life
Health-related quality of life will be measured using the 12-Item
Short Form Health Survey, which is a valid and reliable measure
of health-related quality of life in many study populations [45].
It is composed of 2 subscales: physical health and mental health.
Scores range from 12 to 47, with higher scores indicating higher
self-reported quality of life.

Perceived Stress
Perceived stress will be assessed using the Perceived Stress
Scale [46]. Scores range from 0 to 40, with lower scores
indicating lower perceived stress. Scores ranging from 0 to 13

indicate low stress, 14 to 26 indicate moderate stress, and >26
indicate high stress.

Physical Activity
Physical activity will be assessed using the International
Physical Activity Questionnaire, which is the physical activity
component of the ANU-ADRI. This survey is a valid and
reliable self-report tool for quantifying moderate, vigorous, and
sedentary behaviors [47]. The International Physical Activity
Questionnaire specifically asks about the participant’s physical
activity performed within the previous 7 days.

Health Care Use
The health care use form of the University of California at San
Diego will be used to quantify how frequently the participants
have visited their physician or used any form of health care
within the previous 3 months. Higher values indicate more
health care use during the time frame [48].

Sleep
Sleep quality will be assessed using the Pittsburgh Sleep Quality
Index. This 9-item assessment produces a score ranging from
0 to 27, with higher scores indicating poorer sleep. Individuals
scoring ≥5 are deemed poor sleepers [49,50].

Depression
Depression will be assessed using 2 surveys. The Patient Health
Questionnaire is a 9-item questionnaire with scores ranging
from 0 to 27. Higher scores indicate higher levels of depression
[51]. The Center for Epidemiological Studies-Depression is a
20-item depression scale. Higher values indicate higher levels
of depression, with a score ≥16 indicating individuals at risk
for clinical depression. The Center for Epidemiological
Studies-Depression is a part of the ANU-ADRI [11].

Everyday Cognition
The 12-item Everyday Cognition scale is a brief questionnaire
designed to detect cognitive and functional decline. This scale
has been shown to correlate with functional measures and
neuropsychological scores in people with normal cognitive
function, mild cognitive impairment (MCI), and AD [52].

Blood Biomarkers
Blood sample will be collected at each of the 4 study visits.
High-sensitivity C-reactive protein, interleukin-6, and
brain-derived neurotrophic factor will be analyzed by a
third-party laboratory. Cholesterol (total, HDL, and LDL),
triglycerides, and blood glucose levels will be analyzed in whole
blood using a Cholestech LDX system (Abbott Laboratories).
Whole blood will be collected in a 40 µL capillary tube,
immediately transferred into a Cholestech cartridge, and
analyzed. Cholestech LDX values are valid and reliable for the
assessment of triglycerides, LDL, HDL, and total cholesterol
[53]. APOE status will be analyzed at baseline only.

Study Arms

Randomization
Before the recruitment of participants into the intervention, all
the study ID numbers were randomly preassigned. A member
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of the research team assigned each study ID to a number
generated by a random numbers table. As participants (who met
all the inclusion criteria and none of the exclusion criteria and
signed the informed consent form) were enrolled in the study,
they were assigned a study ID number.

HC Intervention
The participants randomly allocated into the HC arm of the
study will be assigned a personal health coach to work with for
the duration of the study. HC will take place remotely through
videoconferences and asynchronous chat messages and focus
on helping the participants improve their brain health by working
on the following lifestyle domains: nutrition, physical activity,
sleep, stress, social engagement, and cognitive activity. HC will
communicate with the participants about each of these
modifiable risk factors and then tailor their recommendations
and communications to the specific lifestyle areas needed for
each participant. HC participants will also be provided access
to a cognitive health app (Citruslabs), through which they can
access cognitive training activities, workout routines, and
recipes. HC is different from traditional interventions used in
RCTs. Instead of testing a uniform program to fit all the
participants, the HC recommendations and communications
will be tailored by the coach to fit each participant’s unique
needs.

The HC will actively reach out to participants 1-2 times per
week through asynchronous messages and will provide articles
on various lifestyle modifications, such as nutrition information
and physical activity, based on the focus for each participant.
In addition, the participants will have unlimited access to their
coach to ask questions or obtain the coach’s recommendations.
Meetings with the coach will be scheduled on a monthly basis
through videoconference or phone to assess the progress toward
the goals, discuss any barriers they have encountered, and
strategize personalized ways to attain the goals. The lifestyle
domains will be chosen based on a combination of the
participant’s preferences and the coach’s recommendations. For
example, if the HC identifies nutrition as the primary source of
need for a participant but the participant is not ready to work
on that area, the HC will make alternative recommendations to
meet the participant where they feel ready to make a change.

The HC intervention is designed to support participants through
the recommended lifestyle changes to improve brain health and
reduce dementia risk. The topics that will be discussed during
the initial intake session include (1) description of the HC
process, (2) description of lifestyle domains and how they are
related to brain health, (3) gathering information from the
participant on which lifestyle domains they seek and are willing
to improve, (4) assessing motivation and readiness for change,
and (5) assisting the participant for creating a vision for their
future, including appropriate goal-setting. Although the monthly
follow-up coaching sessions can differ between participants,
they will typically include (1) reassessing goals and making
appropriate modifications to meet personal health goals and (2)
supporting the participant in overcoming the challenges they
meet throughout their personal journey.

HE Control
Participants randomly assigned to the HE control group will
receive biweekly emails including information on how to change
their lifestyle to improve their brain health. To independently
evaluate the efficacy of the intervention, the same lifestyle
domains will be covered in both arms of the study. These
lifestyle domains include physical activity, dietary habits, sleep,
stress, social engagement, and cognitive activity. Throughout
the duration of the intervention, the participants will only have
access to the study staff during their on-site testing sessions.
After the intervention, the number of articles opened by the
participant will be tallied to determine engagement from the
control group.

Participant Recruitment
Participants were recruited in northwest Arkansas using local
radio, email, social media advertisements, and word of mouth.
The participants who met all the inclusion criteria and none of
the exclusion criteria were randomly assigned to one of the
groups before any assessments were completed.

The goal sample size for this study is approximately 200
participants. This sample size is considered sufficient to achieve
random assortment, which was validated after examining the
baseline characteristics of both groups. Cross-sectional,
between-group differences in the baseline ANU-ADRI scores
will be assessed using analysis of variance (ANOVA).
Longitudinal studies following cognitively intact older adults
have documented a 0.8 RBANS standard score change (SD
13.8) over a 12-month period [54]. Owing to the younger and
wider age range to be recruited, we conservatively estimated a
1.75 standard score change with a comparable SD 10 among
the control participants. In a 12-month pilot study of a similar
intervention, a 5.8 (SD 7.4) standard score point increase on
RBANS (ie, improvement) was found [55]. Assuming no
additional improvement owing to a longer intervention, a sample
size of 100 participants per group provides 80% power to detect
a difference of 3.3 points between the intervention groups on
the RBANS total index score (Cohen d=0.33) with an α of .05
and accounting for up to 20% attrition.

Statistical Analyses
Using the results of previous web-based intervention studies
designed to reduce AD risk in an RCT design [11,56], a 2-point
difference in the ANU-ADRI total score between the groups is
expected over time [41]. A longitudinal observational study
among adults demonstrated that a 1-point increase in
ANU-ADRI score is associated with an 8% increase in the risk
for developing MCI or dementia, mediated by brain volume,
over the following 12 years [57]. A 2.5-point within-group
change was found to be statistically significant in a web
intervention [11]. Owing to the population health effects that
are possible with a scalable remote intervention, these metrics
are clinically and statistically meaningful at the individual and
group levels.

Exploratory analyses will be performed on an intent-to-treat
basis. One-way ANOVA will be used to compare the groups
on functional fitness; biomarker measures; health-related
variables; and digital, cognitive assessments at baseline. In
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addition, sex differences in baseline characteristics and change
scores will be evaluated using a 2×2 (group and sex) ANOVA.
Repeated measures ANOVA will be used to determine the
differences over time between the groups. APOE status and the
presence of homozygous E4 alleles will be used as a
dichotomous variable and as a covariate for change in results
after the intervention.

Ethics Approval Statement
The study was approved by the University of Arkansas
Institutional Review Board. All participants signed an approved

consent form in accordance with the ethical standards of
Helsinki.

Results

The enrollment funnel for the DCMARVel trial is shown in
Figure 1. Enrollment took place between January 2021 and June
2021. The baseline characteristics of the study population are
presented in Table 2. A total of 204 adults (n=152, 74.5%
women and n=52, 25.5% men) have completed the baseline
testing. The participants are aged 45-75 years (mean 61.9, SD
8.3 years).

Figure 1. Participant screening and enrollment funnel.

Table 2. Baseline characteristics (N=204).

P valueaTotal (N=204)Health coaching (n=103)Health education (n=101)Variables

.3861.9 (8.3)62.4 (7.6)61.4 (8.9)Age (years), mean (SD)

—b152 (74.5)75 (72.8)77 (76.2)Sex (female), n (%)

—198 (97.1)100 (97.1)98 (97)Ethnicity (White), n (%)

.90−1.68 (7.31)−1.75 (7.32)−1.61 (7.34)ANU-ADRIc total, mean (SD)

.488.68 (5.73)8.41 (5.57)8.97 (5.91)ANU-ADRI risk, mean (SD)

.72−10.26 (4.54)−10.15 (4.60)−10.38 (4.49)ANU-ADRI protective, mean (SD)

aObtained from 2-tailed t test.
bNo statistical analysis was performed.
cANU-ADRI: Australian National University-Alzheimer Disease Risk Index.

Discussion

Principal Findings
To our knowledge, this study is the first large-scale 2-year RCT
to examine the effect of a digital multi-domain lifestyle

intervention on reducing AD risk among a population that
includes adults as young as 45 years. Improving the modifiable
risk factors for AD has the greatest potential to impact disease
development when implemented early and in a targeted manner
and effective treatments hinge upon early identification and
appropriate lifestyle modification. Although several
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single-domain interventions have been implemented with little
success, multi-domain interventions have demonstrated greater
levels of improvement [8,15,16]. However, many of these
interventions have focused on cognitive change among older
adults at risk for dementia [8,16]. In addition, the interventions
have largely been designed for face-to-face implementation;
therefore, greatly reducing the scalability and public health
impact of the programs. Thus, this study will focus on impacting
multiple lifestyle domains linked to AD risk in a younger
population than that studied previously [8,9,17,18].

The HC intervention will address 6 lifestyle domains that have
been linked to the development of dementia later in life: diet,
exercise, sleep, stress, social engagement, and cognitive activity.
In addition to receiving HE material similar to the control group,
participants in the intervention arm will work with a health
coach to develop and implement changes to the lifestyle areas
that they are ready to work on. The tailored nature of the
program is designed to maximize the behavior change outcomes.

Dietary habits are an important modifiable risk factor for
dementia. The Mediterranean-DASH intervention for
neurodegenerative delay (MIND) diet is recommended to
participants based on its positive effects on brain health [9,58].
Even moderate adherence to the MIND diet has been linked to
better brain health and reduced dementia risk in the long term.
In the studies by Morris et al [9,58], participants in the top tertile
of the MIND diet scores showed a 53% reduction in the rate of
developing AD compared with participants in the lowest tertile
and participants in the middle tertile also showed a statistically
significant 35% reduction in AD rate compared with those in
the first tertile. The diet is also easy to follow because it
emphasizes eating more of the recommended foods, such as
berries and leafy greens, and less of the unhealthy foods, such
as butter and sweets, rather than requiring a strict eating plan.
This type of dietary pattern will allow the HC to make
substitutions, modifications, and adjustments in the
recommendations based on dietary needs and preferences.

Habitual physical inactivity is associated with many chronic
health conditions such as type 2 diabetes, cardiovascular disease,
and hypertension [59]. More recently, research has suggested
that higher cardiorespiratory fitness and physical activity
participation have a positive association with cognitive
performance [59,60]. Acute exercise has been associated with
improved performance in many cognitive paradigms, but the
greatest effect has been noted on executive function and reaction
time and smaller effects have been noted on memory and
processing speed [60,61]. The physical activity
recommendations made by the HC will be determined by the
participant’s current level of exercise and their readiness to do
more.

Sleep is an important aspect of both brain health and overall
health. Aging is often associated with changes in sleep patterns
[62]. The causes of these changes are not well understood, but
have been linked to reductions in neurocognitive function [63].
In addition, adults with dementia or AD often experience
significant disturbances in sleep quality and sleep patterns
[62,63]. Although it is well-recognized that sleep disturbances
are common among adults with dementia and AD, identification

of sleep disturbances earlier in life may be predictive of future
cognitive decline [62]. The HC will work with participants to
identify any existing sleep issues and implement strategies to
improve the quality and quantity of sleep.

Stress is a multifactorial response to both internal and external
stimuli. However, exposure to chronic stress can result in major
illnesses and ailments [64,65]. Many studies have linked the
exposure to chronic stress with cardiovascular disease [64] and
cognitive dysfunction [66]. The specific mechanisms underlying
this link have not yet been fully elucidated. However, a potential
mechanism includes stress hormones that decrease the glutamate
receptor function in the prefrontal cortex [67]. This is important
because the prefrontal cortex is responsible for many aspects
of executive function, including working memory and inhibition
[68]. The participants will work with the HC on personalized
strategies to reduce stress based on their individual
circumstances and needs.

Loneliness has recently been identified as a positive predictor
of dementia among older adults. After a 3-year follow-up, older
adults with self-reported feelings of loneliness and living alone
showed an approximately 2.5-fold increase in the risk of
dementia [69]. A recent meta-analysis supports these results by
suggesting that the relative risk of dementia is 25% higher
among older adults with feelings of loneliness when compared
with those with a greater social network [70]. The HC will work
with the participants to assess their level of social engagement
or loneliness and make changes as needed.

Low cognitive engagement has previously been linked with
increased risk of dementia [71,72]. This particular risk factor
has gained significant attention in recent years because it is one
of the easiest risk factors to be modified. Cognitive engagement
or brain training research has increased significantly over the
past few years, but the results have been inconclusive.
Bahar-Fuchs et al [73,74] examined changes in global cognition
after 8 weeks of cognitive training and found improvements in
cognitive function that persisted during a 6-month follow-up
period. Edwards et al [75] found that training cognitive
processing speed lowered the risk of developing dementia by
29%, whereas memory training and cognitive reasoning reduced
dementia risk by 21% [75]. It is likely that sustained
participation in cognitively challenging activities, such as
learning an instrument or doing crossword puzzles, has a
positive impact on brain health in the long term [76-78]. The
health coach will work with the participants to identify activities
that are of interest to them and encourage regular practice.

Conclusions
The results of this study can produce a novel and highly scalable
intervention strategy to reduce the risk of cognitive decline
before MCI or AD diagnoses occur. The primary outcome in
the DCMARVel trial is AD risk reduction as determined by
ANU-ADRI [11]. With the wide range of secondary outcomes
(eg, physical, blood biomarkers, and psychosocial), the relative
contribution to AD risk reduction can be estimated in addition
to changes over time. As the HC program is designed to address
multiple factors contributing to vascular disease (eg, physical
activity and dietary habits), the intervention is expected to
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improve cognitive outcomes over time by significantly reducing AD risk using a digital and scalable format.
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Abstract

Background: Medical student burnout is a prevalent problem with adverse long-term outcomes. Incorporating psychological
resource-building interventions into comprehensive burnout prevention approaches during medical training is an identified priority
among educators. These interventions could reduce burnout risk by buffering students against nonmodifiable career stressors.
However, there is a need for rigorous investigation into optimal intervention targets and methods. Psychological flexibility (PF)
is an adaptive behavioral skill set that has demonstrated relationships with medical student burnout and well-being. More broadly,
there is evidence that PF mediates burnout and well-being outcomes and may be a protective factor. Efficacy studies assessing
the benefits of interventions targeting PF among medical students are needed. Research also supports the need to establish optimal
methods for increasing intervention efficacy in the context of individual differences in burnout and PF by using individualized
approaches.

Objective: This study aims to assess whether an app-delivered PF intervention (Acceptance and Commitment Training) reduces
burnout and improves well-being among medical students. We will examine whether changes in burnout and well-being are
mediated by changes in PF. The potential benefits of an individualized version of the app versus those of a nonindividualized
version will also be evaluated.

Methods: In this 3-arm, parallel, randomized controlled study, a sample of medical students will be randomly allocated to 1 of
3 intervention arms (individualized, nonindividualized, and waiting list) by using a 1:1:1 allocation ratio. Participants in the
individualized and nonindividualized intervention arms will have 5 weeks to access the app, which includes a PF concepts training
session (stage 1) and access to short PF skill activities on demand (stage 2). Stage 2 will be either individualized to meet participants’
identified PF training needs at each log-in or nonindividualized.

Results: Burnout, well-being, and PF will be assessed at baseline and after the intervention. Quantitative analyses will include
descriptive and inferential statistics. We hypothesize that the Acceptance and Commitment Training intervention app will be
effective in improving burnout and well-being and that changes in these outcomes will be mediated by changes in PF. We further
hypothesize that participants in the individualized intervention group will demonstrate greater improvements in burnout and
well-being outcomes than those in the nonindividualized group.
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Conclusions: The findings of this study could guide the development of burnout prevention and well-being initiatives for
medical students. Identifying PF as a mediating process would provide support for the delivery of preventive intervention programs
that train individuals to strengthen this psychological resource before burnout symptoms emerge. This would be an important
step in addressing and potentially offsetting the significant costs of burnout among medical students and physicians. Demonstrating
the superiority of an individualized version of the app over a nonindividualized version would have implications for enhancing
intervention precision and efficacy by using scalable interventions.

Trial Registration: Australian New Zealand Clinical Trials Registry ANZCTR 12621000911897;
https://www.anzctr.org.au/ACTRN12621000911897.aspx

International Registered Report Identifier (IRRID): PRR1-10.2196/32992

(JMIR Res Protoc 2022;11(2):e32992)   doi:10.2196/32992

KEYWORDS

burnout; psychological; burnout interventions; psychological flexibility; digital intervention; individualized intervention; acceptance
and commitment therapy; medical students; well-being; mobile phone

Introduction

A Burnout Epidemic
Burnout is a chronic and pervasive state of work-related stress
that substantially disrupts an individual’s professional identity
and psychological connections to their work [1]. The most
widely accepted 3-factor model defines burnout as a
psychological crisis that is experienced as a sense of fatigue,
overload, and depleted emotional energy and resources
(emotional exhaustion); a pattern of withdrawal behaviors;
negative, detached attitudes toward others (cynicism); and the
perception that one’s work performance lacks quality and value
(inefficacy) [1,2]. Beyond the experience of burnout itself,
affected individuals are at an increased risk of associated
psychological difficulties [3-5], poor physical health outcomes
[3,5-7], and cognitive impairments [8]. Through its impact on
an individual’s health and capacity to work [9], burnout
adversely affects organizational service delivery and
productivity [5,10,11] and places a considerable burden on the
economy [12].

Although burnout affects workers across a broad range of
professional disciplines, it has become a problem of epidemic
proportions within the field of medicine [11]. Prevalence
estimates among physicians range between 37.9% [13] and
80.5% [14] compared with rates between 2% and 27.8% reported
for the general working population [9,13]. Of particular concern
is the increasing frequency of burnout experiences emerging
during the early stages of medical training, with a global
prevalence of approximately 44.2% among medical students
[15]. Physicians and medical students who are affected by
burnout experience higher risks of suicide [4,16-18], medical
errors, and diminished quality of patient care [4,5,11,19,20].

Study Aims
We aim to assess whether an app-based psychological skills
training intervention is effective in reducing burnout and
improving well-being among medical students, using research
methodologies designed to maximize intervention precision and
efficacy for individuals. In the following sections, we outline
the background and rationale behind the selection of our
intervention model, our methodology, and our research
hypotheses.

Calls for Early Intervention: Individual Psychological
Resource Training
In response to the burnout crisis among physicians and medical
students, there are increasing calls for the early implementation
of interventions that facilitate the prevention of burnout and its
broader associated outcomes [10,11,21-23]. Determining when
and how to intervene most effectively remains an ongoing
challenge. It has been proposed that burnout is an adverse
psychological response to a pervasive imbalance between
demands and individual coping resources, commencing during
medical training, and persisting throughout a physician’s
professional life [24]. Burnout interventions aim to minimize
such imbalances, either by modifying external factors known
to increase burnout risk at the organizational level or by training
individuals to develop protective psychological and behavioral
resources [25].

At an organizational level, learning institutions and workplaces
may consider how to reduce modifiable external risk factors for
burnout [23,26]. Risk factors that can and should be addressed
in organizational settings include inadequate resources [27],
excessive workloads, a lack of control or autonomy, a lack of
reward, organizational unfairness [1], inflexible work schedules
[23], bullying, and the mistreatment of students [28,29].
Interventions focused on minimizing organizational risk factors
have demonstrated efficacy in reducing burnout among
physicians [25]. However, physicians and students face many
stressors that are inherent to their work [30], including exposure
to distressing or demanding patient relationships, patient illness,
death and dying, concerns about litigation, rapidly changing
work and knowledge requirements, academic pressures, and
performing highly responsible roles [4,20,24]. In a profession
where such unmodifiable risk factors pervade, there is an
important place for individual-focused cognitive and behavioral
interventions. These interventions focus on enhancing
modifiable individual psychological resources and adaptive
coping skills [9] to buffer the potential adverse impacts of
unmodifiable stressors and demands [9,30,31].

Importantly, although external factors contribute to burnout
risk, medical students’ behavioral responses to stressors can
also play a role [31]. For example, students who transition away
from healthy behavior patterns during their medical training are
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at an increased risk of experiencing burnout [31] as are those
who tend not to engage in values-driven behavior [32]. The risk
is more than double for students who engage in maladaptive
coping repertoires, such as avoidance-based coping (including
cognitive, emotional, and behavioral avoidance) [32-35].
Longitudinal evidence suggests that medical students who
demonstrate problematic coping patterns are unlikely to
spontaneously adopt more effective behavioral repertoires over
time [31], and this may have adverse consequences regarding
long-term burnout and well-being outcomes [30]. Implementing
interventions that promote the development of more adaptive
coping repertoires could mitigate behavioral burnout risk factors
during the early stages of an individual’s medical career [30].

Although organization-level interventions focus on removing
contextual risk factors for burnout, individual interventions have
the additional benefit of promoting behaviors that facilitate
well-being [36,37], which is an identified goal within the
medical field [29,38]. Well-being is more than just the absence
of ill-health. Rather, it is a state of individual thriving that
includes satisfaction with life, the experience of positive affect,
engagement in values-aligned activities that promote purpose
and vitality, and a sense of social connection that involves
valuing and feeling valued by others [39]. It has been proposed
that well-being interventions focusing on purposeful and valued
living may be more important to individuals than those focusing
solely on the removal of stressors [40]. Beyond the baseline
goal of staving off burnout, individual interventions can
empower medical students and physicians to build skills that
facilitate the preservation and cultivation of sustainable
well-being during their careers [5,14,41].

In light of these factors, the provision of individual
psychological resource-building interventions as early as during
undergraduate medical training is receiving growing support
[18,20,22,29-31,33,38]. The past 10 years have seen a marked
increase in the number of studies investigating such
interventions [23]. A recent consensus statement issued by
medical educators advocated for initiatives promoting “adaptive
responses to stressful situations” as an important component of
a broad well-being and burnout prevention plan for medical
students in Australia and New Zealand [29]. Similarly, a recent
review study identified the need for medical schools to foster
training initiatives that ground students in the development of
healthy habits, self-awareness skills, and effective mechanisms
for coping with stressful experiences [18].

In nonmedical populations, meta-analyses [42,43] and
systematic reviews [9,44] demonstrated that cognitive and
behavioral interventions can be effective in reducing [9,42,43]
and preventing [43,44] work-related stress and burnout. Recent
systematic review findings provide support for the potential
benefits of such interventions when delivered in medical training
settings, however, there remain substantial knowledge gaps
regarding the optimal methods for improving medical students’
well-being and reducing burnout risk [23]. The identification
of the most effective intervention model and methods is
constrained by the considerable heterogeneity between
intervention approaches and the small number of randomized
controlled trials (RCTs) within the existing research [23]. There
is a need for further research adopting more “robust and

rigorous” research methodologies as well as the use of
“systematic and evidence-based” approaches when developing
interventions [23].

Our randomized controlled study responds to the need for
well-controlled research that can identify effective methods for
mitigating the problem of burnout among physicians and
medical students, using individual resource-building
interventions during early medical training. In line with the
identified research needs [23], we developed an app-delivered
cognitive behavioral intervention that was grounded in the robust
evidence-based psychological flexibility (PF) model. We outline
the theoretical relevance of this model regarding these outcomes
and this population and the importance of using rigorous
mediational and individualized methodological approaches that
can improve intervention precision.

PF Model

The Theoretical Model
PF is a model of adaptive behavior that is rigorously grounded
in behavioral science [45]. The model is composed of 6
modifiable behavioral flexibility skill sets or processes (and
corresponding inflexibility processes) [46-48], including
present-moment awareness (nonawareness of the present
moment), experiential acceptance (experiential avoidance),
cognitive defusion (cognitive fusion), self-as-context
(self-as-content), contact with values (lack of contact with
values), and committed action toward values (inaction) [47,49].
PF reflects the degree to which an individual is able to bring
conscious awareness to a broad range of internal and external
influences on their behavior and purposefully engage in actions
directed toward personally held values and related goals [50].
When faced with challenges and stressors, people with high PF
tend to choose adaptive behavioral responses that are driven by
their values and facilitate well-being rather than behaviors that
are rigidly driven by internal emotional and cognitive
experiences [48,51]. PF and its individual processes are
associated with a range of psychological health and well-being
outcomes [51-53].

The Intervention: Acceptance and Commitment Training
PF processes are modifiable using cognitive behavioral training
programs, such as Acceptance and Commitment Training (ACT;
referred to as ACT in nonclinical settings and Acceptance and
Commitment Therapy in clinical settings [45]). The benefits of
ACT interventions are well established and have been
demonstrated in over 600 RCTs [54]. Interventions focus on
facilitating the development of behavioral repertoires that are
more flexibly responsive to an individual’s present-moment
experiences. This is achieved by training individuals to develop
greater awareness of the influence of their internal experiences
(eg, thoughts and emotions) on their actions, learning to alter
their relationships with these internal experiences such that they
are more accepting, and developing more flexible
values-oriented behavioral repertoires [45].
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PF as an Individual Protective Factor and Intervention
Target
There is increasing evidence that PF skills can function as
protective individual resources regarding burnout and
well-being. Recent research has demonstrated associations
between individual PF processes and work-related stress [39,41],
burnout [55-58], and well-being [39,41,58,59]. PF processes
account for unique variance in burnout symptomatology [41,60]
and well-being [53]. These demonstrate predictive validity
related to long-term workplace mental health [61] and show
stronger and more consistent relationships with burnout and
work-related well-being than do traditional organizational
factors, such as job control and workload [41,56]. Interestingly,
PF has also been shown to influence the degree to which
employees are able to notice, engage with, and benefit from
changes made to organizational burnout risk factors (eg, job
control) [61], providing further support for the value of
implementing individual interventions in conjunction with
organizational interventions. PF skills have been shown to
mediate relationships between stressors (eg, COVID-19–related
stress) and well-being outcomes [62]. In nonmedical
populations, interventions targeting individual components of
the PF skill set demonstrate efficacy relating to reducing
work-related stress and burnout [63-69], improving well-being
[70], and improving coping in response to work-related stressors
[63]. ACT interventions that provide training in the full PF skill
set have been shown to reduce workplace stress and improve
well-being [39].

Relevance of PF to Medical Students and Physicians
PF skills appear to function as important personal resources
among medical students and physicians during the early stages
of their careers [33]. Among medical students, lower PF is
associated with reduced life satisfaction and greater personal
distress when seeing others in harm, which may increase burnout
risk [33]. Medical students who demonstrate behaviors
associated with low PF (eg, avoidance and nonvalues-driven)
are at greater risk of burnout. This leads to the suggestion that
PF skills training could be of benefit to this population [32,33].
Similarly, burnout risk is higher among resident physicians with
low PF [71]. Interventions targeting components of the PF model
(eg, present-moment awareness and values) can effectively
reduce stress and burnout risk among physicians and medical
students [11,23,72]. To the best of our knowledge, no previous
intervention studies have been found that have trained medical
students or physicians in the full PF skill set.

PF Training and Medical Student Burnout and
Well-being
The literature has demonstrated associations between PF and
burnout and well-being outcomes and evidence for the relevance
of these processes to medical student and physician burnout
and well-being. On this basis, we expect that training medical
students to develop PF skills will have positive benefits
concerning burnout and well-being. Given the absence of
intervention studies with this population where all 6 PF
processes are trained, we will assess the efficacy of our
purpose-developed app-based ACT intervention for medical
students. Stage 1 of the intervention will deliver a brief

educational module that provides a conceptual explanation of
each of the 6 PF processes as well as self-reflection and
experiential skill practice activities.

Hypothesis 1 states the following: on the basis of the theoretical
background presented, we hypothesize that medical students in
the individualized and nonindividualized intervention groups
will demonstrate significantly greater improvements in PF,
burnout, and well-being outcomes (before and after intervention)
compared with those in a waiting-list control group.

PF as a Mechanism of Burnout and Well-being Change
One of the pitfalls of many cognitive behavioral intervention
studies is that they deliver training packages that demonstrate
efficacy regarding outcomes of interest, without identifying the
mechanisms through which these interventions exert their effect
[40]. Understanding the processes that underlie an intervention’s
efficacy can facilitate greater intervention precision [40]. For
example, knowing that PF is a mechanism of change for medical
student burnout would open up opportunities for the delivery
of other interventions that may improve these skills and facilitate
the efficient delivery of the intervention dose needed to produce
meaningful improvements in PF to reduce a particular
individual’s burnout risk. Demonstrating the efficacy of an
intervention through its impact on mediating processes is
particularly important when seeking to prevent a distal adverse
outcome. This provides opportunities to deliver interventions
that strengthen these mediating skill sets among at-risk
individuals (eg, medical students) before the emergence of
adverse outcomes (eg, burnout).

Expectations of the efficacy of the current ACT intervention
regarding burnout and well-being are based on the assumption
that the training will help medical students use PF skills as an
adaptive coping resource. This assumption is supported by
previous mediation studies that demonstrated that ACT
interventions influence burnout and well-being outcomes by
improving an individual’s PF skills [39,58]. PF processes may
also mediate longer-term burnout risk as demonstrated in
intervention studies where improvements in PF processes
reduced the subsequent risk of burnout development [55]. To
assess the assumptions of our intervention and improve the rigor
of our efficacy assessment, we will explore whether PF is a
mechanism of change for any observed burnout and well-being
intervention effects.

Hypothesis 2 states the following: on the basis of the theoretical
background provided, we hypothesize that changes in burnout
and well-being outcomes will be mediated by changes in PF.

Individual Differences and Intervention Precision
There is a high degree of heterogeneity in both the way burnout
symptoms develop among individuals over time [36] and
individual recovery patterns during and after burnout
interventions [9,36,69]. Similarly, although some individuals
demonstrate reasonably consistent patterns of high or low PF
across all processes, a range of distinct and more complex
profiles of flexibility and inflexibility have recently been
observed [47,48,53,60]. Each of these unique PF profiles
demonstrates different relationships with a range of ill-being
and well-being outcomes [47,48,53]. These findings demonstrate
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that individuals might require different types of interventions
that target their individual risk factors to experience
improvements in burnout risk and well-being outcomes
[36,37,47,69,73]. This poses problems for static interventions
that provide the same training for all individuals, as it means
that some may not receive the type or amount of training they
need, and others may receive more training than necessary
[40,69]. Furthermore, interventions that are highly effective for
some individuals, but not others, might not be further developed
and disseminated because they fail to demonstrate efficacy at
the group level [69].

As such, there are increasing calls by leading researchers for
the use of individualized intervention methodologies, whereby
an intervention is tailored to target the identified needs of each
individual [40]. Individualized interventions can be delivered
with a higher degree of precision than static interventions,
providing the potential for superior efficacy and efficient
resource allocation [74]. To address individual-level differences
in this study, we will adopt a treatment utility methodology that
compares an individualized version of the PF skills training app
with a nonindividualized version [40]. Stage 1 of the
intervention will deliver a static PF training module, and stage
2 will provide access to a library of short PF skills training
activities that participants can access on demand. Participants
receiving the individualized intervention will practice activities
from the PF skill set that aligns with their identified needs during
each training session, whereas those receiving the
nonindividualized intervention will receive nontargeted training
from any of the PF skill sets. This approach addresses individual
differences in PF at the intervention level, allowing us to
compare burnout and well-being outcomes between
individualized and nonindividualized groups. A recent study
using a similar methodological design demonstrated that an
individualized version of a PF intervention was more effective
than a nonindividualized version in reducing general
psychological distress and improving mental health outcomes
[75]. We expect that an individualized intervention will address
the problem of individual heterogeneity by delivering more
relevant and precisely targeted intervention skills than the
nonindividualized version.

Hypothesis 3 states the following: we hypothesize that medical
students in the individualized intervention group will
demonstrate significantly greater improvements in PF, burnout,
and well-being outcomes (before and after intervention) than
those in the nonindividualized group.

App-Based Intervention Delivery
Review studies of individual resource-building interventions
for medical students highlight the need to explore the efficacy
of delivering interventions using nontraditional methods, (eg,
smartphone apps) [23]. To the best of our knowledge, there are

no published studies assessing the efficacy of smartphone
app-based cognitive behavioral interventions for burnout or
well-being among medical students or physicians. We adopted
this mode of delivery for 5 main reasons. First, app-based
platforms facilitate the tailoring of interventions to the needs
of each participant, providing opportunities to deliver targeted
skills training activities appropriate to the individual’s needs in
a particular moment [75]. Second, research indicates that
medical students tend not to seek support for burnout owing to
the perceived stigma related to mental health and beliefs that
others will see them as weak or unable to cope with working in
the field [24,34]. App-based interventions have the potential to
provide greater acceptability to students with these concerns by
allowing them to maintain discretion, anonymity, and privacy
while engaging in an intervention [34]. Third, the time
requirements of participating in well-being programs can also
be a barrier to engagement among medical students [76].
App-based formats facilitate the delivery of short training
activities and flexible completion options, which may buffer
the impact of time-related barriers [34]. Fourth, there is evidence
supporting the acceptability and efficacy of web-based PF
interventions among university students as well as the capacity
for such interventions to promote intervention engagement [75].
Finally, app-based interventions can be favorable to stakeholders
because of their scalability, making them accessible to large
numbers of individuals [18]. This is particularly important in
circumstances where access to health care personnel is limited
or where face-to-face interventions are not practical or possible
(eg, during a global pandemic).

Methods

Study Setting
This study will be conducted with the first-, second-, fourth-,
and fifth-year undergraduate medical students enrolled in the
Joint Medical Program (JMP) at the University of Newcastle
and University of New England, Australia, which included 778
enrolled students in June 2021.

Study Design
This study will adopt a 3-arm, parallel, partially blinded
(participants), randomized controlled design.

All participants will complete a brief educational session that
introduces the potential benefits of PF skills relating to burnout
and well-being. Following this, they will be randomized into 1
of the 3 intervention arms using a 1:1:1 allocation ratio.
Randomization will be conducted within the app. The three
intervention arms are as follows: (1) individualized intervention,
(2) nonindividualized intervention, and (3) waiting list. Figure
1 outlines the participants’ timeline for this study.
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Figure 1. Participant timeline.

Sample Size
We conducted a power analysis to determine an appropriate
sample size for a repeated measures multivariate analysis of
variance (3 groups; measuring 2 time points [baseline and after
the intervention]; high correlation between pre- and
postintervention measures, 0.6). The calculation allowed for a
small but still clinically meaningful effect size (0.25), given
that this is the most conservative approach. For power of 80%
and Cronbach α of .05, the total required sample size is 117 (39
per intervention arm). We allow for an attrition rate of up to
30% and set our target recruitment sample size at 153
participants (51 per intervention arm).

Eligibility
Participants will be eligible and included if they are enrolled in
the first, second, fourth, or fifth year of the JMP at the University
of Newcastle or enrolled in the first, second, fourth, or fifth year
of the JMP at the University of New England and have regular
access to a reliable internet connection and have regular access
to an electronic device that is compatible with app use
(smartphone or tablet). Third-year students will not be recruited
for this trial, as this cohort was previously invited to participate
in a pilot trial of the app intervention.
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Recruitment and Enrollment Procedures
Eligible students will be invited to participate in the study via
the universities’ digital media and communication channels,
including internal departmental mailing lists and e-newsletters,
blackboard sites, and brief information sessions presented
verbally by a researcher who is not connected with the JMP.
Participation will be voluntary.

Students who are interested in participating will access the
enrollment and consent page using a URL or QR code. The
eligibility, consent, and enrollment processes will be conducted
using REDCap (Research Electronic Data Capture; Vanderbilt
University). Eligible participants should read the participant
information statement on the web. Those who elect to participate
will provide their consent via e-consent. Once consented and

enrolled, participants will complete a brief demographic
questionnaire, following which they will be assigned a unique
participant ID and receive instructions for downloading the app.
The app will be available for download through the App Store
(Apple) and Play Store (Android).

Data Collection Tools and Procedures
Data will be collected at two time points: T1 (baseline) and T2

(following the completion of the app-based intervention,
commencing 5 weeks after baseline)

Study data will be collected via the app, which will record
participant responses to questionnaires as well as app use data.
Table 1 shows the administration time points for each outcome
measure.

Table 1. Outcome measures and administration time points.

Every log-in (stage 2)After the intervention (T2)Baseline (T1)AssessmentOutcome

✓DemographicsDemographics

✓✓Maslach Burnout Inventory–General
Survey for Students

Burnout

✓✓Mental Health Continuum–Short FormWell-being

✓✓Multidimensional Psychological Flexibil-
ity Inventory–Short Form

Psychological flexibility and
psychological inflexibility

✓✓Depression Anxiety and Stress Scale-21Depression, anxiety, and stress

✓Check-in assessmentCurrent psychological flexibility
difficulty

✓Like or dislikeActivity acceptability

aN/A: not applicable.

Demographic Information
The following demographic information will be collected from
the participants: age, gender, university enrollment status,
indigenous status, work history, previous history of burnout,
current engagement in psychological therapy or other treatment,
and self-rating (5-point Likert scale) of current physical health,
diet, and self-care behavior.

Primary Outcome: Burnout
We will assess burnout using the 3-factor Maslach Burnout
Inventory–General Survey for Students [77]. This 16-item
self-report questionnaire assesses the degree to which
participants are experiencing each of the following burnout
components: Exhaustion, stress; Cynicism, attitude; and
Academic Inefficacy, achievement. The Maslach Burnout
Inventory scale is valid [2], and the reliability of the Maslach
Burnout Inventory–General Survey for Students has been
demonstrated among a sample of medical students from the
United States [76].

Secondary Outcome: Well-being
Reducing burnout risk via the enhancement of PF processes is
the primary goal of the skill development program, however,
it is also known that PF tends to improve well-being outcomes.
This is an important goal because psychological health is not
only reflected by the absence of adverse outcomes but also by

the presence of well-being [78]. A secondary goal of the
intervention program is to facilitate improved well-being among
the participants. We will assess well-being using the Mental
Health Continuum–Short Form [78]. This 14-item self-report
questionnaire assesses the frequency of well-being experiences
during the previous month. The scale has demonstrated validity
[78], reliability [75,79], and sensitivity to changes in web-based
intervention studies [80].

Process Outcome: PF
We will assess PF and psychological inflexibility (PI) using the
Multidimensional PF Inventory–Short Form [47]. This 24-item
self-report questionnaire assesses the frequency of each PF and
PI experience during the previous 2 weeks. In addition to global
PF and PI scores, individual subscale scores can be calculated
for each of the 6 PF and 6 PI processes. The scale has
demonstrated validity [53] and reliability [81] and is responsive
to changes over time [47].

Depression, Anxiety, and Stress
Depressive symptoms, anxiety, stress, and general negative
affectivity will be screened as secondary outcomes for two key
reasons: (1) for comparison purposes with previous similar
studies and (2) to explore whether these factors are related to
engagement in the intervention as has been observed in previous
studies [82]. We will assess these symptoms using the
Depression Anxiety and Stress Scale-21 [83]. This valid and
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reliable 21-item self-report questionnaire assesses the degree
of symptoms of depression, anxiety, and stress during the
previous week and a general negative affectivity factor [84].

Engagement Data
We will assess the following behavioral engagement metrics
using app use data.

Recruitment
The number of participants who enroll in the study during the
recruitment period will be assessed.

Adherence
The proportion of recruited participants who meet adherence
requirements, defined as the completion of stage 1 and
engagement in at least four skill activities during stage 2
(individualized vs nonindividualized analyses only), will be
assessed.

Attrition
We will assess attrition at all stages of the program: enrolled
but did not sign-up to use the app, did not complete T1

assessments, did not complete brief educational module, did
not complete stage 1, did not complete adherence requirements
for stage 2 (individualized vs nonindividualized analyses only),
and did not complete T2 assessments.

App Engagement Frequency
The frequency of participant engagement with components of
the app during stage 2 will be assessed using the following: app
log-ins, check-in assessments completed, skill activities
completed, and skill activities completed per log-in.

Individual Skill Activity Feedback
Following the completion of each stage 2 skill activity,
participants will be asked to indicate whether they liked the
activity by selecting either a thumbs-up (like) or thumbs-down
(dislike) icon.

Intervention

PF Model: ACT Intervention
This study will deliver an ACT PF skills training intervention
in written and audio formats via a web-based app. ACT
facilitates the development of individual PF skills for nonclinical
populations, promoting and facilitating actions that support
individual well-being [52,67]. Rather than defining
uncomfortable internal experiences (eg, thoughts, emotions,
and physical sensations) as symptoms that need to be changed
or eliminated, ACT focuses on altering the way individuals
relate to these internal experiences [46,85] and empowering
them to respond in ways that are more adaptive in their own
lives [86]. This is accomplished through activities that normalize
challenging internal experiences as well as training individuals
to strengthen present-moment awareness, recognize the influence
of their internal experiences over their actions, learn to alter
unworkable responses to these internal experiences, and develop
more flexible behavioral repertoires that are consistent with
their personally chosen values [45,46,85,86].

ACT is conceptually well defined and links its interventions to
the mechanisms through which it purportedly elicits change (ie,
the 6 PF processes and their corresponding inflexibility
processes) [87]. The components of an ACT intervention include
the following: present-moment awareness (mindfulness),
cognitive defusion, self-as-context, acceptance, values, and
committed action.

Two clinical psychologists (first and second authors: ED and
BK) with extensive training and experience with ACT
interventions and the PF model designed the app intervention.
The piloting of the intervention among a small cohort of medical
students at the University of Newcastle indicated high
acceptability and usability.

Intervention Stages
All participants will complete a brief introductory session that
provides education about burnout, psychological well-being,
and PF skills (approximately 10 minutes). Participants will then
be randomly allocated to the waiting list, individualized
intervention, or nonindividualized intervention arm. Participants
who are allocated to the individualized and nonindividualized
groups will have access to the 2-stage app for 5 weeks.

Stage 1 (Learn the Concepts) presents a conceptual overview
of each PF process and provides a framework through which
participants can understand the rationale and potential personal
relevance of the skills they will be practicing in stage 2. During
stage 1, participants are given opportunities to practice each PF
skill set. Depending on whether participants choose to complete
these optional skill activities, the completion time for stage 1
is approximately 30 to 60 minutes and can be completed over
more than one sitting. The completion of stage 1 will unlock
access to stage 2.

During stage 2 (Learn the Behaviors), participants will have
access to on demand PF skills training. They will be asked to
complete a check-in assessment each time they access the app,
to assess which PF process they are currently experiencing the
most difficulty with. For the individualized intervention arm, a
participant’s check-in assessment response at each log-in will
be used to individualize their intervention. That is, participants
will receive access to training in whichever skill they report
having the most difficulty with in that moment. Participants
will be directed to a dashboard that gives them access to all the
available skill activities for their identified PF process (eg, if a
participant identifies that they are having difficulty attending
to the present moment, they will be presented with the
present-moment awareness dashboard). Participants may then
select an activity or have the app select a random activity for
them from within the targeted PF skill set. This method is similar
to one adopted in a recent study assessing a web-based ACT
intervention for anxiety and depression [75]. For the
nonindividualized intervention arm, check-in assessment
responses will not be used to select a targeted PF skill set for
the participant’s training during that session. Rather, participants
will be directed to any of the PF process dashboards at random.

Upon the completion of a stage 2 skill activity, participants will
be asked if they would like to complete another activity. If they
select yes, those in the individualized group will return to the
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dashboard of the PF process identified at check-in and may
repeat the aforementioned activity selection process. Participants
in the nonindividualized group will be presented with another
random activity. Participants may complete as many activities
as they choose, but will be asked to complete at least four stage
2 skill activities during their 5-week period of access to the app.

Each of the 6 PF dashboards includes 20 brief (2-7 minutes)
experiential skill-building activities, resulting in a total of 120
activities available in stage 2. The inclusion of this number of
activities was guided by previous studies, indicating that 28
activities were too few [88] and 136 activities were sufficient
[75]. An example activity for each skill set is provided in
Multimedia Appendix 1, along with the activity aims as they
relate to the PF processes.

App Engagement
Previous piloting of this intervention by our research team
indicated that self-reported acceptability by medical students
did not necessarily correspond with regular behavioral
engagement with the app. Pilot findings showed high
engagement in stage 1 but lower than expected engagement in
stage 2. Facilitating ongoing user engagement is a known
challenge for developers of app-based mental health
interventions [89]. The current version of the intervention
incorporates the pilot study participants’ feedback and
suggestions to enhance engagement for the RCT. This includes
ensuring that participants are clear about what to expect
throughout the intervention, providing clear indicators of
progress and achievement, providing opportunities for personally
relevant interactive learning and self-reflection, delivering in-app
reminder notifications (push notifications), and delivering
information in multiple forms where possible (eg, written and
audio) to accommodate individual learning preferences and
situational conditions. The app will also encourage engagement
through the provision of positive reinforcement when a
participant completes certain activities or completes a particular
number of activities (eg, an achievement badge acknowledging
their commitment and the benefits of practice).

Data Analysis
Descriptive and inferential statistics will be used to describe
demographic, outcome, and app engagement data. To assess
hypotheses 1 to 3, modeling to examine treatment efficacy with
follow-up outcomes will be performed, using mixed models
(with appropriate distribution and link function), including a
random intercept for participants to account for repeated
measures. Descriptive analyses will be performed for use data
obtained from the app platform to assess engagement, including
engagement frequency and retention and adherence rates.

Institutional Review Board Approval
This research methodology was peer reviewed and approved
by the School of Medicine and Public Health at the University
of Newcastle, in accordance with the Australian Code for the
Responsible Conduct of Research. The study will be conducted
according to the National Health and Medical Research Council
National Statement on Ethical Conduct in Human Research
(2007). Ethics approval was granted by the University of
Newcastle Human Research Ethics Committee (approval ID:

H-2020-0311) on July 13, 2021, and ratified by the University
of New England Human Research Ethics Committee.

Results

Recruitment for this study occurred between August 2021 and
September 2021. Data collection for this sample was completed
during December 2021. The study results will be available
within 12 months of the final data collection date (ie, results
are expected to be available by late 2022). The findings will be
disseminated to stakeholders by using various methods,
including the lead author’s doctoral dissertation, peer-reviewed
journals, academic conferences, and other verbal and digital
communication channels.

Discussion

Overview
The main aim of this study is to assess whether an app-based
ACT intervention is effective in reducing burnout and improving
well-being among medical students. On the basis of the literature
outlined in the Introduction, we expect that students in the
intervention groups will demonstrate improved burnout and
well-being outcomes compared with students in the waiting-list
control group. We will also examine whether changes in burnout
and well-being are mediated by PF, which is the hypothesized
mechanism of change targeted by the intervention. We will
further evaluate whether an individualized version of the
intervention is more effective than a nonindividualized version.
The individualized version focuses on delivering PF skill
activities that specifically target individual participants’ needs
each time they access the app; therefore, we hypothesize that
this version will be more effective in improving all outcomes
than the nonindividualized version.

This study responds to an identified need for the development
of early intervention initiatives that could prevent burnout and
improve well-being among medical students by targeting
modifiable individual risk factors [20,22,29-31,33,38]. Although
there has been an increase in the number of studies assessing
such interventions in recent years [23], there is a need for more
rigorous approaches that can clarify optimal intervention targets
and methods [23,90]. We contribute to existing research by
delivering a PF intervention based on sound principles of
behavioral science, adopting a robust randomized controlled
design, assessing mediators of changes in outcomes, and
addressing heterogeneity among individuals by assessing the
potential additive benefits of an individualized intervention
approach. Our intervention builds on existing research
demonstrating the involvement of PF processes as predictors,
moderators, and mediators of burnout and well-being outcomes
[11,55-58,63-67,69,70,72]. There is evidence that PF is an
individual resource of relevance to burnout and well-being
among medical students and physicians [23,32,33,71,72];
however, we are unaware of any published RCTs assessing the
benefits of training the full PF skill set within this population
to date. To the best of our knowledge, this is also the first
individualized app-based skills training intervention targeting
burnout prevention and well-being among medical students.
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Contributions and Theoretical Implications
The demonstration of full or partial support for our hypotheses
will provide important information regarding the strategies for
improving burnout and well-being during undergraduate medical
training. If the ACT intervention demonstrates efficacy
regarding burnout and well-being outcomes, this would
strengthen the evidence base for PF as a modifiable
psychological resource of importance among medical students.
It would also be the first study to demonstrate the benefits of
providing PF skills training to this group. This finding would
also contribute to the growing body of literature supporting the
general role of PF skills in maintaining a healthy career
[55-58,63-67,69,70,72]. Furthermore, demonstrating that the
intervention exerted its effect on outcomes via its capacity to
improve individual PF processes would have important
implications for burnout prevention research. If PF is identified
as a mediator of burnout and well-being outcomes among
medical students, future interventions could specifically target
PF skills as a preventive measure. This approach could offset
the risk of burnout before symptoms emerge and proactively
improve well-being. The identification of PF as a mediating
process would provide a metric for assessing an individual’s
potential degree of burnout risk and their responsiveness to a
preventive intervention.

The study findings could also have implications for intervention
precision. This is important for stakeholders seeking to deliver
initiatives as effectively and efficiently as possible, and medical
students seeking time-efficient and personally relevant training
[76]. Identifying mediators of burnout and well-being outcomes
could facilitate the precise delivery of only the training
components necessary to generate changes in the mediating
processes, allowing for the elimination of extraneous
components [37,40]. Findings regarding the potential additive
benefits of individualized intervention have further implications
for intervention precision. Static interventions experience the
problem of delivering the same training components to all
participants, without sensitivity to the differences in individual
training needs [37,40]. Previous research has demonstrated the
benefits of individualized PF interventions over
nonindividualized versions regarding other outcomes (eg,
depression and anxiety [75]). Replicating these findings for
burnout and well-being outcomes would further support the
importance of accounting for individual differences when
developing interventions and demonstrate an effective method
for doing so.

Finally, the delivery of this intervention via an app is a unique
approach, and to the best of our knowledge, there are no
published RCTs assessing an intervention of this nature with
medical students. The demonstration of the efficacy of an
app-based intervention for medical student burnout and
well-being provides a potential solution to the problem of
delivering well-being resources to this group. App-based
interventions address a range of challenges by offering

accessibility, privacy, time efficiency, precision, and scalability.
These findings are important to both organizational stakeholders
and medical students seeking strategies for building sustainable
work-related well-being.

Limitations
Although the study represents a rigorous and robust contribution
to the existing literature, there are potential limitations. This
study will assess the outcomes at baseline and following the
completion of the intervention. This may not allow sufficient
time for burnout or the well-being–related benefits of the
intervention to manifest. As such, we intend to conduct
subsequent follow-up studies with consenting participants to
assess the long-term outcomes. As previously noted, early
piloting of the intervention highlighted engagement issues
regarding stage 2 of the intervention. Although we believe we
have rectified these issues based on feedback from the pilot
study, it is possible that participant engagement in stage 2 might
be limited. This would hinder our efforts to assess the
differences between individualized and nonindividualized
versions. Additionally, the problem that we are seeking to
address could further hinder engagement in this study, with
stressed students potentially being less likely to maintain their
participation over time. Early piloting suggests that short
intervention components are a positive factor in facilitating
intervention engagement among medical students but that time
constraints might adversely impact the completion rates of
postintervention outcome measures.

We anticipate that the intervention will produce positive
outcomes, but there is a risk of the misuse of such findings. As
previously noted, interventions empowering students and
physicians to build psychological well-being should be
incorporated into broader prevention initiatives that take steps
to mitigate modifiable external burnout risk factors. However,
organizations might overemphasize the role of individual
interventions, placing the burden of burnout prevention solely
on medical students and physicians. We advocate against the
use of this type of training as a stand-alone intervention but
rather as a component of a broader strategy that includes
organizational-level changes where needed [29].

Conclusions
This study will contribute to the existing literature aiming to
elucidate effective methods for improving medical student
well-being and preventing burnout and identifying whether PF
is a worthy target of future interventions. We offer a unique
method of intervention delivery that can deliver individualized
skills training with precision, in a way that is acceptable and
scalable among medical student populations. This research has
the potential to provide a strong foundation upon which to
establish preventive resources and interventions for medical
students and professionals, which could offset the broader
consequences of burnout for individuals, organizations, patients,
and the global economy.
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Abstract

Background: The extent of human interaction needed to achieve effective and cost-effective use of mobile health (mHealth)
apps for individuals with mild to moderate alcohol use disorder (AUD) remains largely unexamined. This study seeks to understand
how varying levels of human interaction affect the ways in which an mHealth intervention for the prevention and treatment of
AUDs works or does not work, for whom, and under what circumstances.

Objective: The primary aim is to detect the effectiveness of an mHealth intervention by assessing differences in self-reported
risky drinking patterns and quality of life between participants in three study groups (self-monitored, peer-supported, and clinically
integrated). The cost-effectiveness of each approach will also be assessed.

Methods: This hybrid type 1 study is an unblinded patient-level randomized clinical trial testing the effects of using an
evidence-based mHealth system on participants’ drinking patterns and quality of life. There are two groups of participants for
this study: individuals receiving the intervention and health care professionals practicing in the broader health care environment.
The intervention is a smartphone app that encourages users to reduce their alcohol consumption within the context of integrative
medicine using techniques to build healthy habits. The primary outcomes for quantitative analysis will be participant data on
their risky drinking days and quality of life as well as app use from weekly and quarterly surveys. Cost measures include intervention
and implementation costs. The cost per participant will be determined for each study arm, with intervention and implementation
costs separated within each group. There will also be a qualitative assessment of health care professionals’ engagement with the
app as well as their thoughts on participant experience with the app.

Results: This protocol was approved by the Health Sciences Minimal Risk Institutional Review Board on November 18, 2019,
with subsequent annual reviews. Recruitment began on March 6, 2020, but was suspended on March 13, 2020, due to the COVID-19
pandemic restrictions. Limited recruitment resumed on July 6, 2020. Trial status as of November 17, 2021, is as follows: 357
participants were enrolled in the study for a planned enrollment of 546 participants.

Conclusions: The new knowledge gained from this study could have wide and lasting benefits related to the integration of
mHealth systems for individuals with mild to moderate AUDs. The results of this study will guide policy makers and providers
toward cost-effective ways to incorporate technology in health care and community settings.
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Introduction

Overview
This paper describes the protocol for a randomized clinical trial
testing an evidence-based alcohol use recovery app adapted for
use as a prevention and harm-reduction app for individuals with
mild to moderate alcohol use disorder (AUD). This was adapted
from an app that was shown to be helpful for patients in
residential treatment centers. Alcohol misuse, high-risk drinking,
and AUD constitute a public health crisis in the United States
[1]. This rate of high-risk drinking has substantially increased
in recent years, with 1 in 8 adults reporting high-risk drinking
in the past year [1]. In the study cited, high-risk drinking was
defined as exceeding the recommended drinking limit of 3 in a
day for women and men aged ≥65 years or 4 for men aged ≤65
years at least weekly in the past 12 months [2]. Increases in
alcohol use in general and high-risk drinking predict an increase
in the treatments needed for certain chronic comorbidities [3].
Improving access to effective treatment is critical for a disease
as pervasive as AUD, for which few receive treatment.

Background
The use of mobile health (mHealth) apps to improve the
self-management of chronic diseases has steadily increased. A
growing body of research has begun to show positive outcomes
related to mHealth in the management of chronic conditions
[4,5], specifically for unhealthy alcohol use [6-8].

This study uses an mHealth app called Tula, Sanskrit for
balance. Tula is based on Addiction-Comprehensive Health
Enhancement Support System (A-CHESS), which was one of
the first mHealth apps proven effective in a randomized clinical
trial of patients recovering from severe AUD [8]. In an earlier
study, A-CHESS showed a 57% reduction in risky drinking
days among patients using the app with standard of care
compared with those who did not use an app when leaving a
90-day residential treatment for AUD. Since then, the platform
has been used as an addiction recovery support and relapse
prevention with thousands of patients across various settings,
including at-risk veterans in upstate New York [9], women in
rural Appalachia [10], and drug-court participants in
Massachusetts [11]. The intervention was also adapted for

specific populations; for instance, a Spanish-language version
of the app was developed to test a culturally relevant recovery
support service for Hispanic and Latino patients completing
residential treatment in the Boston area [12]. The system has
been adapted for other substance use disorders, and A-CHESS
is currently being tested in a randomized trial of patients with
opioid use disorder [13]. In addition, the platform—under the
name Seva, Sanskrit for selfless caring—was used in the first
mHealth implementation research trial that aimed to integrate
behavioral health treatment into primary care [14]. The original
and subsequent versions of A-CHESS have a theoretical basis
in self-determination theory, which holds that helping people
meet three basic needs—feeling competent, feeling related to
others, and feeling internally motivated and not coerced in one’s
actions—improves their adaptive functioning [15].

To our knowledge, the literature does not address the extent to
which human interaction is needed to achieve the most clinically
effective and cost-effective benefits of mHealth app use.
Addressing these questions is essential for determining the
future role of mHealth in reducing drinking and alcohol-related
harm. These questions have implications for addressing
substance use disorders and other chronic illnesses within health
care settings.

Objectives
This study seeks to understand how varying levels of human
interaction affect the ways in which an mHealth system works
or does not work, for whom, and under what circumstances.
This trial tests three different mHealth support models: (1) on
their own (a self-monitored, low-touch model) or in conjunction
with either (2) peer support from a community organization (a
medium-touch model) or (3) clinical support within a primary
health care system (a high-touch model). We hypothesize that
the differences in level of interaction (human touch) within the
3 mHealth support models will demonstrate effectiveness,
allowing cost-effectiveness assessment and potential for
dissemination in a population (Table 1). The low-touch model
is the least costly and easiest to implement because of its low
level of required support. However, if active involvement of
either peer support specialists or health care staff substantially
increases the effectiveness, the additional cost may be a
worthwhile investment.
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Table 1. The 3-month intervention: 3 study arms.

Clinically integratedPeer-SupportedSelf-monitored (app only)

Tula use supported by the health coachTula use supported by a community-based peer
support specialist

Unguided use of Tula

Up to three 1:1 health coaching sessions via phone
call

Interpersonal communication and wellness
monitoring via the app

Study team conducts safety monitoring and
technical support

A discussion forum moderated by a health coachA discussion forum moderated by a peer support
specialist

No discussion forum

The private messaging feature in communication
routing to a health coach

The private messaging feature in communication
routing to a peer support specialist

No communication feature with private messag-
ing

Health monitoring supported by a clinician dash-
board

No dashboard accessNo dashboard access

The primary aim is to detect the effectiveness of the intervention
on (1) self-reported risky drinking patterns and (2) quality of
life in the three study groups (self-monitored, peer-supported,
and clinically integrated). The secondary aims complement the
primary aim. First, we will look at the degree to which sex (male
or female) and severity of alcohol use moderates the intervention
outcomes among Tula users and the degree to which patient
competence, relatedness, and autonomous motivation (the 3
tenets of self-determination theory) [15] mediate the intervention
effect in the Tula groups. We will also assess the
cost-effectiveness of each approach. Finally, we will conduct
qualitative assessment interviews to understand clinician and
implementer engagement and ways to refine Tula and its
associated integration for future implementation and
dissemination.

Study Design
The study is an unblinded, patient-level, randomized clinical
trial (Figure 1). A hybrid type I design [16] is used to test the
effects of an intervention while simultaneously gathering
information related to implementation. This hybrid type I trial
tests the effects of the use of an evidence-based mHealth system
on participants’ moderate- to high-risk drinking patterns and
quality of life. The study design allows for each of the 3
randomized groups to receive an intervention variant using
mHealth support models designed to support the clinical
integration of behavioral intervention technologies (BITs), as
described by Hermes et al [17]. The study design compares a
fully automated BIT with 2 guided BITs, differentiated by
graduated levels of external support (as described in detail in
the Intervention section).

Figure 1. Study diagram. AUD: alcohol use disorder.

JMIR Res Protoc 2022 | vol. 11 | iss. 2 | e31109 | p.37https://www.researchprotocols.org/2022/2/e31109
(page number not for citation purposes)

Park et alJMIR RESEARCH PROTOCOLS

XSL•FO
RenderX

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


Methods

Participants, Interventions, and Outcomes

Study Setting

Overview

The study setting to recruit participants is the geographic
boundaries of a large academic integrated health care system
spanning several contiguous counties in a Midwestern state.
The study management site is housed within the academic
medical center (a university with a medical school and a
teaching hospital or health care system) [18]. As an mHealth
study, this study is conducted in a fully remote fashion,
including partnerships with local community organizations.

Eligibility Criteria

There are two groups of participants for this study: (1)
individuals who will receive the intervention and (2) health care
professionals practicing in a broader health care environment.

Inclusion and Exclusion Criteria for Participants Receiving
the mHealth Intervention

Participants will self-refer to the study; members of the study
team will determine eligibility based on self-reported data
(Textbox 1) collected via a secure, web-based screening survey.

Other substance use disorders or misuse of other substances
will not preclude participants’ enrollment in the study. If the
following scenarios occur during a participant’s study period,
the participant will remain enrolled in the study and their
circumstances will be documented by the study coordinator:

• The participant is unreachable for follow-up surveys.
• The participant becomes incarcerated. In the case of

incarceration, no study data will be collected during the
time they are in custody.

Textbox 1. Patient inclusion and exclusion criteria.

Inclusion criteria

• Aged ≥21 years

• Wants to reduce drinking

• Owns a smartphone and is willing to download and use the Tula app

• Lives within the health system service area

• Meets at least one of the following criteria:

• Alcohol Use Disorders Identification Test [19] screening score ≥8 or

• Responds “yes” to at least two questions on the alcohol use disorder (AUD) or the Diagnostic and Statistical Manual of Mental Disorders-5th
edition (DSM-5) [20] or

• Reports moderate- to high-risk drinking patterns (as defined by the National Institute on Alcohol Abuse and Alcoholism over the previous
week):
• More than 3 drinks on any single day and more than 7 drinks per week (women)

• More than 4 drinks on any single day and more than 14 drinks per week (men)

Exclusion criteria

• Reports symptoms consistent with severe AUD during screening (more than 6 of 11 symptoms from DSM-5 criteria; this app does not provide
support for severe AUD)

• Has an active psychotic disorder diagnosis

• Has an acute medical problem requiring immediate hospitalization

• Has a known terminal illness

Inclusion and Exclusion Criteria for Health Care
Professionals

The selected group of health care professionals will include (1)
clinicians who provided information about the study to at least
one patient; (2) health care professionals who participated in
interviews during the development year preceding the clinical
trial; or (3) health care professionals who were involved in the
implementation and could provide a health system perspective.

Intervention

Overview

Similar to previous and concurrent versions of A-CHESS, Tula
operates on smartphones. Tula maintains the core components
of A-CHESS but is modified to address the broad spectrum of
issues related to alcohol misuse likely to be found in any
community in the United States. For example, while the original
version of A-CHESS [8] encouraged participants to abstain
from using alcohol as a part of their AUD recovery, Tula
encourages users to reduce their use of alcohol. One key
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adaptation is that Tula adopts the principles of the Whole Health
model [18], placing alcohol use reduction within the context of
integrative medicine, an adaptation made based on input from
partnering health care stakeholders.

Tools and services in Tula (Textbox 2) include self-assessments;
goal-setting tools and strategies; techniques for maintaining
motivation and building healthy habits; information about
drinking and wellness; strategies for reducing drinking and
meeting other health goals; audio recordings; and other tools
for stress reduction, relaxation, and personal health management.

Textbox 2. Tula content and tools.

Feature and description

• Thought of the Day: daily inspirational quotes intended to motivate and engage participants.

• Whole Health: the Whole Health module provides information and tools to improve the whole health of a person. These topics and tools include
the following: What is Whole Health; Circle of Health; Self-Care; Mindful Awareness; Whole Health Resources; and a Personal Health Inventory.

• Motivation: users can record in words and photos their reasons for wanting to work on their drinking and wellness. Other journaling and curation
tools to boost motivation include “What Matters to Me,” a Gratitude journal, and “Favorites.”

• Tracker (the Tracker feature is accessed by all participants but is also monitored by the health coach in the clinically integrated group as part of
the health coaching goal-setting): the Tracker tool allows users to set and review goals, track and graph their progress, and record their health
and wellness patterns related to their quality of life (such as mood, sleep, social support, etc).

• Communication (communication features are limited in the self-monitored group): users can send and receive private messages with other Tula
members and can access in-app discussion forums with other members of their group.

• Information: a content and resource library organized around the Circle of Health’s eight domains of self-care—Working Your Body, Sleep and
Recharge, Food and Drink, Personal Development, Relationships, Mood and Mindset, Surroundings, and the Power of the Mind.

• Relaxation: information on relaxation techniques, audio recordings for guided meditation, and binaural beats.

• Strategies: tips for reducing drinking, cognitive behavioral therapy, and goal-setting.

• What are you grateful for: a daily prompt to reflect on gratitude.

mHealth Implementation Models

Table 1 outlines the key characteristics of the study arms during
the 3-month active intervention period for each patient. All
participants had access to the same basic content in Tula. The
key differences relate to the level of human touch available by
study group assignment.

Self-monitored Group (Low Touch)

Participants will use the app on their own, just as they would
any commercially available health app downloaded to their
smartphone. There is no access to a discussion forum and private
messaging, or the aid of an external care team or social support.
Participants may reach out to the study team by email, phone,
or from within the app via the “Messages from the Researchers”
tool. Communication is only intended for participants to ask
questions about the app, about the study, and receive
technological support. The study team conducts routine safety
monitoring based on participant use data and any communication
initiated by the participants to the study team.

Peer-Supported Group (Medium Touch)

Participants have access to social support and access to certified
peer support specialists. Peer support specialists are staff
members from a community partner outside of the health care
system. Newly randomized participants receive a welcome
message via the private messaging feature in Tula from peer
support specialists. To maintain anonymity, all participants
identify themselves using their username. The participants’
main interactions are with other members in the same group

through discussion forums where they share posts. Peer support
specialists moderate and participate in the discussion forums
while encouraging the use of Tula (eg, by posting topics in the
discussion forum, pointing Tula users to a potentially helpful
tip). They have no access to study data and only know the
participants through their usernames.

Clinically Integrated Group (High Touch)

Participants have access to a discussion forum specific to this
group and have access to a certified health coach. Health
coaches, as employees of the health care system, help individuals
make lifestyle changes to achieve their goals for health and
wellness. Participants can have 3 one-on-one personal health
coaching sessions (via phone) during the active 90-day
implementation period. Health coaches will provide a structure
for participants to achieve their self-identified goals by helping
them envision a healthier lifestyle as they reduce their alcohol
consumption. Participants can opt to share selected Tula data
with the health coach through a dashboard—data on drinking
days or drinks per day and other data reported via weekly
surveys. These data allow health coaches to provide more
responsive support to participants in meeting their goals for
alcohol use.

Outcomes

Overview

Table 2 shows the outcomes and the mediators and their
measurement. The definition and psychometric properties of
each measure are also listed.
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Table 2. Outcomes and measures.

Timing (after randomization)SourceMeasureDimension

Primary outcomes

0, 3, 6, 9, and 12 monthsParticipant surveyTimeline follow back [21,22]Risky drinking days

0, 3, 6, 9, and 12 monthsParticipant surveyPROMISa Global Health [23] and 2 COVID-19 impact
items

Quality of life

Cost outcomes

0, 6, and 12 monthsParticipant surveyMedical services utilization form [24]Health care use

Every 6 monthsHealth care professional
interviews

COINSb [25]Implementation costs

Mediators

0, 3, 6, 9, and 12 monthsParticipant surveyMcTavish Bonding Scale [26]Relatedness

0, 3, 6, 9, and 12 monthsParticipant surveyPerceived Competence ScaleCompetence

0, 3, 6, 9, and 12 monthsParticipant surveyTSRQcAutonomous motivation

ContinuousServer log filesNumber of days used; number of pages viewedTula use (patients)

Other outcomes

WeeklyParticipant surveyBrief Alcohol Monitor (revised) [27]Risk and protection factors

ContinuousServer log filesNumber of days usedTula use (clinicians)

0 monthsParticipant surveyRace, ethnicity, biological sex, and agePatient characteristics

aPROMIS: Patient-Reported Outcomes Measurement Information System.
bCOINS: Cost of Implementing New Strategies.
cTSRQ: Treatment Self-Regulation Questionnaire.

Primary Outcomes

The primary outcomes include patient-reported risky drinking
days and quality of life. Risky drinking days are the number of
days on which a participant’s drinking in a 2-hour period
exceeded 4 standard drinks for men and 3 standard drinks for
women, defined using the National Institute on Alcohol Abuse
and Alcoholism’s definition of a standard drink as 1 containing
14 g of 1 alcohol (12 oz of regular beer, 5 oz of wine, or 1.5 oz
of distilled spirits) [2]. Risky drinking days are measured using
the patient-reported timeline follow back survey. The timeline
follow back survey consistently demonstrates reliability for
assessments in recall periods as long as 6 months, test-retest
reliability of ≥0.80, and convergent and discriminant validity
with other measures; it also correlates with collateral reports
and urine toxicology tests [28]. Quality of life will be measured
using the Patient-Reported Outcomes Measurement Information
System (PROMIS) Global Health scale, a 10-item subjective
measure of general health [29]. It includes a 4-item global
physical health scale (Cronbach α=.81), a 4-item global mental
health scale (Cronbach α=.86), and two additional
items—general health and satisfaction with social roles—that
can each be scored as a single item. The PROMIS scales were
developed using item response theory and capture a greater
range of the trait being measured with greater precision than
other instruments. At the beginning of the COVID-19 pandemic,
we added two 5-point Likert scale items asking about the impact
of the COVID-19 pandemic on participants’physical and mental
health.

Cost Outcomes

Cost measures include health care use costs and intervention
and implementation costs. Health care use will be collected
from the self-reported medical services utilization form [24] (6
items). Intervention costs will be determined using Tula
time-stamped log files and billing codes logged by the health
coach. Implementation costs will be determined through clinic
staff interviews at the end of the intervention period using the
Cost of Implementing New Strategies model [30]. The cost per
participant will be determined for each study arm
(self-monitored, peer-supported, and clinically integrated) with
intervention and implementation costs separated within each
group.

Mediators

Several mediators include the 3 fundamental psychological
needs based on the self-determination theory [15] and the Tula
use data. Among the 3 core needs specified by
self-determination theory, relatedness will be measured using
the McTavish 5-item Bonding scale [26], which is highly
correlated with other social support scales, has a high reliability
of 0.9, and has been found to mediate effects between patients’
use of eHealth systems and their coping behaviors [26,31].
Competence will be measured by the perceived competence
scale, a 4-item alcohol-addiction focused scale rating confidence
in the ability to cope in high-risk situations; reported reliability
was above 0.9 [32]. Autonomous motivation will be measured
by the modified Treatment Self-Regulation Questionnaire, which
uses a 7-point Likert scale to respond to 5 items assessing the
degree to which a person’s motivation for healthy behavior is
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autonomous. Previous tests found good reliability (Cronbach
α=.88) and predicted changes in health-related behavior
(P<.001). Participant use of Tula will be measured by the
number of days using Tula and the number of pages viewed.
Days of use and pages were found to be associated with a
reduction in risky drinking days among AUD participants [8].
Clinician use of Tula will be measured by counting the number
of days per month in which clinicians log into the system during
the intervention period and the pages viewed.

Participant Timeline
Participants’ involvement in the study can be divided into four
distinct phases: (1) a pre-enrollment period encompassing
screening completion, evaluation by the study team, and
downloading the app; (2) an enrollment period consisting of a
2-stage consent process framing a 72-hour run-in period, a phone
call with a member of the research team, randomization, and
the final confirmation of enrollment; (3) a 3-month active
intervention period; and (4) a 9-month follow-up period (Figure
2).

Figure 2. Participant timeline.

The pre-enrollment and enrollment phases, together, may range
from approximately 48 hours to 3 weeks, depending on the
participant’s responsiveness and availability. Once enrolled, a
participant will be engaged in the study for 12 months.

Sample Size
This study was designed to detect the differences in the two
primary outcomes, Risky Drinking Days and Quality of Life,
among the 3 groups. In a previous study [33], after a 6-month
web-based intervention study, alcohol users in the
internet-based, therapist-led group reported having fewer drinks
(Cohen d=0.38) and a better quality of life (Cohen d=0.44) than
those in the internet-based, self-help group. In this protocol,
sufficient power (1-β=.80, multiple comparison adjusted
Cronbach α=.00833, 2-tailed) to detect a more conservative
effect size of Cohen d=0.25 in a design with 4 repeated
measurements with a first-order autoregressive covariance
structure (correlation ρ=0.3) would require approximately 182
participants per group (or a total of 546), assuming 28% attrition.
Using prior research [14] to estimate the SD of risky drinking
days, the effect of Cohen d=0.25 would equate to a difference
of approximately 0.24 risky drinking days per week and 1.62
overall quality of life value measured by the PROMIS Global
Health instrument.

Recruitment

Participant Recruitment
Recruitment for this study relies on raising its visibility among
key groups of stakeholders and tailoring our outreach efforts to
be relevant and sensitive to each group’s needs and interests.
The study’s recruitment strategy has centered on three key areas:
clinical settings, community-based organizations, and the public
media marketplace.

By promoting the study to health care professionals, primary
care providers, social workers, emergency departments, and
behavioral health specialists operating within the local health
systems, we enlisted the help of clinical study champions and
aim to provide information and resources they can share with
patients who may be eligible for the study. Engaging with local
leaders from underrepresented and marginalized communities
and working to build or fortify relationships with
community-based organizations and partners is critical for
promoting the study in a way that invites participation and
inclusion of diverse voices, perspectives, and experiences.
Finally, the use of targeted digital and print media enables the
study team to promote the study broadly but strategically while
providing information and materials that enable potential
participants to learn about the study in a way that maintains
discretion, privacy, and autonomy.

All participants who complete the eligibility screen receive a
US $10 incentive, delivered in the form of a digital gift card
when the study team notifies them of their eligibility.

Recruitment of Health Care Professionals (After the
Intervention)
Upon completion of the study’s active intervention and
follow-up period, the study team will invite a select group of
health care professionals to participate in the interviews. Email
invitations will ask if they would like to share their experiences.
Details of the study and their participation will be explained,
and if they agree to participate in the study, signed informed
consent will be collected in person, at the time of the interview,
by a member of the study team.
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Assignment of Interventions

Randomization
The randomization list was generated using the block
randomization procedure in the Power Analysis and Statistical
Software (PASS 2020) and stratified for participant-reported
biological sex (male or female) and alcohol use severity (mild
or moderate) based on Diagnostic and Statistical Manual of
Mental Disorders, fifth edition (DSM-5) scores (eg,
mild=DSM-5 score 2-3 and moderate=DSM-5 score 4-6)
calculated from participants’ responses in the pretest survey
(Table 2).

To prepare the randomization tool, the program manager of the
study team entered the sequence of randomization assignments
for each stratification group into a protected spreadsheet and
masked the data. During randomization, a researcher from the
study team conducts an active call with the participant, enters
the participant’s study ID into the next available placement in
the randomization sequence, and reveals or unmasks the
participant’s group assignment. Although on call with the
participant, the researcher configures the participant’s
permissions in the app based on their group assignment and
confirms that the participant has access to the version of the
app that corresponds to their placement.

Before the randomization call, to limit or avoid interaction
between the participants and the study team members
responsible for conducting randomization, each stage of the
pre-enrollment and enrollment process (screening, eligibility
communication, scheduling, and randomization) is led by a
different member of the team.

Enrollment
Potential participants will complete a web-based eligibility
survey on the research team’s website. Eligible participants will
receive an invitation to participate with instructions to begin
the enrollment process and a link to download the app. They
may receive up to 2 email reminders during the 2 weeks
following their completed screening.

When participants opened the app, the first of 2 digital informed
consent documents appeared. Participants may contact the study
team by email or phone with questions or concerns before
electronically signing the consent form. If a participant declines
to participate (eg, do not consent), reasons for refusal (if
provided) will be documented, in keeping with CONSORT
(Consolidated Standards for Reporting Trials) standards [32].
The study team will not initiate further contact with the
participant.

Once participants consent and submit the digital consent form,
they can create a user account initiating a 72-hour run-in period
where they complete the baseline survey bundle (10 surveys,
64 questions in total). Participants who do not complete the
72-hour run-in are not randomized; their account is deactivated;
they are removed from the study; and the reason for exclusion
(“did not complete run-in”) is documented accordingly.

Participants completing the 72-hour run-in are invited to
schedule a call for the final step in the enrollment process.
During the call, a member of the study team reviews the study

and first consent form, answers any questions, and completes
the randomization process. Once the app permissions have been
reconfigured to the appropriate study group, the participant
receives a second informed consent to review and sign. The
second consent document describes the study activities specific
to the participant’s group assignment. Both informed consents
are stored in the Study Information page in Tula for the
participants’ records with an option to print a paper copy.

Participants may withdraw their consent at any time throughout
the 12-month period after their enrollment, at which time the
study team will document their request, deactivate their account,
and send a final confirmation. The participant will not receive
further communication from the study.

Data Collection, Management, and Analysis

Quantitative Data Collection
The data collected by the Tula system come from multiple
sources (Table 2). All surveys are conducted in the Tula app.
Participants receive survey notifications from the Tula app on
their phones and then complete the survey in the Tula app
accordingly.

Baseline and Quarterly Surveys

Weekly Surveys

Tula prompts participants to take weekly surveys administered
via the app to track their drinking and quality of life. Participants
report their drinking using the 7-day timeline follow back
[21,22] survey. A modified version of the Brief Alcohol Monitor
[27] survey (10 items) allows participants to track individual
risk and protection factors that may influence problematic
alcohol use.

Tula Use

Tula use data are collected in time-stamped log files and include
when a participant accessed Tula, the services used, duration
of service use, pages viewed, messages posted and received,
and content of messages. Tula use measures the dose of the
intervention received for dose and response analyses.

Health Care Use

Health care use will be collected from the Self-reported Medical
Services Utilization Form 61 (6 items; see Table 2 for
frequency).

Intervention and Implementation Costs

Intervention costs will be determined using Tula time-stamped
log files and billing codes logged by the health coach and peer
mentors. Implementation costs will be estimated through health
care professional interviews at the end of the intervention period
and organized according to the Cost of Implementing New
Strategies model [25]. The cost per participant will be
determined for each study arm (self-monitored, peer-supported,
and clinically integrated) with intervention and implementation
costs separated within each group.

Qualitative Data Collection
Interviews will take place once the intervention phase of the
study is complete and last 30-60 minutes. Open-ended questions
will allow health care professionals to assess their experiences
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with Tula and provide feedback on implementation as well as
their thoughts on participants’ experiences using Tula.
Interviews will be conducted in a private location convenient
for participants, either in clinician offices or via a secure
videoconference call. All interviews will be audio-recorded and
transcribed.

Retention or Adherence
Participants who complete their enrollment in the study are
eligible for renumeration. Study incentives are built into the
first 12 weekly surveys and 4 quarterly follow-up surveys at
months 3, 6, 9, and 12. How to earn the incentives (gift cards)
and how the incentives will be distributed monthly to
participants by digital gift code sent via the message feature in
Tula are explained to participants during the final step of
enrollment. At the end of the 12-month study period, participants
could potentially earn up to US $250 in gift cards.

Data Analysis

Primary Analysis

The analysis assesses the direct treatment effects on participant
outcomes over time. We will construct a longitudinal model of
the outcome measures at 3, 6, 9, and 12 months after
randomization. Variables, stratified by sex and severity of
alcohol use, will be included as factors in the model. The
baseline values of the outcome will be included as covariates,
with a separate model for each primary outcome (risky drinking
days and quality of life). This longitudinal analysis is
complicated by the dependence on successive observations
made on the same individual. Furthermore, as complete control
of measurement is not possible, there may be incomplete data
from individual participants. Therefore, we will conduct a
mixed-model analysis of repeated measures based on the general
linear model with the assessment of various covariance
structures (compound symmetrical, autoregressive order one,
and unstructured). Covariance structure selection is based on
the Akaike information criterion and Schwarz Bayesian criterion
[23,24]. Pairwise comparisons between treatment groups and
specific treatment time contrasts in the mixed model will be
conducted to respond to between-group effects and time-based
effects.

Descriptive Analyses

The research team will use descriptive statistics for all
demographic and clinical variables across all 3 arms. To assess
the impact of chance baseline imbalances between arms on
intervention effect estimates, variables with noticeable
differences will be included as covariates in a sensitivity
analysis.

Mediation and Moderation Analysis

To augment the intervention analysis, we will estimate the direct
and indirect effects that groups have on the outcomes by
mediating variables using the structural equation model method.
To test moderation effects, the interaction of the moderators
(gender and severity of alcohol use severity) and randomization
will be added to the model and estimated separately. We will
examine the magnitude and direction of differential intervention
effects between levels in these moderators (eg, male vs female).

Cost-effectiveness Analysis

Operational cost will be calculated based on the tenets of
engineering economics. This study will use incremental
cost-effectiveness ratios to compare the clinically integrated,
peer-supported, and self-monitored groups. The incremental
cost associated with reductions in drinking days and
improvements in quality of life will be calculated over the
12-month intervention period.

Qualitative Data Analysis

Content analysis will describe how Tula use can improve patient
outcomes, identify potential improvements in Tula, and identify
how qualitative data can supplement the quantitative analysis.
A qualitative researcher will construct a coding scheme to assess
the ideas of the study to capture references to a concept. The
analyses will help the research team refine Tula for future
dissemination by determining the individual and organizational
conditions necessary to promote effectiveness.

Data Monitoring
All study data collected by the app will be stored in secure
password-protected servers. No patient health information will
be collected from their electronic medical records, and no data
collected by the app will be entered into patients’ electronic
medical records or affect the legal medical record. All
participants are assigned an ID number, and all data will be
deidentified before exporting for statistical analyses. Any hard
copy–identifying information will be stored in a locked cabinet.
When all study activities are complete, audio recordings,
participant ID, and other identifiable information will be
destroyed; only the deidentified code will remain.

With consultation from the funding agency (National Institute
on Alcoholism and Alcohol Abuse) and the institutional review
board, this protocol was exempted from requiring a formal data
monitoring committee review.

Ethics Approval
This protocol was initially approved by the Health Sciences
Minimal Risk Institutional Review Board (2019-0337) with
subsequent annual reviews.

Results

This study is currently ongoing. Recruitment began on March
6, 2020, but was suspended on March 13, 2020, due to the
COVID-19 pandemic restrictions. Limited recruitment resumed
on July 6, 2020. The trial status as of November 17, 2021, is as
follows: 357 participants have been enrolled in the study toward
a planned enrollment of 546 participants. This study is expected
to conclude on September 1st, 2023.

Discussion

Challenges
With the ubiquity of smartphones, the use of mHealth apps to
improve the management of chronic diseases, including
unhealthy alcohol use, is increasing. However, the extent of
human interaction needed to achieve effective and cost-effective
benefits of mHealth remains a challenge. The study is designed
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to detect differences in the costs and effectiveness of
implementing an mHealth intervention using 3 strategies that
systematically vary the level of human touch provided to support
its use by patients. Such a novel approach to implementing an
mHealth system presents several challenges, primarily stemming
from disruptions associated with the COVID-19 pandemic. One
of the biggest challenges involves outreach and recruitment in
communities of color. Creating trust in messaging, which was
already a challenge, was doubly impacted by the COVID-19
pandemic as well as by police brutality in African American
communities nationwide. Although an mHealth study by design
is digital and remote, more challenges arose regarding ways to
engage with clinics and community organizations for
recruitment, particularly with local leaders from
underrepresented and marginalized communities. Finally, with
increased reliance on digital technologies caused by the
pandemic, there was an unexpected surge in internet bot
activities, creating a spike in false screening results that required
increased safeguarding and monitoring by the research team.

Lessons Learned
There have been lessons learned, aside from the challenges
encountered in executing this protocol. Getting clinician
feedback and conducting usability tests of the app with potential
participants before recruitment helped create a broader and more
user-friendly mHealth intervention and implementation climate.
Developing a flexible and adaptive recruitment strategy was
also an important lesson learned for a study reliant on participant
self-referral, especially when encountering unexpected situations
such as the novel COVID-19 pandemic. Another lesson learned
has been understanding the varied forms that the stigma of
alcohol use presents itself within different communities and
cultures. With alcohol misuse, high-risk drinking, and AUD
constituting a public health crisis in the United States, testing
whether an app such as Tula can benefit patients in a primary
health care system is essential in determining the future role of
mHealth in reducing drinking and alcohol-related harm. The
results of this study may also provide guidance to policy makers
and health care decision makers on the most cost-effective ways
to incorporate technology in health care settings.
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Abstract

Background: Bipolar disorder is a severe mental illness with high morbidity and mortality rates. Even with pharmacological
treatment, frequent recurrence of episodes, long episode durations, and persistent interepisode symptoms are common and
disruptive. Combining psychotherapy with pharmacotherapy improves outcomes; however, many individuals with bipolar disorder
do not receive psychotherapy. Mental health technologies can increase access to self-management strategies derived from
empirically supported bipolar disorder psychotherapies while also enhancing treatment by delivering real-time assessments,
personalized feedback, and provider alerts. In addition, mental health technologies provide a platform for self-report, app use,
and behavioral data collection to advance understanding of the longitudinal course of bipolar disorder, which can then be used
to support ongoing improvement of treatment.

Objective: A description of the theoretical and empirically supported framework, design, and protocol for a randomized controlled
trial (RCT) of LiveWell, a smartphone-based self-management intervention for individuals with bipolar disorder, is provided to
facilitate the ability to replicate, improve, implement, and disseminate effective interventions for bipolar disorder. The goal of
the trial is to determine the effectiveness of LiveWell for reducing relapse risk and symptom burden as well as improving quality
of life (QOL) while simultaneously clarifying behavioral targets involved in staying well and better characterizing the course of
bipolar disorder and treatment response.

Methods: The study is a single-blind RCT (n=205; 2:3 ratio of usual care vs usual care plus LiveWell). The primary outcome
is the time to relapse. Secondary outcomes are percentage time symptomatic, symptom severity, and QOL. Longitudinal changes
in target behaviors proposed to mediate the primary and secondary outcomes will also be determined, and their relationships with
the outcomes will be assessed. A database of clinical status, symptom severity, real-time self-report, behavioral sensor, app use,
and personalized content will be created to better predict treatment response and relapse risk.
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Results: Recruitment and screening began in March 2017 and ended in April 2019. Follow-up ended in April 2020. The results
of this study are expected to be published in 2022.

Conclusions: This study will examine whether LiveWell reduces relapse risk and symptom burden and improves QOL for
individuals with bipolar disorder by increasing access to empirically supported self-management strategies. The role of selected
target behaviors (medication adherence, sleep duration, routine, and management of signs and symptoms) in these outcomes will
also be examined. Simultaneously, a database will be created to initiate the development of algorithms to personalize and improve
treatment for bipolar disorder. In addition, we hope that this description of the theoretical and empirically supported framework,
intervention design, and study protocol for the RCT of LiveWell will facilitate the ability to replicate, improve, implement, and
disseminate effective interventions for bipolar and other mental health disorders.

Trial Registration: ClinicalTrials.gov NCT03088462; https://www.clinicaltrials.gov/ct2/show/NCT03088462

International Registered Report Identifier (IRRID): DERR1-10.2196/30710

(JMIR Res Protoc 2022;11(2):e30710)   doi:10.2196/30710
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Introduction

Bipolar disorder is a severe mental illness characterized by
episodes of mania, hypomania, depression, and mixed states
[1,2]. It causes significant impairment in psychosocial
functioning and is a leading cause of disability [2,3]. In addition,
bipolar disorder doubles all-cause mortality and is associated
with a high lifetime risk of suicide [4]. The ongoing suffering
produced by this disorder drives a clear need for continuing
efforts to develop and increase access to effective treatment.

Pharmacotherapy is the primary treatment for bipolar disorder,
but even when pharmacological treatment is initially effective,
high rates of episode recurrence, interepisode symptoms, and
psychosocial impairment persist [5-9]. Evidence from
randomized controlled trials (RCTs) indicates that combining
psychotherapy with pharmacotherapy decreases episode
recurrence and symptom burden while also improving quality
of life (QOL) [10-18]. Treatment guidelines for bipolar disorder
recommend providing adjunctive psychotherapy [19-21].
Despite these recommendations and the demonstrated
effectiveness of adjunctive psychotherapy, multiple barriers
limit access to evidence-based therapy, and only about half of
individuals with bipolar disorder receive psychotherapy [22-26].

Smartphones are widely used and accepted for mental health
assistance [27-31]. Smartphone-based mental health
technologies thus provide a promising means for increasing
access to the content of empirically supported psychotherapies
for bipolar disorder. In addition, individuals with bipolar
disorder in sustained remission report using self-management
strategies that overlap significantly with the content of
empirically supported psychotherapies, and many people with
bipolar disorder are interested in using self-management
strategies to stay well [32-35]. These findings suggest that
mental health technologies delivering self-management
strategies derived from empirically supported psychotherapies
may meet user needs and support engagement [36-39]. In
addition, mental health technologies provide novel opportunities
for improving intervention impact, such as the provision of
real-time assessments and adaptive feedback to users as well
as status alerts to their mental health providers [40-43].

Furthermore, the use of smartphones allows collection of
self-report, app use, and behavioral data that may enhance
prediction of longitudinal course and current relapse risk,
improve evaluation of treatment response, and provide a better
understanding of behavior change processes to facilitate timely
and successful intervention delivery [44-46].

Unfortunately, most publicly available smartphone apps for
bipolar disorder do not provide information and
self-management tools that reflect current practice guidelines
[47,48]. However, work is underway to develop and test web-
and smartphone-based interventions for bipolar disorder based
on empirically supported psychotherapies. These studies
consistently demonstrate that individuals use and report high
levels of satisfaction with these apps but are less consistent in
showing improvement in symptoms and QOL [49-55]. LiveWell,
a novel smartphone-based self-management intervention for
bipolar disorder, has been developed (NCT02405117) and tested
in a single-blind RCT (NCT03088462). As adequate description
of interventions is essential to facilitate ongoing efforts to
improve and disseminate empirically supported treatments
[56-59], the theoretical and empirically supported framework,
design, content, mode, and timing of delivery, as well as the
evaluation methodology for LiveWell, is described here.

Methods

Overview
The development of LiveWell and its evaluation followed an
intervention mapping and person-centered approach [60-62].
This approach used an iterative strategy combining multiple
stages of framework and design revisions based on feedback
from mental health providers and individuals with bipolar
disorder. This intervention development process has previously
been described in detail [63-66]. In terms of clinical and
recovery needs, the goal of LiveWell is to increase access to
empirically supported treatment strategies for bipolar disorder,
address the self-management interests of individuals with bipolar
disorder, and enhance the utility of these strategies by providing
real-time assessment feedback and provider alerts. In terms of
research needs, the goal of LiveWell is to provide a self-report,
app use, and behavioral data collection platform to enhance

JMIR Res Protoc 2022 | vol. 11 | iss. 2 | e30710 | p.48https://www.researchprotocols.org/2022/2/e30710
(page number not for citation purposes)

Goulding et alJMIR RESEARCH PROTOCOLS

XSL•FO
RenderX

http://dx.doi.org/10.2196/30710
http://www.w3.org/Style/XSL
http://www.renderx.com/


prediction of the longitudinal course and current relapse risk,
improve evaluation of treatment response, and provide a better
understanding of behavior change processes to facilitate timely
and successful intervention delivery. The details of the
intervention framework, its practical design, and evaluation
methodology are described below.

Intervention Framework
A behavior change framework for use in guiding the creation
of content and tools for LiveWell was developed by integrating
user feedback with information from empirically supported
psychotherapies for bipolar disorder [10-18], health psychology
behavior change theories [62,67-85], and chronic disease
self-management models [86-92]. The framework proposes that

(1) engaging in target behaviors improves clinical and recovery
outcomes, (2) behavioral determinants govern the enactment of
target behaviors, and (3) exposure to behavior change technique
content and tool use alters behavioral determinants (Figure 1
and Table 1). This framework provides a theory-based and
empirically supported rationale for including intervention
content and tools. It also provides a means to label intervention
content in terms of outcomes, targets, and determinants
addressed by the behavior change techniques delivered (Tables
2 and 3; Multimedia Appendix 1). This labeling will allow
investigation of intervention mechanisms by examining the
relationships between changes in outcomes, targets,
determinants, and exposure to behavior change technique
content and tool use.

Figure 1. Behavior change framework.
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Table 1. Behavior change framework determinant definitions and theories.

TheoriesDefinitionsDomains and determinants

Motivation

ITa, TDFb, TPBcIdentity • Self-perception of personal characteristics, social roles, and types that form a set of
standards guiding behavior

FTd, IT, TPBNorms • Beliefs about whether others would approve or disapprove of a behavior (injunctive)
and desire to comply with others (compliance).

• Beliefs about whether others engage in a behavior (descriptive) and desire to be like
others (identification)

HAPAe, MIf, SCTg,
TPB

Attitudes • Beliefs about the tangible costs and benefits (instrumental) or emotional consequences
(affective) of engaging in a behavior

HAPA, HBMh,

CDSMi

Perceptions • Beliefs about one’s susceptibility to a health condition and the severity of the health
condition (risk susceptibility and severity)

CDSMInsight • Awareness of having a health condition, presence of symptoms and consequences,
and need for treatment

CDSM, COMBj,
HBM, SCT

Knowledge • Awareness of information necessary to support active participation in management
of a health condition

GSTk, HAPA, SCT,
TPB, TDF

Self-efficacy • Beliefs about personal ability to perform a target behavior

GST, HAPA, SCT,
TPB, TDF

Intention • Explicit decision to engage in a target behavior to achieve an outcome

Volition

CTl, GST, SCT,

SDTm

Goal setting • Identification of a target behavior to engage in to achieve an outcome

CT, CDSM, HAPAPlanning • Specific plans for engaging in a target behavior (task) or overcoming obstacles to
engaging in a target behavior (coping)

CT, CDSM, HAPAMonitoring • Maintaining awareness of engagement in a target behavior

CT, CDSM, HAPAEvaluation • Detecting degree of alignment between actual behavior and target behavior.

CT, CDSM, HAPAAdjustment • On the basis of monitoring and evaluation: acknowledge success and maintain or re-
focus current goals and plans or understand problems, identify solutions and make
changes in current goals and plans

CDSM, SCTPractice • Repetition of an action or its elements to learn or improve a capability

Environment

CDSM, COMB, HA-
PA, SCT, TDF

Support and obstruction • Direct informational, emotional, or tangible physical input from others that facilitates
or hinders engagement in a behavior

CDSM, COMB, HA-
PA, SCT, TDF

Resources and constraints • Physical conditions of a situation that facilitate or hinder engagement in a behavior

CT, TDFReinforcement • Increasing the probability of a behavior by arranging a contingency between the be-
havior and a consequence that follows the behavior

CT, TDFPrompts • Physical or social stimulus that acts as a reminder to engage in a behavior

Capabilities

COMB, SCT, TDFExecutive function • Cognitive capacities such as working memory, inhibitory control, and mental flexibil-
ity

COMB, SCT, TDFSkills • Abilities acquired or developed through practice
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aIT: Identity Theory [80,85].
bTDF: Theoretical Domain Framework [81,84].
cTPB: Theory of Planned Behavior [69].
dFT: Focus Theory [93].
eHAPA: Health Action Process Approach [76,77].
fMI: Motivational Interviewing [74].
gSCT: Social Cognitive Theory [68,73].
hHBM: Health Belief Model [83].
iCDSM: Chronic Disease Self-Management [86-92].
jCOMB: Capability Opportunity Motivation Behavior [79].
kGST: Goal Setting Theory [72,75].
lCT: Control Theory [67,71].
mSDT: Self-Determination Theory [70,78].
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Table 2. Smartphone app content.

PPaDomains, determinants, and techniques

40.1Motivation

16.1Knowledge

5.1Information on app use

4.2Information about a health condition

4.1Information about treatment of a health condition

1.4Information about effective self-regulation

1.3Information about antecedents

14.1Attitudes and perceptions

9.6Information about health consequences

2.0Pros and cons

1.3Information about social and environmental consequences

0.7Information about emotional consequences

4.8Norms

2.5Social comparison

1.9Credible source

2.4Insight

2.4Guided discovery

1.5Self-efficacy

1.0Focus on past success

0.5Persuasion about capability

0.8Identity

0.7Valued self-identity

0.5Intention

0.5Elicit commitment

35.8Volition

11.4Evaluation

7.9Feedback on outcome of behavior

2.5Feedback on behavior

1.0Discrepancy between current behavior and goal

8.3Planning

3.5Coping planning

2.6Task planning

2.3Implementation intentions

5.9Monitoring

4.0Self-monitoring of outcomes of behavior

1.9Self-monitoring of behavior

5.2Adjustment

5.1Review behavior goals

4.1Practice

2.9Behavioral rehearsal

1.1Graded tasks

0.9Goal setting
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PPaDomains, determinants, and techniques

0.7Process goal

13.0Environment

11.0Support and obstruction

4.1Social support—feedback

3.7Social support—treatment

1.5Restructuring social environment

0.7Social support—unspecified

0.5Social support—support group

1.0Prompts

1.0Introduce cues

0.8Resources and constraints

0.6Restructuring physical environment

10.1Capabilities

10.0Skills

3.2Instruction on how to perform a behavior

1.3Relaxation training

1.2Engage in activity

1.1Reduce negative emotions (stress management)

0.8Behavioral experiments

0.6Observing

0.5Framing and reframing

0.4Conserving mental resources

0.4Accepting

0.4Behavioral substitution

aPercent of smartphone app pages.
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Table 3. Coaching scripts content.

PPaDomain, determinant, and behavior change technique

49.5Motivation

12.1Knowledge

7.7Information about app use

4.4Information about a health condition

11.0Self-efficacy

7.4Emphasize autonomy

3.6Affirmation

10.4Intention

8.7Agenda mapping

1.4Summarize the plan

0.3Elicit commitment

9.4Attitudes and perceptions

4.8Desire-ability-reason-need questions

2.0Elicit-provide-elicit

1.9Information about health consequences

0.4Monitoring of emotional consequences

0.3Information about social and environmental consequences

4.5Insight

4.5Guided discovery

1.6Norms

1.1Social comparison

0.5Credible source

0.4Identity

0.4Valued self-identity

27.9Volition

14.6Planning

7.2Coping planning

3.7Task planning

2.0Consider change options

1.5Brainstorming

0.3Implementation intentions

5.0Adjustment

4.7Review behavior goal

0.3Review outcome goal

3.6Goal setting

2.7Process goal

0.9Outcome goal

2.7Evaluation

2.4Feedback on behavior

0.3Discrepancy between current behavior and goal

2.1Monitoring

1.8Self-monitoring of behavior
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PPaDomain, determinant, and behavior change technique

0.3Self-monitoring of outcome of behavior

22.0Environment

18.8Support and obstruction

5.9Open-ended questions

3.5Social support—practical

3.5Permission to provide information and advice

3.0Social support—unspecified

2.3Support change and persistence

0.3Reflective statements

0.3Summary statements

1.8Reinforcement

1.8Social reward

1.4Prompts

1.4Introduce cues

0.5Capabilities

0.5Skills

0.5Conserving mental resources

aPercent of coaching script pages.

Adjunctive psychotherapy interventions for bipolar disorder
typically enroll individuals who are between acute episodes and
focus on the prevention of relapse [10-15,18]. Time to episode
recurrence was thus selected as the primary clinical outcome
(Figure 1) to ensure that the efficacy of LiveWell can be
assessed in the context of existing face-to-face studies. As
cumulative measures of symptom burden are better predictors
of psychosocial functioning than episode recurrence rate [94],
percentage time symptomatic and symptom severity were
selected as secondary outcomes. QOL was also chosen as a
secondary outcome because the absence of symptoms is not
synonymous with QOL, and improvement in QOL is highly
valued by individuals with bipolar disorder [39,95,96].

Although empirically supported adjunctive therapies for bipolar
disorder use diverse approaches, changes in shared behavioral
targets may result in the improved outcomes produced by these
therapies [5,18,26,33,97,98]. Thus, the LiveWell intervention
seeks to improve clinical and recovery outcomes by assisting
individuals with managing targets proposed to underlie the
impact of existing face-to-face therapies (Figure 1). LiveWell
emphasizes the importance of identifying signs and symptoms
of relapse, developing plans and monitoring for relapse, and
enacting and adjusting plans as needed (managing signs and
symptoms) [99,100]. In addition, LiveWell uses a similar
process to support taking medications as prescribed [101-105],
obtaining adequate sleep duration [106-110], and maintaining
regular routines [111-115]. LiveWell also addresses
strengthening social support [5,35], managing stressors [33,35],
and engaging in healthy habits regarding diet, exercise, and
substance use [5,116-118].

Recent studies have proposed that behavioral determinants
govern the enactment of target behaviors and that psychosocial
interventions produce changes in these determinants via the
delivery of behavior change techniques [62,81,82,84,119-124].
Behavior change techniques are replicable and irreducible
intervention components that impact behavioral regulation [82].
Taxonomies defining distinct techniques and grouping them
into nonoverlapping clusters hypothesized to alter specific
behavioral determinants have been developed [82,119-124].
Distinct behavior change techniques can thus be selected and
delivered to shift a particular determinant involved in enacting
a target behavior (Tables 2 and 3; Multimedia Appendix 1). To
align with existing behavior change theories and organize
determinants [62,67-85], we grouped determinants and their
corresponding techniques into four domains: motivational
determinants involved in developing an intention to engage in
a behavior, volitional determinants involved in enacting the
behavior, environmental determinants and capabilities that
impact motivation and volition (Figure 1 and Table 1). Although
our behavior change framework is presented as a linear system
in which delivery of behavior change techniques alters
behavioral determinants to shift target behaviors and improve
outcomes (Figure 1), this linear view should be regarded as a
simplification. Instead, the behavior change framework should
be considered as a continuous and reciprocal system in which
multiple wellness outcomes, target behaviors, and behavioral
determinants interact continuously and reciprocally to impact
the process of health behavior change [87,125]. In terms of
providing information about self-management strategies to
users, the behavior change framework is therefore recast as an
ongoing process that requires assessment of motivation,
environment, and capabilities to guide the selection of target

JMIR Res Protoc 2022 | vol. 11 | iss. 2 | e30710 | p.55https://www.researchprotocols.org/2022/2/e30710
(page number not for citation purposes)

Goulding et alJMIR RESEARCH PROTOCOLS

XSL•FO
RenderX

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


behaviors and creation of plans followed by behavioral
enactment and practice accompanied by ongoing reassessment

and updating based on monitoring (Figure 2).

Figure 2. Behavior change process.

Intervention Design
Although the behavior change framework (Figures 1 and 2;
Tables 1-3) directs the selection of theory-based and empirically
supported strategies for inclusion in LiveWell, it does not
address the practical methods for using technology to deliver
content and supporting tools [126-129]. Our intervention design

thus considers the technical components involved in delivering
self-management strategies. In addition, as human support is
often a critical feature of effective mental health technology
interventions, the design of coaching roles has been addressed
[130-136]. As such, the LiveWell intervention has technological
and human support components, including a smartphone app,
a secure server and a website, and coaching support (Figure 3).

Figure 3. Intervention design: arrows outside gray boxes on left side indicate provider and coach access to dashboard and email communications and
on right side user access to the dashboard and smartphone app. Arrows between providers, coach, user, family and friends represent interactions between
the user and supports. In the case of the coach, interactions with the user and provider may be prompted by email alerts. Arrows within the app represent
the user app workflow. Information in the Foundation lessons and Toolbox is used to develop a personalized Wellness Plan, including daily monitoring
using the Daily Check-In. Daily Check-In data are used to provide feedback via the Daily Review. The Daily Review feedback directs the user to
relevant app content in their Wellness Plan or the Foundations and Toolbox.
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The smartphone app has five main components: Foundations,
Toolbox, Wellness Plan, Daily Check-In, and Daily Review
(Figures 3 and 4; Multimedia Appendix 2). The Foundations
and Toolbox components discuss the rationale for engaging in
target behaviors, using self-management techniques, and the
role of beliefs, environmental resources, and social support on
behavioral engagement (Multimedia Appendix 2). The
Foundations and Toolbox also discuss the importance of setting
clear and realistic target goals, making detailed plans for
accomplishing goals and overcoming obstacles, monitoring
target behaviors, evaluating if goals are being met, and making
adjustments as needed. In addition, the roles of self-assessment
and learning and practicing skills for achieving target goals are
discussed. Over 4 weeks, users work through the Foundations
and Toolbox components and develop a personalized Wellness
Plan that addresses lifestyle skills for reducing risk, coping skills
for managing signs and symptoms, and resources for staying
well (Figures 3 and 4). As part of the Wellness Plan, users

develop a personalized plan for managing signs and symptoms
(Awareness and Action) across a range of wellness levels (0
balanced, −1 or +1 daily hassles or uplifts, −2 or +2 prodromal
or residual symptoms, −3 or +3 episode, −4 or +4 crisis).
Creating this plan includes reviewing past experiences to
identify personalized wellness scale anchors. This anchoring
process assists users in monitoring and recognizing their current
wellness level [35]. The plans also specify personalized actions
for each wellness level [65]. In addition, users develop a
personalized Reduce Risk plan. The Reduce Risk plan involves
setting achievable goals, anticipating obstacles, and specifying
clear actions to take for target behaviors, including taking
medications as prescribed, obtaining adequate sleep, maintaining
regular routines, strengthening and using social support,
managing stressors, and engaging in healthy habits regarding
diet, exercise, and substance use [65]. This Reduce Risk plan
is described by the acronym SMARTS: Sleep, Medicine, Attend
(to diet, exercise, and substance use), Routine, Tranquil, Social.

Figure 4. Smartphone App Design: Dashed lines indicate app components available based on timing (Daily and Weekly Check-Ins) or completion of
other components (Daily Review, Review Something Else). EWS: early warning signs; MSS: manage signs and symptoms; PHQ: Patient Health
Questionnaire 8; AMRS: Altman Mania Rating Scale; i: Instructions; gear symbol: settings.

Monitoring is a major determinant of behavior change [58], an
essential strategy for empirically supported bipolar disorder
psychotherapies [11,18,97,99], and individuals with bipolar
disorder are interested in using self-monitoring tools [32,33].
Thus, the core of the app is a Daily Check-In (Figure 3). The
Daily Check-In monitors medication adherence, sleep duration,
routine (bedtime and risetime), and wellness level. These targets
were selected for daily monitoring because they are consistently
addressed in the core content of adjunctive psychotherapy
interventions [5,18,26,33,97,98,137] and are readily amenable

to goal setting and self-monitoring. Users were asked to check-in
daily for 16 weeks. On the basis of data from the Daily
Check-In, the Daily Review uses an expert system to provide
adaptive, personalized real-time feedback [64]. As described in
detail elsewhere [64], the rules linking delivery of feedback and
the Daily Check-In data were developed based on existing
literature regarding bipolar disorder and psychiatrist feedback
from a web-based survey. This feedback reinforces success and
directs users to relevant app sections (within Foundations,
Toolbox, and Wellness Plan) to assist users with making
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adjustments if needed (Figures 3 and 4). If the Daily Check-In
data indicate a need for additional clinical support based on the
expert system algorithms [64], users receive feedback to contact
their psychiatrist, and a message with a link to the psychiatrist’s
phone number appears. An example of opening the app and

completing a Daily Check-In followed by a truncated example
of Daily Review feedback is displayed in Figure 5, and a more
detailed use case scenario is provided in Multimedia Appendix
3.

Figure 5. Daily Check-In and Daily Review: (A) Upon opening the LiveWell app, user views the home page with Daily Check-In highlighted indicating
task to be completed, (B) User completes Daily Check-In with a wellness rating of -2 indicating possible early warning signs of depression, (C) After
user submits Daily Check-In data, Daily Review feedback page displays summary of last 7 check-ins. Expert system identifies a possible shift in mood
down as priority, (D-E) User continues through Daily Review and receives information about Awareness and Action, F. Last page of Daily Review
suggests user check My Skills in Resources in the Wellness Plan. Daily Review feedback truncated here for display.

Users also complete a Weekly Check-In, including the
8-question Patient Health Questionnaire (PHQ-8) [138], Altman
Self-Rating Mania Scale (ASRM) [139], and checklists for early
warning signs of depression and mania [140-142]. Users receive
feedback and a pop-up message if their Weekly Check-In
responses indicate the new onset of an episode. For example,
if the PHQ-8 score transitions from <10 to ≥10, suggesting the
onset of a depressive episode based on the published threshold
[138], the pop-up message says, “Looks like you may be
entering a depressive episode. Call your psychiatrist to
check-in.” and contains a link to the psychiatrist’s phone number
to prompt a call [64]. Overall, the app content encourages users

to work with a psychiatrist to come to a mutual understanding
of clinical problems and treatment plans and engage in active
and sustained collaborative treatment and progress monitoring
[63]. The secure server and website aim to support
communication with providers by delivering automated email
alerts to enrolled providers when additional clinical support
may be needed.

The LiveWell technology was supported by coaches with
bachelor’s degrees who did not have professional mental health
training. The coaches were trained and supervised for their roles.
Details of the coach training and supervision are presented
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elsewhere [63]. The coach supports app use adherence,
self-management, and clinical care communication (Figure 6).
The coach uses a supportive accountability model to facilitate
app use by working with the user to establish a bond, legitimacy,
and accountability [63,135]. The coach provides
self-management support using a simplified adaptation of
motivational interviewing, which is effective with brief
consultations administered by individuals without professional
mental health training [63]. The coach also uses a chronic
disease self-management model to provide app content guidance
that assists the user by setting appropriate target goals,
personalizing a Wellness Plan, monitoring target progress, and
enacting and adjusting plans based on success or problems
[63,86-92,125]. There is a clear division of labor between the
technology and the coach to ensure the coach operates within
the scope of nonclinical practice. The technology operates as a
psychotherapeutic strategy expert and provides status summaries
and alerts to the coach, who uses flow sheets and structured
scripts to serve as a technology use concierge [63]. In addition,
the coach works to support communication and collaboration
with the care provider. The coach is prompted via server email
alerts to contact providers via telephone when user
self-assessments indicate problems with treatment adherence
or the presence of early warning signs, worsening, or severe
symptoms.

Coaching starts with a structured face-to-face meeting that
addresses how using self-management strategies within the app
can assist users in managing their wellness (Multimedia
Appendix 4). The coach works with the user to review their
experiences with normal ups and downs, early warning signs
and symptoms, episodes, and related crises. This review leads

to developing a personalized 9-point wellness rating scale to
facilitate the self-monitoring of signs and symptoms. Next, the
coach walks the user through the app and has the user complete
a Daily Check-In and Daily Review. The user then sets specific
goals for medication adherence, sleep duration, routine bedtime
and risetime, and wellness rating range. The coach encourages
the user to set parameters known to facilitate health, including
maintaining medication adherence, adequate sleep duration,
regular bed and wake windows, and “balanced” wellness ratings
(expected ups and downs due to routine events)
[5,18,26,33,97,98]. The coach wraps up the face-to-face meeting
clarifying the coach’s role and obtaining a commitment to app
use and target goal achievement.

Following the face-to-face meeting, 6 scheduled coaching calls
occur during weeks 1-4, 6, and 16 (Figure 6). Before each call,
the coach reviews a dashboard summarizing app use and the
percentage of days that personalized target goals were met [64].
At each call, the coach uses the summary and a structured script
to review progress and guide app use (Multimedia Appendix
4). To provide closure and a time-limited treatment, the sixth
and final call wraps up working with the coach as well as the
request to check-in daily [143]. The coach reviews with the user
what they learned and what future plans may assist the user in
living well. The user is encouraged to commit to using the
strategies they have found helpful and return to app use as
needed. The user is asked if they would like to continue to
receive daily notifications on their smartphone as a reminder
to check-in (Figure 6). The user is also asked to continue
carrying their smartphone whenever they leave home and to
wear a Pebble watch all day, every day, to allow ongoing
behavioral monitoring for study purposes.

Figure 6. Study timeline.

All coach face-to-face meetings and telephone calls were
audiotaped. To assess coach fidelity, 15% of the completed
coach face-to-face meetings and 15% of the weekly scheduled
call audiotapes were randomly selected for review each month.
Coach fidelity was then assessed using an adapted version
(Multimedia Appendix 4) of the behavior change counseling
index [144] scored by a trained mental health professional

(psychologist). Exit questionnaires assessing smartphone app
usability and coaching support were delivered at study week
48 through a web survey sent by the coaches to all participants
in the intervention arm (Multimedia Appendix 5). In addition,
exit interviews were completed by telephone after week 48 for
the first 15% of participants exiting the intervention arm
(Multimedia Appendix 5). These exit questionnaires and
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interviews were completed to obtain user feedback on the
intervention to assist with the ongoing development of LiveWell
[65].

Intervention Evaluation

Overview
An RCT to evaluate LiveWell has been carried out, and data
analysis is underway for the following: aim (1) to establish the
capacity of LiveWell to reduce relapse and symptom burden
and improve QOL in bipolar disorder, aim (2) to investigate the
impact of LiveWell on proximal behavioral targets and the
relationship between changes in these targets and changes in
relapse rate and symptom burden, and aim (3) to identify novel
behavioral signatures in individuals with bipolar disorder that
predict treatment response and relapse. Aim 1 will test the
following hypotheses: primary hypothesis—participants in the
intervention group will experience (H1) a longer time to relapse
relative to treatment as usual (TAU); secondary
hypotheses—participants in the intervention group will
experience (H2) a lower percentage of time being symptomatic,
(H3) lower symptom severity, and (H4) a better QOL relative
to TAU. Aim 2 will test the following additional hypotheses:
primary hypothesis—participants in the intervention group will
experience (H1) larger improvements in proximal behavioral
targets (eg, medication adherence) relative to TAU; secondary
hypotheses—variation in the proximal behavioral targets will
account for substantial variance in the (H2) primary clinical
outcome (time to relapse) and secondary clinical outcomes of
(H3) percentage time symptomatic and (H4) symptom severity;
proximal behavioral targets will mediate the intervention effect
on the (H5) primary clinical outcome (time to relapse) and the
secondary clinical outcomes of (H6) percentage time
symptomatic and (H7) symptom severity; tertiary
hypotheses—participants in the intervention group will
experience (H8) an increase in performance determinant scores
for each target, and at the final time point, will have (H9) higher
performance determinant scores for each target relative to TAU.
Aim 3 is exploratory and will develop a database of behavioral
sensing (intervention and TAU arms) as well as app use and
self-assessment (intervention arm only) data. The relationships
between these data and clinical status assessment data will be
examined with the long-term goal of better predicting current
relapse risk, treatment response, and longitudinal course for
individuals with bipolar disorder.

Entry Criteria
To facilitate recruitment of eligible participants and minimize
exclusions while maximizing safety and study power, the
following inclusion and exclusion criteria were used: The
inclusion criteria were as follows: (1) adults aged 18 to 65 years,
(2) individuals with bipolar disorder type I, and (3) a minimum
of one acute episode in the last 2 years. Exclusion criteria were
as follows: (1) not receiving psychiatric care, (2) current mood
episode, (3) current severe suicidal ideation or a recent serious
suicide attempt (last 3 months), (4) current substance use
disorder (last 3 months), (5) visual impairments limiting mobile
phone use, and (6) inability to speak and read English.

Ethics Approval
The study was reviewed and approved by the Northwestern
University Institutional Review Board (STU00202860).

Recruitment, Screening, and Enrollment
The RCT for LiveWell recruited participants from the Chicago
and Minneapolis-Saint Paul areas. At both sites, recruitment
letters were sent to eligible individuals (bipolar disorder
diagnosis, 18-65 years, and consent to contact for research)
whose information was available in site-specific research
registries or electronic health record data warehouses. The
recruitment letters were followed up with phone calls from the
study staff. Study recruitment information was also available
for both sites at ClinicalTrials.gov, ResearchMatch.org, and
WeSearchTogether.org websites. In the Chicago area,
individuals were also recruited via mental health and university
clinic presentations, flyers, brochures, e-mails to mental-health
providers affiliated with Northwestern Medicine, and
advertisements (Facebook, Reddit, Craigslist, Google AdWords,
Chicago Transit Authority, digital, and print newspapers).

The study team contacted individuals via telephone (research
registries) or individuals contacted the study team on the web,
by email, or telephone. Individuals then completed a web based
or telephone screening consent and completed a brief web-based
or telephone-based eligibility screener (Multimedia Appendix
6). Eligible individuals were scheduled for telephone screening
using a modified Mini International Neuropsychiatric Interview
[145-147] and the National Institute on Drug Abuse Quick
Screen followed by the Alcohol Use Disorders Identification
Test and National Institute on Drug Abuse-modified assist for
additional substance use disorders screening. A suicide attempt
screener was also delivered, and demographic information was
obtained. If still eligible, individuals attended a face-to-face
clinic visit at which written consent was completed, followed
by a structured interview with a trained mental health clinician
(psychiatrist or psychologist) using an abbreviated and modified
version of the Affective Disorders Evaluation and Clinical
Monitoring Form [148-150]. Individuals with a confirmed
diagnosis at the clinic visit were scheduled for a baseline
telephone assessment and enrolled if no exclusion criteria were
present at this assessment. Individuals who exhibited a current
mood episode or substance use disorder, severe suicidality, or
a recent serious suicide attempt at any step during screening
were offered the opportunity to repeat the step at a later date
and continue the screening process if the exclusion criteria were
resolved (Multimedia Appendix 6).

At their initial face-to-face coaching meeting, intervention arm
participants were asked if they wanted to allow any of their
mental health providers to access a secure password-protected
website that summarizes their self-report data (Daily and Weekly
Check-Ins). If a participant consented to provider participation,
a letter offering participation was mailed to the provider, and
the coach contacted the provider by telephone. Providers
interested in participating completed a web-based, verbal, or
written consent form before receiving access to the website.
Providers could opt to receive alerts via email or telephone
when participant self-report data indicated reduced medication
adherence, increased or decreased sleep duration, or
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deterioration in their daily wellness ratings. Providers were not
required to opt for alerts to participate in the study. To allow
access to the widest range of participants, participants were not
required to allow any providers to access the website and
providers were not required to consent to access the website or
receive alerts for a participant to enroll in the study. However,
as part of the written consent to participate in the study, all
participants agreed to allow their psychiatrist to be contacted
in the event of self-rated crisis situations, including daily
wellness ratings of +4 or −4, new onset of depression (PHQ-8
score≥10), new onset of mania (ASRM score≥6), or other
indications of emergent clinical problems or mental health
deterioration.

Randomization
A biostatistician, blinded to screening and baseline assessment
data, conducted computer-generated randomization on a 2:3

ratio (control:intervention) stratified based on clinical status
(low risk—asymptomatic recovery; high risk—continued
symptomatic, recovering, prodromal, and symptomatic recovery;
Tables 4 and 5). Patients were randomized in permuted blocks
of 5 at each site. The unbalanced design increases power to
investigate effects within the intervention arm with minimal
effect on the investigation of outcomes. Participants were
stratified because time to relapse is likely to be significantly
shorter for the high-risk participants who have not met the time
or symptom number criteria for recovery from the last episode
or who are recovered but have subsyndromal or prodromal
symptoms [9,94,151,152]. Although many prior face-to-face
psychotherapy studies restrict participant inclusion to those in
asymptomatic recovery [10-15,18], this study includes additional
high-risk individuals to increase access to the intervention.

Table 4. Clinical status when in an episode.

PSRbConsecutive daysImpairmentNumber of moderate symptoms ofEpisode entry criteriaa met?DSM 4 episode criteria

5-6≥7 or hospitalized≥Moderate or hospitalized
or psychosis

Mania≥3 if elevated Mania≥4 if
only irritable

YesMania

5-6≥10 out of 14≥ModerateDepression≥5YesDepression

5-6≥7≥ModerateCriteria for both mania and depres-
sion

Yes, for both mania and de-
pression

Mixedc

3≥4< Moderate and not hospi-
talized and no psychosis

Mania≥3 if elevated Mania≥4 if
only irritable

YesHypomania

aEntry criteria: mania—moderate severity elevated, expansive, or irritable mood ≥ 7 consecutive days; depression—moderate severity depressed mood
or loss of interest/pleasure ≥ 10 out of 14 consecutive days; hypomania—moderate severity elevated, expansive, or irritable mood ≥ 4 consecutive days
and < 7 consecutive days. Clinical Monitoring Form symptom severity scale: none=0, mild=0.5, moderate=1, marked=1.5, and severe=2.
bPSR: Psychiatric Status Rating score.
cMania with concurrent depression for 1 week. Count depressive symptoms for 5/7 consecutive days instead of 10/14.

Table 5. Clinical status when not in an episode.

PSRbSymptom counta and impairmentRecovered from last acute episode?Clinical Monitoring Form criteria

3-4Symptom count>2 or ≥ moderate impairmentNoContinued symptomatic

2-4Symptom count>2 or newc or ≥ moderate impairmentYesProdromal

1-2Symptom count≤2 and < moderate impairmentNo, recovering ≤8 consecutive weeksRecovering

2Symptom count>0 and ≤2 and < moderate impairmentYesSymptomatic recovery

<2Symptom count=0 and < moderate impairmentYesAsymptomatic recovery

aSymptom count: sum of symptom severity, if |severity| ≥1 round up, otherwise 0. Clinical Monitoring Form symptom severity scale: none=0, mild=0.5,
moderate=1, marked=1.5, and severe=2.
bPSR: Psychiatric Status Rating score.
cTwo new moderate, marked, or severe symptoms developed while in recovery.

Outcome Assessments
The primary outcome, time to relapse, will be measured as the
number of weeks to episode onset (depression, mania,
hypomania, or mixed) based on the Diagnostic and Statistical
Manual of Mental Disorders fourth edition (DSM-4) criteria.
The DSM-4 episode criteria were chosen to allow comparison
with prior RCTs of face-to-face psychotherapy for bipolar
disorder, as these studies primarily used the DSM-4 episode
criteria [10-18]. To determine the number of weeks to episode

onset, weekly clinical status ratings (Tables 4 and 5) were
assessed by timeline follow-back rating of bipolar disorder
symptom severity (Multimedia Appendix 7) using a modified
Longitudinal Interval Follow-Up Evaluation (LIFE) and Clinical
Monitoring Form (CMF) [148,149,153]. The secondary
outcomes include the percentage of time symptomatic, symptom
severity, and QOL. To determine percentage of time
symptomatic, weekly psychiatric status ratings (Table 6) were
assessed using the LIFE-CMF to determine the percentage of
time symptomatic. A week will be scored as symptomatic if the
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psychiatric status rating is greater than one and a half (Table
6). Symptom severity was assessed using the Quick Inventory
of Depressive Symptomatology (QIDS)–Clinician Rating and

the Young Mania Rating Scale [154-157]. QOL was assessed
using the World Health Organization Quality of Life BREF
[158].

Table 6. Psychiatric status rating.

DefinitionRatingScore

Psychotic symptoms or severe impairmentSevere episode6

No psychotic symptoms and no severe impairmentEpisode5

Symptom counta >2 and marked or severe impairmentMarked symptoms4

Symptom count >2 or moderate impairmentModerate symptoms3

Symptom count >0 and ≤2. No moderate, marked, or severe impairmentResidual or prodromal symptoms2

≥One mild symptom. No moderate, marked, or severe symptoms (Symptom count=0). No moderate,
marked, or severe impairment

Mild symptoms1.5

No mild, moderate, marked, or severe symptoms. No impairmentNo symptoms1

aSymptom count: Sum of symptom severity, if |severity| ≥1 round up, otherwise 0. Clinical Monitoring Form symptom severity scale: none=0, mild=0.5,
moderate=1, marked=1.5, and severe=2.

Target Assessments
The targets selected for assessment were taking medications as
prescribed, obtaining adequate sleep duration, maintaining
regular routines, and managing signs and symptoms as these
targets are readily amenable to monitoring using the Daily
Check-In, which is a core feature of LiveWell. Medication
adherence was assessed using the Tablet Routine Questionnaire
[159-161] and focused on percentage adherence with prescribed
psychiatric medications, not including those prescribed as
needed. Sleep duration, quality, and excessive sleepiness were
assessed using the CMF, QIDS, Pittsburgh Sleep Quality Index,
and an additional question to capture excessive sleepiness
[162-164]. Sleep duration was primarily considered in this study.
Sleep quality and excessive sleepiness will be explored
secondarily because interepisode insomnia and hypersomnia
are risk factors for relapse [107,163,165,166]. Routine was
assessed using a 5-question trait version of the Social Rhythm
Metric [167-170] and will be assessed primarily by a frequency
score (Multimedia Appendix 7). Finally, the management of
residual and prodromal signs and symptoms was assessed using
the Symptom Management Scale. This scale was developed
from the prodromes coping interview and inventory, which has
been used in face-to-face cognitive behavioral therapy for
bipolar disorder [99,137,142,171]. The outcome measure will
be the total coping score (Multimedia Appendix 7).

Outcome and Target Assessment Delivery
Assessors blinded to the study arm conducted outcome and
target assessments by telephone at baseline and then every 8
weeks until study exit at week 48 (Figure 6). Windows for
complete assessments were up to 4 weeks after the assessment
due date, calculated from the baseline assessment date. To
minimize assessment burden and because QOL may vary less
rapidly than other outcomes [172], the QOL assessment was
delivered only at 0, 24, and 48 weeks. Assessments began by
focusing on participants’ experiences over the prior 2 weeks.
Mood and sleep were assessed using combined mood (CMF,
QIDS, and Young Mania Rating Scale) and combined sleep
(CMF, QIDS, and Pittsburgh Sleep Quality Index) instruments

(Multimedia Appendix 7). The combined instruments
streamlined the interviews and reduced the time required to
complete the assessments. This was followed by assessment
during the prior 2 weeks of routine (Social Rhythm Metric),
medication adherence (Tablet Routine Questionnaire), and
depending on the week QOL.

Information from the assessment of the prior 2 weeks was then
used to anchor the timeline follow-back of weekly depressive
and manic symptom severity (LIFE-CMF). In addition to
assessing symptom severity, timeline follow-back using the
LIFE assessed weekly variations in anxiety, suicidal ideation
and attempts, psychotic symptoms, substance use, life events
[173], mental health treatment attendance, and psychiatric
medication adherence (Multimedia Appendix 7). The Symptom
Management Scale was assessed last because it did not focus
on experiences during the previous 2 weeks or since the last
assessment. Instead, participants were asked to imagine
experiencing ongoing or new low-level depressive or manic
symptoms and how they might manage them (Multimedia
Appendix 7). This approach was used because participant
clinical status during the assessment interval may not have
required management of prodromal or residual symptoms.

Determinant Assessments
To assess changes in the determinants proposed to govern the
enactment of target behaviors, determinant questionnaires were
developed for each assessed target (Multimedia Appendix 8).
The determinant questionnaires are derived from the question
stems of existing medication adherence questionnaires for
schizophrenia and bipolar disorder [174,175] and health
psychology questionnaires for assessing determinants of physical
exercise and other health-related behaviors [76,77,176-183].
The questionnaires measure determinants proposed to underlie
the pursuit of LiveWell’s four assessed behavioral targets (taking
medications as prescribed, obtaining adequate sleep duration,
maintaining regular routines, and managing signs and
symptoms). The questionnaires were delivered via a web survey
sent by the coaches to the participants. For the intervention arm,
they were delivered at weeks 0, 16, and 48 (Figure 6). For
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participants in the control arm, they were only delivered at week
48 (Figure 6) because the delivery of the determinant
questionnaires may serve as an active intervention [76,77,181].
Eventually, the determinant questionnaires may be incorporated
into the smartphone app to provide real-time assessment of
target change processes to facilitate improved adaptive real-time
feedback.

Behavioral Sensing
Participants were offered the option of having the LiveWell app
(intervention arm only) and an app for sensor data collection
and secure transmission of data (Purple Robot, intervention,
and control arms) [184] installed on their smartphone.
Alternatively, participants had the option of receiving the apps
on a study phone with an unlimited national calling and data
plan. Individuals who opted to use their own phone were
reimbursed for their plan up to the cost of the study phone plan
or their own plan, whichever was less. All participants were
provided with a wrist-worn actimeter (Pebble). Participants
were asked to (1) use the phone with the apps as their only
phone, (2) carry the phone with them whenever they left home,
and (3) wear the watch 24 hours a day, 7 days a week except
while it was charging.

Assessor Fidelity Assessments
Clinical outcomes and target assessments were performed by
assessors with master’s degrees in mental health or counseling.
Structured interviews can be validly and reliably administered
by such personnel [185-189]. Assessors were trained by mental
health professionals (a psychiatrist and psychologist) with
instruction and practice on audiotaped ratings, followed by
observing, role-playing, and observed assessments (≥3 each).
All assessment telephone calls were audiotaped. Assessor
fidelity focused on using the CMF for assessing status in the
prior 2 weeks. Assessment audiotapes were randomly selected
each month (15%) for review and scoring by a trained mental
health professional (psychologist) to assess the fidelity of CMF
scoring for symptom severity (percent match within 0.5),
asymptomatic status (percent match), clinical status (percent
match), and psychiatric status rating (percent match).

Analysis Overview
As the randomization was stratified by risk group, analyses will
examine if an interaction between risk strata and the study arm
is present. If no evidence of an interaction is evident, the models
will be stratified or adjusted for risk strata. For time to relapse,
missing data for participants who dropped out or were lost to
follow-up will be censored at their last study visit. Percentage
time symptomatic will be calculated based only on the observed
time in the study. For longitudinal data (symptom severity,
QOL, targets), multiple imputation using Markov Chain Monte
Carlo methods will be used to address missing data by creating
five unique data sets (SAS procedure PROC MI), and the results
will be combined (SAS procedure PROC MIANALYZE) to
obtain valid statistical inferences and least square means of the
outcomes for each time point data will be calculated.

Aim 1: Primary and Secondary Outcomes Analysis
Time-to-relapse curves will be constructed using the
Kaplan-Meier method. Log-rank tests will be used to determine

if there is a univariate impact of the study arm while adjusting
for risk strata. Cox proportional hazard models will then be fit
to adjust for risk strata. Proportional hazards assumptions will
be assessed, and the estimated hazard ratio and CIs will be
presented. To compare percent time symptomatic, linear
regression models will be used to determine if there was an
interaction between risk strata and the study arm. If no evidence
of interaction is seen, the main effect of arm will be reported
and least square means will be estimated while adjusting for
risk strata. Generalized linear mixed models for longitudinal
data will be used for symptom severity and QOL measures. We
will examine the interactive effects of the intervention on time.
If no interaction is detected, we will test the independent effects
of time as well as the treatment group.

Sample Size Considerations
Under an initial assumption of 200 participants enrolled and
randomized at a 2:3 ratio with a control group relapse rate of
0.60, there would be 80% power to detect a hazard ratio of 0.61
assuming a loss to follow-up rate of 12%. The control relapse
rate estimate was based on the reported percent relapse at 12
months for control (63%) seven psychosocial interventions for
bipolar disorder [190-198]. This would equate to a reduction in
relapse rate to 43% in the LiveWell intervention group. This
additionally assumes 30 months of accrual, and 12 months
follow-up using a log-rank test at a type I error rate of 5% (PASS
2008) [199]. For secondary outcomes, assuming 12% loss to
follow-up, a 2-tailed t test would have 80% power to detect
effect sizes of 0.43, for percent time symptomatic, which would
equate to differences in mean time of 14% (45% symptomatic
vs 69%, assuming an SD of 32%). While power calculations
for generalized linear models do exist, they are quite dependent
on assumptions that were speculative at the time of study design.
Using multiple linear regression, a sample size of 200, adjusting
for one covariate that explains 20% of the variability in outcome,
we have 80% power to detect an increase in R-squared of 3%.

Aim 2: Target Analysis
Generalized linear mixed models will be used to examine the
effects of time, risk strata, and study arm on longitudinal target
and determinant data. We will use the framework of Muller et
al [200] to identify the targets that mediate the effect of the
intervention on time to relapse, percentage time symptomatic,
and symptom severity. To compare the performance determinant
scores for each target at the final time point, t tests with
correction for multiple testing between the two groups will be
used.

Aim 3: Behavioral Analysis
For both arms, behavioral sensor data will be collected including
activity (Pebble watch and phone accelerometers), location (via
the GPS), timing of incoming and outgoing texts, timing and
duration of incoming and outgoing telephone calls, and for some
phones, ambient light (lux), and sound (power and frequency).
Feature variables will be summarized over 1-week windows,
to identify behavioral features strongly correlated with
depression and mania symptom severity. The relationship
between behavioral features and clinical status will then be
explored. In addition, for the intervention arm, self-report
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assessment and app use data as well as personalized wellness
rating anchors and plans, reduce risk plans, sleep duration goals,
and routine (bedtime and risetime) goals will be available. These
data will be used to explore processes involved in staying well
with the aim of improving adaptive delivery of content and tools
to decrease relapse risk and symptom burden.

Results

Recruitment and screening began in March 2017 and ended in
April 2019. Follow-up ended in April 2020. The results of this
study are expected to be published in 2022. Data from this study
will be available at the National Institute of Mental Health Data
Archive.

Discussion

The primary goal of developing and delivering LiveWell is to
increase access to self-management strategies derived from
empirically supported bipolar disorder psychotherapies, thereby
assisting individuals with bipolar disorder in staying well. It is
hoped that this intervention will decrease relapse rates and
symptom burden as well as improve QOL. LiveWell seeks to
improve these outcomes by helping individuals manage target
behaviors proposed to underlie the impact of existing
interventions [5,18,26,33,97,98]. Although therapies for bipolar
disorder often address the selected targets, there are limited data
demonstrating that delivery of these therapies results in target
behavior change or that changes in these behaviors mediate
outcome changes [5,10-16,97,98,201]. Existing interventions
for bipolar disorder have primarily been outcome studies so
they have not focused on understanding relapse prevention and
other outcome mechanisms. Relative to outcome studies, studies
aimed at understanding the mechanisms of change require
substantial modification, including measurement of outcomes
and multiple proposed mechanisms before, during, and after
intervention delivery [202-204]. As existing bipolar disorder
interventions do not typically use this approach
[5,10-16,97,98,201], our understanding of the mechanisms
underlying the improved outcomes resulting from these
interventions is limited. Because it is unclear what intervention
components are useful for different individuals at different
times, our ability to improve these interventions and adapt them
for delivery in diverse settings is limited.

As a secondary goal, the LiveWell intervention aims to
investigate the relationships between changes in target behaviors
and outcomes over time to provide insights into the mechanisms
of change. A behavior change framework provides a
theory-based and empirically supported rationale for including
intervention content and tools and facilitates the investigation
of change mechanisms. It proposes that (1) engaging in target
behaviors improves clinical and recovery outcomes, (2)
behavioral determinants govern the enactment of target
behaviors, and (3) exposure to behavior change technique
content and tool use alters behavioral determinants. This
framework provides a means to label app use and coaching call
content in terms of outcomes, targets, and determinants
addressed by the behavior change techniques delivered. This
labeling will allow a more detailed exploratory investigation of

intervention mechanisms by examining the relationships
between changes in outcomes, targets, and determinants and
exposure to behavior change technique content and tool use.

App use will measure outcomes via the Weekly Check-In
(PHQ-8, ASRM) and target behaviors via the Daily Check-In
(medication adherence, sleep duration, routine, and management
of signs and symptoms) providing a more detailed examination
of changes in outcomes and target behaviors over time than can
be achieved via our standard telephone-based assessments
delivered every 8 weeks. By labeling all pages of the app using
the behavior change framework, it will also be possible to
investigate how exposure to behavior change techniques relates
to changes in determinants and how changes in determinants
relate to changes in target behaviors. In addition, the intervention
also uses smartphone and watch sensors to collect behavioral
data such as activity levels and sleep duration (actimetry),
location (GPS), and social interactions (texts and calls). As these
behaviors may vary with clinical status, this passively collected
behavioral data provides an opportunity to identify behavioral
features correlated with clinical status and may improve our
ability to determine what content to deliver to different
individuals at different times to improve treatment. Overall the
goal of the LiveWell intervention is to assist individuals in
staying well while also serving as a platform for data collection
that provides insights into treatment mechanisms and trajectories
to allow iterative development and improvement of the
intervention.

Despite the iterative design process used to develop LiveWell
[63-66], the intervention design described here continues to
have limitations. For instance, time to relapse was chosen as
the primary outcome because most face-to-face interventions
from which the LiveWell intervention derives focus on relapse
prevention for individuals between mood episodes
[10-15,18,205]. However, QOL and recovery outcomes (eg,
connectedness, hope, and optimism) are highly valued by
individuals with bipolar disorder but have not routinely been
incorporated as outcomes in existing studies [39,95,96]. As a
result, additional work will be needed to measure recovery
outcomes, to identify the targets and determinants to address
and the change techniques to deliver to facilitate changes in
QOL and recovery outcomes. In addition, while the behavioral
targets selected for daily monitoring (medication adherence,
sleep duration, routine, managing symptoms and signs) are
important and readily amenable to monitoring, other important
targets have not been strongly emphasized. In particular, during
the person-centered design process, building and using supports
were strongly endorsed by users as being important for staying
well [65,66]. Because of this feedback, coaching support for
users was further developed [63]. Additional elements such as
an opportunity for participants to engage in peer-to-peer
discussion and exchange ideas could be incorporated, as these
types of tools have been helpful in other interventions [206,207].
It will also be necessary to integrate assessments of users’ social
support system strength and support use to assess the impact of
the intervention on this target and the impact of changes in
social support on outcomes.

Although extensive feedback was received during the
development of LiveWell [63-66], most of the feedback was
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obtained from individuals with bipolar disorder and less so from
providers. Thus, additional work will be required to obtain
provider feedback during future efforts to implement and
disseminate the LiveWell intervention. Furthermore, to better
understand the impact of delivery and use of behavior change
technique content and tools on changes in determinants and
targets as well as interactions between multiple targets and
determinants, a larger number of participants will be required.
Hopefully, a structured behavior change framework will

facilitate exploring these issues for bipolar disorder and other
mental health disorders, thereby allowing data to be synthesized
across studies to enhance the ability to improve mental health
technologies and their delivery. Thus, we hope that the
description of the theoretical and empirically supported
framework, design, and protocol for the RCT of LiveWell will
facilitate the replication, improvement, implementation, and
dissemination of effective interventions for bipolar and other
mental health disorders.
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Abstract

Background: As drug-related morbidity and mortality continue to surge, police officers are on the front lines of the North
American overdose (OD) crisis. Drug law enforcement shapes health risks among people who use drugs (PWUD), while also
impacting the occupational health and wellness of officers. Effective interventions to align law enforcement practices with public
health and occupational safety goals remain underresearched.

Objective: The Opioids and Police Safety Study (OPS) aims to shift police practices relating to PWUD. It adapts and evaluates
the relative effectiveness of a curriculum that bundles content on public health promotion with occupational risk reduction (ORR)
to supplement a web-based OD response and naloxone training platform (GetNaloxoneNow.org, or GNN). This novel approach
has the potential to improve public health and occupational safety practices, including using naloxone to reverse ODs, referring
PWUD to treatment and other supportive services, and avoiding syringe confiscation.

Methods: This longitudinal study uses a randomized pragmatic trial design. A sample of 300 active-duty police officers from
select counties in Pennsylvania, Vermont, and New Hampshire with high OD fatality rates will be randomized (n=150 each) to
either the experimental arm (GNN + OPS) or the control arm (GNN + COVID-19 ORR). A pre- and posttraining survey will be
administered to all 300 officers, after which they will be administered quarterly surveys for 12 months. A subsample of police
officers will also be qualitatively followed in a simultaneous embedded mixed-methods approach. Research ethics approval was
obtained from the New York University Institutional Review Board.

Results: Results will provide an understanding of the experiences, knowledge, and perceptions of this sample of law enforcement
personnel. Generalized linear models will be used to analyze differences in key behavioral outcomes between the participants in
each of the 2 study arms and across multiple time points (anticipated minimum effect size to be detected, d=0.50). Findings will
be disseminated widely, and the training products will be available nationally once the study is completed.

Conclusions: The OPS is the first study to longitudinally assess the impact of a web-based opioid-related ORR intervention for
law enforcement in the U.S. Our randomized pragmatic clinical trial aims to remove barriers to life-saving police engagement
with PWUD/people who inject drugs by focusing both on the safety of law enforcement and evidence-based and best practices
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for working with persons at risk of an opioid OD. Our simultaneous embedded mixed-methods approach will provide empirical
evaluation of the diffusion of the naloxone-based response among law enforcement.

Trial Registration: ClinicalTrail.gov NCT05008523; https://clinicaltrials.gov/show/NCT05008523

International Registered Report Identifier (IRRID): DERR1-10.2196/33451

(JMIR Res Protoc 2022;11(2):e33451)   doi:10.2196/33451

KEYWORDS

occupational health; law enforcement; police/education; naloxone; opioid overdose prevention and response training; online
education; opioids; occupational risk

Introduction

Background
Accidental opioid-involved overdose (OD) mortalities in the
U.S. have escalated at an alarming pace, with 81,000 OD deaths
recorded in 2019-2020, the highest number ever recorded in a
12-month period. Deaths due to synthetic opioids, primarily
illicitly manufactured fentanyl, increased by 38.4%. OD deaths
have continued to accelerate as a result of disruptions caused
by the pandemic [1,2]. According to provisional data for 2020
from the Centers for Disease Control and Prevention (CDC),
US drug OD deaths increased by almost 30% to a record 93,331
deaths during the pandemic year of 2020 [3], with the highest
number of deaths occurring amongst those aged 35-44 years
[4]. Interventions involving OD response training, including
use of the opioid antagonist naloxone, have been a critical part
of the national response to the crisis. Several Food and Drug
Administration (FDA)-approved products (eg, Narcan Nasal
Spray) have made the administration of naloxone easier for
laypeople and professional first responders by reducing the risk
of needle stick injuries (NSIs) [5-11]. Recent large-scale
strategies to address the opioid crisis have invoked a greater
role for law enforcement, including being trained in OD
response and naloxone administration. For example, researchers
[12-14], health advocacy organizations, and government
agencies, including the US Department of Justice [15],
emphasize the need to implement programs that address the
role of law enforcement in shaping health risks among people
who use drugs (PWUD) [16-18].

Despite the widely perceived benefits of engaging law
enforcement in OD response, considerable barriers limit the
uptake of policing practices that could further public health
goals [19,20]. Past research has demonstrated that police officers
experience an elevated risk of NSIs emanating from routine
contact with people who inject drugs (PWID), which, in turn,
can lead to infectious disease acquisition. Although the risk of
acquiring HIV from NSIs is low [21,22], the perceived risk is
high. Concern about NSIs and broader risks related to infectious
disease exposure contribute to already elevated levels of stress
and burnout among the police. For instance, Strathdee et al [13]
noted that of 803 officers working in Tijuana, Mexico, 666
(83%) felt that NSIs carry a level of risk analogous to a gunshot
wound. Additionally, widespread sensational and misleading
information in news media about incidental fentanyl exposure
may reduce the likelihood an officer would intervene in an OD
situation [23,24].

Good Samaritan laws providing legal immunity to OD
responders who administer naloxone vary across US states.
However, these laws are often not well understood, including
by police officers. For example, police officers are not always
aware of their protection from liability and the protection offered
to bystanders [25]. Finally, persistent accounts of police unions
filing “unfair labor complaints” because officers have been told
to carry naloxone can be an additional barrier, even for police
officers who want to carry the life-saving medication [26].

The choices that the police make also have serious implications
for the relative harm and safety of the PWID whom they
confront. Several studies indicate that policing strategies related
to arrests for drug possession and decisions made therein about
the confiscation of syringes can influence where, with whom,
when, and how PWID consume drugs [27-33]. This aggravates
the drug use risk environment by pushing use further to the
social and geographical margins (eg, back alleys and shooting
galleries). In these settings, risky consumption practices, such
as syringe sharing and rushed injection, are more likely, while
ODs are less likely to be witnessed [34-37]. Law enforcement
may also serve as a barrier to the uptake of syringe exchange
services or drug treatment, as the police have frequently been
observed to obstruct the transport of syringes, harass treatment
program patients, interfere in program operations, and
aggressively surveil these programs, which deters people who
use opioids (PWUO) from accessing them [38-44]. Racial
gradients in police encounters among PWID also suggest that
policing practices can be a structural driver in injection-related
risk and disease acquisition [45]. Stigma against PWUO and
PWID has also been common in press reports citing police
chiefs and sheriffs for refusing to allow their officers to carry
and administer naloxone [46,47]. A recent survey revealed that
some police officers, particularly those who responded to the
most OD emergencies, expressed negative attitudes about
naloxone administration, drug treatment, and their role in
handling drug-related OD emergencies [48].

Despite the barriers described, engaging law enforcement in
opioid OD prevention and response initiatives is critical to
minimizing some of the secondary harms related to
commonplace policing practices [49-51]. Although some
overdose education and naloxone distribution (OEND) training
initiatives with law enforcement have had mixed results
[48,52,53], police education programs, including our own online
curricula [54,55], have shown promise in precipitating
procedural and attitudinal changes related to substance use.
Previous research using the Safety and Health Integration in
the Enforcement of Laws on Drugs (SHIELD) model developed
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by another member of our team (author LB) demonstrated that
police officers are especially receptive to education on working
with at-risk groups when bundled with occupational safety
messages that highlight their own risk of acquiring HIV,
hepatitis C virus (HCV), and hepatitis B virus (HBV) from a
needle stick and other harms [14,22,30,56]. Police education
programs also can address pervasive misconceptions about
addiction, and medication for the treatment of opioid use
disorder (OUD), as well as the efficacy of harm reduction
programming [57] and accurate information about the risks of
fentanyl exposure [57,58]. Finally, police education can
disseminate promising policing protocols to divert and deflect
PWUD to lifesaving health and supportive services in lieu of
arrest. Reducing the confrontational nature and frequency of
contact with law enforcement is especially salient in the context
of racial disparities in US drug law enforcement, although the
footprint of the police’s role in treatment and other service
navigation remains controversial [18,59].

Despite the promise of police education programs to reduce
risky—and encourage protective—behavior, no previous study
has longitudinally assessed the impact of such an intervention
in the U.S. The Opioids and Police Safety Study (OPS) closes
this gap with a focus on Pennsylvania (PA), Vermont (VT), and
New Hampshire (NH)—3 states with some of the highest rates
of OD in the U.S. (PA, 39.9/100,000; VT, 22.8/100,000; and
NH, 31.1/100,000) [60,61]. Since the early years of the current
opioid crisis in the U.S., PA, VT, and NH have experienced OD
mortality at rates far exceeding national averages and those rates
continue to rise alarmingly [62,63].

Delivering easily accessible web-based educational interventions
to overcome barriers to OD response among law enforcement
is particularly important in rural areas and states experiencing
the highest opioid-related mortality rates. The study team has
demonstrated the effectiveness of their online computer-assisted
instructional course on GetNaloxoneNow.org (GNN) [54,55],
which promotes learning by presenting information that requires
active responding to queries or situational scenarios [64,65].
Use of feedback and remediation functions as a computer-based
coach, allowing users to evaluate progress [66]. All 50 states
have utilized the module, either formally when approved by

state officials or informally when individuals within the state
take it on their own. Accordingly, the protocol leverages existing
capacity within the states while investigating potential
differences between major metropolitan areas and more rural
and geographically isolated areas.

Using a mixed methods design, organized around a pragmatic
trial design, this study will achieve the following objectives:
(1) adapt a web-based occupational risk reduction (ORR)
curriculum to add to a web-based OD response and naloxone
training platform, the GNN First Responder Training; (2)
describe naloxone use patterns, OD response experiences, and
attitudes related to illicit opioid use among a sample (N=300)
of police officers in PA, VT, and NH, trained via the GNN
platform; (3) evaluate the relative effectiveness of GNN + ORR
compared with GNN + COVID-19 (with respect to the rates of
carrying naloxone while on/off duty, rates of OD response in
which naloxone is/is not administered, number of referrals to
treatment, number of syringes confiscated, and rates of
information sharing with OD survivors and others), as well as
analyze mediators and moderators of efficacy; and (4) document
the range of psychosocial mechanisms underlying participant
OD response engagement postintervention.

Accordingly, our hypotheses include the following: Officers
enrolled in the experimental arm will carry naloxone both while
on duty and while off duty at greater rates than officers in the
control arm of the study. In addition, officers in the experimental
arm will also have higher rates of OD response in which
naloxone is administered, a lower rate of confiscating syringes,
and a higher rate of information sharing with OD survivors and
others.

Conceptual Framework
The study is guided by an integrated conceptual framework
comprising risk environment theory (RET) and the elaboration
likelihood model of persuasion (ELM). Together, these models
are ideally suited to identifying and contextualizing the barriers
to and facilitators of OD response (see Figure 1) and presenting
strong arguments in terms of police safety about the value in
promoting risk reduction practices and treatment among PWID
[67].

Figure 1. Overarching conceptual model. NSI: needle stick injury; OD: overdose; OEND: overdose education and naloxone distribution; PWUO:
people who use opioids.
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RET defines a risk environment as “the space, whether social
or physical, in which a variety of factors exogenous to the
individual interact to increase vulnerability” [68]. RET
specifically guides our understanding of how policing practices
at the “micro” environment or community level have direct
influences over the behavior, perceptions, and health outcomes
of PWUO and of PWID. These practices may also increase
occupational health risks for police officers. Similarly, “meso”
level policy and legal statutes influence the attitudes and
practices of police officers, as do “macro” level forces, such as
the US war on drugs via the criminalization of drug use and the
arrest and incarceration of drug users who suffer from addiction
[26,69,70].

The ELM guides the adaptation of the ORR curricula. This
model emphasizes the importance of intrinsic motivation in
modifying attitudes or shaping behavior through interventions
grounded in persuasion and argumentation. Guided by this
theory, the ORR intervention will seek to appeal to law
enforcement personnel through appeals to their own
self-protection, while also highlighting the agency and utility
of the police in combating the opioid crisis. These approaches
take the form of strong arguments within the ELM, as they are
far more likely to create favorable thoughts than what might be
considered weak arguments [71,72] grounded in moral assertions
about the value of PWID to society, the importance of
compassionate community policing, or the disease model of
addiction, for example. Within the ELM, the influence carried
by an argument is also dependent upon the extent of personal
involvement that the audience assumes with regard to the topic
[72,73]. The proposed ORR intervention will therefore feature
the voices and experiences of active police personnel and will
highlight the ways in which policing practices more aligned
with public health agendas are fundamentally safer for the police
and the communities they serve.

Methods

Study Design
The protocol proposed here is a pragmatic trial design [74,75].
Pragmatic trials, unlike more conventional randomized
controlled trials, are ideally suited to scenarios in which it is
inefficient or unethical to isolate intervention components and
compare their efficacy in an explanatory trial involving a
placebo control [76].

Intervention
The GNN First Responder Training (both experimental and
control; 45 minutes) (1) explains why first responders need
education and tools to reverse opioid ODs, (2) teaches and
demonstrates (using animated scenarios, graphic sequences,
and narration provided by professional voice actors) how to
effectively respond to an opioid OD in accordance with the
American Heart Association, and (3) describes barriers to calling
911 and the purpose and content of Good Samaritan laws. A
detailed question-and-answer session and a posttest reinforce
learning.

The OPS (experimental only; 50 minutes) provides web-based
ORR training for police in 49 slides, including 8 filmed videos

(police officers, physicians, syringe service program staff, and
a person in recovery). The training is delivered online, with
secure access only for enrolled study participants.

• Module 1 (NSIs): Teaches occupational NSI risk reduction
and prevention of bloodborne disease, such as HIV, HBV,
and HCV, and provides a protocol for what to do if stuck
with a needle. Proper search techniques, confiscation, and
the importance of clear communications are emphasized
by a police officer, who also shares their own experience
with an NSI and demonstrates the proper technique for
preventing NSIs during a search in videos created for the
training.

• Module 2 (Overdose scene safety): Addresses fentanyl
potency, common myths about the risk of fentanyl exposure,
how to protect oneself from accidental exposure, and what
to do if an officer is exposed. A video developed for the
US Customs and Border Protections is utilized in this
section and clearly addresses the elevated concern law
enforcement officers feel about fentanyl exposure, while
simultaneously addressing the best practices in the case of
suspected fentanyl exposure.

• Module 3 (Workplace wellness, stress, burnout, and
compassion fatigue): Describes the mental and emotional
impact of being on the front lines of the opioid crisis and
how to recognize trauma and secondary trauma and provides
resources for those who may be struggling. This module
also presents alternatives to arrest strategies, the importance
of evidence-based medication to treat OUD, and the utility
of harm reduction programs in reducing recidivism and
police burden.

The COVID-19 and Police Safety Training (control only) takes
approximately 25 minutes to complete and includes 22 slides,
also narrated by a professional voice narrator.

Recruitment and Enrollment

Total Number of Study Participants
• Pilot: In total, 10 officers will participate in 1 of 3 hour-long

online (Zoom) focus groups after viewing presentations of
the content and length of the intervention and survey
measures (45-minute presentations) and will provide
feedback on the measures.

• Full study: In total, 300 police officers from PA, VT, and
NH will be enrolled and subsequently randomized (n=150
officers in each study arm) to take either the COVID-19
control or the OPS experimental training. Both groups will
then be invited to fill out quarterly online surveys over 12
months. In addition, 40 (13.3%) of the 300 enrolled police
officers will also be invited to participate in 1-hour
qualitative interviews during the year-long follow-up
period. Prior to the administration of these longer
interviews, a subset of 20 (6.7%) enrolled police officers
will take a short (15-minute) qualitative interview to help
us better address recruitment challenges. A subset of 20
officers will also receive incentives for successful referrals
of their peers (ie, referrals that result in study enrollment).
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Recruitment Protocol
Recruitment will focus on precincts in select PA, VT, and NH
counties with high OD mortality rates. Those precincts agreeing
to participate will be sent a package containing the recruiting
flyers that will note the principal foci of the intervention as well
as the incentives and time frame. The flyer displays the URL
for the OPS secure data collection portal hosting the assessment
instruments. Each participating station will also be provided
with refillable cash cards supplied by the controlled trial (CT)
Payer. A distinct identification number displayed on each CT
card will be used by each study participant to enroll in the study
and enable them to receive incentives. Although recruitment
efforts initially focused on PA counties only, and included some
in-person recruitment efforts, due to the COVID-19 pandemic,
recruitment shifted to remote only and expanded to VT and NH
as well.

Study Randomization
It should be noted that to avoid contamination resulting from
having participants within the same precinct participating in
different conditions, all members of the same participating
precinct will be assigned to the same arm. Therefore, half of
the precincts will be randomly assigned to the control arm and
the other half to the experimental arm. Assignments are made
at the initiation of online enrollment.

Follow-up
Participants will be asked to enter responses for the quarterly
web-based survey at their earliest convenience after receiving
an email reminder. Once they enter their unique identification
code on a secure website that hosts the quarterly survey,
participants will read questions that prompt them to enter
multiple-choice responses from their keyboard or phone keypad.
All questionnaires will be computerized such that participants
in all study conditions can complete them using any mobile
device (phone or computer) with an internet connection.
Participants will complete the quarterly follow-up survey online
using a unique login ID and password. Delivering surveys via
a computer ensures that questionnaire administration is more
consistent and accurate, data processing is eliminated, and the
lag time between the data collection and data analyses phases
is reduced.

Measures

Baseline Data
The survey instrument is outlined in Table 1. This instrument
will also assess critical demographic and psychosocial factors
that could potentially moderate the intervention efficacy (ie,
prior experiences with opioid-related OD, experiences with
naloxone, and length of time serving as police officers). Once
participants log in to the portal for the first time, complete the
informed consent sections, complete their baseline survey, and
complete the assigned training modules, their cash cards will
be automatically credited with US $75.
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Table 1. Measures for baseline and follow-up online survey instruments.

DescriptionMeasure

Outcomes

Behavioral outcomes in
policing procedure

• Days in the past 30 days during which participants had naloxone available and carried during work
• Days in the past 30 days during which participants had naloxone available and carried outside of work hours
• Days in the past 30 days during which participants responded to an ODa event, attempted to intervene, or admin-

istered naloxone
• Referrals to evidence-based or other drug treatment or social services made during the past 30 days
• Number of episodes involving syringe confiscation in the past 30 days with/without a proper technique
• Number of episodes involving drug confiscation with/without a proper technique

Hypothesized mediators of intervention efficacy

Knowledge related to

NSIsb and treatment

• Participant familiarity with the proper technique for dealing with contaminated injection equipment
• Participant awareness of postexposure prophylaxis (PEP) and its uses
• Participant awareness of the risk of fentanyl exposure and the proper technique for dealing with synthetic opioids

Knowledge about illicit
fentanyl and analogues

• Participant familiarity with fentanyl-class substances, including more recent analogues and their potency
• Participant familiarity with the best practices related to policing PWUOc and PWIDd who may be carrying heroin

contaminated with fentanyl-class substances (best practices derived from the Centers for Disease Control and
Prevention [CDC] and Drug Enforcement Agency [DEA] curricula)

Opioid-related OD
knowledge

• Questions related to the ability to recognize and respond to an opioid-related OD, with/without naloxone adapted
from the Opioid Overdose Knowledge Scale (OOKS) [77]

Willingness to inter-
vene in opioid OD

• Questions related to willingness, confidence, and preparedness to intervene in an opioid-related OD, adapted from
the Opioid Overdose Attitudes Scale (OOAS) [77]

Stigma • Perceived mental health–related stigma, adapted from addiction/OUDe [78] and the OOAS [77]

Motivation • Autonomous motivation to intervene in an opioid OD; motivation to refer PWID/PWUO to treatment—both
adapted from the Situational Motivation Scale [79]

Potential moderators of intervention efficacy

Background variables • Age and sex, adapted from the National Survey on Drug Use and Health (NSDUH) [80]
• Law enforcement rank and years on the job
• Perceived attitudes/expectations of peers, the chief, and other supervisors

Traumatic stress • Traumatic stress symptomatology short form checklist (Posttraumatic Stress Disorder Checklist for the Diagnostic
and Statistical Manual of Mental Disorders, Fifth Edition [PCL-5]) [81,82]

Prior OD and naloxone
exposure history

• Prior instances of witnessing an opioid-related OD
• Prior instances of responding to an opioid-related OD
• Prior uses of naloxone to reverse an opioid-related OD

Past NSIs and synthetic
opioid exposure

• Prior incidence of an NSI or feared contact with contaminated sharp or other injection equipment
• Prior incidence of fentanyl exposure or feared contamination with synthetic opioids

aOD: overdose.
bNSI: needle stick injury.
cPWUO: people who use opioids.
dPWID: people who inject drugs.
eOUD: opioid use disorder

Quarterly Follow-up Surveys
The study’s web portal will automatically generate an email
notification 90 days after the completion of the first, baseline
survey, informing the participant that they are eligible to access
their next short online survey and receive the US $40 transfer
to their cash card. Upon completion of each survey, each

participant’s next notifications will be automatically scheduled
to be sent 90 days later.

Short Qualitative Interviews
Short (15-minute) qualitative interviews will be administered
via phone or Zoom to a subsample of 20 (6.7%) of 300 study
participants during times that are convenient to the participants,
once. Interviews will be recorded using a handheld digital
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recording device, and US $25 will be transferred to their cash
card upon completion of the interview.

In-depth Qualitative Interviews
In-depth interviews will be administered via phone or Zoom to
a subsample of 30 (10%) of 300 study participants during times
that are convenient to the participants, once or twice during the
1-year follow-up period. Interviews will be recorded using a
handheld digital recording device and will last roughly 1 hour,
and US $50 will be transferred to their cash card upon
completion of the interview.

Ethics Approval
The study was approved by the New York University
Institutional Review Board (IRB-FY2019-3315). The study was
registered on ClinicalTrials.gov (NCT05008523) and approved
on June 21, 2021. Enrollment began on January 22, 2021, prior
to the approval date due to technical difficulties we experienced
with the clinical trial registration website. Delays due to the
COVID-19 pandemic and the national spotlight on policing
practices in the U.S. posed numerous challenges to recruitment,
including minimal enrollment prior to the approval of our
clinical trial on ClinicalTrial.gov. To address these challenges,
we added 2 sites (VT and NH) after commencing enrollment.
Additional changes to our methodology—all of which were
approved by the New York University Institutional Review
Board (Washington Square Campus)—included the addition of
a short qualitative interview (15 minutes) with a subset of
approximately 20 (6.7%) of the 300 study participants to better
understand and address recruitment challenges and the addition
of referral incentives for study participants. There were no
changes to our attitudinal and behavioral outcome measures
once enrollment commenced in January 2021.

Analysis

Baseline Data
Descriptive analyses will describe the sample on each of the
aforementioned constructs to provide an understanding of the

experiences, knowledge, and perceptions of this sample of law
enforcement personnel. A series of bivariate analyses will also
be used to examine how different demographic and psychosocial
factors correlate with attitudes toward substance use and
different degrees of OD knowledge. These analyses will build
upon the team’s previous research, allowing us to carefully
examine how preparedness to intervene in an OD emergency
might relate to different sociodemographic and experiential
factors. The results of these initial analyses will help inform
subsequent analyses. Following the randomization of the sample
into 1 of the 2 study arms, differences on each key construct at
baseline and between the 2 study conditions/groups will be
assessed to determine whether there are any statistically
significant differences that must be accounted for in subsequent
analyses. This will also help the study team identify which
constructs produce greater variance in this sample.

Analysis of Intervention Efficacy Over Time
Generalized linear mixed models will be used to analyze
behavioral outcomes indicated in Table 1 and Figure 2. Overall
tests of the time effect, group effect, and group-by-time
interaction will be followed by contrasts of the groups at a
particular point in the follow-up period (analogous to
independent-sample t tests) and contrasts of 2 of the 5
assessment points within 1 group (analogous to paired t tests)
to determine when the groups were different and when
significant changes occurred within each group. Data from the
monthly follow-up assessments will be used to assess the extent
to which initial behavior changes are sustained over time. In
particular, differences in behavioral outcomes between each
subsequent monthly time point and baseline will be highlighted.
Depending on distributions of risk behaviors, we will consider
binary, Poisson, zero-inflated Poisson, negative binomial, and
2-part models.

Figure 2. Statistically significant differences in proportions of participants achieving study endpoints between intervention and control arms.
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Confounding Covariates
Randomization will create groups that are balanced in all
characteristics, but meaningful imbalance among arms may
occur by chance. Consequently, we will use multivariate
analyses for each study endpoint to assess and control for
confounding covariates. Baseline demographic factors and
psychosocial parameters found or hypothesized in previous
research to be associated with each study endpoint will be
examined as possible confounders by entering each one
individually, together with group assignment (study arm), into
a logistic regression model. Factors changing the effect estimate
for group assignment by 10% or more will be considered
confounders and retained in a final multivariate model.

Mediation and Moderation Analyses
One of our primary analysis goals is to determine whether there
are statistically significant differences in our key study outcomes
(eg, are there significant differences in behavioral outcomes in
policing procedures?) between our control and experimental
groups. Our proposed set of analyses here will seek to evaluate
these differences. All psychosocial parameters hypothesized to
have a potentially mediating or moderating impact on
intervention effectiveness (see Figure 3 and Table 2) will be
measured at baseline and monthly follow-ups to determine
whether changes in these parameters during the intervention
affect the likelihood of achieving study endpoints. To evaluate
effects of the intervention on key study outcome variables, while

considering the potential mediating effects of psychosocial
variables, we will conduct a series of path analyses using Mplus
modeling software (Muthén & Muthén) [83], which
accommodates categorical and continuous observed and latent
variables [84] Using robust mean- and variance-adjusted
weighted least squares (WLSMV) estimation, models will be
fit that include paths from the intervention condition to potential
mediators as well as paths from the mediators to the study
endpoint. Mediated (ie, indirect) effects will be estimated by
multiplying the coefficients for component direct effects (eg,
the direct effect of the intervention on treatment self-efficacy
× the direct effect of treatment self-efficacy on initiating
treatment). Bootstrapping methods will be used to derive interval
estimates of the mediated effects. Bootstrapping approaches to
indirect effect inferences [85] take a random sample from the
data with replacement numerous times (eg, 50,000 times) and
use the variability in the statistic from sample to sample to
construct an interval estimate [86]. Such estimates will provide
useful insight into which aspects of our intervention are
responsible for its effects, by allowing us to assess whether and
how changes in mediators accounted for observed differences
in outcomes.

Table 2 summarizes the main contributions of the proposed
study, both to practical efforts to remediate the opioid crisis and
to a broader scientific understanding of naloxone programs and
educational interventions targeting law enforcement personnel.

Figure 3. Interrelationship of study aims. GNN: GetNaloxoneNow.org; OD: overdose; OEND: overdose education and naloxone distribution; ORR:
occupational risk reduction.
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Table 2. Study implications and impacts.

Policy/intervention implications of findingsGaps in extant research

Study findings from baseline data will provide important indicators of
police engagement with the topic of opioid-related OD in terms of policing
behaviors and personal attitudes.

Studies on law enforcement interventions with naloxone in ODa events
are sparse and limited to pre- and posttests of knowledge and attitudes.

Baseline findings will provide a knowledge base regarding key obstacles
to and facilitators of the willingness and preparedness of the police to ad-
minister naloxone and related risk reduction practices.

Studies on police officers’ willingness to intervene in an opioid-related
OD, in relation to their attitudes toward opioid misusers, are also sparse
and understudied.

Baseline findings will establish potential correlations between background
experiences with OD and current attitudes.

The relationship of first-hand OD experiences with attitudes toward

PWUOb/PWIDc is unstudied.

This study will be the first to prospectively examine the impact of ORR
training to align law enforcement with public health goals in relation to
the opioid OD crisis.

Current easily accessed OENDd interventions for law enforcement do not

include modules related to ORRe during engagement with PWUO.

The study will assess the potential for behavioral and attitudinal modifica-
tion to result from an emphasis on police safety and strong argumentation
about how treatment (and referrals to treatment) and risk reduction practices
protect the police.

Training of law enforcement personnel does not commonly engage issues
of stigma related to PWUO/PWID.

Study findings will provide empirical evidence to warrant scale-up of police
education programs to cover ORR and best-practice engagement with
PWUO and PWID.

Training tends to be limited to knowledge and confidence to intervene
and is not aimed at increasing the willingness to intervene or greater en-
gagement.

Findings and enhanced ORR/OEND training curricula will be disseminated
directly to law enforcement and public health professionals allowing for
rapid implementation of new training protocols and curricula.

ORR training protocols for law enforcement are not colocated with OEND.

Longitudinal (12-month) follow-ups posttraining will provide an evidence
base for changes in knowledge, the willingness to intervene, and stigma-
tizing attitudes toward opioid misusers.

Psychosocial mechanisms underlying changes in OD knowledge and the
willingness to intervene, as well as changes in stigmatizing attitudes toward
opioid misusers, are not well understood.

Qualitative research will aid in the interpretation of study findings, leading
to greater specificity in terms of the psychosocial processes involved and,
therefore, greater utility to law enforcement officers who frequently come
in contact with opioid-dependent populations during and after OD events.

Police attitudes and practices related to PWUO/PWID are likely grounded
in personal experience, such that the same event (eg, witnessing or inter-
vening in an opioid OD emergency with or without naloxone) may compel
changes in attitudes and behavior in some officers and not in others.

Dissemination of experiences and perceptions of law enforcement person-
nel will support policy and protocol changes in respect to OD-related ex-
periences among law enforcement.

The experiences and perceptions of law enforcement personnel are not
well represented in the scientific literature on OD in the current opioid
crisis.

aOD: overdose.
bPWUO: people who use opioids.
cPWID: people who inject drugs.
dOEND: overdose education and naloxone distribution.
eORR: occupational risk reduction.

Sample Size and Power Considerations
Using standard methods [87] for computing power calculations,
with α=.05, and with the reasonable goal of detecting a medium
effect size (d=0.50), we utilized G*Power (version 3.1) and
determined that a randomized trial comparing 2 study arms with
150 (50%) participants in each arm will have more than 80%
power that will subsequently allow us to detect statistically
significant differences outcomes between our 2 groups. This
proposed sample size will allow us to reasonably achieve our
study aims.

Missing Data
In line with other research collecting online survey data, we
anticipate that there may be some missing data among our
survey data, but that falls within reasonable expectations for
studies with this kind of study design. To address the possibility
of some missing data in our analyses, we will use group mean

imputation, a common estimation method utilized in survey
data [88].

Analysis of Qualitative Interview Data
Transcribed audio-recorded interviews (N=60) will be analyzed
following Lewis et al’s [89] 5-step framework analysis approach
[90]. A priori qualitative constructs include the first experience
with OD, personal experience with OD, naloxone knowledge,
naloxone training, experience with OD and naloxone, naloxone
costs and benefits, dual-role challenges, other kinds of
challenges, attitudes toward PWUD and stigma, concerns about
health risks, personal values and institutional environment, the
opioid crisis, and COVID-19.

Mixed Methods Synthesis
As depicted in Figure 3, the study will join qualitative and
quantitative data sources at a number of key intersections
throughout. Mixed methods studies in public health
conventionally focus on multiple (and potentially interacting)
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determinants of health-related outcomes by locating points of
articulation between different theoretical and methodological
approaches [91-98]. Our mixed methods strategy has multiple
“points of interface” [99] designed to yield a dialogue between
data sources [100]. The National Institutes of Health (NIH) Best
Practices for Mixed Methods Research [101] distinguishes 3
primary mechanisms for integration: merging, connecting, and
embedding.

Results

Expected Outcomes
The OPS will be the first study to longitudinally assess the
impact of a web-based opioid-related ORR intervention for law
enforcement in the U.S. Findings from our randomized
pragmatic clinical trial will provide evidence as to whether our
experimental training actually removes barriers to life-saving
police engagement with PWUO/PWID by focusing both on the
safety of law enforcement and on evidence-based and best
practices for working with persons at risk of an opioid OD. In
sum, we expect our simultaneous embedded mixed methods
approach will provide empirical evaluation of the diffusion of
a naloxone-based response among law enforcement.

Expected Timeline
Despite the fact that COVID-19-related precautions and the
national spotlight on policing practices hindered study
participation, we expected our baseline data collection to be
complete (with a sample of 300 police officers) by the end of
2021, with a 1-year follow-up for each study participant, ending
in December 2022.

Discussion

Summary
OD deaths are currently the largest cause of accidental deaths
in the U.S., and opioid-related OD deaths constitute the
overwhelming majority of these deaths. To address the epidemic,
a knowledge base for effective law enforcement interventions
is both necessary and urgent. This proposed study is designed
to provide a knowledge base regarding key obstacles to and
facilitators of the willingness and preparedness of the police to
administer naloxone and the related risk reduction practices,
and evaluate the efficacy of a web-based opioid-related
occupational safety and risk reduction curriculum.

Strengths and Limitations
The OPS is the first study to longitudinally assess the impact
of an opioid-related ORR intervention for law enforcement in
the U.S.

Our randomized pragmatic clinical trial aims to remove barriers
to life-saving police engagement with PWUO/PWID by focusing
both on the safety of law enforcement and evidence-based and
best practices for working with persons at risk of an opioid OD.

Our simultaneous embedded mixed methods approach will
provide empirical evaluation of the diffusion of the
naloxone-based response among law enforcement.

However, COVID-19-related precautions and the national
spotlight on policing practices may hinder study participation.

Conclusion
Findings from this study will be applied to the development and
implementation of effective interventions for police officers
aimed at harmonizing law enforcement practices with public
health goals. Study products (training curricula) will also be
disseminated nationally.
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Abstract

Background: Filipino Americans underuse mental health and preventive care services even though studies have indicated that
Filipino youth experience high rates of suicidal ideation, substance abuse, and teen pregnancies, whereas adults experience
immigration stress, discrimination, and depression. Evidence-based parenting interventions provided in early childhood have
proven to be effective in preventing the onset and escalation of child mental health disorders. In a pilot randomized controlled
trial, we found that participation in the Incredible Years Basic Parent Training Program (IY) improved parenting stress and
positive parenting practices and decreased child internalizing and externalizing symptoms among Filipino families. A fully
powered trial is needed to determine the efficacy of IY as a prevention program among Filipino families.

Objective: The aims of this study are to describe the design and rationale of a randomized controlled trial evaluating the effects
of the web-based IY program among parents recruited from multiple community-based settings and its impact on parenting
practices, parenting stress, and child problem behavior among Filipino Americans and describe the impact of COVID-19 on our
study protocols.

Methods: This study uses a randomized controlled 2-arm individually randomized group treatment pretest–posttest design for
180 parent–child dyads. Individuals are eligible if they are ≥18 years, live in California, and have at least one Filipino child aged
8-12 years. Consenting participants are randomly allocated to receive either the 12-week IY parenting intervention (intervention
arm) or American Academy of Pediatrics’ Bright Future handouts and placed on a waitlist to receive IY posttrial (waitlist control
arm). Primary outcomes include the Parent Practices Interview and the Parenting Stress Index. Secondary outcomes will be
measured using the Child Behavior Checklist (completed by parent) and will include child internalizing and externalizing behaviors
and total problems. Data are collected at baseline and 3- and 6-month follow-ups.

Results: Changes made to the protocol owing to COVID-19 include administration of surveys remotely and implementation of
the intervention on the web. The pandemic has provided an opportunity to evaluate the effectiveness of a web-based version of
IY that may improve access and increase use of the intervention. Recruitment and data collection procedures are still ongoing
and are expected to be completed by December 2022.

Conclusions: Our research will determine whether IY promotes positive parenting practices and prevents child internalizing
and externalizing behaviors in healthy but high-risk populations such as Filipino families. It will also uplift cultural narratives
and add to the evidence base for web-based parenting programs and their implementation in real-world settings. If found efficacious,
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IY has the potential to prevent behavioral health disparities in this understudied and high-risk Filipino population and can be
scaled, adapted, and implemented in other at-risk racial and ethnic minority communities.

Trial Registration: ClinicalTrials.gov NCT04031170; https://clinicaltrials.gov/ct2/show/NCT04031170

International Registered Report Identifier (IRRID): DERR1-10.2196/21867

(JMIR Res Protoc 2022;11(2):e21867)   doi:10.2196/21867

KEYWORDS

Filipino; mental health; prevention; parenting practices; community health

Introduction

Filipino Mental Health
Filipino Americans are the third largest Asian American
subgroup in the United States, with the highest concentration
living in Los Angeles, California [1]. Despite their numbers,
Filipinos have been described as an invisible minority and
remain understudied owing to the lack of disaggregated research
regarding their health status and needs [1-3]. In contrast to the
model minority myth ascribed to Asians in general [4,5],
US-born Filipino youth exhibit higher rates of mental health
problems than non-Hispanic White youth [6]. The few studies
on Filipino youth reveal exceedingly high rates of adolescent
suicidal ideation and attempts compared with non-Hispanic
White, Latinx, and African American individuals [2,7-9].
Filipino youth also have higher rates of behavioral problems
such as conduct disorder, substance use, high-school dropout,
and teen births than other Asian subgroups and have higher
rates of depressive symptoms compared with non-Hispanic
White individuals [2,8,10,11].

Filipino families also face acculturative and intergenerational
challenges, parental separation owing to immigration, family
conflict, parental mental health disorders, child maltreatment,
loss of social status, discrimination, and high rates of major and
postpartum depression [12-14]. The COVID-19 pandemic has
exacerbated these issues and placed Filipino children at risk for
future behavioral and mental health problems by increasing
familial stressors and disrupting many avenues to access health
services [15-17]. It has also revealed gaps in our existing
approach to the prevention of perinatal depression and child
mental health issues.

Despite these behavioral problems, Filipinos are less likely than
non-Hispanic White individuals to participate in mental health
care and preventive care use, including engagement in parenting
interventions [10,18-20]. Barriers to participation include
cultural stigma associated with parenting and mental health and
time constraints among parents who often work multiple jobs
[2,7,9,11,19]. For Filipinos, 85% of whom are affiliated with
the Catholic Church [21], the clergy play a critical role in their
efforts to manage personal problems [22,23] and, thus, have the
potential to serve as gatekeepers to behavioral health and
preventive services, including parenting programs. Schools,
primary care providers, and community-based organizations
may also serve as intervention gatekeepers. Conducting clinical
trials in familiar and geographically accessible real-world
settings may reduce some of the psychological and logistical

barriers to participation and increase motivation to participate
[24].

Evidence-Based Parenting Programs
Evidence-based parenting interventions in early childhood have
proven to be effective in preventing the onset and escalation of
child mental and behavioral health disorders [25]. Many
parenting programs target suboptimal parent–child relationships
and harsh discipline, two critical risk factors for behavioral
health problems among youth [26,27]. Parenting practices
strongly affect child behavior problems, perhaps even playing
a causal role [28]. The relationship between the antisocial traits
of parents and their children is mediated in part by specific
parenting practice [29]. There is a great deal of evidence that
parenting has a powerful effect on improving functioning and
reducing impairments [30]. Child behavior also affects parenting
in a transactional manner [31-34]. Children’s challenging
behaviors (eg, high activity level and poor emotion regulation,
attention, and impulse control skills) can elicit coercive or
detached parenting, with low nurturance and affection [35].
This parenting style may lead to an exacerbation of the child’s
behavior problems [28,30,36-39].

In contrast, parental affection, supervision, and firm behavioral
control predict long-term positive outcomes [37,40-43]. Parent
training programs alter parents’ behavior and, presumably in
response, children’s behavior [44,45]. The training program we
are implementing prevents challenging child behaviors early
and acts to interrupt this dysfunctional coercive cycle before
the child’s behaviors become entrenched into an identifiable
impairment and eligible for standard treatment models [46,47].

Incredible Years School Age Advance and Basic Parent
Training Program
Incredible Years Basic Parent Training Program (IY) is one of
the best-studied and highly regarded parent training programs,
with previous research highlighting the efficacy of the School
Age Basic Parenting Training Program in the Filipino
community [19,48-50]. The IY Advance Training Program
includes topics focused on effective communication skills and
based on community feedback, was suggested to be offered to
Filipino families. Current evidence suggests that parent
behavior-management programs such as IY are a viable
treatment for reducing depressive symptoms in young children
[51,52]. Over the past 11 years, Javier et al have conducted a
series of studies to pinpoint parent training as a
community-identified solution to prevent Filipino adolescent
behavioral health problems and disparities [49]; pilot-test IY to
assess the efficacy, feasibility, and acceptability of this
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prevention program in community settings in the Filipino
population [50]; and develop a theory-based motivational video
to increase Filipino parent enrollment rates in IY [53].

The success of these pilots underscores our ability to build trust
with community organizations serving large Filipino populations
and to overcome logistical challenges involved in implementing
the intervention. Previous research conducted by project
investigators justify the need to prevent behavioral problems
among Filipino youth [2,10,54]. A prevention trial offering the
IY School Age Basic and Advance Parent Training Program is

needed to determine whether this 12-week combined
intervention improves positive parenting practices and
internalizing symptoms in children at higher risk for future
depression, such as Filipinos.

Theoretical or Conceptual Model
The conceptual model of the IY program in Figure 1 depicts
the study hypotheses, that is, how IY affects parenting practices,
parenting stress (intermediate outcomes), and child problem
behavior (long-term outcomes).

Figure 1. Conceptual model of Incredible Years program theory. CBCL: Child Behavior Checklist.

Social learning theory suggests that early childhood internalizing
symptoms may have roots in dysfunctional parenting behaviors
and family environments [55]. For instance, depressive
behaviors may be both modeled and selectively reinforced by
parents [56]. IY targets some of the mechanisms and risk factors
for internalizing distress in early childhood: harsh and
unpredictable or critical parenting behaviors [57,58]. Parents
also learn cognitive strategies for themselves, such as self-praise,
coping thoughts, how to challenge negative thoughts, and how
to get support that they are encouraged to model for and teach
their children. Finally, they learn how to be more positive and
nurturing through academic, social, and emotional coaching.

The knowledge gained from this trial will contribute to the
scientific literature on preventive and early intervention
programs for children at risk for future behavioral problems and
to the literature on implementing evidence-based parenting
interventions in real-world settings. Very few proven
interventions that target Filipino parents are currently available.
The data will also provide important information to understand
the processes underlying the effects of IY on parenting practices
and subsequent child problem behavior among Filipino families.
The importance of this research rests on its potential to prevent
behavioral health disparities in this understudied and high-risk
population.

Hypotheses
The purpose of this study is to describe the design and rationale
of a randomized controlled trial evaluating the effects of a
12-week prevention program that includes content from the
School Age Advance and Basic Parent Training Program on
parenting practices, parenting stress, and child problem behavior
among Filipino American families in a community-based setting.
Our central hypothesis, based on social learning theory, is that
IY will provide efficient parent training, resulting in significant
improvements in parenting practices, parenting stress, and child
behavioral problems among the intervention group compared
with the control group. This hypothesis is supported by a
previous study in which we determined initial estimates of effect
sizes attributable to the intervention [50].

We hypothesize that parents will report improvements in
positive parenting practices, parenting stress, and child problem
behavior after IY as compared with baseline and the control
condition.

Methods

Overview
This pilot trial is funded by grants from the Robert Wood
Johnson Foundation Clinical Scholars Program and the
University of Southern California Keck School of Medicine
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COVID-19 and Bridge Funding Program. Trial enrollment was
initiated in July 2018 and is ongoing.

Ethics Approval
This study was approved by the Children’s Hospital of Los
Angeles Institutional Review Board (Study ID
CHLA-18-00066).

Trial Population

Inclusion and Exclusion Criteria
An individual is eligible to participate if he or she is (1) is aged
≥18 years and (2) identifies as a parent of at least one Filipino
child aged 8-12 years. The inclusion criteria for the 180 Filipino
American children are as follows: (1) aged between 8 and 12
years and (2) identify as Filipino or half-Filipino. Exclusion
criteria include the following: (1) parent plans to move out of
California during the next 9 months, (2) parent does not speak
English, and (3) parent has completed IY in the past.

We are only including individuals who can speak English
because according to the US Census Bureau data for Historic
Filipinotown, a large proportion of the Filipino households
(80%) are fluent in English [1]. This is primarily owing to the
effects of American colonialism in the Philippines, during which
an English-only curriculum was implemented. As the majority
of Filipinos in Southern California are foreign-born, they have
been educated in these institutions in which they were able to
learn English. In a previous IY study that offered both consent
forms and surveys in Tagalog, 100% of participants chose to
use English forms [48].

Outreach and Recruitment
We are outreaching to Filipino parents of children aged 8-12
years from community sites (ie, churches, schools, primary care
programs, after-school programs, and community-based
organizations) serving Filipino families in California. The
sample includes US citizens, permanent residents, and newer
immigrants to ensure diversity in the range of socioeconomic
status and length of stay in the United States. Prospective study
participants are recruited via (1) announcements at regularly
scheduled events with parents; (2) mailed letters, which include
an endorsement by the community partner, a description of the
study, and contact information so that parents can call if they
would like to participate; (3) snowball sampling techniques; (4)
study website with promotional video; and (5) use of social
media.

To address barriers to participation, we use a parent engagement
intervention video to promote recruitment. A screening
instrument is used to screen potential participants for eligibility
and obtain information regarding reasons for refusing to
participate in the study. We provide gift card incentives for each
survey completed; parents receive US $40 per survey and
children receive US $10 per survey. Demographic information,
including income, educational level, profession, immigration
status, and insurance status, is obtained at baseline. Flyers,
unaddressed letters, and email descriptions of the study are
provided to partnering organizations for their staff to distribute
to Filipino families. Parent addresses or emails are not given to
study personnel without parental consent.

Snowball sampling is a nonprobability sampling technique
where existing study participants recruit future participants from
among their acquaintances and colleagues. We will use this
method if we are unable to recruit enough participants from
community sites. In these cases, to assure that names are not
provided to researchers without their permission, participants
may be asked to talk to their friends about this project.
Participants are also asked to give their friends our contact
information if they wish to become a part of the project. A flyer
may be given to the participant to pass on to other potential
respondents. The flyer can be used to contact the research team
if the referred person is interested in participating in the study.
If an individual is interested in participating, eligibility is
confirmed using the inclusion and exclusion criteria. We also
have a study website where parents may view the video we
developed to promote participation in IY.

Once a parent is found to meet the study criteria and expresses
an interest in the study, he or she is provided with a detailed
description of the study and informed consent is obtained before
the administration of preintervention surveys. If families decline
to participate, verbal permission is obtained to ask about
demographic information and the reason for refusal. A database
of stated reasons for refusing and demographics is anonymously
maintained and used to aid future recruitment efforts and
compare participants with study refusals.

Intervention

Study Design
This pilot study is an individually randomized controlled group
treatment trial involving 180 parents of children aged 8-12 years
to test the effects of IY implemented in community settings on
parenting practices, parenting stress, child behavioral symptoms,
and child functional status. Parents are informed of the
randomized designs as part of the recruitment and consent
procedures. Parents are randomly assigned in a 1:1 allocation
with blocked randomization into either the intervention or
control arm, resulting in 90 parent–child dyads in both the
intervention and control groups. The trial statistician (WM)
created the randomization list (using SAS [version 9.4; SAS
Institute, Inc]). Research staff conducting data entry and
collection are blinded to each participant’s randomized
assignment.

IY Structure
Before delivering IY in this population, the researchers asked
community members to pinpoint health issues they wanted to
address through the use of a community-academic partnership
and a community advisory board composed of participating
Filipino parents and community partners [22]. Together, they
came up with the solution of using evidence-based parenting
programs to improve child mental health and behavioral issues.
The use of community partners allows for increased capacity
to outreach to Filipino American families across California.

A total of 2 parent group leaders who have completed the
certified training in IY are responsible for delivering the
intervention and cofacilitating each parenting workshop. To
ensure adequate understanding of Filipino culture and parenting
styles, at least one facilitator for each group must identify as
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Filipino. To track IY participation, parent group leaders record
attendance after each session. Parents attend sessions without
their child, and each group typically includes up to 15 parents.
During each session, the leaders provide education on parenting
strategies, play videos illustrating effective and ineffective
parenting, incorporate role-playing exercises, and facilitate
discussion about participants’ own personal experiences,

opinions, and thoughts related to the session’s content to
enhance their parenting skills.

IY sessions are offered to parents in the intervention group
immediately after randomization. There are 12 weekly
intervention classes, 2 hours each, for IY. Session topics are
shown in Table 1. Sessions 1-6 include topics from the basic
program, and sessions 7-12 include topics from the advance
program.

Table 1. Session schedule of the Incredible Years program.

TopicWeek

Welcome, parent goals, and parental attention1

Special time or parental attention2

Social, emotion, and persistence coaching3

Effective praise4

Tangible rewards5

Rules, responsibilities, and routines6

Clear limit setting and ignoring misbehavior7

Listening attentively8

Speaking up9

Communicating more positively to oneself and others; part 110

Communicating more positively to oneself and others; part 211

Giving and getting support, graduation, and celebration12

We offer make-up sessions for parents missing a weekly session
immediately before the next week’s session. For example, if a
parent misses week 1 session, they are invited to arrive 30
minutes early for week 2 session to go over last week’s materials
and concepts. The rationale for this is to ensure that the parents
are exposed to the materials and concepts as much as possible.
Overall, the IY curriculum builds upon principles discussed
during the previous weeks.

Comparator
Immediately after randomization, control participants are
emailed and mailed written parent education materials from the
American Academy of Pediatrics Bright Futures program. These
materials include general parenting advice with age
group–specific tips on how parents can support their child’s
development and social and academic success. Parents in the
control group are placed on a 3-month waitlist for the IY and
are offered the 12 sessions after they have completed the
follow-up assessments and intervention group classes end.

Outcomes
Our main hypothesis is that the IY will provide efficient parent
training, resulting in significant improvements in parenting

practices, parenting stress (primary outcomes), child problem
behavior, and COVID-19–related stress (secondary outcomes).

To evaluate primary outcomes, we use the Parenting Practices
Inventory [52] to assess parenting practices and physical
punishment and the Parenting Stress Index–Short Form [59] to
assess parenting stress. To evaluate secondary outcomes, we
use the Child Behavior Checklist for Ages 6 to 18 [60]:
Externalizing and Internalizing domains and Total Problems
(Parent, Child). The reliability and validity of these measures
have been described in the literature, with all measures
previously validated in multicultural populations. Finally, owing
to the COVID-19 pandemic, we also measure parental
COVID-19–related stress using the Epidemic–Pandemic Impacts
Inventory [61]. To assess consumer perspectives, we use parent
satisfaction and participation data in IY evaluation surveys.

Data Collection

Overview
Data collection occurs at three timepoints: at baseline, at
3-month follow-up, and at 6-month follow-up. Figure 2 provides
a data collection timeline for both the intervention and waitlist
control groups. Data are obtained using process evaluation
tracking systems and parent- and child-report instruments.
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Figure 2. Data collection timeline. IY: Incredible Years Parent Training Program; 0: baseline assessment (wave 1); 3: 3-month follow-up (wave 2); 6:
6-month follow-up (wave 3).

Parents and children complete the assessments by answering
the survey questions. During each interview, the interviewer
reads the survey questions found in the assessment forms and
records participant responses. The control group completes
preintervention and postintervention assessments during the
same period as the intervention group. Survey data are entered
into a Research Electronic Data Capture trial database and
Achenbach System of Empirically Based Assessment–Web
databases. The method of data collection (in-person, phone, or
web-based) and intervention delivery (in-person or on the
internet) is recorded in the data set.

Baseline
After consent is obtained, outcomes assessments and
demographic information, including income, educational level,
profession, immigration status, insurance status, and levels of
enculturation, are gathered for all participants at baseline.
Assessments are scored immediately following the group that
week and entered into the database.

3-Month Follow-up
After the intervention group’s 12-week IY program ends 3
months after baseline, all participants including the control
group complete postintervention questionnaires.

6-Month Follow-up
All participants complete another postintervention questionnaire
6 months after baseline. This time frame also marks the end of
the IY classes for control group participants, so the control
group are asked to complete evaluations pertaining to their
experience in IY.

Protocol Changes Owing to COVID-19
Before the pandemic, all parenting sessions were held at various
community-based settings. Owing to restrictions on in-person
activities, the research team adapted the IY program to be held
over Zoom, a web-based video conferencing platform that is
compliant with the Health Insurance Portability and
Accountability Act of 1996. Group leaders use presentation
slides, Zoom chat functioning, discussion synopsis, breakout

groups, and educational video clips, to ensure appropriate
delivery of session material in a web-based format.

In addition, all surveys were previously administered in person
at Children’s Hospital, Los Angeles. During the COVID-19
outbreak, all surveys were transitioned to be temporarily
conducted over the phone or Zoom. Telephone and video
surveys are administered by the interviewer in a quiet and
private location, and participants are asked to take the call in a
place that maintains their privacy.

We provide the option to use video call interviews for survey
administration over a Health Insurance Portability and
Accountability Act-compliant version of Zoom. The purpose
of using Zoom is to ease the fatigue and comprehension of
parents by allowing participants to read the survey questions
via screenshare capabilities. Participants may have the option
to remotely control entering their own answers if internet
capabilities allow for remote control during screensharing.
Interviewers screenshare the web-based Research Electronic
Data Capture survey form and allow participants to read survey
questions and select their answers that appear on the screen.
Interviewers remain on the web to set up the screenshare of the
survey and answer any questions that come up. Both telephone
and video interviews are temporary to adjust to social distancing
recommendations owing to COVID-19.

Once precautionary measures regarding COVID-19 are no
longer required, in-person surveys with answers written on paper
can resume. At that time, the option to conduct surveys through
a video or telephone call may be provided to 3- or 6-month
follow-up surveys as an alternative to the in-person survey as
a means of increasing retention.

Statistical Analysis

Power and Sample Size
Data from our preliminary pilot study were used to estimate
sample size for a comparison of intervention group means in
clustered data (clustering within individual IY groups). We used
a Cohen d effect size of 0.55, intraclass correlation of 0.04, and

JMIR Res Protoc 2022 | vol. 11 | iss. 2 | e21867 | p.97https://www.researchprotocols.org/2022/2/e21867
(page number not for citation purposes)

Macam et alJMIR RESEARCH PROTOCOLS

XSL•FO
RenderX

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


coefficient of variation of 0.16 in cluster (IY group) sizes. Given
this is a pilot study, each primary outcome and all secondary
outcomes will be tested at α=.05. Using PASS software, sample
sizes of 72 in each group (total sample 144), with an estimated
9 separate IY groups with an average of 8 participants in each
group and 2-sided α of .05 will achieve 82% power to detect
the intervention group effect size of at least 0.55. Predicting an
annual attrition rate of 20%, a full sample of 180 participants
is required.

Process Evaluation
We will document participants’ and facilitators’ experiences to
ensure the appropriateness and cultural relevance of the
intervention. Parent satisfaction and evaluation are also
measured as part of process evaluation after program
participation. Qualitative methods, such as field notes are used
to document and analyze the intervention’s implementation and
acceptability in the target population.

Analysis Plan
Before beginning hypothesis testing, data will be screened using
univariate analyses (eg, mean, SD, plausible range and value,
skewness, and kurtosis), patterns of correlation and covariance,
and checks for multicollinearity and singularity of variables.
Transformation of variables will be conducted as needed to
reduce the effects of valid outliers or violations of normality.
Participants will be analyzed by their randomized intervention
group, regardless of adherence. Randomized groups will be
compared on baseline values of demographic factors and trial
primary and secondary outcomes; standardized group differences
will be computed for each baseline variable as a standardized
assessment of the magnitude of group differences. In this
individually randomized group treatment trial, mixed effects
linear models will be used to test the IY intervention effect on
trial outcomes, accounting for correlated trial outcomes owing
to participants clustered within individual IY groups. Mixed
model random effects include random intercepts at the individual
IY group level and separate random error terms for the IY and
control participants. The model incorporates heteroscedasticity
between IY versus control participants, as the modeled variance
in the IY condition incorporates both group- and individual-level
variability and differs from that of the waitlist condition. Fixed
effects include the primary independent variable of the
randomized group (IY vs waitlist); model covariates will include
the baseline value of the trial outcome and baseline factors that
differ between randomized groups.

Given the COVID-19 pandemic, we will analyze data from
in-person intervention delivery versus web-based delivery
separately. As mentioned above, we added a measure of
COVID-19–related stress, the Epidemic–Pandemic Impacts
Inventory-II. The number of COVID-19–related experiences
endorsed will be summed within domains (work or employment,
home life, social activities and isolation, changes in emotions
and physical health and infection, and positive change) as a
cumulative risk index or using an in-person clustering method
to identify unique profiles of experiences.

Results

Recruitment and data collection procedures are ongoing and
are expected to complete by December 2022; we plan to
complete data analyses by June 2023. As of December 2021,
in total 103 have completed data collection in person and 60
have completed data collection on the web.

Our central hypothesis is that IY will provide efficient parent
training, resulting in significant improvements in parenting
practices, parenting stress, and child behavioral problems. This
hypothesis is supported by a previous study in which we
determined the initial estimates of effect sizes attributable to
the intervention [50]. Findings of the pilot study revealed that
IY had a positive impact on parenting stress, positive verbal
discipline, physical punishment, and parent perceptions of their
child’s externalizing symptoms, internalizing symptoms, and
number of problematic behaviors [50].

Once data analysis is complete, results will be disseminated to
individual partnering organizations and study participants,
summarizing the results of the study. In addition, we will invite
partnering organizations to a community forum aimed at sharing
the results of the study and obtaining community feedback.
Findings will also be submitted to a peer-reviewed journal and
presented at academic conferences.

This study will provide a knowledge base for the translation of
specific family-focused behavioral interventions to real-world
practice settings with greater emphasis on maximizing the
available resources within the contexts of local care settings
(primary care settings, churches, schools, and community social
service agencies) to better meet the needs of multiple
stakeholders.

Discussion

Challenges
A few challenges arose during the study, one major obstacle
being the COVID-19 pandemic. Owing to restrictions, we
transitioned from in-person intervention implementation and
providing the parenting group sessions in community spaces to
the current remote delivery of the intervention. We worked with
our community advisory board to develop the web-based
protocol, and overall, families found it to be acceptable on the
web. Of note, we also used materials developed by the IY
developer to transition the program to the web (ie, use of
web-based evaluations, tips for parenting group leaders to
engage families virtually, and use of midweek individual phone
calls to follow up with parents). Data collection including
informed consent procedures and survey administration also
transitioned from in-person to phone or Zoom conferencing
communications. Unexpectedly, through the use of web-based
platforms during the pandemic, we have been able to expand
our outreach to different families across California and reduce
time and transportation barriers to participating in the IY
intervention. This web-based format seems to be more
acceptable to families as it has helped overcome barriers such
as transportation, commuting time to sites where in-person
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delivery occurred, child care, and the need for social distancing
given the COVID-19 pandemic.

Another obstacle we faced was trial delay associated with use
of a true community–academic partnership with numerous
community partners and organizations helping to address mental
health disparities in our communities. Some community partners
involved have their own institutional review board and research
process, which adds time to the overall regulatory review and
approval. Development of statewide partnerships also requires
significant time and effort, particularly when working with
multidisciplinary teams including school districts, primary care
clinics, and other community organizations.

Comparison With Previous Work
Our previous work piloting IY as a community-based prevention
program in partnership with gatekeepers and our community
advisory board has made it possible to overcome stigma and
time-related barriers [19,50]. We were also able to reach a
population of at-risk children who have never been diagnosed
or referred for behavioral health treatment, thus embodying the
goal of prevention and early intervention. Although multiple
studies have used churches and other community-based settings
as means of engaging underserved, minority populations in
mental health and preventative health programs
[49,50,54,62-67], to our knowledge, no effectiveness trials
among Filipinos have evaluated the IY as a prevention program
offered in such settings. Moreover, few culturally appropriate
programs specific to Filipino families exist.

To the best of our knowledge, this will also be the first study
to examine the efficacy of IY as a web-based prevention
program used to improve parenting practices and internalizing
symptoms in school-aged children. Many of the previous studies
using IY were performed with clinically referred patients and
in primary care settings [68-71]. If we are able to determine that
web-based IY also improves internalizing symptoms, this single
intervention may be considered for use with other ethnic groups
as a universal prevention strategy for healthy populations at risk

for multiple behavioral problems (both externalizing and
internalizing disorders).

Future Directions
Results should suggest ways to increase the population-level
effectiveness of parenting programs for minority and immigrant
populations, who could benefit from such programs but tend to
participate at low rates. These strategies will be used to design
a future implementation trial that is attentive to the needs and
preferences of parents and community stakeholders. Such
strategies are critical in alleviating and eradicating behavioral
health disparities seen in these populations. In addition, by
transporting and evaluating effective interventions to a variety
of community settings, we can provide critical information to
health policy makers and public health leaders focused on
making decisions about whether these interventions should be
sustained.

Conclusions
The knowledge gained from this trial will contribute to the
scientific literature on preventive and early intervention
programs for children at high risk for future behavioral problems
as well as on the implementation of evidence-based parenting
interventions in real-world settings. Very few proven
interventions that target Filipino parents are available. The data
will also provide important information to understand the
processes underlying how IY affects parenting practices and
subsequent child problem behavior among Filipino families.

This research will impact the well-being of Filipino youth and
society as a whole by expanding the cultural narratives and the
evidence base supporting web-based parenting interventions
during middle childhood to prevent behavioral health disparities.
It will allow us to identify and resolve challenges involved in
implementing a behavioral parenting intervention in a large and
growing immigrant population. The real value of this project is
that it attempts to bridge the differences between immigrant
parents and youth growing up in the United States and can serve
as a model for promoting mental health equity among other
immigrant communities affected by behavioral health disparities.
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Abstract

Background: Type 2 diabetes is a common lifelong condition that affects over 400 million people worldwide. The use of
effective medications and active self-management can reduce the risk of serious complications. However, people often have
concerns when starting new medications and face difficulties in taking their medications regularly. Support provided by brief
messages delivered through mobile phone–based SMS text messages can be effective in some long-term conditions. We have
identified promising behavior change techniques (BCTs) to promote medication adherence in this population via a systematic
review and developed SMS text messages that target these BCTs. Feasibility work has shown that these messages have fidelity
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to intended BCTs, are acceptable to patients, and are successful in changing the intended determinants of medication adherence.
We now plan to test this intervention on a larger scale in a clinical trial.

Objective: The aim of this trial is to determine the effectiveness and cost-effectiveness of this intervention for reducing
cardiovascular risk in people with type 2 diabetes by comparing it with usual care.

Methods: The trial will be a 12-month, multicenter, individually randomized controlled trial in primary care and will recruit
adults (aged ≥35 years) with type 2 diabetes in England. Consenting participants will be randomized to receive short SMS text
messages intended to affect a change in medication adherence 3 to 4 times per week in addition to usual care. The aim is to test
the effectiveness and cost-effectiveness of the intervention when it is added to usual care. The primary clinical outcome will be
a composite cardiovascular risk measure. Data including patient-reported measures will be collected at baseline, at 13 and 26
weeks, and at the end of the 12-month follow-up period. With 958 participants (479 in each group), the trial is powered at 92.5%
to detect a 4–percentage point difference in cardiovascular risk. The analysis will follow a prespecified plan. A nested quantitative
and qualitative process analysis will be used to examine the putative mechanisms of behavior change and wider contextual
influences. A health economic analysis will be used to assess the cost-effectiveness of the intervention.

Results: The trial has completed the recruitment phase and is in the follow-up phase. The publication of results is anticipated
in 2024.

Conclusions: This trial will provide evidence regarding the effectiveness and cost-effectiveness of this intervention for people
with type 2 diabetes.

Trial Registration: ISRCTN Registry ISRCTN15952379; https://www.isrctn.com/ISRCTN15952379

International Registered Report Identifier (IRRID): DERR1-10.2196/32918

(JMIR Res Protoc 2022;11(2):e32918)   doi:10.2196/32918
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Introduction

Type 2 Diabetes and Medication Adherence
Type 2 diabetes is a lifelong condition that can cause serious
long-term health problems [1]. It is one of the most common
long-term conditions, affecting 422 million people worldwide
[2] and 4.7 million people in the United Kingdom [3]. It can
lead to major complications, including cardiovascular disease
(CVD), renal failure, and neuropathy [1]. The global economic
burden of diabetes is projected to reach up to 2.2% of the global
gross domestic product [4], and many of these costs are because
of preventable complications. Treatments to reduce risks of
complications from type 2 diabetes are effective if taken as
intended [5,6]. However, concerns about medicines and
difficulties in taking them regularly, whether intentional or
unintentional, are common [7]. The cost of nonadherence to
diabetes medication in the United Kingdom has been estimated
at £100 million (US $135 million) per year in avoidable
treatment costs alone [8].

Some services, such as pharmacy medication checks, use of
blister packaging, written reminders, and routine education, are
available to support people in taking their medication regularly,
but evidence of their effectiveness and cost-effectiveness is not
strong [9]. These services may not be right for everyone and
are often targeted at particular groups or designed as one-off
services. Understanding and improving this situation could
make a major contribution to health.

Digital Health Interventions and Brief Messaging
Systematic reviews of SMS text messaging to support adherence
to treatment and of mobile health interventions in diabetes have
identified some effective interventions [10,11]. There are a few

trials testing the impact of brief messaging in type 2 diabetes,
but they do not test systematically developed interventions, and
many are at risk of bias or have short-term follow-up. However,
despite variation in response in different settings and differences
in trial design, studies to date have not resolved continuing
uncertainty about implementation in routine health care [10,11].
Trials of SMS text messaging for preventing cardiovascular
risk and lowering blood pressure have shown clinically relevant
changes in outcomes compared with usual care [12,13].

There is substantial evidence that personalized interventions
are more effective than generic interventions [14]. Tailored
interventions may be seen by recipients as more personally
relevant, so they will be more likely to attend to, read,
understand, and act on them. In addition, tailored interventions
are designed to change the determinants of the target behavior
that are relevant to individuals or to small subgroups of
individuals; they therefore more precisely target the determinants
of the behavior of individuals.

Preliminary Studies
Support Through Mobile Messaging and Digital Health
Technology for Diabetes (SuMMiT-D) is a program of work
composed of three phases: formative work; a feasibility trial;
and a large-scale, pragmatic randomized controlled trial of a
mobile phone–based system. The program is intended to develop
and evaluate brief, tailored behavior change messages for people
with type 2 diabetes, intending to encourage regular use of
diabetes medication and persistence, and modify risk factors
including glucose, blood pressure, and cholesterol levels, and
thus the risk of adverse outcomes, including CVD. The
intervention is intended to focus on a broad range of individuals
with type 2 diabetes, but those with younger onset diabetes and
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using insulin alone were not included, as these features often
require different care pathways.

In the formative work for this trial, we identified theoretical
constructs and features of intervention content found to be
associated with medication adherence in people with type 2
diabetes [15] and mapped them onto a standard taxonomy of
behavior change techniques (BCTs), that is, active components
of interventions used to promote behavior change [16,17].
Development work aimed to ensure that the overall approach
was acceptable to people with type 2 diabetes [15]. We then
developed a large set of messages to target each BCT [18],
through an expert consensus process and surveys with experts
and patients to select messages that had fidelity to the intended
BCTs and were acceptable to patients. We carried out a
feasibility study and further qualitative work [18,19] and
confirmed that the intervention and trial processes were
acceptable and feasible [20,21] and that the responses to specific
messages matched the response observed in the formative work
[22].

Aims
The primary objectives of the main SuMMiT-D trial are to
determine the effectiveness and cost-effectiveness of this
intervention in reducing cardiovascular risk for people with
type 2 diabetes compared with usual care. In addition to the
primary objectives to determine the effectiveness and
cost-effectiveness, a process evaluation will provide information
to further develop and refine the intervention, to explore how
it can achieve a wide reach, and to explore how it can be
incorporated and embedded in health care pathways. It will also
further identify the precise psychological mechanisms of action
through which the intervention might change behavior.

Methods

Overview
The SuMMiT-D trial protocol is reported according to the
Standard Protocol Items: Recommendations for Interventional
Trial (Multimedia Appendix 1) and the European Society for
Patient Adherence, Compliance, and Persistence Medication
Adherence Reporting Guidelines recommendations [23,24].

Patient and Public Involvement
Patient members of the public are integral to this trial. A panel
of 11 patient and public involvement (PPI) members with type
2 diabetes was set up for the formative stage of this program of
work and continues to inform our work, reviews all patient
documentation and research findings, and supports the
development and refinement of the intervention.

All patient-facing documents for the SuMMiT-D trial, including
the participant information sheet, informed consent form,
posters, user guides, and website, were reviewed by PPI panel
members. The results of the study will be made available to
participants of the trial, PPI panel members, and participating
general practices on the trial website.

Research Design
The SuMMiT-D main trial is a primary care–based, 2-arm,
parallel group, individually randomized controlled trial with a
health economic analysis and an embedded process evaluation.
The trial aims to recruit 958 participants from up to 100 general
practice sites in England. Participants with type 2 diabetes who
provide consent will be randomly allocated to receive
individually tailored mobile phone–based messages alongside
usual care (intervention) or to usual care alone (usual care).

A process evaluation will be carried out in line with the Medical
Research Council (MRC) guidance on process evaluations [25]
and will focus on (1) mechanisms (or theory) of change of the
intervention, that is, how the intervention produces change in
participants and (2) the impact of context on how the
intervention works.

An economic analysis will be conducted from the perspective
of the National Health Service (NHS) and Personal Social
Services. The analysis will be informed by routine and
self-report data and will estimate the incremental
cost-effectiveness ratio expressed as the cost per quality-adjusted
life year (QALY) gained.

Setting
The trial will be conducted in general practices in England. The
recruitment of practice sites will be monitored to ensure
geographical spread, to include a range of sites with levels of
deprivation matching the wider distribution, and to align
recruitment with the burden of diabetes in the community.

Intervention
Participants assigned to the intervention group will receive brief
health-related SMS text messages based on a systematic review
of the evidence identifying determinants of medication-taking
behavior [17]. Messages were developed based on a systematic
review of the evidence by experts [17] and refined in an iterative
process of ensuring acceptability based on patient feedback and
demonstration of fidelity to intended behavior change
determinants, as rated by an independent group of experts [18].
A more detailed description of the intervention is given in the
template for intervention description and replication checklist
[26], included in Multimedia Appendix 1. Examples of messages
are given in Multimedia Appendix 2 along with the
corresponding BCT that the message is intended to target based
on the formative work for the trial [18].

The intervention is a digital health system with the following
components:

1. Participants will be sent up to 4 automated SMS text
messages per week, with an average frequency of 3 per
week, related to diabetes management and the use of
medicine.

2. The library of SMS text messages uses different groups of
BCTs (see supplementary material) to target health-related
behavior changes related to the use of medicines, as well
as messages targeting other aspects of diabetes care
(including diet and exercise).

3. The frequency of messages received using a particular group
of BCTs can be modified based on a participant’s response
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to individual messages by sending an SMS text message in
response to a particular message asking for that type of
message to be sent more or less often. Participants may
incur a cost for sending messages in response depending
on their network plan.

4. The style of messages is patient-centered and encourages
patients to seek further relevant information (including the
use of links where it is possible to select external websites;
eg, Diabetes UK).

Outcomes
The primary outcome will be a composite cardiovascular
outcome adapted from the equations used for the United
Kingdom Prospective Diabetes Study (UKPDS) risk engine
[27]. We will evaluate the effect of changes in metabolic
outcomes (glucose, blood pressure, and cholesterol levels) on
the estimated risk of CVD. We will calculate CVD risk at
baseline and at follow-up using the UKPDS risk engine [27].
The UKPDS risk engine is type 2 diabetes–specific and is based
on 4540 patients from the UKPDS trial (1977 to 1991). It
includes glycated hemoglobin (HbA1c) as a continuous variable
and calculates the risk of developing a new coronary heart
disease event.

Secondary outcomes will include glycemic control (HbA1c),
blood pressure, total and high-density lipoprotein cholesterol
(mean and clinically relevant change), self-reported smoking
status, resource use, and EuroQol 5-dimension, 5-level
(EQ-5D-5L). Participants will be assessed at 13, 26, and 52
weeks (not all measures at all time points), with all
measurements and data being collected directly from the
participants or via their medical records.

Medication adherence outcomes for antidiabetic medication
will be prespecified as a proportion of participants with ≥80%
medication available over 1 year, a continuous measure of the
proportion of medication available over 1 year defined as the
medication possession ratio (MPR), and persistence with a
medication calculated from routine electronic health data
[28,29]. We will also measure the MPR for statins and blood
pressure–lowering medications.

Procedures and Assessments
Potential participants who express interest in taking part in the
trial will be screened by the trial team and will provide consent
and submit their baseline questionnaires either on the web or
on paper according to their preference. Participants will be
randomized by the trial team and will receive messages for 52
weeks from randomization to the final follow-up. All
participants will be asked to complete questionnaires at baseline,
13 weeks, 26 weeks, and at the end of their 52-week follow-up
period. Medical note reviews will be conducted at baseline and
12 months after randomization.

Recruitment
Potential participants will be identified through general practices
in the United Kingdom. A short information leaflet will be

provided to potential participants using a variety of methods,
including posts displayed in waiting areas at participating
general practices and given to patients by a practice team
member.

Health care professionals will screen their type 2 diabetes clinic
lists for identifying potentially eligible patients and invite them
to participate in the study. Searches and screening may be
performed periodically to enable newly potentially eligible
patients to be invited. Potentially eligible patients may be
contacted up to three times (by phone, letter, email, or SMS
text message).

Expressions of Interest
People interested in taking part in the trial can send their full
name by SMS text messages to the trial team to register their
interest. If potential participants have any difficulties in
registering their interest in the trial in this way, they will be able
to call a trial telephone number and will receive support in
registering as required.

Screening Assessment
Following an expression of interest, a member of the trial team
will contact the potential participant by phone to provide further
information about the trial and conduct screening and eligibility.

Inclusion Criteria
The inclusion criteria for eligible participants are as follows:

• Are aged ≥35 years
• Are taking oral glucose-lowering treatment, blood

pressure–lowering treatment, or lipid-lowering treatment
either alone or in combination

• Have access to a mobile phone and are able, if necessary,
with help (eg, relatives, friends, or neighbors), to send,
understand, and retrieve brief SMS text messages in the
English language

Participants who are using insulin treatment without concomitant
use of oral glucose-lowering treatment; who are pregnant, within
3 months postpartum or planning pregnancy during the trial;
have a serious medical condition that, in the opinion of the
investigator, makes them ineligible; have been admitted to
hospital within the last 3 months for hyperglycemia or
hypoglycemia; or who use a pharmacist-managed monitored
dosage system are ineligible.

Informed Consent
Participants will provide consent either on the web or on paper.

Baseline and Follow-Up Assessments
Questionnaires will be administered (on the web or by post) at
the baseline assessment, at 13 weeks and 26 weeks after
randomization, and at 52 weeks. The measures and schedules
are detailed in Table 1.
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Table 1. Schedule of trial outcomes and measures.

Visits or data collection time pointsProcedures

Any time point52 weeks26 weeks13 weeks

Participant expres-

sion of interestbScreeninga

✓Screening

✓Eligibility assessment

✓Informed consent

✓Demographics and additional information question-
naire (to include age, gender, and postcode)

✓✓MARSc self-report scale—questionnaire

✓✓✓✓EQ-5D-5Ld health status—questionnaire

✓✓Health care use record questionnaire

✓✓Hypothesized mediators of behavior change and tech-
nology acceptance questionnaire

✓✓Brief hypothesized mediators of behavior change and
technology acceptance questionnaire

✓✓Brief attitudes to diabetes and treatment

✓✓Data collection (including medical history and con-
comitant medication)

✓Randomization

✓Text messaging system registration

✓Sending of intervention or control messages initiated

✓✓✓✓Scheduled and unscheduled contacts

✓Adverse event assessments

✓Routinely collected datae

aGeneral practitioner to screen list before mail out.
bDay expression of interest received or as soon as possible thereafter.
cMARS: Medication Adherence Report Scale.
dEQ-5D-5L: EuroQol 5-dimension, 5-level.
eRoutinely collected data: hospital episode statistics from National Health Service Digital, data from medical records for metabolic outcomes, use of
primary care services, and medicine costs including drug prescriptions issued.

At the baseline assessment, questionnaires will be the
Medication Adherence Report Scale (MARS) [28]; EQ-5D-5L
[30], a measure to assess the hypothesized mediators of effect
based on developmental work and the technology acceptance
model [31]; a resource use questionnaire [8]; and a brief measure
of satisfaction with diabetes treatment (Multimedia Appendix
1). Experience of diabetes education, presence of a caregiver
and their role in medication administration, duration of diabetes,
time since last change in type 2 diabetes medication, if the
pharmacy used by the participant automatically requests
patients’ medication from surgery, self-reported level of
education, smoking, age, gender, ethnicity, postcode, NHS
number, date of birth, previous use of mobile phones and
computers, and details of existing mobile phone, including
contract type, will also be recorded.

Follow-up will last for 52 weeks after randomization. The
following questionnaires will be completed at 13 and 26 weeks
(range ±4 weeks) following randomization: EQ-5D-5L [30] and

a brief questionnaire based on the health psychology theory and
the technology acceptance model [31].

At 52 weeks (range ±4 weeks) following randomization, the
following questionnaires will be completed: MARS, a self-report
scale [32]; the EQ-5D-5L [30]; a measure based on the health
psychology theory and the technology acceptance model [27];
a health care use record [8]; and a brief measure of satisfaction
with diabetes treatment. A full schedule of the measures is
shown in Table 1.

Additional Trial Procedures
All participants will receive non–health-related SMS text
messages at a frequency of approximately 1 every 4 weeks.
These messages will be used to maintain contact and prompt
completion of questionnaires. The sending and receipt of
messages by mobile phones will be monitored throughout the
trial and contact will be made with the participants if problems
are identified.
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Randomization
Participants will be randomized after consent and when all
baseline assessments have been completed. Participants will be
allocated in a 1:1 ratio to either the intervention or usual care.
Randomization will be performed using a validated, secure
web-based randomization program (Sortition [Primary Care
Trials Unity, University of Oxford]) provided by the University
of Oxford Primary Care Clinical Trials Unit.

Allocation will be carried out with a nondeterministic
minimization algorithm to ensure groups are balanced for
important baseline prognostic and other factors: study site and
age (<65 or ≥65 years); gender (male or female); duration of
diabetes (<5 years or ≥5 years); and number of medications (<5
or ≥5). The allocated intervention will be implemented directly
by the platform on which the digital health system is run. Apart
from the qualitative research team and the engineering team,
all other trials and health care staff were blinded to the treatment
group. We determined that unblinding would not be required
during the trial.

Discontinuation of Intervention or Withdrawal From
Trial
Participants can withdraw from the trial at any time. Participants
can also choose to pause or stop the receipt of SMS text
messages by sending an SMS text message or contacting the
trial office by telephone or post. Serious unexpected adverse
events related to the intervention are determined by the chief
investigator (AF) and reported in line with the local procedures.

Statistical Analysis

Power
A total sample size of 958 participants (479 per group) provides
92.5% power to detect a 4-percentage point change in
cardiovascular risk of 4-percentage point change in risk (number
needed to treat=25) based on an SD of 15% for cardiovascular
risk derived from a primary care diabetes trial in patients with
type 2 diabetes, in which reductions between 4% and 7% in
estimated 10-year CVD risk were observed with statin treatment
[33]. This estimate includes 15% inflation owing to clustering
and 20% loss to follow-up at 92.5% power and 5% two-sided
level of significance. The sample size also provides the power
to detect changes in HbA1c between groups of 4 mmol/mol
based on an SD of 15 mmol/mol for patients newly starting
glucose-lowering therapy [29]. This number of participants will
also provide 80% power to detect an increase in the proportion
of medication available from a baseline of 50% to 60.9%.

Analysis
The primary analysis population will include all randomized
participants in the treatment arm to which they were assigned,
regardless of the intervention received. Those found to be
ineligible after randomization will be excluded from the analysis.
For the primary and secondary outcomes, HbA1c values will be
included if they are between 3 and 12 months after
randomization. The other data collected via notes review
(cholesterol and blood pressure) will be included if between 6
weeks and 12 months post randomization.

Baseline variables will be presented by a randomized group
using frequencies (with percentages) for binary and categorical
variables and means (and SD) or medians (with lower and upper
quartiles) for continuous variables.

The primary outcome will be analyzed using a multiple linear
regression model. The model will adjust for baseline score,
experience of diabetes education (yes or no), and minimization
factors as fixed effects. Depending on the results of a
preliminary exploration of the site, a mixed effect model will
be used instead of a site fitted as a random effect. The adjusted
difference in means between the 2 groups will be presented
along with its associated 95% CI and P value.

Secondary continuous outcomes that are collected at 13, 26,
and 52 weeks will be analyzed using a mixed effect model that
includes a time × treatment interaction so that the treatment
effect can be estimated at each time point; otherwise, the
outcomes will be analyzed in a similar way to the primary
outcome.

Similarly, binary outcomes measured at multiple time points
will be analyzed using a generalized linear model (adjusting for
the same factors listed earlier).

Missing data will be reported with reasons given where
available, and the missing data pattern will be explored.

Economic Analysis
The health economic analysis will be embedded in the clinical
trial. The principal aim will be to assess the cost-effectiveness
of the intervention as compared with usual care and will be
accomplished by adopting an England NHS and Personal Social
Services perspective, estimating total costs, and benefits
expressed in QALYs. The intervention will be microcosted.
The use of health care resources by participants of the trial will
be estimated from self-reported questionnaires, hospital episode
statistics, and Egton Medical Information Systems data and will
be costed using current prices. Health utilities will be estimated
using methods specified by the National Institute for Clinical
Excellence at the time of analysis.

A health economic analysis plan will be agreed upon before the
analysis, which will primarily be over the time horizon of the
trial, and secondarily over a lifetime. QALYs over 1 year will
be estimated directly from the clinical trial, and a trial-based
incremental cost-effectiveness ratio will be calculated as the
ratio of the difference in mean costs to the difference in QALYs.
The joint uncertainty in costs and benefits will be considered
through the application of bootstrapping and estimation of the
cost-effectiveness acceptability curve.

If the intervention is determined to be clinically effective, costs
and outcomes will be extrapolated using the UKPDS model
[34]. Costs and outcomes accruing after the first year will be
discounted according to the rate specified by the National
Institute for Clinical Excellence at the time of analysis. The
modeled extrapolation will be subject to probabilistic sensitivity
analysis to characterize parameter uncertainty and present the
probability of the adherence intervention being cost-effective.
The health economic analysis will be reported according to the
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Consolidated Health Economic Evaluation Reporting Standards
checklist [35].

Process Evaluation
A process evaluation will be carried out in line with the MRC
guidance on process evaluations [25] and an updated MRC
framework [36]. The process evaluation will have quantitative
and qualitative elements and will focus on (1) mechanisms (or
theory) of change of the intervention, that is, how the
intervention produces change in participants and (2) the impact
of context on how the intervention works.

Participants
Participants who provide consent to take part in the embedded
qualitative study will be purposefully sampled by characteristics
including, but not limited to, age, gender, duration of diabetes,
medication use (duration and number), current adherence, and
familiarity with digital devices, with the aim of a maximum
variation sample within the sampling framework of the trial.

Up to 60 participants will be recruited from the intervention
group in 2 waves. The initial wave of up to 30 participants will
be recruited for 2 interviews, at 1-month and 12-month
follow-ups to explore any change after initial exposure to the
intervention, and potential long-term change after 12 months.
Up to an additional 30 participants will be recruited for
interviews at 12 months following the analysis of the interim
measures. This will allow purposive sampling based on any
changes in psychological constructs.

Prompts in the interview guide will be informed by anticipated
themes derived from the existing literature and our previous
qualitative studies, but consistent with inductive qualitative
research methodology, we will also invite stories of the
experience of participants in the trial without imposing a strictly
limited preconceived topic guide. Further areas for questioning
will be added as necessary as new themes emerge from early
interviews. Participants will be invited to share their views on
how they engaged with the system, the messaging system
content, and will be invited to describe how the system was
implemented in daily life. This will support the identification
of issues surrounding potential attrition.

All interviews will be audio-recorded (with consent), transcribed
verbatim, and analyzed thematically [37]. We will involve
people with diabetes closely in both the development of the
interview guide and in testing and refining our interpretation of
the data to ensure that the analysis is as relevant and credible
to eventual users as possible.

Quantitative Data in the Process Analysis
The trial will include brief questionnaires to assess the key
behavior change constructs in which the messages are targeted
at changing (Multimedia Appendix 2). An assessment will be
made of the use of the system (messages received and responses)
from routinely collected electronic data. In line with MRC
guidance [36], we have developed a logic model (Figure 1) that
indicates how the intervention will produce changes in behavior
and thereby cardiovascular risk based on the Health Action
Process Approach [38] and developmental work.

Figure 1. Process evaluation: logic model.
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Three mediation analyses based on instrumental variable
techniques [39-41] will be used to explore the extent to which
changes in the behavior change constructs can explain any
impact of the intervention on medication adherence measured
by (1) MPR and (2) self-reported MARS and health measured
by (3) the composite cardiovascular outcome. The constructs
to be included are intention, action planning, coping planning,
action control, habit, task self-efficacy, maintenance
self-efficacy, recovery self-efficacy, automaticity, changes to
the environment, satisfaction with experienced consequences,
risk perceptions, outcome expectancies, social support, and
patient activation. Relevant covariates will be included in the
models, including age, gender, and index of multiple
deprivation.

Qualitative Data in the Process Analysis
Interview data will be used to further explore the psychological
mechanisms by probing what actions and feelings the
intervention may result in, and the contextual factors that may
influence how the intervention works for an individual. A
content analysis of previous qualitative work has identified
potential contextual factors and mechanisms that may influence
how the SuMMiT-D intervention is working or not working.
The connection between these and the effects of the intervention
will be probed in these interviews. In accordance with recent
guidelines related to potential measurement reactivity within
trials, we have considered the effects these interviews may have
on the trial outcomes and have taken steps to mitigate these
[42]. All 52-week interviews will be conducted following
quantitative data collection. The timing of the 4-week interviews
has been chosen to allow exploration of initial changes in
response to the messages while still leaving an appropriate gap
between the interview and follow-up measurement (11 months).
Sensitivity analyses will be considered as an option to examine
the potential effects of being interviewed at the interim and final
outcome points.

Data Management
All trial data will be entered into electronic case report forms.
The clinical database is built on the Research Electronic Data
Capture, a secure, web-based application designed to support
data capture for research studies [43].

Ethics and Dissemination
The trial will be conducted according to the principles of the
Declaration of Helsinki and in accordance with other relevant
national guidelines, regulations, acts, and good clinical practice
guidelines. The University of Oxford sponsors the trial.

The role of the Trial Steering Committee is taken on by the
National Institute for Health Research Programme Steering
Committee. The composition of the Trial Steering Committee
is presented in Multimedia Appendix 3. The sponsor and funder
determined this as a trial at low risk, and a Data Monitoring
Committee has not been set up, with the Trial Steering
Committee monitoring any problems arising. Ethical approval
was obtained from the West of Scotland Research Ethics
Committee 05.

The trial is sponsored by the University of Oxford, Clinical
Trial and Research Governance Unit, Boundary Brook House,
Headington, Oxford, United Kingdom. The sponsor and funder
have no role in the study design, collection, management,
analysis, and interpretation of data, writing of the report, and
the decision to submit the report for publication.

Data Sharing and Dissemination
Access to quantitative trial data will be made available following
the publication of primary results through a publicly accessible
repository. Qualitative data cannot be made openly available
because of ethical concerns. Access conditions will be available
from the repository. Trial findings will be made available on
the International Standard Randomised Controlled Trial Number
website as soon as possible and before publication. The
participants will be informed of the findings. The findings will
be communicated by conferences and social media.

Dissemination Plan
The results of this trial will be submitted to a peer-reviewed
journal for publication, through conference presentations,
publications of process evaluation, and qualitative work, and
on the SuMMiT-D trial website.

Results

Recruitment to the SuMMiT-D trial began with the first
participant randomized on March 23, 2021. General practices
across England have agreed to identify and invite participants
to participate in the study, and participants have been recruited
from 42 general practices. The reporting of the trial is anticipated
in 2024.

Discussion

Principal Findings
The SuMMiT-D trial is a large-scale randomized controlled
trial that aims to estimate the clinical and cost-effectiveness of
the SMS text messaging intervention compared with usual care.
It addresses the need to develop and better understand scalable
interventions that can address the continuing challenge of
suboptimal medication adherence through the increasing
capability of mobile phones and digital platforms.The trial is
pragmatic in design and can provide information about the
impact of brief messaging on people with diabetes with SMS
text messages that have been systematically developed to use
established BCTs. Although the trial focuses on selecting a
population having type 2 diabetes, many, if not most, of these
people will have other medical conditions; thus, it has broader
applicability to a wide population of people who have type 2
diabetes in addition to other conditions rather than excluding
those individuals.

Conclusions
If effective, this intervention could help reduce the burden of
complications and increase the costs associated with
nonadherence. Alongside this trial, we are also looking at how
this intervention, and those like it, could best be embedded in
routine clinical care. This research could also offer a model for
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technology-based self-management support that could be
extended to other aspects of diabetes care and other long-term

conditions.
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BCT: behavior change technique
CVD: cardiovascular disease
EQ-5D-5L: EuroQol 5-dimension, 5-level
HbA1c: glycated hemoglobin
MARS: Medication Adherence Report Scale
MPR: medication possession ratio
MRC: Medical Research Council
NHS: National Health Service
NIHR: National Institute for Health Research
PPI: patient and public involvement
QALY: quality-adjusted life year
SuMMiT-D: Support Through Mobile Messaging and Digital Health Technology for Diabetes
UKPDS: United Kingdom Prospective Diabetes Study
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Abstract

Background: Adolescents in residential substance use treatment are at extremely high risk for relapse following discharge to
the community. Parenting practices, including parental monitoring and parent-adolescent communication, have been established
as key predictors of adolescent substance use outcomes and relapse. However, traditional office-based therapy may not be feasible
for parents who face structural and systemic barriers. There is a clear need for effective, accessible, and scalable interventions
for parents of adolescents receiving residential substance use treatment. In a prior pilot randomized controlled trial, we tested
Parent SMART (Substance Misuse among Adolescents in Residential Treatment)—a technology-assisted parenting intervention
informed by extensive formative research—as an adjunct to residential treatment as usual (TAU). Parent SMART demonstrated
high feasibility and acceptability, as well as evidence of effectiveness in improving parental monitoring and communication.

Objective: This protocol paper describes a fully-powered randomized controlled pragmatic effectiveness trial of Parent SMART
as an adjunct to residential TAU. We hypothesize that families who receive Parent SMART will demonstrate greater improvements
in parenting skills, reductions in adolescent substance use, and reductions in adolescent problem behaviors relative to families
that receive residential TAU. We will test the exploratory hypothesis that reductions in adolescent substance use will be partially
mediated by improvements in parenting skills.

Methods: Adolescent-parent dyads (n = 220 dyads; 440 total) will be randomized to either residential TAU only or Parent
SMART+TAU. Parents randomized to Parent SMART will receive access to a networking forum, an off-the-shelf computer
program called Parenting Wisely, and up to four telehealth coaching calls. Multimethod follow-up assessments consisting of
self-reported parent and adolescent measures, a parent-adolescent in vivo interaction task, and 8-panel urine screens will be
conducted 6, 12, and 24 weeks postdischarge from residential care. Measures will assess parenting skills, adolescent substance
use, and adolescent problem behaviors. Analyses will be conducted using latent change score structural equation modeling.

Results: The trial was funded in August 2021; ethics approval was obtained in August 2020, prior to funding. Due to concerns
with the administrative interface in the pilot trial, the Parent SMART networking forum is currently being rebuilt by a different
vendor. The programming is scheduled to be completed by December 2021, with recruitment beginning in February 2022.

Conclusions: The proposed research has the potential to advance the field by serving a high-need, underserved population
during a vital treatment juncture; targeting parenting practices (putative mediators) that have been shown to predict adolescent
substance use outcomes; addressing barriers to accessing continuing care; and testing a highly scalable intervention model.

Trial Registration: ClinicalTrials.gov NCT05169385; https://clinicaltrials.gov/ct2/show/NCT05169385

International Registered Report Identifier (IRRID): PRR1-10.2196/35934

JMIR Res Protoc 2022 | vol. 11 | iss. 2 | e35934 | p.116https://www.researchprotocols.org/2022/2/e35934
(page number not for citation purposes)

Becker et alJMIR RESEARCH PROTOCOLS

XSL•FO
RenderX

mailto:sara_becker@brown.edu
http://www.w3.org/Style/XSL
http://www.renderx.com/


(JMIR Res Protoc 2022;11(2):e35934)   doi:10.2196/35934

KEYWORDS

adolescent; residential; technology-assisted; substance use; parent; randomized controlled trial; RCT; intervention; eHealth;
problem behaviour; problem behavior

Introduction

Background
Adolescents with substance use disorders requiring a residential
level of care typically present with severe symptoms and an
array of co-occurring mental health, behavioral, motivational,
legal, and environmental problems [1,2]. While a number of
studies have found that residential treatment is associated with
an acute reduction in symptoms and co-occurring problems
[3,4], long-term outcomes of this population are far less
encouraging [5]. Longitudinal studies indicate that the majority
of adolescents will relapse within 90 days of discharge [6]. Such
poor outcomes are likely at least partially attributable to the fact
that only about 35%-45% of adolescents receive any continuing
care [7,8].

To improve adolescent outcomes, it has been argued that
continuing care interventions should move beyond solely
including the adolescent to actively targeting parent engagement.
Multiple systematic and meta-analytic reviews [9-12] have
demonstrated that substance use interventions that include
parents significantly outperform adolescent-only approaches.
In recognition of this empirical support, the Residential Care
Consortium released a white paper advocating that residential
programs improve parent engagement, particularly prior to and
following discharge to the community when disruptions in care
are common [13]. Further research has suggested that adolescent
substance use interventions targeting parental monitoring and
communication, two key parenting processes that are protective
against adolescent substance use [14,15], are associated with
better adolescent outcomes than interventions targeting parent
education only [16-18].

Building upon the extant research highlighting how positive
parenting skills protect against adolescent substance use [19-21],
as well as the research demonstrating the challenges with parent
engagement in traditional office-based sessions [22,23], we
developed a technology-assisted parenting intervention called
Parent SMART (Substance Misuse among Adolescents in
Residential Treatment). Parent SMART was designed as an
adjunct to residential treatment for adolescents with

substance-related problems. It consists of three elements—an
online parent skills program, a parent networking forum, and
telehealth coaching sessions. The online parenting skills program
is an off-the-shelf product [24,25], whereas the networking
forum and telehealth coaching sessions were specifically
designed in response to formative research with parents of
adolescents in residential treatment [26].

We previously tested the Parent SMART intervention via a pilot
randomized controlled trial with 61 parent-adolescent dyads
across two residential programs (one acute care and one standard
residential care) [27]. Results of the pilot trial met or exceeded
all of the recruitment, retention, acceptability, feasibility, and
fidelity benchmarks established a priori as evidence that the
intervention was worthy of further study in a larger trial. Parent
SMART demonstrated excellent acceptability and feasibility,
with parents who received Parent SMART reporting
significantly higher levels of satisfaction and greater likelihood
of recommending the services they had received than those who
received residential treatment alone [27]. In addition, Parent
SMART was associated with significant improvements in
parental monitoring and communication, measured via both
self-report scales and a behavioral intervention task, across both
residential settings [28]. Among adolescents in the acute care
setting, Parent SMART was also associated with significant
reductions in days of binge drinking and school-related
problems; we were underpowered to detect differences in the
standard residential care setting, but a number of significant
time effects were observed, revealing encouraging reductions
in days of substance use, substance-related problems, and
high-risk behaviors among adolescents in both conditions [27].
Building upon this prior work, the current protocol describes a
fully-powered, randomized controlled trial testing the
effectiveness of Parent SMART as an adjunct to residential
TAU on parenting skills, adolescent substance use, and problems
commonly related to substance use such as school truancy,
externalizing behavior, sexual risk behavior, and criminal
involvement [10]. A conceptual overview of the study’s specific
aims is presented visually (Figure 1) and elaborated upon as
follows.
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Figure 1. Overview of protocol aims. Parent SMART: Substance Misuse in Adolescents in Residential Treatment.

Specific Aims
Primary aim 1: Evaluate the effectiveness of Parent
SMART+TAU versus TAU on proximal parenting outcomes.
Hypothesis 1 is that, relative to those in TAU, parents receiving
Parent SMART+TAU will exhibit greater improvements in
parental monitoring and communication at 6, 12, and 24 weeks
postdischarge from residential care.

Primary aim 2: Evaluate the effectiveness of Parent
SMART+TAU versus TAU on distal adolescent substance
outcomes. Hypothesis 2 is that, relative to those in TAU,
adolescents whose parents receive Parent SMART+TAU will
show greater reductions in the proportion of days substances
were used outside a controlled environment and
substance-related problems at 6, 12, and 24 weeks postdischarge
from residential care.

Secondary aim: Evaluate the effectiveness of Parent
SMART+TAU versus TAU on distal adolescent problem
behavior outcomes commonly related to substance use: school
problems, externalizing behaviors, sexual risk behavior, and
criminal involvement. Hypothesis 3 is that adolescents whose
parents receive Parent SMART+TAU will have greater

reductions in a range of problem behaviors, including school
truancy, externalizing behavior, risky sexual behavior, and
criminal involvement at 6, 12, and 24 weeks postdischarge from
residential, relative to adolescents in TAU.

Exploratory aim: Evaluate the extent to which change in
parenting processes mediates change in adolescent substance
outcomes. An exploratory hypothesis is that change in parenting
processes (ie, communication, monitoring) at 6-weeks
postdischarge from residential care will partially mediate
primary adolescent substance use outcomes at 12 and 24 weeks.

Methods

Study Design and Ethical Considerations
Parent-adolescent dyads will be assigned to receive either
residential TAU or Parent SMART+ residential TAU on a 1:1
schedule using a two-arm, parallel-group, randomized trial
design. The Brown University Institutional Review Board has
approved all study procedures described herein (ID#
2006002748). The study is registered in clinicaltrials.gov
(NCT05169385). The timing of key study elements, including
randomization and parent-adolescent assessments, is depicted
in Table 1.
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Table 1. Timing of key protocol elements.

Postdischarge periodResidential treatment

24 weeks12 weeks6 weeksResidential stay (2-45
Days)

AllocationBaseline assessmentEnrollmentTimepoint

Enrollment

XInformed consent/assent

XMasked allocation

Control condition

XResidential treatment as usual

Parent SMART condition

XXXParenting Wisely program

XXXParent networking app

XXTelehealth coaching sessions

Assessment of primary aim 1

XXXXParental monitoring question-
naire

XXXXParental communication
questionnaire

XXXXFamily assessment task

Assessment of primary aim 2

XXXXProportion days used sub-
stances

XXXXSubstance-related problem
scale

XXXUrine screens

Assessment of secondary aim

XXXXSchool-related problem scale

XXXXBehavioral complexity scale

XXXXRisky behavior scale

XXXXCrime and violence scale

Inclusion Criteria
A total of 440 participants—220 parent-adolescent dyads—will
participate in this trial. Parent inclusion criteria are: (1) parent
or legal guardian of adolescent aged 12-18 years admitted to
residential treatment due to concerns about substance use; (2)
will be primary guardian living with adolescent after their
discharge from residential treatment; (3) fluent in English or
Spanish; and (4) willing and able to complete a structured
assessment prior to the adolescent’s discharge from residential
treatment. Adolescents whose parents qualify are eligible to
participate as long as they are willing to participate in the
research and able to complete a structured assessment prior to
their discharge from residential treatment.

Recruitment
Parents will be referred to the study via a residential intake
coordinator at the partner facility (see residential TAU), who
will briefly inform parents about the study during the intake
process. Interested parents will be given a consent to contact
form on a study tablet to review and sign. The consent to contact

form will provide a brief overview of the study and will collect
the parent’s preferred contact information so that research staff
can contact the parent at a later time. The research staff will
then contact the parent to describe the study risks and benefits
and complete a brief eligibility screener. Interested parents who
qualify will provide informed consent to participate using
electronic consent forms; parents of adolescent minors will also
provide informed parental consent for their child to participate.
The research staff will then work with staff at the residential
facility to schedule a time to speak with the adolescent via phone
or Zoom to describe the study and to complete a brief screener.
Interested adolescents will provide informed assent (for those
age 13-17 years) or informed consent (for those age 18 years)
via electronic forms. Parents and adolescents must independently
provide consent and assent, respectively, for an
adolescent-parent dyad to enroll in the study.

Anticipated Participant Demographics
Based on the participants enrolled in the pilot trial [27], parents
are expected to be predominantly biological mothers (about
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80%), with the remainder comprised of biological fathers,
adopted parents, and other legal guardians. For adolescent
characteristics, we expect approximately 10% of adolescents
to identify their gender as nonbinary, with the remainder
identifying as male (45%) or female (45%). We anticipate about
25% of adolescents will identify as Hispanic. We expect
adolescents to self-identify in the following racial categories:
White (65%), Black or African-American (12%), Multiracial
(15%), and Asian or Asian American (2%). We expect about
6% of adolescents to select “prefer not to answer” as their
preferred race.

Randomization
Parent-adolescent dyads will be randomized immediately after
completing the baseline assessment using the urn randomization
method [29], which systematically biases randomization in favor
of balance across conditions. Dyad randomization will be
balanced according to adolescent biological sex at birth (male
vs female), planned length of stay in residential (0-10 days vs
10+ days), and parent’s preferred language (English vs Spanish).
Random assignments will be made using an Excel urn generator
developed by Stout and colleagues for Project MATCH [22].
Parents will be informed about their treatment assignment
shortly after randomization. Residential staff and study research
staff conducting follow-up assessments will be blind to the
condition.

Interventions

Residential TAU
TAU consists of the standard residential services offered to
adolescents at our partner facility and will be received by
families in both conditions. The partner residential treatment
program, Rosecrance Health Network, offers residential
treatment for adolescents at two locations, one in Rockville,
Illinois, and one in Sioux City, Iowa. Length of stay ranges
from 2 to 45 days, depending on the adolescent’s level of need
and insurance coverage. Adolescents at Rosecrance Health
Network receive about 15 hours of educational programming
and 25 hours of treatment per week in a predominantly

group-therapy model based on dialectical behavioral therapy
[30]. Each adolescent is also assigned a primary counselor who
checks in with them at least twice per week. Medication
management is offered by a nurse practitioner or psychiatrist
as needed. Prior to discharge, parents receive standard discharge
planning, which consists of a customized relapse prevention
plan as well as either a referral to a new outpatient therapy
provider or a return to a prior outpatient therapy provider.
Families receive referrals to a psychiatrist or local self-help
group as indicated. Postdischarge, families are encouraged to
phone the intake coordinator for further referrals or support.

Following randomization, parents will be given an educational
pamphlet about adolescent substance use, parenting skills, and
local community resources, consistent with usual resource
provision at the partner site.

Parent SMART
Parents randomized to Parent SMART will receive a
technology-assisted intervention containing three core elements,
which were packaged in response to formative feedback
described extensively [26] and tested in the pilot trial [27,28].
All three elements are available in both English and Spanish.

Online Parent Skills Program

Parents will receive a 24-week subscription to an off-the-shelf,
online parent skills program called Parenting Wisely (Figure
2) shortly after randomization to Parent SMART. Parenting
Wisely (Ser Padres Con Sabiduría) is a self-administered,
multimedia online program that has demonstrated effectiveness
in reducing youth problem behavior across multiple independent
studies [24,31-33]. The program contains nine modules, each
of which corresponds with a common family problem (eg,
finding drugs, monitoring of friends, sibling conflict, etc). Core
skills emphasized across the Parenting Wisely modules include
two communication skills (I-Statements and Reflective
Listening) and two monitoring skills (Contracting and Asking
Key Questions). The program also comes with a workbook that
outlines all the vignettes, along with a glossary of terms, sample
behavior charts, and practice exercises.

Figure 2. Parenting Wisely computer program.

JMIR Res Protoc 2022 | vol. 11 | iss. 2 | e35934 | p.120https://www.researchprotocols.org/2022/2/e35934
(page number not for citation purposes)

Becker et alJMIR RESEARCH PROTOCOLS

XSL•FO
RenderX

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


After selecting a module, parents are shown a video clip
depicting a family struggling with that problem. Parents then
select from three possible video vignette solutions, only one of
which demonstrates an effective approach. Parents then receive
feedback via video enactment of their chosen solution. The
video enactment labels specific parenting skills, explains why
the solution was either effective or ineffective and discusses
how effective parenting skills (eg, monitoring and
communication) can protect against common family problems.

The full Parenting Wisely program takes 3-5 hours to complete
depending on user speed and depth of use. Parents will have a
unique login, which will allow the research team to monitor
their usage. In the pilot trial, 83% of the parents randomized to
Parent SMART completed at least two modules, and 33%
completed at least five modules. Overall, parents completed a
mean of 3.8 modules (SD 2.3, range 1-9 completed modules)
[28].

Networking Forum

Parents will also receive access to a networking forum
containing two main channels (Ask an Expert and Connect with
Parents) along with parenting resources, information about the
study team, and customizable settings (Figure 3). The Ask an
Expert channel allows parents to pose questions to a team of
licensed clinical psychologists, whereas the Connect with
Parents channel enables parents to pose questions and comments
to other parents of adolescents in residential treatment. The
networking forum will be accessible via smartphone app or web
browser. The smartphone app will use push notifications to send
a daily “Tip of the Day!” offering encouragement, reminders
to use the forum, and/or links to Parenting Wisely videos; if the
push notification is not opened, parents will receive the
notification via SMS message two hours later. In the settings
tab, parents can also subscribe to SMS notifications every time
someone posts in one of the two main channels.

Figure 3. Parent SMART (Substance Misuse in Adolescents in Residential Treatment) app interface.
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The networking forum has been carefully designed so that
parents can view all content (including push notifications and
SMS messages) in either English or Spanish, using a mix of
static content that is pretranslated (eg, page headings and team
bios) and user-generated content that is translated via a Google
translator set-in. Parents will select their preferred language in
the forum’s user settings. A bilingual expert moderator will
review and correct translation errors. This will allow
Spanish-speaking parents to interact with posts by
English-speaking parents in both forums and vice versa with
minimal disruption. On an ongoing basis, the expert moderator
will review all posts submitted to both channels to remove any
potentially identifiable information or objectionable material.

Posts submitted to the Ask an Expert forum will be answered
by a team of expert adolescent clinical psychologists to ensure
continuous coverage. Responses to parent questions will follow
a specific formula: validation of concern, reference to a specific
Parenting Wisely core skill, and reference to a specific Parenting
Wisely module(s) most relevant to the concern. By contrast,
posts submitted to Connect with Parents will be viewed by other
parents, who can “like” posts or provide comments.

In the pilot trial, 21 of the 30 parents (70%) randomized to
Parent SMART posted a total of 16 times in Ask an Expert and
50 times in Connect with Parents. Qualitative analysis of the
posts revealed five key themes: parenting skills, parent support,
managing the transition home from residential care, adolescent
substance use, and family functioning [34]. Parents will be told
to expect replies within 24 hours; the average lag time in our
pilot trial was 1 to 2 hours.

Coaching Sessions

Telehealth coaching sessions will be offered to support the
customization of the content in the Parenting Wisely computer
program and encourage engagement in the networking forum.
Each session will consist of the rationale for a specific parenting
skill, review of a Parenting Wisely module, practice applying
the skill to a specific problem, and consideration of questions
that the parent would like answered via the networking app.
Focal parenting skills covered will align exactly with the
Parenting Wisely skills to address parental monitoring
(I-Statements and Reflective Listening) and communication
(Contracting and Asking Key Questions). Parents will be asked
to schedule sessions at times when they can access the internet
to view Parenting Wisely modules. The initial 60-minute session
will consist of an orientation to the Parenting Wisely program
and networking app. Subsequent 45-minute sessions will follow
the same basic outline without the orientation. When parents
have questions or introduce problems/ concerns about their teen,
the coach will first provide validation and then discuss how the
parents’ problems can be addressed using a specific Parenting
Wisely core skill. For homework, parents will be encouraged
to complete Parenting Wisely modules that map onto their
unique concerns (with reference to specific pages of the parent
workbook for additional practice) and to use the networking
forum to solicit feedback from either an expert or another parent.

In the pilot trial, 29 of the 30 parents randomized to Parent
SMART initiated coaching sessions. On average, parents

attended 2.7 coaching sessions, out of a maximum of 4 (SD 1.1,
range 1-4) [27].

Parent SMART Coach Training, Fidelity and
Competence
Parent SMART sessions will be delivered by BA-level or
MA-level coaches, consistent with the approach used in the
pilot trial. At least one counselor fluent in Spanish will be
available at all times. A licensed clinical psychologist (protocol
Principal Investigator), with expertise in training front-line
community counselors, developed the training materials and
will lead an initial 2-hour training. Prior to the training, coaches
will be asked to review the Parent SMART manual, complete
two modules in the online Parenting Wisely program, visit the
parenting networking forum, and listen to two prerecorded
coaching sessions that demonstrate all session elements. During
the training session, coaches will conduct multiple role plays
of the sessions to gain practice delivering the intervention
content.

Before being assigned Parent SMART+TAU participants, each
coach must submit two audio-recorded role plays that meet
adherence and competence benchmarks. Counselor adherence
to each Parent SMART session will be rated via study-specific
adherence checklists that range from 0 (no elements covered)
to 15 (all elements covered), with the target level of adherence
set at 80% coverage. Competency will be rated via the
well-validated 6-item “General Therapeutic Skills” subscale of
the Cognitive Therapy Rating Scale [35,36]. Items will be scored
on 6-point Likert scales ranging from 1 to 6 and then averaged;
a mean score ≥4 will indicate competence. All sessions will be
rated for adherence and competence by research staff trained
in the rating process, with at least 25% of sessions double coded.
A different licensed clinical psychologist (second author) will
lead weekly supervision meetings with coaches, focused on
tailoring sessions to address each family's unique presenting
concerns.

A total of 78 sessions occurred in the pilot trial: all were rated
on the coach’s adherence to protocol and competence by a single
coder, and 33% were double coded. In total, 87% of sessions
met the adherence, and 100% met the competence benchmark
[27]. Agreement between coders was excellent: inter-rater
reliability measured via the intraclass correlation coefficient
was 0.92 for adherence and 0.86 for competence.

Study Assessments
Parents and adolescents will complete a baseline assessment
shortly after admission to the partner facility. Follow-ups will
be conducted by research staff blind to condition at 6, 12, and
24 weeks postdischarge. The baseline assessment will be
approximately 90-120 minutes for adolescents and 45-60
minutes for parents; each follow-up assessment will take
approximately 60 minutes for adolescents and 30 minutes for
parents. If a parent loses physical custody of the adolescent
postdischarge, adolescent data will still be collected, and parent
data will be classified as missing; administration of the full
parent battery will be resumed if the parent regains physical
custody. If an adolescent turns 18 over the course of the 24-week

JMIR Res Protoc 2022 | vol. 11 | iss. 2 | e35934 | p.122https://www.researchprotocols.org/2022/2/e35934
(page number not for citation purposes)

Becker et alJMIR RESEARCH PROTOCOLS

XSL•FO
RenderX

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


follow-up period, then the adolescent will be reconsented as an
adult at the next relevant follow-up visit.

Primary Aim 1: Parenting
To address primary aim 1, we will conduct a multimodal
assessment of parental monitoring and parental communication.
Specifically, we will use parent and adolescent report measures
with strong psychometric properties, as well as an in vivo family
assessment task. Prior research suggests that adolescent report
of parent behavior is more predictive of adolescent risk behavior
than parents’ self-reported behavior [14]. As such, adolescent
reports will be used to capture parent behaviors, whereas parent
self-report will be used to measure adolescent behaviors.

Parent Monitoring Questionnaire

The Parental Monitoring Questionnaire [37] is a 24-item youth
and parent-reported measure containing three subscales. We
will use the following versions of the subscales to assess
dimensions of parental monitoring: child disclosure (parent
report), parent solicitation (adolescent report), and parental
control (adolescent report). Subscales were reliable in our pilot
trial (α=.76-.87) and have been shown to correlate with
adolescent mental health problems, deviant peer relationships,
and family discord [37].

Parent-Adolescent Communication Scale

The Parent-Adolescent Communication Scale [38] is an
adolescent and parent reported measure with two subscales. The
adolescent-reported version only will be used to assess positive
(general family communication) and negative (problems with
family communication) aspects of parent-adolescent
communication. Subscales had good reliability (α=.71-.92) in
our pilot [28] and have been shown to correlate with adolescent
engagement in risk behavior [38].

Family Assessment Task

The family assessment task (FAsTask) is an audio-recorded
family problem-solving task that will be used to provide an in
vivo assessment of parenting skills. Three tasks (5 minutes each)
will assess parental monitoring and communication: (1) limit
setting: parents lead a discussion about a time they had to set a
limit); (2) substance use norms: parents lead a discussion on
family views about substance use; and (3) monitoring and
listening: adolescent leads a discussion about a time they were
unsupervised with their peers and parents react. Each item will
be rated on a 9-point Likert scale by trained research staff blind
to condition using a structured codebook initially developed by
Dishion and colleagues [39] and adapted by the research team.
Ratings between 1 and 3 will indicate poor parenting skills,
ratings >3 to <6 will indicate average parenting skills, and
ratings of 6 and above will indicate strong parenting skills.
Individual ratings will yield five distinct scale scores: limit
setting (10 items), parent substance use beliefs (4 items), parent
substance use communication (6 items), adolescent disclosure
(7 items), and parental monitoring (9 items).

In the pilot trial, 20% of FAsTasks were double coded with an
excellent mean inter-rater reliability of 94%. Moreover, the
FAsTask was sensitive to change, with all five subscales
demonstrating significant time by treatment condition

interactions, favoring Parent SMART+TAU relative to the
TAU-only condition in our pilot trial [28].

Primary Aim 2: Substance Use
Adolescent substance use will be assessed via the Global
Appraisal of Individual Needs-Core (GAIN) [40], a
well-validated, structured, comprehensive interview. The GAIN
has intake and follow-up versions, which each contain over 100
analyzable scales across eight sections (background, substance
use, mental health, physical health, risk behaviors, legal,
vocational, and environmental). We do not obtain corroboration
from parents or peers since parents often underestimate
adolescent use [41-43] and since peer corroboration raises issues
of confidentiality and unintentional harm [44]. We will assure
adolescents of confidentiality, as self-reported substance use
has shown reliability when confidentiality is assured [45].

Proportion of Days Substances Used Outside a Controlled
Environment (Past 90 Days)

A series of GAIN items will evaluate days of substance use over
the past 90 days, as well as days the adolescent was in a
controlled environment (eg, residential treatment or justice
facility). This will allow calculation of the proportion of days
that the adolescent was outside of a controlled environment on
which substances were used. The GAIN days of use items have
shown excellent comparability [46] to the well-validated
Timeline Follow-Back Interview [47,48]. Like the Timeline
Follow-back, the GAIN will assess days of alcohol and drug
use using a calendar with temporal cues (eg, holidays and special
events) to facilitate recall. The proportion of days all substances
are used and separate days of binge drinking, marijuana, all
other drugs, stimulant, and opioid use will be examined.

Substance-Related Problems Scale

The GAIN substance-related problem scale will be used to
obtain a count of substance use symptoms experienced over the
past 90 days in line with the latest diagnostic criteria for a
substance use disorder [49]. Diagnoses made from this scale
have demonstrated good test-retest reliability (κ=.55) [50] and
accurately predict independent, blind staff ratings of the presence
of substance use disorder (κ=.91) [51]. Reliability in our pilot
trial (α=.78) [27] was consistent with prior studies using the
same items (α=.76) [51].

Urine Drug Screens

Urine drug screens will be used to corroborate self-reported
abstinence and gauge under-reporting of substance use in
adolescents. Urine screens will be collected via 8-panel dip
urine screens at the 12-month and 24-month follow assessments
(75% testing rate in our pilot trial). Samples will be tested for
metabolites of marijuana, cocaine, amphetamines,
methamphetamines, barbiturates, phencyclidine, opiates, and
benzodiazepines.

Secondary Aim: Adolescent Problem Behavior
GAIN scales will be used to assess common behaviors often
linked to adolescent substance use [52-55]; higher scores
indicate more problems. Consistent with the substance use
scales, these scales will use a 90-day recall. Of note, in the pilot
trial, we used an abbreviated version of the GAIN that contained
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briefer versions of some of these scales; thus, we report
psychometric data from the measure validation data trial.

Behavioral Complexity Scale

This scale counts 33 externalizing behaviors, including
symptoms of conduct, inattention, and hyperactivity. The full
scale has good test reliability for total symptoms (rs=.7-.8) and
strong internal consistency (α=.94) [40].

School-Related Problems

This four-item scale counts school-related problems, including
truancy, chronic tardiness, poor grades, and cutting class. The
full scale has demonstrated significant associations with
adolescent employment problems, substance use, and cumulative
stress in prior studies [56].

Risky Sexual Behavior

This three-item scale evaluates the number of risky sex-related
behaviors, including sexual activity with multiple partners,
unprotected sex, and sex while under the influence of alcohol
or drugs. The full scale has demonstrated concordance with
adolescent substance use and mental health problems in prior
studies [40].

General Crime Scale

This 31-item scale assesses the number of behaviors the
adolescent engaged in indicative of general conflict, as well as
property, interpersonal, and drug crime. Test-retest reliability
of the full scale has been shown to be excellent with strong
internal consistency (α=.90) [40].

Covariates: Demographics

Parent and adolescent sociodemographics will be assessed and
controlled for as covariates. Parents will complete a routine
sociodemographic form. Adolescents will complete the GAIN
Background section, which collects routine sociodemographic
variables including age, sex, gender identity, ethnicity, race,
and grade in school. Items in other GAIN sections indicate the
adolescent’s history of substance use or mental health treatment
utilization, data that will be used to control for treatment
received.

Data Analysis Plan

Overview
The data analysis plan contains periodic data quality checks,
early generation of analysis variables, and mock study table
generation to provide a check on completeness of study data.
The study statistician will be blind to treatment conditions and
follow a protocol established a priori.

Hypotheses will be tested with a latent change score modeling
[57] approach estimated within a structural equation modeling
framework [58]. The structural equation modeling framework
allows direct estimating and testing hypotheses of interest,
including treatment effects and mechanisms of action across
multiple outcome variables. Compared to latent growth
modeling, latent change score modeling is flexible (ie, not
structured) with respect to the shape of the trajectory of change.
This approach avoids misspecification of the change trajectory
and allows for the testing of mediation hypotheses (exploratory

aim). As a mixed repeated measures approach based on
maximum likelihood estimation, the model produces unbiased
effect estimates and standard errors under the missing at random
assumption. The missing at random assumption is less restrictive
than the missing completely at random assumption that is
implicit in complete case or carry-forward methods for missing
data and consistent with the intent-to-treat principle [59]. We
will focus on intent-to-treat analyses to optimize rigor and
account for the fact that families randomized to Parent SMART
may engage in passive activities, such as lurking in the app or
reading push notifications. Supplementary completer analyses
will assess effects among those who complete at least two
telehealth coaching sessions and two Parenting Wisely modules.
Analyses will also control for contact time (eg, number of
modules completed, number of posts in the app, and number of
sessions attended) as a covariate in analyses of primary and
secondary outcomes. The full analysis plan will be coded and
executed on collected data at the end of Year 1 to identify errors
so final analyses can be completed quickly.

Primary aims 1 and 2 and the secondary aim compare
trajectories of change using data from baseline, 6, 12, and 24
weeks follow-up on parenting processes, adolescent substance
use, and adolescent problems, respectively. These aims will be
evaluated in latent change score models with separate change
effects for each of the adjacent time points [57]. For each aim
(primary aims 1-2 and secondary aim), multiple outcomes are
specified. For example, primary aim 1 specifies parental
communication (two subscales) and parental monitoring (three
subscales). Primary aim 2 includes days of substance use as
well as problems related to substance use. A single latent
variable at each time point will be used to define a composite
outcome reflecting shared covariance among the multiple
outcome indicators. Measurement invariance will be tested over
time, and noninvariance will be assumed if necessary.
“Point-in-time analyses” will be conducted to assess preliminary
effects at 6 weeks and then at 12 weeks.

The exploratory aim examining potential mediators will be
evaluated by bringing outcome models together in a single
multivariate model. The exploratory hypothesis posits that
positive changes in parenting processes at 6 weeks will be
related to reductions in adolescent substance use and adolescent
problems at 12 and 24 weeks. A bivariate change score model
will evaluate change in parenting processes and change in
adolescent substance use and related problems simultaneously
and introduce a residual covariance term describing the
association of change in parenting and change in adolescent
outcomes. Time lagged regression coefficients will then be
applied to test whether a change in parenting processes at 6
weeks leads to lower adolescent substance use and adolescent
problems at 12 and 24 weeks. Examples of such an approach
to evaluating mediation and moderation effects in the context
of randomized trials can be found in McArdle and Prindle [60].

Power
The study’s primary and secondary aims were specifically
powered to detect small to medium effect sizes on the
Time*Condition interactions, based on: (1) the effect sizes
detected in our pilot trial, which were small to medium in size,
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and which matched the proposed population in terms of severity;
and (2) the effect sizes of the online parenting program on
parenting processes detected in prior clinical trials, which were
medium to large [24,32,33]. With a sample size of 220 dyads,
we will have 80% power to detect a 0.38 standard deviation
effect size or larger with a type I error risk of .05.

Results

This pragmatic effectiveness trial received notice of grant award
on August 1, 2021. Ethics approval was obtained a full year
prior to funding, in August 2020. Due to concerns with the
administrative interface in the pilot trial surfaced by the study
investigators, the Parent SMART networking app is currently
being rebuilt by a new vendor, Mooseworks Software LLC.
The programming has been fully completed as of December
22, 2021, and demonstrations are scheduled with the recruitment
partner in January 2022. Recruitment is scheduled to commence
in February 2022.

Discussion

Summary
Given the poor long-term outcomes of adolescents in residential
care [1,2,51], strategies to improve adolescent substance use
treatment outcomes following discharge are sorely needed. This
pragmatic effectiveness trial will compare residential TAU to
a multicomponent technology-assisted parenting intervention
that has shown strong evidence of feasibility and acceptability
[27] as well as preliminary effectiveness in improving
parent-adolescent communication and parental monitoring. This
trial will specifically address calls for improvements to
residential care for adolescents put forth by the Residential Care
Consortium [13] by promoting the engagement of parents during
the transition from residential treatment to continuing care.

Potential Strengths and Limitations
This pragmatic effectiveness trial is characterized by a number
of strengths. Most notably, Parent SMART is a novel
technology-assisted intervention that was developed based on
extensive formative research with parents, adolescents, and
residential treatment staff and is supported by encouraging data
from a rigorous pilot randomized controlled trial. This study
will build upon the successful pilot trial by conducting a
fully-powered evaluation of the intervention’s effects on parental
monitoring, parent-adolescent communication, adolescent
substance use, and adolescent behavioral outcomes. Moreover,

this study will move beyond simply testing the effectiveness of
the intervention by specifying and examining putative mediators
of change. Finally, the Parent SMART intervention is highly
scalable: it augments an off-the-shelf intervention with a parent
networking app and telehealth sessions that require limited
training to deliver. Future work will seek to test different
delivery models of Parent SMART to support long-term
sustainability: (1) delivery by trained residential staff who bill
for services, and (2) delivery by outside vendors, purchased as
part of a technology package paid for by the residential center
as part of the bundled rate.

In addition to these strengths, several limitations should be
considered. A key limitation is that the Parent SMART+TAU
and TAU conditions do not offer an equivalent dose of contact
time. As a result, favorable results associated with Parent
SMART may be attributable to a higher overall dose of
treatment. This decision was made because our goal was to
assess whether the package intervention was a feasible,
acceptable, and effective adjunct to residential services delivered
under real-world conditions. A related limitation is that Parent
SMART is a bundled, multicomponent intervention, which will
limit the ability to determine which aspects of the intervention
(ie, the computer program, parent networking app, telehealth
sessions) are driving observed effects. To mitigate these
limitations, we will carefully control for each type of contact
time (eg, number of telehealth sessions completed, time spent
in the app, number of parenting skills modules completed) in
analyses of primary and secondary outcomes.

Conclusions
If found to be effective, Parent SMART could offer a relatively
low-cost, highly scalable adjunctive strategy to engage parents
of adolescents receiving residential treatment. Layering in an
adjunctive technology-assisted intervention could potentially
extend the reach of residential TAU and promote engagement
in continuing care during a time when adolescents are at
especially high risk of relapse. Parent SMART could offer
highly significant public health benefits by improving vital
parenting processes shown to protect against substance use and
substance-related problems during the vulnerable transition
from residential care to the community. Future investigations
should seek to evaluate the feasibility, acceptability, and
preliminary effectiveness of Parent SMART intervention in
settings where adolescents receive comparable stabilization and
support, such as partial hospital and intensive outpatient
programs.
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Abstract

Background: Psoriasis is a complex disease associated with multiple comorbidities, including metabolic syndrome and leaky
gut syndrome. Dietary lifestyle interventions have been reported to affect the disease in terms of lesional severity. It remains
unclear how diets affect these comorbidities and the general health in psoriasis patients. Modified intermittent fasting (MIF) on
2 nonconsecutive days has shown beneficial effects on metabolic parameters. A significant advantage of MIF over the currently
investigated dietary changes is its feasibility.

Objective: Here, we aim to study the effects of MIF on skin, gut, and metabolic health in psoriasis patients.

Methods: A 2-arm pilot randomized controlled open cross-over study will be performed in 24 patients with psoriasis. Patients
will be randomized 1:1 to either start with 12 weeks of MIF and go on a subsequent regular diet for another 12 weeks or start
with 12 weeks of regular diet and do subsequent MIF for 12 weeks. The following parameters will be assessed: demographics,
disease phenotype, medical and familial history, psoriasis severity, dermatology-specific and general quality of life, nutritional
and physical habits, mental and intestinal health, intestinal and cutaneous integrity, inflammatory and metabolic markers, and
satisfaction.

Results: A total of 24 participants have been enrolled in the study. The final visit is foreseen for June 2021.

Conclusions: The aim is to uncover the effects of MIF on psoriasis severity and gut health integrity through clinical and molecular
investigation. More precisely, we want to map the evolution of the different markers, such as psoriasis severity, permeability,
and inflammation, in response to MIF as compared to a regular diet,. Understanding how dietary lifestyles can affect epithelial
lineages, such as the skin and gut, will greatly improve our understanding of the development of psoriasis and may offer a
nonpharmacological venue for treatments.

Trial Registration: ClinicalTrials.gov NCT04418791; https://clinicaltrials.gov/ct2/show/NCT04418791

International Registered Report Identifier (IRRID): DERR1-10.2196/26405

(JMIR Res Protoc 2022;11(2):e26405)   doi:10.2196/26405
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Introduction

Psoriasis is a prevalent and chronic skin disease characterized
by red, scaly, and thickened skin lesions. The extent of the
lesions determines the severity of the disease and is commonly
defined by the Psoriasis Area and Severity Index (PASI). The
disease has a significant impact on quality of life (QoL) [1].
Currently, no cure is available, and the disease is mainly treated
symptomatically.

Psoriasis is a complex and multifactorial disease that remains
to be understood more thoroughly. Although genetic factors
such as polymorphisms in PSORS1-9, IL12B, IL23R, and
IL28RA play a role [2], disease development and severity is also
heavily affected by factors such as obesity, stress, and smoking
[3-11]. Our current understanding of its pathophysiology has
led to the development of drugs targeting disease-mediating
cytokines such as tumor necrosis factor alpha (TNF-α),
interleukin (IL)-17, and the subunits of IL-23 p40 and p19.
Interestingly, the same cytokines also play important roles in
comorbidities associated with psoriasis [12,13]. Indeed, the
disease complexity is evident from the associated physical and
mental comorbidities, including cardiovascular diseases,
metabolic syndrome, depression, and leaky gut syndrome
[14-25]. The latter is especially interesting since it is
characterized by an impaired intestinal barrier and hence shows
parallels with psoriatic skin, which is also characterized by an
impaired cutaneous barrier. The link between the gut and skin
has been postulated several times and has been termed the
gut-skin axis [26,27]. In the psoriasiform “imiquimod” murine
model, we have shown that gut-mediated inflammation drove
the extent of the cutaneous lesions and was mediated by the
production of type I interferon beta (IFN-β) [28], underscoring
that gut health can affect skin health. In humans, intestinal
permeability in psoriasis has been reported previously
[24,29,30], highlighting the existence of an aberrant gut-skin
axis in the disease as well.

The effect of dietary interventions has not been investigated in
psoriasis related to this gut-skin axis, as the focus has mainly
been on the skin only. Indeed, different studies have been
conducted to investigate the effects of diets in psoriasis. For
instance, a gluten-free diet was associated with a positive effect
on psoriasis severity in patients who tested positive for gluten
sensitivity [31,32]. Another study investigating a diet aimed at
weight loss showed a favorable outcome on psoriasis and QoL,
especially in patients with obesity [33]. This confirmed the
findings of an earlier study that combined diet with physical
exercise for weight loss [34]. Interestingly, treatment response
can be improved by a very low-calorie ketogenic diet [35]. We
also reported that treatment response to secukinumab, an IL-17
blocker for psoriasis treatment, may be negatively impacted by
weight [36]. Recently, long-term weight loss was found
favorable for psoriasis [37]. In 2019, a fasting diet related to
Ramadan was conducted in which participants had their meals
and drinks, including water, only during evening hours [38].
This diet was found to be favorable for psoriasis, especially in
patients treated with apremilast or mTOR inhibitors. More
recently, an aggressive ketogenic weight-loss program led to a
significant reduction in disease severity in drug-naive psoriasis

patients who were overweight or obese [39]. Despite the positive
effects of dietary changes on psoriasis outcomes, feasibility for
daily implementation and effectiveness heavily depend on
adherence. Gibson and Sainsbury propose strategies to increase
adherence, including avoiding overcompensation of caloric
restrictions and tailoring to the individual’s needs [40]. Here,
we aim to investigate the effects of modified intermittent fasting
(MIF), more specifically the 5:2 diet. In this diet, participants
restrict their caloric uptake to 500 kilocalories (kcal) on 2
nonconsecutive days per week. MIF has been associated with
positive outcomes on plasma insulin levels, fat-to-lean ratio,
and other cardiovascular disease risk factors [41-44], yet its
effects on psoriasis and gut health remains to be investigated.
It has a successful adherence rate, as it reduces the drive to
overcompensate the calorie restriction and allows the individual
to incorporate the calorie-restricting days to their own scheme
(tailored), reflecting the conditions postulated by Gibson and
Sainsbury for optimal adherence [40].

Here, we present the protocol of the study titled “The Effects
of Modified Intermittent Fasting in Psoriasis (MANGO):
Protocol for a Two-Arm Pilot Randomized Controlled Open
Cross-Over Study” to investigate the effects of a dietary
intervention on the gut-skin axis in patients with psoriasis. The
MANGO study will provide mechanistic evidence to help
determine whether there is a link between gut health and
psoriatic lesions, offer insight into the benefit of MIF in psoriasis
management, and potentially begin a landmark shift in the
holistic view of chronic skin disease.

Methods

Research Hypothesis
We aim to investigate the impact of a MIF diet in patients
affected by mild psoriasis on skin and gut health based on
various markers. The main hypothesis is that a 5:2 diet over the
course of 12 weeks will improve skin lesions and gut health
biomarkers in comparison to a standard diet.

Primary Objective
The primary objective of this study is to compare MIF with a
standard diet in terms of the proportion of patients obtaining an
improvement in absolute PASI score from baseline during or
at the end of the 12-week postintervention period to prove the
superiority of MIF.

Secondary Objectives
The secondary objective of this study is to compare MIF with
a standard diet during or at the end of the 12-week
postintervention period in the following aspects: differences in
total body fat, weight, BMI, and waist circumference during
and after intervention to baseline; differences in inflammation
markers in serum and skin during and after intervention to
baseline; differences in metabolic markers in serum and skin
during and after intervention to baseline; differences in
permeability markers in serum, skin, gut, and feces during and
after intervention to baseline; correlation to dietary intake and
disease severity; and score of participants’ rating of satisfaction
with the intervention.
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Finally, the number of participants who complete the study or
single intervention window successfully will also be assessed
to give us insights into the feasibility of the diet.

Study Design
We will use an open randomized controlled cross-over clinical
trial to test the effects of MIF on the gut-skin axis in 24 adults
with psoriasis. The total study duration will be 34 weeks: 2
moments will be included as baseline prior to randomization
(week 0 and 2). Randomization will be performed with the
REDCap (Vanderbilt University) randomization module upon
inclusion. Postrandomization, patients will be assigned to either
the intervention or control arm. This study will use a cross-over

design, and patients will switch arms at week 14 (Figure 1).
Evaluations will include clinical, biochemical, and
patient-reported outcomes. Intermediate time points will be
included at weeks 8 and 20. Each participant will be in the study
for a total of 26 weeks, with a single follow-up at week 34 after
completion of the second arm. The entire trial will run for 12
months with a recruitment period of 3 months.

This study has been registered on clinicaltrials.gov
(NCT04418791) and has been approved by the ethics committee
of the Ghent University Hospital (B6702020000141). The trial
will be conducted according to the Declaration of Helsinki.
Informed consent will be obtained verbally as well as in writing.

Figure 1. Open randomized controlled cross-over clinical trial to test the effects of modified intermittent fasting on the gut-skin axis in adults with
psoriasis. Cross-over includes a 12-week intervention period and a 12-week control period. Evaluations include clinical and biochemical parameters.
Intermediate time points are included. BA: baseline analysis; FA: final analysis; IA: intermediate analysis; Wk: week.

Recruitment, Eligibility, and Randomization
Study participants are patients who attend the PsoPlus clinic at
the Department of Dermatology at the Ghent University Hospital
or who are willing to attend the PsoPlus clinic for the study
visits. An additional call will be launched through the Flemish
Psoriasis League for people with psoriasis to be screened and
enrolled. A recruitment target of a maximum of 24 adults will
be recruited through consecutive sampling. Participants should
have a clinical diagnosis of mild psoriasis vulgaris. Mild

psoriasis is defined as a score of 10 or less based on the PASI.
The eligibility criteria are further detailed in Textbox 1.
Participants who meet any of the exclusion criteria at the time
of enrollment or during the study period will be excluded from
study participation. Participants will be allocated in a 1:1 manner
to the control or intervention arm under stratified randomization
with variable permuted blocks, and the concealment of allocation
will be based on age, gender, and BMI, with a maximum of 15
participants per arm.
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Textbox 1. Eligibility criteria.

Inclusion criteria

• Between 18 and 70 years old

• Clinically diagnosed psoriasis by a dermatologist

• Predominantly present with psoriasis vulgaris

• Present with Psoriasis Area and Severity Index (PASI) ≤ 10 at time of enrollment

• Reported stable weight (< 5% weight loss/gain) for the past 3 months

• Treated exclusively with topical treatment for psoriasis at the time of enrollment and throughout study

• Able to give informed consent

• Willing and able to comply with study procedure

• Willing and able to use MyFitnessPal app to record diet during intervention period

• Willing and able to attend all scheduled visits through the study period

• Willing and able to provide blood, cutaneous, and fecal samples as stated in the procedure

• Willing to apply measures to prevent pregnancy throughout study period

Exclusion criteria

• Present with type 1 or 2 diabetes mellitus

• Present with a history of cardiac condition(s)

• Present with comorbidities that cannot be combined with the intervention (eg, cancer)

• History of or current eating disorder (anorexia, bulimia, etc; screening via the Diagnostic and Statistical Manual Method for Mental Disorders,
Fifth Edition if indicated)

• Malnourished patients (screening via the Malnutrition Universal Screening Tool if indicated)

• Present with gout

• Pregnant, having pregnancy plans, or breastfeeding

• Use of diuretics at time of sampling

• Use of anti-, pre-, and/or probiotics in the 3 months prior to enrollment or during the study period

Study Interventions
Upon inclusion, participants are expected to record their dietary
and exercise habits for 2 full weeks using the MyFitnessPal app.
Baseline measurements will consist of 2 different time points:
inclusion (week 0) and randomization (week 2), which will be
averaged for analysis. Upon randomization, participants will
be assigned to either the control or intervention arm in a 1:1
ratio. The intervention consists of a dietary intervention based
on the 5:2 fasting diet. Participants will perform MIF, for which
they will be asked to consume a total of 500 kcal in a window
of 6 hours or less from 8:00 AM to 2:00 PM, twice per week
on 2 nonconsecutive days. Participants will receive a leaflet
with examples of what 500 kcal constitutes. This intervention
will last for 12 weeks, starting from randomization. The control
arm resembles the baseline period, in which participants can
eat without restriction for 12 weeks. A digital food diary will
be completed using the MyFitnessPal app, and participants will
be asked to use the TARGID tag [45] present in the app’s
database. Participants are expected to record their dietary and
exercise habits twice a week through the MyFitnessPal app (on
the fasting days in the intervention arm). The Food Frequency
Questionnaire will be used during all visits to assess and record
any dietary changes. Clinical evaluation will be performed

during PsoPlus consultations held at the Department of
Dermatology at the Ghent University Hospital by the treating
dermatologist and specialized nurse. Questionnaires regarding
QoL will be completed in the waiting room prior to the
consultation, while questionnaires regarding dietary and exercise
habits will be completed at home by the patient. Demographic
and clinical data will be collected in addition to serum, skin (via
tape stripping), feces, MyFitnessPal app, and patient-reported
outcomes from questionnaires (Multimedia Appendix 1).

Outcome Measures
Multimedia Appendix 1 lists the parameters per study visit.
During the study, data on demographics will be collected and
will include age, gender, and medical and familial history.
Furthermore, the disease phenotype will be assessed, and
psoriasis severity will be evaluated by an independent assessor.
In addition to psoriasis-related parameters, the clinical
assessment will include metabolic parameters such as weight,
waist circumference, BMI, and total body fat. Lifestyle habits
will be registered: patients will keep a diary of their diet twice
a week in the online MyFitnessPal app; in the intervention arm,
this will be done on the fasting days. General diet and physical
exercise habits will be recorded via the Food Frequency
Questionnaire and the International Physical Activity
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Questionnaire, respectively. Questionnaires will also be used
to evaluate QoL and mental health, including Dermatology Life
Quality Index, EuroQol-5 Dimension-5 Level, Hospital Anxiety
and Depression Scale, Beck’s Depression Index, Perceived
Stress Scale, and the Visual Analogue Scale for satisfaction.

Cutaneous barrier integrity will be checked through the
measurement of transepidermal water loss at 2 different body
sites: 1 perilesional and 1 nonlesional site. These will be
documented to ensure measurement at the same body sites
throughout the study.

Intestinal barrier integrity will be assessed in 2 serological and
fecal samples. Permeability markers zonulin, claudin-3, and
ileal fatty acid-binding protein (I-FABP) will be quantified in
serum, and calprotectin (S100A8/S100A9) will be measured in
both serum and stool samples. Participants will also be asked
to report on intestinal symptoms based on the Dutch
questionnaire for irritable bowel syndrome (Prikkelbaar Darm
Syndroom Questionnaire).

Serological levels of inflammatory and metabolic messengers
such as IL-6, TNF-α, leptin, and adiponectin will be measured
in serum and skin. The latter will be collected through skin tape
stripping at the same body sites where transepidermal water
loss measurement is performed.

Finally, microbiome sampling will be performed through
cutaneous and fecal samples for future follow-up projects.

Study visits will be planned on the fasting days, and participants
will be scheduled in this manner to account for circadian rhythm
and reduce intraindividual variability.

Sample Size Calculations
The sample size was determined by power analyses and the
available study budget. It was calculated with the power
calculator on the Melanoma and Skin Cancer Trial website,
with a 2-tailed t test and α at .05 and power at 0.80. The
predicted effect size was estimated based on a prior study of
intermittent fasting [38]. We estimated that at a 2-sided P value
of .05 and with 80% power, we would need 16 participants to
complete the study to detect a within-individual effect size of
0.75 SDs. We estimated a dropout rate of 20%, leading to a
sample size of 20 participants. To minimize dropouts, recruiting
personnel will emphasize considering the requirements of the
study before enrollment begins. In cases of dropouts, extra
participants will be recruited to maintain statistical power.

Statistical Analysis
The primary aim is to explore the effect of MIF on mild
psoriasis. Secondary outcomes include changes from baseline
to selected time-points during and postintervention in QoL,
body weight, BMI, total body fat, inflammation and metabolic
markers in serum and skin, and permeability markers in serum
and feces. Furthermore, differences in dietary and physical
exercise habits will be investigated. Comparisons will be made
within a single arm (paired) and between both arms
(unpaired).The chi-square test and Mann-Whitney test will be
used to compare groups, and regression-binary logistics will be
performed with identified independent variables to determine
their influence on the outcome. Demographics will be analyzed

as confounding variables. Cytokine data that are not normally
distributed and differences in cytokine levels between groups
will be analyzed using the nonparametric Mann-Whitney test.
Correlations will be assessed using Spearman rank correlation.
For each group, we will use multivariate logistic regression
modeling to detect associations between cytokine levels and
the primary end point, and to adjust for confounding effects of
age, sex, and the intervention. Cytokine data will be
log-transformed prior to use in multivariate models. Pre-existing
differences between groups at baseline will be examined using
a 1-way analysis of variance featuring a factor for diet allocation.
Significant differences emerging from these tests will be
explored using appropriate post hoc tests to adjust for multiple
comparisons and to isolate the source(s) of variance. In addition
to these analyses at the group level, individual responses will
also be closely examined for outliers that may affect
interpretation. Further analysis, such as subgroup analysis, may
also be conducted in light of patterns emerging in the final data
set. Baseline characteristics of participants who withdraw during
the fasting intervention will also be compared against the final
population with t tests being used to assess tolerability. P values
will be reported to 4 decimal places with P values less than
.0001 being reported as P<.001. A P value <.05 will be
considered statistically significant. Data analysis will be
executed with SPSS 23.0 (IBM Corp) and GraphPad Prism
(GraphPad Software Inc).

Dissemination of Project Findings
The findings of this study will be disseminated by various
means, determined by the target audience. To reach the academic
dermatology community, we will publish the results in a
scientific international peer-reviewed dermatology journal and
present our findings at (inter)national congresses with a focus
on dermatology and psoriasis. The psoriasis patient community
will receive information on the results through the National
Psoriasis Foundation and the Flemish Psoriasis League,
including a laymen summary of the findings. Lastly, we will
reach the general public by communicating the main results
through the research team’s social media channels.

Results

The study initiation was delayed due to the COVID-19
pandemic. Active recruitment of patients began in July 2020,
and the first patient was included in October 2020. As of
December 2020, we enrolled a total of 24 patients. The last
patient visit is foreseen in June 2021, and results are expected
to be published December 2021.

Discussion

Recently, psoriasis has been accepted to be a multimorbid
disease with a large impact from lifestyle factors. Obesity has
been found to be an independent predictor for the development
of psoriasis and to be associated with disease severity [46]. A
growing body of evidence suggests the existence of a gut-skin
axis, which may also be of importance in psoriasis, revealing
the need to urgently address the question of how diet may affect
the disease. To our knowledge, the MANGO study is the first
comprehensive trial to investigate the effects of MIF on
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cutaneous, intestinal, and mental health in a cohort of people
with psoriasis.

We expect that the MIF intervention will have beneficial effects
on psoriatic lesions and be associated with favorable changes
in metabolic parameters. We anticipate to detect shifts in
intestinal parameters that may be associated with skin
improvement. In addition, the data generated from this trial will
inform the design of future large-scale trials to evaluate the
presence and role of the gut-skin axis in psoriasis. The study
additionally includes collection of cutaneous and fecal samples
for future microbiome analysis if the intervention proves
beneficial.

To overcome the difficulty of diet-based interventions in terms
of confounding factors and the small sample size, we have
chosen the design of a prospective cross-over randomized trial.
As such, each patient will be monitored over more than 6 months
and serve as his or her own control. Another strength of this
study is the combination of clinical, biochemical, and
patient-reported outcomes for cutaneous, intestinal, and mental
parameters. Moreover, since some parameters can vary, the
study includes 2 baseline points in order to assess normal
variation. We opted to perform the pilot trial in a cohort of
patients with mild psoriasis who are not on systemic agents to
reduce any confounding effects of immunomodulators that may
directly impact the outcomes. Lastly, since we introduced a
restrictive time window for the consumption of the 500 kcal on

fasting days, we will be able to reduce confounding effects of
the circadian rhythm [47]. A potential limitation includes health
bias among participants.

Results from this study may have multidimensional
consequences and assets. On the one hand, beneficial effects of
fasting may be potentially viewed as a nonpharmacological
add-on treatment for psoriasis. A subset of psoriasis patients
dislike pharmacological treatments and therefore opt to gain
additional control over their disease through a diet. On the other
hand, evidence that a free intervention may have health benefits
in patients requiring costly drugs such as biologics may give
rise to a moral dilemma: how do we define health responsibility
in terms of lifestyle with the rise of health care costs? This
debate, applicable to many other (chronic) illnesses, is highly
relevant and should not be postponed. It should take place in
the near future, with a multidisciplinary panel in a transparent
manner in order to interpret the results from comparable trials.

To conclude, if patients with psoriasis tolerate MIF well and
experience improvement, there is potential for the diet to be
widely adopted by those with psoriasis in a sustainable manner.
In addition, MIF may provide a positive impact on their general
health, as this diet has already proven to be effective in obesity
and seems to be also effective in diabetes [48]—two common
comorbidities associated with psoriasis. Given this, we may
discern the importance of the gut-skin axis and use it to our
advantage in the disease management of psoriasis.
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Abstract

Background: Atrial fibrillation (AF) is common in older people and increases the risk of stroke. The feasibility and effectiveness
of the implementation of a patient-led AF screening program for older people are unknown.

Objective: This study aims to examine the feasibility and effectiveness of an AF screening program comprising patient-led
monitoring of single-lead electrocardiograms (ECGs) with clinician-coordinated central monitoring to diagnose AF among
community-dwelling people aged ≥75 years in Australia.

Methods: This is a nationwide randomized controlled implementation trial conducted via the internet and remotely among 200
community-dwelling adults aged ≥75 years with no known AF. Randomization will be performed in a 1:1 allocation ratio for the
intervention versus control. Intervention group participants will be enrolled in the monitoring program at randomization. They
will receive a handheld single-lead ECG device and training on the self-recording of ECGs on weekdays and submit their ECGs
via their smartphones. The control group participants will receive usual care from their general practitioners for the initial 6
months and then commence the 6-month monitoring program. The ECGs will be reviewed centrally by trained personnel.
Participants and their general practitioners will be notified of AF and other clinically significant ECG abnormalities.

Results: This study will establish the feasibility and effectiveness of implementing the intervention in this patient population.
The primary clinical outcome is the AF detection rate, and the primary feasibility outcome is the patient satisfaction score. Other
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outcomes include appropriate use of anticoagulant therapy, participant recruitment rate, program engagement (eg, frequency of
ECG transmission), agreement in ECG interpretation between the device automatic algorithm and clinicians, the proportion of
participants who complete the trial and number of dropouts, and the impact of frailty on feasibility and outcomes. We will conduct
a qualitative evaluation to examine the barriers to and acceptability and enablers of implementation. Ethics approval was obtained
from the human research ethics committee at the University of Sydney (project number 2020/680). The results will be disseminated
via conventional scientific forums, including peer-reviewed publications and presentations at national and international conferences.

Conclusions: By incorporating an integrated health care approach involving patient empowerment, centralized
clinician-coordinated ECG monitoring, and facilitation of primary care and specialist services, it is possible to diagnose and treat
AF early to reduce stroke risk. This study will provide new information on how to implement AF screening using digital health
technology practicably and feasibly for older and frail populations residing in the community.

Trial Registration: Australian New Zealand Clinical Trials Registry ACTRN12621000184875;
https://www.anzctr.org.au/Trial/Registration/TrialReview.aspx?id=380877

International Registered Report Identifier (IRRID): DERR1-10.2196/34778

(JMIR Res Protoc 2022;11(2):e34778)   doi:10.2196/34778

KEYWORDS

atrial fibrillation; screening; handheld; electrocardiogram; ECG; acceptability; user perception; user experience; barrier; enabler;
older adults; elderly; feasibility; effectiveness; implementation; monitoring; aging; cardiovascular; cardiology; heart disease;
mobile phone

Introduction

Background
The prevalence and incidence of atrial fibrillation (AF) increase
with age and is common among older people [1-4]. A recent
study estimated that the global prevalence of AF is 59.7 million
[4]. Approximately 70% of individuals with AF are aged
between 65 and 85 years [5]. AF has been reported to account
for 36% of all ischemic strokes, of which 85% are inadequately
anticoagulated [6]. If AF is detected early and managed with
appropriate anticoagulation therapy, the stroke risk and
subsequent stroke-related disability and mortality can be reduced
significantly [7]. Unfortunately, it was estimated that 1% of the
general population and 1.4% of people aged ≥65 years were
living with undiagnosed AF, as reported in a systematic review
that combined data from 30 cross-sectional studies (n=122,571)
[8]. Hence, the opportunity for anticoagulation therapy to reduce
stroke risk for these patients is missed.

Several guidelines have recommended opportunistic screening
for AF [9-12]. However, studies suggest that one-off
opportunistic screening approaches have a low yield for
identifying AF. For example, a recent cluster randomized trial
of opportunistic screening using pulse palpation, electronic
blood pressure measurement with an AF algorithm, and a
handheld single-lead electrocardiogram (ECG) device versus
usual care for detection of AF in primary care patients (involving
9218 patients in the intention-to-screen group, 55% women,
mean age 75.2 years vs 9526 patients in the usual care group,
54.3% women, mean age 75.0 years) found that opportunistic
screening did not improve AF detection compared with usual
care [13]. On the contrary, repeated heart rhythm monitoring
over a duration increased the yield of AF detection. Petryszyn
et al [14] reported in a systematic review that repeated heart
rhythm monitoring with ECG devices over periods ranging from
2 weeks to 12 months had higher AF detection rates compared
with one-off opportunistic screening approaches: 2.1% (95%

CI 1.5-2.8) with repeated ECG screening versus 1.2% (95% CI
0.8-1.6) with opportunistic screening (P<.05). Although many
guidelines advocate the use of 12-lead ECG for opportunistic
screening, these may limit locations where screening may occur
and demand a higher skill level to operate 12-lead ECG devices
[15,16]. Mobile single-lead handheld ECG devices are easier
to use with better time efficiency compared with 12-lead ECG
machines, and these single-lead handheld ECG devices have
been used in several AF screening studies [15].

Recent systematic reviews, including 8180 single-lead ECG
tracings, show that mobile handheld single-lead ECG devices
have high accuracy for diagnosing AF [17]. These devices are
available to the public and clinicians. However, a national survey
reported that although general practitioners (GPs) are aware of
the devices, they rarely conduct AF screening in their busy
clinical practice [18]. Clinician-led AF screening faces barriers
because clinicians are facing competing clinical priorities and
time constraints [19]. Alternative strategies for early detection
and management of AF are needed. Patient-led AF screening
through self-recording of single-lead ECG using mobile
handheld ECG devices could be an alternative. A randomized
controlled trial (RCT) involving 7173 community-dwelling
older people aged 75 to 76 years in Sweden reported that
screening using patient-activated intermittent ECG recordings
with a handheld ECG device (Zenicor) twice daily over 2 weeks,
when the participants noticed palpitations, increased new AF
detection fourfold [20]. Similarly, in an RCT of AF screening
using a handheld ECG device (AliveCor Kardia) in 1001
participants aged ≥65 years and with CHADS-VASc (congestive
heart failure, hypertension, age ≥75 [double score], diabetes,
stroke [double score], vascular disease, age 65 to 74 and sex
category) score ≥2, the detection rate of new AF after 12 months
was 3.8% in the monitored group versus 0.1% in the control
group (hazard ratio 3.9, 95% CI 1.4-10.4; P=.007) [21]. Another
RCT of AF screening using a 2-week ambulatory ECG patch
(Zio XT), one at baseline and another at 3 months in 856
participants aged ≥75 years with hypertension, increased new
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AF detection rate 10 folds (5.3% in the monitored group vs
0.5% in the control group; relative risk: 11.2; 95% CI, 2.7-47.1;
P=.001) [22]. These studies [20-22] suggest the potential of
patient-led approaches to AF screening but still leave questions
on how to implement these approaches and the generalizability
of these approaches. Unanswered questions about the
implementation of AF screening programs include whether such
programs can be implemented alongside existing health care
systems; whether regular self-screening with mobile devices is
feasible and acceptable in older adults; what is the feasibility,
resource use, and clinician acceptability of real-world
implementation of such programs; what is the time taken by
services overseeing and monitoring such programs in terms of
reviewing and interpreting large amounts of ECG data; and
what strategies can be applied to optimize the use of resources.
In addition, there is less data on the barriers to and enablers of
the implementation of such programs, longer self-monitoring
periods, and implementation in subgroups (such as older people
who are frail and people living in remote areas) in which these
strategies may not work. A recent systematic review reported
that the prevalence of frailty in patients with AF was up to 75%
[23]. More studies are needed to better assess whether such
mobile health devices can be used effectively and implemented
in programs at a large scale among older people who are frail.

There is also a lack of information about the role and importance
of patient empowerment with respect to the implementation of
AF screening. The World Health Organization promotes patient
empowerment (ie, training patients to perform and engage in
health-related behaviors within their familiar setting) as it can
potentially lead to positive health outcomes [24]. Patient
empowerment can be incorporated in patient-led AF screening
by training patients to self-record single-lead ECGs. However,
patient empowerment has its limitations; that is, patients face
automated ECG interpretation results that are often beyond their
competence to understand and act upon, and it is impractical to
have every ECG result individually and regularly checked by

their clinicians. A centralized monitoring system is a feasible
way of remotely monitoring a patient’s heart rhythm [25].

The processes of the screening program can vary in their actual
implementation because of diverse contexts and participant
characteristics (both patients and clinicians); for example,
participants may be incapable of or not engage in performing
self-recording of ECG, or they may not follow up with (or do
not have access to) their clinician after a clinically significant
abnormality is detected and notified. Process variations can
affect outcomes. Therefore, it is important to evaluate the
processes with the aim of better understanding why variations
occur and how to improve the processes to achieve an effective
intervention and identify contextually relevant strategies to scale
up the screening program to benefit larger populations.

In summary, there are gaps in our knowledge regarding the
feasibility, effectiveness, and acceptability of patient-led AF
screening by remote patient self-recording with centralized
clinician-supported monitoring of single-lead ECGs in older
community-dwelling people who are frail. The Mass AF
screening program (Figure 1) is designed for implementation
among community-dwelling people aged ≥75 years. It comprises
the provision of a handheld ECG device and training of
participants to self-screen on weekdays and transmit ECGs for
review by a central monitoring team. We aim to implement and
evaluate this AF self-screening program in which older people
in the community are empowered to perform repeated heart
rhythm monitoring using a single-lead handheld ECG device
and connected with health care providers who review and
support the diagnosis of AF and management by primary care
and specialist services. We hypothesize that the proposed
self-screening model of care may lead to several positive
outcomes, including a feasible and scalable model for
implementing patient-led AF screening in community-dwelling
older people, improved patient satisfaction by empowering them
with the relevant knowledge and skills to perform self-screening
[24], and thereby higher adherence to the screening program
[26,27].
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Figure 1. Overview of the Mass AF screening program: patient-led self-recording of electrocardiograms (ECGs) with the clinician-coordinated
centralized system. AF: atrial fibrillation; GP: general practitioner.

Objective
Our study objectives are to (1) compare AF ascertainment rates
in the intervention and control groups; (2) evaluate the feasibility
of the intervention, including assessing participant satisfaction,
acceptability, barriers, and enablers and how frailty influences
these assessments; and (3) assess agreements between the ECG
device automatic algorithm and clinician interpretation.

Alongside these objectives, the specific objectives of the process
evaluations are as follows:

1. To assess the fidelity of the screening program (ie, whether
the intervention was delivered as intended), participant
engagement with the intervention in terms of the frequency
of ECG recordings, and reach (eg, the socioeconomic and
frailty profiles of participants and how these profiles affect
the engagement and outcomes)

2. To evaluate the feasibility of the screening program from
the perspective of participants and clinicians to gain a
deeper understanding of barriers and enablers; this includes
an examination of the mechanisms of impact; that is, an
examination of the potential causal mechanisms through
which the intervention results in the adoption of
self-screening by understanding how patients and clinicians
interact with the screening program

3. To explore any factors external to the screening program
that may have affected implementation (ie, the

community-dwelling environment, access to health care
services, and GP views and attitudes), including
identification of resources and implementation processes
required for effective uptake and implementation of the
screening program

Methods

Study Design
This is a 2-arm, randomized, open-label, waitlist-controlled trial
in community-dwelling people aged ≥75 years. We will also
conduct a process evaluation of this study. Randomization in
the ratio of 1:1 is stratified by participant frailty status (frail or
nonfrail; Multimedia Appendix 1). Participant frailty was
determined using the FRAIL (Fatigue, Resistance, Ambulation,
Illnesses, and Loss of Weight) scale based on five components:
fatigue, resistance (inability to climb stairs), ambulation
(inability to walk a certain distance), illness, and loss of weight
[28,29]. The intervention group will commence the monitoring
program for 12 months upon enrollment. The control group will
be waitlisted for the first 6 months and then commence the
monitoring program in the subsequent 6 months. The steps
involved for enrollment, randomization, intervention, control,
and exit from the program are outlined in the study flowchart
(Figure 2), and descriptions of the screening program are
provided in the following sections.
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Figure 2. Flowchart of the Mass AF screening program. AF: atrial fibrillation; ECG: electrocardiogram; GP: general practitioner.

Study Population
Our target population involves older people living independently
in the community outside of a hospital, nursing home, or similar
institutional residence. The inclusion criteria are as follows:
community-dwelling people aged ≥75 years, having a
smartphone or electronic device that can operate the AliveCor
Kardia mobile app, and being able to understand instructions
in English. Individuals with the following conditions will be
excluded: previously confirmed diagnosis of AF, having an

implantable cardiac monitor, pacemaker or defibrillator,
dementia, inability to provide informed consent, and those with
a medical illness with an anticipated life expectancy of <3
months.

Intervention Group: AF Self-screening and Monitoring
Program
Participants allocated to the intervention will immediately
commence the monitoring program. They will be provided with
a small handheld single-lead Kardia ECG device (AliveCor
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Inc), which has been cleared by the Food and Drug
Administration and approved by the Therapeutics Goods
Administration. After the participants receive the device, they
will receive a phone call from research assistants who will help
them to set up the device, including downloading the Kardia
app to the mobile phone, setting up reminders to record ECG
in the app, and setting up a Kardia user account. The research
assistants will create a participant profile in the central
monitoring portal, which will generate a unique 12-digit code
for the participant. Research assistants will inform participants
of their unique 12-digit code via SMS text message or over the
phone. The participant will enter the 12-digit code in their
Kardia user account, and once this step is completed, the Kardia
user account will be connected to the central monitoring portal.
Participants can commence recording the ECGs, which will be
transmitted to their personal profiles in the central monitoring
portal.

Research assistants will take participants through the steps of
recording an ECG. Participants will record a single-lead ECG
trace by placing 2 fingers of each hand steadily on 2 small
touchpads (3 cm × 3 cm) of the device for 30 seconds on
weekdays. The ECG device will be connected to the mobile
phone wirelessly via the Kardia app that they have downloaded.
An ECG trace will appear on the participants’ mobile phones,
and participants will be able to record notes in the ECG trace.
We will encourage them to note the activities they performed
before recording the ECG. The ECG and notes will be
automatically transmitted to the central monitoring portal. The
training conducted over the telephone or video call between
research assistants and participants will take approximately 30
to 60 minutes per participant. In the context of the COVID-19
pandemic, all study-related procedures will be conducted
remotely using phone calls or video calls (if participants have
access to and prefer this modality). To ensure that participants
are confident in using the device, research assistants will call
each participant to confirm that they are able to record an ECG.
Participants will be encouraged to have a family member who
may assist them in the process. After the training, participants
will also receive an SMS text message with a weblink to an
instructional video created by the device manufacturer. The
short training video will serve as a reference for participants to
refresh their memory on how to record a single-lead ECG. The
research team will contact participants if they have not recorded
any ECGs for 3 consecutive days to find out and address the
causes, if possible.

Before commencing the study, participants will be advised that
in the event of experiencing symptoms (eg, syncope, chest pain,
palpitations, and shortness of breath) that are severe in nature
or that are of concern to the participants, to present to their local
medical physician or hospital for assessment as soon as possible.

Control Group: Usual Care During Waiting Period
Participants allocated to the control group will have usual care
and be told that they have been waitlisted to start the monitoring
program in 6 months. During the 6-month waiting period, it is
expected that participants in the waitlist group will visit their
GPs as per their usual health care needs, and their GPs will
provide care and referrals as usual.

Sample Size
In computing the sample size required to assess the primary
feasibility outcome, we will evaluate the proportion of
participants reporting being satisfied or very satisfied that their
heart rhythm was monitored in the past 6 months in the
intervention group versus the control group. We arbitrarily set
that 50% of the participants in the control group will be satisfied
or very satisfied. With reference to the literature that reported
a proportion of 67% [30] to 82% [31] of older people were
satisfied or very satisfied with the use of technology-enabled
monitoring at home, we postulate that there will be an absolute
30% increase in satisfaction in the intervention group compared
with the control group. Our study will have 80% power, using
a 5% level of significance, to detect an absolute difference of
30% in satisfaction between the 2 groups. A sample size of 100
participants aged ≥75 years is required to assess the primary
feasibility outcome

To calculate the sample size required to evaluate the primary
clinical outcome of AF detection rate, we set an AF detection
rate of 10% in the intervention group and 1% in the control
group, in accordance with a recent study [22]. At 80% power,
a 2-sided test, and α .05, we estimate that a sample of 200
participants will be needed to detect a significant difference in
AF detection between the intervention and control groups.
Therefore, a total of 200 participants will be recruited for this
trial to assess the primary clinical outcome.

Randomization
Participants will be randomized to the intervention or control
group on a 1:1 basis stratified by baseline measure of frailty (ie,
frail or not frail according to the FRAIL score) [28,29] and using
permuted blocks of sizes 4 and 6. The statistician has generated
a randomization list using the RandomiseR package in R
software (R Foundation for Statistical Computing) [32]. The
randomization list will be input into the REDCap (Research
Electronic Data Capture) [33] database, which captures
participant demographic and baseline data and survey findings
(Multimedia Appendix 1). The statistician and principal
investigators will be unaware of patient allocation until after
the completion of the study.

Recruitment
A multipronged approach will be used to identify potential
participants. We will use clinician networks (eg, GPs,
cardiologists, geriatricians, and allied health professionals) and
a variety of direct approaches to the community to recruit a
wide spectrum of participants from various demographic
backgrounds living in wide geographical areas across Australia.
Communications will be sent to practice managers seeking their
assistance in disseminating introductory letters, leaflets, flyers,
and posters to their clinicians. The practice managers may also
disseminate the information to their patients through their usual
channels of communication, including displaying them in
waiting rooms, websites, newsletters, or in electronic format or
hard copy. The decision to contact the research team will be at
the discretion of the patients. In addition, a direct community
approach will be used. The research poster and leaflets will be
disseminated in local community centers such as the Returned
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and Services League Australia and places of worship. People
interested in the study will initiate contact with the study team
directly by email or phone to receive further information. We
will also list the study with third-party recruiters such as
HealthMatch [34] and Join US [35]. Individuals who contact
the research team will be screened for eligibility and provided
with further explanations about the study. We will inform GPs
about their patients who enroll in the study.

Participant Consent and Enrollment
The research team will confirm the eligibility of interested
individuals against the inclusion and exclusion criteria over the
phone. Eligible individuals will be provided with participant
information statements and consent information and given time
to read the information. Research personnel will answer
individuals’ questions. Participants will provide verbal consent
to a member of the research team who will electronically sign
off the consent form and keep the form in the secured university
computer drive.

ECG Central Monitoring System
Qualified and trained study personnel, including a cardiac
technician and clinical monitoring personnel with medical
qualifications, will remotely review all ECGs and compare their
diagnosis with the device’s automated diagnostic algorithm. If
the ECGs are normal or have minimal abnormalities and the
personnel are certain of their diagnosis, the ECGs will not be
referred to a cardiologist. However, the personnel will refer all
abnormal ECGs for diagnosis confirmation, or uncertain ECG
abnormalities for clarification of diagnosis, to cardiologists or
cardiac electrophysiology specialists. Participants’ ECGs will
be classified into low, moderate, high, and severe abnormalities
and managed as shown in Table 1. The research team will notify
the participants and their GPs of AF or other clinically
significant ECG abnormalities. A copy of an abnormal ECG
will be forwarded to their GP. When an AF diagnosis is
confirmed by the research team, the participant will be advised
to see their GP. The participant will exit the screening program
or opt to continue the monitoring program. The research team
will contact the GP to obtain information about the treatment
given to the patient.

Table 1. Electrocardiogram (ECG) classification and management plan.

The study team will take the following actionsClassificationECG findings

Low critical abnormalityFirst-degree heart block • If PR interval >300 milliseconds, notify and send ECG to GPa within a
week

• If PR interval is between 201 and 300 milliseconds, notify and send ECG
to GP within the duration of participant’s enrollment in the study

Low critical abnormalityEctopic heartbeats (atrial ectopic and
ventricular ectopic)

• As these are common and noncritical findings, notify GP at the end of
the study

Moderate critical abnor-
mality

Atrial fibrillation, atrial flutter, nonsus-
tained ventricular tachycardia, bradycardia

<40 bpmb, second-degree heart block,
nonsustained supraventricular tachycardia

• Notify and send ECG to GP within a week
• Advise patients to see their GP as soon as possible
• Contact patient to confirm review with their GP in the subsequent week

High critical abnormalitySignificant ECG abnormalities that need
urgent medical attention (eg, suspected
ST elevation)

• Consult cardiologists in the research team to confirm the diagnosis, and
where necessary, adjudicate suspect ECGs

• Notify and send ECG to GP within 3 working days
• Advise patients to see their GP as soon as possible
• Contact patient to confirm review with their GP in the subsequent week

Severe abnormalityPotentially life-threatening arrhythmia or
abnormality (eg, third-degree heart block)

• Consult cardiologists in the research team to confirm diagnosis
• Advise patients to present to their local emergency department immedi-

ately
• Notify and send ECG to GP on the same day
• Contact patient to confirm review with their GP in the subsequent week

NormalECGs without any of the above abnormal-
ities

• Review ECG report (including normal and the above abnormal findings)
in monthly team meeting

aGP: general practitioner.
bbpm: beats per minute.

Data Collection
All study procedures have been designed to be conducted
remotely using telephone or video calls. At baseline, we will
obtain information on sociodemographics, self-reported weight
and height, and concurrent medical conditions and medications
and data to assess stroke risk, frailty, and activities of daily

living. At the end of the program, we will conduct a usability
survey of all participants via phone calls to obtain information
related to their experiences with the screening program and
obtain further information on any adverse events while
participating in the program (Multimedia Appendix 1). All GPs
who have patients enrolled in the study will be invited to provide
their feedback in a survey (Multimedia Appendix 2). All
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electronic data and documents related to participants and the
project will be securely stored in the university computer drive
accessible by authorized research team members only.

Qualitative Evaluations
We have followed the Medical Research Council guidelines in
designing the process evaluation [36]. Participants’ and GPs’
expectations and experiences of the screening program may be
influenced by various contextual factors such as the participants’
social and cultural background and the GPs’ clinical practice
resource and setting. Using a theoretical lens of critical realism
[37], we will provide an explanatory analysis of the perceptions,
experiences, and interactions with contextual factors that
participants describe (ie, what works for whom and under what
circumstances).

After participants have used the handheld ECG device for a
minimum of 3 months, the research team will invite several
participants in both groups (≥10 participants to achieve thematic
saturation) to attend an in-depth semistructured interview to
explore their views and feedback on the study. The
semistructured interview will explore the participants’ feedback
on their experiences with using the ECG device, use of the
device for detecting irregular heart rhythm, participants’
perceptions of this remote screening method, and their access
to health services generally (Multimedia Appendix 1). The
invitation will be based on purposive sampling to obtain
representative participants from a wide spectrum of demographic
groups, that is, male or female, rural or urban, and frail or not
frail.

GPs will be invited to a one-on-one in-depth interview, which
will take approximately 20 to 30 minutes. The interviews will
be audio recorded and transcribed by the research team. We
plan to recruit at least eight GPs for this interview. A sample
of 8 GPs is considered appropriate for the exploratory interviews
[38]. However, more GPs will be recruited if thematic saturation
is not achieved. The semistructured interviews will explore
GPs’ views with respect to AF screening generally and in
screening people aged ≥75 years particularly, their views of the
patient-led self-screening in this research study, their knowledge
of the use of mobile health devices (including handheld ECG
devices) in clinical practice, and their views on using the
handheld ECG device (ie, AliveCor Kardia) for AF screening
in this study. In alignment with a critical realism [37] approach,
the interview questions will explore GPs’ contextual factors
and their interaction with patient participants and the research
team with the aim of exploring GPs’ perception of their roles
and barriers to and acceptability and enablers of this patient-led
self-recording of a single-lead ECG program (Multimedia
Appendix 2).

Outcome Measurements
The clinical outcomes include (1) new AF detected over 6 and
12 months and (2) appropriate use of anticoagulant therapy.
The feasibility outcomes include (1) participant satisfaction that
their heart rhythm was monitored in the past 6 months; (2)

participant recruitment rate; (3) frequency of ECG transmission
to the central monitor; (4) proportion of participants who
complete the program; (5) proportion of dropouts (exit the
program prematurely) and reasons; (6) actual costs of the
screening program; (6) agreement between the ECG device’s
automatic algorithm and clinician interpretation; (7) usability
assessment; (8) participant acceptability and barriers to and
enablers of implementation; and (9) impact of frailty on
feasibility assessments and outcomes.

Analysis
All analyses will be conducted according to the principle of
intention-to-treat. Continuous variables will be presented as
mean (SD) or median with IQR and categorical variables as
frequency and percentage. The key outcomes, namely participant
satisfaction in the AF screening program, usability of the
screening program, and the incidence of new AF detected over
6 and 12 months, will be reported as frequency and percentages
and will be compared between the intervention and control
groups using the chi-square test. Comparisons between groups
(intervention and control) for other outcomes will be assessed
using the chi-square test or Fisher exact test for categorical
variables and Student t test or Mann-Whitney test for continuous
variables as appropriate. We will consider 2-tailed P<.05 as
statistically significant. The agreement between the ECG device
automatic algorithm and clinician interpretation will be
evaluated using κ statistics. Subgroup analyses will be
performed based on age, gender, and location. Subgroup analysis
by frailty will be performed to examine the potential impact of
frailty on the outcomes, feasibility, and acceptability of the
program. The actual operational costs of delivering the project
will be recorded and verified using invoices and receipts,
including the costs of personnel involved in interpreting ECGs,
which will be computed based on their hourly wages and the
time they spent in their roles in this program. The resultant costs
will be compared with the costs reported in the literature on the
costs associated with the detection of AF in a similar older
population. Missing data will be identified, and its causes will
be described. Sensitivity analysis will be performed to examine
the robustness of the findings [39].

Qualitative evaluation will be reported according to the COREQ
(Consolidated Criteria for Reporting Qualitative Research)
guidelines [40]. Interviews with patients and GPs will be
thematically analyzed using an inductive approach [41]. Themes
will be interpreted through the critical realism lens [37] and
compared with the literature [42,43]. We will triangulate the
quantitative and qualitative findings [44] from patient
participants and GPs to acquire an in-depth understanding of
the barriers to and enablers of implementing the screening
program.

The process evaluation components [36], explanatory data, and
anticipated outcomes are summarized in Table 2.

The quantitative and qualitative analysis approach and methods
are summarized in Textbox 1.
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Table 2. Process evaluation—implementation processes, mechanisms of impact, and contexts.

Anticipated outcomesMethods and explanatory dataDescriptionsProcess evaluation components

Implementation processes ••• Participants who are engaged
with the intervention and satis-
fied with the program

Participant enrollment and
characteristics, including so-
cioeconomic status and frailty

Fidelity of implementation
• Participation in intervention
• Reach

• Participant engagement (num-

ber of self-recorded ECGsa)
• Clinician characteristics and

involvement

Mechanisms of impact (how does

intervention help adoption of AFb

self-screening)

••• A feasible screening programParticipant engagement and
satisfaction

Barriers and enablers

• Participant survey and inter-
view

• Clinician survey and interview

Context (how do factors external to
the intervention affect uptake and
implementation)

••• Identification of resources and
implementation processes re-
quired for effective uptake and
implementation of the screen-
ing program

Comorbidities, frailty, and
functional status

Participants’ overall health
• Community-dwelling environ-

ment • Participant demographic data,
survey, and interview• Access to health care services

• Clinician survey and interview• General practitioner views and
attitudes • A contextualized feasible

screening program

aECG: electrocardiogram.
bAF: atrial fibrillation.
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Textbox 1. Description of analysis methods on outcome measures compared between the intervention group and waitlist control group.

New atrial fibrillation detected

• Frequency of occurrence and proportions at 6 months—via electrocardiogram collected at the central monitor (during intervention) and self-report
and confirmation with medical records or electrocardiogram (during waitlist control period)

Appropriate use of anticoagulant therapy

• Frequency of occurrence and proportion of participants with new atrial fibrillation treated with anticoagulant appropriately—via confirmation
with general practitioners or participants’ self-reported anticoagulant medication use assessed by using an interviewer-administered questionnaire
at 6 months

Participant satisfaction at the sixth month

• Frequency of occurrence and proportion of participants reporting being satisfied or very satisfied—assessed via an interviewer-administered
questionnaire at 6 months

Participant recruitment rate

• Number of participants recruited over time—via log sheet

• Cumulative frequency graph over time

Electrocardiogram transmission to the central monitor

• Frequency of electrocardiogram transmission per participant over the enrollment period—electronic logs of all transmissions to the central monitor

• The time the participant transmitted the electrocardiogram—histogram of electrocardiogram transmission time distribution

Participants who completed the program

• Number and proportion of participants who completed the program—via log sheet

Proportion of dropouts (exit program prematurely) and reasons

• Number and proportion of dropouts and reasons—via log sheet

Actual costs of the screening program

• Operational costs (eg, electrocardiogram devices, subscription fee to Kardia monitoring portal, and mail postages) recorded and verified using
invoices and receipts

• Costs of personnel involved in interpreting electrocardiograms computed based on their hourly wage and the time they spent in their roles in this
program—data collected prospectively and throughout program implementation

Agreement in electrocardiogram interpretations

• Number of consultations and percentages of agreement between the monitoring personnel and cardiologists in clarifying uncertain electrocardiogram
abnormalities—logs of all interactions

Usability assessment at the 12th month

• Responses to the Usability questionnaire will be assessed by 5-point Likert scale—via self-report questionnaires (Multimedia Appendix 1)

Participant acceptability and barriers to and enablers of implementation

• In-depth one-on-one interview with participants (Multimedia Appendix 1) and general practitioners (Multimedia Appendix 2)

• Thematic analysis

Impact of frailty on feasibility assessments and the outcomes

• Frailty assessed by the 5-item FRAIL (Fatigue, Resistance, Ambulation, Illnesses, and Loss of Weight) scale (Multimedia Appendix 1)

Ethics and Dissemination
This study was approved by the human research ethics
committee of the University of Sydney (reference number
2020/680). The study is conducted in full conformance with
principles of the International Committee on Harmonization of
Good Clinical Practice and Declaration of Helsinki Good

Clinical Practice guidelines and within the laws and regulations
of the Australian National Health and Medical Research Council.

Results

This study was funded by a National Heart Foundation Vanguard
grant awarded in October 2019. The study was approved by the
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human research ethics committee of the University of Sydney
in November 2020. The first participant was enrolled in May
2021. As of December 2021, a total of 112 participants have
been enrolled. Data analysis and results are expected to be
published in December 2023.

Discussion

Anticipated Strengths
This patient-led AF screening in the community is different
from clinician-led opportunistic screening. In this model of
screening, participants are trained and empowered to self-record
ECGs instead of awaiting clinicians to screen them
opportunistically. The centralized remote monitoring team will
facilitate patient access to see their GPs.

Drawing on the strengths of quantitative and qualitative
methodologies [45], this study will provide evidence for AF
detection rates, participant satisfaction, and feasibility of
implementing this program using a telephone, a video interface,
and the internet for older people, including people who are frail,
with the potential to extend to other vulnerable groups such as
people with disabilities, people who are socially isolated or
because of the COVID-19 pandemic lockdown, and those who
live in remote areas.

Participant satisfaction scores often reflect the convergence and
gap between participant expectations and actual experiences
[46], and satisfaction scores also measure how well the
intervention was received by participants [31]; hence,
satisfaction is a commonly evaluated outcome in clinical trials
[46]. Nonetheless, satisfaction scores would not provide insights
into participant experiences, which provide contextualized
feedback to improve the screening program. We complement
this with in-depth one-on-one semistructured interviews with
participants and GPs to explore their insights on barriers and
enablers.

This is a prospective RCT design. The waitlist-controlled design
provides equitable access to all participants in a mass screening
strategy. It is a simple, acceptable, and noninvasive screening
strategy that can be implemented regardless of geographical
location. Our novel approach in promoting patient-empowered
self-screening integrated with a clinician-coordinated centralized
system will provide patients with integrated care that facilitates
access to GPs and specialist services. Patients will receive
training to use the device, and they will be reminded to perform
their routine ECGs if they have not done so for 3 consecutive
days. This type of interaction and reminder system has been
proven to yield positive health outcomes such as engagement
in positive health behaviors [47]. Performing self-screening
could raise awareness of self-care and improve patient
confidence in self-care, which is a form of patient empowerment
that is promoted by the World Health Organization [24].

We anticipate that this study will provide data on whether
implementation of this type of community-based model of care
is feasible and acceptable to patients and health providers in the
community. At study completion, the results will be shared with
the Heart Foundation (study funder), policy makers, health

providers, consumers, and other stakeholders. Access to ECG
monitoring devices for future screening programs is dependent
on feasibility from a cost perspective, as well as aspects of
whether this would be a barrier to implementation. We will
conduct a qualitative analysis to understand participants’
perceptions of the value of the monitoring device to their
well-being, as well as the affordability of the device.

Anticipated Research Outcomes and Impacts on
Clinical Practice and Policy
This study will provide information on the usability of and costs
associated with AF mass screening in Australian people aged
≥75 years. It will also provide evidence of AF incidence in older
people in Australia. This can potentially facilitate the
development of a national screening program for AF in older
people and people who are frail.

Screening for AF is more likely to occur in the community or
general practice setting than in the hospital setting. It took an
average of 10.6 minutes to acquire a 12-lead ECG in a general
practice setting (including the time preparing the patient for
ECG acquisition and placing the electrodes correctly on the
patient) [48]. In contrast, this patient-empowered self-screening
potentially reduces time constraints faced by clinicians as
patients are empowered to self-record ECGs in the community
rather than clinicians spending the additional time acquiring
ECGs opportunistically in a busy clinical setting. In this
program, GPs can access help from the participating cardiology
team to confirm the diagnosis and facilitate appropriate
management of new AF if necessary. This could enhance access
and interaction between GPs and cardiologists in providing
integrated care to patients to achieve better health outcomes.

Anticipated Challenges and Limitations
All study procedures have been designed to be conducted
remotely by telephone or video interface to facilitate this study
in the context of the COVID-19 pandemic. Therefore, the
collection of baseline data and medical history relies on
participants’ self-reported information. There is a potential for
loss to follow-up in older patients who are frail; for example,
participants do not record ECGs. We will attempt to minimize
this by following up with patients when no ECG is received for
3 consecutive days. There may be a potential selection bias in
this study based on the inclusion criteria. For example, this trial
is limited to older people who can understand English and have
a smartphone. These participants may come from higher
socioeconomic communities and represent a more motivated
cohort than the general population of older people.

Conclusions
The findings from this implementation study will guide the
development of practical and attainable solutions to address a
gap in AF screening among older people in the community and
other vulnerable groups. In addition, this study will explore the
experiences and feedback from participants and clinicians and
provide new knowledge on the processes involved in the
implementation of the screening program and how processes
can be improved, replicated, and scaled up to reach larger
populations.
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ECG: electrocardiogram
FRAIL: Fatigue, Resistance, Ambulation, Illnesses, and Loss of Weight
GP: general practitioner
RCT: randomized controlled trial
REDCap: Research Electronic Data Capture
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Abstract

Background: Asthma is a chronic respiratory disorder that requires long-term pharmacotherapy and patient empowerment to
manage the condition and recognize and respond to asthma exacerbations. Mobile health (mHealth) apps represent a potential
medium through which patients can improve their ability to self-manage their asthma. Few studies have conducted a systematic
evaluation of asthma mobile apps for quality and functionality using a validated tool. None of these reviews have systematically
assessed these apps for their content and evaluated them against the available international best practice guidelines.

Objective: The objective of this study is to conduct a systematic search and evaluation of adult-targeted asthma mHealth apps.
As part of this review, the potential of an mHealth app to improve asthma self-management and the overall quality of the app
will be evaluated using the Mobile App Rating Scale framework, and the quality of the information within an app will be evaluated
using the current Global Initiative for Asthma guidelines as a reference.

Methods: A stepwise methodological approach was taken in creating this review. First, the most recent Global Initiative for
Asthma guidelines were independently reviewed by 2 authors to identify key recommendations that could be feasibly incorporated
into an mHealth app. A previously developed asthma assessment framework was identified and was modified to suit our research
and ensure that all of these identified recommendations were included. In total, 2 popular app stores were reviewed to identify
potential mHealth apps. These apps were screened based on predefined inclusion and exclusion criteria. Suitable apps were then
evaluated. Technical information was obtained from publicly available information. The next step was to perform an app quality
assessment using the validated Mobile App Rating Scale framework to objectively determine the quality of an app. App functionality
was assessed using the Intercontinental Medical Statistics Institute for Health Informatics Functionality Scoring System. Finally,
the mHealth apps were assessed using our developed checklist.

Results: Funding has been received for the project from the Respiratory Department at Northern Health, Victoria. Three reviewers
have been recruited to systematically evaluate the apps. The results of this study are expected in 2022.

Conclusions: To our knowledge, this review represents the first study to examine all mHealth apps available in Australia that
are targeted to adults with asthma for their functionality, quality, and consistency with international best practice guidelines.
Although this review will only be conducted on mHealth apps available in Australia, many apps are available worldwide; thus,
this study should be largely generalizable to other English-speaking regions and users. The results of this review will help to fill
gaps in the literature and assist clinicians in providing evidence-based advice to patients wishing to use mHealth apps as part of
their asthma self-management.

Trial Registration: PROSPERO 269894; https://www.crd.york.ac.uk/prospero/display_record.php?RecordID=269894
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International Registered Report Identifier (IRRID): PRR1-10.2196/33103

(JMIR Res Protoc 2022;11(2):e33103)   doi:10.2196/33103
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Introduction

Background
Asthma is a chronic respiratory disorder that is clinically defined
as a combination of typical respiratory symptoms (outlined
below) and significant variable reversible airflow limitation [1].
Symptoms that people with asthma can experience include
periods of shortness of breath, cough, wheezing, and chest
tightness. When the frequency or severity of these symptoms
increases compared with a patient’s baseline respiratory status,
it represents an asthma exacerbation or flare-up [2].

Asthma is a significant worldwide chronic health issue affecting
1% to 18% of the global population [3]. In Australia, 2.7 million
people have asthma, representing 11% of the total population
[4]. A 2012 survey of Australians with asthma found that 10%
of them had presented to an emergency department ≥1 time for
asthma-related symptoms, and 29% reported an urgent health
care visit (to either a general practitioner or emergency facility)
[4]. Asthma accounts for 34% of Australia’s burden of disease
because of respiratory conditions and 2.5% of Australia’s total
burden of disease [4]. Australian adults with asthma are more
likely to describe themselves as having a poor quality of life
compared with those without asthma and are less likely to rate
their health status as excellent or very good. This trend is more
pronounced among those with severe or poorly controlled
asthma [4]. When observing the total cost that asthma has on
the Australian health system, it is evident that hospital-related
costs outweigh non–hospital-related costs (Aus $205
million/year [approximately US $150 million] vs Aus $163
million/year [approximately US $120 million]) [4].
Theoretically, reducing exacerbations would reduce the
requirement for hospitalizations, unplanned primary care
presentations, and indirect costs such as work absenteeism, and
thus assist in bringing these costs down.

The Global Initiative for Asthma (GINA) guidelines represent
regularly updated guidelines based on reviews of the available
scientific literature by an international panel of experts [3]. It
is from these guidelines that many local asthma management
guidelines stem from. In addition to pharmacotherapy for asthma
management, the GINA guidelines advise that a key aspect of
treatment is educating patients on recognizing symptoms of
asthma exacerbations and learning when and how to self-manage
them [3]. Mobile health (mHealth) apps represent a potential
medium through which patients can improve their ability to
self-manage their asthma. From the most recent Deloitte [5]
review of Australia’s telecommunication status, 89% of the
Australian population uses smartphones. This widespread,
almost ubiquitous use of smartphones, and the apps that run on
them, represents an opportunity to empower patients to track
asthma symptoms, learn about their condition, and undertake
practical self-management strategies. A number of systematic

evaluations of asthma mobile apps have been conducted;
however, to our knowledge, none have assessed all available
apps for the presence and quality of information that they
provide compared with available best practice management
guidelines in a systematic way [6-8].

This review will look at both free and paid asthma mHealth
apps targeted toward adults with asthma available from the
Apple App Store (iOS) and Google Play Store (Android) and
examine the functionality and quality of these apps and the
consistency of these available apps with recommendations from
the GINA guidelines, making it the first review of its kind. All
of the review processes will be conducted on apps available in
the region of the researchers, Australia. Although mobile apps
are often published across multiple regions in the same language,
different regions can have different apps available on their
stores. As such, some identified mHealth apps may not be
available in all regions, whereas others available in other regions
may not be available in Australia. However, given that most
apps identified in this review will also be available in other
English-speaking regions, the results should be largely
generalizable to these regions.

Objective
The objective of this study is to conduct a systematic search
and evaluation of the available English-language mHealth apps
targeted to adults with asthma, assess their potential for
improving asthma self-management, and assess the quality of
the information they provide using the current GINA guidelines
as a reference.

Methods

Overview
The methodology of how we will achieve these research
objectives is explained in this section. First, the GINA guidelines
were read by 2 medical professionals (BR and KS) to identify
and establish a consensus of key recommendations in the
guidelines that could be feasibly incorporated into an app for
asthma management. Next, mobile apps in the selected app
stores will be identified. After identification, we will screen the
apps based on the selection criteria. Finally, we will evaluate
the quality and functionality of the mHealth apps and extract
this information into a database.

Study Setting
This study will be conducted in Australia by medical
practitioners, medical students, and digital health researchers.
It will assess mHealth apps presented in English on Australian
mobile app stores. Given that the clinicians involved in this
research are adult physicians, and the management principles
of asthma vary significantly between adult and pediatric
populations, only those mHealth apps targeted toward adults
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with asthma will be evaluated. Where possible, we have
followed the PRISMA (Preferred Reporting Items for Systematic
Reviews and Meta-Analyses) guidelines for systematic reviews
[9]. Given that this is a protocol and is a review of mobile apps
instead of journal articles, some of the items in the guideline
checklist are not relevant to this protocol.

Review of the GINA Guidelines to Establish That the
Recommendations Are Feasible for Incorporation Into
an mHealth App
We will use the established Mobile App Rating Scale (MARS)
to assess the usability and overall quality of an app, as detailed
in the section below. Although this framework is helpful for
reviewing general app features and quality, it does not possess
information specific to asthma management. There is no
validated peer-reviewed asthma mHealth app checklist or
framework. However, a previously developed asthma app
assessment framework from Guan et al [10] has been created
by researchers in China. The framework developed by these
researchers has not been derived and validated into an instrument
since its production; however, it was developed in a systematic
fashion using a Delphi survey technique and by consulting a
number of different respiratory specialists [10]. Although this
represents a solid and well–thought-out framework, there were
a number of issues identified with only using this framework
for our study. First, it includes a number of topics regarding the
utility and usability of an app. For our study, we have elected
to use the validated MARS assessment framework to look at
these areas. Thus, looking at these topics doubles the information
that is already being looked at. Second, we wanted to ensure
that the recommendations identified from the GINA guidelines
were in the checklist. Although the framework by Guan et al
[10] has been developed by numerous respiratory specialists,
it never specifically references these global guidelines in its
development. We want to ensure current best practice guidelines
are met and thus have used these guidelines. Third, given that
this checklist was developed by overseas practitioners, we
wanted to ensure that it was still applicable to Australian and
Western clinicians and patients. Finally, this is not a validated
tool, and as such, caution is warranted when using this
framework. For these reasons, we sought to have 2 clinicians
review the current international best practice asthma guidelines
to establish which recommendations could be feasibly
incorporated into an mHealth app and develop our own

checklist, which we will meld with aspects of the framework
by Guan et al [10].

This was conducted independently by 2 of the primary team
members: the first and final authors. The 2020 GINA guidelines
were read in full, and each reviewer noted recommendations
from the GINA that they believed could be incorporated into
an asthma app for patients. We hoped to capture all relevant
recommendations that could feasibly be integrated into a mobile
app by conducting this process in an independent manner with
reviewers at different stages in their respiratory medicine
careers. After each author had identified their recommendations,
they came together to see if a consensus could be reached on
them. If no consensus could be reached, the plan was for an
independent senior member of the team to review the identified
recommendations to make a decision. However, this was not
required. The authors either identified the same or similar
recommendations or agreed with the recommendations that the
other authors identified that they did not. The identified
recommendations from each author and the recommendations
where a consensus was reached, which represent the final
identified recommendations, are shown in Table 1.

Therefore, we will develop a checklist from these identified
recommendations and a modified version of the framework by
Guan et al [10] to ensure that all of our recognized
recommendations are included and that the information we
intend to obtain using other measures (ie, the MARS framework)
is not. This checklist will be demonstrated later in this protocol.

The presence or absence of the features derived from the
checklist by Guan et al [10] and the GINA guidelines will be
used as a marker of the information quality of the app. Given
that we are modifying their checklist, we will not assign the
weighting that Guan et al [10] attributed to certain framework
groups. Furthermore, given that these apps are for use by
patients with asthma and not health professionals, what a patient
considers important may, and often does, differ from their health
professional. Thus, the weighting does not hold as much
relevance in our study as the subgroups have been weighted by
physician impression of importance. Therefore, our checklist
only examines whether an asthma app does or does not contain
information or features developed using the GINA guidelines
or the framework by Guan et al [10]. We will assess these apps
using both our developed checklist and the MARS framework.
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Table 1. Recommendations identified from the Global Initiative for Asthma guidelines that could feasibly be incorporated into a mobile health app.

Consensus reached?Reviewer 2Reviewer 1

Support for assessing symptom control over a 4-week period
looking at the frequency of asthma symptoms, night waking

because of asthma, frequency of SABAb use, and any activity
limitation because of asthma; uses recognized screening,
symptom control or numerical asthma control tools, and peak
flow measurement

Support for assessing symptom control over a 4-week
period

Assess symptom control (eg,

ACQa)

Encourages patients to track symptoms and peak flow measure-
ments

—cAbility to self-track symp-
toms with or without peak
flow

Helps users identify the risk of future exacerbationsHelps users identify the future risk of exacerbationsRisk factors for future exac-
erbations

Screens for relevant comorbidities and educates patients on the
management of these

Screens for comorbidities and assists patients with
managing them

Screening for comorbidities
and education regarding
managing them

Provides education on appropriate inhaler techniques with visual
aids

Provides education on appropriate inhaler techniquesInhaler technique with or
without video

Provides an area for patients to keep and refer to their written
action plan

Provides an area for patients to keep and refer to their
written action plan

Ability to record action plan

Provides reminders to users to see their health care provider for
management and review of their asthma

Reminds users to see their health care provider for
management and review of their asthma

Reminder to engage with
primary care

Specifically provides the suggestion to see a health care provider
if a patient is using a SABA alone

Specifically provides the suggestion to see a health
care provider if a patient is using a SABA alone

—

Prompts users to adhere to controller medications even when
symptoms are infrequent

Prompts users to adhere to controller medications even
when symptoms are infrequent

Medication adherence

Provides knowledge on general asthma information, manage-
ment of asthma, modifiable risk factors and strategies to address
them, when to see a health care provider, and identification and
management of comorbidities

Provides knowledge on general asthma information,
management of asthma, modifiable risk factors and
strategies to address them, and when to see a health
care provider

General asthma education

Provides advice on when to refer to a patient’s asthma action
plan based on self-monitoring of symptoms or PEF

Provides advice on when to refer to a patient’s asthma
action plan based on self-monitoring of symptoms or

PEFd

Help with activating action
plan

Prompts patient to see primary HCP if features of an asthma
exacerbation (symptoms and SABA use) are identified via the
app

Prompts patient to see primary HCPe if features of an
asthma exacerbation (symptoms and SABA use) are
identified via the app

—

aACQ: Asthma Control Questionnaire.
bSABA: short-acting β-agonist.
cNot available. Recommendation identified by one reviewer but not the other.
dPEF: peak expiratory flow.
eHCP: health care provider.

Identification, Screening, and Selection of Mobile Apps
for Review
This review will include both free and paid apps from the two
most popular app stores in Australia across iOS and Android
operating systems: the Apple App Store and Google Play Store.

Our approach to identifying these apps will follow the approach
used in similar studies [6-8]. We will use the search bar in each
of the stores and input the term asthma. This is a broad search
category that will yield a number of results, some irrelevant to
our review. However, the point of this is to capture all apps for
review. This search will occur on August 10, 2021, in
Melbourne, Australia. At the time of publication, this has already
occurred.

All reviewers will be instructed to ensure that their operating
system is up to date before commencing the following steps.

In total, 2 reviewers will search both app stores independently
on the same day. One of the reviewers will be the primary
author, and the second is a final year medical student with
interest in digital health. These are 2 of the 3 people who will
review the apps later in the study. Having 2 independent
reviewers will aid quality assurance at this point of the review
and reduce the risk of selection bias. The primary author of the
study will review these apps, as will a final year medical student
who is yet to be recruited. Screenshots will be taken of the
results pages and sent to the primary researcher for record
keeping. After obtaining the results for this search term, each
reviewer will input the information into a Microsoft Excel
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spreadsheet (see Multimedia Appendix 1 for an example) in the
order that they appear in the search results. The reviewers will
then compare their results to ensure that they have captured all
the available apps. If an app has been missed, the reviewers will
need to recheck the stores until they have identified all available
apps.

Screening of the apps identified in the previous step will occur
next. This process will be comparable with similar reviews that
have looked at the quality of mobile apps for diabetes
self-management [11]. For all apps identified above, the same
2 reviewers will individually look at the app title, description,
and attached photos, looking to identify inclusion and exclusion
criteria for the app to undergo further evaluation.

An identified asthma app will be included in the evaluation
stage if all of the following apply: (1) its primary role is related
to asthma, (2) it is targeted to those with asthma, (3) it can be
run on mobile phones, and (4) it is in English.

Apps will be excluded if any of the following apply: (1) it is
not primarily related to asthma, (2) it is primarily targeted
toward health care professionals (as stated in the product
description), (3) it is not in English, and (4) it is targeted toward
pediatric patients.

This information will be entered into a Microsoft Excel
spreadsheet for record keeping (Multimedia Appendix 2).

Next, all apps included and not excluded at this stage will be
downloaded by a third reviewer. The purpose of this is to
identify apps that do not install properly or function after
downloading. In the event of a suspected app malfunction, the

reviewer will alert another reviewer, who will also attempt to
download and operate the app. The purpose of this is to
eliminate the risk that it is just the individual reviewer’s phone
that is malfunctioning. If both reviewers cannot properly install
or get the app to function after download, it will be eliminated
from the review.

If, at any stage up to this point, discrepancies exist between the
reviewers where they cannot reach a consensus, the app will be
reviewed by a senior team member to make the final decision.

Finally, a last round of screening will be conducted by a third
member of the research team. Here, the following apps will be
removed from the review:

1. Duplications (ie, those apps that are available from both
stores)
• In the event that an app is available on both stores, the

most updated version of the app will be kept.
• In the event of an app having the same update date on

both stores, it will be left to the discretion of the
reviewer as to which app of the 2 is included for further
review.

2. Highly similar versions of the same app (eg, a pro version)
• In the event of this occurring, the pro version will be

kept. This is as our primary goal is to assess for
best-quality asthma apps.

3. Apps that are no longer available for download

After this, we will have a complete list of apps to be reviewed
in the evaluation and data extraction. Figure 1 shows a flowchart
of the screening process of these apps.
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Figure 1. Flowchart of the screening process of apps to arrive at a final list for further evaluation.

App Evaluation and Data Extraction

Overview
An internet database will be established on Qualtrics (Qualtrics
International Inc) to standardize data extraction. This will allow
the various researchers to review and enter data from their
various places of work. From this software, we will be able to
export the information for the analysis of the results later in the
study.

As with previous studies that have conducted a similar review
of mHealth apps, 2 assessors will review the description of each
of the apps selected above, download it, and use the app for a
minimum of 20 minutes to be familiar with all functions of the
app [11]. There will be a total of 3 app reviewers in this project.
Using a web-based team generator, all apps suitable for
evaluation will be randomly allocated to assessors so that each
app will be appraised by 2 reviewers. The combination of this
random allocation and having each app evaluated by 2 reviewers
independently will help reduce bias. At the same time, ensuring
that each reviewer does not have an inordinate number of apps

to assess will serve to prevent overburdening the reviewer with
workload to optimize task performance.

The reviewers will subsequently conduct the evaluation and
enter the data into the Qualtrics database. Each reviewer will
perform this process individually. If, at any stage, a reviewer
has a question regarding a certain feature of an app and how to
assess it, they will be advised to talk to one of the senior
members of the team not involved in the review process.

There are 4 key aspects of the app evaluation and data extraction
process. Below are the summaries of these, with the checklists
provided in Multimedia Appendix 3 and a step-by-step guide
to data collection in Multimedia Appendix 4 [3,12-14].

Technical Information About the App
The first step of data collection will involve gathering basic
technical information about the app. The decision of which
technical information to include is based on prior app review
studies [6,11,15]. This will be derived from publicly available
information in the in-store app descriptions and any in-app
information sections. If required, the app developer’s website
will be consulted. Data that will be collected regarding the
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technical information include the app name, date of release,
date of update, developer, developer affiliations, price, rating,
number of ratings, platform or platforms, size of the app, and
number of downloads. The main purpose of this category is for
descriptive purposes when discussing the other findings of the
review [15]. This checklist is provided in Multimedia Appendix
3.

App Quality Assessment
This assessment will be completed using the validated MARS
to objectively determine the quality of the apps selected above
[15,16]. This scale has 4 separate domains that are assessed to
evaluate mobile app quality. These are engagement,
functionality, esthetics, and information quality [15,16]. A total
of 19 items, each with a 5-point scale regarding the quality in
these 4 domains, makes up the MARS [15]. This framework is
presented in Multimedia Appendix 3. Once this has been
completed for an app, a mean score for that domain and the
overall MARS will be calculated. Following these objective
questions, there are subjective questions to evaluate user
satisfaction and the perceived impact of the app on the user’s
knowledge, attitude, motivation to change, the likelihood of
change, and awareness of the importance of changing their
asthma self-management [15].

App Functionality
App functionality refers to what the app can do for a user and
is an important marker of whether an app offers much benefit
to users and the overall quality of an app. Although the MARS
framework looks at the overall quality of a mobile app, it
predominantly focuses on performance, ease of use, gestural
design navigation, and navigation of the app [15]. For this
reason, the Intercontinental Medical Statistics Institute for
Health Informatics Functionality Scoring System, henceforth
known as the IMS functionality score, will be used. This score
has been developed by the above institute and is based on 7
functionality criteria and 4 subcategories in the record
functionality criterion. This score focuses on the scope of
functions, including the ability of the app to inform, instruct,
record, display, guide, remind or alert, and communicate
information [11,17]. Each app is assessed for having or not
having these functions and is then given a total functionality
score between 0 and 11 [17]. This scoring system is presented
in Multimedia Appendix 3.

Presence of App Features Consistent With Asthma
Guidelines
A review of the available literature using the CINAHL,
MEDLINE, Embase, and PubMed databases was performed to
look at the work previous studies conducting a review of asthma
apps have done. Although we were able to identify a study that
developed a framework for the assessment of asthma smartphone
apps, no validated checklists or instruments were identified
[10]. In the study, the researchers surveyed the professionals
involved to develop an attributed weight of importance for each
item using a Delphi survey technique [10]. As discussed above,
although derived from parts of the framework by Guan et al
[10], our checklist will not be identical to theirs. The main
functions of the app that we will be interested in assessing in

our checklist include asthma information, self-management skill
training (including peak flow use, inhaler technique, and
nonpharmacological strategies), monitoring of asthma
symptoms, risk evaluation, and prompting (medication
reminders and referring to action plan reminders and suggestions
for seeking health advice).

The checklist that we developed and that will be used is provided
in Multimedia Appendix 3.

Each of the selected apps will be assessed using this checklist,
and the data will be extracted into the database discussed above.
Where significant differences in judgment are identified, a senior
team member not involved in the original review will be alerted
and review the app to make the final decision.

Reviewer Training
A training session will be organized among all the reviewers
before the initial data extraction. This training session will be
similar to the one performed by Gong et al [11] for their diabetes
app review. The goals of this session will be to ensure all
participants (1) understand the scope and purpose of the study,
(2) understand this study protocol and have read it in full, (3)
understand how to search for apps on the Google Play Store
and Apple App Store, (4) understand how to extract information
from these apps, and (5) understand how to enter data into our
web-based database.

This training will be in the form of a web-based lecture;
step-by-step examples via screen sharing features; and, finally,
case studies, with reviewers expected to use the protocol to
assess 5 apps. If the reviewers reach ≥90% agreement, the main
study can begin. If the reviewers are <90% in agreement, a
further 5 apps will be assessed. If this is an ongoing issue, then
the protocol will be examined for flaws and areas of
improvement. This session will be conducted in 2 components.
In the first session, BR will talk with the other 2 reviewers
regarding asthma self-management and how to complete the
created checklist. The second session will be run by EG, who
has extensive experience in mHealth app reviews and the use
of the MARS framework and will instruct reviewers on how to
use this appropriately.

A step-by-step reference guide has also been created to inform
reviewers on how to fill out the various frameworks and
checklists involved in the study. This is provided in Multimedia
Appendix 4.

Quality Assurance, Data Management, and Data
Analysis
Quality control is ensured by a number of different methods.
First, adequate training will be provided to all the researchers.
Second, the selected apps will be allocated to reviewers by
web-based random allocation software in an effort to reduce
selection bias. Third, 2 reviewers have assessed all mobile apps
independently. Finally, discrepancies in opinion between
reviewers will be solved by a third senior team member. A total
of 2 different major app databases will be used to reduce the
risk of selection bias. Given that this is a review of apps and
not articles, there are no unpublished or gray literature searches
that need to be done, reducing the risk of publication bias.
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All data will be entered into either our Microsoft Excel
spreadsheet during the screening process or the web-based
database when evaluating the apps. These will be stored on a
cloud-based system to which only the team has access.

Once ready, the data will be retrieved from these sources, and
a descriptive analysis will be performed using data analysis
software.

Results

The above information will be collected in the web-based
Qualtrics database and Microsoft Excel spreadsheet. Once
completed, all of these data will be downloaded for subsequent
analysis. This analysis will comprise a descriptive analysis and
calculation of the mean and SD. In the event of skewed data
distribution, the IQR and median will be calculated. Given that
each app will be double-rated by 2 separate reviewers, interrater
reliability scores will be calculated.

At this stage, we plan to conduct all data analyses using Stata
statistical software version 14 (StataCorp LLC). We will
generate visual figures to demonstrate the results in an
easy-to-interpret, visually friendly manner using Microsoft
Excel (version 16, Office 365). This study is expected to
conclude in late 2022.

Discussion

Comparison With Prior Work
This is not the first review of available mHealth asthma apps.
Prior studies that have conducted these assessments have
primarily focused on evaluating the quality and functionality
of apps using the MARS framework, as we do in this study
[6-8]. From a review of the literature over the past 5 years, only
2 prior studies were found to have conducted some sort of
assessment of the alignment of apps with asthma
self-management principles. Both of these studies only looked
at free apps, eliminating a number of apps from review [8,18].
The data collection for both reviews occurred >4 years ago
[8,18]. In the rapidly developing marketplace of mobile apps,
a number of new apps have been released in this time. Our
review will look at both free and paid apps and provide an
updated assessment, given that our data collection will take
place in 2021. Furthermore, Househ et al [18] did not assess
apps from the Apple App Store, focusing only on the Google
Play Store, and therefore did not fully assess the breadth of
available English-language apps in the marketplace. These
authors evaluated whether apps included or did not include
information consistent with GINA guidelines as per a checklist
created by 1 author [18]. However, this was limited to asthma
information and education and did not include further features
such as the ability of an app to track information, provide asthma
skill training, or personalize information. This review also did
not examine the overall app quality using the validated MARS

framework [18]. Our review benefits from having 2 independent
clinicians review the guidelines to establish all GINA
self-management recommendations that could be feasibly
incorporated into an mHealth app and review app quality using
the MARS framework. Furthermore, we will examine not only
the presence of information but also the presence or absence of
the ability to track asthma symptoms and provide reminders
and skill training and all features derived from the GINA
guidelines that are provided in Multimedia Appendix 3. As part
of their app review, Tan et al [8] established a framework for
assessing the alignment of mHealth apps with the theoretical
principles of self-management of allergic rhinitis or asthma [8].
A total of 6 asthma self-management principles were identified
based on a literature review and author consensus [8]. Our
review has taken the further step of specifically deriving the
self-management principles from the international best practice
GINA guidelines and creating a more extensive checklist
looking at these principles. Therefore, the inclusion of paid
apps, the creation of an asthma self-management principle
checklist derived from international best practice guidelines,
and the up-to-date nature of this study will make our study
unique.

Projected Significance
The projected significance of this review is 3-fold. First, it adds
to the body of literature on this topic. The systematic approach
that we have taken in developing the methodology for this
project and the asthma self-management principle checklist will
result in a robust evaluation of the quality and content alignment
with guidelines of the available mHealth apps. Second, by
examining the consistency of these apps with international best
practice guidelines, the results will assist clinicians in providing
evidence-based advice to adult patients wishing to use mHealth
apps as part of their asthma self-management. Finally, by
performing this review, we will be able to identify what asthma
mHealth apps do well in and what they need improvement in.
This will assist in the future development of evidence-based
asthma mHealth apps and future research.

Conclusions
This review represents the first study to our knowledge to
examine all English-language mHealth apps available in
Australia that are targeted to adults with asthma for their
functionality, quality, and consistency with international best
practice guidelines. Most apps identified in this review will also
be available in other English-speaking regions; thus, the results
should be largely generalizable to these regions. The results of
this review will help fill gaps in the literature and assist
clinicians in providing evidence-based advice to adult patients
wishing to use mHealth apps as part of their asthma
self-management. Furthermore, it will assist in identifying
current gaps in the quality and content of available mHealth
apps to develop robust, evidence-based asthma mHealth apps
in the future.
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Abstract

Background: Sexual and gender minority youth (SGMY) are at an increased risk of a range of mental health problems. However,
few evidence-informed interventions have been developed specifically to support their mental well-being. Interventions that are
evidence-informed for the general population and are fine-tuned specifically with SGMY in mind proffer considerable potential.
A particular opportunity lies in the delivery of engaging interventions on the web, where the focus is on enhancing the coping
skills and building the resilience of SGMY, in a way that is directly relevant to their experiences. On the basis of earlier work
related to an intervention called Rainbow SPARX (Smart, Positive, Active, Realistic, X-factor thoughts), we seek to create a new
resource, especially for SGMY in the United Kingdom.

Objective: This project has 3 main objectives. First, together with SGMY as well as key adult experts, we aim to co-design a
media-rich evidence-informed web-based SGMY well-being prototype toolkit aimed at those aged between 13 and 19 years.
Second, we will explore how the web-based toolkit can be used within public health systems in the United Kingdom by SGMY
and potentially other relevant stakeholders. Third, we aim to conduct a preliminary evaluation of the toolkit, which will inform
the design of a future effectiveness study.

Methods: The first objective will be met by conducting the following: approximately 10 interviews with SGMY and 15 interviews
with adult experts, a scoping review of studies focused on psychosocial coping strategies for SGMY, and co-design workshops
with approximately 20 SGMY, which will inform the creation of the prototype toolkit. The second objective will be met by
carrying out interviews with approximately 5 selected adult experts and 10 SGMY to explore how the toolkit can be best used
and to determine the parameters and user-generated standards for a future effectiveness trial. The final objective will be met with
a small-scale process evaluation, using the think out loud methodology, conducted with approximately 10 SGMY.

Results: The study commenced on September 1, 2021, and data gathering for phase 1 began in October 2021.

Conclusions: A considerable body of work has described the issues faced by the SGMY. However, there is a dearth of research
seeking to develop interventions for SGMY so that they can thrive. This project aims to co-design such an intervention.

Tr i a l  R e g i s t r a t i o n :  R e s e a r c h  R eg i s t r y  R e f e r e n c e  r e s e a r c h r eg i s t r y 6 8 1 5 ;
https://www.researchregistry.com/browse-the-registry#home/registrationdetails/609e81bda4a706001c94b63a/
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Introduction

Background
It has been estimated that up to 10% of the adolescent population
are sexual and gender minority youth (SGMY), as determined
by the results of a range of population-based samples [1,2].
Despite rapid social progress, SGMY often experience abuse,
bullying, and victimization. For example, the United Kingdom’s
nationally representative Millennium Cohort Study of almost
10,000 adolescents reported that sexual minority youth had
twice the odds of being verbally abused (odds ratio 2.25) and
physically assaulted (odds ratio 2.15) in the past year compared
with their heterosexual peers [3]. Less has been documented
regarding the mistreatment of gender minority youth, which
draws on population-based data. However, reports that do exist
highlight a particularly disturbing picture of abuse and
discrimination [4,5]. Abuse, mistreatment, and socially hostile
environments are thought to be key drivers that impact the
mental health of SGMY [6,7]. This, by extension, places them
at a considerable risk of depression and other mental health
problems. For instance, a meta-analysis of population-based
studies (predominantly from the United States) that included
165,380 adolescents highlighted that sexual minority youth had
almost 3 times the odds of depressive symptoms and depressive
disorder (odds ratio 2.94) compared with their heterosexual
peers [1]. Population-based estimates of depression among
gender minority youth are even more concerning, with a
nationally representative study of secondary school students in
New Zealand reporting that transgender adolescents had almost
6 times the odds of clinically significant depressive symptoms
(odds ratio 5.7) compared with their peers who were not
transgender (ie, were cisgender) [8]. Therefore, a pressing public
health challenge is addressing the adverse effects of social
violence experienced by these adolescents in the context of a
heteropatriarchal society, which places them at greater risk of
mental ill-health.

Typically, SGMY cannot simply leave the harmful social
environments that impact their mental health owing to practical
constraints, including their economic dependence on their
families. Many are geographically isolated away from the
SGMY supports clustered in cities, and most will not have
parents who are sexual and gender minority (SGM) individuals.
Further exacerbating these challenges is evidence that SGMY
appear to be coming out at a younger age [9] when they will
have had fewer opportunities to develop effective strategies to
cope with stigma processes [7]. Hence, there is an urgent need
for widely accessible and targeted help to assist these
adolescents in developing the best possible skills to thrive. This
need has been reinforced in policy documents. For example,
public health policy in England prioritizes the “reduced
development and exacerbation of mental health problems,
including among high-risk groups and children and adolescents”
[10].

There are published studies on strategies to improve harmful
social environments, including student-led clubs for SGMY and
antibullying interventions delivered face-to-face by SGMY
organizations in secondary schools (eg, [11,12]). However,
these interventions often miss those who most need them [13].
This includes SGMY in the most challenging environments,
not because they are necessarily hard to reach but, as seen with
other underserved populations, they will be easy to neglect [13].
As a result, the initiatives to improve the social milieu for
SGMY tend to be deployed in environments already supportive
of SGMY.

Although SGM people have previously been identified as a
high-risk population in terms of suicide by the UK government
[14], few evidence-informed interventions have been developed
specifically for SGMY. In addition, SGM individuals are poorly
served by the options available to them in terms of effective
mainstream interventions [15-17], with SGMY frequently
perceiving health care providers as unhelpful [18]. To date,
most research in the field has focused on describing the issues
SGMY face and not on possible solutions [19,20]. It is already
known that SGMY frequently seek informal support on the web
[18], but 2 systematic reviews focused on psychosocial
treatments published in 2018 and 2019 identified only a single
evaluated digital tool to support the mental well-being of SGMY
[19,20], and this tool, Rainbow SPARX (Smart, Positive, Active,
Realistic, X-factor thoughts), was developed in New Zealand
[21]. A third more inclusive systematic review was published
in 2020 [22]. This review sought to provide an overview of all
digital health interventions that aimed to address the mental,
physical, or sexual health–related concerns of SGMY. Most of
the interventions identified (17 of the 24) targeted the
management or risk reduction of sexually transmitted infections,
with only 5 interventions primarily targeting mental
health–related problems [22]. Of these 5 interventions, 1 focused
on drug abuse prevention, 2 targeted nonspecific aspects of
psychological well-being using YouTube videos and expressive
writing techniques, and 2 targeted internalizing symptoms or
problems. The 2 interventions focused on internalizing
symptoms were Rainbow SPARX and TODAY! [23]. The
TODAY! intervention, from the United States, is an app that
offers young sexual minority men techniques that they can use
to manage their symptoms of depression and anxiety. It has
been subjected to usability testing, and the qualitative data
gathered from this testing will be used to inform the later stages
of this intervention’s development [23]. The paucity of identified
digital tools for SGMY is somewhat surprising given that a UK
Department of Health commissioned report has highlighted
SGMY’s strong preference to access help on the web. In this
report, 82.3% (n=572 SGMY) of participants indicated that they
would be likely or very likely to choose help in this format. This
was followed by a preference for face-to-face assistance (n=355
SGMY, 51.1%) and then mobile (eg, SMS text messaging)
forms of support (n=297 SGMY, 43.2%) [18].
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Evidence-informed web-based interventions are rarely made
available to young people, for instance Rainbow SPARX has
not been used outside of a research context. This intervention
was co-designed together with SGMY [24] and evaluated in a
mixed methods open trial [21,25]. Most recently, a further
intervention for SGMY has been delivered digitally for young
people (aged 14-29 years) in Canada, also within a research
context [26]. The intervention AFFIRM Online consists of 8
sessions facilitated by an SGM clinician and is provided on the
web in a synchronous manner [26]. Arguably, requiring SGM
clinician facilitation limits the intervention’s ability to
potentially support large numbers of SGMY. Therefore,
interventions that are evidence-informed, widely accessible,
and fine-tuned with SGMY in mind (eg, with strategies that
assist them in managing SGM stigma and victimization) offer
considerable potential. This is especially so if delivered on the
web as self-help, while harnessing innovations in multimedia
design and with a focus on enhancing coping skills.

Objectives
This project has three main objectives:

1. To co-design a media-rich evidence-informed web-based
SGMY well-being prototype toolkit together with SGMY
as well as key adult experts

2. To explore how the web-based toolkit can be used within
public health systems in the United Kingdom by SGMY,
and potentially other relevant stakeholders

3. To conduct a preliminary evaluation of the toolkit, which
will inform the design of a future effectiveness study

Methods

Target Population and Outcomes
We have decided to cocreate a toolkit for SGMY as a combined
group and not a separate resource for either sexual minority
youth or gender minority youth. We have come to this decision
based on our experiences of attempting to initially focus

exclusively on sexual minority young people for Rainbow
SPARX-related work, but where we eventually found a focus
on SGMY was optimal. In particular, during the recruitment
phase of the open trial of Rainbow SPARX, gender minority
youth also wanted to participate (and were included) [21].
Moreover, during the trial period, some participants’ gender
and sexual identities were not static and evolved (understandably
given that they were all adolescents). Therefore, we think that
a focus on SGMY as a whole is preferable, given the
developmental factors and so that we are inclusive of young
people who will be fluid, questioning, or unsure of their sexual
identity or gender identity. As such, we believe that an inclusive
and combined approach will present the best opportunity to
reduce the barriers and enhance inclusion in this research.

The target outcome for the toolkit is the improved overall
well-being of SGMY. At this stage, we have deliberately not
stipulated anything more detailed in terms of outcomes, as the
outcomes will be confirmed during the CONCEPT stage (see
Table 1 for a summary of the project’s stages). For instance,
during the IDENTIFY to POSITION stages of the project,
SGMY may highlight a preference for a reduced focus on
managing symptoms of depression, which has been a key
outcome or focus of digital interventions for SGMY to date (eg,
for Rainbow SPARX [21], TODAY! [23], and AFFIRM Online
[26]). Instead, SGMY may recommend, for example, that
behavioral strategies to better handle peer bullying be a major
focus of the toolkit. To determine what SGMY believe should
be the specific target outcomes, we will use a modified nominal
group technique [27]. For instance, SGMY will be asked to rank
the importance of certain features or outcomes based on
responses using a Likert scale (eg, a feature or outcome is ranked
from 1=very important to 5=not at all important). This technique
has been successfully used in focus groups or workshops (eg,
[28]), as well as prior related work where young people (aged
16-25 years) codeveloped user-generated quality standards for
youth mental health services in primary health care settings
[29].
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Table 1. Overview of the study’s stagesa.

USECREATECONCEPTPOSITIONDEFINEIDENTIFY

Is the online toolkit
successful from the
perspective of
SGMY? In-depth
process evaluation
[to include inter-
views with SGMY
with no prior knowl-
edge of the toolkit]

How should it/could it
be improved? Co-de-
sign workshop 2 [to
include providing cor-
rective feedback on
rough cuts of the au-
dio-visual materials &
toolkit prototypes]

What would motivate
SGMY to use the on-
line toolkit? Co-de-
sign workshop 1 [to
include creating story-
boards & generating
design ideas]

How should the
evidence-in-
formed coping
strategies be
communicated to
SGMY?

Co-design work-
shop 1 with
SGMY [to in-
clude creating
scenarios & dis-
cussing ‘look &
feel’]

How do the prob-
lems [from
IDENTIFY] man-
ifest in the lives
of SGMY & how
do they
cope? Phase 1 in-
terviews with
SGMY [& ‘card
sorting’hierarchy
of problems]

How do SGMYbsee
the biggest systemic
and environmental
problems? Based on:
phase 1 interviews
with SGMY & da-
ta from published
studies

Methods which
enable the ac-
tive participa-
tion of adoles-
cents

Determine toolkit’s
applicability & eval-
uate toolkit. Inter-
views with adult ex-
perts to establish
toolkit’s use

Develop protocols for
possible future ran-
domised controlled
trial. Build and
test data collection
within toolkit

Stakeholder consulta-
tion with adult ex-
perts. What should be
the process, impact,
and outcome indica-
tors?

Determine the
best online &
creative tech-
niques. Confirm
the behavioral
theories most rel-
evant to the over-
all project

Literature re-
view. Scoping re-
view to deter-
mine evidence-
informed coping
strategies for
SGMY

What do adult ex-
perts see as the
biggest environmen-
tal problems? Con-
sultations and inter-
views with adult ex-
perts

Evidence-in-
formed research
activities

aStages as informed by the earlier work of Hagen and colleagues [30].
bSGMY: sexual and gender minority youth.

Participants and Their Recruitment
The participants will consist of SGMY and key adult expert
stakeholders.

SGMY Participants
We will recruit approximately 40 SGMY aged between 13 and
19 years residing in the United Kingdom. SGMY will be
recruited via youth workers, including those based at the SGMY
centers who have already expressed an interest in being involved
in this study. These centers are based in a range of geographic
locations, including a large urban area where the SGMY using
their services are diverse in terms of their ethnicity,
socioeconomic status, sexual identity (eg, they may identify as
lesbian, gay, bisexual, or questioning), and gender identity. As
a result, we expect to have cisgender male, cisgender female,
and transgender participants (eg, transgender women,
transgender men, and nonbinary young people) participating.

Key Adult Expert Participants
These participants (all resident in the United Kingdom) will
consist of the following:

• Health and social care professionals (eg, SGM youth
workers, public health practitioners, and other health care
providers)

• Other publicly employed professionals with an interest in
SGMY mistreatment prevention (eg, specialist teachers,
experts on bullying prevention, and SGM police officers)

• Professionals who commission health and social care
services (eg, staff working in a clinical commissioning
group or local authority)

• Parents of adolescents interested in supporting the
well-being of SGMY

Approximately 20 adult participants will be recruited via
organizations that have endorsed this study and have agreed to
support its implementation (eg, SGMY centers, 2 county
councils in Southern England, and a center for police and
policing research). The parents will be recruited via the networks
of the Promoting Resilience and Well-being Through Co-design
(PRIDE) team members (eg, support groups for SGM staff and
parent groups hosted by a university). We will recruit a range
of adult experts, including those who are likely to be SGM
themselves. We believe that adult participants who are
heterosexual and cisgender will also contribute meaningfully
to the study, first, because of their roles (eg, there is a fairly
limited number of health and social care commissioners) and,
second, because of their expertise and practical experience (eg,
some practitioners are highly skilled at working with SGMY
and are heterosexual and cisgender).

Toolkit
It is envisaged that the toolkit will have the following
characteristics:

• Be accessible (ie, conform to Web Content Accessibility
Guidelines 2.1) and the website will be responsive by
assuming a different structure as needed for desktop,
mobile, and device use;

• Have embedded standardized assessments and measures
(see the Measures section for further details);

• Involve a degree of interactivity, which might include
gamification elements (eg, a points-based system that could
be amassed as the user attempts to support the SGMY
characters in the most helpful way possible) as gamification
is thought to improve engagement with mental health
interventions [31]; and

• Include short dramatizations in video format as part of
relatable vignettes that are embedded into the toolkit. For
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example, it is anticipated that 3 vignettes will be created,
each focused on a specific challenge, such as X who is a
professional and SGMY ally struggling to support a young
person being bullied because of being bisexual, Y who is
preparing to tell their parents they are gender nonbinary,
and Z who is being pressured into attending prayer-based
therapy (to become straight).

To maintain the confidentiality and safety of participants, the
proposed web-based toolkit and the associated video material
will be filmed with actors who constitute the characters.
Nonetheless, attempts will be made to situate filmed scenes in
realistic environments to promote the engagement and uptake
of materials.

The toolkit will also build upon and advance aspects of the work
already conducted in relation to Rainbow SPARX [21,25]. This
7-level form of computerized cognitive behavioral therapy
(CBT) was designed to treat depression in SGMY and was based
on the original version of SPARX, a serious game-based
intervention [32]. The differences between SPARX and Rainbow
SPARX are mostly script-related and account for 5.9% of the
overall program script (ie, the minigames, characters, and
weekly homework tasks remained the same) [21]. The main
version of SPARX has been enhanced and updated for
web-based delivery, and it is currently delivered free of charge
in New Zealand. However, Rainbow SPARX has not been
updated since 2009, nor has it been used outside of a research

context. Prior research conducted with SGMY has reinforced
issues or challenges to do with Rainbow SPARX, which is why
we are developing a new bespoke toolkit specifically for SGMY
in the United Kingdom. In particular, user feedback from SGMY
about Rainbow SPARX has reinforced that substantial changes
are required [25,33], and it has not been possible to address all
the key issues to ensure it is optimally acceptable to SGMY in
the United Kingdom. The salient issues previously identified
include the following:

• There is insufficient SGMY-specific content in Rainbow
SPARX [25,33]. In particular, the intervention did not
satisfactorily address issues or topics of relevance for
SGMY. For example, an SGMY research participant in the
United Kingdom who had reviewed the intervention
stated,“...You can’t just change a few words around and
have a slightly different message at the start and say ‘oh
yeah it’s a completely different game for LGBT [i.e. SGM]
people’...” [33].

• The look and feel of Rainbow SPARX needs to be improved
and updated [33]. A specific issue that needs to be addressed
for SGMY is the forced sex binary inherent in the
intervention (ie, the user can only customize a male or
female avatar with no other options; see Figure 1 for
details).

• The intervention should be made accessible across a range
of platforms [33] so that it can be delivered on mobile
phones, computers, and tablets.

Figure 1. Rainbow SPARX (Smart, Positive, Active, Realistic, X-factor thoughts) characters (the female character dressed in red holding a staff and
the male character immediately beside her are the avatars).

Perhaps unsurprisingly then, when SGMY reviewing Rainbow
SPARX (in its original format) in 2017 in the United Kingdom
were asked if they would use the intervention if they were
feeling down, only 38% (8/21) of participants indicated that
they would do so [33]. This was among a sample for an
exploratory qualitative study where 86% (18/21) of participants
reported that they had felt down or low in the past (ie, they were
ideally placed to assess an intervention for mild to moderate
depression in SGMY) [33]. Given this feedback, we have
decided that our new toolkit will not be an adaptation of an
existing mainstream program such as SPARX, but instead it
will be entirely rainbow in its focus. The PRIDE toolkit will be
designed together with SGMY at the forefront, in an overdue
effort to meaningfully center those who have been marginalized
in terms of their mental health needs. Rainbow SPARX was
designed with SGMY in New Zealand and is a fantasy-based
serious game. However, consultation sessions with SGMY in

the United Kingdom has indicated that they would prefer an
intervention that reflects the United Kingdom’s contemporary
context and is real life in terms of its look and feel (eg, as in A
Support Net; Figure 2). Informed by earlier feedback from
SGMY, we have codeveloped a new open educational
web-based resource in a real-life style together with SGMY.
This web-based resource is called “How to be a better LGBTQI+
[lesbian, gay, bisexual, trans, queer, intersex and other SGM
persons] ally,” and it is delivered via the OpenLearn platform
[34]. This recent work has helped inspire the toolkit
development aspects of this study. However, despite the
identified shortcomings of Rainbow SPARX, the intervention
has meritorious aspects, as acknowledged previously by SGMY
[25]. We are therefore keen to assess whether the new toolkit
also provides self-help that is delivered in a novel format, has
positive and likable characters, and offers helpful tips or
strategies for coping [25].
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Figure 2. Landing page for A Support Net with the lead characters Ethan, Lily, Maggie, and Owain depicted.

Underpinning Theoretical Concepts and Key Principles
The toolkit will be informed by several underpinning theoretical
concepts and key principles, which will also support the design
of the toolkit’s process evaluation and the parameters of a future
effectiveness study.

CBT Principles
The general principles of CBT are the same for all groups, and
CBT specifically for SGMY has been used effectively over a
number of years (eg, [35,36]). However, CBT for SGMY
requires some adaptation in order for the toolkit to adequately
consider the unique challenges faced by these young people
(eg, biphobia and the pervasiveness of cisheteronormativity).

Minority Stress
In the context of this project, we recognize that the mistreatment
and high levels of stress that SGMY face place them at a greater
risk of mental health problems [37]. It will therefore be explicit
in the toolkit that we do not consider that SGMY are lesser or
more problematic relative to their cisgender and heterosexual
peers; rather, it is toxic social environments that place SGMY
at elevated risk of mental ill-health.

Resilience
This is a person’s ability to bounce back in the face of adversity.
Prior research has indicated that higher self-reported resilience
is associated with lower levels of depression and anxiety [38].
Furthermore, resilience is thought to have a mitigating effect
on depressive symptoms among people who have experienced
challenging life events during childhood [38]. The aim of
resiliency training in the toolkit will be to enhance an SGMY’s
bounce back, resulting in the strongest possible capacity to
recover from stressful events.

Co-design Principles
For this project, we will use the youth co-design participatory
framework outlined by Hagen et al [30], an approach

summarized for this project in further detail in Table 1 and the
Procedures section.

Normalization Process Theory
This is a framework that can be used to describe and assess the
implementation potential of complex interventions [39]. By
using normalization process theory, we aim to think through
the pertinent issues of implementation while designing the
toolkit (eg, how it can fit within the practices of professionals
supporting its use in local communities).

Procedures
This project has 3 main objectives with 3 corresponding phases.

Phase 1
In the first phase, the objective is to co-design a media-rich
evidence-informed web-based SGMY well-being prototype
toolkit together with SGMY as well as key adult experts. In
addition to the cocreation of contributions with SGMY at all
stages of the project, there will also be input from key adult
expert stakeholders. This will span the IDENTIFY, CONCEPT,
and USE stages using the co-design stages or steps as outlined
by Hagen et al [30] (see also Table 1 for an overview of all the
stages and Table 2 for a summary in Gantt chart format). It is
envisaged that the toolkit will include custom-made audiovisual
materials in the form of dramatizations to illustrate key points
from the vignettes created during the POSITION and CONCEPT
stages, for example, dramatizations in a style as adopted in A
Support Net—a free mental health literacy resource with
>30,000 users to date developed by PRIDE team members and
delivered via the Open University’s OpenLearn platform [40]
(Figure 2). There will also be components specifically designed
to enhance engagement as recommended by SGMY during the
CONCEPT and CREATE stages (eg, a points-based rewards
system).
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Table 2. Summary Gantt Chart for the study.

Study monthBefore the
study starts

Milestones

181716151413121110987654321Project Month

✓✓✓Milestone 1: ethics
approval sought and
obtained

✓✓Milestone 2: appoint
2 advisory groups

✓✓✓✓Milestone 3: phase 1
(step 1) complete
scoping review

✓✓✓Milestone 4: phase 1

(step 1) SGMYa inter-
views or focus groups

✓✓✓Milestone 5: phase 1
(step 1) interviews
with adult experts

✓✓✓✓✓Milestone 6: phase 1
(Step 1) confirm theo-
retical framework

✓✓Milestone 7: phase 1
(step 2) 1st SGMY
co-design workshops

✓✓Milestone 8: phase 1
(Step 2) dramatiza-
tions filmed & proto-
type ready

✓✓Milestone 9: phase 1
(Step 2) 2nd SGMY
co-design workshops

✓✓Milestone 10: phase 2
Refined prototype
ready for evaluation

✓✓✓Milestone 11: phase 2
Confirm assessments
for evaluation

✓✓✓Milestone 12: phase 3
Process evaluation
completed

✓✓Milestone 13: phase 3
Interviews with
SGMY & adult ex-
perts

✓✓Milestone 14: phase 3
draft initial protocol
for future trial

✓✓✓Milestone 15: create
summary report for
SGMY and for adult
experts

✓✓✓Milestone 16: create
academic outputs

✓✓✓Advisory group meet-
ings (×3)

aSGMY: sexual and gender minority youth.
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The novel web-based toolkit will be underpinned by a new
framework of useful and evidence-informed cognitive and
behavioral coping strategies. The framework will draw upon
practice wisdom from expert practitioners in SGMY mental
well-being (in the IDENTIFY stage), from the expert by
experience solutions offered by SGMY (in the DEFINE stage),
and from the scoping review, which will appraise the
peer-reviewed literature (also in the DEFINE stage). For
instance, content is likely to include evidence-informed
strategies to improve a young person’s psychological and
physical health (eg, behavioral activation challenges involving
physical exercise as has been previously employed in Rainbow
SPARX [21]).

To draw upon the experiences of a range of SGMY from diverse
backgrounds, the co-design workshops are planned to be on the
web with participants from SGMY organizations (where many
members are Black, Asian, or from another minority ethnic
group). Ideally, some adolescents questioning their sexuality
or gender identity will take part in this project. However, if they
are currently unsure, these youth are less likely to participate,
which is an issue also identified in earlier research [41]. Hence,
while we will proactively attempt to recruit questioning youth,
we will also ask all SGMY participants to reflect on their early
experiences of coming out in developing the intervention so
that we surface issues of salience for questioning adolescents.
Composite vignettes for the audiovisual materials and the related
scenarios will be developed with SGMY (during the POSITION
to CREATE stages).

The key activities in phase 1 will occur in 2 concurrent steps.

Step 1 will consist of interviews with SGMY and adult experts
as well as a scoping review focused on identifying adaptive
psychosocial coping strategies for SGMY (all conducted during
the IDENTIFY and DEFINE stages of the study). The four key
activities will be as follows:

1. Informed by an earlier scoping review and subsequent
conceptual framework from Colpitts and Gahagan [42,43],
we will conduct a scoping review that describes the
challenges in SGMY’s social and environmental systems
and establishes the recommended strategies for building
resilience. In addition, the measures used in the studies
identified during the scoping review will be assessed for
their suitability for use during the process evaluation of the
toolkit in phase 3.

2. Informed by our prior work, advice from practitioners with
expertise in cognitive and behavioral coping strategies for
SGM individuals, as well as other contributions including
those from the scoping review, we will develop a framework
of the components and behavior change techniques required
to enhance resilience in SGMY.

3. We will conduct web-based (or face-to-face, if feasible)
interviews (or focus groups—depending on participants’
preferences) with SGMY focusing on the common
environmental problems SGMY experience and the
associated stress management strategies frequently used by
SGMY (n=10).

4. We will conduct web-based (or face-to-face, if feasible)
interviews with adult experts to ascertain how the

web-based toolkit could be used in community settings and
public health systems (as well as by SGMY), including, for
example by, (1) health and social care commissioners (n=5);
(2) parents of adolescents supportive of SGMY (n=5); and
(3) practitioners (eg, SGM youth workers, school pastoral
care workers, police officers, child and adolescent mental
health services clinicians; n=5). The interviews with adult
experts will also include determining adaptive resilience
and stress management strategies for SGMY.

Step 2 will involve co-designing the toolkit (for work across
the POSITION, CONCEPT, and CREATE stages). The key
activity will be working collaboratively with SGMY (n=20)
during at least two sessions to cocreate the web-based toolkit
at participatory web-based co-design workshops. SGMY user
requirements and preferences will be used to inform the work
of the contracted information technology specialists, so that
they can produce the prototype toolkit. Audiovisual material
will be developed based on vignettes created together with
SGMY.

Phase 2
The second main objective of this project is to explore how the
toolkit can be used within public health systems in the United
Kingdom by SGMY. We will establish how the toolkit could
be used by SGMY and potentially by others (eg, health and
social care professionals). For example, the toolkit may also be
useful for professionals’ future continuing professional
development activities.

The two key activities in phase 2 during the CONCEPT and
CREATE stages are as follows:

1. Completing the initial build of the prototype toolkit and
refining this as needed based on SGMY feedback (n=20,
ie, the SGMY participants from phase 1, step 2)

2. Determining SGMYs’ (n=20) and adult experts’ (n=15, ie,
from phase 1, step 1) user-defined key criteria for success
(eg, SGMY may determine that the toolkit’s engagement
potential is especially important) and potentially the
standardized assessments for the toolkit (eg, the measures
to be used)

Phase 3
The third main objective of this project is to plan the potential
delivery of the intervention and determine the design and
measures for a future effectiveness study, as well as further
implementation of the toolkit. Assuming that stop/go decision
criteria to determine if the toolkit warrants an effectiveness
study are met (criteria developed during the CREATE stage)
and based on the in-depth process evaluation conducted in the
USE stage, we will submit a bid for an effectiveness randomized
controlled trial to the National Institute for Health Research in
the United Kingdom (or another relevant funder).

The key activities in phase 3 during the USE stage are as
follows:

1. An in-depth process evaluation will be conducted with
(n=10) SGMY not involved in the IDENTIFY to CREATE
stages of the project. Data will then be gathered directly
from the prototype toolkit (eg, the psychological measures
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data) and during recorded interviews. During interviews,
SGMY will be asked to think out loud while interacting
with the toolkit, as informed by an earlier evaluation
conducted with young sexual minority men by Fleming et
al [23]. Therefore, SGMY participants will use the toolkit
in a time-bound lab-based session (eg, during 2 mornings
of possible use) where SGMY may elect to only use the
PRIDE toolkit for a much shorter period (eg, 40 minutes
each morning). This will yield less in the way of potential
real-world use data, but given the think out loud
methodology, this is a pragmatic approach allowing for
some limited use data to be obtained.

2. Interviews will also be carried out with selected adult
experts, including commissioners of health and social care
services, to establish the feasibility of implementation at
scale, to confirm outcome measures, and to determine how
the toolkit can be best used in public health systems (n=5).
The interviews will help inform the design of a possible
future effectiveness study.

Measures
The measures to be embedded into the actual toolkit will be
determined during phase 1 of the project. Indicative measures
include assessments previously used in evaluating Rainbow
SPARX, such as the following:

• The Kazdin Hopelessness Scale for Children, which is a
17-item self-report questionnaire assessing hopelessness
[44]

• The Mood and Feelings Questionnaire, which is a 33-item
self-report questionnaire designed to detect depression in
clinical populations [45]

• The Pediatric Quality of Life and Satisfaction
Questionnaire, which is a 15-item self-report questionnaire
addressing satisfaction with current life [46]

Other options that are suitable for adolescents and focus on
well-being are as follows:

• The World Health Organization-5 Well-being Index, which
is a 5-item measure of overall well-being [47]

• The University of California Los Angeles Loneliness Scale
for Adolescents, which is a 20-item self-report measure
[48]

• The Warwick-Edinburgh Mental Well-being Scale, which
is a 14-item positive mental health measure [49]

Proposed Analyses
The analyses will be carried out with regard to the 3 main
objectives of the project in the following ways.

Objective 1
Together with SGMY as well as key adult experts, we aim to
co-design a media-rich evidence-informed web-based SGMY
well-being prototype toolkit aimed at those aged 13 to 19 years.
The data pertaining to this objective will include interviews,
focus groups, and a scoping review. We will use a general
inductive approach for data analysis of transcribed interviews
and focus groups [50,51]. The summarized results from the
scoping review, together with the themes and subthemes derived
from the interviews and focus groups, will lead to the creation

of a novel and timely theoretical framework for
evidence-informed cognitive and behavioral coping strategies
for SGMY. We anticipate that this framework will be relevant
to others working to support the mental health of SGMY in the
United Kingdom and further afield.

Objective 2
We will explore how the web-based toolkit can be used within
public health systems in the UK by SGMY and potentially other
relevant stakeholders. The data related to this objective consist
of transcribed interviews. These transcripts will be analyzed
using the framework approach [52], an approach that is closely
related to established methods (eg, thematic analysis) and has
already been applied in earlier health-related research (eg, [53]).
For the PRIDE study, facets of SGMY stressor experiences and
exposures will be identified via findings from the existing
literature (as part of objective 1). Framework analysis allows
for the use of this prior knowledge to gain further depth to a
phenomenon; this is done through exploring shared
communalities and differences in experiences within the
participant group. In this study, we assume there will be areas
of tension in which experiences are qualitatively different for
SGMY participants, by virtue of their membership in a particular
subgroup or social identity (eg, sexual minority vs gender
minority differences). Unlike some qualitative analytic methods
that engender homogeneity in sampling to explore the aims (eg,
interpretative phenomenological analysis) [54], framework
analysis is well suited to analyses conducted with heterogeneous
participant groups. Thus, participants’ shared experiences, as
well as diversity of experiences, can be explored [55]. The
approach involves working through stages to develop themes
(as with thematic analysis), but then the themes are further
refined in an iterative fashion, eventually leading to the
development of a robust conceptual framework. The analyses
pertaining to implementation are guided by the normalization
process theory [39]. In addition to the themes and subthemes
identified from the interviews, recommendations for future plans
for the toolkit will be developed with SGMY and stakeholders
to build into the project opportunities for novel and unforeseen
ways to use and access the toolkit.

Objective 3
We aim to conduct a preliminary evaluation of the acceptability,
feasibility, and impact of the toolkit, which will inform the
design of a future effectiveness study. Semistructured interviews
using the think out loud methodology will be conducted. These
will include questions related to the following: participants’
views about the acceptability of the toolkit; the extent to which
the toolkit adequately addresses the specific needs of SGMY,
including those with diverse characteristics (eg, in regard to the
user-generated criteria for the toolkit’s perceived success); areas
for improvement; the feasibility of using it in different
real-world contexts; and the possible impacts of the toolkit on
users. The transcribed interviews will be analyzed using the
general inductive approach [50,51]. Preliminary use data will
also be examined, including the time spent using the toolkit and
the extent to which different components were used. Preliminary
information about the potential impact of the intervention will
be gained by examining the effect sizes of pre- to
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postintervention use changes in the primary outcome measure
(to be determined) and potentially other self-report measures.

Study Team
The PRIDE team consists of a project coordinator and
researchers with expertise in youth mental health, SGM
well-being, intervention development and implementation, and
public health research. This team will work with 2 advisory
groups. One advisory group will consist of at least four SGMY
advisors. The second advisory group comprises adult experts,
including academics and others, with practice and policy
expertise in areas such as e-therapies, SGM public health, and
SGM youth work. Both advisory groups will be involved from
project initiation to completion, including the planning of the
subsequent effectiveness study (which is beyond the scope of
this protocol).

Ethics and Consent
A favorable opinion from the Open University’s human research
ethics committee will be obtained before participants are
recruited for this study. SGMY and key adult experts
participating in this study will provide written consent before
participating. The consent form and participant information
sheet for SGMY participants will be reviewed by SGMY and
refined to ensure that it is presented in a way that is
age-appropriate and easy to understand. It will also contain the
contact details for SGMY supports (eg, telephone-based
helplines) and suggestions on how to seek SGMY-appropriate
psychosocial support if required.

Involving adolescents interested in this study who are aged <16
years are likely to present ethical challenges, because these
younger adolescents will be required to have written consent
from a parent or legal guardian (as well as their own written
consent). This presents problems for younger SGMY who are
not yet out regarding their SGMY status. Therefore, only those
younger SGMY with the coconsent of a parent or legal guardian
can participate. As a result, the sample of SGMY is likely to be
skewed toward older adolescents in this study, and those who
are younger will already be out with supportive families.

Results

This study was funded in March 2021. We received a favorable
opinion for our ethics application for phase 1 of the study from
the Open University’s human research ethics committee in
August 2021. We will apply for further approval for phases 2
and 3. The study commenced on September 1, 2021. Participant
recruitment for the study began in October 2021, and all data
for the study should be gathered by early 2023 (see Table 2 for
details).

Discussion

Principal Findings
There has been considerable research describing the mental
health challenges SGMY face, but little research has been
conducted on interventions designed to make a difference for
SGMY. For example, 2 prior systematic reviews of psychosocial
treatments have previously identified only a single evaluated

digital tool to support the mental well-being of SGMY [19,20],
and a third more recent and inclusive systematic review
highlighted only 5 interventions that broadly targeted mental
health–related problems [22]. Fortunately, this situation is
rapidly changing, with a recent research protocol highlighting
an emerging interest in gamified health interventions for SGM
individuals [56]. For example, an intervention is being
pilot-tested among SGMY (aged 14-18 years) in the United
States, with the aim of improving help-seeking behavior and
coping [57]. Our proposed toolkit is therefore timely and could
be useful in the United Kingdom, where there is an absence of
evidence-informed digital interventions to support the well-being
of SGMY. This project is funded by the UK’s Medical Research
Council under the Public Health Intervention Development
scheme. This scheme involves developing a novel intervention,
and coproduction with relevant stakeholders is expected. Within
the rules of the scheme, limited resources (approximately 15%
of the project’s overall costs) are directed toward acceptability
and feasibility research. Therefore, the emphasis of this project
is directed toward creating a new toolkit (during phases 1 and
2), with only a preliminary emphasis placed on evaluation (in
phase 3).

The focus of our work, and the limited earlier intervention
research focused on SGMY in this field, has been directed at
an individual level. For instance, Rainbow SPARX [21] and
AFFIRM Online [26] have sought to reduce symptomatology,
such as depressive symptoms, among individual SGMY.
However, there are wider systemic issues that require attention
in the United Kingdom and elsewhere, because SGMY are
forced to live in a challenging heteropatriarchal society. As a
result, SGMY are frequently problematized, whereas insufficient
effort is directed at addressing the negative environments that
mean SGMY are more likely to have mental health problems.
In short, more research should be conducted to improve the
overall milieu for SGMY. This is because earlier work, drawing
on population-based research, has already demonstrated that
schools that are more supportive of SGMY lead to a reduction
in risk in terms of depression and suicidality for SGMY [6].
Although it is envisaged that our toolkit will focus on individual
SGMY, it could also potentially be used by others (eg, health
and social care professionals) for their continuing professional
development. Thus, the toolkit could reach a wider audience
that might also assist in helping change certain environments.

Our decision to focus on the larger (heterogeneous) SGMY
population versus being more specifically focused on either
sexual minority or gender minority youth is a limitation of this
study, given some of the challenges unique to each of these 2
main groups. However, the use of a framework analytic method
for qualitative data interpretation allows for the exploration of
group commonalities and differences [55], which might mitigate
some of the limitations related to being able to identify key
differences between subgroups in the overall SGMY sample.
As a consequence, our intention is to cocreate a toolkit that will
be meaningful and acceptable to both sexual as well as gender
minority youth. In addition to drawing on shared experiences
of stressors SGMY face, our qualitative work will also explore
areas of tension, in which gender and sexual minority young
people discuss issues that they perceive differentiate SGMY
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subgroups, for example, specific stressors that vary along group
divides. We will attempt to recruit a range of SGMY participants
and include those who live outside of the largest cities in the
United Kingdom, but a probable limitation of this study will be
an overrepresentation of SGMY participants from LGBTQ+
(lesbian, gay, bisexual, trans, queer) friendly urban areas. Our
relatively short timescale poses other challenges for both the
intervention and its evaluation, as well as its possible real-world
implementation [58]. This is because, for digital toolkits,
technology is evolving rapidly and interventions that are not
updated (or refined following trials) risk becoming dated even
before an eventual roll-out [59]. Consequently, a new toolkit
could become much less appealing to SGMY by the time it is
available outside of research settings. Another challenge in this

rapidly changing field is that interventions are required to keep
pace with technology (eg, work across a range of devices and
operating systems) while also demonstrating effectiveness.
These challenges have already been reinforced as key issues in
relation to digital interventions for young people [58].

Conclusions
SGMY are underserved in terms of mental health service
provision, and these young people have already highlighted the
value of support on the web [33]. Our proposed project seeks
to coproduce an engaging media-rich evidence-informed
well-being prototype toolkit for this unique subpopulation.
SGMY will be central to the creation of the toolkit, which will
require an effectiveness trial after this initial work is completed.
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Abstract

Background: Kidney selling is a global phenomenon, with higher-income countries functioning as recipients and lower-income
countries as donors, reflecting the gaps due to poverty and vulnerability. In recent years, an increasing number of residents in a
village near the capital city of Nepal have been selling their kidneys; however, the factors embedded in the local social, cultural,
political, and individual context driving kidney selling are poorly understood.

Objective: The aim of this study is to explore the drivers of kidney selling and its consequences in Hokse village in central
Nepal, using ethnographic methods and multistakeholder consultations.

Methods: An ethnographic approach will be adopted along with in-depth interviews and key informant interviews among the
residents and kidney sellers in the village. Relevant participants in the village will be selected purposively using a snowball
approach. The number of participants will be predicated on the principles of data saturation. In addition, consultations with
relevant stakeholders will be conducted at various levels, which will include authorities within and outside the village, and
policymakers. All interviews will be conducted face to face, audio-recorded for transcription, and subjected to a thematic analysis.

Results: This study was approved by Mahidol University Central Institutional Review Board (MU-CIRB 2020/217.1808) in
September 2020 and by Nepal Health Research Council (NHRC 716/2020 PhD) in January 2021. The fieldwork started in February
2021 and the data analysis was completed in September 2021.

Conclusions: This study is expected to provide insight into the reasons underlying the practice of kidney selling based on the
example of Hokse village, along with the perspectives of multiple stakeholders.

International Registered Report Identifier (IRRID): DERR1-10.2196/29364

(JMIR Res Protoc 2022;11(2):e29364)   doi:10.2196/29364

KEYWORDS

ethnography; kidney selling; Nepal; qualitative methods; study protocol; bioethics; medical ethics; kidney transplantation; living
donors; tissue donors; tissue and organ procurement; transplantation; organ transplant

Introduction

The increasing global demand for kidney transplantation has
fueled an illegal kidney trade. In 2011, 10% of all organs for
transplant surgeries in the world were trafficked from a total of

100 countries [1,2]. The global phenomenon of the kidney trade
finds major buyers in high-income countries and sellers in low-
and middle-income countries (LMICs) [3,4]. Kidney selling
has been identified in places such as the “shantytowns” of Brazil,
which are infamous for “body snatching” [5], and various other
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regions such as in South Africa, the Philippines, Israel, Turkey,
Moldova, Argentina, Mozambique, Eastern Europe, Egypt, and
India. Often, the poor and vulnerable communities in these
LMICs are the hotspots for the kidney trade. In Asia, the kidney
trade is prominent in China and the Indian subcontinent.
Although economic prosperity is rising in these countries, high
inequality between the rich and poor is pressing hard on the
population. Thus, the poorer segment of the population continues
to fall vulnerable to the easy money that can be obtained by
selling their kidneys, while being unaware of its adverse
consequences [6]. However, little systematic literature exists
in exploring the nature of the organ trade, its drivers, and the
adversities.

Nepal, a small country sandwiched between China and India,
has become notorious for an increasing kidney trade in recent
years. The village of Hokse, which lies approximately 50
kilometers east of the capital city, Kathmandu, has a high
proportion of villagers who have sold their kidneys. In 2015, a
study reported that more than 300 villagers from Hokse had
already sold their kidneys for as low as US $200 [2], most of
whom had been deceived by brokers with promises of a better
future and substantial financial rewards [7]. Consequently, the
village has been labeled as the “kidney village,” which serves
the cheapest kidneys in the world [3]. In addition, two massive
earthquakes in 2015 further pushed the villagers of Hokse to
extreme poverty and compounded their existing vulnerabilities
for kidney selling. An immediate impact of the earthquakes was
that the demolished houses needed urgent repair or rebuilding
for which some villagers resorted to selling their kidneys [8].
Given the proximity to the capital city and the good road
connection, villagers could seek jobs in the city for their
livelihood. These social and cultural circumstances further add
to the urgency and interest in focusing on Hokse village as a
case study for the kidney trade.

Although poverty and economic conditions may seem to be
ostensibly prominent reasons for kidney selling, they are
invariably entrenched in the local social and cultural context
such as money for food, rituals, and dowry [6,7,9-17]. Kidney
sellers are often left with an even worse financial situation and
physical health after kidney removal [4,6,9-11]. Thus, a deeper
analysis of the phenomenon and its drivers, along with the
underlying links to the wider structural, social, and cultural
factors in the village, is essential. This study was conceived to
fully explore the phenomenology in Hokse village, in addition
to answering how it differs from other villages that share similar
social, economic, and cultural contexts.

The main objective of this study is to explore the drivers of
kidney selling and its consequences in Hokse village of the
Paanchkhal municipality in central Nepal, using ethnographic
methods and multistakeholder consultations. The specific
objectives of this study are to: (1) understand the nature and
pattern of the kidney trade in the community; (2) explore Hokse
residents’ perception, concept, and meaning of the kidney and
the kidney selling phenomenon; (3) explore various factors
driving the kidney trade from multiple stakeholders and actors
such as village head leaders, neighbors, and family members;
and (4) explore the enabling and impeding factors related to the
kidney trade in and beyond Hokse village.

Methods

Study Design and Setting
As a qualitative research design is deemed to be the most
appropriate for exploring and understanding the concept of
kidney selling, the meaning of the kidney, and the interplay of
myriad factors affecting the kidney trade [18], we will employ
different qualitative techniques and utilize Hokse village as a
case study. Multiple methods of qualitative data collection will
be used, including an ethnographic approach in Hokse village
and in-depth interviews with kidney sellers and other relevant
participants.

The study setting, Hokse village, is located at ward numbers 7
and 8 of Paanchkhal municipality, Kavrepalanchwok district,
which is about a 2-hour drive from Kathmandu. There are a
total of 1000 households in these wards [19]. The members of
Hokse village include different ethnicities such as Bahun,
Chettri, Tamang, Sarki, and Danwar, and their livelihoods
depend on subsistence farming and daily wage-earning [19].
Given the proximity to the capital city and a good road
connection, a natural question arises as to why the villagers
choose to sell their kidneys rather than seeking economic
opportunities in the capital city.

Study Population and Sampling
Data will be collected from a diverse group of participants. The
primary participants for the research will be kidney sellers aged
above 18 years (Table 1). In addition, family members,
neighbors, relatives, village heads, and permanent residents of
the village who are willing to discuss the issue will be included
as key informants of the study. Health care providers and local
officers of different developmental organizations will also be
recruited as our key informants. Other stakeholders such as
policymakers at the Ministry of Health, legal workers, and civil
society organization staff working in the field of organ and
human trafficking for at least 1 year will be included in the
study. Similarly, medical personnel involved in transplant
medicine in Nepal will be interviewed. We will also interview
some border patrol officers posted at an important border
checkpoint for at least the previous 6 months. Data from these
different types of participants will allow us to gain a holistic
view of the phenomenon. However, we will not include altruistic
kidney donors or those who undergo the surgery to donate to
their family members.

Informed consent will be obtained orally and the prospective
participants will be requested to sign the consent form after
receiving information about the study. Informed consent in this
study will be undertaken thoroughly. For example, informed
consent among kidney sellers would be a sensitive issue, and
thus all measures for complete and confidential informed
consent will be taken into consideration.

A notable aspect of this study is the ethnographic fieldwork in
which a researcher will familiarize with the villagers by living
in the villages, and will observe and note down the life, culture,
and traditions in the village. Such a method does not enable
obtaining consent from potential participants as would be done
for a survey or qualitative interview. Nonetheless, at minimum,
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the researcher can obtain informed consent for all types of
interviews. In case of virtual interviews, the researcher will
obtain oral consent along with a digital signature of informed
consent. However, some of the conversations that occur in a
causal fashion as part of everyday life would be considered
informal interviews and may not require informed consent.

The primary participants will be given full authority to choose
the interview site and decision to be interviewed. An interviewee
will be clearly instructed that they can discontinue the interview
at any point without providing any justifications. All participants
will be anonymized in the collected data and all personal
identifiers will be removed from the transcripts.

During the study, a series of purposive sampling efforts will be
made to identify the various participants. The purposive
sampling technique will allow us to identify and collect
information-rich cases for an in-depth study [20]. As the issues
around the kidney trade can be culturally sensitive, a snowball
approach may be used to identify additional participants until
data saturation is reached. However, the sampling design may
evolve depending on the circumstances of the data collection
period, the opportunities to enroll the relevant participants, and
the ability to capture the issues that emerged during the stay in
the village. Specifically, we will interview approximately 12 to
20 kidney sellers, ensuring an adequate sample to obtain varied
stories of kidney selling [20-23], along with 18-28 key
informants and stakeholders (Table 1).

Table 1. Details of the study population, participants, and sample size.

Sample size, nType of participant

12-20Primary participants: Kidney sellers of Hokse village

Key informants

10-15Family members, neighbors, relatives, village head

2-3Health care providers and local officers

Stakeholders

2-3Transplant unit medical personnel

3-5Policymakers, legal workers, NGOa/INGOb workers

1-2Border checkpoint officers

aNGO: nongovernmental organization.
bINGO: international nongovernmental organization.

Research Tools
We will use interview guides for the in-depth interviews and
field diaries for the ethnographic study (see Multimedia
Appendix 1 for the interview guide). The field diary will be
used to record important details of the ethnographic observations
such as nonverbal communication, including the personal
presentation of the participant, body expressions, gestures, facial
expressions, style, and alterations in speech (eg, silences,
choking speech, blatant speech, fading speech, cringing and
tremors in the speech), laughter, and other manifestations. The
principal investigator (BS) will be an integral component of the
research who will investigate how local people think, perceive,
and justify the kidney selling phenomenon.

Furthermore, every attempt will be made by the researchers to
understand the participants and remain at the same level during
constructing the meaning and experiences of kidney sellers [24].
This will help to interpret the discussion as shared by the
participants. The preliminary conception that kidney selling
was highly prevalent in the village to fulfill the basic needs of
the poor villagers is incomplete, particularly as there are poorer
villages without a kidney trade in Nepal. Understanding the
experiences of kidney sellers will be critical in building an emic
meaning and concept of the kidney and its trade.

Researchers’ Background
The characteristic of the researchers is an important aspect to
consider for the research design, data collection, and analysis,

as it may have an impact on the participants. The principal
investigator (BS) has an educational background in health and
social sciences and belongs to a Newar ethnic community in
western Nepal, where he has lived near different ethnic groups
such as Bahun, Chettri, Magar, Gurung, Darai, and Bote, which
is similar to the cultural context of Hokse village [25]. Although
all team members of this study are men, this team is well trained
to tackle the sensitivity of the research. The team members
include an expert medical anthropologist (LS) and a public
health specialist (BA) who have expertise and experience around
community engagement, along with a researcher (MS) who has
experience in gender-related issues. We believe that this research
team has the capacity to think critically and add
multidisciplinary perspectives to explain the unanticipated
circumstances to enrich the data interpretation and its
implications. Based on the ongoing data collection and
reflection, we will train and incorporate a woman to collect data
as to better reflect gender-related issues and when approaching
female participants.

Research Hypothesis
The organ trade in Hokse village is a multifaceted problem that
is predicated on individual microlevel to macrolevel factors
such as policy and geographical context. This study will attempt
to explore this hypothesis using a combination of methods,
primarily through ethnography.

The organ trade is not a trade in the conventional sense; it is
the selling of human flesh. Thus, its presence in any society is
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not a simple phenomenon. As kidney selling is a complex
phenomenon, its research warrants a flexible approach. We will
use a constructivist perspective, which is one such approach in
which human beings are assumed of being able to construct
their understanding of the subject and situation. We will also
analyze the embedded class and power relations, social
inequalities, and social interactions that shape individual
decision-making. Using the theoretical lens of critical medical
anthropology (CMA), we will delve deeper into the experiences
of the kidney sellers to understand and situate their decisions

with the power differences and influence of dominant
sociocultural and economic forces. Multiple stakeholders and
key informants will allow us to understand the web of causation
of kidney selling at different levels of analyses as used in CMA,
from the individual microlevel to the macro structural level
(Figure 1) [26]. CMA highlights the importance of political and
economic forces, including the exercise of power in shaping
health, disease, illness experience, and health care, which
supplements the culturally sensitive analysis of human behavior
grounded in anthropological methods.

Figure 1. Participants, key informants, and stakeholders at different levels. NGO: nongovernmental organization; INGO: international nongovernmental
organization.

Data Collection Procedures

Entry into the Field
Before drawing up this research protocol, the principal
investigator (BS) visited the village twice to explore the
feasibility of the study. In the first visit, a few kidney sellers
were located with the help of some personal contacts. In the
second visit, some key informants were identified and a further
network was established. The experiences and connections made
in these visits will facilitate a smooth integration into the village
for the principal investigator, who will reside there during this
research for ethnography. This approach will set a good rapport
with the villagers and informal conversations will be conducted
with the villagers before diving more deeply into the sensitive
topic of kidney selling.

Although we intend to mitigate our preexisting biases before
entering the field, our backgrounds and experiences, which are
different from those of the villagers, may lead to some inevitable
biases. It will be difficult to enter the field with an empty mind
as the theoretical knowledge and literature will prompt the
researchers to have a preconception [24]. Nevertheless, we will

utilize an inductive approach, which is likely to uncover new
ideas and observations, giving rise to new knowledge; as a
result, new theoretical positions may be derived from our
empirical data and observations [27].

Ethnographic Approach

Fieldwork

We will conduct at least 3 months of ethnographic fieldwork
in the village. Even though the principal investigator (BS) is
from Nepal, spending substantial time in the village is crucial
to embed in the community. The fieldwork will be conducted
based on the theoretical framework to address the objectives of
the research. During fieldwork, observations will be the key
tool to understand the different activities of the villagers. New
questions and issues are bound to arise during the ethnographic
research. The research methods will be adapted to ensure that
there is sufficient flexibility to gather crucial details during the
ethnography. In addition, we will attempt to understand the
power differences and interconnectedness of indigenous health
and western medicine during our data collection, which can
help us to explain and interpret the data [28]. Because of the
current COVID-19 pandemic, we will adopt all national and
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local regulations, in addition to undertaking the safety and
hygiene measures such as regularly washing hands, using
alcohol gel, wearing masks, and social distancing. We will also
share our knowledge (related to precautions and preventive
measures for COVID-19) to our participants and will not remain
in direct physical contact with any participants.

Concerning the risk management related to potential for
stigmatization, since a researcher will be based in the village,
we will utilize complete confidentiality when setting up
interviews and discussion on the topic. No interviews will be
openly conducted. An interview will be conducted in a quiet,
safe, and enclosed place such as household rooms where others
will not be allowed to participate. We will adopt in-depth
interview techniques to ensure we have one-on-one interviews.

Considering the current COVID-19 pandemic, we will adjust
our plans for data collection as feasible. For instance, we will
hire a local Nepali as a research assistant to conduct the
ethnographic study. Outside the village, interviews with
stakeholders will be conducted remotely through, for example,
Skype, Microsoft Teams, and Zoom. All coordination and
management of data collection will be remotely managed by
the principal investigator (BS) because of current travel
restrictions due to the COVID-19 pandemic.

Participant and Key Informant Interviews

Iterative interviews will be conducted with the kidney sellers
and their relatives, key informants, local leaders, and concerned
people. The interview guide will be used flexibly to adapt
according to the contextual situation of each unique participant.
The saturation of data will be ascertained after timely
discussions with the coinvestigators. As kidney sellers may
have experienced harsh social stigma, they may not open up
easily when interviewed. The principal investigator will be
cognizant of the sensitivity and approach the challenge with
empathy and patience. Only after an adequate relationship has
been built with the kidney sellers, the principal investigator will
attempt to explore the sensitive topics. The use of a snowball
approach may be needed to locate further relevant participants
based on the understanding that a particular participant might
be key to the research topic [29].

Stakeholder Consultations
Different stakeholders will be consulted via semistructured
interviews to understand the other actors of the research, as
identified in Table 1. The main purpose of involving these
stakeholders is to place the experiences of the kidney sellers in
the social, cultural, political, and economic context of Nepal.
For example, most kidney sellers travel to India through many
of the checkpoints on the 1600-kilometer-long porous border
that Nepal shares with India in the east, south, and west, where
no legal documents are required to cross to the other side. To
gain a better sense of how kidney sellers cross the border, the
research team will travel to the Nepal-India border and interview
the responsible personnel working at the checkpoint.
Additionally, considering the COVID-19 pandemic, if
stakeholder interviews are not possible as planned, we will
request virtual interviews according to the preference of the
interviewee.

Researchers’ Reflection and Discussion
After the interviews are conducted, the principal investigator
will share the preliminary findings with the research team for
reflection and further discussion. Based on the team’s
discussion, the principal investigator may have to further explore
particular themes. There may be multiple rounds of discussion
and reflections among the investigators. As this research is a
form of interpretive ethnography, the chances of revisiting the
participants will remain open during the data collection period.

Rigor in Qualitative Data Collection
To ensure the information in qualitative research is reliable and
valid, social interaction and trust between the researcher and
participants are essential. We will attempt to avoid any bias by
being reflexive, separating personal interpretations from the
tasks during data collection and interactions with participants,
and focusing more on developing an emic perspective [30]. To
ensure that the study findings are shaped by the participants and
not by researcher biases and interests, a trail of the research
steps taken will be documented in the field diary. There will
also be constant validity checks by checking for consistencies
and inconsistencies in the data reported by participants.
Alternative descriptions and explanations will be sought and
recorded in the field diaries. Persistent observations during
multiple sessions of interviews with different participants will
help to triangulate the data and boost the credibility.
Furthermore, a coinvestigator (BA) is an expert in the field of
kidney selling in Nepal and will help to assess the credibility
of the data extracted from the participants. Similarly, a particular
focus will be maintained to adhere to the research guidelines
and objectives of the research. The field diaries, transcribed
data, and themes developed will be reviewed by two qualitative
methods experts (LS and BA) to ensure that the interpretation
and conclusions drawn are supported by the data.

Data Analysis
The analysis of the data will start from the early phase of the
research. The research methods used in this study will require
different analyses. For instance, different facets of human
experience, beliefs, kinship patterns, and ways of settlement
and living, along with social, economic, and cultural factors of
the village will be analyzed from the ethnographic findings.
The audio-recorded interviews and the field notes will be
transcribed first in the Nepali language and then translated to
English. The translated English data will be back-translated into
the Nepali language to ensure the validity of the translation,
which will also help us to retain the nuanced meanings and
interpretations. The interview data will be sorted and labeled.
The data will be read several times to get a gist of the interviews,
and then will be subjected to initial coding, followed by
theme-building. The data will be analyzed and interpreted using
the lens of CMA.

Content analysis will be conducted independently by two
investigators (BS and BA). The initial analysis will be discussed
with the participants to ensure that their emic interpretation is
retained. NVivo version 10 (QSR International) will be used to
manage and analyze the data. The analysis process and findings
will be shared with the research team.
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Ethics and Dissemination
All participants will be provided with a complete and clear
explanation about the research in the local language through an
informed consent procedure. The participants will be made
aware that their names will not be written anywhere in the
document. Their participation will be completely voluntary and
they will be clarified about their freedom to opt out of the study
at any stage of the research without providing justifications.
Audio-recorded files will also be kept in folders of the principal
investigator’s personal computer and will be password-protected
to safeguard the confidentiality of the participants’ details. For
the best interest of the participants, both the site (home,
workplace, or any other place) and the timing of the interview
will be decided by the participants to ensure their privacy and
freedom.

The output of the research will be disseminated through
academic articles published in international peer-reviewed
scientific journals. The participants will be notified regarding
the sharing of findings to the public domain; however,
confidentiality, anonymity (by providing pseudonyms), and
privacy of the participants will be ensured. Our research findings
will be reported following the COREQ (Checklist for Reporting
Qualitative Research) guidelines [31].

The study protocol was reviewed and approved by Mahidol
University Central Institutional Review Board (MU-CIRB
2020/217.1808), Thailand, in September 2020, and the Nepal
Health Research Council (716/2020 PhD), Nepal, in January
2021.

Results

The fieldwork started in February 2021 and different key
informants and stakeholders at international and
nongovernmental organizations, transplant units, policymakers,
government workers, and legal workers have been identified.
The data analysis was completed in September 2021.

Discussion

Projected Significance
Kidney selling is a global phenomenon; however, concentrated
selling is rare and warrants urgent attention. The selling of
kidneys from one particular village calls for an in-depth and

broad exploration of the issue. The few previous studies on the
topic have identified social responsibilities such as education,
social welfare, dowry, and debt, entrenched in the local social
and cultural context, to be crucial drivers of kidney selling
[4,6,10-12]; however, these factors alone may not explain the
concentrated selling of kidneys in one particular village in
Nepal. This research will delve into the factors affecting kidney
selling in this village at the micro and macro levels, and seek
to answer why and how such a phenomenon is so prevalent in
this village. The findings of this study may ultimately help to
inform the policy and interventions to reduce organ trafficking
in Nepal.

Study Limitations
This study will be conducted particularly in a village with a
specific population in rural Nepal, which shows unique
characteristics; hence, the data obtained may not be
generalizable to other populations inside and outside Nepal.
The character and the situation of Nepal and its open border
with India may bring about findings that may or may not apply
to other parts of the world where kidney selling is found.

Conclusion
This research will explore the reasons for selling kidneys among
the residents of Hokse village, which is also known as “the
kidney village” in Nepal. This work also attempts to understand
the motivations of the individuals from this particular village,
including their habits, economic status, employment status,
educational attainment, daily activities, behavioral patterns, and
understanding of the outer world. We will attempt to determine
the social status of the kidney sellers within the village from
both sides, kidney sellers and villagers, and to explore whether
they are discriminated against or stigmatized in their community.
The findings from this research will highlight the characteristics
of the phenomenon in the village, including its drivers at micro
and macro levels. Future research can build on the findings from
this research, including operational and implementation research
aiming to mitigate organ trafficking. Findings from this study
will help us to establish and challenge our hypothesis and
assumptions related to kidney selling in the study village.
Moreover, this study can serve as a foundational platform to
explore the strands and areas that might emerge but may not
have adequate explanatory data. Future research can build from
these findings to explore questions and areas that are beyond
the scope of the current research.
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Abstract

Background: Post–COVID-19 syndrome, also referred as “long covid,” describes persisting symptoms after SARS-CoV-2
infection, including myalgia, fatigue, respiratory, or neurological symptoms. Objective symptoms are often lacking, thus resembling
a fibromyalgia-like syndrome. Digital therapeutics have shown efficiency in similar chronic disorders such as fibromyalgia,
offering specific disease monitoring and interventions such as cognitive behavioral therapy or physical and respiratory exercise
guidance.

Objective: This protocol aims to study the requirements and features of a new mobile health (mHealth) app among patients
with fibromyalgia-like post–COVID-19 syndrome in a clinical trial.

Methods: We created a web application prototype for the post–COVID-19 syndrome called “POCOS,” as a web-based
rehabilitation tool aiming to improve clinical outcomes. Patients without organ damage or ongoing inflammation will be included
in the study. App use will be assessed through user experience questionnaires, focus groups, and clinical data analysis. Subsequently,
we will analyze cross-sectional and longitudinal clinical data.

Results: The developed mHealth app consists of a clinically adapted app interface with a simplified patient-reported outcome
assessment, monitoring of medical interventions, and disease activity as well as web-based instructions for specific physical and
respiratory exercises, stress reduction, and lifestyle instructions. The enrollment of participants is expected to be carried out in
November 2021.

Conclusions: User experience plays an important role in digital therapeutics and needs to be clinically tested to allow further
improvement. We here describe this process for a new app for the treatment of the fibromyalgia-like post–COVID-19 syndrome
and discuss the relevance of the potential outcomes such as natural disease course and disease phenotypes.

International Registered Report Identifier (IRRID): PRR1-10.2196/32193

(JMIR Res Protoc 2022;11(2):e32193)   doi:10.2196/32193

KEYWORDS

post–COVID-19 syndrome; COVID-19; SARS-CoV-2; mobile health; application; user experience; testing; user interface;
long-covid syndrome; mHealth; app; user interface; protocol; reinforcement; learning; strategy; symptom; outcome; patient-reported
outcome; therapy; rehabilitation; monitoring
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Introduction

Post–COVID-19 Syndrome
Post–COVID–19 syndrome is an increasingly recognized
symptom complex occurring after SARS-CoV-2 infection,
which has also been called “long COVID-19” [1]. It can be
described as persisting organ damage; for example, after
intensive care treatment for respiratory failure or more
frequently by persisting general unspecific symptoms such as
fatigue, myalgia, concentration, and sleep disturbance [2].
Owing to its neurotropism, SARS-CoV-2 can cause neural
damage and persisting neurologic symptoms including olfactory
dysfunction, neuropathic pain, and transient memory loss [3-5].
Objective findings in imaging or functional testing are
classically missing. As an example, there is no typical
neurological manifestation induced by COVID-19 on magnetic
resonance imaging, but a wide range of different patterns are
observed in patients [6]. Thus, the diagnosis of post–COVID-19
syndrome is clinical and difficult to monitor [7]. Similar
postviral features have also been attributed in the past to other
infectious outbreaks; for example, Epstein-Barr Virus or Q fever
[8,9]. After the severe acute respiratory syndrome outbreak in
2003, approximately one-third of the infected patients developed
reduced tolerance to exercise many months later despite having
normal lung function [10]. In the past, postviral myalgic
encephalomyelitis (ME) has been considered a synonym for
chronic fatigue syndrome [11]. Patients with ME have also
experienced neurovegetative and cognitive dysfunction, often
fulfilling the classification criteria for fibromyalgia [12]. It
remains unclear whether this dysfunction is a stress-related
response of the host, or if it occurs owing to ongoing viral
replication [13].

The prevalence of post–COVID-19 syndrome is unclear, but it
has been already discussed in the literature as an upcoming
relevant health problem, for which therapeutic solutions and
scalable health care models must be developed [14,15]. The
incidence of post–COVID-19 syndrome after SARS-CoV-2
infection is estimated to be 10%-35%. This estimation can reach
85% for hospitalized patients [16]. In this study, we focus on
fibromyalgia-like post–COVID-19 syndromes, albeit without
ongoing inflammatory activity or objective organ damage.

Digital Therapeutics
The use of medical apps as diagnostic but also therapeutic tools
is rapidly increasing, fostered not only by the current pandemic
but also by the growing acceptance of mobile health (mHealth)
[17-19]. Change in legislation in different countries also permits
the prescription of therapeutic medical apps, such as Digital
Health Applications (DIGAs) in Germany. DIGAs are digital
therapeutic tools that meet high quality standards and proof of
clinical benefits. They are officially registered and most of them
provide tools for cognitive behavioral therapy, exercise
instructions, and lifestyle modifications (habits, nutrition,
meditation, etc) [20,21].

The pandemic accelerates the development of digital solutions.
The United States and Australia have, for example, established
remote care systems for patients with chronic diseases and
COVID-19 [22]. Surveys developed in Ontario (Canada)

between February and May 2020 showed an increase from
approximately 1000 clinical-to-patient video calls per day to
14,000, especially concerning elderly patients [23]. These
examples illustrate the progressive implementation of digital
therapeutics in the modern society. According to several studies,
this new field will become a turning point in global health.
Unfortunately, most of these studies also indicate that there is
a scarcity of qualitative data in this domain [24-26]. The lack
of knowledge in user experience (UX) and other factors such
as design or gamification, which could influence consumer
engagement, may be considered to facilitate the development
of digital health solutions [27]. Notwithstanding the trend toward
digital therapeutics, it is evident that more research on designing
these apps for optimal usability is required [28].

Many currently existing apps offer the technical requirements
but lack protocols for user interface (UI) design [29].
Furthermore, clinical study design including therapeutic apps
require specific consideration; for example, where and how
therapeutic modules are integrated or how patient-reported
outcomes (PROs) can be monitored [30].

UX
UX experiments are key to improve the ergonomics and usability
of an app. They occur during the development of the user
interface and aim to optimize its usability. UX experiments also
help the developer to assess the user’s expectations. They are
vital in the process of building a suitable app [31].

UX research on therapeutic medical apps is a growing field as
UX interferes with adherence and potentially also with clinical
outcomes. However, there is a lack of qualitative research on
health and medical apps in general [29]. So far, a combination
of three theory models for assessing UX for patients with
chronic conditions has been postulated: the Technology
Acceptance Model (TAM), the Health Information TAM
(HITAM), and Health Belief Model [32]. The TAM measures
how users accept technology. The HITAM adds to the concepts
in the TAM by incorporating the Health Belief Model [32].

Aim and Research Questions
In this study, we aim to understand how patients with
fibromyalgia-like post–COVID-19 syndrome might use digital
therapeutics at the example of the app “POCOS” and how their
experience could be improved in regard to onboarding, data
entry, data processing, and illustration as well as therapeutic
applications. Furthermore, we aim to translate these findings in
the development of an optimized clinically adapted app
interface, and we speculate on the potential use of such a device
for a better scientific understanding of the post–COVID-19
syndrome. By the term “clinically adapted,” we are referring to
a patient-centered app architecture tailored to disease-specific
needs but also comprehensible and interoperative for clinicians.

The research questions of this study are as follows:

User Experience
• Which symptom or intervention features are considered

most important by patients with post–COVID-19 syndrome?
• What is the best way to illustrate disease activity and

symptoms?
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• Which general therapeutic (medical and paramedical)
interventions are considered most useful by patients?

• How often will they use the app over time? What are the
best intervals for assessing PROs?

• How useful are online instructions and educational videos?
• What type of therapeutic modules are considered most

useful by the patients?
• How useful is a personalized web-based therapy program

based on symptom profile and disease activity?

Clinical Outcomes
• What is the natural course of post–COVID-19 syndrome?

Can phenotypes be identified?
• What are the risk factors for poor subjective or objective

outcomes (doctor’s visits or hospitalization)?
• How useful are validated fibromyalgia activity scores, such

as the widespread pain index or symptoms severity score
for post–COVID-19 syndrome [33]?

Methods

UI Implementation
The web application prototype investigated here is called
“POCOS,” which stands for post–COVID-19 syndrome. For

this purpose, we developed a simplified app interface adapted
to assess and treat post–COVID-19 symptoms (Figure 1). The
main architecture of this interface is based on different sections
resembling a doctor’s visit and disease-specific requirements,
respectively:

• Assessment of PROs in accordance with the literature [34].
• Medical and paramedical interventions since last data entry

(physiotherapy, laboratory analysis, physical activity, and
nutritional aspects).

• Monitoring and visualization of symptom courses and
personalized fibromyalgia-like post–COVID-19 disease
activity scores.

• Web-based therapy modules with animated videos for
information, different exercise instructions (physical,
respiratory, smelling, etc), muscle relaxation, stress
reduction, cognitive behavioral therapies, mindfulness, as
well as exchange with peers and health care professionals.
The web-based treatment program will be composed in
accordance with the leading disease features: fatigue, stress,
pain, sleep problems, respiratory problems, neurologic
symptoms, etc. It will also include information about what
has helped other patients with similar symptoms recently
(“What has helped you the most recently?” output) (Tables
1 and 2).
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Figure 1. POCOS user interface. Left panel: the “How are you?” screen with electronic patient-reported outcomes and activity. Center panel: the “My
result” screen with monitoring of symptom activity and health conditions. Right panel: the “Act & Advice” screen with a personalized training program
adapted to the user’s symptoms.
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Table 1. Overview of data assessment (onboarding process, patient-reported outcomes, and interventions).

Response typeCharacteristics

Onboarding process (only once after first login)

Birth date inputAge

M/FGender

Date inputDate of suspected or confirmed COVID-19 infection

ELISAa or direct testingType of test, if available

Yes/NoConfinement

Number of days(If confinement) Confinement duration

Small/big flat, house, house with garden(If confinement) Type of confinement place

Yes/NoOther infected family members or peers

Multiple choice (to be determined)Initial symptoms

Multiple choice (to be determined)Psychosocial factors

Multiple choice (to be determined)Pre-existing disorders

Yes/NoSmoking

Patient-reported outcomes (daily or weekly)

Horizontal slider (0-10 scale)General health

Horizontal slider (0-10 scale)Breathing problems

Horizontal slider (0-10 scale)Overall pain

Clickable on body diagram (frond and back)Tender points

Horizontal slider (0-10 scale)Memory level

Horizontal slider (0-10 scale)Fatigue

Horizontal slider (0-10 scale)Concentration

Horizontal slider (0-10 scale)Ease of activity

Horizontal slider (0-10 scale)Smelling and taste problems

Clickable smileys (1-5 scale)Mood

Interventions (daily or weekly)

Frequency (once, 2-3 times a week, everyday)Physical activity (walk, sport, and exercises)

NumericWeight

Never, 1-3, >3Number of physician visits since the last input

Yes/NoHave you been in hospital since last input?

Selection (therapy type list, to be determined), frequencyDid you have therapeutic sessions since last input?

Frequency (per week)Pain killers use

Free text entryWhat has helped you the most recently?

Type of value, value (concentration)Laboratory values from blood test (if available)

Selection (list of drugs available on the market) and frequency
taken

Current medication

aELISA: enzyme-linked immunosorbent assay.
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Table 2. Therapy modules, type of content proposed to the patient in each therapy module and corresponding patient-reported outcomes (related
patient-related outcomes).

Related patient-related outcomesContent types (video/tutorials, images, and text)Therapy module

Breathing problems, fatigue, ease of activity, and concentrationRespiratory exercises and yogaRespiratory

Breathing problems, fatigue, overall pain, concentration, ease
of activity, and mood

Yoga, meditation, and physical and relaxation exercisesRelaxation

Fatigue, ease of activity, mood, and overall painRelaxation exercises, yoga, advice to save energy, and
meditation

Energy

Overall painTherapeutic stories to understand pain, yoga, meditation,
and relaxation

Pain management

Memory level and concentrationMemory exercises, therapeutic stories, and advice to im-
prove memory

Memory

Ease of activity, breathing problems, overall pain, and fatiguePhysical exercises and yogaPhysio

Smelling and tasteSmelling and taste exercises, instructions, and self-assess-
ment

Smelling and taste

Mood, concentration, ease of activity, and fatigueMotivation exercises and positive thinking adviceMental enhancement

Inclusion and Exclusion Criteria
As no official definition for the post–COVID-19 syndrome
exists, we decided to include the following patients: (1) those
with a proven SARS-CoV-2 infection (direct test or
enzyme-linked immunosorbent assay) and (2) those with
persisting symptoms such as pain, fatigue, sleep disturbance,
respiratory symptoms, or concentration problems over 3 months
[35].

Currently hospitalized patients and those with objective signs
of active infection such as fever, increased C-reactive protein,
active other viral or bacterial infection, and active
immune-mediated, oncologic, or psychiatric disease are not the
focus of this study and will be excluded. We will also exclude
patients who are hospitalized in intensive care units or those
with past or persisting organ dysfunction.

Clinical Data Assessment
Age, gender, family situation, education, and information on
the type and duration of confinement during the pandemic will
be assessed during the onboarding process. We will record initial
COVID-19 symptoms as well as pre-existing disorders including
depression, nutritional factors, and smoking (Table 1).

PROs will be assessed as listed in Table 1 and have been
selected in accordance with the main symptoms of

post–COVID-19 syndrome reported in the literature [2]. They
are collected on a daily or weekly basis.

On a daily and weekly basis, we will collect information on
work activity and sick leave, doctor visits, medication, and
hospitalizations. As a further feature, patients can type in what
helped them most in the last week to monitor and share with
patients with similar profiles (Table 1). The data will be
analyzed cross-sectionally and longitudinally to identify
phenotypes and to calculate risk models.

Widespread pain index and the symptom severity score will be
assessed on the basis of PROs and clickable body diagrams
(Table 1) data [33].

UI/UX Experiments
For UI/UX assessment, we aim to examine the interactions
between patients with post–COVID-19 syndrome and the
“POCOS” app in terms of quality of experience. UX research
will be performed by providing POCOS as an app prototype.
The following analyses will be performed (Figure 2): (1)
interviews with patients with post–COVID-19 syndrome groups
and creation of personas (clustering patient groups by
similarities); (2) System Usability Scale (SUS) [36], mHealth
App Usability Questionnaire (MAUQ) [37], and the Brief
Medication Questionnaire; and (3) observed use of device (task
success rate, errors, efficiency, and time spent).
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Figure 2. User experience research and the experimental design. MAUQ: mHealth App Usability Questionnaire, PRO: patient-reported outcome, SUS:
System Usability Scale, UI: user interface, UX: user experience.

Patient and User Groups
The patients will be selected after obtaining ethical approval.
Owing to the changing and diverse nature of diseases, we will
further have user personas for each group to test our findings
and possible hypothesis. Personas have proven to be a crucial
factor when designing user tests through several research. In
their research for user preferences and persona design in
cardiovascular disease, Haldane et al [38] reported that personas
are a key feature of user-centered design and are used in many
fields from design to marketing and product, and it aims at
understanding large and diverse target audiences. Therefore,
our study will also focus on studying personas to identify diverse
patient groups.

Personas will be created by patients with post–COVID-19
syndrome in accordance with their needs, their habits, and their
challenges while using the app. The personas will be developed
on the basis of the most common characteristic of the patient
groups. The type of persona is also influenced by Haldane et al
[38] as they outline a general approach to mHealth user types.

User Interface Testing
Testing of nonfunctional properties of the app UI, which will
lead to nonfunctional app requirements, will be performed.
These properties (especially design or esthetics) are likely to
affect the users’ experiences and are therefore crucial to
investigate.

To decide on the color scheme, font, spacing, alignment, images,
videos, and sound, we will perform A/B testing with different
patient groups. While group A will use the app in blue, group
B will use the app in the green. According to previous analyses,
the blue color is preferred for promoting the identity of clinics
and hospitals, while the green color represents nature and health
[39]. After their use of the app, patients will be asked about
their preferences on the visual attributes with a questionnaire
on design principles and choices, derived from the qualitative
research on color theory. The data gathered will help us identify
the color and design choice of different age groups and genders.

Along with the rating screen, charts are used for users to reach
and monitor their progress. To provide specific patient groups
the opportunity to decide on what they see on their screen, we
will be using the Card Sorting Method. Cart Sorting is a method
that involves screenshots of each app to be printed on cards and
presented to the users asking them to place the cards in the order
that they thought most appropriate [40].

Interaction and Usability
Interaction and usability investigations will result in the
functional requirements of the app. These experiments will lead
to the eventual modification, suppression, or validation of the
app features. These UX outcomes will then be integrated in the
subsequent app version.

Patients will be assigned tasks to complete with the app in a
given timeframe. These tasks will include but not be limited to
enter today’s mood, view chart of the pain, go to advices page,
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adjust yesterday’s sleep quality, check last week data, etc. The
tasks will be modified in accordance with the prototype design
and ready-to-use features. We will also record the patients’ task
time to find the optimal speed and which functions seem to take
longer for the patients. As they would while using the app on
their own, they will be asked to input their symptoms and report
on their pain. To complete the task, the user’s choice of
interaction will be recorded by logging their errors such as
tapping instead of double-tapping while inputting text.

Along with the interaction and usability observation, upon
completion of each task, users will be administered the SUS
[41]. Originally developed by John Brooke in 1986, the SUS
facilitates the evaluation of a wide variety of products and
features including hardware, software, mobile devices, and apps.
It is a 10-item questionnaire that allows us to understand the
efficiency of the system and how easily it can be used by the
user. After the data are collected, we will be able to score the
system and readdress issues with usability if necessary. After
each experiment, we will also ask our patients to provide their
opinion on the system along with what they liked and what they
thought could be improved.

In addition to the SUS, users will also be administered the
MAUQ to fill. This 10-15–item questionnaire is specific for
mHealth apps and is commonly used and adapted to measure
usability [37].

Medical Adherence
The importance of user experience in relation to medical
adherence is well-documented within the discipline of health
psychology. According to Dayer et al [42], low adherence causes
approximately 33%-69% of medication-related hospitalizations
and US $100 billion in annual health care costs. Currently, there
are no tests to analyze app adherence. Currently available
mHealth apps including Med Agenda, Dosecast, and MedSimple
use push notifications such as “time to take your medication”
for adherence. Furthermore, apps such as Med Agenda,
RxmindMe, Dosecast, MedsIQ, PillManager, and MediMemory
require a box to be ticked when the patients take their
medication. All of these apps have very low ratings on both
Apple App Store and Google Play as they do not possess the
features they claim to have.

To create patient-based adherence, we will create a survey to
ask the user how often they would like to be reminded to use
the app (and to provide the PROs). The Brief Medication
Questionnaire [43] will be used to explore both patients’
medication-taking behavior and barriers to adherence. It has a
5-item “Regime” screen, a 2-item “Belief” screen, and a 2-item
“Recall” screen. These screens assess how patients took their
medications in the past week, the effectiveness of the drug, and
concerning features. The test will help us generate our personas
by identifying patients who need assistance with their
medications, highlight their concerns, and provide novel insights
for improvement and development suggestions.

Clinical Data Analysis
Cross-sectional and prospective characterization of the
post–COVID-19 syndrome is key for its understanding and
treatment. The POCOS app will collect information on initial

COVID-19 infection and subsequent symptoms over time. PROs
and medical and paramedical interventions including doctor’s
visits and hospitalization will be assessed on at least a weekly
basis.

Power calculation: at the beginning of 2021, a total of 33,000
individuals survived a SARS-CoV-2 infection in Switzerland.
We estimate that 20%-30% of the patients after a SARS-CoV-2
infection experience marked fatigue and reduced quality of life.

Sample size consideration: data will not be analyzed in order
to prove certain hypothesis (exploratory data analysis). The
minimal required sample size (n) is determined as follows:

n ≥ N + (N − 1) × є 2 z 2 × p × q (1)

where N is the number of patients who survived a SARS-CoV-2
infection in Switzerland,    is the error accuracy (tolerated error),
z is the quantile of the standard normal distribution, p is the
relative frequency of people with post–COVID-19 syndrome
(fatigue of at least >3 months), q= 1 – p. In this case, N=33,000,
є=5%, z=1.96, p=0.15, and q=0.85; thus, a minimal sample size
of 195 individuals is required. A high dropout rate of 25% is
assumed, so that a total of 250 patients who survived a
SARS-CoV-2 infection will be initially included in the study.
Explorative analysis will be performed with cross-tabs and
correlations to identify associations. Repeated measurements
analyses will be performed to explore multivariate associations
between baseline status (adjusting for age, sex, and disease
duration) and disease status after 3 or 6 months. Furthermore,
logistic regression analysis will be used to analyze multivariate
associations among binary endpoints (eg, achievement of
remission, myalgia [yes/no], and work incapacity [yes/no]) at
6 and 12 months. We will perform logistic regression analyses
adjusting for age, sex, and BMI to identify symptoms at acute
infection (anosmia, fever, persistent cough, fatigue, shortness
of breath, diarrhea, chest pain, and hoarse voice), which might
be associated with the development of post–COVID-19
syndrome. The aim is to set up a model to predict poor
outcomes. At a later step, with higher numbers of included
individuals, supervised machine learning using labeled data will
be used to generate prediction models, feature importance, and
heat maps based on classification and regression analyses.

Ethical Considerations
The study proposal has been conditionally accepted by the
regional ethical committee. This study is expected to commence
in November 2021.

Results

The provisory frond-end development (UI) of the POCOS app
has been completed in the form of a clinically adapted
architecture (Figure 1). The back-end development is ongoing,
especially at the level of data management. A landing website
and an introduction video for the app have been prepared. The
therapeutic content (videos, articles, and other type of media)
has been uploaded on the app. A fully functional version of the
app (including web and mobile versions) is expected for the
end of September 2021.
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Discussion

Expected Findings
We here demonstrate UI development of a new mHealth app
for post–COVID-19 syndrome, which focuses on the
fibromyalgia-like phenotype. The decision for this phenotype
was based on its frequency and difficulty to manage symptoms,
taking into account the lack of objective clinical signs and
biomarkers. Furthermore, we previously developed and used
digital support tools for patients with fibromyalgia and chronic
fatigue syndromes at our center. As post–COVID-19 syndrome
shares clinical similarities with other common chronic
syndromes (fibromyalgia, chronic pain syndrome, chronic
fatigue syndrome, and rheumatoid arthritis), this study may also
provide insights into interesting elements for digital therapeutics
that are applied for other chronic diseases [44-47].

The collection of clinical post–COVID-19 data is crucial for its
understanding and symptom management. Potentially, data
obtained by this app will facilitate the identification of

prognostic markers and markers for disease activity,
respectively. A strong point of this protocol is the development
of the advanced UI frontend including therapy-related content.
Therefore, in an optimized version based on the results obtained
from this study, we expect a quick and high user interest.

Limitations
As a limitation, PROs and disease activity markers used in this
app have not been validated for the post–COVID-19 syndrome.
We would also like to emphasize that this protocol will not
provide information on efficacy or safety of this app. In any
case, the therapeutic value of this app will have to be tested in
a future validation study.

Conclusions
In conclusion, this study will provide new and potentially
large-scale information on the outcomes of patients with
post–COVID-19 syndrome. The focus of this protocol on UI/UX
design will potentially improve the knowledge on interactions
between patients and an mHealth interface.
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Abstract

Background: Although the burden of premature myocardial infarction (MI) is high in Malaysia, direct evidence on the
determinants of MI in this multi-ethnic population remains sparse.

Objective: The Malaysian Acute Vascular Events Risk (MAVERIK) study is a retrospective case-control study established to
investigate the genomic, lipid-related, and other determinants of acute MI in Malaysia. In this paper, we report the study protocol
and early results.

Methods: By June 2019, we had enrolled approximately 2500 patients with their first MI and 2500 controls without cardiovascular
disease, who were frequency-matched by age, sex, and ethnicity, from 17 hospitals in Malaysia. For each participant, serum and
whole blood have been collected and stored. Clinical, demographic, and behavioral information has been obtained using a 200-item
questionnaire.

Results: Tobacco consumption, a history of diabetes, hypertension, markers of visceral adiposity, indicators of lower
socioeconomic status, and a family history of coronary disease were more prevalent in cases than in controls. Adjusted (age and
sex) logistic regression models for traditional risk factors indicated that current smoking (odds ratio [OR] 4.11, 95% CI 3.56-4.75;
P<.001), previous smoking (OR 1.34, 95% CI 1.12-1.60; P=.001), a history of high blood pressure (OR 2.13, 95% CI 1.86-2.44;
P<.001), a history of diabetes mellitus (OR 2.72, 95% CI 2.34-3.17; P<.001), a family history of coronary heart disease (OR

1.28, 95% CI 1.07-1.55; P=.009), and obesity (BMI >30 kg/m2; OR 1.19, 95% CI 1.05-1.34; P=.009) were associated with MI
in age- and sex-adjusted models.

Conclusions: The MAVERIK study can serve as a useful platform to investigate genetic and other risk factors for MI in an
understudied Southeast Asian population. It should help to hasten the discovery of disease-causing pathways and inform regionally
appropriate strategies that optimize public health action.

International Registered Report Identifier (IRRID): RR1-10.2196/31885

(JMIR Res Protoc 2022;11(2):e31885)   doi:10.2196/31885

KEYWORDS

myocardial infarction; cardiovascular disease; case-control study; Malaysia

Introduction

Coronary heart disease (CHD), with myocardial infarction (MI)
as a key clinical manifestation, is the leading cause of death in
Malaysia and elsewhere in Southeast Asia [1,2]. In recent
decades, Malaysia has experienced a sustained increase in the
incidence of CHD [3]. According to World Health Organization
estimates, the age-adjusted death rates of CHD are
approximately twice as high in Malaysia compared with the
United States or the United Kingdom [4]. Furthermore, studies
in Malaysia and other Southeast Asian countries indicate that
CHD events tend to occur at younger ages and are characterized
by more severe clinical features than in Western populations
[5,6], resulting in substantial losses in productive working years
owing to death and disability. Indeed, CHD in Malaysia is

characterized by high rates of short-term post-MI mortality [7].
However, there is limited direct evidence regarding the
determinants of CHD in Malaysia [2]. Therefore, we have
established the Malaysian Acute Vascular Events Risk
(MAVERIK) retrospective case-control study of MI to
investigate genomic, lipid-related, and other determinants of
acute MI in Malaysia. In this paper, we describe the rationale,
protocol, and early baseline results of this study.

Methods

The MAVERIK study was established in 2017 in collaboration
with the British Heart Foundation Cardiovascular Epidemiology
Unit at the University of Cambridge, United Kingdom (the
study’s international coordinating center); the Institute for
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Medical Research (IMR), Malaysia (the study’s National
Collaborating center); and 17 national collaborating cardiology
referral hospitals in Malaysia serving as the study’s recruitment

centers (encompassing nearly all states and federal territories
in Malaysia; Figure 1).

Figure 1. Location of the Malaysian Acute Vascular Events Risk (MAVERIK) study hospital sites. The sites in red denote the recruitment centers:
Hospital Tuanku Fauziah Kangar, Hospital Sultanah Bahiyah Alor Setar, Hospital Pulau Pinang, Hospital Raja Permaisuri Bainun Ipoh, Hospital
Serdang, Hospital Kuala Lumpur, Hospital Shah Alam, Hospital Tengku Ampuan Rahimah Klang, Hospital Sungai Buloh, Hospital Melaka, Hospital
Sultanah Aminah Johor Bharu, Hospital Tengku Ampuan Afzan Kuantan, Hospital Sultanah Nur Zahirah Kuala Terengganu, Hospital Raja Perempuan
Zainab II Kota Bharu, Hospital Queen Elizabeth II Kota Kinabalu, Hospital Umum Sarawak, and Pusat Jantung Sarawak Kota Samarahan. Sites in
yellow denote the local coordinating center and national sample repository of the Institute for Medical Research, Malaysia. This figure has been made
using Esri ArcGIS Online with the Topographic Basemap.

Study Design and Participants
The MAVERIK study is a retrospective case-control study of
acute MI (Figure 2). By August 2019, the study had recruited
2547 confirmed first-ever MI cases and 2500 healthy controls
without cardiovascular disease (CVD). Patients admitted to the
cardiology unit or wards, general medical wards, or coronary
care units of the participating hospitals have been screened by
study research assistants trained to identify all relevant cases
of acute MI. Cases were eligible for inclusion in the study if
they (1) were Malaysians residing in Malaysia; (2) were adults
aged ≥18 years; (3) were present at the hospital after the onset
of clinical symptoms suggestive of MI, with symptoms lasting
longer than 20 minutes; (4) had a confirmed diagnosis of acute

MI based on the Malaysian Clinical Practise Guidelines [8-10],
which included levels of cardiac troponins above the 99th
percentile of the upper reference limits, accompanied with at
least one of the following: clinical history consistent with chest
pain of ischemic origin, new ischemic electrocardiogram
changes or development of pathological Q waves, imaging
evidence of new loss of viable myocardium or new regional
wall motion abnormality, or identification of an intracoronary
thrombus by angiography; (5) had no previous CVD, defined
as self-reported history of MI, coronary revascularization,
transient ischemic attack, stroke, other CVDs or evidence of
CHD on a prior electrocardiogram, or in other medical records;
and (6) were not concurrently hospitalized for any MI or CVD
events.
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Figure 2. The Malaysian Acute Vascular Events Risk (MAVERIK) Study flow diagram for activities.

Control participants were recruited within 3 months of recruiting
the index cases and were frequency-matched to cases by age
(in 5-year age bands), sex, and self-reported ethnicity (Malay,
Chinese, Indian, Sabah and Sarawak Bumiputera, Orang Asli,
and others). The control participants had no previous
self-reported history of CVD and were identified in the same
hospitals as the index cases or collaborating hospitals in the
same region and were recruited in the following order of
priority: (1) visitors who were accompanying patients attending
the outpatient department; (2) visitors of inpatients who were
not part of the MAVERIK study; (3) visitors of index MI cases
who were not their blood relatives; and (4) healthy blood donors
in the same hospital. The selected cases and controls were
excluded if they met any of the following criteria: (1) had
documented chronic conditions on past medical history, such
as malignancy, kidney (estimated glomerular filtration rate

[eGFR] of <60 mL/min/1.73 m2), thyroid or inflammatory
disorders, or any chronic infection on past medical history; (2)
had a recent history of surgery in the last 3 months; (3) were
taking antibiotics; (4) were known to abuse drugs in the last 3
years; (5) were pregnant; or (6) were unwilling or unable to
provide consent.

Before adopting the approach for the selection of controls, we
carefully assessed several other options, such as choosing control
groups who had an unrelated disease, population-based
community controls, and controls from occupational settings
or health-check clinics. Our chosen approach was considered
desirable because it achieved a balance between feasibility and
scientific rigor and because it was scalable in Malaysia. By
contrast, even though the use of population-based community
controls may be desirable in principle, it is considerably more

labor-intensive and expensive. Furthermore, in agreement with
the Wellcome Trust Case-Control Consortium [11], the
MAVERIK study controls can be efficiently and validly used,
at least in genetic studies, for patients with other cardiometabolic
conditions owing to the broad geographic and ethnic scope of
the MAVERIK study.

Questionnaire Administration and Physical
Measurements
The MAVERIK study questionnaires used are adapted to the
Malaysian context based on questionnaires used in previous
case-control studies of acute MI in Southeast Asian populations
(eg, the Bangladesh Risk of Acute Vascular Events study in
Bangladesh) and were piloted in Malaysia before
implementation in the MAVERIK study [12,13]. Trained
personnel administered a prepiloted epidemiological
questionnaire seeking information on >200 items related to
demographic characteristics, consanguinity, behavior (eg,
tobacco and alcohol consumption, dietary intake, and physical
activity), personal and family medical history, and medication
use (Table 1). A copy of the study questionnaire is available in
the Multimedia Appendix 1. Paper-free data collection involved
a bespoke Android interface (MAVERIK app) and operated
through handheld touchscreen tablet devices. For a subset of
the cases and controls, data were collected using both electronic
and paper questionnaires for quality comparison purposes. To
assess local dietary patterns, an 83-item food-frequency
questionnaire, with an estimated standard portion size assigned
to each food item, was adapted from a validated Malaysian
national survey questionnaire (Multimedia Appendix 1, Table
S1) [14]. We used standardized procedures and equipment to
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assess height, weight, waist and hip circumference, systolic and
diastolic blood pressure, and heart rate. Waist circumference
was assessed over the abdomen at the widest diameter between
the costal margin and the iliac crest, and hip circumference at
the level of the greater trochanters (ie, the widest diameter

around the buttocks). For both index cases and controls,
anthropometric measurements were performed in a standing
position (a copy of the anthropometric measurement protocol
is available in the Multimedia Appendix 1).

Table 1. Summary of questionnaire-based information, physical measurements, and coronary assessments collected in the Malaysian Acute Vascular
Events Risk study.

Availability of informationCharacteristics

Age at onset, gender, use of tobacco for smoking or chewing, use of tobacco alternatives (vaping
and e-cigarettes), levels of physical activity (sedentary, moderate, and vigorous), detailed dietary
habits

Demographic and behavioral

Education, occupation, income (participant and household), marital status, consanguinity (of
parents or with own spouse), residence (urban and rural)

Sociodemographic

Time thrombolysis initiated, type of MIa, outcome for the current event, onset of symptoms,
hospital arrival, health care contact

Signs and symptoms

High blood pressure, high blood cholesterol, diabetes mellitus and family history of CHDb,
stroke, and sudden cardiac death

Personal and family medical history (self-reported)

Hours of sleep, napping, time spent receiving or making phone calls and other purposesSleep patterns and cell phone use

Blood pressure (systolic and diastolic), heart rate, height, weight, waist, and hip circumferencesPhysical measurements

aMI: myocardial infarction.
bCHD: coronary heart disease.

General Quality Control Approaches
To ensure effective surveillance for eligible MI cases and
controls, the research staff received training and supervision by
a study medical coordinator designated for that center. We aimed
to reduce variation in the collection of data through extensive
training, the use of standardized approaches, validated
instruments, and paper-free methods with built-in validity checks
and queries. For example, our paper-free data collection tool
involved extensive computerized checks to restrict missing
values, duplications, inconsistencies, and outliers. Information
from the study app was transferred daily in a secure manner to
the central database at the IMR, with a copy also kept at the UK
coordinating center for additional checks and queries.

Collection and Storage of Biological Samples
A total of 20 mL of nonfasting whole blood was collected from
each participant (with the time of their last meal recorded) in
2×5 mL designated serum tubes and 2×5 mL designated EDTA
tubes. For MI cases, we recorded the time passed since the onset
of pain and the administration of thrombolytic medication.
Samples are centrifuged (2500 g for 15 minutes) within 45
minutes of venipuncture. Isolated serum, EDTA plasma, and
whole blood samples were stored in cryogenic vials at the local
recruiting centers in −80 °C freezers or temporarily in −20 °C
freezers until transfer to −80 °C freezers (Multimedia Appendix
1, Figure S1). Samples have been transferred to the central
repository at the IMR in Kuala Lumpur, typically within 2
weeks. To enable the measurement of additional potential risk
factors (eg, metal contaminants), since October 2018, we have
also collected finger- and toe-nail clippings, kept separately in
plastic bottles, stored at room temperature, and transferred
regularly to the IMR to be weighed and cataloged. Biological
samples are stored long-term at both the IMR and the UK
coordinating center.

Ethical Approval and Informed Consent
The MAVERIK study has received approval from the Malaysian
Medical Research and Ethics Committee (reference
(11)KKM/NIHSEC/P17-103). Written informed consent has
been obtained from each participant before recruitment,
including for future use of data and stored samples for genetic,
biochemical, recall-by-genotype or -phenotype, and other
analyses. The data collected in this research are subject to the
core data protection principles and requirements of the United
Kingdom Data Protection Act 1998 [15]. The investigators and
institutional review boards are committed to ensure that research
is conducted according to the latest version of the Declaration
of Helsinki [16], Universal Declaration on the Human Genome
and Human Rights adopted by the United Nations Educational,
Scientific and Cultural Organization (UNESCO) [17], and other
legislations.

Statistical Analysis
Sample size considerations were guided by a combination of
pragmatic constraints (eg, the availability of resources) and
statistical power calculations. For the association with
early-onset MI, the study of approximately 2500 cases and 2500
controls should provide 80% power to detect an odds ratio (OR)
of 1.08 per 1 SD increase at a 5% significance level. This report
includes an initial descriptive analysis in accordance with the
Strengthening the Reporting of Observational Studies in
Epidemiology guidelines for case-control studies (Multimedia
Appendix 1, Table S4) [18].

Continuous variables were summarized using mean (SD) or
median and IQR, and categorical variables were summarized
using frequencies. Extreme or implausible values for height,
weight, waist circumference, hip circumference, BMI, and
waist-to-hip ratio were excluded (eg, height<110 cm or >200
cm; weight<25 kg and >450 kg). Variables were compared
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using the t test or Mann-Whitney U test for continuous variables
and the chi-square test or Fisher exact (n≤5 in any cell) test for
categorical variables. All statistical tests were 2-sided, and the
significance level was set at P<.05. To evaluate the association
between MI and selected risk factors, crude and adjusted (sex
and age) OR with 95% CIs were calculated using unconditional
logistic regression, in keeping with our study’s
frequency-matched controls rather than individually matched
controls. Analyses were performed using STATA (version 16,
StataCorp) and R (version 4.0.1, R Foundation for Statistical
Computing). Future statistical analyses will be developed
following relevant guidelines for case-control data (eg,
Strengthening the Reporting of Observational Studies [18] and
National Cancer Institute/National Human Genome Research
Institute (NCI/NHGR) working group [19]) and will be
presented elsewhere.

Results

Complete information on age, sex, and ethnicity was available
for 2547 MI cases and 2500 controls (Table 2). Missingness for
other variables ranged between 2.2% (history of high blood
pressure in controls) and 11.6% (monthly income level in cases).
Complete case analysis was used (ie, participants with missing
values were excluded from the analysis). The mean (SD) age
of MI cases was 50.3 (9.4) years, with 91.2% (2324/2547) of
participants being male. In total, 60.7% (1548/2547) of cases
self-identified as being of Malay ancestry, 19.1% (487/2547)
were of Indian ancestry, 13.5% (346/2547) were of Chinese
ancestry, and 5.8% (150/2547) as Sabah and Sarawak
Bumiputera (including Iban, Kadazan, Dusun, Bidayuh,
Melanau, Bumiputera of Sabah, and other Bumiputera of
Sarawak ethnicities). As expected, the age, sex, and ethnicity
of the cases and controls were similar owing to the frequency
matching (standardized mean difference [SMD] age=0.1443
years; SMD female sex=0.0008; SMD Malay ethnicity=0.0001,
and SMD Chinese ethnicity=0.0009).
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Table 2. General characteristics of myocardial infarction cases and controls.

Unadjusted P valueControls (n=2500)Cases (n=2547)Variable

Demography

Frequency-matched48.9 (10)50.3 (9.4)Age (years), mean (SD)

Frequency-matched222 (8.88)223 (8.76)Female sex, n (%)

Frequency-matchedMajor ethnicities, n (%)

(61.44)1536(60.77)1548Malay

(13.88)347(13.58)346Chinese

(18.20)455(19.12)487Indian

(6.00)150(5.89)150Sabah and Sarawak Bumiputeraa

(0.04)1(0.08)2Orang Asli

(0.44)11(0.55)14Others

Tobacco use and tobacco alternatives, n (%)

<.001cSmokingb

1120 (45.94)604 (25)Never

501 (20.55)325 (13.45)Ex

817 (33.51)1487 (61.55)Current

.52Chewing tobacco

2386 (98.31)2328 (97.90)Never

9 (0.37)9 (0.38)Ex

32 (1.32)41 (1.72)Current

.21Vapingb, n (%)

39 (1.61)28 (1.18)Yes

2386 (98.39)2343 (98.82)No

<.001c10 (5-20)80620 (10-20)1475Number of cigarettes per day in current smokers

.732 (2-4)312 (2-4)38Number of chewing tobacco products per day in
current users

.775 (1.5-10)363.5 (1-10)23Number of times vaping per day in current users

Consanguinity, n (%)

0.9666 (2.72)68 (2.86)Parents first cousins (yes)b

0.3734 (1.43)41 (1.76)Spouse first cousin (yes)b

Conventional risk factors, n (%)

<.001c500 (20.44)872 (35.68)History of high blood pressure—self-report (Yes)b

<.001b308 (12.59)691 (28.40)History of diabetes mellitus—self-report (Yes)b

.007c220 (9.02)270 (11.36)Family history of CHDd—self-report (Yes)b

<.001c0.94 (0.90-0.97)22850.96 (0.93-0.98)2108Waist-to-hip ratio

.013c26.9 (24.0-30.0)239926.4 (23.9-29.5)2258BMI (kg/m2)

Sociodemographic, n (%)

<.001cMonthly personal income (Malaysian ringgit)b

700 (30.24)846 (37.58)<1500 (US $ 357)

740 (31.96)795 (35.32)1500 to <3000 (US $ 357 to <714)

440 (19.01)342 (15.19)3000 to <4500 (US $ 714 to 1071)
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Unadjusted P valueControls (n=2500)Cases (n=2547)Variable

226 (9.76)159 (7.06)4500 to <6000 (US $ 1071 to <1428)

209 (9.03)109 (4.84)6000 and above (US $ 1428 and above)

<.001cEducation levelb

34 (1.47)63 (2.76)None

234 (10.15)358 (15.67)Primary

1160 (50.30)1260 (55.16)Secondary

276 (11.97)284 (12.44)Higher secondary

517 (22.42)275 (12.04)Bachelors or diploma

85 (3.69)44 (1.93)Masters or higher

<.001cOccupational groupb

483 (20.00)516 (21.74)Business or self-employed

785 (32.51)526 (22.16)Professional

257 (10.64)324 (13.65)Skilled labor

165 (6.83)202 (8.51)General labor

53 (2.20)70 (2.95)Farmer

5 (0.22)4 (0.17)Student

77 (3.19)84 (3.54)Housewife/house husband

109 (4.51)111 (4.68)Unemployed

273 (11.30)219 (9.22)Retired

208 (8.61)318 (13.40)Other

aSabah and Sarawak Bumiputera include Iban: Kadazan Dusun; Bidayuh: Melanau, other Bumiputera of Sabah, and other Bumiputera of Sarawak
ethnicities.
bSmoking: information for smoking was available (missing %) in 2416 cases (5.1%) and 2438 controls (2.5%); chewing tobacco in 2378 cases (6.6%)
and 2427 controls (2.9%); vaping in 2371 cases (6.9%) and 2386 controls (4.6%); marriage of a parent to a first cousin in 2376 cases (6.7%) and 2430
controls (2.8%); marriage to a spouse that is a first cousin in 2330 cases (8.5%) and 2385 controls (4.6%); history of high blood pressure in 2444 cases
(4%) and 2446 controls (2.2%); history of diabetes in 2433 cases (4.5%) and 2446 controls (2.2%); family history of CHD in 2376 cases (6.7%) and
2440 controls (2.4%); monthly income level in 2251 cases (11.6%) and 2315 controls (7.4%); education level in 2284 cases (10.3%) and 2306 controls
(7.8%); occupation in 2374 cases (6.8%) and 2415 controls (3.4%). Normally distributed variables are presented as mean (SD), and nonnormally
distributed variables are presented as median (IQR), and categorical variables are presented as n (%).
cP<.05 was calculated from the unadjusted χ2 test of independence or Fisher exact test (n≤5 in any cell) for categorical variables and from t test for
equalities of the means or Mann-Whitney U test (nonnormally distributed data) for continuous variables.
dCHD: coronary heart disease.

Approximately 61.55% (1487/2416) of MI cases were current
smokers, compared with only 33.51% (817/2438) of controls
(P<.001; Table 2). Cigarette consumption in smokers was higher
among cases than in controls (median, IQR daily consumption
for cases vs controls 20, 10-20 vs 10, 5-20) cigarettes per day;
P<.001). However, the prevalence of tobacco consumption by
chewing and vaping was low and did not materially differ among
cases and controls. Other risk factors that had a higher
prevalence in MI cases than controls included high blood
pressure (872/2444, 35.68% vs 500/2446, 20.44%; P<.001;
Table 2), diabetes mellitus (691/2433, 28.4% vs 308/2446,
12.59%; P<.001), and family history of CHD (70/2376, 11.36%
vs 220/2440, 9.02%; P=.007). MI cases also had higher median
levels of waist-to-hip ratio than controls (0.96 vs. 0.94; P<.001),
but median levels of BMI were not materially different.

Indicators of lower socioeconomic status were more common
among MI cases than controls, including higher percentages

with a monthly income below MYR1500 (US $357; 846/2251,
37.58% cases vs 700/2315, 30.24% controls; P<.001), and
educational attainment to primary school level or lower
(421/2284, 18.43% vs 268/2306, 11.62%; P<.001). The
prevalence of participants reporting being the offspring of a
first cousin marriage (68/2376, 2.86% vs 66/2430, 2.72%) or
having a first cousin as a spouse (41/2330, 1.76% vs 34/2385,
1.43%) was not materially higher in cases than in controls.
Additional details about the baseline distribution of
characteristics, subdivided by age group and sex, are outlined
in Multimedia Appendix 1, Tables S2 and S3.

Crude and adjusted (age and sex) logistic regression models for
traditional risk factors are summarized in Table 3. Current
smoking (OR 4.11, 95% CI 3.56-4.75; P<.001), previous
smoking (OR 1.34, 95% CI 1.12-1.60; P=.001), history of high
blood pressure (OR 2.13, 95% CI 1.86-2.44; P<.001), history
of diabetes mellitus (OR 2.72, 95% CI 2.34-3.17; P<.001),
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family history of CHD (OR 1.28, 95% CI 1.07-1.55; P=.009),

and obesity (BMI >30 kg/m2; OR 1.19, 95% CI 1.05-1.34;

P<.01) were associated with MI in age- and sex-adjusted models.

Table 3. Odds ratios for established myocardial infarction risk factors.

Adjusted odds ratio for age and sex (95% CI)Crude odds ratio (95% CI)Risk factor

Smoking cigarettes

1.34 (1.12-1.60)a1.19 (1.00-1.41)aEx

4.11 (3.56-4.75)b3.33 (2.93-3.79)bCurrent

2.13 (1.86-2.44)b2.17 (1.91-2.46)bHistory of high blood pressure

2.72 (2.34-3.17)b2.74 (2.37-3.19)bHistory of diabetes mellitus

1.28 (1.07-1.55)d1.28 (1.06-1.54)dFamily history of CHDc

1.19 (1.05-1.34)d1.16 (1.03-1.31)aObesity (BMI >30 kg/m2)

aP<.05.
bP<.001.
cCHD: coronary heart disease.
dP<.01.

Discussion

Although Malaysia is experiencing a substantial increase in the
burden of CVD, the risk factors for CHD in this population have
been relatively little studied. We established the MAVERIK
study, an epidemiological bioresource comprising over 2500
confirmed cases of acute MI and 2500 controls, and confirmed
the importance of several known risk factors for MI (eg, tobacco
consumption, history of diabetes, and hypertension). To our
knowledge, this represents the largest case-control study of MI
and related traits in Malaysia. Our long-term objective is to
enable direct investigation of genetic and other determinants of
MI in this multi-ethnic population. In this paper, we report the
design and initial results of this study, which suggest several
conclusions.

First, our study has demonstrated the ability to use modern and
standardized epidemiological methods in a national study in
Malaysia encompassing 17 hospitals. For example, the study
used electronic data collection, including apps with intelligent
study forms, and collected several types of biological samples,
including serum, plasma, DNA, and nails.

Second, the mean age at first confirmed MI was only 50 years
in Malaysia, suggesting that premature CHD is highly prevalent
in this population.

Third, this study’s multi-ethnic population broadly mirrors the
overall ethnic composition of the Malaysian national population,
which is approximately 61.8% Malay, 21.4% Chinese, 6.4%
Indian, and 0.9% others and 9.6% non-Malaysian resident [20].
Malaysia’s complex genetic ancestry is distinct from the
commonly studied East Asian populations (eg, Chinese and
Japanese) and other Southeast Asian populations (eg, Thai and
Filipino) [21]. In contrast, most existing genetic studies of MI
and cardiometabolic risk factors involve European or East Asian
(eg, Chinese and Japanese) descent populations. The distinctive
genetic architecture of the Malaysian population suggests that,
with the use of genome sequencing technologies, the MAVERIK

study should help identify population-specific genetic risk
factors, leveraging transethnic differences. For example, variants
in the myosin binding protein C3 (MYBPC3) gene region, which
are common (2%-8%) in South Asian ancestry populations but
rare (<0.1%) in European ancestry populations, are associated
with an increased risk of hypertrophic cardiomyopathies [22].

Fourth, an analysis of initial baseline data supports the validity
of the MI outcomes recorded, suggested by the observation of
expected associations of MI risk with a panel of conventional
risk factors, including high blood pressure, diabetes mellitus,
family history of coronary disease, and higher waist-to-hip ratio
(a marker of visceral adiposity). Finally, the study’s initial data
suggest that in Malaysia, a middle-income country with a
population of 32 million people in the midst of economic and
epidemiological transition, there are inverse associations of
indicators of socioeconomic status (such as income and
educational attainment) with MI risk, a pattern similar to that
observed in many high-income populations in Western countries.

The strengths and potential limitations of the MAVERIK study
merit consideration. Retrospective case-control studies of MI
can usefully complement prospective studies because the former
involves the ascertainment of exposure information and the
blood sampling of people who have already developed MI and
a comparable group of controls without MI, enabling the rapid
and cost-effective accrual of large numbers of relevant cases.
By contrast, prospective studies require many tens of thousands
of people to be screened (with all of their blood samples kept
in frozen storage) and followed for several years to accrue a
sizable number of MI cases. Retrospective studies are also often
able to include large numbers of individuals who have developed
the disease at younger ages, when associations with risk factors
are often stronger, providing particularly sensitive tests of certain
hypotheses. Furthermore, owing to the richness of data collected,
the MAVERIK study allows for the use of a range of analytical
techniques, including machine learning approaches [23,24].
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As demonstrated by the Wellcome Trust Case-Control
Consortium [11], Myocardial Infarction Genetics Consortium
[25], Pakistan Risk of Myocardial Infarction Study [26], and
Bangladesh Risk of Acute Cardiovascular Events study [13],
case-control studies can powerfully and efficiently facilitate
genetic discovery and can use genomic data to quantify and
robustly correct for any population structure. Furthermore, the
International Study of Infarct Survival (ISIS) (United
Kingdom–based) [27] and INTERHEART (conducted across
52 countries) studies [28] have demonstrated that appropriately
conducted, large case-control studies can usefully address some
nongenetic hypotheses in MI, such as tobacco and alcohol
consumption, and serological evidence of infection. However,
INTERHEART did not focus extensively on Malaysia;
INTERHEART-Malaysia involved approximately only 100 MI
cases [29].

Nevertheless, particularly regarding nongenetic hypotheses,
retrospective case-control studies may be liable to potential
biases, such as selection and recall biases. To minimize such
biases, standardized questioning approaches were used for all
study participants, and both cases and controls were selected
from the same population. Furthermore, there may be less scope
for recall bias in a study of acute MI than in a study of chronic
stable CHD, as hours rather than months or years may have
elapsed since the index event. As noted earlier, the selection of
controls in case-control studies invariably involves trade-offs

between scientific rigor and feasibility. Following the examples
of INTERHEART [28], Pakistan Risk of Myocardial Infarction
Study [26], and Bangladesh Risk of Acute Cardiovascular
Events study [13], we chose to recruit controls drawn from
attendants of people visiting outpatient clinics or
(nonblood-related) attendants of cardiac patients. Studies of
plasma components may be affected by case-control studies of
acute MI because certain circulating markers may be altered by
the sampling of blood within 24 hours of MI symptoms. If, as
in MAVERIK, the time since the onset of symptoms has been
recorded, any material bias can be quantified and at least
partially corrected for. Similar considerations apply to fasting
status and the recording of the time since the last meal. We seek
to evaluate the findings of the MAVERIK study with reference
to prospective cohort studies in Malaysia (eg, the Malaysian
Cohort project) [30]. Finally, it is important to recognize that
we were unable to screen controls for silent MI and that the
external generalizability of the MAVERIK study may be limited
as the study comprises 91.18% of male participants.

In conclusion, the MAVERIK study is a large, multi-ethnic
epidemiological resource for CHD that should help identify and
evaluate genetic and other determinants of MI in Malaysia. It
should help to hasten the discovery of disease-causing pathways
and inform regionally appropriate strategies that optimize public
health action.
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Abstract

Background: Stress, anxiety, distress, and depression are high among health care workers during the COVID-19 pandemic,
and they have reported acting in ways that are contrary to their moral values and professional commitments that degrade their
integrity. This creates moral distress and injury due to constraints they have encountered, such as limited resources.

Objective: The purpose of this study is to develop and show the feasibility of digital platforms (a virtual reality and a mobile
platform) to understand the causes and ultimately reduce the moral distress of health care providers during the COVID-19
pandemic.

Methods: This will be a prospective, single cohort, pre- and posttest study examining the effect of a brief informative video
describing moral distress on perceptual, psychological, and physiological indicators of stress and decision-making during a
scenario known to potentially elicit moral distress. To accomplish this, we have developed a virtual reality simulation that will
be used before and after the digital intervention for monitoring short-term impacts. The simulation involves an intensive care unit
setting during the COVID-19 pandemic, and participants will be placed in morally challenging situations. The participants will
be engaged in an educational intervention at the individual, team, and organizational levels. During each test, data will be collected
for (1) physiological measures of stress and after each test, data will be collected regarding (2) thoughts, feelings and behaviors
during a morally challenging situation, and (3) perceptual estimates of psychological stress. In addition, participants will continue
to be monitored for moral distress and other psychological stresses for 8 weeks through our Digital intervention/intelligence
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Group mobile platform. Finally, a comparison will be conducted using machine learning and biostatistical techniques to analyze
the short- and long-term impacts of the virtual reality intervention.

Results: The study was funded in November 2020 and received research ethics board approval in March 2021. The study is
ongoing.

Conclusions: This project is a proof-of-concept integration to demonstrate viability over 6 months and guide future studies to
develop these state-of-the-art technologies to help frontline health care workers work in complex moral contexts. In addition, the
project will develop innovations that can be used for future pandemics and in other contexts prone to producing moral distress
and injury. This project aims to demonstrate the feasibility of using digital platforms to understand the continuum of moral distress
that can lead to moral injury. Demonstration of feasibility will lead to future studies to examine the efficacy of digital platforms
to reduce moral distress.

Trial Registration: ClinicalTrials.gov NCT05001542; https://clinicaltrials.gov/ct2/show/NCT05001542

International Registered Report Identifier (IRRID): DERR1-10.2196/32240

(JMIR Res Protoc 2022;11(2):e32240)   doi:10.2196/32240

KEYWORDS

virtual reality; mobile app; moral distress; simulation; moral injury; COVID-19

Introduction

Background
Health care providers, particularly during the COVID-19 crisis,
have reported acting in ways that are contrary to their moral
values, integrity, and professional commitments because of
constraints in their work environments [1,2]. Moral suffering
can ensue when a health care provider’s moral foundation is
threatened or violated by witnessing or participating in decisions
or actions that degrade their integrity [3]. Moral distress might
arise when health care providers are unable to translate their
moral choices into action because of internal or external
constraints [4].

Moral injury, a more extreme form of moral distress, arises in
high-stakes situations wherein integrity and conscience have
been violated or one’s moral core is eroded [5]. As these events
and other workplace stressors accumulate, health care providers’
capacities to provide the level of care they desire can be
diminished. There has been a growing attempt to conceptualize
moral distress and injury in different health care professions,
but the numerous definitions can confuse the issue [6,7]. The
concept of moral injury has existed for much longer than its
first conceptualization by Shay [7] concerning the military,
where it was defined as a betrayal of moral character, usually
as a result of the actions of a person in a position of authority.
There is a large body of literature within the military context,
and moral injury has conceptually evolved to include betrayal
of one’s moral values, and furthermore, as a spiritual,
psychological, and somatic response to a series of morally
injurious events [5]. While some may contend that actions by
military members during a war require forethought based on
training, others suggest that actions are made on rapid and
subconscious decision-making and that moral injury occurs
only when individuals question their actions after the fact [8].

However, moral injury is not well defined in health care
professions. Cartolovini et al [9] argue that moral injury occurs
in health care providers when they encounter traumatic events
that involve high-stakes situations beyond their control in which
they perpetuate, fail to prevent, or bear witness to actions that

transgress deeply held moral beliefs [10]. A related concept,
moral distress, was first described within the nursing context
by Jameton [11] as “… when one knows the right thing to do,
but institutional constraints make it nearly impossible to pursue
the right course of action.” Additional studies [12] have provided
more context to this definition and have described causes of
moral distress as beyond the organization to specific clinical
situations and internal caregiver dynamics. Moral distress and
injury likely occur along a continuum, with moral injury at the
extreme end [13].

The COVID-19 pandemic has necessitated fundamental changes
to health care provision. As we continue to learn about the virus
and differing courses of disease, health care providers have
often willingly accepted inherent risks during the pandemic to
care for their patients. However, the need for rapid and changing
contingency planning, shortages in personal protective
equipment, resource shortages, and the inability to provide the
ethical caring called for by professional codes of ethics have
placed health care providers in what has been described as a
“war zone [14].” The sudden and unprecedented similarities
between civilian health care and military scenarios have
potentially resulted in moral distress and possibly moral injury.
It is nearly impossible to anticipate the course of the virus and
make predictions about its physiological outcomes; it is also
challenging to predict the course of mental health needs of health
care providers, but it is known that there will be needs.

Research has concentrated on treatment for moral injury, either
in the military realm or the civilian realm. Gilligan [15]
discussed moral injury as “a shattering of trust that compromised
our ability to love” and would seem to suggest the health care
providers who suffer moral injury during extreme circumstances
such as a pandemic may lose the ability for empathy that is
required by professional values. Moral injury has been found
to not generally respond to typical treatment of posttraumatic
stress disorder, even though most treatment focuses on the
posttraumatic stress disorder symptomatology [5]. Being able
to preserve or restore integrity requires that health care providers
have the opportunity for moral repair by strengthening their
moral compass and restoring their integrity. Having a moral
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compass has been identified as a modifiable factor effective in
healing from trauma [16]. When one’s moral foundation is clear
and accessible, health care providers have a potential opportunity
to heal the wounds caused by the COVID-19 crisis and an
additional resource that they can leverage when ethical
challenges arise.

In this paper, we propose using digital platforms, specifically
virtual reality and mobile apps, to develop an understanding of
the continuum of moral distress that leads to moral injury in
health care workers. Virtual reality technology will be used as
a digital platform to simulate an intensive care unit during the
pandemic. Our aim is to determine the feasibility of creating a
digital environment and implementing digital interventions to
better understand the phenomenon of moral distress by
developing platforms to examine moral distress and monitor
participants over time in order to develop a better understanding
of the continuum of moral distress to moral injury.

Methods

Ethics
As of March 20, 2021, the research ethics board at St. Michael’s
Hospital, Unity Health Toronto has approved the study, and the

reference number is UHTDTS25377. The clinical trial is
registered with ClinicalTrial.gov with the Registration/identifier
number NCT05001542.

Overview
We will recruit health care workers to participate in our
feasibility trial that will be composed of pretesting, 2D
educational video, posttesting, and longitudinal monitoring
(Figure 1). During pre- and posttest components, we will pilot
unique digital technology platforms (virtual reality
environments) to identify circumstances that have the potential
to cause moral distress; examine interactions at the individual,
team, and organizational levels; perform detailed concept
mapping to understand features of moral distress and injury and
to aid the design of potential interventions. The educational
video will be in 2D; however, the rest of the study components
will be 3D virtual reality. The video will be presented on the
virtual reality headset after the pretest and before the posttest,
and is a brief educational video about moral injury. After the
posttest, for 2 months, we will longitudinally monitor
participants through the collection of active and passive data
through our novel mobile platform.

Figure 1. Flow diagram of feasibility trial design. VR sim: virtual reality simulation. DiiG: digital intervention/intelligence group.

The expected outcomes of our protocol include (1) using virtual
reality technology to design a virtual reality environment to
simulate intensive care unit settings during the pandemic and
determine the feasibility of understanding moral distress and
injury for potential future implementations of digital
interventions and (2) using acute physiological monitoring
within a virtual reality for simulation of a hospital environment
where health care workers have to make challenging moral
decisions in complex moral simulated situations, and using a
novel mobile platform for longitudinal monitoring by collecting
passive and active data to understand the contribution of moral
distress to the experience in real-time. The information from
these digital platforms will influence each other and aid in the
development of models to predict and respond to risks associated
with moral distress and injury.

Experimental Flow

Participant Recruitment
Eligible participants include health care providers at 3 affiliated
hospitals at Unity Health Toronto, who are 18 years of age or
older and who own a mobile phone (Android phones with OS
version 6.0 and above, iPhone 6 with OS 11 and above). Since
this is a feasibility study conducted among health care providers
during a pandemic, we require participants to be currently
providing health care at the respective hospitals.

We aim to recruit 15 health care providers (minimum of 10
participants including physicians, nursing, and allied staff) from
St. Michael’s, St. Joseph, and Providence hospitals by posting
study notices on Unity Health Toronto microsites (eg, Twice a
Week newsletters, MD matters, Leadership links), posting flyers
at the hospital sites, and by sending email notices. Interested
participants will email the study coordinator indicating their
interest to participate in the study. The study coordinator will
send the participant the consent and demographics forms to sign
and complete, and the available time slots to participate in the
virtual reality and wearable component of the study. (The
demographic survey will include questions regarding age, sex,
type of work at Unity Health Toronto, COVID-19 clinical
status). Participants will be required to email back their choice
for their preferred time slot, the signed consent form, and the
completed demographics form.

Introduction and Prebrief
The session begins with an introduction of our feasibility trial,
goals, and objectives. The session will prepare the participant
for the virtual reality simulation in which they take on the role
of a health care provider during the COVID-19 pandemic. We
will utilize virtual reality simulation to understand the
decision-making and emotional response of health care
professionals in morally challenging environments, and we will
use physiological sensors to monitor the responses. This
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information will allow us to develop a better understanding of
moral distress and create an appropriate intervention.

Pretest: Virtual Reality Scenario
After the introduction, participants take on the role of health
care providers. The scenario will take place in a hospital setting
and will include a physician and nurse, all of whom will be
computer-controlled nonplayable characters. There will be an
ongoing discussion among them in a scenario that involves
decision-making in a morally challenging context.

The virtual reality scenario was created with a particular focus
on 2 situations and modified iteratively based on the concepts
and research related to moral distress and injury—not having
the power to decide which patient to provide life-saving care
to when resources are limited and not being able to provide
optimum care to all patients.

This pretest virtual reality scenario will initially include all the
suggested interventions at the individual, team, and
organizational levels and examine the efficacy of these
suggested interventions. Additional interventions will be added
based on user experience.

Intervention (2D Educational Video)
Participants will watch an educational video that effectively
summarizes the causes and symptoms of moral distress and
injury and the potential interventions at the individual, team,
and organizational levels.

Posttest: Virtual Reality Scenario
For the posttest, the virtual reality scenario with moral distress
and injury knowledge and its respective interventions are
repeated.

Debrief
After completing the pre- and posttest, participants will engage
in a debrief led by the researchers. The debrief includes
open-ended questions that will encourage the participants to
speak about their experience in the virtual reality setting,
followed by an exit survey. If needed, participants will be able
to speak with a psychotherapist at the Center for Depression
and Suicide Studies at St. Michael’s Hospital.

Longitudinal Monitoring
After completing the session, participants will use the app for
longitudinal monitoring by collecting passive and active data
to understand the distress experienced in real-time.

Compound Intervention
The compound intervention is composed of the virtual reality
simulation-based educational intervention and data collection
of mental health and moral injury surveys. The virtual reality
simulation-based educational intervention contains a moral
injury educational video based on the Moral Injury Guide
developed by the Ottawa PTSD Center for Excellence [17].

The latter component of the compound intervention evaluates
the effectiveness of the virtual reality simulation-based
educational intervention through mental health surveys. These
surveys include the Perceived Stress Scale (PSS), Moral Injury
Outcome Scale (MIOS), Igroup presence questionnaire (IPQ),
and Adapted Moral Injury Symptom Scale: Health care
Professionals Version (MISS-HP). PSS is a self-report
instrument that evaluates level of stress. MIOS and MISS-HP
are tools that evaluate the effect of moral injury, and the IPQ is
a questionnaire that evaluates the experience of presence during
virtual reality simulations. We will use this information to
improve our compounded intervention for use on digital
platforms iteratively.

Trial Design
This is a multilayer feasibility trial (Figure 2). The in-person
session (Figure 3), begins with participant arrival at St.
Michael’s Hospital Simulation Centre. This is followed by
experimental set-up and prebrief. The prebrief is held to inform
the participant of the purpose of the session, to collect presurvey
data, and obtain written consent. The experimental set-up
involves the attachment of the virtual reality equipment and
physiological sensors. The debrief is hosted after the experiment
and is composed of a semistructured interview, open-ended
questions, and an exit survey. The purpose of the debrief is to
obtain qualitative feedback on the session to better understand
the participant experience.

The virtual reality session will be used for short-term monitoring
of participants for acute distress. After the intervention,
participants will use a mobile app (developed by the Digital
intervention/intelligence Group) for long-term distress
monitoring.

Figure 2. Overview of the virtual reality experimental set-up and data collection.
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Figure 3. Diagram of experiment components. VR: virtual reality. MI: moral injury. IPQ: igroup presence questionnaire. MISS-HP: moral injury
symptom scale: healthcare professionals version.

Security and Privacy of the Study Data
During the session hosted at St. Michael’s Hospital Simulation
Centre, data (CSV files, text files, audio, and video files from
the session) will be securely uploaded to a password-protected
drive. Only specific members of the project have access to the
data. Responses on paper questionnaires will be input to a
spreadsheet and stored on the encrypted drive. During the
longitudinal monitoring part of the study, all active and passive
data will be stored on the participant’s phone (if storage space
is available) until those data are synced back to the back-end
server. Data are transferred over a TLS layer; hence, it is
encrypted by RSA Asymmetric Encryption Algorithm.

Study data will be stored for 10 years. No personal information
will be collected through the mobile component of the study.
Demographic data (ie, age, sex, type of job at Unity Health
Toronto, diagnosis, and COVID-19 status) will be collected
separately from data collected by the app. A study participant
ID will link these data for final analysis.

The server and the dashboard will be hosted on the same virtual
machine server, and the database will be hosted on a different
database server (Multimedia Appendix 1).

Virtual Reality Development
The first stage of the development involved defining the context
of the scenario, with the support of a subject-matter expert, and

determining how it connects to the domains betrayal of the
team, transgression of moral values, emotional response, and
support and reframing in relation to guilt and loss of trust in
colleagues and shame.

An overview of the scenario was then outlined, describing the
location, main characters, key points (eg, the removal of the
ventilator), and the actions and reactions of each character.
Based on this document, 2 activities were performed in parallel:
the definition of the scenario script with the lines and actions
of all characters and the development of the 3D assets
(characters, objects, and environment) of the virtual reality
scenario. Both activities were developed iteratively, with
discussions and demonstrations during weekly meetings. The
final version of the script includes 7 nonplayable characters
(Table 1) and 4 conversations (Table 2), not including the initial
tutorial.

For the virtual environment (Figure 4 and Figure 5), royalty-free
models and scenarios were purchased and used as a starting
point. They were combined and modified to fit the project's
needs. Subject-matter experts provided feedback on key
elements to make the environment appear closer to the reality
of a Canadian hospital environment. The goal was to represent
a standard intensive care unit with individual rooms for patients
and a nursing station.

Table 1. List of nonplayable characters.

DescriptionCharacter

Intensive care unit team leadAdministrator

Intensive care unit nurseNurse

Mr. Adam, a 65-year-old man who has multiple comorbidities with COVID on a ventilatorMr. Adam

Distraught, accusing the participant of cruelty, mismanagement, and malpracticeMr. Adam’s partner

A 56-year-old woman has a more favorable prognosisMs. Betty

Another intensive care unit physician, not aware of the situationMedical Doctor 2

Highly experienced and respected intensivist whose advice and counsel are often soughtMedical Doctor X
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Table 2. List of conversations.

DescriptionNonplayable charactersScene

Conversation between the participant, administrator, and nurse
about the lack of ventilators. It is decided to move the ventilator
from Mr. Adam to Ms. Betty.

Administrator, nurseIntensive care unit hallway

The participant must inform Mr. Adam’s partner about the de-
cision to remove the ventilator.

Mr. Adam, Mr. Adam’s partnerMr. Adam’s room

A medical doctor questions the participant about what happened,
and they witness Mr. Adam (now without the ventilator) going
into cardiac arrest

Medical doctor 2Intensive care unit hallway 2

An experienced medical doctor reaches out to the participant
to provide counsel and provide support.

Medical doctor XNursing station

Figure 4. Patient’s room with a patient connected to a ventilator.

Figure 5. Nursing station, monitor station, and intensive care unit corridor.

To represent the nonplayable characters and the participant,
royalty-free models were purchased as starting points. Based
on these models, a customizable character system was
implemented that allowed us to quickly modify external
elements (such as clothing or masks) or the character’s
characteristics, such as height and weight (Figure 6).

For the user interface, 2 semitranslucent panels are displayed
as spatial elements in the virtual reality environment (Figure
7). The dialogue panel shows current nonplayable character’s
photograph, name, and the text version of the dialogue being

spoken. The interaction panel displays available choices (for
example, the option Continue to advance to the following
dialogue or a list of choices).

To interact with the panel, participants need to move one of the
controllers, point to the desired choice, and click any buttons
under the index finger or thumb. The participant can see a blue
ray being casted from their index finger tip within the virtual
reality environment, which turns yellow when hovering over
the interactive panel (Figure 7). As additional visual feedback,
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dialogue choices include a highlight effect when the ray hovers over each.

Figure 6. Testing 2 characters with different clothing and body parameters.

Figure 7. User interface displaying the dialog and interaction panels, and the interaction ray from the right-hand index finger.

Software and Hardware
The virtual reality scenarios were created using a cross-platform
game engine (Unity 3D, Unity Technologies) that has been
adopted, not only by the game industry, but also by film,
architecture, and education industries [18]. The virtual reality
scenario is played using a consumer-grade head-mounted display
(Oculus Quest 2, MetaQuest) (Figure 8) that can track the user’s

head movements with 6 degrees of freedom and track the user’s
movements either in stationary mode (sitting in a chair) or in
room mode (recommended room size is up to 2 m × 2 m),
allowing the user to physically walk around within the defined
boundaries. In addition, the system includes 2 handheld
motion-tracked controllers that allow the user to interact with
the environment and with virtual reality interface components.
Our virtual reality scenarios will adopt stationary-mode tracking
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and use the handheld motion-tracked controllers for more accurate tracking.

Figure 8. Oculus Quest 2 components.

Currently, Oculus Quest and Oculus Quest 2 are not Health
Insurance Portability and Accountability Act–compliant.
However, no data will be stored in the virtual reality device,
and the Oculus framework is not used to develop our virtual
reality app. The Oculus Quest 2 is connected to a virtual
reality-capable PC laptop using a USB-C cable.

Subjective Data Collection
We plan to collect subjective data such as qualitative data from
surveys and open-ended feedback. As mentioned in the previous
sections, the MISS-HP, IPQ, PSS, and MIOS will be answered
throughout the experiment. At the end of the virtual reality

session, an exit survey composed of open-ended and 3 multiple
choice questions for general feedback.

Overall, the MIOS and PSS are evaluated at the beginning and
end of the study for a global assessment of distress (Multimedia
Appendix 2), whereas the MISS-HP is collected for a local
assessment of distress (Multimedia Appendix 3).

Objective Data Collection
During the virtual reality session, electrocardiogram,
electrodermal activity, photoplethysmography, and respiration
impedance sensors will be attached to the participant (Figure
9), and these data will be collected with an acquisition and
analysis system (MP160, Biopac).

Figure 9. Example of the physical set-up: researcher wearing the head-mounted display, controllers, and Biopac sensors during the virtual reality
simulation.

Virtual Reality Data Analysis
We will create a personalized digital phenotype profile, an
objective parameter which will help track individual trends over
time which will assist in identifying the efficacy of digital
interventions and exposure to immersive virtual reality
environments, for each participant using primarily heart rate,
respiratory rate, oxygen saturation, and skin conductance

(BioNomadix, Biopac) (Table 3). These signal features will be
paired with reported psychological measures (scales) for a
holistic understanding. Both cardiovascular and cerebrovascular
dynamics can be captured with these data by deriving features
such as heart rate, respiratory rate, and heart rate variability
(which is related to the autonomic nervous system and affect
states [19]). The autonomic nervous system is the control system
that acts largely unconsciously and regulates bodily functions,
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including heart rate and respiratory rate. This system is the
primary mechanism in control of the fight-or-flight response

[19]. We expect that participants in stressful situations will have
specific personalized digital phenotype profiles.

Table 3. Description of sensors used and physiological signals collected.

DescriptionSensor

Galvanic skin response, also known as electrodermal activity, is a sensor that collects the change
in the sweat glands. It measures the electrical conduction of the skin. This sensor is commonly
reflective of emotional state and arousal such as anxiety

Galvanic skin response (electrodermal activity)

Electrocardiogram is a physiological signal electrocardiogram collects the electrical activity of
the heart. We will measure the heart rate using electrocardiogram features that can be extracted
can include heart rate variability and R-R intervals

Electrocardiogram

respiration impedance is a physiological signal that collects the respiration of a participant. It can
be defined as the mechanical load of the respiratory system to ventilation. We will collect the
number of breaths a participant takes

Respiratory impedance

A noninvasive sensor that uses a pulse oximeter to illuminate a light on the skin. By doing so, it
measures the blood volume changes respiratory impedance

Photoplethysmography

Mobile Platform

Customized Digital intervention/intelligence Group
Platform
We will use the app, which is based on an open-source
mobile-based platform, LAMP (Learn, Assess, Manage, Prevent
[20,21]), which is fully compliant with patient and participant
confidentiality standards and is currently in use at various US,
Canadian, and international hospitals [20]. Applicable privacy
legislation include the Personal Health Information Protection
Act of Ontario and The Personal Information Protection and
Electronic Documents Act.

Learn: This module offers health tips and accurate health news
from sources the participant can trust [20].

Assess: This module infers the participant’s mood and cognitive
status (eg, depression, anxiety, etc) by asking the participant to
complete surveys. In addition, this module collects the
participant’s phone data (eg, geolocation, phone usage).

Manage: In this module, participants can maintain a journal by
writing in a diary or have personalized interventions. However,
only the participant can write or read the material in this module
since all data collected here is personal and available only to
the participant.

Prevent: This module uses a dashboard to post figures and
curves summarizing the participant’s mood, cognitive status,
and phone data, such as how fast the participant is moving.

The app is compatible with both iOS and Android platforms. It
will be available for free download and for use by approved
participants (log-in information will be provided after obtaining
informed consent), and deidentified data will be stored at Unity
Health Toronto. Furthermore, the platform will be tailored to
collect information pertinent to the COVID-19 context. The
platform collects various forms of active data (while the
participant is using the app) and passive data (whether or not
the user is actively using the app) [20]. Study participants will
have the option of full access to their active and passive data in
real time on the phone or web-based dashboard.

Participant Anonymity
Since participants are required to come to the St. Michael’s
Hospital Simulation Centre to complete the virtual reality and
wearable components of the study, the study will not be
anonymous. Participants will only start using the mobile app
after they participate in the virtual reality simulation component
of the study. The study coordinator will provide an ID and
password by email after participants provide written consent,
logistical information (preferred time slot), and demographic
information to the study coordinator by email.

Mobile Data Collection

Active Data
The surveys will pop up on fixed days of the week for active
data collection (ie, Monday, Wednesday, and Friday), as
reminders. The participants are then free to complete the surveys
(Table 4). These surveys will allow for monitoring of
stress-related symptoms using validated scales—Daily surveys
using 15 items taken from the UCLA Loneliness Scale [22] (3
items), PSS [23] (4 items), Generalized Anxiety Disorder [24]
scale (2 items), Patient Health Questionnaire [25] (2 items), and
MIOS [26] (4 items). Each week, on the weekend, the complete
versions of the PSS [23] (10 items), Generalized Anxiety
Disorder [24] scale (7 items), Patient Health Questionnaire [25]
(9 items), MIOS [26] (10 items). Once during the study, the
App Experience Survey (6 items) will be administered.

The content of the Moral Injury Outcome Scale is more specific
to reflect the virtual reality scenario, unlike in the mobile study,
where the survey is more generalized. The cognitive tests appear
similar to electronic games wherein participants have to
complete a trail or pattern. We will collect the time and number
of errors made by the participants.

Passive Data
Passive data (GPS and accelerometer data) are collected
automatically while the phone is on, even when the participant
is not using the phone (Table 4). The app will access information
collected and stored on the phone. Participants can opt out of
this feature if they choose.
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GPS collects data of the participant’s location data with 3-meter
accuracy; however, the participant’s specific location will not
be used as data in the study. The app collects GPS data
constantly, and data are immediately converted into broad
summary metrics, such as the distance per day and or unique
locations visited. These data are not monitored in real time, and
will not be reviewed by and party.

The accelerometer records triaxial acceleration, which can be
used to indicate if the participant is running or walking. These
data are not monitored in real time.

Participants may receive an automated alert based on established
survey cut-offs at the beginning of the study. After some time,
these alerts may be based on the participant’s change in scores
compared to their own baseline. The alerts will be simple, for
example, “your score today suggests mild anxiety, we suggest
exercise, mindfulness practice, etc.” If more than 1 alert is

required because more than 1 scale has reached the cut-off, the
alert will be given once for all the scales.

For active data, we will use visual analog scales (Figure 10).
The scale is linear and continuous for the participant to slide
on. The scale is subdivided into varying Likert items according
to the questionnaire (eg, a scale with 4 items).

We will use predetermined cut-offs (Table 4) to establish the
score for each assessment.

Passive data (eg, GPS, accelerometer) will be collected for the
first 2 weeks at the beginning of the study to establish a baseline.
Members of the research team will be monitoring the in-person
data collection for safety concerns. In addition, participants who
are inactive will be contacted to remind them of data collection
and patients who are having problems will be contact to give
technical support.

Figure 10. Visual analog scale with a sliding bar for participants to score on the screen of their phones.
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Table 4. Cut-off values and example notifications.

Example of notificationCut-off valuesAssessment and classification

Surveys

General Anxiety Disorder -7

“Based on your scores during the past week, you do not appear clinically anx-
ious/depressed, which is mild/moderate; recommendations include Bibliotherapy,
mindfulness, exercise, sleep management”

5≤score<10Mild anxiety

“Based on your scores during the past week, you do not appear clinically anx-
ious/depressed, which is mild/moderate; recommendations include Bibliotherapy,
mindfulness, exercise, sleep management”

10≤score<15Moderate anxiety

“Based on your scores during the past week, you appear clinically anxious/de-
pressed, which is severe; In addition to continued Bibliotherapy, mindfulness,
exercise, sleep management”

score≥15Severe anxiety

Perceived Stress Scale

“Based on your scores during the past week, you do not appear to have increased
stress which is mild/moderate; recommendations include Bibliotherapy, mindful-
ness, exercise, sleep management”

0≤score<14Low

“Based on your scores during the past week, you do not appear to have increased
stress which is mild/moderate; recommendations include Bibliotherapy, mindful-
ness, exercise, sleep management”

14≤score<27Moderate

“Based on your scores during the past 2 week, you appear clinically stressed which
is severe; In addition to continued Bibliotherapy, mindfulness, exercise, sleep
management”

score≥27High

Patient Health Questionnaire -9

“Based on your scores during the past week, you do not appear clinically anx-
ious/depressed, which is mild/moderate; recommendations include Bibliotherapy,
mindfulness, exercise, sleep management”

5≤score<10Mild depression

“Based on your scores during the past week, you do not appear clinically anx-
ious/depressed, which is mild/moderate; recommendations include Bibliotherapy,
mindfulness, exercise, sleep management”

10≤score<15Moderate depression

“Based on your scores during the past week, you appear clinically anxious/de-
pressed, which is severe; In addition to continued Bibliotherapy, mindfulness,
exercise, sleep management”

15≤score<20Moderately severe depression

“Based on your scores during the past week, you appear clinically anxious/de-
pressed, which is severe; In addition to continued Bibliotherapy, mindfulness,
exercise, sleep management”

score≥20Severe depression

“Your cognition score today is reduced, potential interventions: A) Mindfulness,
B) Exercise, C) Sleep habits”

>3 minutes or 3 errorsCognitive test: Trails B

Passive data

GPS mobility metrics, call-test logs, latency of response, phone pattern of use, sleep, activity

“Based on your (specify item) scores during the last 2 weeks, you appear to have
moderately increased or decreased (specify item);

If increased: recommendations include continued exercise;

If decreased: recommendations include Bibliotherapy and more exercise”

1 SD to 2 SD from
baseline

Moderate change

“Based on your (specify item) scores during the last 2 weeks, you appear to have
severely increased or decreased (specify item);

If increased: recommendations include continued exercise;

If decreased: recommendations include Bibliotherapy and more exercise. Also
link provided for further help.”

>2 SD from baseline;
direction of change is
important

Large change

Mobile Data Analysis
Smartphones are ubiquitous in our daily lives and incorporate
a suite of sensors, such as accelerometer and GPS. In addition,
digital platforms can be used to collect active data. This results

in a multimodal system on a smartphone device. To objectively
analyze the data, preprocessing will include Kalman filtering,
GPS data cleaning, and Wavelet transforms, and feature
extraction techniques, such as multiview biclustering [27] and
statistical and structural features from time-series signals [28],
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will be used for machine learning (decision tree, logistic
regression, and support vector machine) to find associations
between passive and active data. These models are simple,
consume low power, and have the capability of explainable
artificial intelligence to understand our machine learning models
better [29]. We plan to extend the machine learning models to
long short-term memory and convolutional neural networks due
to the popularity and effectiveness of the models in mobile data
analysis [28].

Analysis Approach
Signals (Figure 11; Multimedia Appendix 4) will be collected
with a sampling frequency of 2000 Hz. The software used to
collect the data from Biopac performs all internal calculations
to the accuracy defined by the IEEE format for double-precision
floating-point numbers and stores the results of those
calculations in double-precision floating-point format; this
format assigns 8 bytes to all numbers in calculations or resulting
from calculations [30]. Biopac equipment has an interface to
interact with the virtual reality scenario; thus, we have markers
for the sessions, such as the start and end of the session and
when the user answers a question.

Figure 11. Physiological signal examples: respiration impedance (RI), photoplethysmography (PPG), electrocardiogram (ECG), and galvanic skin
response (GSR).

Numeric programming computing software will be used to
conduct the analysis. The signals will be collected in a raw
format. Preprocessing, feature extraction, and machine learning
will be applied to the data. Preprocessing involves techniques
such as low-pass filters, high-pass filters, and notch filters to
remove noise. The filtered signal will then be passed along to
extract features. Feature extraction will involve extracting
attributes of the signals to be better represented. Techniques for
feature extraction include handcrafted features, such as statistical
values. Lastly, machine learning techniques such as decision

tree, random forest, and logistic regression will be used for
classification. These techniques are chosen due to their ability
to manage small sample sizes. Once familiar with the newly
acquired data set, we will reflect on a new approach for analysis.

Results

As of March 20, 2021, the research ethics board at St. Michael’s
Hospital has approved the study (UHTDTS25377). This project
was funded on November 20, 2020.
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Discussion

As previously explored, this research will develop and validate
the use of digital platforms, specifically virtual reality and
mobile apps to understand the continuum of moral distress that
leads to moral. Demonstration of feasibility will lead to future
studies to examine the efficacy of these digital interventions.

We hypothesize that features of the physiological data will help
to identify mental health disorders and distress within users.
For example, many studies [31,32] have looked at the impact
of stress and burnout in health care workers due to the
COVID-19 pandemic.

Modern signal processing and classification tools will be used
to find associations between the data and mental health surveys.

We expect to discover identifiers within physiological signals
that reflect distress and other psychological disorders in the
short- and long-term fluctuations of the passive data response
related to mental health.

Given the pilot project’s aims, the number of participants (10-15
health care providers) was chosen with a view toward
demonstrating feasibility while taking into consideration the
availability of participants during the COVID-19 pandemic.

Determining the feasibility and utility of virtual reality
environments to aid health care workers in reducing distress
and becoming resilient in morally challenging and complex
environments, by using physiological data in a personalized
digital phenotype profile with mobile platforms will lead to
future work on the implementation of a larger scale study.
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Abstract

Background: Growing empirical evidence suggests that adolescents have a relatively greater propensity to develop problematic
video gaming or gambling habits.

Objective: The main objectives of this study are to estimate the prevalence of potential pathological gambling and video game
use among adolescent students and to evaluate their risk factors.

Methods: This is a cross-sectional multi-informant study based on an online survey. It will include a sample of adolescents
attending secondary schools located in Brescia, northern Italy, their schoolteachers, and parents. The survey includes extensive
data on adolescents’ (1) demographic, social, economic, and environmental characteristics; (2) behavioral, emotional, and social
problems and adaptive functioning; (3) emotional and social loneliness; (4) perception of the reasons to use social networks; (5)
video game habits and pathological use of video gaming; and (6) gambling behaviors.

Results: This protocol was approved by the Institutional Ethics Board of the Spedali Civili of Brescia (Italy). We expect to
collect data from 793 or more adolescent students, as determined by our sample size calculation.

Conclusions: This multisite project will make a substantial contribution to (1) the implementation of a system for identifying
pathological gambling and pathological video game use among adolescents, allowing for interventions aimed at improving
adolescents’ financial, emotional, and social well-being; and (2) the identification of distinct profiles of gamblers and pathological
video gamers that will contribute to setting up effective targeted prevention measures. Understanding the causes and impact of
gambling and pathological video gaming on adolescents is a public health issue.
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Introduction

Background
Adolescence is characterized by increased risk-taking behaviors
[1]. Consequent to these behavioral alterations is the
adolescents’ relatively greater propensity to develop problematic
video gaming or gambling habits, which in recent years has
become a serious social and public health policy issue [2-4]. In
Europe, where a legalization and liberalization of gambling
markets has taken place over the past few decades [5],
adolescent gambling prevalence rates range from 0.2% to 12.3%
[2], whereas the prevalence of internet gaming disorder rates
range from 1.2% to 5.0% [6]. Such large variances reflect the
difficulties in obtaining accurate measurements of this
phenomenon.

Video gaming is very popular among adolescents [7] and can
be associated with many positive aspects of youth development
[8,9]. However, during recent years, an increasing number of
adolescents are overusing video games that could lead to a
gaming disorder, defined as “a pattern of persistent or recurrent
gaming behavior (‘digital gaming’ or ‘video gaming’) […]
manifested by: 1) impaired control over gaming […]; 2)
increasing priority given to gaming to the extent that gaming
takes precedence over other life interests and daily activities;
and 3) continuation or escalation of gaming despite the
occurrence of negative consequences” [10]. Indeed, a recent
review found that the prevalence of internet gaming disorder
[11] ranges from 1.2% to 5.0% in the European Union [6].

Growing empirical evidence suggests that gaming disorder is
associated with internalized (such as anxiety and depression)
and externalized (such as attention deficit hyperactivity disorder)
symptoms [12-14], substance use [15,16], and physical violence
including weapon carrying and use [17]. Furthermore, video
gaming problems seem to be a gateway to problematic gambling
behavior [18]. This is not, however, surprising when you
consider that 7 out of 9 Diagnostic and Statistical Manual of
Mental Disorders-5 (DSM-5) [14] criteria for internet gaming
disorder are identical to those used for diagnosing gambling
disorder [19].

Although the majority of adolescents who have had experience
of gambling maintain recreational and controlled activities,
some of them develop a gambling disorder. This latter is
characterized by “a pattern of persistent or recurrent gambling
behavior, which may be online [...] or offline, manifested by:
1) impaired control over gambling […]; 2) increasing priority
given to gambling to the extent that gambling takes precedence
over other life interests and daily activities; and 3) continuation
or escalation of gambling despite the occurrence of negative
consequences” [10]. Like gaming disorders, gambling disorder
is associated with various mental health issues, such as high
levels of impulsivity, anxiety, depression, and stress [20-22] as
well as substance use [23].

Few empirical research studies have explored both problematic
gaming and gambling habits, the relationship between them,
and their effects on adolescents’ well-being, often considering

a limited number of characteristics of adolescents’
psychological, interpersonal, and environmental lives [24,25].

Italian studies have shown that being male, poor parental
monitoring, having an anomic view of the social environment
[26], using more than 1 game (especially strategy games), having
a gambler father or both parents who used to gamble [27], living
with nonbirth parents, and having a higher perception of the
family’s financial status [28] are factors that increase the
possibility of becoming at risk of problem gamblers. These
studies investigate the Italian profile of adolescent and young
adult gamblers.

Objectives
The main aims of this study are to:

• estimate the prevalence of potential pathological gambling
and pathological video game use among a sample of
adolescent students attending upper-secondary schools;

• estimate the prevalence of emotional/behavioral problems
in a sample of adolescent students attending
upper-secondary schools, evaluating the correlation between
data obtained from different informants (adolescents,
parents, and teachers);

• identify distinct profiles of gamblers and pathological video
gamers based on their self-reported gambling/gaming
behaviors;

• explore risk factors of pathological gambling and
pathological video game use among adolescent students
attending upper-secondary schools;

• develop a model for identifying adolescents’ pathological
gambling and pathological video game use.

Methods

Study Design and Setting
This is a cross-sectional multi-informant study conducted in the
province of Brescia, the second most populous city in Lombardy
(northern Italy), among adolescent students attending secondary
schools, their schoolteachers, and parents. The study will involve
a total of 5 first-grade secondary schools (“middle school”; aged
11-14 years) and 5 second-grade secondary schools (“high
school”; aged 14-19 years).

Pretest
A pretest will be performed to validate the feasibility of the
study before beginning data collection. Specifically, we recruited
a convenience sample of 28 students to test the
comprehensibility of the survey questionnaires and the correct
functioning of the online survey system.

Recruitment
We will recruit participants from 10 schools (5 middle schools
and 5 high schools). We will present information about the
research study both orally and in written form to the
schoolteachers of each school. Subsequently, the research team
members will visit each participating school to provide a seminar
with the aim of presenting the study to students, and then contact
the parents or guardians to obtain informed consent for their

JMIR Res Protoc 2022 | vol. 11 | iss. 2 | e33376 | p.226https://www.researchprotocols.org/2022/2/e33376
(page number not for citation purposes)

Cena et alJMIR RESEARCH PROTOCOLS

XSL•FO
RenderX

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


children to participate in the study. The final enrollment is
expected to be 793 adolescents.

Eligibility Criteria
Inclusion criteria are that the participants are attending the third
year of middle school or any of the 5 years of high school.
Furthermore, the participation in the study of both a parent (or
guardian) and a schoolteacher is required for each student.
Students are also required to have adequate knowledge in Italian
language to be able to complete the questionnaire.

Typically Developing Reference Sample
Adolescents are eligible to participate in the reference sample
if they are students aged between 13 and 19 years, have acquired
Italian language skills, and do not have an intellectual disability.

Data Collection
The participants will complete a 1-time online survey between
February and October 2020. We will collect data from multiple
informants, including students’ self-report questionnaires and
parents’ (or guardians’) and schoolteachers’ questionnaires on
their child/pupil (Table 1). Each participant will complete
questionnaires using an online survey tool (LimeSurvey) [29].

Data will be collected from students at the schools during school
hours; this activity will take approximately 1 hour. Within 1
month, both parents and schoolteachers will complete a set of
questionnaires on their children/pupils; each adolescent will be
evaluated by a single schoolteacher. The parent questionnaire
takes 25-30 minutes to complete, whereas the schoolteacher
questionnaire takes 20-25 minutes.

Table 1. Measurement tools.

SourceCategories and measures

Exposure variables

StudentGambling Behavior Scale for Adolescents

StudentReal-Money Games

StudentVideo-Gaming Scale for Adolescents

Parent/teacherExternal perception of the adolescent’s gambling behavior and money availability

Psychodiagnostic assessment

ParentChild Behavior Checklist

Student/parent/teacherStrength and Difficulties Questionnaire

TeacherTeacher’s Report Form

StudentYouth Self-Report

Social factors

StudentLoneliness Scale

StudentSocial Network

Personal factors

Student/parentDemographic, social, and environmental information

StudentEconomic resources

Measurement

Demographic, Social, and Environmental Information
We will obtain information on the student’s sex, age, place of
residence and its characteristics, family composition, parental
education level, and parental job from the student assessment.
We will obtain information on the student’s infancy from both
student and parent assessments.

Strength and Difficulties Questionnaire
The Strength and Difficulties Questionnaire (SDQ) [30] is a
25-item questionnaire developed with reference to the main
nosological categories recognized by the DSM-IV (also valid
for the DSM-5) and describing positive and negative attributes
of adolescents. Each item is scored on a 3-point scale: “Not
true,” “Somewhat true,” or “Certainly true.” The items are
divided into 5 subscales each with 5 items: emotional symptoms,
behavioral problems, hyperactivity inattention, peer relationship

problems, and prosocial behavior. It is also possible to assess
chronicity, distress, burden to others, and social impairment.
The SDQ provides scores for 3 dimensions of impact: perceived
difficulties, impact score, and a burden rating. There are 3
versions of the SDQ: self-report, parent report, and teacher
report version. The Italian version of the SDQ has good
psychometric properties, with Cronbach α ranging from .73 to
.89 [31].

Achenbach System of Empirically Based Assessment
School-Age Forms
The Achenbach System of Empirically Based Assessment
(ASEBA) [32,33] is an integrated system of multi-informant
assessment of behavioral, emotional, and social problems and
adaptive functioning in youth aged 11-18. Adolescents complete
the Youth Self-Report (YSR; 119 items), parents complete the
Child Behavior Checklist (CBCL; 120 items), and
schoolteachers complete the Teacher’s Report Form (TRF; 120
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items). Each questionnaire consists of a problem section with
items rated as “Not True” (0), “Somewhat or Sometimes True”
(1), or “Very or Often True” (2).

Each of these 3 questionnaires provides 8 syndrome scales:
anxious/depressed, withdrawn/depressed, and somatic
complaints (together: internalizing or emotional problems);
rule-breaking behavior and aggressive behavior (together:
externalizing or behavioral problems); and social problems,
thought problems, and attention problems. Internalizing score,
externalizing score, and total problems score can be calculated
by summing up the problem items. Additionally, items from
the YSR, CBCL, and TRF can be grouped into the following
DSM-IV–oriented scales (still valid for the DSM-5): affective
problems, anxiety problems, somatic problems, attention
deficit/hyperactivity problems, oppositional defiant problems,
and conduct problems [34]. The YSR shows good internal
validity (Cronbach α=.71-.95) [35]. Cronbach α was high for
the Broadband and the Total Problem scales, ranging from .83
to .91 for the CBCL [33]. The Internalizing scale can be derived
from the first 3 syndrome scales (Cronbach α=.86), and the
Externalizing scale from the last 2 (Cronbach α=.85). The Total
Problems scale was determined by adding up the individual
item scores (Cronbach α=.84) [36]. The TRF ranged from 0.86
to 0.94 [33].

Loneliness Scale
The Loneliness Scale (LS) [37] consists of 6 statements (rated
as “yes,” “more or less,” or “no”) designed to measure
emotional, social, and overall loneliness. Cronbach α was .92
[38].

Economic Resources
Three self-report questions about how often the adolescent
receives money, how much, and from whom.

Social Network
Three self-report questions on the adolescent’s subjective
perception of the reasons to use social networks.

Video-Gaming Scale for Adolescents
The Video-Gaming Scale for Adolescents (VGS-A) [39] is a
self-report questionnaire that evaluates adolescents’ video game
habits and pathological use of video gaming. The first section
consists of 3 unscored items investigating video game habits:
the frequency with which they have played each of the various
video game genres during the last year, the devices used to game
and the time spent on each of them, and preferences about the
use of online or offline gaming. The second section is composed
of 9 items rated on a 3-point scale: “never” (0), “sometimes”
(1), or “often” (2), which were developed to relieve the 9 DSM-5
diagnostic criteria of pathological gaming among adolescents.
Pathological gaming is measured by taking into account the
severity of each symptom described by the 9 items. Cronbach
α for VGS-A was .71 [40].

Gambling Behavior Scale for Adolescents
The Gambling Behavior Scale for Adolescents (GBS-A) [41]
is a self-report questionnaire that assesses gambling behavior
among adolescents. The first section consists of 4 unscored

items investigating the frequency of participation in each of the
different gambling activities (eg, card games, bets on sports
games, lotteries) during the last year, the age at which gambling
started, the existence of any gambling partners and the relative
frequency of gambling with each of them, and the amount of
money spent on each of the various gambling activities. The
second section is composed of 9 items rated on a 3-point scale:
“never” (0), “sometimes” (1), or “often” (2), which were
developed to relieve the 9 DSM-5 diagnostic criteria of gambling
disorder among adolescents. The GBS-A classifies the
respondents as nonproblem gamblers, at-risk gamblers, or
disordered gamblers. Cronbach α for GBS-A was .77 [42].

Real Money Games
A total of 16 self-report questions were developed to assess the
frequency of and time spent in real money games (both online
and offline) during the last year. These provide information on
where money games are played, which devices are used to play
money games, and the amount of money played.

Adults’ Perception of the Adolescent’s Gambling
Behavior and Money Availability
Adults’ (both parents and schoolteachers) perceptions of their
adolescent child/pupil’s involvement or noninvolvement in
gambling behaviors and his/her money availability will be
evaluated.

Sample Size Estimation
The primary endpoint of the study is the prevalence of
pathological gambling, pathological video game use, and
emotional/behavioral problems in a sample of adolescent
students attending upper-secondary schools. A sample size of
750 students produces a 2-sided 95% CI of 1.5%, 2%, and 2.5%
when the prevalence is equal to 5%, 10%, and 15%, respectively.

Little is known from previous literature about risk factors for
pathological gambling, pathological video game use, and
emotional/behavioral problems in adolescent students attending
upper-secondary schools. Assuming a prevalence of 15% [43]
and considering a power (1-β) of 0.80 and a type I error (α) of
.05, a sample of 750 students would allow the detection of an
odds ratio of 2.2 for a binary risk factor present in 30% of the
students. An adjustment was made because a multiple regression
of the independent variable of interest on the other independent

variables in the logistic regression obtained an R2=0.5.
According to the “one in ten” rule of thumb, the proposed
sample size ensures to fit a multivariate logistic regression model
with up to 12 independent variables.

Statistical Analysis Plan
The main characteristics of the sample will be summarized using
absolute and relative frequencies for categorical variables and
through mean or median and range, interquartile range, and
standard deviation for continuous variables.

The prevalence of pathological gambling, pathological video
game use, and emotional/behavioral problems will be quantified
in terms of proportion (relative frequency) and its 95% CI.

We will use the chi-square test for categorical variables, or the
Fisher exact test when expected frequencies are lower than 5,
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to assess differences among categorical variables. The normality
of continuous variables will be assessed graphically using the
quantile–quantile plot and through a nonparametric test (eg, the
Shapiro–Wilk test). We will compare continuous variables
among groups defined by a categorical variable using the t test
when the normality assumption is met, or otherwise using the
nonparametric rank-based Wilcoxon–Mann–Whitney U test.
The strength of the correlation among continuous variables
obtained from different informants (ie, students, parents, and
teachers) will be evaluated using the Pearson linear correlation
coefficient or the Spearman rank correlation coefficient. The
Cohen kappa statistic and the Bland–Altman plot will be used
to test concordance among categorical and continuous variables,
respectively.

Multivariate clustering techniques (principal component
analysis, multiple correspondence analysis, hierarchical
clustering) will be used to identify distinct gambler and
pathological video gamer profiles according to their
gambling/gaming behaviors based on data collected through
the questionnaires. We will use these advanced multivariate
statistical techniques to reduce the size of the data by identifying
a small number of underlying main components without losing
too much information.

A multivariate logistic regression model combined with variable
selection techniques will be used to identify risk factors
associated with pathological gambling and pathological video
gaming. The results will be presented in terms of odds ratios
with their 95% CI.

We will consider a P value less than .05 as statistically
significant.

Patient and Public Involvement
Adolescent students, parents, or the teachers were not involved
in the design, or conduct, or reporting, or dissemination plans
of this research.

Ethics Approval
Our protocol was reviewed and approved by the Institutional
Ethics Board of the Spedali Civili of Brescia, Italy (resolution
n. NP3662 f 28-01-2020). All procedures performed in this
study are in accordance with the ethical standards of the
Institutional Ethics Board of the Spedali Civili of Brescia and
with the 1964 Declaration of Helsinki and its later amendments.
We will obtain written consent from the parents, on their own
behalf and on behalf of their children under 18, the

schoolteachers, and from the adolescents of legal age. Students
under 18 will be also asked for their consent.

Availability of Data and Materials
Data sharing does not apply to this article as data sets will not
be generated or analyzed in this article.

Dissemination
We will publish all results in peer-reviewed international
journals indexed in Web of Science or Scopus databases and
present them at national and international conferences.

Results

According to our sample size calculation, we expect that at least
793 adolescent students from 10 schools (5 middle schools and
5 high schools) located in Brescia, northern Italy, will participate
in the study.

Discussion

This study will quantify the prevalence of pathological
gambling, pathological video game use, and
emotional/behavioral problems in a sample of adolescent
students attending upper-secondary schools in Brescia and its
province, the second most populous province in Lombardy
(northern Italy). This study will contribute to the implementation
of a system for identifying pathological gambling and
pathological video game use among adolescents, allowing for
interventions aimed at improving adolescents’ financial,
emotional, and social well-being. Furthermore, findings from
this study will allow us to identify distinct profiles of gamblers
and pathological video gamers that will contribute to setting up
effective targeted prevention measures. Understanding the
causes and impact of gambling and pathological video gaming
on adolescents is a public health issue. We will present a report
with the study results to the Osservatorio Provinciale del
contrasto alle ludopatie e al gioco d’azzardo di Brescia
[Provincial Observatory for the Prevention of Compulsive
Gambling Disorders and Betting of the Lombardy region] and
the Ufficio scolastico regionale per la Lombardia Ufficio IV
Ambito Territoriale di Brescia [Regional School Office for
Lombardy, IV District of Brescia], and the teaching staff of the
schools and educational institutions involved. Additionally, a
public conference will be organized as the project’s final step
to inform students, parents, and the general population.
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Abstract

Background: The aim of this study is to assess if peer counseling of women improves breastfeeding, complementary feeding
practices, and child growth, and thus reduces the prevalence of undernutrition in children up to 4 years of age.

Objective: Lack of exclusive breastfeeding and inappropriate complementary feeding are critical factors in reducing child
undernutrition, morbidity, and mortality. There are reported trials of peer counseling to improve breastfeeding; however, they
did not examine the efficacy of peer counseling to improve complementary feeding or the long-term impacts on child growth and
development.

Methods: This study has used a community-based, cluster-randomized controlled trial with a superiority design and 2 parallel
treatment arms. It is assessing the impact of peer counseling, starting in late pregnancy up to 1 year after delivery, on child feeding
practices, growth, and development with follow-up until 48 months of age. The study site was Mirpur, a densely populated area
in Dhaka. Using satellite maps and geographic information system mapping, we constructed 36 clusters with an average population
of 5000 people. We recruited pregnant women in the third trimester aged 16-40 years, with no more than 3 living children. Trained
peer counselors visited women at home twice before delivery, 4 times in the first month, monthly from 2 to 6 months, and again
at 9 and 12 months. Trained research assistants collected anthropometric measurements. The primary outcome will be differences
in child stunting and mean length for age at 6, 12, 15, and 18 months. Secondary outcomes will be differences in the percentage
of women exclusively breastfeeding in the mean duration of any breastfeeding and in the percentage of children at 6 and 9 months
of age who receive solid, semisolid, or soft foods; and the percentage of children consuming foods from 4 or more food groups
at 9, 12, 15, and 18 months. We will assess the mean cognitive function scores from the Ages and Stages Questionnaire (9 and
18 months) and Bayley tests (24 and 36 months).
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Results: We identified 65,535 people in mapped residences, from which we defined 36 clusters and randomly allocated them
equally to intervention or control groups stratified by cluster socioeconomic status. From July 2011 to May 2013, we identified
1056 pregnant women and 993 births in the intervention group and 994 pregnancies and 890 births in the control group. At 18
months, 692 children remained in the intervention group and 551 in the control group. From January 2015 to February 2017, we
conducted the long-term follow-up of the cohort. We have now completed the data collection and processing and have started
analyses.

Conclusions: This study will help fill the evidence gap about the short- and long-term impact of peer counseling on improving
infant feeding, preventing childhood undernutrition, and enhancing child cognitive development.

Trial Registration: ClinicalTrials.gov NCT01333995; https://clinicaltrials.gov/ct2/show/NCT01333995

International Registered Report Identifier (IRRID): DERR1-10.2196/31475

(JMIR Res Protoc 2022;11(2):e31475)   doi:10.2196/31475

KEYWORDS

child stunting; prevention; nutrition behavior change; breastfeeding: infant and young child feeding; peer counseling, child
development

Introduction

Although progress has been made in reducing child
undernutrition [1], it remains a highly prevalent condition in
low- and middle-income countries [2]. South Asia has a major
portion of the global burden of childhood undernutrition, with
an estimated 59 million (or 33.3%) of children under 5 years
living with stunted growth in this region [3]. Undernutrition
contributes to 45% of deaths in children under 5 years old [4],
and effective interventions are needed to reduce its prevalence,
particularly in countries with high prevalence. In Bangladesh,
child undernutrition is an important public health problem, with
36% of children younger than 5 years being stunted, 33% being
underweight, and 14% being wasted in 2014 [5].

Suboptimal breastfeeding increases the risks of childhood
morbidity, which potentially contributes to the development of
undernutrition and mortality, particularly in the first 2 years of
life [2]. The World Health Organization (WHO) recommends
exclusively breastfeeding children until 6 months of age, and
after that, continuing breastfeeding with appropriately diverse
and frequent complementary foods [6,7]. The complementary
feeding period from 6 to 24 months also provides a window of
opportunity for preventing undernutrition [8] as most postnatal
growth faltering occurs during the first 2 years of life. Studies
have shown that even with optimum breastfeeding, growth
faltering will occur if children do not receive an adequate
quantity and quality of complementary foods after 6 months
[9].

A study from 2016 has shown that most stunting occurs in the
first 2 years [10]. This growth retardation happens because
children have a higher demand for nutrients and a higher rate
of infectious diseases such as diarrhea, which adversely affects
growth and nutritional status [11]. A lack of diversity of foods
given to young children also contributes to undernutrition. For
example, animal-source foods are an important source of protein
and micronutrients, such as zinc, and low intakes of these foods
are associated with stunting in children [8]. Improved
breastfeeding practices and more diverse foods, and increased
frequency of complementary feeds can help protect infants from

childhood undernutrition and improve their developmental
potential.

Growth faltering, in turn, has effects on a child's developmental
potential [12,13]. The South Asian region also harbors a very
high proportion of children with low cognitive and
socioemotional Early Childhood Development Index scores
[14]. Few studies have examined the relationship between
undernutrition and cognitive development in Bangladeshi
children. The evidence available comes mainly from 5 trials of
psychosocial stimulation [15-19]. In all these studies,
malnourished children had very low developmental scores,
which were significantly lower than those of better-nourished
children. In micronutrient supplementation trials, children's
height-for-age and weight-for-age z scores were significantly
correlated with their developmental levels, indicating a close
association of nutritional status and child development [20-25].

A systematic review and meta-analysis of 110 studies for
breastfeeding promotion found statistically significant increases
in exclusive breastfeeding (EBF) rates: 43% at day 1, 30% at
<1 month, and 90% at 1-5 months. Rates of “no breastfeeding”
reduced by 32% at 1 day, 30% at <1 month, and 18% at 1-5
months [26]. An established approach to promoting appropriate
breastfeeding practices in low- and middle-income countries
involves local peer counselors providing information and support
to mothers feeding young children [27,28]. A systematic review
showed that in low- and middle-income countries, compared
to usual care, community-based peer support increased EBF in
the first 6 months and initiation of breastfeeding within the first
hour of life, and decreased the risk of prelacteal feeding [29].
There is research demonstrating the feasibility of implementing
a peer-counseling intervention in urban Bangladesh with
evidence of changed feeding behaviors [28]. To date, there have
been few reports of using peer counseling to educate, support,
and build a mother's skills regarding both breastfeeding and
appropriate complementary feeding. A before-and-after study
conducted in a lower socioeconomic population in the Lalitpur
district of Uttar Pradesh, India, suggests that peer counselors
can improve infant feeding practices by increasing EBF and
appropriate complementary feeds [30]. However, there is a need
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to examine the impact of peer counseling interventions on
long-term child undernutrition, growth, and development.

We used the Standard Protocol Items: Recommendations for
Interventional Trials (SPIRIT) guideline [31] to prepare this
protocol. It was peer reviewed by the Australian National Health
and Medical Research Council (NHMRC) grant review panels
in 2009 (GNT63329) and 2013 (GNT1071005) and by the
Research Review Committee of the International Centre for
Diarrheal Disease Research-Bangladesh (icddr,b). The
University of Sydney Human Ethics committee and the Ethics
Review Committee of ICDDR-B approved the protocols. This
report combines the 2 approved protocols.

We aim to implement a community-based, cluster -randomized
controlled trial to collect evidence of whether peer counseling
of women to promote appropriate infant feeding can improve
breastfeeding, complementary feeding, and child growth, and
thus reduce the prevalence of stunting (low height-for-age) in
their children up to 18 months of age. In addition, the proposed
study will examine the long-term impact of peer counseling for
appropriate infant feeding on child anthropometry and cognitive
development at 36 and 48 months.

Our primary hypothesis is that in a community-based,
cluster-randomized controlled trial of peer counseling to support
infant feeding starting from the third trimester of pregnancy to
1 year after delivery will reduce the prevalence of stunting
(length-for-age < –2 z score) in children at 18 months of age
by 10% compared to the control group with no peer counseling.

The short-term outcomes (secondary hypotheses) are the
following:

1. The percentage of children with low length-for-age, low
weight-for-height, and low weight-for-age between 6 and 18
months of age will be lower in the peer counseling group than
in the control group.

2. The mean length-for-age, weight-for-height, and
weight-for-age in children between 6 and 18 months of age will
be higher in the peer counseling group than in the control group.

3. The children's height and weight velocity from birth to 18
months of age will be higher in the peer counseling group than
in the control group.

4. The percentage of women EBF (breast milk and no other
foods or milk-based liquids) their infants at 3 and 6 months will
be higher in the peer counseling group than in the control group.

5. The mean duration of any breastfeeding will be longer in the
peer counseling group than in the control group.

6. The percentage of women bottle feeding (any liquid or
semisolid food from a bottle with a nipple or teat) their infants

at 12 months will be lower in the peer counseling group than
in the control group.

7.The percentage of children at 6 and 9 months of age who
receive solid, semisolid, or soft foods will be higher in the peer
counseling group than in the control group.

8. The percentage of children consuming >4 food groups at 9,
12, 15, and 18 months will be higher in the peer counseling
group than in the control group.

9. Mean intake of children’s food energy, protein, carbohydrate,
fat, and selected micronutrients (eg, zinc, iron, phytate vitamin
A) from complementary feeds at 9, 12, 15, and 18 months will
increase more in the peer counseling group than in the control
group.

10. The mean days ill with diarrhea, acute respiratory illness,
and fever at each monthly recall period from 1 to 18 months
will be lower in the peer counseling group than in the control
group.

The longer-term outcomes (secondary hypotheses) are the
following:

1. The percentage of children with low length-for-age, low
weight-for-length, and low weight-for-age in children between
18 and 48 months of age will be lower in the peer counseling
group than in the control group.

2. The mean length-for-age, weight-for-length, and
weight-for-age of children between 18 and 48 months of age
will be higher in the peer counseling group than in the control
group.

3. The children's length and weight velocity from 18 to 48
months of age will be higher in the peer counseling group than
in the control group.

4. Mean cognitive, language, and motor composite scores as
measured by the Ages and Stages Questionnaire and Bayley
Scales of Infant and Toddler Development at 48 months of age
will be higher in the peer counseling group than in the control
group.

Methods

Study Design
The study is a community-based, cluster-randomized controlled
trial with a superiority design and 2 parallel treatment arms with
a 1:1 allocation ratio. It examines the impact of a
peer-counseling infant-feeding education program starting in
the third trimester of pregnancy to 1 year after delivery on child
feeding practices, growth, and development (Figure 1). We
followed the cohort of the mother-child dyads from recruitment
until the children were 48 months of age.
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Figure 1. The Shishu Pushti study design. MCH: mother and child health; SES: socioeconomic status.

Study Setting
We conducted the trial in Mirpur, an area of approximately 39
square kilometers located in the northwest of Dhaka City,
Bangladesh. It has 16 wards (administrative regions), of which
4 wards were selected for the trial where there were no other
major health or nutrition studies ongoing. Mirpur is a
middle-to-lower socioeconomic area in Dhaka, but it includes
very disadvantaged slum areas.

Identification of Clusters
The study site is a very densely populated and includes areas
of slum housing where there are no established addresses and
houses are very close to each other against each other along
narrow paths. In this setting, there were no administrative or
natural boundaries to define clusters. For the trial, we used
satellite maps of the study areas in Mirpur to define clusters
with buffer areas. We digitalized all structures, buildings, roads,
and water bodies from satellite maps of the study area and gave
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each structure an identification number. Our field census team
visited all the structures and buildings in the study area and
identified if it was a residence or was used for other purposes.
After obtaining written informed consent, we conducted a brief
household census and screened for pregnant women in all
residential buildings. We used the census data to create a
population database linked to the mapped structures. Using

geographic information system mapping techniques, we
constructed 36 clusters from the population maps to cover an
average population of 5000 people with a surrounding 200-meter
buffer zone between clusters. We classified each cluster as low
socioeconomic status or not based on the census data. Figure 2
shows a map of the study site.

Figure 2. Map of the study site [32].

Assignment of Treatments
We randomly allocated the 36 clusters in an equal ratio to
intervention or control groups but with stratification by
socioeconomic status of the clusters. We generated the random
allocation sequence using SAS software (SAS Institute).

Recruitment, Inclusion and Exclusion Criteria, and
Consent of Mothers and Their Families
We visited the pregnant women identified in the census, and
recruited eligible women in their third trimester of pregnancy
into the trial. We updated the census data, including the
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pregnancy screening, every 3 months to identify and recruit
potentially eligible women once they reached their third
trimester. We included pregnant women who were 16 to 40
years of age and who had no more than 3 living children. We
excluded women who planned to migrate from the Mirpur area
after delivery and women with medical records of heart disease,
tuberculosis, gestational diabetes, or eclampsia in previous
pregnancies, from the trial. In addition, we excluded
mother-infant pairs where the child had congenital
abnormalities, had a very low birth weight below 1.5 kg, or
were admitted to a neonatal intensive care unit. We used the
same approach to recruitment in both intervention and control
clusters. Trained project staff obtained written informed consent
from the eligible women and their husbands. Based on
experience with similar projects in Bangladesh [33,34], we
expected at least 95% of the mothers would consent to
participate. We anticipated excluding up to 30% of the women
mainly related to their desire to migrate back to their home
village after the delivery [34].

Intervention Plan
We selected the trial intervention due to its feasibility, previous
testing in urban populations in Dhaka [34], and likely future
sustainability. We expect the proposed individual peer
counseling education will have sufficient intensity to alter infant
and young child feeding practices and improve young children's
growth. After 1 year of preparation for the trial, we delivered
the interventions to recruited pregnant women until their
children reached 1 year of age.

This approach promoted appropriate infant and young child
feeding through a program of home-based peer counseling by
trained local women from the mothers' community. The peer
counselors reached mothers who delivered at home and allowed
the messages to reach other key family members who played a
role in supporting breastfeeding and influenced the choice of
foods for the infant. The main messages encouraged early
initiation of breastfeeding, promoting EBF during the first 6
months of life, promoting appropriate timing of the introduction
of complementary feeds, and ensuring an adequate frequency
of feeds and diversity of foods used in their preparation.

Selection and Training of Peer Counselors
Women with personal breastfeeding experience and at least 6
years of schooling who resided in the same area and who were
motivated to work to become peer counselors were selected.
We trained the peer counselors using the joint WHO/UNICEF
(United Nations International Children's Emergency Fund)
breastfeeding counseling course adapted to the local language
and culture and validated in a previous study [34]. They were
trained for 40 hours (4 hours daily for 10 days). Counseling
skills were taught mainly by demonstrations and role-play. The
topics included listening to mothers, learning about their
difficulties, assessing the position and attachment of infants
during breastfeeding, building mother's confidence, giving
support, and providing relevant information and practical help
when required. During the course, the trainee counselors
practiced antenatal and postpartum counseling at the field site
with pregnant women, mothers with newborns, and infants aged
1-12 months. We trained counselors in how to use locally

available foods for complementary feeding of infants and young
children and how best to demonstrate these food preparation
skills to mothers.

We anticipated that each peer counselor would support up to
approximately 50-60 mothers and thus provide support to about
1000 women receiving the intervention. We recruited and trained
18 peer counselors (one in each cluster). Senior infant feeding
counselors monitored the performance of the peer counselors
at least 4 times during the study.

Counseling Schedules
We scheduled 13 visits by the peer counselors: 2 before delivery,
4 during the first month, 5 monthly visits from age 2 to 6
months, and 3 monthly visits at age 9 and 12 months. The
counselors were free to make additional visits if the mother's
circumstances required them. The counseling took place at home
to include key family members (eg, mother-in-law and fathers)
in the counseling sessions. The duration of each visit was from
20 to 40 minutes.

Antenatal Visits
During the 2 antenatal visits, peer counselors prepared and
informed the mothers and other family members who supported
the mothers at delivery about the importance of holding the
infant within a few minutes of delivery and breastfeeding
initiation within 1 hour of delivery. They discouraged prelacteal
feeds and encouraged the mothers to eat more foods and rest
during the third trimester. These meetings also covered problems
with breastfeeding that the mothers might have encountered
and provided strategies to deal with them.

Visits in the First Month of Life
The mothers were contacted 4 times by the peer counselors
(within 48 hours of delivery, at 5-7 days, at 10-14 days, and at
24-28 days). During these visits, EBF was encouraged, and any
barriers to EBF, such as sore nipples, problems with attachment
and position of the baby during feeds, family pressure to
introduce other foods, and mothers' doubts about the adequacy
of their breastmilk, were resolved. If the counselor could not
resolve these issues, the mothers were referred to the senior
infant-feeding counselors.

Visits From 2 to 6 Months of Life
The mothers were contacted monthly by the peer counselors,
who addressed any specific problems and continued to provide
support for EBF, especially how to deal with family pressures,
the introduction of other foods, and concerns about the adequacy
of the infants’growth. From 5 months of age, specific messages
covered the importance of complementary feeding and
demonstrations and preparation of complementary foods from
homemade, regular family food. Mothers were given measuring
bowls (250 ml) and spoons to promote the age-specific
frequency of complementary feeding. According to the UNICEF
guidelines, mothers received hands-on training on the frequency
and amount of complementary feeding [35]. For the average
healthy breastfed infant, meals of complementary food are
needed 2-3 times (half a bowl of 250 ml) per day at 6-8 months
of age and 3-4 times per day at 9-11 months and 12-23 months
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of age with additional nutritious snacks. Mothers were
discouraged from using bottles for complementary feeding.

Visits From 6 to 12 Months of Life
The mothers were contacted twice at 3-month intervals by the
peer counselors. They were encouraged to continue
breastfeeding and supported to give an adequate frequency of
complementary feeds and appropriate diversity of foods. There
were further demonstrations on the preparation of
complementary feeds as needed.

Management of Interventions
We recruited 3 breastfeeding counselors who trained the peer
counselors under the supervision of 1 of the investigators (RH)
and the research investigator (GA). The breastfeeding counselor
provided technical support to the peer counselors and helped
them resolve problems encountered during the implementation

of the trial interventions by regular meetings with them in the
field. The research officer supervised, monitored, and provided
the necessary support for troubleshooting for breastfeeding
complementary feeding. To facilitate the overall implementation
process, we established an advisory committee consisting of
local health officers, local government officials, representatives
of mothers' groups from the community, representatives of the
Bangladesh Breastfeeding Foundation, other relevant
nongovernmental organizations, and project staff.

Evaluation Plan
We applied a range of quantitative data collection methods to
assess the primary and secondary outcomes, including pretested
structured questionnaires and anthropometric measurements.
Figure 3 presents a timeline depicting the schedule of data
collection.

Figure 3. Schedule of enrollment, interventions, and assessments. IYCF: Infant and Young Child Feeding.

Primary Outcomes to be Measured
The primary outcome measured was the differences in the
percentage of stunted infants (length-for-age <–2 z score) of
children at 6, 12, 15, and 18 months. We also measured changes
in mean length-for-age z scores from birth until 48 months.

Secondary Outcomes to be Measured
We measured changes in the percentage of women EBF (breast
milk and no other foods or milk-based liquids) their infants
from 1 to 6 months. We also measured changes in the mean
duration of any breastfeeding. We calculated the changes in the
percentage of children at 6 and 9 months of age who received
solid, semisolid, or soft foods; and the percentage of children

consuming foods from 4 or more food groups at 9, 12, 15, and
18 months. We assessed bottle feeding (any liquid or semisolid
food from a bottle with a nipple or teat) in infants at 7, 9, and
12 months. We measured the changes in mean cognitive function
scores with the Ages and Stages Questionnaire (9 and 18
months) and Bayley tests (24 and 36 months).

Measurements

Anthropometry
Trained research assistants collected the anthropometric
measurements (weight and height) using established methods
[36] and recorded these measurements on both the research
instruments and an infant growth chart for the mother to keep.
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We standardized these measurements before and during the data
collection. Anthropometry was collected soon after birth and
every month up to 12 months, at 3-month intervals up to 18
months (15 and 18 months), and then at 24, 36, and 48 months.
We used the 2006 WHO growth standards to construct
anthropometric indices. We calculated the standard
WHO-recommended indicators to assess stunting (height-for-age
<–2 z score), wasting (weight-for-height <–2 z score), and being
underweight (weight-for-age <–2 z score).

Infant Feeding Practices
We collected infant feeding data every month from birth to 6
months, and then at 3-month intervals between 6 and 18 months.
We applied the standard Bangladesh Demographic Health
Survey (DHS) questions about infant-feeding practices [37] and
monitored these patterns at the 3 monthly data collection periods
from birth until 18 months of age. These include questions about
current breastfeeding status, current use of other liquids and
solid foods, the timing of introduction of other liquids or solid
foods, use of bottles for feeding, and information about who
was providing advice about infant feeding among family and
friends.

A senior research assistant monitored about 10% of the
interviewer's scheduled visits. The supervisors checked
questionnaires daily, and if the information was incomplete or
not clear, they returned to the home on the next day to complete
the data form. Senior research assistants verified the mother's
reports of infant feeding practices through a 4-hour observation
period in an unscheduled visit.

Dietary Intake
Trained interviewers collected 24-hour dietary recalls using
standard methods starting at 6 months of age until 18 months.
They recorded all the foods consumed 24 hours before the
interview and measured the portion sizes in local utensils. They
also recorded the recipes used to prepare foods, including the
amounts of raw food used and the preparation methods.
Research assistants analyzed and presented the nutrient intakes
and food groups consumed. In a subsample of 10% of
respondents, we took duplicate 24-hour recalls to assess
within-person variability and to allow adjustment of the
prevalence of low intake nutrients.

Birth Weight and Gestational Age
Trained field research assistants measured the birth weight of
the neonate within 72 hours of birth. In the intervention clusters,
the peer counselors provided delivery information to the research
team in timely fashion. In the case of control clusters, we
recruited volunteers responsible for the timely reporting of the
delivery information.

Child Morbidity
The interviewers obtained illness histories, such as diarrhea,
dysentery (blood and mucus), fever and cough, and ear infection
(purulent discharge), every month until 12 months, and at
3-month intervals until 18 months using the 2-weeks' recall
method. The questions asked were based on the standard DHS
infant morbidity recall questions but were expanded to include
questions about ear discharge.

Diarrhea was defined as an episode of the passage of 3 or more
loose or watery stools within 24 hours. The presence of blood
in the stool was defined as invasive diarrhea. When a single
episode of diarrhea lasted for more than 2 weeks, it was be
classified as persistent diarrhea. Acute respiratory illnesses were
defined as an episode of cough with reported fast and rapid
breathing or difficulty breathing with or without fever.

Child Development
We collected a variety of child development measures at 9, 18,
24, 36, and 48 months. The Ages and Stages Questionnaire [38]
was used to collect data on problem-solving, socioemotional,
communication, and fine and gross motor functions at 9 and 18
months of age. The Bayley Scales of Infant and Toddler
development-III (Bayley-III) [39] was used to assess children's
cognitive, language, and motor development at 24 and 36
months of age. The test is not standardized in Bangladesh but
has been culturally adapted and used in several studies on
Bangladeshi children [40,41]. The Wechsler Preschool and
Primary Scale of Intelligence (WPPSI) [42] will be used on a
subsample of children at 48 months to assess their full scale,
verbal, and performance IQs. The children's behavior during
the Bayley test was rated using 5 behavior ratings developed
by Wolke et al [43], each of which has ratings from 1 to 9, with
1 being the poorest behavior and 9 being the best. We
interviewed mothers on child behaviors using the Strengths and
Difficulties Questionnaire [44] at 48 months after the WPPSI
test.

The Movement Assessment Battery for Children [45] will be
administered along with WPPSI at 48 months of age on the
same subsample.

Information on quality of home stimulation was assessed by a
family care indicators questionnaire [46] at 9, 18, and 24 months.
An early childhood version of the home observation for
measurement of the environment [47] was administered at 24
and 36 months to collect information on approaches that the
family employs, such as availability of toys, books, musical
instruments, play activities with the child, and other learning
opportunities at home.

Maternal Depression
We assumed that the mother's mental well-being or depression
condition could affect the child's nutrition and caring practices,
which can mediate child development. We collected information
regarding the mothers' mental status and depression conditions
in the third trimester of pregnancy and at 1 and 10 months
postpartum from all participants using the Center for
Epidemiological Studies-Depression questionnaire [48].

Maternal IQ was measured using the Raven Coloured
Progressive Matrices [49].

Socioeconomic Status
Information on religion, pregnant women's and her husband's
levels of education, their occupations, number of family
members, ownership of the number of dwelling rooms,
household construction materials, toilet facilities, drinking water
sources, household assets, and land ownership were collected
as the key indicators of socioeconomic status.
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Household Food Security
As household food security plays a vital role in complementary
feeding practices and child nutrition, we assessed the family's
food security from all participants (during enrolment and at 10
months).

Information on Social Network
Family members, friends, neighbors, peers, and people around
caregivers play important roles in feeding and caring for young
infants. Therefore, we collected information on the social
networks of caregivers at different times of follow-up from 100
families in 4 clusters.

Schedule of Data Collection
We carried out a pilot study in the first year of the trial in a
single cluster to test the recruitment methods, implementation
of the intervention, the evaluation of instruments, and field
methods before commencing the trial.

For the assessment of trial outcomes, we collected basic
sociodemographic information about the family and maternal
characteristics in a baseline survey at enrolment. We recorded
the details of the birth and pregnancy shortly after delivery. We
assessed the trial outcomes by measurements at monthly
intervals from birth until 12 months, at 3-month intervals until
18 months, and annually until 48 months. These included
anthropometric measurements, the recording of dietary patterns,
dietary intake, and morbidity. The schedule of data collection
is given in Figure 3.

Process Evaluation
We conducted a mixed methods process evaluation within the
Mirpur Shishu Pushti Trial to answer the primary question of
how and why or why no impacts were achieved [50,51]. The
specific aims included the assessment of fidelity, dose, reach,
and intensity of the peer counseling intervention; the response
of the beneficiaries to the intervention; experience of the peer
counselors of counseling the women; and the barriers and
challenges encountered by the project staff to implement the
trial.

We further aimed to synchronize the process evaluation data
collection with the timeline of program implementation. Data
collection has been planned to occur in 2 stages: (1) ongoing
throughout the intervention delivery and (2) at a time point near
the end of the intervention. This approach will enable us to use
the process evaluation data for both providing feedback to keep
the program on track (formative use) and to interpret and explain
intervention outcomes (summative use) [52].

We collected the data for the process evaluation through regular
project monitoring on the participation of mothers in peer
counseling sessions, surveys of self-reported adherence to
counseling guidelines by the peer counselors, unscheduled direct
observations of the peer counseling at-home visits, in-depth
interviews of mothers, semistructured interviews with the project
managers (GA) and the project field staff, and focus group
discussion with peer counselors. We collected the data in a
purposively selected sample of intervention clusters to cover
the variations within the households.

Sampling Design and Sample Size
The sample size required was 1950 mother-infant dyads (975
in each treatment group) from 50 clusters with 39 mother-infant
dyads per community cluster recruited over 3 months. The
sample size calculation was estimated with the following
assumptions: Each community cluster had an average population
of 70,000 and an expected crude birth rate of 4.3 per 1000 total
population over 6 months (based on the crude birth rate for
urban Bangladesh of 25.8/1000 population over 36 months from
the 2004 Bangladesh DHS]) thus giving an average expected
number of births of 150 over 3 months per cluster. Previous
research [34] indicated that appropriately 33% of pregnant
women returned to their home village following delivery,
leaving an expected number of eligible births of 200 over 6
months per cluster. We anticipated having 39 mother-infant
dyads per cluster, assuming 95% participation but 22% loss to
follow-up based on earlier research [34] from the approximately
200 mother-infant dyads available in each cluster over 6 months.
We also assumed 90% power and a 5% two-sided α and
intracluster correlation coefficient of 0.015 (based on analyses
of the child anthropometric measurements from the 2004
Bangladesh DHS survey data for urban child populations [53]).
We also expect the difference in the prevalence of stunting
between the treatment groups of 10% (35% in control to 25%
in the intervention group), which is similar to the change
reported in an earlier education intervention for young child
feeding in Peru [54].

Statistical Analyses
Data analysis will be by intention to treat. Analyses will be
conducted at the mother-infant dyad level but will be adjusted
for the community-cluster randomization [55]. The primary
analyses will compare the prevalence of stunting (length-for-age
< –2 z score) in children at 18 months of age using Pearson
chi-square tests and 95% CIs for the group difference, with
adjustments for clustering. We will report the results for 2-sided
5% tests.

Secondary analyses will examine each outcome variable
(length-for-age, percentage EBF, duration of breastfeeding,
percentage doing bottle feeding, percentage giving
complementary feeds, percentage receiving diverse food groups,
and mean nutrient intakes), taking account of the repeated
measurements within children by using separate mixed models.
We will use linear mixed models for the continuous outcomes
(eg, height for age z score, duration of breastfeeding, Ages and
Stages Questionnaire, Bayley, and Wechsler scales) and
generalized linear mixed models for noncontinuous outcomes
(eg, logistic mixed models for binary outcomes, such as
percentage stunted or percentage exclusively breastfeeding).
Models will include the treatment group as a fixed effect and
infants as a random effect to account for the repeated
measurements, and community cluster as a random effect to
account for the cluster effect. The models will evaluate the
impact of the interventions over time by testing for an interaction
between time and the intervention group.

We will conduct analyses to identify the baseline characteristics
of the mother-infant dyads who may benefit most from the
intervention. Model assumptions will be checked, and
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appropriate adjustments to the analysis will be made where
necessary. We will use Stata software (Stata Corp) for all
analyses, with the “mixed” command to fit linear mixed models,
the “melogit” command to fit mixed-effects models for binary
outcomes, and the “mepoisson” command to fit mixed-effects
models for event count data.

Research Ethics
We obtained ethical approval for the study from the research
ethics committee of icddr,b (#PR-10001) and The University
of Sydney (#12900). Trained field staff carefully explained the
background and objectives of the study to the women and gave
a written information sheet to all women contacted. We obtained
written informed consent from those women who agreed to
participate in the study. We will maintain the privacy,
anonymity, and confidentiality of the information provided by
respondents during all phases of the trial. We will store all
information in an encrypted database with the participant's study
identifier instead of with personal identifiers. Only the
investigators and an authorized data management team will
have access to collected data.

Data Access
All data collected will be accessible by the study investigators,
who will have the right to analyze and publish data. We will
make the relevant anonymized individual-level data available
upon reasonable request.

Results

Using satellite maps, we digitized all structures in the study
areas, and from a brief census of all mapped residences, we
identified a population of 65,535 people. We created a
population database linked to the map structure and applied this
information to define 36 clusters with 500-meter buffer zones.
We randomly allocated the 36 clusters in an equal ratio to
intervention or control groups but stratified by the
socioeconomic status of the clusters. We screened for pregnant
women in all residences and identified 5377 eligible pregnant
women.

From July 2011 to May 2013, we carried out a baseline survey.
In the third trimester, we examined 2050 pregnant women,
including 1056 women in the intervention group and 994 women
in the control group. The women participating in the trial had
1883 birth outcomes, with 993 in the intervention group and
890 in the control group. The study followed up the women
who delivered the infants until 18 months of life. In December
2012, we began assessing the original cohort and completed 18
months of study follow-up in October 2014 for participants.
Among them, 692 in the intervention group and 551 in the
control group remained in the study until 18 months follow-up,
with 301dropouts in the intervention and 339 dropouts in the
control group. We continued evaluating the cohort until the
children were 36 months of age, with child growth and
development outcomes measured at 24 and 36 months. The
long-term follow-up began in January 2015 and ended in
February 2017. We have now completed the data cleaning and
processing and have started analyses of the data.

Discussion

The 2008 Lancet Maternal and Child Undernutrition series
called for high quality “how-to” research to become a priority
[9,56]. It is now widely accepted that the lack of EBF and
inappropriate complementary feeding are critical factors
contributing to undernutrition, morbidity, and mortality in
children. However, interventions to improve these critical factors
have had mixed success. Ascertaining what works and what
does not work is important for continuing progress on alleviating
undernutrition in children. We describe the protocol and
processes for implementing a randomized controlled trial in
urban Dhaka, Bangladesh. The trial aims to test the efficacy of
peer counseling to improve breastfeeding and complementary
feeding practices and reduce undernutrition in children under
4 years of age. Breastfeeding is almost universal in Bangladesh,
and the rates of EBF have increased in recent years; however,
the prevalence of appropriate complementary feeding remains
low. The latest available representative data (from 2017 to 2018)
show that 65% of children aged under 6 months are exclusively
breastfed, and only 34% of children aged 6 to 23 months are
fed appropriately according to recommended infant and young
child feeding practices [5,57]. Previous studies conducted in
urban areas of Bangladesh using individual peer counseling
have shown significant increases in EBF rates [34]. Our research
will build on this work and evaluate extended peer counseling
supporting both breastfeeding and complementary feeding.

There are several limitations and challenges to the
implementation of our study. One challenge will be recruiting
peer counselors from a highly mobile urban mobile population
and working effectively in urban slum communities. Another
challenge will be training peer counselors drawn from the same
disadvantaged neighborhoods to provide support to mothers
and information about appropriate breastfeeding and
complementary feeding. Recruiting and retaining working
women with many competing demands will also be a major
challenge, potentially contributing to loss to follow-up in the
trial.

There is an urgent need to develop and disseminate effective
interventions to improve complementary feeding, and this
project will help resolve this information gap. There have been
no interventions that include peer counseling to improve infant
feeding practices implemented over the critical window of the
first 1000 days and beyond to 36 months of life. This study will
help fill the evidence gap regarding the long-term impact of
peer counseling on improving infant feeding, preventing
childhood undernutrition, and enhancing child cognitive
development. The intensity and duration of this intervention
are likely to result in a reduced rate of undernutrition. They can
be adapted for various contexts and used by public health
planners in other developing countries. The publications
expected to arise from this research will contribute substantially
to the evidence base. They will help with the development of
public health nutrition policies for children in South Asia.
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Abstract

Background: Black men who have sex with men (BMSM) suffer from alarmingly high rates of HIV in the United States.
Pre-exposure prophylaxis (PrEP) can reduce the risk of HIV infection by 99% among men who have sex with men, yet profound
racial disparities in the uptake of PrEP persist. Low PrEP uptake in BMSM is driven by poor access to PrEP, including inconvenient
locations of PrEP-prescribing physicians, distrust of physicians, and stigma, which limit communication about PrEP and its side
effects. Previous work indicates that offering HIV prevention services in pharmacies located in low-income, underserved
neighborhoods is feasible and can reduce stigma because pharmacies offer a host of less stigmatized health services (eg,
vaccinations). We present a protocol for a pharmacy PrEP model that seeks to address challenges and barriers to pharmacy-based
PrEP specifically for BMSM.

Objective: We aim to develop a sustainable pharmacy PrEP delivery model for BMSM that can be implemented to increase
PrEP access in low-income, underserved neighborhoods.

Methods: This study design is a pilot intervention to test a pharmacy PrEP delivery model among pharmacy staff and BMSM.
We will examine the PrEP delivery model’s feasibility, acceptability, and safety and gather early evidence of its impact and cost
with respect to PrEP uptake. A mixed-methods approach will be performed, including three study phases: (1) a completed formative
phase with qualitative interviews from key stakeholders; (2) a completed transitional pilot phase to assess customer eligibility
and willingness to receive PrEP in pharmacies during COVID-19; and (3) a planned pilot intervention phase which will test the
delivery model in 2 Atlanta pharmacies in low-income, underserved neighborhoods.

Results: Data from the formative phase showed strong support of pharmacy-based PrEP delivery among BMSM, pharmacists,
and pharmacy staff. Important factors were identified to facilitate the implementation of PrEP screening and dissemination in
pharmacies. During the transitional pilot phase, we identified 81 individuals who would have been eligible for the pilot phase.

Conclusions: Pharmacies have proven to be a feasible source for offering PrEP for White men who have sex with men but have
failed to reach the most at-risk, vulnerable population (ie, BMSM). Increasing PrEP access and uptake will reduce HIV incidence
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and racial inequities in HIV. Translational studies are required to build further evidence and scale pharmacy-based PrEP services
specifically for populations that are disconnected from HIV prevention resources.

International Registered Report Identifier (IRRID): DERR1-10.2196/35590

(JMIR Res Protoc 2022;11(2):e35590)   doi:10.2196/35590

KEYWORDS

PrEP; MSM; HIV; prevention; pharmacy; implementation; pre-exposure prophylaxis; men who have sex with men; protocol;
integration; dissemination; prophylaxis; screening; race; demographic; sex; sexuality; development; access

Introduction

Black men who have sex with men (BMSM) bear the highest
burden of HIV in the US. Between 2015 and 2019, HIV
diagnoses decreased by 18% for White men who have sex with
men (WMSM) but decreased only by 5% for BMSM [1,2]. In
Georgia—where the proposed study will take place—Black
individuals make up less than 40% of the population but
represent 71% of new HIV diagnoses [3]. Pre-exposure
prophylaxis (PrEP) is the single most effective HIV prevention
strategy, yet it is underutilized among BMSM. When taken
every day, PrEP reduces the risk of HIV infection by
approximately 99% among MSM, yet profound racial disparities
in the uptake of PrEP persist [4-6]. Studies estimate that 48-70%
of BMSM are willing to use PrEP [7,8]. Yet, uptake among
Black individuals is only about 10% [9]. Lower insurance rates
among Black compared to White individuals [10] may be a
barrier to PrEP uptake. But, evidence of comparable insurance
rates among BMSM and WMSM [11], federal legislation
mandating PrEP coverage by insurance companies, and
supplementary PrEP prescription payment programs do not
completely explain significant inequities in PrEP uptake [12].
Indeed, limited access to PrEP, including inconvenient locations
of PrEP-prescribing physicians [8,13-17], distrust of physicians,
and stigma, which limit communication about PrEP and its side
effects [13,17], are noted as critical barriers to PrEP that must
be improved to reduce HIV [7,8].

There is a strong scientific premise for increasing PrEP delivery
in pharmacies to improve PrEP uptake among BMSM. About
95% of Americans live within 5 miles of a pharmacy;
pharmacies have flexible hours, and pharmacists have high
credibility with community members [18]. Studies have shown
pharmacies can engage with high-risk populations to reduce
HIV risk behaviors [19-22] and provide primary prevention
services, including immunizations [23], blood pressure
screenings [24], and HIV testing [25-28]. PrEP has also been
sustainably offered in some pharmacies. In one Seattle
pharmacy, almost 100% of mostly WMSM patients initiated
PrEP, and 75% followed up for continued PrEP [5]. Following
this, 188 Walgreens across the US have offered PrEP through
their existing in-pharmacy clinics [29,30]. Existing pharmacy
PrEP models, however, have not been tailored for BMSM and
are critically needed to reduce HIV transmission and ultimately
end the HIV epidemic [31]. Prior work indicates that offering
HIV prevention services in pharmacies located in low-income,
underserved neighborhoods is feasible [25] and can reduce
stigma because pharmacies offer a host of less stigmatized health
services (eg, vaccinations) [29]. Further, both MSM and

pharmacists have expressed strong support for PrEP screening
and dispensing via pharmacies, given their convenience and
accessibility [32]. Thus, pharmacy-based HIV prevention
services could help overcome stigma and access barriers such
as travel.

This protocol describes the development of a culturally
appropriate pharmacy PrEP delivery model for BMSM who
live in low-income, underserved neighborhoods. This study
aims to (1) develop a pharmacy PrEP delivery model by
evaluating the barriers to and facilitators of integrating PrEP
into existing pharmacy practice among key stakeholders (eg,
pharmacists, technicians, PrEP-prescribing physicians, and
BMSM); (2) evaluate eligibility and willingness to receive PrEP
in pharmacies among BMSM and collect data on customer
engagement with PrEP delivery information from pharmacy
staff during COVID-19; and (3) pilot test the pharmacy PrEP
delivery model and examine its feasibility, acceptability, and
safety with respect to PrEP uptake at baseline and at 3-months
(the clinically suggested follow-up period) among BMSM.

Methods

Design and Evaluation
This pilot intervention tests a pharmacy PrEP delivery model
among pharmacy staff and BMSM. We will examine the PrEP
delivery model’s feasibility, acceptability, and safety. A
mixed-methods approach will be performed, including three
study phases: (1) a completed formative phase with qualitative
interviews from 30 key stakeholders including BMSM,
pharmacists and pharmacy technicians, and PrEP prescribing
clinicians; (2) a completed transitional pilot phase to assess
customer eligibility and willingness to receive PrEP in
pharmacies during COVID-19; and (3) a planned pilot
intervention phase which will test delivery of a pharmacy-based
PrEP model provided to 60 BMSM in 2 pharmacies in
low-income, underserved neighborhoods. We will describe the
recruitment, data collection, and planned analyses for each
phase.

Ethics Approval
Ethics approval was obtained from the Emory University
Institutional Review Board (IRB00106370).

Recruitment

Formative Phase
A detailed description of the recruitment strategy can be found
elsewhere [32]. In brief, participant recruitment during the
formative phase varied by key informant group. For pharmacists
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(n=10) and technicians (n=10), all pharmacies in the highest
HIV zip code in Atlanta, as shown by AIDSVu, were identified.
AIDSVu is an online, interactive display of HIV prevalence
across the US [33]. Using an existing list of all pharmacies in
the state of Georgia obtained from the Georgia Board of
Pharmacy, we generated a list of pharmacies from high HIV
zip codes and then randomly called each pharmacy to determine
whether pharmacists or technicians were interested in
participating in the study. When we were unable to reach a
pharmacy staff person via phone, we visited the pharmacy
during normal business hours.

To recruit BMSM, we relied on referrals from our community
partners who advertised our study during business hours for
MSM seeking HIV prevention services. We also attended
weekly social events hosted by our community partner for
recruitment. Participants were eligible to participate if they were
18 years of age or older and identified as gay, bisexual, or
same-gender-loving.

Transitional Pilot Phase
We enrolled 2 pharmacies located in low-income, underserved
Atlanta neighborhoods. We obtained consent from at least 1
pharmacist and 2 to 3 technicians at each pharmacy to participate
in the study (n=4 per pharmacy).

Posters and flyers were placed in the pharmacy advertising a
study about their health to enroll pharmacy customers (Figure
1). Pharmacy staff also placed flyers in customers’ medication
delivery packages. The posters and flyers included a QR code
that directed customers to an online consent and a 10-question
screener survey. Customers who completed the eligibility
screener received a US $1 pharmacy coupon regardless of their
eligibility in the social behavioral survey. Customers were
eligible for the social and behavioral survey if they were: (1)
male or trans male, and (2) had any type of sex in the past 6
months, (3) engaged in unprotective sex in the past 6 months,
(4) had protected and/or unprotected sex with HIV positive
partners in the past 6 months, or (5) injected any drugs in the
past 6 months. Eligible customers who completed the social
and behavioral survey were compensated US $25 for their time.

Figure 1. Sample flyers and posters used for participant recruitment. PrEP: pre-exposure prophylaxis.

Pilot Phase
Two pharmacies from the final sampling frame developed during
the formative phase will be recruited for the pilot intervention.
Eligible pharmacies must have at least two pharmacy staff that
are willing to perform study activities which include pharmacy

training on the study protocol and methods, informing male
customers about the study, and communicating with study staff
during the customer recruitment period. Pharmacy customers
will be considered eligible and offered pharmacy PrEP access
if they are: (1) male or trans male, and (2) had any type of sex
in the past 6 months, (3) engaged in unprotective sex in the past
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6 months, (4) had protected or unprotected sex with HIV positive
partners in the past 6 months, or (5) injected any drugs in the
past 6 months. Although this PrEP delivery model is being
developed for BMSM, Black race is not included in the
eligibility criteria to avoid profiling and potentially stigmatizing
one racial group. However, since the pharmacies selected to be
a part of the study are located in underserved neighborhoods,
we anticipate that most customers will be racial minorities.

Data Collection

Formative Phase
Measures included in the study will be guided by the systems
engineering initiative for patient safety (SEIPS) multilevel model
[34] in order to evaluate whether pharmacy PrEP delivery is
organizationally feasible and compatible with pharmacy systems.
The conceptual application of SEIPS on pharmacy-based PrEP
delivery is shown in Figure 2. The first line of entry to
improving pharmacy-based PrEP access relies on implementable
study activities. In turn, study activities are completed by the
pharmacists and technicians with support from distal
organizational structures that enable or prohibit tasks in the
pharmacy environment relating to workflow or space. These
include but are not limited to time constraints, compensation
models, and the ability to complete the required activities for

both BMSM and pharmacy staff. Given that pharmacy
organizational factors may also underpin stigma towards HIV
and HIV prevention services, stigma perceptions among each
key stakeholder as well as cultural stigma within the pharmacy
organization will also be assessed. Specific questions for
pharmacy staff included: support for PrEP screening; policies
influencing PrEP delivery; referral and monitoring in
pharmacies; potential barriers to the delivery of an intervention
in a pharmacy; knowledge of epidemiologic data on HIV; sexual
behavior; drug use and PrEP; and sustainability through
pharmacy-physician collaboration. In the interviews, we
described a preliminary pharmacy-based PrEP screening and
delivery model for specific feedback on each step with respect
to advertising, engagement of BMSM, costs, and other concerns.

For pharmacists and technicians, we also performed direct
observation of the pharmacy to understand routine and
nonroutine activities. The door-to-door patient experience of
obtaining a prescription and the process implemented behind
the counter for filling a prescription were characterized using
workflow diagrams for the pharmacy. Patterns were examined
across the pharmacy environment to create an overall description
that best represents a typical prescription dispensing encounter
[35].

Figure 2. Conceptual framework integrating pharmacy work system influencing PrEP. PrEP: pre-exposure prophylaxis.

Transitional Pilot Phase
Two pharmacies were chosen to estimate how many customers
would be eligible for the pilot phase. Among those who would
be eligible, we assessed their willingness to receive PrEP in
pharmacies through an electronic social and behavioral survey.
The 20-minute social and behavioral survey included questions
on demographics, sex and drug use risk behaviors, mental health,
social exposures, and the feasibility, acceptability, and safety
of the intervention.

Pilot Phase
Pharmacy staff will discreetly inform men (n=60) about the
study and determine their willingness to complete an electronic
20-minute social and behavioral screener immediately or
schedule an appointment to do so (Figure 3). Pharmacy staff
will keep a record of those they approach about the study using
an electronic log. Men who agree to participate will be directed
to an area where they can privately provide electronic informed
consent and complete the survey. If they are willing to
participate at a later time, they will be scheduled, and their
customer visit will be logged. To circumvent potential literacy
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issues, the participant will listen to questions via headphones and mark their answers using the touchscreen computer.

Figure 3. Pilot study activities flow chart. BMSM: Black men who have sex with men; PrEP: pre-exposure prophylaxis.

The survey will ascertain demographics, sex and drug use risk
behaviors, mental health, social exposures, and the feasibility,
acceptability, and safety of the intervention. Individuals who
report behavioral eligibility for PrEP according to Centers for
Disease Control and Prevention guidelines [6] will be offered
the opportunity to participate in clinical screening tests by
pharmacy staff. The CDC defines PrEP behaviorally appropriate
individuals as those who report: (1) having an HIV positive
partner or (2) being a gay or bisexual male who engages in
unprotected anal intercourse or has had a sexually transmitted
infection (STI) in the past 6 months or (3) being a heterosexual
male who engages in unprotected intercourse with partners of
unknown HIV status who are at substantial risk of HIV infection
[6]. We will program the surveys to automatically identify
individuals who are behaviorally appropriate for PrEP, and at
the end of each survey, a password-protected document will be
automatically created that informs the pharmacists or technician
if the individual is eligible for the clinical PrEP screening. The
pharmacist/technician will only have information on whether
the person is eligible or not. They will not know the specific
reason that person is eligible as this information will be included
in the individuals’ specific data that the pharmacist/technician
does not have access to.

Men who are behaviorally eligible for PrEP and agree to the
clinical screening tests will be provided with a prepackaged kit
of self-administered tests for HIV, rectal chlamydia, syphilis,
and gonorrhea and directed back to the private area of the
pharmacy to perform their screenings. Video and visual
instructions will be provided on a tablet and paper to guide men
through the process of each test. Men will also be able to reach

a study staff member via phone or videoconference for questions
about specimen collection. Those who are not comfortable being
screened in the pharmacy will be counseled on the importance
of PrEP and HIV prevention and will be given a referral to our
community partner. The pharmacist or technician will interpret
the results of a rapid HIV OraQuick, rapid rectal chlamydia,
syphilis, and gonorrhea tests. Given the sensitivity of the
HIV-testing results, the pharmacist will examine those results
first in case an individual tests positive. Pharmacy technicians
will be trained to deliver HIV negative results, STI results, and
creatinine results. The pharmacy will be provided with a
documentation system for maintaining the participants' results
in a locked file cabinet. Individuals who have an inconclusive
HIV test will be told that their test is inconclusive and will be
referred to our community partner for a confirmatory HIV test.
If a customer tests positive for HIV during the PrEP screening,
he will be immediately sent for confirmatory testing and linkage
to treatment. Pharmacists will dispense a 7-day starter PrEP
prescription for customers who test negative for HIV. They will
also be given an appointment with a PrEP-prescribing clinician
within the 7-day period. We will complete a 3-month follow-up
phone call with men prescribed PrEP to determine whether they
continued PrEP use.

Planned Analyses

Formative Phase
All interviews were audio-recorded for verbatim transcription
and data analysis. Audio data was immediately transferred to a
secure server following every interview. Interviews were
transcribed by research assistants with masters-level training
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in public health and qualitative methods. The research team
used a thematic approach [36] using code lists developed
inductively from the literature and deductively from the research
objective. The code lists were organized by listing codes,
definitions, and example quotes from the transcripts. To enhance
intercoder reliability, 2 researchers recoded the same transcripts,
refined the code lists, and recoded the transcripts. Once coded,
all texts were reviewed to conceptualize the inter-relationship
between themes and how they related to the research questions.
The research team used MAXQDA Analytics Pro (VERBI
Software) for data analysis.

Transitional Pilot Phase
Exploratory data analysis (EDA) was conducted through data
editing using SAS to (1) describe the population of pharmacy
patients screened and eligible for PrEP, and (2) examine
correlates of willingness to obtain HIV prevention services in
the pharmacy. Differences between two means (or medians)
were tested using t tests or rank tests, and categorical variables
will be compared between groups using chi-square tests.

Pilot Phase
Formation of new variables and collapsing variables will be
done when exploring the proportion and correlates of feasibility,
acceptance, safety, and PrEP use at baseline and at 3-months
among BMSM. EDA will be conducted through data editing
using SAS. EDA will include calculation of means, medians,
percentages, proportions, standard deviations, and
skewness/kurtosis as appropriate. If outliers or nonstandard
distributions exist, variable transformations or standardized
cut-points in the data will guide the recoding of continuous
variables. Externally validated standards will be used to recode
the data if possible. The influence of outliers will be assessed
and medians (or rank tests) used if required. Differences between
two means (or medians) will be tested using t tests or rank tests,
and categorical variables will be compared between groups
using chi-square tests, exact tests, and with 95% confidence
intervals to guide interpretation. Correlates of interest include
health insurance, sexual behavior, substance use, and HIV
testing behavior. Other relevant mediators and confounders will
include variables such as previous or consistent access to health
care. We plan to separately examine the relationship between
each confounder and outcome of interest using t tests or rank
tests on continuous measures and exact tests on categorized
values if categorizations are used. Initial unadjusted comparisons
will be made using exact tests. If significant bivariate
associations are found, we will incorporate these exposures as
covariates using linear regression for continuous variables and
logistic regression for binary variables where sample size allows.

Results

Formative Phase
Textbox 1 describes the major findings of the formative
interviews for each key stakeholder group. Overall, BMSM,
pharmacists, and pharmacy technicians show strong support for
pharmacy PrEP delivery. We found important differences
between the pharmacist and technician reports that would impact
the integration of PrEP into pharmacies. Specifically,
pharmacists strongly suggested pharmacy staff training to better
support PrEP screening for and dispensing PrEP to patients at
high HIV risk, whereas pharmacy technicians highlighted
privacy concerns and community support of a pharmacy-based
PrEP model.

In the BMSM interviews, we created vignettes to elicit support
for pharmacy-based PrEP and asked open-ended questions. The
use of the vignette method facilitated increased discussion of
sensitive topics and allowed participants to actively participate
and place themselves in the hypothetical scenario, which
provided greater depth in their responses. For example,
participant responses spoke directly to how they would interact
with the pharmacist or pharmacy technician and how the
pharmacy’s physical space would impact their comfort and
perceived privacy. In fact, participants highlighted additional
features that would enhance their experience and comfort in
this setting, such as a PrEP expert who was on staff wearing a
pin to highlight that they were the person to speak to if a
customer needed more information.

During the BMSM interviews, we also pilot tested the
self-administration of an open-source, electronic social network
data collection software, Network Canvas. We used the think
aloud method, which is a robust and flexible research technique
used to perform usability testing by gathering qualitative
information from participants on their cognitive process while
completing the interview. Our results suggest that participants
were willing to use Network Canvas and found it to be feasible
and generally easy to use. However, the sociogram feature,
which captures data on the complete social network, required
the most instruction for participants. While participants believed
that the design of Network Canvas was easy to understand, they
had suggestions for improvement, including more intuitive
forward buttons with labels noting which was the next step.
They suggested the inclusion of a brief tutorial before allowing
participants to complete the social network inventory on their
own. They also noted a need for features and tools to be
consistent on each data collection page to improve the
application’s intuitiveness.

JMIR Res Protoc 2022 | vol. 11 | iss. 2 | e35590 | p.252https://www.researchprotocols.org/2022/2/e35590
(page number not for citation purposes)

Crawford et alJMIR RESEARCH PROTOCOLS

XSL•FO
RenderX

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


Textbox 1. Data collection from BMSM, pharmacists, and pharmacy technicians. BMSM: Black men who have sex with men; PrEP: pre-exposure
prophylaxis.

BMSM:

• Strong support of pharmacy PrEP delivery model.

• Men frequently made frequent purchases and obtained prescriptions and some health services at pharmacies.

• Some men had pre-existing relationships and trust for pharmacy staff.

• Men found pharmacies to be conveniently located and more accessible in their neighborhoods.

• Privacy, confidentiality, and specialized training in HIV and PrEP were important for being comfortable engaging in HIV prevention services.

Pharmacists:

• Strong support of pharmacy PrEP delivery model.

• High levels of comfort providing HIV prevention services, including HIV and STI testing, were reported.

• Increased training for pharmacists and pharmacy staff is needed to help counsel patients.

• Existing infrastructure (eg, relationships with physicians and HIV community organizations, ability to work through payment programs) would
support pharmacy PrEP delivery.

• High willingness to make additional structural changes (eg, signage, electronic tablets, off-site training) to promote PrEP delivery.

Pharmacy technicians:

• Strong support of pharmacy PrEP delivery model.

• Strong willingness to obtain HIV prevention and PrEP training, including HIV testing training.

• Increased training for pharmacists and pharmacy staff is needed to help counsel patients.

• Pharmacy technicians are responsible for a number of tasks that could also support PrEP delivery (ie, provision of health and payment information
to the patient, prescription and vaccination preparation, etc).

• There are important limitations on the scope of services technicians are allowed to perform (eg, vaccination administration).

Transitional Pilot Phase
During the transitional pilot phase, 406 individuals completed
a 10-question screening survey. Of those, we identified 81
(19.9%) individuals who would have been eligible for the pilot
phase based on engaging in high-risk behaviors that would deem
them eligible for PrEP. Among this group, 34 (42%) were

eligible based upon reported injection drug use with or without
risky sexual behaviors, and 47 (58%) were eligible based upon
sex risk behaviors alone (Table 1). Most individuals in the
sample (50/81, 63%) made US $20,000 or fewer in the past 12
months. Almost half (35/81, 43%) reported ever being homeless,
with 17 (20.9%) individuals reporting being homeless in the
past 6 months.
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Table 1. Socio-demographics of the transitional pilot phase study population by injection drug use with or without risky sexual behaviors.

Sex risk only (N=47)Injection drug use with or without sex risk (N=34)Total (N=81) 

31 (2-33)30 (27-32)31 (28-32)Age (years), median (IQR)

Sex, n (%)

47 (100.0)32 (94.1)79 (97.5)Male

0 (0.0)2 (5.9)2 (2.5)Female

Race/ethnicity, n (%)

10 (21.3)24 (70.6)34 (42.0)Hispanic, Latino, or Spanish

5 (10.6)12 (35.3)17 (21.0)Black or African American

32 (68.1)15 (44.1)47 (58.0)White

Marital status, n (%)

23 (48.9)16 (47.1)39 (48.1)Single, never married

9 (19.1)7 (20.6)16 (19.8)Married, or in a domestic partnership

2 (4.3)10 (29.4)12 (14.8)Divorced, separated, or widowed

13 (27.7)1 (2.9)14 (17.3)Prefer not to answer

Highest level of school completed, n (%)

9 (19.1)15 (44.1)24 (29.6)Less than a college degree

38 (80.9)19 (55.9)57 (70.4)College degree or greater

Total legal income in past 12 months (USD), n (%)

32 (71.1)18 (52.9)50 (63.3)≤$20,000

13 (28.9)16 (47.1)29 (36.7)>$20,000

Housing history, n (%)

22 (46.8)13 (38.2)35 (43.2)Ever been homeless

13 (59.1)4 (30.8)17 (48.6)Homeless in past 6 months

Pilot Phase
No preliminary results are available.

Discussion

Pharmacies have proven to be a feasible source for offering
PrEP for WMSM [5,29] but have failed to reach the most at-risk,
vulnerable population—BMSM [5]. Our preliminary data
indicate that directing pharmacy-based services to communities
with a high baseline HIV prevalence could reach individuals at
high risk for HIV transmission. State regulations limit
pharmacists’ ability to screen and prescribe PrEP in 21 states,
so many pharmacies use nurse practitioners (NPs) to administer
PrEP programs [29]. But pharmacies in low-income,
underserved neighborhoods often lack NPs. Thus, we have
designed a multilevel intervention that does not solely rely on
pharmacists or NPs to screen BMSM for PrEP. The pilot test
of this model will determine the feasibility and acceptability of
these procedures in the pharmacy environment. Our ability to
increase PrEP access and uptake with pharmacy-delivered
services could substantially reduce HIV incidence and racial
inequities in HIV.

This study will shift the current paradigm of HIV prevention
service delivery for BMSM in three critical ways. First, the
proposed model will be developed such that pharmacy PrEP

delivery could be achievable for most pharmacists in the US
who currently lack the pharmacy-level resources to screen men
for PrEP. Second, the proposed research employs a multilevel
approach to pharmacy PrEP delivery that assesses not only the
population receiving PrEP (BMSM) but also the pharmacy staff
who are critical to disseminating PrEP. Evaluation of this model
from the targeted population and pharmacy perspective is critical
as many pharmacy-based studies have already shown important
effects on HIV prevention outcomes among the targeted
population, but none have been sustained beyond the study time
frame [5,19,21,22,25-28]. Evaluation of each of the pharmacy
factors will be guided by SEIPS, a model that is anchored in
the industrial engineering subspecialty of human factors but
new to public health and behavioral sciences. Given that the
model is designed to optimize the system around a given
individual (here, BMSM), it can help to identify key barriers
and processes that care impair their ability to access PrEP.
Hence, the study findings will provide a much-needed
understanding of how to incorporate and sustain expanded
services by characterizing specific breaks within the pharmacy
work system that promote or weaken pharmacy PrEP delivery.
Third, to efficiently screen for PrEP eligibility, we will use HIV
and STI self-testing kits in a pharmacy—rather than a clinical
or home setting [37,38]. This has the secondary benefit of
increasing HIV testing.
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We acknowledge that this study is subject to a number of
limitations. First, selection bias may occur if a customer refuses
to enter the study, potentially limiting the generalizability of
the MSM sample. Given that this study’s purpose is to test the
feasibility of the intervention, we are not concerned about the
lack of generalizability of the sample. However, to roughly
assess the potential for this bias for a future efficacy trial,
pharmacies will record general demographic data on each
customer they engage so that those who refuse materials and
study information can be compared to those who enroll in the
study. These data will be based on observation of race and age
(as opposed to inquiry) so that customers will not be discouraged
from pharmacy use. Second, the drawback with targeted
neighborhood samples is that they may not be representative of
the entire target population (BMSM). Although the study may
be limited in external validity, it is a prudent first step in
examining this population in terms of determining risk for HIV,
willingness to be screened and linked to PrEP, and the
feasibility, acceptability, and safety of pharmacies as sites to
provide PrEP. Third, social desirability bias may occur in the
proposed study, as customer sex and drug risk behaviors will
be ascertained through self-report. The use of electronic surveys
has been shown to improve validity by minimizing invalid
reports, such as socially desirable answers, and by ordering

questions in a manner that will aid in recall. Additionally,
including logic checks in the survey that prevent a respondent
from proceeding on the electronic system if their responses are
inconsistent can reduce invalid reporting [39]. Participants who
consistently contradict themselves in survey responses will be
excluded from these analyses. Fourth, we may have insufficient
power to adequately detect differences in our primary outcome,
given these differences exist. Due to the lack of published (or
preliminary) data available to provide evidence of expanded
pharmacy services for BMSM, this study will provide
preliminary estimates for future efficacy studies. So, it is critical
to note that the main goal of this protocol is to first determine
if pharmacies can manage a PrEP delivery system for this
vulnerable population. This will provide critical information as
to whether or not this program can be scaled up, translated, and
sustained at a community level.

The contribution of the proposed research is expected to be a
sustainable, pharmacy PrEP delivery model that can be
implemented without regulatory barriers to increase PrEP access
in low-income, underserved neighborhoods for BMSM who
have the highest need. This contribution will be significant
because it will lay the foundation for making PrEP available in
pharmacies specifically for populations that are disconnected
from HIV prevention resources.
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Abstract

Background: Prenatal exposure to pesticides has been linked to adverse neurodevelopmental outcomes. Gaps exist in the current
literature about the timing and magnitude of exposures that result in these adverse outcomes.

Objective: The Study of Asian Women and their Offspring’s Development and Environmental Exposures (SAWASDEE) cohort
was established to investigate the impact of prenatal exposure to pesticides on early indicators of cognitive and motor skills,
inhibitory control, emotion regulation, and memory that have been found to be important in the development of subsequent
neurobehavioral and neurodevelopmental diseases. The overarching goal is to find earlier predictors of potential adverse neurologic
outcomes in order to enable earlier interventions that could result in better outcome prognoses.

Methods: Recruitment of this prospective, longitudinal birth cohort began in July 2017 and was completed in June 2019 in
Chom Thong and Fang, 2 farming districts in Chiang Mai Province in northern Thailand. Follow-up of the study participants is
ongoing. During pregnancy, 7 questionnaires were administered. Time-resolved biospecimen samples were collected monthly
(for urine) and during each trimester (for blood) during antenatal care visits. Medical records were abstracted. Infants were
administered the NICU Network Neurobehavioral Scale (NNNS) test at 1 month of age. A total of 322 mother-child pairs completed
the NNNS test. All children will be followed until 3 years of age and undergo a series of neurodevelopmental tests. We will
complete several additional exposure related analyses.

Results: A total of 1298 women were screened, and of those, 394 (30.35%) women were enrolled. The mean gestational age
at enrollment was 9.9 weeks (SD 2.6). Differences in literacy were observed between Chom Thong and Fang participants. In
Fang, about 54 of 105 (51.4%) participants reported being able to read in Thai compared to about 206 of 217 (94.9%) participants
in Chom Thong. The percentages were comparable for reporting to be able to write in Thai.
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Conclusions: This longitudinal birth cohort study will inform risk assessment standards for pregnant women in Thailand and
other countries. Building awareness of how insecticide exposure during specific windows of pregnancy affects the
neurodevelopmental trajectories of children in developing countries is a specific need recognized by the World Health Organization.

International Registered Report Identifier (IRRID): DERR1-10.2196/31696

(JMIR Res Protoc 2022;11(2):e31696)   doi:10.2196/31696
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Introduction

Prenatal exposure to mixtures of neurotoxic pesticides is
prevalent worldwide and has the potential to disrupt and
irreversibly alter neurologic development [1-3]. In 2017,
approximately 8.8 billion pounds of pesticides were used
worldwide [4]. Agricultural workers with occupational exposure
to pesticides, on average, have greater exposure than the general
population [5]. The agricultural sector comprises approximately
30% of the total workforce in Thailand, and an estimated 70%
of the Thai population lives in rural areas [6,7]. Because of their
widespread use in Thailand, exposure to pesticides is common
[7,8]. The most abundantly used pesticides in Thailand include
insecticides, such as pyrethroids and organophosphates (OPs)
[8,9], despite their known acute human neurotoxic effects. After
exposure to these pesticides via the diet (low background
exposure) or dermal absorption and inhalation (primary
occupational exposure routes), they are distributed throughout
the body or quickly metabolized and excreted [10]. Urinary
dialkylphosphates (DAPs), 3,5,6-trichloropyridinol (TCPY),
and 3-phenoxybenzoic acid (3PBA) have all been commonly
used as biomarkers of OPs and pyrethroid exposure [10].

Previous human and animal studies have reported that following
exposure, neurotoxic insecticides, including pyrethroids and
OPs, are able to cross the placental barrier and enter the fetal
blood stream [11]. Until now, most studies evaluating prenatal
pesticide exposure and birth outcomes or neurodevelopment
have estimated exposure at only 1 or 2 time points during
pregnancy [5]. The literature consistently reports that pesticide
exposure is associated with adverse health outcomes; however,
the actual outcome measure, exposure measures, and even
susceptibility measures vary [5].

The Study of Asian Women and their Offspring’s Development
and Environmental Exposures (SAWASDEE) study was
conceived to fill some of these knowledge gaps preventing
effective policy implementation. The SAWASDEE study is a
prospective, longitudinal birth cohort study evaluating pesticide
exposure in farmworker women in northern Thailand enrolled
during their first trimester of pregnancy and evaluating
neurodevelopment in their children at multiple time points until
3 years of age. Our study was designed to collect uniquely
refined pesticide exposure data to define critical windows of
effect during pregnancy and to evaluate novel neurological
testing parameters that could predict a child’s
neurodevelopmental trajectory. The study is a multi-institute
initiative and builds upon an existing structure of collaboration
and capacity building between Emory (Atlanta, GA, USA),
Rutgers (Piscataway, NJ, USA), Chiang Mai (Chiang Mai, TH),

and Chulalongkorn (Bangkok, TH) Universities. Our cohort
includes the collection of robust prenatal and postnatal exposure
assessment data; extensive biospecimens, including monthly
maternal urine samples and trimester-specific maternal blood;
and questionnaire data to enable identification of sensitive
windows of exposure to pesticides on development. Children
born as part of the birth cohort are followed longitudinally until
the age of approximately 3 years to test the hypothesis that
prenatal exposure may alter neurodevelopment and that the
neurodevelopmental trajectory can be estimated by first-year
testing parameters.

Because pesticides are not expected to selectively impact a
specific brain region, the study is designed to assess
neurodevelopmental trajectories using behavioral measures of
infant and early childhood function that reflect underlying neural
substrates of visual attention, regulation of emotion, memory,
and inhibitory control. This approach integrates the measurement
of cognitive and emotional development, recognizing that the
regulation of biologically based emotional reactivity, such as
anger or fear, is necessary for successful cognitive development.
Moreover, the child must develop the ability to delay or inhibit
immediate responses in order to achieve higher-level cognitive
skills [12].

The purpose of this paper is to provide a comprehensive
overview of the SAWASDEE cohort profile as a research
resource for potential collaborations, including a description of
the data collected, a description of baseline characteristics, and
a summary of the future plans for the cohort.

Methods

Cohort Development
The SAWASDEE study is based on a longitudinal birth cohort
of women residing in northern Thailand who are agricultural
workers or live on a working farm. The exposures of interest
are pyrethroids and OPs, while the outcomes of interest are birth
outcome and child neurodevelopment. All study procedures
were reviewed and approved by the institutional review board
at Emory University (with Rutgers reliance) and the ethics
review committee at the Research Institute for Health Sciences,
Chiang Mai University (with Chulalongkorn reliance). Informed
consent was obtained from all study participants prior to
enrollment.

Recruitment occurred in Chiang Mai Province in northern
Thailand because of its robust agricultural sector and its
generalizability to other low-/middle-income countries (LMICs)
that are similarly reliant on agriculture. The primary crops in
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Chiang Mai include rice, tangerines, longans, lychee, and
ornamental flowers, with their use of pesticides varying greatly
with the crop grown. For example, fruits trees require a larger
application amount in a shorter application period. Conversely,
rice crops require insecticide application more regularly during
the growing season but at lower quantities. These 2 types of
pesticide application scenarios (ie, high application, short
duration, and low application, longer duration) can be easily
studied in Chiang Mai Province by focusing on 2 of its distinct
districts: (1) Chom Thong and (2) Fang. Chom Thong and Fang
are both agricultural communities located about 60 and 150 km,
respectively, outside of Chiang Mai City. Chom Thong crops
include longans, cut flowers, vegetables, and rice, while in Fang,
located in the mountainous region near the Myanmar border,
tangerines are the predominant crop. The differences in crops
grown in the corresponding districts create a sort of natural
experiment of exposure, allowing us to evaluate the differences
in these scenarios.

Prior to recruitment, we developed and culturally validated,
where appropriate, a detailed set of standard operating
procedures (SOPs) and questionnaires. SOPs were developed
for sample identification numbers and label generation,
biospecimen collection and processing, laboratory testing, and
quality assurance and control (QA/QC) procedures, including
field blank sample collection, bench-level QC and blank
samples, sample compositing, sample randomization for
analysis, and neurological testing. In addition, to facilitate
sample processing and efficient transfer of samples to Chiang
Mai University, we scoped and rented apartments that we

outfitted as satellite laboratories we called “SAWASDEE
houses” located in each of the districts.

Recruitment began in July 2017 and was completed in June
2019. Women were recruited at community and district hospitals
in both districts by trained study nurses. Nurses administered
an initial screening questionnaire to determine eligibility of the
pregnant women. Women were eligible for participation if they
(1) were an agricultural worker or lived within 50 m of an
agricultural field, (2) had a Thai identification card permitting
hospital and antenatal clinic access, (3) resided in their regional
district for ≥6 months and planned residence at least 3 years
after delivery, (4) spoke Thai at home, (5) were in good general
health (ie, no major medical conditions, such as hypertension,
diabetes, thyroid disease, or HIV), (6) consumed fewer than 2
alcoholic beverages per day and did not use illegal drugs [13],
(7) and were at <16 weeks’ gestation. Expectant mothers with
nonsingleton pregnancies or major pregnancy complications
that could affect fetal growth and development were excluded
from further participation at the time of diagnosis.

We screened 1289 women, and of those, 398 (30.88%) met our
enrollment criteria and of which 394 (98.9%) were enrolled. Of
these 394 participants, 322 (81.7%) completed all data collection
(Figure 1) through their child’s neurological visit at 1 month.
Of these 322 participants, 217 (67.4%) were from Chom Thong
and 105 (32.6%) were from Fang, with the proportion of total
participants reflecting their relative population sizes. Most of
the participants who were not retained in the study were
excluded due to pregnancy complications (eg, miscarriage,
blighted ovum) or because they moved away from the study
area.
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Figure 1. Participant selection and enrollment in the SAWASDEE Birth Cohort Study, Thailand 2017.

Questionnaires
Trained research assistants (RAs) and nurses administered each
questionnaire in Thai. These questionnaires included a
recruitment survey to determine eligibility (screening
questionnaire); an intake questionnaire to collect baseline
descriptive statistics; an extensive exposure questionnaire
administered during early, middle, and late pregnancy that
roughly corresponded to trimesters; and a Knowledge, Attitude,
and Practices (KAP) survey of pesticides, collected during the
first and third trimesters. The exposure questionnaires, which

were validated and used in our pilot study [14], included
questions on work-related tasks, household and occupational
use of pesticides, personal habits of parents, food consumption,
household characteristics and cleanliness, medical histories,
maternal nutritional status during pregnancy, and demographics.
These questionnaires include detailed information about the
population characteristics, including information about medical
conditions, medications, weight gain during pregnancy,
education, family assets, supplements taken during pregnancy,
parity, and more. By administering the exposure questionnaire
3 times, we were able to capture any changes that occurred that
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might have altered exposures. The KAP survey was used to
evaluate the participants’ understanding of the toxicity and
potential effects of pesticides and their routine practice related
to pesticides and how those practices changed as pregnancy
progressed. After delivery, an additional 9 questionnaires were
completed over the course of 36 months to ascertain
developmental milestones, maternal intelligence quotient (IQ),
family assets and the home environment, and anthropometrics
of the children to evaluate their nutritional status.

Case Records
The following information was extracted from medical records:
early pregnancy weight and weight gain, parity, past obstetric
history, planned pregnancy, smoking and alcohol consumption,
marital status, occupation, history of illness, and prenatal visit
history, which included gestational age at first visit, subsequent
visit dates, doctor-assessed nutritional status, and compliance
with micronutrient supplementation regimens. These data were
updated at each of the visits to track a variety of indicators,

including maternal nutritional status (using weight gain as a
surrogate) and significant stressors that could complicate the
exposure-effect evaluation. Data extracted from participant birth
records included sex, birth weight, length, gestational age, and
head circumference; appearance, pulse, grimace, activity, and
respiration (APGAR) scores; type and route of delivery;
anesthesia; and information about maternal and neonatal
complications.

Biospecimen Collection
Biospecimens collected from enrolled participants are shown
in Table 1. Most of these samples were processed and archived
for planned future analysis or novel research questions.

Blood, serum, urine, and hair were used for exposure
assessment, with urine being the primary matrix used. Blood
was used for susceptibility biomarker analysis (ie, paraoxonase
1 [PON1] phenotyping), and placenta tissue was used for
transcriptomics analysis.
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Table 1. Questionnaire, biological sample collection, and neurotesting, SAWASDEEa study, Thailand, 2017-2019.

Neurological testingbBiological sample collection (M=maternal, C=child)QuestionnaireVis-
it, n

Time point

Haire
Placen-
ta

Breast

milkd
Meconi-
um

Cord
bloodBloodSwabscUrine

N/AMN/AN/AN/AN/AgMMMIntake, KAPf1Enrollment
<12 weeks

N/AN/AN/AN/AN/AN/AN/AN/AMMaternal exposure (ME)
baseline

216 weeks

N/AN/AN/AN/AN/AN/AMMMN/A320 or 22
weeks

N/AN/AN/AN/AN/AN/AN/AN/AMME 2nd trimester428 weeks

N/AN/AN/AN/AN/AN/AMMMKAP532 weeks

N/AN/AN/AN/AN/AN/AN/AN/AMME 3rd trimester636 weeks

N/AN/AMN/AN/AMN/AN/AN/AMedical chart abstraction7Delivery

NNNSiN/AN/AN/ACN/AN/AN/ACDASSh81-3 days post-
delivery

Visual habituationN/AN/AMN/AN/AN/AN/ACDASS104 months

Visual habituation, Bay-
ley’s Scales of Infant De-
velopment (BSID) motor,
visual paired comparison
(VPC), visual expectation
(VEP), continuous familiar-
ization (CFT), A not B test
(AB)

N/AN/AMN/AN/AN/AN/ACDASS117 months

VPC, VEP, CFT, AB, de-
layed recall, deferred imita-
tion, cross-modal, Labtab
subtests

N/AN/AMN/AN/AN/AN/ACChild exposure (CE)1212 months

N/AN/AN/AN/AN/AN/AN/AN/AN/AInfant Behavior Question-
naire (IBQ), DASS

1212 months

N/AN/AN/AN/AN/AN/AN/AN/AN/AHOMEj1212 months

VPC, VEP, CFT, AB, de-
layed recall, deferred imita-
tion, cross-modal

N/AN/AN/AN/AN/AN/AN/ACBDI, TONIk-IV1318 months

Delayed recognition, de-
ferred imitation, cross-
modal, inhibitory control

N/AN/AN/AN/AN/AN/AN/ACDASS, CE, HOME, Lan-
guage Development Sur-
vey

1424 months

Bayley IIIN/AN/AN/AN/AN/AN/AN/ACDASS, Child Behavior
Checklist (CBCL), Early
Child Behavior Question-
naire (ECBQ), CE

1536 months

aSAWASDEE: Study of Asian Women and their Offspring’s Development and Environmental Exposures.
bA neurological test for this time point is scheduled for 2 sessions, 2 weeks apart, but only 1 sample will be collected from either session.
cSwabs: oral, vaginal, and gut.
dIf breastfeeding at visit time.
eNeed 5 g of hair.
fKAP: Knowledge, Attitude, and Practices.
gN/A: not applicable.
hDASS: Depression Anxiety Stress Scale.
iNNNS: NICU Network Neurobehavioral Scale.
jHOME: Home Observation for the Measurement of the Environment.
kTONI: Test of Nonverbal Intelligence.
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Exposure Assessment
To provide trimester-specific exposure measures during
pregnancy, while still keeping the study costs reasonable, we
created trimester-specific urine composites from each participant
but still retained the original discrete samples for later use.

DAPs, TCPY, and 3PBA were measured in these maternal
composited urine samples (Table 2) using established analytical
methods [15-17]. PON1 enzyme activity, a measure of OP
insecticide susceptibility, was measured in maternal serum using
previously established procedures [14]. Other samples were
archived for future use.

Table 2. Measurements to be made in biological matrices or matrices to be archived for future analysis, SAWASDEEa study, Thailand, 2017-2019.

LaboratoryMatrixAnalytes

Insecticide or measure

Chiang Mai University
(CMU)

Maternal urineDAPc metabolitesOPb

EmoryMaternal urineChlorpyrifos (TCPYd)OP

EmoryMaternal urine3PBAePyrethroid

CMUMaternal bloodPON1f enzyme activityOP

Mount SinaiPlacentaN/AgmRNA

Preserved samples

EmoryMaternal bloodDichlorodiphenyldichloroethy-
lene/dichloro-diphenyl-
trichloroethane (DDE/DDT), lead,
mercury

Organochlorines/metals

CMU/EmoryChild urineDAPs/3PBAOP/pyrethroids

CMU/EmoryMeconium, breast
milk, blood/plasma

Chlorpyrifos, permethrin, cyperme-
thrin

OP/pyrethroids

To be determined (TBD)Preserved DNAN/ADNA methylation

TBDVaginal/rectal swabsN/AMicrobiome (maternal vaginal and gut and child gut)

aSAWASDEE: Study of Asian Women and their Offspring’s Development and Environmental Exposures.
bOP: organophosphate.
cDAP: dialkylphosphate.
dTCPY: 3,5,6-trichloropyridinol.
e3PBA: 3-phenoxybenzoic acid.
fPON1: paraoxonase 1.
gN/A: not applicable.

Assessment of Neurological Outcomes
Extensive neurodevelopment examination of each child was
conducted by trained neuropsychologists at the following time
points: 1, 4, 7, 12, 18, 24, and 36 months (Table 3).

Assessment at these intervals represents a significant departure
from previous studies of pesticide exposure and will allow
examination of how pesticides may alter the neurodevelopmental
trajectory of children. For tests administered at more than 1
developmental period, age-appropriate adjustments were made
to increase the difficulty of the test. Infant and child responses
were either scored in real time in the case of visual habituation
tests or scored from digital recordings when testing was
complete. Interrater reliabilities were conducted monthly for
all tests using different videos each month and independent
scoring by psychologists to maintain reliability among testers.
All tests were routinely recorded to allow recheck procedures

and scoring. The neurodevelopmental measures used in our
study included those traditionally used in other birth cohort
studies (eg, Bayley Scales of Infant and Toddler Development
at age 3 years) but also included tests of visual habituation at 4
and 7 months as indicators of visual attention and information
processing, followed by tests of infant memory and executive
function (Tables 1 and 3). The NNNS was used within the first
week of delivery and is a comprehensive assessment of both
neurological integrity and behavioral function. Additionally,
tests of emotion regulation and inhibitory control were
administered to determine how not only cognitive skills but also
emotional development may be altered by exposures to
pesticides. This more comprehensive battery of tests will
enhance our ability to determine whether and at what
developmental period prenatal pesticide exposure alters the
building blocks of later cognitive, motor, and emotional
development.
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Table 3. Description of neurological test, the domain of function assessed by the test, and age of administration, SAWASDEEa study, Thailand,
2017-2019.

MeasureTask descriptionAge (months)Domain/test

Newborn neurological state regulation

Habituation, orientation/attention, motor con-
trol, range of state, regulation of state, autonom-
ic stability, reflexes

Interactive assessment of physiologic
and motor organization arousal and
ability with stimulation; ability to attend
and remain alert

NewbornBehavioral Assessment Scale

N/AN/Ac1NNNSb

Visual attention

Visual habituation, duration of first look, nov-
elty preference

Familiarization with a visual stimulus
followed by pairing with a novel stimu-
lus

4, 7, 10Visual habituation

Look duration, shift rate, novelty preference5 faces and 4 abstract figure patterns
during familiarization with 2 identical

18, 30Visual paired comparison (VPC)

images; tested by pairing with a novel
stimulus

Processing speed

Mean reaction timeOrientation to target stimuli presented to
L and R of midline with 10 baseline and
60 predictable trials

18, 30Visual expectation paradigm

Encoding speed

Trials to criterion (consistent preference for
novel target), look duration, shift rate

Paired faces presented, 1 of which
changes from trial to trial while the other
remains constant

18, 30Continuous familiarization (CFT)
task

Memory

Mean novelty preference score (percentage
time looking at novel stimulus), look duration,
shift rate

Derived from VPC18, 30Immediate recognition

Mean novelty preference scoreFamiliarization with 3D object followed
by visual identification when paired with
new object

18, 30Delayed recognition

Mean percentage of target actions reproduced
in correct order

Modeling series of events with objects
with immediate and delayed reproduc-
tion of sequence

10, 18, 24, 30Deferred imitation

Representational competence

Mean novelty preference score, look duration,
shift rate

Tactile familiarization with 3D object
followed by visual identification when
paired with new object

18, 30Tactual-visual cross-modal transfer

Executive function

Percentage correct trialsToy hidden in counterbalanced hiding
locations based on performance

10, 24A not B test (AB), looking version

Language and overall development

Cognitive scaled score, gross motor scaled
score, fine motor scaled score, receptive lan-

Sensorimotor development, exploration
and manipulation, concept formation,

36Bayley Scales of Infant and Toddler
Development-III

guage scaled score, expressive language scaled
score

memory, receptive/expressive communi-
cation, perceptual motor integration,
motor speed, planning, locomotion, coor-
dination

Number of words, length of phrasesParent report of child's individual word
and phrase expressions

24Language Development Survey

Responsivity, acceptance, organization, learn-
ing materials, involvement, variety

Structured, observational interview of
parental interaction with child and over-
all environment

12, 24HOMEd

Emotion regulation and adjustment
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MeasureTask descriptionAge (months)Domain/test

Occurrence and intensity of behaviors coded
from tape (latency to response, eg, fear); inten-
sity of physical and verbal responses (eg, fa-
cial, vocal, body)

Remote-controlled spider approaches
child; masks displayed 1 at a time; mom
leaves room for 30 seconds; toy that
child has been playing with placed be-
hind barrier; standardized dialogue be-
tween puppets presented by examiner

12Labtab subtests: 1. Fear (a) spider,
(b) masks; 2. Anger (c) maternal
separation, (d) toy behind barrier;
3. Joy (e) puppets

Parent rating of child behavior: negative affect,
surgency-exhaust, effort control

Parent report checklist to survey child
behavior

12Early Childhood Behavior Question-
naire (ECBQ)

Emotionally reactive, anxious/depressed, so-
matic complaints, withdrawn, attention prob-
lems, aggressive behavior, sleep problems

Primary caregiver report of behaviors
during past 2 months

36Child Behavior Checklist (CBCL)

Inhibitory control

Ability to delay in secondsChild waits until instructed to retrieve a
snack

24Snack delay

Latency to touch crayonsChild gives crayons to draw but must
wait

24Crayon delay

Frequency and type of mother intervention,
frequency of child attention to toy (eg, look,
touch)

Child in room full of toys but told by
mother not to play with the toys

24Toy prohibition by mother

aSAWASDEE: Study of Asian Women and their Offspring’s Development and Environmental Exposures.
bNNNS: NICU Network Neurobehavioral Scale.
cN/A: not applicable.
dHOME: Home Observation for the Measurement of the Environment.

The Home Observation for the Measurement of the Environment
(HOME) is a structured interview conducted with the primary
caretaker and child in the home of each participant to observe
and assess the physical environment, family
structure/relationships, and learning environment for the child
[18]. HOME was administered at 12 and 24 months. HOME
has been extensively used across the world, with adaptations
for different cultures, and is predictive of child cognitive
development [19]. Mothers were administered the Test of
Nonverbal Intelligence (TONI)-I as a nonverbal measure of
intelligence in recognition of the effects the mother’s education
and cognitive abilities have on child neurodevelopment. The
Depression Anxiety Stress Scale 21 (DASS-21) is a measure
of maternal depression and anxiety that has been used in
cross-cultural settings, including Asia [20]. The DASS-21 was
administered at the first antenatal visit (1 week after birth) and
at every subsequent child assessment visit to assess the known
effects of maternal depression and anxiety on development.
Although we asked families to estimate their monthly income,
in low- and middle-income agricultural settings, monthly income
estimates are difficult to determine and may not fully capture

the economic health of a family. Therefore, based on the
Economic and Social Research Council (ESRC) Research Group
on Wellbeing in Developing Countries [21], we developed a
family assets questionnaire to augment income estimates [22].

Statistical Analysis

Calculation of Power
We assumed that differences in neurobehavioral estimates for
infants of mothers working on fruit/vegetable farms and those
with mothers working on rice farms will be similar to differences
observed between infants from preterm versus full-term
pregnancies. Thus, Rose et al [23] provided preliminary
estimates, from measurements observed at 24 months, on which
to determine sample sizes. Table 4 provides the outcomes and
estimated total sample sizes (for 1 sample) needed to find a
difference between groups with 80% power using a 2-sided
2-group t test at the .05 significance level. The longitudinal
design of our study provides further power than estimated. Based
on these calculations, 300 infants should provide enough power
to detect differences between groups.
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Table 4. Total sample sizes needed to detect differences in outcomes with 80% power.

nPreterm/higher exposure, mean (SD)Full-term/lower exposure, mean (SD)Neurodevelopmental outcomes

Memory

25855.33 (4.36)57.05 (5.38)Immediate recognition Rose visual paired comparison
(VPC) task percentage novelty

10857.22 (3.65)59.55 (4.82)Immediate recognition Fagan VPC task percentage nov-
elty

24252.08 (21.19)59.3 (18.65)Recall: elicited imitation (percentage correct)

Processing speed

18611.47 (8.5)8.7 (4.12)Encoding speed (trails to criterion)

Attention

1820.19 (0.79)–0.1 (0.58)Mean look duration (composite)

330–0.15 (0.7)0.07 (0.72)Shift rate (composite)

Cohort Characteristics
The baseline characteristics of the study participants were
analyzed and reported by study location (Chom Thong and
Fang). All analyses were performed using SAS V.9.4 (SAS
Institute Inc., Cary, NC, USA).

Results

Participant Characteristics
In total, 1289 pregnant women were administered the
recruitment-screening questionnaire. The primary reasons
screened individuals were not eligible were as follows: (1) their
gestational age was more than 16 weeks (n=266, 20.64%) or
(2) they were agricultural workers or lived within 50 m of an
agricultural field (n=603, 46.78%). Of those individuals eligible
for the study (n=398, 30.88%), 394 (98.9%) women provided
consent to join the study and were enrolled (Figure 1). Among
the participants, 322 (81.7%) completed the study through the
first neurodevelopmental examination of their child, the NNNS.

Of the 322 (Chom Thong n=216, 67.1%; Fang n=106, 32.9%)
mother-child pairs with a completed NNNS, the mean age of

SAWASDEE study participants at enrollment was 25 years (SD
5.3); see Table 5. The mean gestational age at enrollment was
9.9 weeks (SD 2.6 weeks). In Chom Thong, 47 of 216 (21.8%)
and 165 of 216 (76.4%) women reported being legally married
or living as married, respectively, compared to 1 of 106 (0.9%)
and 102 of 106 (96.2%) women in Fang. The mean gestational
age at birth was 38.5 weeks (SD 1.2 weeks), with gestational
age determined by ultrasound or last menstrual period differing
by participant site (n=105/216, 48.6%, and n=106/106, 100%,
determined by ultrasound at Chom Thong and Fang,
respectively). The mean infant birth weight was 3 kg (range
1.7-4.2 kg) and was not statistically significant (P<.05) between
participants from Chom Thong and Fang.

The median and range of exposure measures and PON1 activity
categorizations are shown in Table 6. Overall, exposure to OPs
was higher in Fang than in Chom Thong in keeping with their
crop application rates. Levels of pyrethroids were similar across
sites. Overall, about 29 (9%), 126 (39.1%), and 167 (51.8%) of
322 participants had low, normal, and high PON1 activity, with
more participants in Fang having normal activity than in Chom
Thong.
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Table 5. Descriptive characteristics of the SAWASDEEa cohort, Thailand, 2017-2019.

Fang (n=106)Chom Thong (n=216)SAWASDEE (N=322)Variable

23.9 (5.0)25.5 (5.3)25.0 (5.3)Age of mother at enrollment (years), mean (SD)

23.3 (6.2)22.7 (4.9)22.9 (5.3)Body mass index (BMI) of mother at visit 1 (kg/m2), mean (SD)

1 (0.9)01 (0.03)Missing, n (%)

Ethnicity of the mother, n (%)

8 (7.5)196 (90.7)204 (63.4)Thai

010 (4.6)10 (3.1)Hmong

24 (22.6)1 (0.5)25 (7.8)Thai Yai

06 (2.8)6 (1.9)Karen (Pagayo)

2 (1.9)2 (0.9)4 (1.2)Burmese

5 (4.7)0 (0.0)5 (1.5)Akha

36 (34)0 (0.0)36 (11.2)Pa-Long (Dara-ang)

31 (29.2)0 (0.0)31 (9.6)Lahu

01 (0.5)1 (0.3)Lawa

Mother, highest education level completed, n (%)

46 (43.1)12 (5.6)58 (18.4)None, never attended school

28 (26.1)19 (8.9)47 (14.4)Primary 1-6

20 (18.3)86 (39.6)106 (32.4)Junior high/high school

7 (6.2)63 (29.3)70 (21.4)High school/did not graduate

4 (3.8)24 (11.4)28 (8.4)Diploma/technical school equivalent

1 (0.9)1 (0.6)1 (0.4)Attended college but did not graduate

011 (5.5)12 (3.4)College graduate or more

Mother able to read Thai, n (%)

54 (50.9)206 (95.1)260 (80.4)Yes

52 (49.1)10 (4.9)62 (19.4)No

Mother able to write in Thai, n (%)

57 (53.8)205 (94.3)262 (81.4)Yes

49 (46.1)11 (5.7)60 (18.4)No

8709.6 (4818.4)11572.4 (9499.0)10615.1 (8336.9)Household income (Thai baht)b, mean (SD)

2911Missing, n

5.7 (3.0)4.9 (2.2)5.2 (2.5)Number of people living in households, mean (SD)

71522Missing, n

Marital status, n (%)

1 (0.9)46 (21.9)47 (14.4)Legally married

102 (96.2)166 (76.6)268 (83.4)Living as married

02 (0.2)2 (0.4)Widowed

02 (0.2)2 (0.4)Divorced

3 (2.8)03 (0.4)Separated

Mother working in agriculture during pregnancy, n (%)c

76 (72.4)182 (84.3)258 (80.4)Yes

29 (27.6)34 (15.7)63 (19.6)No

101Missing, n
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Fang (n=106)Chom Thong (n=216)SAWASDEE (N=322)Variable

Maternal smoking during pregnancy, n (%)

2 (1.9)2 (0.9)4 (1.3)Yes

103 (98.1)214 (99.1)317 (98.7)No

101Missing, n

Gestational age (weeks), mean (SD)

10.2 (2.5)9.7 (2.6)9.9 (2.6)At enrollment

303Missing, n

38.4 (1.2)38.5 (1.1)38.5 (1.2)At birth

145Missing, n

2.9 (0.4)3.0 (0.4)3.0 (0.4)Infant birth weight (kg), mean (SD)

022Missing, n

Infant's sex, n (%)

54 (50.4)105 (48.8)159 (49.5)Male

52 (49.5)110 (51.2)162 (50.5)Female

011Missing, n

aSAWASDEE: Study of Asian Women and their Offspring’s Development and Environmental Exposures.
bA currency exchange rate of 1 Thai baht = US $0.03 is applicable.
cEver/never variable, participants asked in each trimester, and if they ever responded yes, they were considered yes.

Table 6. Concentrations of exposure biomarkers in the SAWASDEEa study, 2017-2022 (N=322).

Fang (n=106)Chom Thong (n=216)SAWASDEE (N=322)Biomarker

Median (range)FOD, %Median (range)FOD, %Median (range)
Frequency of detection
(FOD), %

Exposure measures

150 (43.9-1942)10079.7 (42.6-2852)10086.6 (42.6-2852)100ΣDAPb (nmol/L)

98.3 (8.6-1714)10040.4 (7.3-511)10046.9 (7.3-1714)100ΣDEAPc (nmol/L)

<35.3 (<35.3-275)4735.5 (<35.3-2758)6735.5 (35.31-2758)48ΣDMAPd (nmol/L)

5.36 (<0.31-40.1)945.1 (0.61-41.3)1005.2 (<0.31-41.3)98TCPYe (ng/mL)

0.51 (<0.31-19.8)800.61 (<0.31-6.1)860.58 (<0.31-19.8)843PBAf (ng/mL)

PON1g activity

N/A8N/A9N/Ah9Low

N/A45N/A37N/A39Normal

N/A47N/A54N/A52High

aSAWASDEE: Study of Asian Women and their Offspring’s Development and Environmental Exposures.
bDAP: dialkylphosphate (ΣDAP=sum of all DAP metabolites).
cDEAP: diethyl alkylphosphate (ΣDEAP=sum of all DEAP metabolites).
dDMAP: dimethyl alkylphosphate (ΣDMAP=sum of all DMAPs).
eTCPY: 3,5,6-trichloropyridinol.
f3PBA: 3-phenoxybenzoic acid.
gPON1: paraoxonase 1.
hN/A: not applicable.
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Discussion

Principal Findings
The SAWASDEE study was successfully established to fill
critical gaps in the literature by measuring exposure multiple
times during each trimester of pregnancy, while tracking
neurodevelopmental trajectories in infancy and early childhood.
By establishing the association between exposure biomarkers
during early-to-late pregnancy and these neurodevelopmental
trajectories, we will be able to examine windows of increased
susceptibility to pesticide exposure. This information may result
in specification of vulnerability, resulting in recommendations
for reduction in adverse neurodevelopmental outcomes.

Our enrollment and participant rates were notable, provided the
low population density and complexities of travel in these
regions. The terrain is mountainous and winding; participants
had to often rely on public transportation to make the study
visits. We tried to align our study visits as closely as possible
to their antenatal visits for convenience and reimbursed
participants for travel. However, in some of the worst cases,
participants traveled for up to 4 hours to attend these visits.
Their loyalty to our study was largely a result of the close
relationship our study nurses and RAs developed with the
participants and the immense trust our participants had in them.
Although we believe that the relationships that were established
between field staff and study participants were essential in
preserving study retention, it is also possible there were
behavioral changes in pesticide practices over time due to
unintentional influence by field staff or involvement in the study.
Analysis of the KAP questionnaires from our pilot study
revealed that there was an increase in pesticide-related
knowledge among pregnant women and that influenced changes
in pesticide practices [24]. In this study, we did observe that
many women stop working in agricultural-related fields late in
pregnancy; however, we were unable to discern whether this is
a result of the physical challenges associated with pregnancy,
especially in the third trimester of pregnancy; a natural shift in
agricultural tasks required; or behavioral change from
participating in our study. We hope to disentangle the reason(s)
for a reduction in agricultural work late in pregnancy in future
analyses using the longitudinal KAP data collected in our study.

Limitations
Our study is not without limitations. We may have some
differential bias in gestational age among sites, which we
described above. There is potential for exposure
misclassification because of the contribution of preformed
environmental metabolites to the measured urinary metabolite
levels. However, given that our population is experiencing
occupational exposures that occur after known pesticide
application events, we expect this contribution to be smaller
than if we were evaluating background dietary exposures. We
also did not measure all pesticides to which participants may
have been exposed. Although we have basic dietary information
for mothers during pregnancy, we could not conduct a thorough
assessment of dietary information, such as a food frequency
questionnaire, largely because of funding issues. In addition,

some of our neurological tests have no known cultural norms
for comparison, but our pilot studies have provided insight into
how this can be addressed in our data analyses [14].

Despite our study’s limitations, this is still the first study to
evaluate these neurodevelopmental outcomes in Thailand and
to provide refined exposure measurements during pregnancy.

Strengths
Our study has several strengths. We have time-resolved and
highly sensitive exposure measures from all trimesters of
pregnancy in our participants. This includes 2 distinct exposure
scenarios: long-term, lower-dose pesticide exposure, and
high-dose, intermittent pesticide exposure. The robustness of
exposure and outcome data will allow investigators to evaluate
numerous scientific questions and ultimately improve the
generalizability of associations between pesticide exposure and
neurodevelopmental outcomes. The majority of previous studies
have been conducted using cohorts from high-income countries
and examination in LMICs is lacking. The success of our study
recruitment and retention is largely attributed to the strong
community-centered nature and the respect shown to the field
research staff by study participants. We found this to be
especially true within the Thai culture—individuals have a high
level of respect for health care practitioners. The study also
includes highly refined neurodevelopment assessment with
sensitive measures of early neurointegrity that measure the basis
of later cognitive and motor development. Previous studies have
used clinical measures that are relatively less sensitive to subtle
and early adverse effects. We can evaluate windows of
vulnerability as they relate to specific neurodevelopmental
processes and the trajectory of development. In addition, this
study assesses not only cognitive and motor skills but also
inhibitory control and emotion regulation, not previously studied
with behavioral measures. The NNNS, in addition to the other
neurodevelopmental assessments included in the study, creates
a robust database of neurodevelopment, which can be used to
evaluate several scientific questions related to
neurodevelopment, including evaluating trajectories of
neurodevelopment. The prospective longitudinal data in our
study present a valuable resource for evaluating many scientific
questions. The SAWASDEE study offers potential collaborators
an opportunity to work with robust estimates of exposure and
neurodevelopment. The number of supplemental studies that
are part of the SAWASDEE study continues to increase, and
thus, the database continues to grow, offering investigators an
opportunity to test several hypotheses.

Conclusion
The SAWASDEE birth cohort study provides information
essential for risk assessment paradigms addressing the risk of
prenatal pesticide exposure and neurodevelopment. The cohort
is unique in that it is designed with highly refined exposure and
neurodevelopmental data with the ability to determine
neurodevelopmental trajectories early in infancy with the hope
of early intervention. Successful enrollment followed by high
rates of retention and participation in the study provides a unique
opportunity for evaluating maternal pesticide exposure and child
neurodevelopmental outcomes.
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Abstract

Background: HIV disproportionately impacts criminal justice–involved individuals, including men who experience incarceration.
Men make up the vast majority of those experiencing incarceration as well as those newly diagnosed with HIV infection.
Pre-exposure prophylaxis (PrEP) is a highly effective biomedical intervention that significantly reduces the risk of HIV acquisition.
However, implementation in criminal justice systems is limited. Little is known about effective PrEP implementation and use in
this unique public health context.

Objective: The aim of this study is to characterize the experience of implementing PrEP clinical care in a criminal justice setting
for men vulnerable to HIV acquisition.

Methods: This article describes a PrEP care continuum for men experiencing incarceration who are at increased risk of HIV
acquisition, which can help conceptualize approaches to evaluating PrEP implementation.

Results: The outlined study will enroll 100 men experiencing incarceration at high risk for HIV acquisition prior to release into
the community. The goal is to initiate PrEP prior to release and link individuals to PrEP providers in the community, capturing
barriers and facilitators to PrEP use during this uniquely vulnerable time period for HIV acquisition.

Conclusions: Based on the proposed care continuum and what is known about HIV risk and prevention efforts in the criminal
justice context, we outline key future research efforts to better understand effective approaches to preventing HIV infection among
this vulnerable population. The described approach presents a powerful public health opportunity to help end the HIV epidemic.

International Registered Report Identifier (IRRID): DERR1-10.2196/31928

(JMIR Res Protoc 2022;11(2):e31928)   doi:10.2196/31928
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Introduction

There are approximately 38,000 new HIV diagnoses in the
United States annually [1]. Men make up the vast majority of
new diagnoses, accounting for over 80% of these cases [1]. The
most frequent mechanisms of HIV acquisition are sexual contact

and injection drug use [1]. Men who have sex with men (MSM),
including men who participate in transactional sex with other
men, have a high burden of HIV and comprise approximately
70% of all HIV diagnoses [1,2]. There are also significant racial
disparities within the United States among incident cases of
HIV annually, with racial and ethnic minorities comprising a
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disproportionate number of new cases compared to White
individuals. Black/African American men account for 39% of
new HIV diagnoses, yet represent only 18% of the general male
population, and Hispanic/Latino men accounted for 29% of new
HIV diagnoses while only making up 13% of the general
population [3]. Among MSM, Whites have a 1 in 11 lifetime
risk of HIV acquisition, compared to Black/African American
men, who have a 1 in 2 risk and Hispanic/Latino MSM, who
have a 1 in 5 lifetime risk [4]. The most frequent mechanisms
of HIV acquisition are sexual contact (88%) and injection drug
use (7%-11%) [1].

Criminal justice–involved individuals in the United States are
among the most vulnerable to and heavily impacted by HIV
[5]. Individuals with a history of incarceration have a rate of
HIV infection that is 3-5 times that of their nonincarcerated
counterparts [6]. One in 7 people living with HIV pass through
the criminal justice system each year [7]. The rate of
incarceration for men is 10 times greater than that for women
[8]. Black/African American men are also 6 times as likely and
Hispanic/Latino men are more than twice as likely as White
men to be incarcerated [9]. Criminal justice involvement is
highly prevalent among people who inject drugs, with an
estimated 72.2% reporting a history of incarceration [5].
Following release, criminal justice–involved individuals are
more likely to participate in sexual and substance use behaviors,
including injection drug use, that place them at increased risk
of HIV infection and overdose [10-17]. Complex, intersecting
social and structural forces place racial and ethnic minority
populations in particular at increased vulnerability to both
criminal justice involvement and HIV acquisition.

Although incarceration represents an opportunity to test criminal
justice–involved individuals who are at risk for HIV and link
them to HIV and/or pre-exposure prophylaxis (PrEP) care in
the community as needed, surveys conducted in criminal justice
settings show uneven uptake of HIV testing, preventive, and
treatment services among criminal justice–involved individuals
[18]. PrEP is currently available as an oral medication in two
forms: tenofovir disoproxil fumarate and emtricitabine
(TDF/FTC) and tenofovir alafenamide and emtricitabine
(TAF/FTC). Both medications are highly effective at preventing
HIV transmission among MSM [19,20]. TDF/FTC has also
been shown to be effective at preventing HIV transmission
through receptive vaginal intercourse [21] as well as injection

drug use [22]. Importantly, research has shown different
concentrations of TDF/FTC in vaginal compared to anorectal
tissue, leading to different approaches to initiate PrEP and
measure adherence among men and women [23].

Despite its effectiveness, PrEP uptake in real-world settings
among multiply marginalized populations, including criminal
justice–involved individuals, remains low [24]. Although some
research has demonstrated PrEP interest among criminal
justice–involved individuals [25,26], little is known about the
barriers to PrEP implementation during incarceration or the
period immediately postrelease from incarceration [27,28]. What
is known is that there are expressed reasons to decline PrEP
initiation unique to the correctional setting such as institutional
mistrust and the high degree of uncertainty in the postrelease
period [29,30]. A PrEP care continuum is a useful conceptual
tool for identifying facilitators and barriers to PrEP use,
adherence, retention, and persistence in PrEP care [31]. In this
article, we propose a modified PrEP care continuum for criminal
justice–involved populations and then describe an approach to
implementing and assessing PrEP care among criminal
justice–involved men at high risk of HIV infection.

Methods

Defining the PrEP Care Continuum for Criminal
Justice–Involved Populations
The PrEP care continuum can help to conceptualize and structure
PrEP programming in the criminal justice system, including
PrEP awareness, uptake, and adherence, and retention in PrEP
care [31]. The PrEP care continuum has been used as a tool to
better understand the barriers and facilitators to PrEP care for
other vulnerable populations [32-34], but it has yet to be applied
to or extensively studied in the criminal justice–involved
population [35]. Adapting a PrEP continuum unique to criminal
justice environments may help clinical providers and policy
makers to identify gaps and barriers to uptake and develop
specific programming to address them. Ideally, these efforts
will enable successful identification of individuals who meet
the clinical criteria for PrEP use, as well as frame the
development of effective interventions to increase PrEP uptake,
adherence, and retention in care, particularly during the
postrelease period (Figure 1).

Figure 1. PrEP care continuum for incarcerated populations. PrEP: pre-exposure prophylaxis.

There are a number of elements to consider for the successful
implementation of its use within the criminal justice setting.
Although many individuals who pass through the criminal
justice system are at increased risk for HIV, the Centers for
Disease Control and Prevention (CDC) provides guidance for

the clinical criteria for PrEP use that should be used when
identifying individuals that are indicated for PrEP [36].
Additionally, for PrEP to be effective, adherence to the
medication is crucial [22,37]. Finally, persistence in PrEP care
is defined as maintaining all aspects of recommended PrEP
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clinical care during a defined period (ie, attending care
appointments, attending lab visits, taking medication as
prescribed) [38]. For individuals with ongoing HIV risk,
persistence in PrEP care should extend for as long as it is
indicated.

Within the three phases of the continuum (PrEP awareness,
uptake, and adherence), the steps are the following: (1) identify
incarcerated individuals at highest risk for contracting HIV, (2)
refer to health care provider within the criminal justice system,
(3) increase PrEP awareness among those individuals, (4) assess
willingness to take PrEP, (5) prescribe, and (6) initiate PrEP
while still incarcerated, (7) link to PrEP care in the community,
(8) support adherence to PrEP, (9) retain individuals in care,
and (10) support persistence in PrEP care. This multistep process
highlights the potential complexity of implementing a clinical
intervention within a criminal justice context and then linking
individuals to clinical care in the community upon release.

The challenges of successfully defining and implementing a
care continuum have been more thoroughly studied among
individuals who are living with HIV. Interventions to diagnose,
initiate treatment for, and link people living with HIV to care
in the community have become an important public health
priority with a significant impact on the trajectory of the
epidemic in the United States [5,39]. In order to broaden the
public health impact of using the criminal justice system as a
potential focal point for effective HIV prevention interventions,
it is important to understand effective implementation strategies
and interventions to promote PrEP uptake among the diverse
populations that are both disproportionately impacted by HIV
and criminal justice involvement. 

The PrEP Care Continuum

Identify Incarcerated Individuals at Highest Risk for
Contracting HIV
The variability in the availability of HIV screening and
preventive services in the correctional setting presents one of
the biggest challenges to successfully implementing PrEP care
in the criminal justice system. This challenge is compounded
in part by the potentially high volume of criminal
justice–involved individuals who meet CDC criteria for PrEP
initiation, but who may not self-identify as being at risk for
HIV. There may be a number of reasons why individuals do
not self-identify as being at risk for HIV acquisition including
stigma, fear of legal repercussions for disclosing criminal
behavior, or a lack of awareness of the risk of acquiring HIV
from certain behaviors [40-42]. Perhaps the greatest public
health benefit of PrEP use would be among pretrial individuals
who are detained in the country’s jail systems [43]. With a high
volume of individuals who often spend a short period of time
in confinement, quickly identifying individuals who are at
increased risk of HIV acquisition and then linking them to HIV
preventive care in the community poses significant challenges
but could have a significant public health benefit. A different
approach for identifying individuals who would benefit from
HIV preventive care among the sentenced population, many of
whom spend months or years incarcerated, warrants tailored
clinical tools that acknowledge unique HIV acquisition risks

not currently addressed by CDC guidelines, which focus on risk
behaviors during the prior 6 months [43]. For individuals
incarcerated for greater than 6 months, their risk for HIV
acquisition is unlikely to be captured using this criterion,
particularly as individuals prepare for reentry into the
community postincarceration [18].

Refer to Health Care Provider Within the Criminal
Justice System
For individuals at an increased risk of HIV acquisition, referral
to a health care provider in the criminal justice setting who
could order HIV, sexually transmitted infection, and other lab
testing necessary to initiate PrEP is an important and often
limiting step. Given the variability in access to medical providers
in the criminal justice setting, particularly providers who are
knowledgeable about PrEP, this may present a unique challenge
to PrEP care implementation [44]. The identification and training
of health care providers who could assess for PrEP eligibility
and initiate the clinical care associated with its use will be
important in this setting [43,44].

Increase PrEP Awareness Among Those Individuals
The little that is known about PrEP awareness in the criminal
justice system has demonstrated a lack of knowledge but
significant interest [24-26]. Encounters with health care
providers and public health support staff in the criminal justice
setting can serve as important opportunities to discuss the
benefits of PrEP use and improve an individual’s understanding
of their own risk of HIV acquisition.

Assess Interest in, Willingness to, and Barriers to Taking
PrEP
Although there is interest among incarcerated individuals in
taking PrEP while in the criminal justice setting [45], it is
important to characterize PrEP initiation patterns, hesitancy
related to its use, and the influence of barriers both within the
criminal justice system and upon reentry into the community.
Components of this element of the PrEP care continuum are
largely unknown and are likely to vary given the diverse makeup
of those who experience incarceration, their socioeconomic
context in the community, and the behaviors that put individuals
at increased risk of HIV acquisition.

Prescribe PrEP
Many criminal justice–involved individuals experience barriers
to accessing primary and preventive clinical care in the
community [46]. Therefore, completing the clinical assessments
and laboratory testing necessary to initiate PrEP during a period
of detention provides significant advantages in promoting PrEP
use. Ensuring individuals are HIV-negative, evaluating
individuals for renal dysfunction, and assessing them for
hepatitis B infection—disease processes that all
disproportionately impact the criminal justice–involved
population—facilitates identification of the few potential clinical
limitations for PrEP use [47,48]. In addition to limited
accessibility of PrEP providers and the clinical assessment
needed to safely initiate PrEP, cost of the medication to criminal
justice institutions may pose a barrier to its implementation.
Onsite availability and prompt dispensation, particularly for
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pretrial individuals who may be spending only a brief period in
detention, may pose a logistical challenge to criminal justice
institutions and their clinical service providers [43].

Initiate PrEP Care While Still Incarcerated
There is a well-documented risk of HIV infection among
criminal justice–involved individuals during the period
immediately following release [46]. Ideally, criminal
justice–involved individuals at increased risk for HIV acquisition
would initiate PrEP prior to release. This strategy would also
allow for observation and evaluation of side effects, while
providing an opportunity to initiate a protective biomedical
intervention that can be continued in the community. Providing
individuals with medication upon release may improve
adherence in the crucial postrelease period, while reducing a
potential barrier to HIV preventive care in this potentially
chaotic period [29,37].

Link to PrEP Care in the Community
Linkage to care in the community poses another significant
challenge to PrEP care among criminal justice–involved
individuals. Currently, providing continuity of care for both
pretrial individuals as well as those sentenced to a period of
confinement poses a challenge, particularly for those who are
HIV-positive, are impacted by substance use disorder, or have
general medical needs [49,50]. The availability and accessibility
of PrEP care providers is likely to vary significantly based on
geographic region, an individual’s insurance status, and the
existence of other health linkage programs unrelated to PrEP
care [51,52].

Support Adherence to PrEP
Although providing incarcerated individuals with a supply of
medication upon release is likely to improve adherence by
reducing a crucial barrier to PrEP access, adherence during the
postrelease period is largely unknown and unstudied [43,53].
Given the importance of adherence to PrEP’s effectiveness,
adherence patterns during the postrelease period represent an
important knowledge gap and one that is likely to require
tailored interventions to improve. This study uses both biological
markers of PrEP adherence through dried blood spot
measurements of TDF/FTC concentrations as well as
self-reported measures of PrEP adherence.

Support Retention and Persistence in PrEP Care
Retention and persistence in PrEP care pose a number of
challenges in “real-world” community settings [31]. It is likely,
although largely unknown, that retention and persistence in
PrEP care will also pose a significant albeit unique challenge
to those with criminal justice involvement given the barriers
that have been well documented in retaining individuals with
criminal justice involvement in HIV care [31], hepatitis C care,
general primary care, and preventive care, to name a few [54].
By establishing a prospective cohort of individuals returning to
the community postincarceration, the outlined methodological

approach will allow for the monitoring of changes in HIV
acquisition risk behaviors as well as indications for continued
PrEP use.

Ethics Approval
The study underwent review and approval by the Lifespan
Institutional Review Board's special committee on research
conducted among incarcerated populations. Additional review
and approval was provided by the Rhode Island Department of
Corrections' Ethical Review Advisory Group.

Results

Given that men make up more than 90% of individuals who are
incarcerated, and also comprise a majority of new HIV cases,
we have proposed a study that focuses on PrEP uptake among
men currently experiencing incarceration. This includes all men
experiencing incarceration, including those detained in pretrial
facilities and those sentenced to a period of confinement. The
study is an open, prospective cohort study of 100 men who are
currently incarcerated at the Rhode Island Department of
Corrections (RIDOC) and who are scheduled to be released
within one month of being enrolled in the study. RIDOC is a
unique study environment, as it is a unified correctional system
with all statewide pretrial and sentenced individuals detained
on one campus under a single administrative structure. Every
individual processed at RIDOC undergoes a nurse-led medical
evaluation at intake (Figure 2). Individuals who report behaviors
that would place them at increased HIV risk (condomless sex
with multiple sexual partners; sex work and/or transactional
sex; or injection drug use) are then referred to a general medical
provider for potential study enrollment and/or initiation of PrEP
clinical care through standard medical screening procedures.
The existing nurse evaluation is brief and not intended to be a
comprehensive evaluation of HIV acquisition risk. Other staff
and medical providers can also refer individuals to the PrEP
provider and program if they determine an individual to be at
increased risk of HIV acquisition.

During the meeting with the PrEP clinical provider, the provider
and patient discuss HIV risk, the provider assesses the patient’s
baseline knowledge and interest in using PrEP, and the provider
requisitions the necessary lab work and obtains the patient’s
medical history to determine whether the patient is a candidate
for PrEP use per CDC guidelines. For those interested in
participating in the study, written informed consent is obtained
and clinical documentation is shared with the research team at
a community partner site. A PrEP navigator then subsequently
meets with the patient and helps to coordinate postrelease PrEP
care including measures of adherence and ongoing HIV
acquisition risk. PrEP clinical care and enrollment in this study
are centered largely on the pretrial population housed in
RIDOC’s intake facility, which saw approximately 13,000
commitments during 2019 [55].
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Figure 2. Implementing PrEP care continuum for criminal justice–involved populations. ACI: adult correctional institutions; PrEP: pre-exposure
prophylaxis.

Once an interested individual is clinically screened and
determined to be eligible for PrEP, TDF/FTC is prescribed, and
the medication is delivered to the detention facility so that the
individual may begin taking the medication prior to being
released into the community; they are provided with a short-term
supply upon release. Individuals are referred to a PrEP clinic
in the community where they will continue their PrEP care
postrelease. Enrolled individuals are provided with an
appointment date and time prior to their release, which is
facilitated by a patient navigator who also helps to ensure the
communication of important clinical information between the
criminal justice clinical providers and the community site. The
patient navigator also helps individuals address barriers that
arise postrelease to facilitate retention in postrelease PrEP
clinical care [56]. The primary clinical outcomes are the
following: (1) PrEP uptake (yes/no prescription), (2) adherence
(measured by self-report and dried blood spot), and (3)
attendance at 1 follow up visit (yes/no attendance). The goals
of this study are to increase our knowledge of the characteristics
and HIV risk of criminal justice–involved men, improve our
understanding of the PrEP care continuum in a criminal justice
setting to address these risks, and evaluate real-world barriers
to PrEP care among this vulnerable population. This study is
expected to conclude on November 30th, 2022.

Discussion

The results from this study will help to identify predictors for
initiation, adherence, and retention in PrEP care among

incarcerated and recently incarcerated men. This study will help
characterize several key elements related to PrEP
implementation that will need consideration in order for PrEP
use to be implemented to scale in the criminal justice system
in the United States. One important consideration for public
health policy makers that work within the criminal justice system
is the identification of individuals who meet clinical criteria for
PrEP usage. Many individuals who pass through the criminal
justice system are held for a brief period of time prior to
sentencing (eg, pretrial). The study protocol presented here is
designed to address gaps in the existing literature by
documenting the number and type of individuals who meet the
clinical criteria for PrEP, the organizational resources in the
criminal justice setting, and the processes required to
successfully implement PrEP care in this setting. For individuals
who are detained for a significant period of time, particularly
those who are sentenced to prolonged periods of detention,
understanding how to incorporate HIV prevention into the
criminal justice setting would be particularly helpful. Research
on health-promoting interventions for HIV-negative criminal
justice–involved individuals has generally focused on chronic
care management during the period of transition from detention
to community reentry [57]. This approach may benefit from
incorporating HIV preventive care into the design of clinical
linkage interventions.

Support from correctional leadership is key to the success of
effective HIV prevention and PrEP programming. The
commitment to effectively implement PrEP may vary
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significantly between different correctional departments,
particularly given the cost of medications as well as the clinical
and support personnel that might be required. In RIDOC, support
from administrative and medical leadership has been key to the
feasibility of conducting this study. Moving forward, a greater
understanding of this variability and its impact on effective
PrEP implementation will be critical. This will be particularly
true if an injectable version of PrEP becomes available. A
long-acting version of PrEP may provide greater protection
from HIV acquisition, particularly in the chaotic postrelease
period when adhering to a daily pill may be difficult for this
population.

Beyond the consideration of adapting PrEP clinical processes
to the criminal justice context, encouraging PrEP uptake for
individuals from multiply marginalized backgrounds, linking
individuals to care in the community postrelease, and addressing
HIV risk and PrEP use in the context of the complex health
needs of criminal justice–involved individuals are likely to
require different approaches than may have been successful in
other populations. Importantly, the criminal justice system

represents an opportunity to reach and intervene with MSM
who may not be traditionally reached otherwise (eg, LGBTQ+
engaged in health care). This is because criminal
justice–involved men may be less likely to seek medical care
in the community and more likely to have risk behaviors that
are more highly stigmatized (eg, having sex with men for
money, for drugs, or to meet other needs). There are likely to
be some important differences among different populations
experiencing incarceration who are eligible for PrEP, and
characterizing these nuances in clinical care will be important
to fully understanding what is required to encourage PrEP uptake
and engagement in care among criminal justice–involved
individuals. Finally, this population experiences many
challenges in being linked to care while also experiencing
extremely high risk for HIV acquisition [10,17,58,59].
Successful implementation of PrEP care within the criminal
justice system and linking criminal justice–involved individuals
to PrEP care in the community has the potential to significantly
reduce the spread of HIV both within the criminal justice setting
and the broader community, and is an important step to ending
the HIV epidemic in the United States [60,61].
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Abstract

Background: Hypoglycemia prognostic models contingent on prospective, self-reported survey data offer a powerful avenue
for determining real-world event susceptibility and interventional targets.

Objective: This protocol describes the design and implementation of the 1-year iNPHORM (Investigating Novel Predictions
of Hypoglycemia Occurrence Using Real-world Models) study, which aims to measure real-world self-reported severe and
nonsevere hypoglycemia incidence (daytime and nocturnal) in American adults with type 1 or 2 diabetes mellitus prescribed
insulin and/or secretagogues, and develop and internally validate prognostic models for severe, nonsevere daytime, and nonsevere
nocturnal hypoglycemia. As a secondary objective, iNPHORM aims to quantify the effects of different antihyperglycemics on
hypoglycemia rates.

Methods: iNPHORM is a prospective, 12-wave internet-based panel survey that was conducted across the United States.
Americans (aged 18-90 years) with self-reported type 1 or 2 diabetes mellitus prescribed insulin and/or secretagogues were
conveniently sampled via the web from a pre-existing, closed, probability-based internet panel (sample frame). A sample size of
521 baseline responders was calculated for this study. Prospective data on hypoglycemia and potential prognostic factors were
self-assessed across 14 closed, fully automated questionnaires (screening, baseline, and 12 monthly follow-ups) that were piloted
using semistructured interviews (n=3) before fielding; no face-to-face contact was required as part of the data collection. Participant
responses will be analyzed using multivariable count regression and machine learning techniques to develop and internally validate
prognostic models for 1-year severe and 30-day nonsevere daytime and nocturnal hypoglycemia. The causal effects of different
antihyperglycemics on hypoglycemia rates will also be investigated.

Results: Recruitment and data collection occurred between February 2020 and March 2021 (ethics approval was obtained on
December 17, 2019). A total of 1694 participants completed the baseline questionnaire, of whom 1206 (71.19%) were followed

JMIR Res Protoc 2022 | vol. 11 | iss. 2 | e33726 | p.283https://www.researchprotocols.org/2022/2/e33726
(page number not for citation purposes)

Ratzki-Leewing et alJMIR RESEARCH PROTOCOLS

XSL•FO
RenderX

mailto:alexandria.ratzkileewing@schulich.uwo.ca
http://www.w3.org/Style/XSL
http://www.renderx.com/


up for 12 months. Most follow-up waves (10,470/14,472, 72.35%) were completed, translating to a participation rate of 179%
relative to our target sample size. Over 70.98% (856/1206) completed wave 12. Analyses of sample characteristics, quality metrics,
and hypoglycemia incidence and prognostication are currently underway with published results anticipated by fall 2022.

Conclusions: iNPHORM is the first hypoglycemia prognostic study in the United States to leverage prospective, longitudinal
self-reports. The results will contribute to improved real-world hypoglycemia risk estimation and potentially safer, more effective
clinical diabetes management.

Trial Registration: ClinicalTrials.gov NCT04219514; https://clinicaltrials.gov/ct2/show/NCT04219514

International Registered Report Identifier (IRRID): DERR1-10.2196/33726

(JMIR Res Protoc 2022;11(2):e33726)   doi:10.2196/33726

KEYWORDS

severe hypoglycemia; nonsevere hypoglycemia; type 1 diabetes mellitus; type 2 diabetes mellitus; real-world; risk model; risk
prediction; hypoglycemia; symptom; diabetes; risk; model; protocol; survey; internet survey; adverse event; insulin; secretagogue

Introduction

Background
Although prognostic models can complement clinical
decision-making and risk-tailored interventions [1-5], their
performance depends heavily on the attributes of their
underlying data sources [6]. The prognostic literature on
diabetes-related hypoglycemia—a potentially lethal [7,8] and
costly [9-11] side effect of insulin and/or secretagogues—has
been dominated by analyses of pre-existing trial [12] or
administrative databases [13]. However, these sources poorly
represent high-risk diabetes populations [14-18], underestimate
up to 95% of hypoglycemia events [14,19,20], and limit
substantive evidence on potential predictors [21].

Prospective, web-based survey data, especially when collected
anonymously [22], can reveal robust indications of
hypoglycemia burden [23-26] routinely unmeasured or
uncapturable by other research methods [20]. Such insight could
help rectify extant evidence gaps, leading to more valid,
real-world event prognostication [27] and, ultimately, targeted,
cost-effective strategies that support hypoglycemia prevention
in broad clinical contexts.

In 2020, our team launched iNPHORM (Investigating Novel
Predictions of Hypoglycemia Occurrence Using Real-world
Models)—the first prospective (1-year) survey of hypoglycemia
risk in the American public with type 1 diabetes mellitus
(T1DM) and type 2 diabetes mellitus (T2DM) prescribed insulin
and/or secretagogues. The results of this study will culminate
in real-world hypoglycemia prognostic models that are readily
compatible with and complementary to routine practice. Here,
we detail the design and implementation protocol of iNPHORM.
The paper has been structured according to established
guidelines [28,29] and the CHERRIES (Checklist for Reporting
Results of Internet E-Surveys) guidelines [30].

Objectives of the iNPHORM Study

Coprimary Objectives
The primary objectives are as follows:

1. To determine the real-world incidence of self-reported
1-year severe and 30-day nonsevere daytime and nocturnal

hypoglycemia among American adults with T1DM or
T2DM prescribed insulin and/or insulin secretagogues

2. To develop and internally validate real-world hypoglycemia
risk prediction models for 1-year severe, 30-day nonsevere
daytime, and 30-day nonsevere nocturnal hypoglycemia,
which will be converted into a user-friendly, clinic-based
tool

Secondary Objective
The secondary objective is to assess treatment-related causes
of hypoglycemia among American adults with T1DM or T2DM
prescribed insulin and/or insulin secretagogues.

Methods

Study Design and Setting
iNPHORM is an internet-based panel survey that was conducted
across the United States. Repeated self-assessed measures were
taken over 12 monthly interwave intervals via web-based
questionnaires. Prospective longitudinality allowed us to (1)
obtain data not reliably collected retrospectively or
cross-sectionally (eg, variability in totals/averages or
low-salience events), (2) assess within-person changes or
stability masked by aggregate statistics, and (3) narrow the SE
between measurements.

Participants and Sample Size
Participants were recruited via the web from an established,
closed, probability-based internet panel. The internet panel
comprised 5 vendor samples of the United States public
consenting to receive survey notifications by email (sample
frame). Vendor partners used random probability sampling and,
when necessary, validity checks, quotas, and multidimensional
calibration. These approaches helped maintain fair and
representative (geodemographic, attitudinal, and behavioral)
sampling within communities [31]. The internet panel comprised
>65,000 Americans with self-reported T1DM (N=10,000
approximately) and T2DM (N=58,000 approximately).

Internet panelists could enroll if they were (1) aged 18 to 90
years, (2) living in the United States (past year), (3)
self-reporting a diagnosis of T1DM or T2DM [32], and (4) using
insulin, secretagogues, or both insulin and secretagogues (past
year). Individuals were ineligible if they were unable to read
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and understand English, possessed insufficient computer and
internet literacy, or were participating in a concurrent trial.
Those who were pregnant (at screening or in the prior year)
and/or those with gestational diabetes were excluded, given
their distinct pathogenesis and clinical management.

On the basis of recent conservative techniques [33,34], N≥521
respondents would be required to produce a 25-factor prognostic

model for severe hypoglycemia (the rarest event type) with
sufficient precision and minimal overfitting with ≤0.05 expected
optimism [34,35]. Anticipating a degree of right censoring
[35,36], we inflated our target sample to 1250 enrollees.

Sampling, Recruitment, and Data Collection
Figure 1 summarizes participant sampling, recruitment, and
data collection.

Figure 1. Schematic of participant sampling, recruitment, and data collection.

A total of 2 subpanels (A and B) were recruited into the
prospective, 12-wave iNPHORM study using convenience
sampling. First, vendor partners emailed a generally worded
study invitation to a randomly selected subset of the internet
panel (subset A). Those interested were emailed a link to a
screener. To enroll, eligible respondents were required to
provide consent (see Ethical Considerations section), complete
a baseline questionnaire (accessible by the emailed link), and
register with iNPHORM using a confirmed, valid email address
and unique username/password. Enrollees were hosted and
monitored by Ipsos Interactive Services (IIS) [37], a global
leader in diabetes insights and patient-centered, real-world
survey conduct.

Links to the screener and baseline questionnaires remained
active until we reached 1250 enrollees (ie, subpanel A).
Participants in subpanel A who failed to complete the first wave
follow-up questionnaire were withdrawn and systematically
refreshed with new eligible recruits (ie, subpanel B). Subpanel
B was sampled and enrolled in the same way as subpanel A but
from a different, randomly selected subset (subset B) of the
contemporaneous internet panel. Screener and baseline links
remained active for approximately 2 weeks or until a 1:1 ratio
of subpanel B to subpanel A wave 1 dropouts was achieved
(whichever came first). Collectively, individuals in subpanel A
who completed the first follow-up questionnaire and all those
in subpanel B comprised the iNPHORM longitudinal panel.

Quota sampling ensured prespecified minimum parameters of
the iNPHORM longitudinal panel. We required that ≥10% of
participants report T1DM, ≥5% are aged ≥75 years, and ≥10%
are female/male. Among T2DM respondents, we specified a
≥10% representation for insulin (without secretagogues),

secretagogues (without insulin), and a combination of insulin
and secretagogue users each.

We followed the iNPHORM longitudinal panel for 12 months.
The calendar schedule between subpanels was identical;
however, systematic refreshment caused follow-up waves to
offset by 2 months (subpanel A: February 2020 to January 2021;
subpanel B: April 2020 to March 2021). At each wave, IIS
emailed participants an individualized link to a closed, fully
automated questionnaire that involved no face-to-face contact.
The link could only be accessed by the email recipient using
their iNPHORM longitudinal panel username/password. Links
were active for 7 days from distribution (activation window).
The responses were synchronously stored on the IIS platform.
Completed questionnaires could not be reaccessed or modified.

Notifications, Precontacts, and Reminders
Personalized notifications, precontacts, and reminders were
emailed automatically by IIS. Each notification contained the
questionnaire link, the deadline for submission, and details on
remuneration (see Incentivization Scheme section). Notifications
also included the date of the participant’s last completed
questionnaire, as well as their last reported use/type of
antihyperglycemic(s) and glucose monitoring device(s).

To boost completion rates [38,39], a precontact alerting
participants of an upcoming questionnaire was emailed 7 days
before the notification. After the notification, individuals were
sent 2 reminder emails on days 4 and 6 of the 7-day activation
window. Reminders contained the same information as the
corresponding notification emails.

Incentivization Scheme
Figure 2 summarizes participant honoraria.
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Figure 2. Incentivization scheme.

A thank you message and link to a US $10 e-gift card was
emailed after each submitted follow-up. At the end of the study,
participants received an additional e-gift card of US $30 if they
completed any 8 to 11 waves or US $75 if they completed all
12 waves. Wave 6 and 12 responders were entered to win 1 of
3 randomly selected US $500 or US $1000 e-gift cards,
respectively.

Incentive amounts balanced our desired response rates against
ethical standards of reciprocity [40]. For internet-based surveys,
monetary versus other inducements can decrease volunteer bias
[35,36] and respondent refusals [41-43]. Lottery incentivization
has been shown to act much like cash incentives with a value
effect equal to the lottery prize divided by the sample size [44].

Questionnaire Development Procedures
Western University scientists (AR-L, BLR, and SBH) developed
questionnaires in consultation with the literature and pre-existing
surveys. Questionnaires were designed in English for use on
diverse internet-equipped devices (eg, computers, phones, and
tablets). The content was crafted parsimoniously to lessen panel
fatigue, conditioning, satisficing, social desirability bias, and
demand characteristics [38]. Double-barreled questions, clinical
jargon, and value-laden or complex/ambiguous language were
avoided. We also ensured that the items were mutually
exclusive, exhaustive, and specified an appropriate and
consistent level of detail. Key questions were prioritized early;
conversely, all sensitive items—justified and respectfully crafted
(eg, income was categorized)—were interspersed to encourage
respondent honesty [45]. We did not randomize/alternate items
within or between questionnaires or participants. When
applicable, items addressed the causal ordering of sequence,
timing, and duration [46]. Recall intervals balanced the
observation probability against the timing of questionnaire
completion.

Established design principles were adopted to minimize burden
and sustain engagement. Clearly worded preambles signaled
topic changes and explained the importance of respondent
honesty and vigilance [39,47]. To mitigate comprehension bias,
concise instructions and definitions were provided in text and
on mouseover [47]. In addition, efforts were taken to enhance
accessible visual appeal, navigation, and user convenience.
Adaptive questioning streamlined transitions between items and
decreased the complexity and length (ie, number of screens) of
the web interface questionnaires. For ease of completion,
straightforward response options (via radio buttons, checkboxes,

drop-down lists, and open-text fields) were presented, and only
1 item appeared per screen. Questionnaires could be accessed,
delayed, and/or paused ad libitum up until submission or the
activation window closed (whichever came first).
Percentage-based progress bars on each screen supplied visual
feedback on completion.

Quality assurance methods were applied to reinforce data
integrity. Calibration questions [48] were incorporated in the
screener to detect straight lining, verify item comprehension,
and avert nonsensical free text [49]; unsatisfactory answers
precluded participant enrollment. In-built logic checks supported
data accuracy [49]. For example, questions were prespecified
with single- or multi-responses, and not applicable, prefer not
to say, and I don’t know were delimited as exclusive options.
Missing responses were immediately flagged. To bypass a
question, individuals had to type “OPT OUT” in a pop-up
response box, helping discriminate intentional nonresponse
from inadvertent omissions/straight lining. At the start of every
questionnaire, respondents were reminded to retrieve any
documents/materials that could facilitate response accuracy (eg,
medication lists/containers and glucose monitoring logs/graphs).

During follow-up, IIS monitored bugs, downtimes, and other
unexpected events that could have affected the study design.
At any point, participants could email IIS Technical Support
(email address was included in all iNPHORM communications).

Pretesting and Piloting
iNPHORM researchers and colleagues performed extensive
pretesting of detailed mock-up and programmed study materials
to redress issues of content, display, adaptive questioning, and
implementation. Before their dissemination, programmed
questionnaires, notifications, and reminders were piloted via
in-depth semistructured interviews with 3 participants who were
screened and sampled purposively from a subset different than
subsets A and B of the internet panel. Of the 3 participants, 1
(33%) participant had T1DM; the other 2 (67%) had T2DM (1,
50%, was prescribed secretagogues without insulin, and 1, 50%,
a combination of insulin and secretagogues). A trained IIS
moderator (JDB) interviewed participants simultaneously by
phone and a computer-assisted personal interview platform
using an interview guide developed by the Western University
research team.

Qualitative feedback was collected on content, formatting, flow,
usability, and technical functionality. Pilot data were also
gathered on sample variability, item response rate, and time to
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completion. Behaviors signaling design issues were documented
(eg, instances where the respondent hesitated or requested to
change an answer) [38]. Interviews took 60 to 90 minutes. The
study materials were emended based on respondents’ feedback.
Pilot participants were remunerated US $300 (e-gift card); they
were not permitted to enroll in the panel survey.

Once finalized and in field, no changes were made to
questionnaires except for the addition of a COVID-19
subquestionnaire (see the COVID-19 Subquestionnaire section).
Dynamic components were obviated to preserve study
replicability.

Prognostic Factors Related to Hypoglycemia and
COVID-19

Overview
Across the screener, baseline, and follow-up questionnaires,
web-based self-assessed data were collected on a broad scope
of hypoglycemia-related anthropometric, demographic,
situational or environmental, lifestyle (Multimedia Appendix
1), and clinical (Multimedia Appendix 2 [50-53]) prognostic
factors. Follow-up questionnaires also contained items related
to COVID-19 (Multimedia Appendix 3; see Definitions and
Measures of Hypoglycemia section for methods of
hypoglycemia-specific data capture).

Screener
The pilot screener took an average of 9.6 (SD 4.73; minimum
6 and maximum 15) minutes to complete. Data were collected
on age, sex assigned at birth, self-identified gender, residence,
concurrent trial involvement, diabetes type, pregnancy status,
and insulin and/or secretagogue use (eg, administration mode
[when applicable], dose, and duration). Response options for
medication type were arranged by class, save second-generation
basal insulin analogs, which were listed by brand (Toujeo
SoloSTAR, Toujeo Max SoloStar, Tresiba FlexTouch U-100,
and Tresiba FlexTouch U-200). Screener data were retained for
all consenting individuals.

Baseline Questionnaire
On average, pilot respondents completed the baseline
questionnaire in 47.3 (SD 13.65; minimum 38 and maximum
63) minutes. Information was elicited on anthropometric,
demographic, situational or environmental, and lifestyle factors
(eg, levels of aerobic/anaerobic activity and cigarette, alcohol,
and recreational drug use). Numerous clinical data were also
collected on diabetes duration, diabetes self-management
behaviors, diabetes complications (eg, chronic kidney disease),
general health status (eg, chronic multi-morbidities and use of
dialysis), and health-related quality of life.

To simplify future population-based comparisons and statistical
weighting, we devised items with reference to existing
population-based surveys by the US Census Bureau (2020) [54]
and the Centers for Disease Control and Prevention (ie, National
Health and Nutrition Examination [2019-2020] [55], Behavioral
Risk Factor Surveillance System [2020] [56], and National
Health Interview Survey [2020] [57]). We also embedded
several validated questionnaires (eg, Veterans RAND-12

[50,53], Self-Rated Health [51], and Brief Health Literacy
Screening Tool [52]).

Follow-up Questionnaires
Follow-ups (except wave 6 see Definitions and Measures of
Hypoglycemia section) were on average piloted in 10.8 (SD
5.30; minimum 7 and maximum 14.5) minutes. Items assessed
mutable clinical variables (eg, medication regimen, hemoglobin
A1c, and continuous/flash glucose monitoring). Employment
status, household income, and health insurance were
re-evaluated at waves 4, 8, and 12.

COVID-19 Subquestionnaire
Pandemic-related items were added after study commencement
in response to the escalating severity of the COVID-19
pandemic. Beginning with subpanel A wave 2 (April 21 to April
28, 2020), each follow-up contained a 25-item COVID-19
subquestionnaire that assessed self-reported infection status
(per Centers for Disease Control and Prevention’s community
case definitions [April 2020]; [58]) and the impact of the
pandemic situation on socioeconomic, clinical, and psychosocial
aspects of diabetes management [59].

Definitions and Measures of Hypoglycemia
At baseline and at each follow-up (Multimedia Appendix 4
[60-63]), web-based self-assessed data were collected on severe
and nonsevere daytime and nocturnal hypoglycemia; definitions
consistent with the 2019 American Diabetes Association
Standards of Medical Care in Diabetes [64] were provided in
all questionnaires (Textbox 1).

In line with past research [60,65-67], we specified interwaves
of ≤1 year for severe and ≤30 days for nonsevere hypoglycemia.
At baseline, participants were asked to report on their severe
daytime/nocturnal hypoglycemia in the past year and nonsevere
daytime/nocturnal hypoglycemia in the past 30 days. To prevent
overlapping recall intervals during follow-up, data on nonsevere
daytime and nocturnal hypoglycemia were captured within the
past 30 days (if the last scheduled questionnaire was not
completed) or since the last time an iNPHORM survey was
completed (if the last scheduled questionnaire was completed).
Given its relative infrequency and saliency, severe daytime and
nocturnal hypoglycemia data were captured since the last time
an iNPHORM survey was completed.

Besides hypoglycemia frequency, closed- and open-ended items
assessed event detection methods (eg, symptoms and/or blood
glucose), symptom severity (eg, unconsciousness), causes (eg,
excess insulin and/or secretagogue use, insufficient carbohydrate
intake, and excess physical activity), treatments,
hypoglycemia-specific self-management behaviors/social
support, and experiences with continuous/flash glucose
monitoring. We also investigated the type of assistance required
for severe hypoglycemia recovery (eg, treatment by
family/friend and health care use). Each month, modified Clarke
[61] and Gold [62] scores evaluated impaired hypoglycemia
awareness. At wave 6, we administered the Hypoglycemia Fear
Survey II [63] and the InHypo-DM Person with Diabetes
Questionnaire [60].
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Textbox 1. iNPHORM (Investigating Novel Predictions of Hypoglycemia Occurrence Using Real-world Models) hypoglycemia definitions provided
to participants by severity and timing.

Severe

• “When you are physically unable to treat your hypoglycemia by yourself, it is considered a Severe Hypoglycemia event. You may be severely
disorientated, unable to swallow, or unconscious. As a result, you are likely to need the help of another person to recover. This person may need
to administer glucagon or a glucose injection to treat your severe hypoglycemia event. Emergency medical services may be called, and hospitalization
may be required. Severe events can arise when your low blood glucose is left untreated and continues to drop. The early signs and symptoms of
severe hypoglycemia typically include blurred vision, difficulty concentrating, confused thinking, slurred speech, numbness, and/or drowsiness.
If your blood glucose stays low for too long, it can result in seizures, comas, and in rare cases, death. Consequently, severe hypoglycemia is a
medical emergency.”

Mild/moderate (also known as nonsevere)

• “When you are physically able to treat your hypoglycemia by yourself, it is considered a Mild/Moderate Hypoglycemia event. Treatment can
include taking a glucose or sucrose tablet, drinking a glass of juice, or eating some food. Mild/moderate hypoglycemia events can be identified
by symptoms such as shakiness, sweatiness or chills, irritability, feeling nervous or anxious, hunger, weakness, mild confusion, forgetfulness,
fast heartbeat, feeling dizzy, and color draining from the skin. Mild/moderate hypoglycemia events can be identified from these symptoms or by
a measured blood glucose level taken from a self-monitoring blood glucose (SMBG) meter or continuous/real-time glucose monitoring (CGM)
device. You are still conscious and able to swallow.”

Daytime

• “Daytime events (mild/moderate or severe) occur while you are awake.”

Nocturnal

• “Nocturnal events (mild/moderate or severe) occur while you are sleeping or attempting to sleep. In addition to the symptoms described above,
nocturnal hypoglycemia can be marked by symptoms such as vivid dreams/nightmares, restless sleep, morning headaches, night sweats, tiredness,
irritability/confusion upon waking, convulsions, and talking/shouting while sleeping.”

Ethical Considerations
iNPHORM was funded by an investigator-initiated grant from
Sanofi Global (contract executed with Sanofi Canada, April 11,
2019). Before recruitment, we obtained ethics approval from
the Western University health sciences research ethics board
(December 17, 2019) and registered the study with
ClinicalTrials.gov (NCT04219514; January 7, 2020). The
COVID-19 subquestionnaire was approved as an ethics
amendment before fielding.

A letter of information was emailed to all eligible respondents
(Multimedia Appendices 5 and 6). The letter named Western
University as the responsible academic institution and Sanofi
Canada as the funding agency. It also outlined the study’s
purpose, nature and expectations of participation (eg, content
of surveys, time commitment, follow-up frequency, and
incentivization), risks and benefits, participant rights (eg,
refusals/withdrawals), and confidentiality/privacy measures (eg,
data storage, retention, sharing, and reporting). Contacts were
provided for IIS, faculty coprincipal investigator (SBH), Western
University research team, and the Office of Human Research
Ethics at Western University. Conflicts of interest for SBH have
been declared. Consent was obtained via the web. Individuals
were advised to read the letter of information before clicking
on I agree to participate or I do not agree to participate.

Participation was voluntary. Enrollees could withdraw at any
time by informing the IIS interviewer (pilot participants only),
clicking an unsubscribe button provided in each email, or by
emailing IIS directly. Privacy breaches and technical problems
were monitored by IIS. Personally identifiable data (eg, phone
numbers [pilot participants only], email addresses, and full

birthdates) were encrypted automatically by the IIS platform
and kept confidential from IIS and research personnel. IIS
transferred deidentified data files to the Western University
research team using a secure file transfer protocol on a
password-protected network drive. All deidentified data will
be stored for 7 years on a password-protected network drive at
the Department of Family Medicine at Western University and
on encrypted password-protected external drives; storage devices
will be erased after this time. The iNPHORM assessments and
data are owned by Western University.

Complying with US Food and Drug Administration postmarket
safety reporting regulations [68], we emailed Sanofi United
States and Novo Nordisk United States monthly
pharmacovigilance reports of severe adverse events among
Toujeo and Tresiba users, respectively. The reports were
anonymized.

Planned Statistical Analyses

Overview
Unique IDs, randomly assigned by IIS at the study outset, were
used to tether the participants’data across waves. Closed-ended
responses were directly precoded, and a data dictionary and
map have been developed. Repair rules addressing impossible,
implausible, and discordant values will be documented in
iNPHORM’s metadata (eg, erroneous responses will be
classified as missing or cross-checked against valid responses).
Both the raw and repaired data sets will be retained.
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Describing the iNPHORM Sample

Recruitment and Completion Rate

The recruitment rate will be calculated as the ratio of consenting
individuals to enrollees. The average total completion rates for
the iNPHORM longitudinal panel will be computed as the ratio
of the observed number of completed waves to the maximum
expected number (12 waves per participant). To evaluate the
success of our completion rate against our predetermined sample
size (N=521; Sample Size section), the observed number of
waves for which severe hypoglycemia information was available
will be compared against the maximum expected number of
completed follow-ups.

Completeness Rate

All data were stored in real time for analysis, even if the
questionnaire was incomplete (eg, prematurely terminated). The
completeness rate will be assessed after data cleaning and repair.
Missing values will be coded as unit, block, item (because of
skip logic), or residual (because of not applicable/prefer not to
say/I don’t know or opt out) nonresponses. Missing data will
be handled using multiple imputation by chained equations [69].

Participant Characteristics

Categorical variables will be summarized as frequencies and
percentages, and continuous variables as means and SDs
(parametric) or medians and IQRs (nonparametric).

Hypoglycemia Incidence (Coprimary Objective 1)
Crude severe and nonsevere daytime and nocturnal
hypoglycemia incidence proportions and densities with 95%
CIs for overdispersed count data will be reported overall and
by diabetes type, medication regimen, mode of detection
(symptoms and/or blood glucose), symptom severity
(unconsciousness), and health care use. Incidence density
calculations will account for observation durations as an offset
for zero-risk and/or unobserved periods.

Prognostic Model Construction (Coprimary Objective
2)

Overview

The following procedures comply with current guidelines
[70,71] and the Transparent Reporting of a Multivariable
Prediction Model for Individual Prognosis or Diagnosis
statement [72,73]. Analyses will be performed on baseline
respondents who submitted ≥1 follow-up questionnaire. To
pre-empt statistical power loss and selection bias, all baseline
and follow-up data on this cohort will be examined [74].
Iterative proportional fitting (raking) [38] to correct for
nonresponse and unequal selection probability will be
investigated.

Model Development

Prognostic models will be developed for severe, nonsevere
daytime, and nonsevere nocturnal hypoglycemia. Daytime and
nocturnal severe events will be combined, given their
nonspecific relevance and to ensure sufficient precision. Severe
hypoglycemia will be modeled over 1 year using the
Andersen-Gill Cox proportional hazards regression for recurrent
events [34]. Nonsevere daytime and nocturnal hypoglycemia

will be modeled over 30 days using negative binomial
regression. Observation duration will be included as an offset
variable, and generalized estimating equations will account for
within-person dependence.

Candidate prognostic factors will be selected a priori based on
biological plausibility, previous literature, data quality,
measurement reliability, and multicollinearity. Intrinsic,
extrinsic, nonmodifiable, and modifiable predictors (including
frequency of previous severe and nonsevere hypoglycemia) will
be considered. To minimize overfitting [75,76] and improve
parsimony, model parameters will be estimated using machine
learning penalized regression with Lasso (least absolute
shrinkage and selection operator) [77]. Regression splines and
fractional polynomials will assess the potential for nonlinearity
and nonmonotonicity [78]. Interaction and subgroup analyses
will be performed where suggested by external evidence [2];
sensitivity analyses will test the robustness of the findings.
Informative censoring will be explored using inverse probability
of censoring weighted estimation [79,80].

Internal Validation

Bootstrapping will be used to determine the optimism-corrected
performance of each final model [74,77,81]. Discrimination
will be evaluated using receiver operating characteristic curves
and c-statistics [82]. Calibration will be assessed visually (eg,
via graphical plots) and quantified using the calibration slope,
the Hosmer-Lemeshow goodness-of-fit test, and the Grønnesby
and Borgan test for survival data [83-85].

Pragmatic Tool Creation

Models will be converted into a user-friendly, clinic-based tool
to complement real-world practice. Back-end computations of
patients’ prognostic factors will provide point-of-care
assessments for 1-year severe and/or 30-day nonsevere
daytime/nocturnal hypoglycemia. To aid interpretation, risk
estimates will also be categorized (eg, low, moderate, high, and
very high).

The tool will be streamlined for easy integration in clinicians’
existing electronic medical records (EMRs) and compatible
with prepopulated EMRs and manually inputted data. A
standalone internet application and paper-based nomogram will
be developed for when EMR integration is not possible.
Real-time imputation will be explored [86].

Treatment-Related Causes of Hypoglycemia (Secondary
Objective)
Differential effects of antihyperglycemic regimens on
hypoglycemia rates will be tested using causal analytic
techniques (eg, directed acyclic graphs, parallel and serial
mediation, and time-dependent confounding). The results may
help in identifying new and useful associations that can improve
model performance or otherwise real-world event detection and
management [87].
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Results

Overview
iNPHORM commenced in February 2020 and concluded in
March 2021. No bugs, downtimes, privacy breaches, or other
unexpected events were reported/detected. Herein, we present
the recruitment and completion rates (Figure 3). Analyses of

participant characteristics and hypoglycemia incidence and
prognostication are currently underway, with published results
anticipated by fall 2022. Future studies will investigate the
distributions of participant discontinuance [35] and
systematically report on quality metrics, including missing
values and data cleaning statistics, follow-up completeness [88],
degree of coverage/sampling bias, and process outcomes (eg,
average time-to-completion).

Figure 3. Recruitment and completion rates. iNPHORM: Investigating Novel Predictions of Hypoglycemia Occurrence Using Real-world Models.
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Recruitment Rate
From February 10 to February 25, 2020, 2339 individuals
consented to participate in iNPHORM; of these individuals,
1257 (53.74%) completed all actions to enroll (ie, subpanel A).
Individuals in subpanel A who failed to complete wave 1 were
withdrawn (488/1257, 38.82%) and systematically refreshed
with subpanel B. From April 7 to April 23, 3197 individuals
consented, of whom 437 (13.67%) were enrolled. Thus, as of
April 2020, 1206 participants comprised the iNPHORM
longitudinal panel.

Completion Rate
The average total completion rate across the iNPHORM
longitudinal panel was 72.4% (Multimedia Appendix 7). Given
our use of systematic refreshment, subpanel A exhibited a higher
completion rate than subpanel B (89.8% vs 41.6%, respectively).
Dropout was highest at wave 1, with completion rates stabilizing
thereafter. Across respondents, 71.89% (867/1206) completed
≥8 follow-ups, with 55.22% (666/1206) completing all 12 (Table
1). We observed minimal loss to follow-up (ie, individuals who
discontinued participation until the end of the study). Most
(855/1206, 70.9%) completed wave 12 (Table 2). Compared
with our target sample size (N=521), we calculated a completion
rate of 179% (Multimedia Appendix 8).

Table 1. Number of questionnaires completed overall and by diabetes type (N=1206).

Respondents, n (%)Number of questionnaires completeda

T2DMc (n=1012)T1DMb (n=194)Total

164 (16.2)29 (14.9)193 (16)Baseline onlyd

126 (12.5)20 (10.2)146 (12.1)1-7

166 (16.4)35 (18.2)201 (16.7)8-11

556 (54.9)110 (56.7)666 (55.2)All 12

aQuestionnaires completed could be nonconsecutive.
bT1DM: type 1 diabetes mellitus.
cT2DM: type 2 diabetes mellitus.
dOnly subpanel B respondents; subpanel A respondents were removed upon wave 1 noncompletion.

Table 2. Number of respondents lost to follow-up after each wave overall and by diabetes type (N=1206).

Respondents lost to follow-up after each wave, n (%)Wavea

T2DMc (n=1012)T1DMb (n=194)Total

164 (16.2)29 (14.9)193 (16)Baselined

25 (2.5)8 (4.1)33 (2.7)Wave 1

15 (1.5)2 (1)17 (1.4)Wave 2

9 (0.9)1 (0.5)10 (0.8)Wave 3

14 (1.4)0 (0)14 (1.2)Wave 4

7 (0.7)0 (0)7 (0.6)Wave 5

2 (0.2)3 (1.6)5 (0.4)Wave 6

8 (0.8)0 (0)8 (0.7)Wave 7

5 (0.5)1 (0.5)6 (0.5)Wave 8

7 (0.7)1 (0.5)8 (0.7)Wave 9

12 (1.2)0 (0)12 (1)Wave 10

29 (2.9)9 (4.6)38 (3.2)Wave 11

715 (70.7)140 (72.2)855 (70.9)Wave 12e

aLast wave responded to; after this wave, the respondent was considered to be lost to follow-up.
bT1DM: type 1 diabetes mellitus.
cT2DM: type 2 diabetes mellitus.
dOnly subpanel B respondents; subpanel A respondents were removed upon wave 1 noncompletion.
eNo data were collected past wave 12.
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Discussion

Principal Findings
The real-world iNPHORM study is the first primary research
investigation focused on quantifying and predicting prospective
self-reported hypoglycemia in the United States. A general
cohort of adult Americans with self-reported insulin- and/or
secretagogue-treated T1DM or T2DM was recruited between
February and April 2020 and followed for 1 year. The sample
size was achieved using a 1-time systematic refreshment and
quota sampling. The use of an established probability-based
internet panel, push factors (precontacts, reminders, and
incentives), and easy-to-complete questionnaires shored up high
participation rates. Sample characteristics, quality metrics, and
hypoglycemia incidence and prognostication will be published
by fall 2022.

Study Strengths
Poor generalizability has been an ongoing problem in prognostic
hypoglycemia research [89]. To promote real-word
representativeness and population inferencing, iNPHORM
participants were recruited from random subsets of a
well-established, probability-based internet panel.
Community-based adults across a wide age range with either
T1DM or T2DM, irrespective of past hypoglycemia, were
eligible to enroll, as were people prescribed secretagogues, an
often underappreciated cause of events [90]. Backstopped by
quota sampling, our use of broad eligibility criteria stands in
juxtaposition to most prognostic models [91], especially those
based on pre-existing trial data, which focus on inpatient [18-21]
or younger, healthier (eg, no severe hypoglycemia history or
impaired awareness) [14,17] populations.

Data were collected over 12 one-month intervals, balancing the
probability of observing events against participants’ abilities to
recall them accurately. Frequent and long-term data capture
enabled us to obtain maximally valid self-reported information
on not only hypoglycemia occurrence but also a range of
important, preselected factors commonly unavailable in
secondary sources [92]. The longitudinal, prospective nature of
our study contrasts the typically short, retrospective follow-ups
of other prediction models (mode duration 24 hours-3 months)
[12,93-96]. Buttressed by a sufficiently large sample size and
completion rate >70%, iNPHORM will facilitate assessments
of time-varying predictors, lagged dependent variables, and
low-salience events (eg, nonsevere hypoglycemia) with minimal
false negatives, extrapolation bias, and statistical power loss
[97].

Our self-report study yields pertinent insights into the routinely
uncaptured burden of hypoglycemia. Past prognostic
hypoglycemia research has relied heavily on administrative,
insurance-based claims records; however, these sources poorly
represent events occurring outside the health care system. Recent
evidence suggests that only 5% of severe events require
hospitalization, and as many as 50% are treated at home by
family/friends [19,20]. Moreover, nonsevere hypoglycemia, by
definition self-treated, [98] is scarcely, if ever, documented.
Patient nondisclosure and provider underrecognition further
constrain the real-world applicability of epidemiological data

gleaned from clinical encounters. Studies indicate that 65% and
85% of people with diabetes deliberately underreport their
severe [99] and nonsevere [100] events, respectively, whereas
57% are seldom asked about hypoglycemia by their providers
[99]. Not surprisingly, anonymous versus onymous
hypoglycemia reporting has been associated with 2- to 3-fold
higher rates [22].

iNPHORM builds on the methodological and economic
advantages of real-time, web-based self-report to acquire
instantaneous and representative [25,26] data within large
samples [101]. Indeed, web-based questionnaires have been
lauded for democratizing and potentiating self-report research.
Currently, >90% of Americans use the internet [102].
iNPHORM data were collected via user-friendly,
self-administered questionnaires completable on diverse
internet-equipped devices at the participants’convenience. Very
little personal information was requested, and participants were
made aware in the letter of information that their data would be
deidentified before analysis. By forgoing dependence on health
care codes and records, we could obtain real-world, granular
information on severe (regardless of health care use) and
nonsevere hypoglycemia—events rarely reported in the
literature, despite their clinical significance.

Limitations and Strategies to Mitigate Them
Certain limitations and safeguards warrant elaboration.
Notwithstanding efforts to promote generalizability, selection
biases could have arisen because of the nonrepresentativeness
of the internet panel demography and/or of
respondents/responses [36,103,104]. This concern affects
correlative estimates less; however, it could distort the validity
of summary statistics [105]. For this reason, post hoc statistical
weighting will be explored [105]. Biases resulting from English
language restriction, lack of technological literacy, being limited
to no internet access, and survivorship cannot be discounted.
Furthermore, although volunteer bias will be assessed during
follow-up, baseline self-selection is not calculable (it was
unethical to retain data on otherwise eligible invited panelists
who did not complete the screener).

Another related limitation is the risk of attrition bias. To mitigate
loss to follow-up, ostensibly unmotivated respondents in
subpanel A were identified and removed at wave 1 via logic
testing and noncompletion. One-time systematic refreshment,
especially during the first interwave when attrition is highest,
has been shown to reduce panel stagnation while improving
study feasibility and analytic validity [38]. To prevent further
biases, subpanel B was recruited from a contemporaneous
subgroup of the same frame population as subpanel A. Push
factors were used to sustain participation [35]. Remuneration
coincided with the widely recognized Tailored Design Method
by Dillman [106]. Cash amounts were vetted and approved by
the Western University health sciences research ethics board
before study commencement and outlined in the letter of
information. Token incentives were strategized to facilitate
revenue-neutral participation (eg, reasonably compensate
individuals for their time and help overcome access barriers),
reducing volunteer bias [35,36] and respondent dropout [41-43].
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Although web-based (vs postal or telephone) surveys have been
shown to promote item completeness and accuracy [23,24],
they are not immune to recall bias. Research indicates that 90%
[63] of patients correctly recall past-year severe hypoglycemia;
however, past-month nonsevere hypoglycemia recall ranges
from 48% to 75% [67]. To reduce differential misclassification
bias, standardized, accessibly worded instructions and
definitions were provided in each questionnaire. Furthermore,
sensitive items were carefully crafted and positioned to
encourage respondent honesty [45]. Technical constraints on
the IIS platform precluded participants from reviewing or
changing the submitted items. In addition, as mechanisms for
deterring multiple participant identities, individuals could not
reaccess/resubmit questionnaires, and authentication by email
plus log-in was required. To foster confident and accurate
responses, we provided individuals as much time as needed to
reflect on items and/or review personal clinical
documentation/materials. Each notification also contained
information on the participants’ last completed questionnaire.

Before fielding, the assessments underwent pretesting and
piloting to promote content usability and accuracy. A total of
3 individuals participated in the pilot process; this sample size
aligned with established best practices at IIS while permitting
parsimonious representativity and feasibility. Nevertheless, a
larger pilot sample size may have yielded further meaningful
feedback. Finally, despite the proven validity/reliability and/or
widespread use of many iNPHORM items, no validated

self-reported hypoglycemia measure exists yet. To attenuate
instrumentation effects in our study [107], hypoglycemia
definitions and classifications followed the 2019 American
Diabetes Association standards [64], and recall periods echoed
peer-reviewed conventions [60,65-67]. Frequent and recurrent
hypoglycemia-related information was amassed across
extensive, detailed, and standardized items formulated to
promote scientific replicability and future outgrowth. The
validity of iNPHORM is further fortified by high completion
rates [108] and numerous design principles and quality assurance
methods that reinforce data accuracy and integrity.

Conclusions
iNPHORM promises important forward strides in real-world
hypoglycemia detection and prevention. This protocol highlights
the powerful application of an internet-based panel survey to
assess long-term hypoglycemia risk in a large, community-based
cohort of adult Americans with insulin- and/or
secretagogue-treated T1DM and T2DM. To date, descriptive
and prognostic hypoglycemia estimates have stemmed mainly
from cross-sectional and short-term retrospective analyses of
pre-existing databases subject to untenable bias. Pairing the
importance of longitudinal, prospective self-reported
hypoglycemia data with the advantages of web-based survey
modes, iNPHORM aims to clarify putative epidemiological
understandings and reveal opportune insights into point-of-care
decision-making, research priorities, and effective interventional
precision [109-111].

 

Acknowledgments
The iNPHORM (Investigating Novel Predictions of Hypoglycemia Occurrence Using Real-world Models) study was funded
through an investigator-initiated grant from Sanofi Canada.

Neither Sanofi Global nor Sanofi Canada was involved in the study design; collection, analysis, and interpretation of data; writing
of the report; or the decision to submit the paper for publication. All authors confirm their independence from funders and that
they had full access to the study data (including statistical reports and tables). They take responsibility for the integrity of the
data and the accuracy of the data analysis.

Conflicts of Interest
AR-L received grants from Sanofi and Eli Lilly, paid fees for presentations, and is a consultant at Novo Nordisk and Eli Lilly.
SBH is a consultant at, received grants from, and is in the member advisory boards of Sanofi, Eli Lilly, Novo Nordisk, Janssen,
AstraZeneca, Abbott, and Boehringer Ingelheim and is involved in clinical studies at Eli Lilly, Novo Nordisk, AstraZeneca, and
Boehringer Ingelheim. SBH also received grants from Juvenile Diabetes Research Foundation, Lawson, and the Canadian Institutes
of Health and Research.
The authors are distinct from the developers/sponsors of the iNPHORM (Investigating Novel Predictions of Hypoglycemia
Occurrence Using Real-world Models) questionnaires.

Multimedia Appendix 1
Anthropometric, demographic, situational or environmental, and lifestyle variables.
[DOCX File , 29 KB - resprot_v11i2e33726_app1.docx ]

Multimedia Appendix 2
Clinical variables.
[DOCX File , 33 KB - resprot_v11i2e33726_app2.docx ]

Multimedia Appendix 3
COVID-19–related variables.

JMIR Res Protoc 2022 | vol. 11 | iss. 2 | e33726 | p.293https://www.researchprotocols.org/2022/2/e33726
(page number not for citation purposes)

Ratzki-Leewing et alJMIR RESEARCH PROTOCOLS

XSL•FO
RenderX

resprot_v11i2e33726_app1.docx
resprot_v11i2e33726_app1.docx
resprot_v11i2e33726_app2.docx
resprot_v11i2e33726_app2.docx
http://www.w3.org/Style/XSL
http://www.renderx.com/


[DOCX File , 22 KB - resprot_v11i2e33726_app3.docx ]

Multimedia Appendix 4
Hypoglycemia-related variables.
[DOCX File , 26 KB - resprot_v11i2e33726_app4.docx ]

Multimedia Appendix 5
Letter of information and consent emailed to prospective participants of the iNPHORM (Investigating Novel Predictions of
Hypoglycemia Occurrence Using Real-world Models) pilot study.
[DOCX File , 24 KB - resprot_v11i2e33726_app5.docx ]

Multimedia Appendix 6
Letter of information and consent emailed to prospective participants of the iNPHORM (Investigating Novel Predictions of
Hypoglycemia Occurrence Using Real-world Models) longitudinal study.
[DOCX File , 26 KB - resprot_v11i2e33726_app6.docx ]

Multimedia Appendix 7
Calculation of average total completion rate.
[DOCX File , 16 KB - resprot_v11i2e33726_app7.docx ]

Multimedia Appendix 8
Calculation of average total completion rate against estimated required sample size (N=521).
[DOCX File , 18 KB - resprot_v11i2e33726_app8.docx ]

References
1. Laupacis A, Sekar N, Stiell IG. Clinical prediction rules. A review and suggested modifications of methodological standards.

JAMA 1997;277(6):488-494. [Medline: 9020274]
2. Steyerberg EW. Clinical prediction models: a practical approach to development, validation, and updating. New York:

Springer; 2009.
3. Toll DB, Janssen KJ, Vergouwe Y, Moons KG. Validation, updating and impact of clinical prediction rules: a review. J

Clin Epidemiol 2008;61(11):1085-1094. [doi: 10.1016/j.jclinepi.2008.04.008] [Medline: 19208371]
4. Riley RD, Hayden JA, Steyerberg EW, Moons KG, Abrams K, Kyzas PA, PROGRESS Group. Prognosis research strategy

(PROGRESS) 2: prognostic factor research. PLoS Med 2013;10(2):e1001380 [FREE Full text] [doi:
10.1371/journal.pmed.1001380] [Medline: 23393429]

5. Sandhu S, Lin AL, Brajer N, Sperling J, Ratliff W, Bedoya AD, et al. Integrating a machine learning system into clinical
workflows: qualitative study. J Med Internet Res 2020;22(11):e22421. [doi: 10.2196/22421] [Medline: 33211015]

6. Wynants L, Riley RD, Timmerman D, Van Calster B. Random-effects meta-analysis of the clinical utility of tests and
prediction models. Stat Med 2018;37(12):2034-2052. [doi: 10.1002/sim.7653] [Medline: 29575170]

7. Terauchi Y, Ozaki A, Zhao X, Teoh C, Jaffe D, Tajima Y, et al. Humanistic and economic burden of cardiovascular disease
related comorbidities and hypoglycaemia among patients with type 2 diabetes in Japan. Diabetes Res Clin Pract
2019;149:115-125 [FREE Full text] [doi: 10.1016/j.diabres.2019.01.019] [Medline: 30685348]

8. Cannon A, Handelsman Y, Heile M, Shannon M. Burden of illness in type 2 diabetes mellitus. J Manag Care Spec Pharm
2018;24(9-a Suppl):S5-13. [doi: 10.18553/jmcp.2018.24.9-a.s5] [Medline: 30156443]

9. Vigersky RA. The benefits, limitations, and cost-effectiveness of advanced technologies in the management of patients
with diabetes mellitus. J Diabetes Sci Technol 2015;9(2):320-330 [FREE Full text] [doi: 10.1177/1932296814565661]
[Medline: 25555391]

10. Shi L, Fonseca V, Childs B. Economic burden of diabetes-related hypoglycemia on patients, payors, and employers. J
Diabetes Complications 2021;35(6):107916. [doi: 10.1016/j.jdiacomp.2021.107916] [Medline: 33836965]

11. Foos V, Varol N, Curtis BH, Boye KS, Grant D, Palmer JL, et al. Economic impact of severe and non-severe hypoglycemia
in patients with type 1 and type 2 diabetes in the United States. J Med Econ 2015;18(6):420-432. [doi:
10.3111/13696998.2015.1006730] [Medline: 25629654]

12. Shao H, Fonseca V, Stoecker C, Liu S, Shi L. Novel risk engine for diabetes progression and mortality in USA: building,
relating, assessing, and validating outcomes (BRAVO). Pharmacoeconomics 2018;36(9):1125-1134. [doi:
10.1007/s40273-018-0662-1] [Medline: 29725871]

13. Ruan Y, Bellot A, Moysova Z, Tan GD, Lumb A, Davies J, et al. Predicting the risk of inpatient hypoglycemia with machine
learning using electronic health records. Diabetes Care 2020;43(7):1504-1511. [doi: 10.2337/dc19-1743] [Medline: 32350021]

JMIR Res Protoc 2022 | vol. 11 | iss. 2 | e33726 | p.294https://www.researchprotocols.org/2022/2/e33726
(page number not for citation purposes)

Ratzki-Leewing et alJMIR RESEARCH PROTOCOLS

XSL•FO
RenderX

resprot_v11i2e33726_app3.docx
resprot_v11i2e33726_app3.docx
resprot_v11i2e33726_app4.docx
resprot_v11i2e33726_app4.docx
resprot_v11i2e33726_app5.docx
resprot_v11i2e33726_app5.docx
resprot_v11i2e33726_app6.docx
resprot_v11i2e33726_app6.docx
resprot_v11i2e33726_app7.docx
resprot_v11i2e33726_app7.docx
resprot_v11i2e33726_app8.docx
resprot_v11i2e33726_app8.docx
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=9020274&dopt=Abstract
http://dx.doi.org/10.1016/j.jclinepi.2008.04.008
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=19208371&dopt=Abstract
https://dx.plos.org/10.1371/journal.pmed.1001380
http://dx.doi.org/10.1371/journal.pmed.1001380
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23393429&dopt=Abstract
http://dx.doi.org/10.2196/22421
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33211015&dopt=Abstract
http://dx.doi.org/10.1002/sim.7653
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29575170&dopt=Abstract
https://linkinghub.elsevier.com/retrieve/pii/S0168-8227(18)31334-2
http://dx.doi.org/10.1016/j.diabres.2019.01.019
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30685348&dopt=Abstract
http://dx.doi.org/10.18553/jmcp.2018.24.9-a.s5
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30156443&dopt=Abstract
http://europepmc.org/abstract/MED/25555391
http://dx.doi.org/10.1177/1932296814565661
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25555391&dopt=Abstract
http://dx.doi.org/10.1016/j.jdiacomp.2021.107916
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33836965&dopt=Abstract
http://dx.doi.org/10.3111/13696998.2015.1006730
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25629654&dopt=Abstract
http://dx.doi.org/10.1007/s40273-018-0662-1
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29725871&dopt=Abstract
http://dx.doi.org/10.2337/dc19-1743
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32350021&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/


14. Elliott L, Fidler C, Ditchfield A, Stissing T. Hypoglycemia event rates: a comparison between real-world data and randomized
controlled trial populations in insulin-treated diabetes. Diabetes Ther 2016;7(1):45-60 [FREE Full text] [doi:
10.1007/s13300-016-0157-z] [Medline: 26886441]

15. Saunders C, Byrne CD, Guthrie B, Lindsay RS, McKnight JA, Philip S, Scottish Diabetes Research Network Epidemiology
Group. External validity of randomized controlled trials of glycaemic control and vascular disease: how representative are
participants? Diabet Med 2013 Mar;30(3):300-308. [doi: 10.1111/dme.12047] [Medline: 23075287]

16. McGovern A, Feher M, Munro N, de Lusignan S. Sodium-glucose co-transporter 2 (SGLT2) inhibitor: comparing trial data
and real-world use. Diabetes Ther 2017;8(2):365-376 [FREE Full text] [doi: 10.1007/s13300-017-0254-7] [Medline:
28324484]

17. Pedersen-Bjergaard U, Thorsteinsson B. Reporting severe hypoglycemia in type 1 diabetes: facts and pitfalls. Curr Diab
Rep 2017;17(12):131. [doi: 10.1007/s11892-017-0965-1] [Medline: 29080929]

18. Mauricio D, Westerbacka J, Nicholls C, Wu J, Gupta R, Menon AA, et al. 135-LB: the forgotten populations: real-world
patients with T2DM not meeting eligibility criteria of the glargine 300 U/mL EDITION and BRIGHT RCTs. Diabetes
2019;68(Supplement 1):135-LB. [doi: 10.2337/db19-135-lb]

19. Sarkar U, Karter AJ, Liu JY, Moffet HH, Adler NE, Schillinger D. Hypoglycemia is more common among type 2 diabetes
patients with limited health literacy: the diabetes study of Northern California (DISTANCE). J Gen Intern Med
2010;25(9):962-968 [FREE Full text] [doi: 10.1007/s11606-010-1389-7] [Medline: 20480249]

20. Ratzki-Leewing A, Harris S, Zou G, Ryan B. Real-world estimates of severe hypoglycaemia and associated healthcare
utilisation in the US: baseline results of the iNPHORM study. Diabetologia 2020:750.

21. Mann CJ. Observational research methods. Research design II: cohort, cross sectional, and case-control studies. Emerg
Med J 2003;20(1):54-60 [FREE Full text] [doi: 10.1136/emj.20.1.54] [Medline: 12533370]

22. Pedersen-Bjergaard U, Færch L, Allingbjerg ML, Agesen R, Thorsteinsson B. The influence of new European Union driver's
license legislation on reporting of severe hypoglycemia by patients with type 1 diabetes. Diabetes Care 2015;38(1):29-33.
[doi: 10.2337/dc14-1417] [Medline: 25288675]

23. Warner CH, Appenzeller GN, Grieger T, Belenkiy S, Breitbach J, Parker J, et al. Importance of anonymity to encourage
honest reporting in mental health screening after combat deployment. Arch Gen Psychiatry 2011;68(10):1065-1071. [doi:
10.1001/archgenpsychiatry.2011.112] [Medline: 21969463]

24. Gnambs T, Kaspar K. Disclosure of sensitive behaviors across self-administered survey modes: a meta-analysis. Behav
Res Methods 2014;47(4):1237-1259. [doi: 10.3758/s13428-014-0533-4] [Medline: 25410404]

25. Loxton D, Powers J, Anderson AE, Townsend N, Harris ML, Tuckerman R, et al. Online and offline recruitment of young
women for a longitudinal health survey: findings from the Australian Longitudinal Study on Women's Health 1989-95
Cohort. J Med Internet Res 2015;17(5):e109 [FREE Full text] [doi: 10.2196/jmir.4261] [Medline: 25940876]

26. McGee B, Leonte M, Wildenhaus K, Wilcox M, Reps J, LaCross L. Leveraging digital technology in conducting longitudinal
research on mental health in pregnancy: longitudinal panel survey study. JMIR Pediatr Parent 2021;4(2):e16280. [doi:
10.2196/16280] [Medline: 33904826]

27. Henderson JT, Thompson JH, Burda BU, Cantor A, Beil T, Whitlock EP. Screening for preeclampsia: a systematic evidence
review for the U.S. Preventive Services Task Force [Internet]. Rockville: Agency for Healthcare Research and Quality
(US); 2017.

28. von Elm E, Altman DG, Egger M, Pocock SJ, Gøtzsche PC, Vandenbroucke JP, STROBE Initiative. The Strengthening
the Reporting of Observational Studies in Epidemiology (STROBE) statement: guidelines for reporting observational
studies. J Clin Epidemiol 2008;61(4):344-349. [doi: 10.1016/j.jclinepi.2007.11.008] [Medline: 18313558]

29. Berger ML, Martin BC, Husereau D, Worley K, Allen JD, Yang W, et al. A questionnaire to assess the relevance and
credibility of observational studies to inform health care decision making: an ISPOR-AMCP-NPC Good Practice Task
Force report. Value Health 2014;17(2):143-156 [FREE Full text] [doi: 10.1016/j.jval.2013.12.011] [Medline: 24636373]

30. Eysenbach G. Improving the quality of web surveys: the Checklist for Reporting Results of Internet E-Surveys (CHERRIES).
J Med Internet Res 2004;6(3):e34 [FREE Full text] [doi: 10.2196/jmir.6.3.e34] [Medline: 15471760]

31. Knowledge panel: a methodological overview. Ipsos. URL: https://www.ipsos.com/sites/default/files/
ipsosknowledgepanelmethodology.pdf [accessed 2021-12-15]

32. Goldman N, Lin IF, Weinstein M, Lin YH. Evaluating the quality of self-reports of hypertension and diabetes. J Clin
Epidemiol 2003;56(2):148-154. [doi: 10.1016/s0895-4356(02)00580-2] [Medline: 12654409]

33. Riley RD, Snell KI, Ensor J, Burke DL, Harrell Jr FE, Moons KG, et al. Minimum sample size for developing a multivariable
prediction model: part I - continuous outcomes. Stat Med 2019;38(7):1262-1275. [doi: 10.1002/sim.7993] [Medline:
30347470]

34. Riley RD, Snell KI, Ensor J, Burke DL, Harrell Jr FE, Moons KG, et al. Minimum sample size for developing a multivariable
prediction model: part II - binary and time-to-event outcomes. Stat Med 2019;38(7):1276-1296 [FREE Full text] [doi:
10.1002/sim.7992] [Medline: 30357870]

35. Eysenbach G. The law of attrition. J Med Internet Res 2005;7(1):e11 [FREE Full text] [doi: 10.2196/jmir.7.1.e11] [Medline:
15829473]

JMIR Res Protoc 2022 | vol. 11 | iss. 2 | e33726 | p.295https://www.researchprotocols.org/2022/2/e33726
(page number not for citation purposes)

Ratzki-Leewing et alJMIR RESEARCH PROTOCOLS

XSL•FO
RenderX

http://europepmc.org/abstract/MED/26886441
http://dx.doi.org/10.1007/s13300-016-0157-z
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26886441&dopt=Abstract
http://dx.doi.org/10.1111/dme.12047
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23075287&dopt=Abstract
http://europepmc.org/abstract/MED/28324484
http://dx.doi.org/10.1007/s13300-017-0254-7
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28324484&dopt=Abstract
http://dx.doi.org/10.1007/s11892-017-0965-1
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29080929&dopt=Abstract
http://dx.doi.org/10.2337/db19-135-lb
http://europepmc.org/abstract/MED/20480249
http://dx.doi.org/10.1007/s11606-010-1389-7
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=20480249&dopt=Abstract
http://emj.bmj.com/cgi/pmidlookup?view=long&pmid=12533370
http://dx.doi.org/10.1136/emj.20.1.54
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=12533370&dopt=Abstract
http://dx.doi.org/10.2337/dc14-1417
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25288675&dopt=Abstract
http://dx.doi.org/10.1001/archgenpsychiatry.2011.112
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=21969463&dopt=Abstract
http://dx.doi.org/10.3758/s13428-014-0533-4
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25410404&dopt=Abstract
http://www.jmir.org/2015/5/e109/
http://dx.doi.org/10.2196/jmir.4261
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25940876&dopt=Abstract
http://dx.doi.org/10.2196/16280
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33904826&dopt=Abstract
http://dx.doi.org/10.1016/j.jclinepi.2007.11.008
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=18313558&dopt=Abstract
https://linkinghub.elsevier.com/retrieve/pii/S1098-3015(14)00009-6
http://dx.doi.org/10.1016/j.jval.2013.12.011
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24636373&dopt=Abstract
http://www.jmir.org/2004/3/e34/
http://dx.doi.org/10.2196/jmir.6.3.e34
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=15471760&dopt=Abstract
https://www.ipsos.com/sites/default/files/ipsosknowledgepanelmethodology.pdf
https://www.ipsos.com/sites/default/files/ipsosknowledgepanelmethodology.pdf
http://dx.doi.org/10.1016/s0895-4356(02)00580-2
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=12654409&dopt=Abstract
http://dx.doi.org/10.1002/sim.7993
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30347470&dopt=Abstract
http://europepmc.org/abstract/MED/30357870
http://dx.doi.org/10.1002/sim.7992
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30357870&dopt=Abstract
http://www.jmir.org/2005/1/e11/
http://dx.doi.org/10.2196/jmir.7.1.e11
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=15829473&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/


36. Eysenbach G, Wyatt J. Using the Internet for surveys and health research. J Med Internet Res 2002;4(2):E13 [FREE Full
text] [doi: 10.2196/jmir.4.2.e13] [Medline: 12554560]

37. Medical Devices & Diagnostics Centre of Expertise: 2020 Capabilities. Ipsos. URL: https://www.ipsos.com/sites/default/
files/ipsos-mdd-global-capabilities.pdf [accessed 2021-12-15]

38. Stopher P. Collecting, managing, and assessing data using sample surveys. Cambridge: Cambridge University Press; 2012.
39. Dillman DA. Mail and telephone surveys: the total design method. New York: John Wiley; 1978.
40. Kalfs N, van Evert H. Nonresponse and travel surveys. In: Jones P, Stopher PR, editors. Transport survey quality and

innovation. Bingley: Emerald Group Publishing; 2003:567-585.
41. Goyder J. The silent minority: nonresponse in sample surveys. Boulder: Westview Press; 1988.
42. Nederhof AJ. The effects of material incentives in mail surveys: two studies. Public Opin Q 1983;47(1):103-111. [doi:

10.1086/268770]
43. Sudman S, Bradburn NM. Response effects in surveys: a review and synthesis. London: Aldine Publishing Company; 1974.
44. Groves RM, Dillman DA, Eltinge JL, Little RJ. Survey nonresponse. Hoboken: Wiley; 2001.
45. Vinten G. The art of asking threatening questions. Manag Decis 1995;33(7):35-39. [doi: 10.1108/00251749510090566]
46. Raimond T, Hensher DA. Review of panel surveys and other longitudinal techniques: an annotated bibliographic review.

University of Sydney. Sydney: Institute of Transport Studies, Graduate School of Business, the University of Sydney; 1992.
URL: https://ses.library.usyd.edu.au/bitstream/handle/2123/19035/ITS-WP-92-19.pdf?sequence=1 [accessed 2021-08-11]

47. Bradburn NM, Sudman S, Wansink B. Asking questions: the definitive guide to questionnaire design: for market research,
political polls, and social and health questionnaires. San Francisco: Wiley; 2004.

48. Wyatt JC. When to use web-based surveys. J Am Med Inform Assoc 2000;7(4):426-429 [FREE Full text] [doi:
10.1136/jamia.2000.0070426] [Medline: 10887170]

49. Liu H, Cella D, Gershon R, Shen J, Morales LS, Riley W, et al. Representativeness of the patient-reported outcomes
measurement information system Internet panel. J Clin Epidemiol 2010;63(11):1169-1178 [FREE Full text] [doi:
10.1016/j.jclinepi.2009.11.021] [Medline: 20688473]

50. VR-36, VR-12 and VR-6d. Boston University School of Public Health. URL: https://www.bu.edu/sph/about/departments/
health-law-policy-and-management/research/vr-36-vr-12-and-vr-6d/ [accessed 2021-12-15]

51. Bombak AE. Self-rated health and public health: a critical perspective. Front Public Health 2013;1:15. [doi:
10.3389/fpubh.2013.00015] [Medline: 24350184]

52. Haun J, Luther S, Dodd V, Donaldson P. Measurement variation across health literacy assessments: implications for
assessment selection in research and practice. J Health Commun 2012;17 Suppl 3:141-159. [doi:
10.1080/10810730.2012.712615] [Medline: 23030567]

53. Selim AJ, Rogers W, Fleishman JA, Qian SX, Fincke BG, Rothendler JA, et al. Updated U.S. population standard for the
veterans RAND 12-item health survey (VR-12). Qual Life Res 2009;18(1):43-52. [doi: 10.1007/s11136-008-9418-2]
[Medline: 19051059]

54. American community survey 5-year data (2009-2019). United States Census Bureau. Washington D.C: Unites States
Department of Commerce; 2020. URL: https://www.census.gov/data/developers/data-sets/acs-5year.html [accessed
2021-05-04]

55. NHANES 2019-2020 questionnaire instruments. Centers for Disease Control and Prevention. Hyattsville: National center
for health statistics URL: https://wwwn.cdc.gov/nchs/nhanes/continuousnhanes/questionnaires.aspx?BeginYear=2019
[accessed 2021-07-21]

56. 2020 BRFSS questionnaire. Centres for disease control and prevention. 2021. URL: https://www.cdc.gov/brfss/questionnaires/
pdf-ques/2020-BRFSS-Questionnaire-508.pdf [accessed 2021-07-21]

57. 2020 National Health Interview Survey (NHIS) questionnaire. Centres for disease control and prevention. URL: https://ftp.
cdc.gov/pub/Health_Statistics/NCHS/Survey_Questionnaires/NHIS/2020/EnglishQuest-508.pdf [accessed 2021-07-21]

58. Coronavirus disease 2019 (COVID-19): 2020 interim case definition, approved april 5, 2020. Centers for disease control
and prevention. 2020. URL: https://ndc.services.cdc.gov/case-definitions/coronavirus-disease-2019-2020-08-05/ [accessed
2020-12-24]

59. Ratzki-Leewing AA, Ryan BL, Buchenberger JD, Dickens JW, Black JE, Harris SB. COVID-19 hinterland: surveilling
the self-reported impacts of the pandemic on diabetes management in the USA (cross-sectional results of the iNPHORM
study). BMJ Open 2021;11(9):e049782 [FREE Full text] [doi: 10.1136/bmjopen-2021-049782] [Medline: 34475174]

60. Ratzki-Leewing A, Harris SB, Mequanint S, Reichert SM, Belle Brown J, Black JE, et al. Real-world crude incidence of
hypoglycemia in adults with diabetes: results of the InHypo-DM Study, Canada. BMJ Open Diabetes Res Care
2018;6(1):e000503 [FREE Full text] [doi: 10.1136/bmjdrc-2017-000503] [Medline: 29713480]

61. Clarke WL, Cox DJ, Gonder-Frederick LA, Julian D, Schlundt D, Polonsky W. Reduced awareness of hypoglycemia in
adults with IDDM. A prospective study of hypoglycemic frequency and associated symptoms. Diabetes Care
1995;18(4):517-522. [doi: 10.2337/diacare.18.4.517] [Medline: 7497862]

62. Gold AE, MacLeod KM, Frier BM. Frequency of severe hypoglycemia in patients with type I diabetes with impaired
awareness of hypoglycemia. Diabetes Care 1994;17(7):697-703. [doi: 10.2337/diacare.17.7.697] [Medline: 7924780]

JMIR Res Protoc 2022 | vol. 11 | iss. 2 | e33726 | p.296https://www.researchprotocols.org/2022/2/e33726
(page number not for citation purposes)

Ratzki-Leewing et alJMIR RESEARCH PROTOCOLS

XSL•FO
RenderX

https://www.jmir.org/2002/2/e13/
https://www.jmir.org/2002/2/e13/
http://dx.doi.org/10.2196/jmir.4.2.e13
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=12554560&dopt=Abstract
https://www.ipsos.com/sites/default/files/ipsos-mdd-global-capabilities.pdf
https://www.ipsos.com/sites/default/files/ipsos-mdd-global-capabilities.pdf
http://dx.doi.org/10.1086/268770
http://dx.doi.org/10.1108/00251749510090566
https://ses.library.usyd.edu.au/bitstream/handle/2123/19035/ITS-WP-92-19.pdf?sequence=1
http://jamia.oxfordjournals.org/lookup/pmidlookup?view=long&pmid=10887170
http://dx.doi.org/10.1136/jamia.2000.0070426
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=10887170&dopt=Abstract
http://europepmc.org/abstract/MED/20688473
http://dx.doi.org/10.1016/j.jclinepi.2009.11.021
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=20688473&dopt=Abstract
https://www.bu.edu/sph/about/departments/health-law-policy-and-management/research/vr-36-vr-12-and-vr-6d/
https://www.bu.edu/sph/about/departments/health-law-policy-and-management/research/vr-36-vr-12-and-vr-6d/
http://dx.doi.org/10.3389/fpubh.2013.00015
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24350184&dopt=Abstract
http://dx.doi.org/10.1080/10810730.2012.712615
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23030567&dopt=Abstract
http://dx.doi.org/10.1007/s11136-008-9418-2
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=19051059&dopt=Abstract
https://www.census.gov/data/developers/data-sets/acs-5year.html
https://wwwn.cdc.gov/nchs/nhanes/continuousnhanes/questionnaires.aspx?BeginYear=2019
https://www.cdc.gov/brfss/questionnaires/pdf-ques/2020-BRFSS-Questionnaire-508.pdf
https://www.cdc.gov/brfss/questionnaires/pdf-ques/2020-BRFSS-Questionnaire-508.pdf
https://ftp.cdc.gov/pub/Health_Statistics/NCHS/Survey_Questionnaires/NHIS/2020/EnglishQuest-508.pdf
https://ftp.cdc.gov/pub/Health_Statistics/NCHS/Survey_Questionnaires/NHIS/2020/EnglishQuest-508.pdf
https://ndc.services.cdc.gov/case-definitions/coronavirus-disease-2019-2020-08-05/
https://bmjopen.bmj.com/lookup/pmidlookup?view=long&pmid=34475174
http://dx.doi.org/10.1136/bmjopen-2021-049782
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=34475174&dopt=Abstract
https://drc.bmj.com/lookup/pmidlookup?view=long&pmid=29713480
http://dx.doi.org/10.1136/bmjdrc-2017-000503
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29713480&dopt=Abstract
http://dx.doi.org/10.2337/diacare.18.4.517
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=7497862&dopt=Abstract
http://dx.doi.org/10.2337/diacare.17.7.697
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=7924780&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/


63. Gonder-Frederick LA, Schmidt KM, Vajda KA, Greear ML, Singh H, Shepard JA, et al. Psychometric properties of the
hypoglycemia fear survey-ii for adults with type 1 diabetes. Diabetes Care 2011;34(4):801-806 [FREE Full text] [doi:
10.2337/dc10-1343] [Medline: 21346182]

64. American Diabetes Association. Standards of Medical Care in Diabetes-2019 abridged for primary care providers. Clin
Diabetes 2019;37(1):11-34 [FREE Full text] [doi: 10.2337/cd18-0105] [Medline: 30705493]

65. Brod M, Christensen T, Bushnell DM. The impact of non-severe hypoglycemic events on daytime function and diabetes
management among adults with type 1 and type 2 diabetes. J Med Econ 2012;15(5):869-877. [doi:
10.3111/13696998.2012.686465] [Medline: 22510017]

66. Kern W, Holstein A, Moenninghoff C, Kienhöfer J, Riedl M, Kulzer B. Self-reported hypoglycaemic events in 2 430
patients with insulin-treated diabetes in the German sub-population of the HAT study. Exp Clin Endocrinol Diabetes
2017;125(9):592-597 [FREE Full text] [doi: 10.1055/s-0043-112350] [Medline: 28750429]

67. Pedersen-Bjergaard U, Pramming S, Thorsteinsson B. Recall of severe hypoglycaemia and self-estimated state of awareness
in type 1 diabetes. Diabetes Metab Res Rev 2003;19(3):232-240. [doi: 10.1002/dmrr.377] [Medline: 12789657]

68. CFR - code of federal regulations title 21. United States Food and Drug Administration. 2021. URL: https://www.
accessdata.fda.gov/scripts/cdrh/cfdocs/cfcfr/cfrsearch.cfm?fr=312.32 [accessed 2021-12-15]

69. Sterne JA, White IR, Carlin JB, Spratt M, Royston P, Kenward MG, et al. Multiple imputation for missing data in
epidemiological and clinical research: potential and pitfalls. BMJ 2009;338:b2393 [FREE Full text] [doi: 10.1136/bmj.b2393]
[Medline: 19564179]

70. Royston P, Moons KG, Altman DG, Vergouwe Y. Prognosis and prognostic research: developing a prognostic model. BMJ
2009;338:b604. [doi: 10.1136/bmj.b604] [Medline: 19336487]

71. Altman DG, Vergouwe Y, Royston P, Moons KG. Prognosis and prognostic research: validating a prognostic model. BMJ
2009;338:b605. [doi: 10.1136/bmj.b605] [Medline: 19477892]

72. Collins GS, Reitsma JB, Altman DG, Moons KG. Transparent reporting of a multivariable prediction model for individual
prognosis or diagnosis (TRIPOD): the TRIPOD Statement. BMC Med 2015;13:1 [FREE Full text] [doi:
10.1186/s12916-014-0241-z] [Medline: 25563062]

73. Moons KG, Kengne AP, Woodward M, Royston P, Vergouwe Y, Altman DG, et al. Risk prediction models: I. Development,
internal validation, and assessing the incremental value of a new (bio)marker. Heart 2012;98(9):683-690. [doi:
10.1136/heartjnl-2011-301246] [Medline: 22397945]

74. Steyerberg EW, Uno H, Ioannidis JP, van Calster B, Collaborators. Poor performance of clinical prediction models: the
harm of commonly applied methods. J Clin Epidemiol 2018;98:133-143. [doi: 10.1016/j.jclinepi.2017.11.013] [Medline:
29174118]

75. Moons KG, Donders AR, Steyerberg EW, Harrell FE. Penalized maximum likelihood estimation to directly adjust diagnostic
and prognostic prediction models for overoptimism: a clinical example. J Clin Epidemiol 2004;57(12):1262-1270. [doi:
10.1016/j.jclinepi.2004.01.020] [Medline: 15617952]

76. Pavlou M, Ambler G, Seaman SR, Guttmann O, Elliott P, King M, et al. How to develop a more accurate risk prediction
model when there are few events. BMJ 2015;351:h3868 [FREE Full text] [doi: 10.1136/bmj.h3868] [Medline: 26264962]

77. Tibshirani R. Regression shrinkage and selection via the lasso. J R Stat Soc Series B Stat Methodol 1996;58(1):267-288.
[doi: 10.1111/j.2517-6161.1996.tb02080.x]

78. Royston P, Ambler G, Sauerbrei W. The use of fractional polynomials to model continuous risk variables in epidemiology.
Int J Epidemiol 1999;28(5):964-974. [doi: 10.1093/ije/28.5.964] [Medline: 10597998]

79. Howe CJ, Cole SR, Lau B, Napravnik S, Eron Jr JJ. Selection bias due to loss to follow up in cohort studies. Epidemiology
2016;27(1):91-97 [FREE Full text] [doi: 10.1097/EDE.0000000000000409] [Medline: 26484424]

80. Scharfstein D, Robins JM, Eddings W, Rotnitzky A. Inference in randomized studies with informative censoring and discrete
time-to-event endpoints. Biometrics 2001;57(2):404-413. [doi: 10.1111/j.0006-341x.2001.00404.x] [Medline: 11414563]

81. Steyerberg EW, Harrell Jr FE. Prediction models need appropriate internal, internal-external, and external validation. J
Clin Epidemiol 2016;69:245-247 [FREE Full text] [doi: 10.1016/j.jclinepi.2015.04.005] [Medline: 25981519]

82. Uno H, Cai T, Pencina MJ, D'Agostino RB, Wei LJ. On the C-statistics for evaluating overall adequacy of risk prediction
procedures with censored survival data. Stat Med 2011;30(10):1105-1117 [FREE Full text] [doi: 10.1002/sim.4154]
[Medline: 21484848]

83. Moons KG, Altman DG, Reitsma JB, Ioannidis JP, Macaskill P, Steyerberg EW, et al. Transparent reporting of a multivariable
prediction model for individual prognosis or diagnosis (TRIPOD): explanation and elaboration. Ann Intern Med
2015;162(1):W1-73 [FREE Full text] [doi: 10.7326/M14-0698] [Medline: 25560730]

84. Grønnesby JK, Borgan O. A method for checking regression models in survival analysis based on the risk score. Lifetime
Data Anal 1996;2(4):315-328. [doi: 10.1007/BF00127305] [Medline: 9384628]

85. May S, Hosmer DW. A cautionary note on the use of the Grønnesby and Borgan goodness-of-fit test for the Cox proportional
hazards model. Lifetime Data Anal 2004;10(3):283-291. [doi: 10.1023/b:lida.0000036393.29224.1d] [Medline: 15456108]

86. Nijman SW, Groenhof TK, Hoogland J, Bots ML, Brandjes M, Jacobs JJ, et al. Real-time imputation of missing predictor
values improved the application of prediction models in daily practice. J Clin Epidemiol 2021;134:22-34 [FREE Full text]
[doi: 10.1016/j.jclinepi.2021.01.003] [Medline: 33482294]

JMIR Res Protoc 2022 | vol. 11 | iss. 2 | e33726 | p.297https://www.researchprotocols.org/2022/2/e33726
(page number not for citation purposes)

Ratzki-Leewing et alJMIR RESEARCH PROTOCOLS

XSL•FO
RenderX

http://europepmc.org/abstract/MED/21346182
http://dx.doi.org/10.2337/dc10-1343
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=21346182&dopt=Abstract
http://europepmc.org/abstract/MED/30705493
http://dx.doi.org/10.2337/cd18-0105
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30705493&dopt=Abstract
http://dx.doi.org/10.3111/13696998.2012.686465
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=22510017&dopt=Abstract
http://www.thieme-connect.com/DOI/DOI?10.1055/s-0043-112350
http://dx.doi.org/10.1055/s-0043-112350
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28750429&dopt=Abstract
http://dx.doi.org/10.1002/dmrr.377
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=12789657&dopt=Abstract
https://www.accessdata.fda.gov/scripts/cdrh/cfdocs/cfcfr/cfrsearch.cfm?fr=312.32
https://www.accessdata.fda.gov/scripts/cdrh/cfdocs/cfcfr/cfrsearch.cfm?fr=312.32
http://europepmc.org/abstract/MED/19564179
http://dx.doi.org/10.1136/bmj.b2393
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=19564179&dopt=Abstract
http://dx.doi.org/10.1136/bmj.b604
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=19336487&dopt=Abstract
http://dx.doi.org/10.1136/bmj.b605
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=19477892&dopt=Abstract
https://bmcmedicine.biomedcentral.com/articles/10.1186/s12916-014-0241-z
http://dx.doi.org/10.1186/s12916-014-0241-z
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25563062&dopt=Abstract
http://dx.doi.org/10.1136/heartjnl-2011-301246
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=22397945&dopt=Abstract
http://dx.doi.org/10.1016/j.jclinepi.2017.11.013
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29174118&dopt=Abstract
http://dx.doi.org/10.1016/j.jclinepi.2004.01.020
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=15617952&dopt=Abstract
http://www.bmj.com/lookup/pmidlookup?view=long&pmid=26264962
http://dx.doi.org/10.1136/bmj.h3868
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26264962&dopt=Abstract
http://dx.doi.org/10.1111/j.2517-6161.1996.tb02080.x
http://dx.doi.org/10.1093/ije/28.5.964
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=10597998&dopt=Abstract
http://europepmc.org/abstract/MED/26484424
http://dx.doi.org/10.1097/EDE.0000000000000409
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26484424&dopt=Abstract
http://dx.doi.org/10.1111/j.0006-341x.2001.00404.x
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=11414563&dopt=Abstract
http://europepmc.org/abstract/MED/25981519
http://dx.doi.org/10.1016/j.jclinepi.2015.04.005
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25981519&dopt=Abstract
http://europepmc.org/abstract/MED/21484848
http://dx.doi.org/10.1002/sim.4154
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=21484848&dopt=Abstract
https://www.acpjournals.org/doi/abs/10.7326/M14-0698?url_ver=Z39.88-2003&rfr_id=ori:rid:crossref.org&rfr_dat=cr_pub%3dpubmed
http://dx.doi.org/10.7326/M14-0698
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25560730&dopt=Abstract
http://dx.doi.org/10.1007/BF00127305
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=9384628&dopt=Abstract
http://dx.doi.org/10.1023/b:lida.0000036393.29224.1d
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=15456108&dopt=Abstract
https://linkinghub.elsevier.com/retrieve/pii/S0895-4356(21)00005-6
http://dx.doi.org/10.1016/j.jclinepi.2021.01.003
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33482294&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/


87. Steyerberg EW, Borsboom GJ, van Houwelingen HC, Eijkemans MJ, Habbema JD. Validation and updating of predictive
logistic regression models: a study on sample size and shrinkage. Stat Med 2004;23(16):2567-2586. [doi: 10.1002/sim.1844]
[Medline: 15287085]

88. von Allmen RS, Weiss S, Tevaearai HT, Kuemmerli C, Tinner C, Carrel TP, et al. Completeness of follow-up determines
validity of study findings: results of a prospective repeated measures cohort study. PLoS One 2015;10(10):e0140817 [FREE
Full text] [doi: 10.1371/journal.pone.0140817] [Medline: 26469346]

89. Kimball AW. Errors of the third kind in statistical consulting. J Am Stat Assoc 1957;52(278):133-142. [doi:
10.1080/01621459.1957.10501374]

90. Edridge CL, Dunkley AJ, Bodicoat DH, Rose TC, Gray LJ, Davies MJ, et al. Prevalence and incidence of hypoglycaemia
in 532,542 people with type 2 diabetes on oral therapies and insulin: a systematic review and meta-analysis of population
based studies. PLoS One 2015;10(6):e0126427 [FREE Full text] [doi: 10.1371/journal.pone.0126427] [Medline: 26061690]

91. Kodama S, Fujihara K, Shiozaki H, Horikawa C, Yamada MH, Sato T, et al. Ability of current machine learning algorithms
to predict and detect hypoglycemia in patients with diabetes mellitus: meta-analysis. JMIR Diabetes 2021;6(1):e22458
[FREE Full text] [doi: 10.2196/22458] [Medline: 33512324]

92. Hulley SB, Cummings SR, Browner WS, Grady DG, Newman TB. Designing clinical research: an epidemiologic approach.
2nd edition. Philadelphia: Lippincott Williams & Wilkins; 2001.

93. Han K, Yun JS, Park YM, Ahn YB, Cho JH, Cha SA, et al. Development and validation of a risk prediction model for
severe hypoglycemia in adult patients with type 2 diabetes: a nationwide population-based cohort study. Clin Epidemiol
2018;10:1545-1559 [FREE Full text] [doi: 10.2147/CLEP.S169835] [Medline: 30425585]

94. Mathioudakis NN, Everett E, Routh S, Pronovost PJ, Yeh HC, Golden SH, et al. Development and validation of a prediction
model for insulin-associated hypoglycemia in non-critically ill hospitalized adults. BMJ Open Diabetes Res Care
2018;6(1):e000499 [FREE Full text] [doi: 10.1136/bmjdrc-2017-000499] [Medline: 29527311]

95. Eren-Oruklu M, Cinar A, Quinn L. Hypoglycemia prediction with subject-specific recursive time-series models. J Diabetes
Sci Technol 2010;4(1):25-33 [FREE Full text] [doi: 10.1177/193229681000400104] [Medline: 20167164]

96. Faruqui SH, Du Y, Meka R, Alaeddini A, Li C, Shirinkam S, et al. Development of a deep learning model for dynamic
forecasting of blood glucose level for type 2 diabetes mellitus: secondary analysis of a randomized controlled trial. JMIR
Mhealth Uhealth 2019;7(11):e14452 [FREE Full text] [doi: 10.2196/14452] [Medline: 31682586]

97. Frier BM, Ratzki-Leewing A, Harris SB. Reporting of hypoglycaemia in clinical trials of basal insulins: a need for consensus.
Diabetes Obes Metab 2019;21(7):1529-1542 [FREE Full text] [doi: 10.1111/dom.13732] [Medline: 30924567]

98. Diabetes Canada Clinical Practice Guidelines Expert Committee, Yale JF, Paty B, Senior PA. Hypoglycemia. Can J Diabetes
2018;42 Suppl 1:S104-S108. [doi: 10.1016/j.jcjd.2017.10.010] [Medline: 29650081]

99. Mojdami D, Mitchell BD, Spaepen E, Syring K, Rabasa-Lhoret R, Punthakee Z, et al. Conversations and reactions around
severe hypoglycemia study: results of hypoglycemia experiences in Canadian adults with insulin-treated diabetes and their
caregivers. Can J Diabetes 2021;45(3):236-242. [doi: 10.1016/j.jcjd.2020.08.104] [Medline: 33087294]

100. Leiter LA, Boras D, Woo VC. Dosing irregularities and self-treated hypoglycemia in type 2 diabetes: results from the
Canadian cohort of an international survey of patients and healthcare professionals. Can J Diabetes 2014;38(1):38-44. [doi:
10.1016/j.jcjd.2013.08.270] [Medline: 24485212]

101. Wasfi R, Poirier Stephens Z, Sones M, Laberee K, Pugh C, Fuller D, et al. Recruiting participants for population health
intervention research: effectiveness and costs of recruitment methods for a cohort study. J Med Internet Res
2021;23(11):e21142 [FREE Full text] [doi: 10.2196/21142] [Medline: 34587586]

102. Demographics of internet and home broadband usage in the United States. Pew Research Center. 2021. URL: https://www.
pewresearch.org/internet/fact-sheet/internet-broadband/ [accessed 2021-05-04]

103. Delgado-Rodríguez M, Llorca J. Bias. J Epidemiol Community Health 2004;58(8):635-641 [FREE Full text] [doi:
10.1136/jech.2003.008466] [Medline: 15252064]

104. Craig BM, Hays RD, Pickard AS, Cella D, Revicki DA, Reeve BB. Comparison of US panel vendors for online surveys.
J Med Internet Res 2013;15(11):e260 [FREE Full text] [doi: 10.2196/jmir.2903] [Medline: 24292159]

105. Hays RD, Liu H, Kapteyn A. Use of Internet panels to conduct surveys. Behav Res Methods 2015;47(3):685-690 [FREE
Full text] [doi: 10.3758/s13428-015-0617-9] [Medline: 26170052]

106. Dillman DA. Mail and internet surveys: the tailored design method - 2007 update with new internet, visual, and mixed-mode
guide. Hoboken: John Wiley & Sons; 2007.

107. Tofthagen C. Threats to validity in retrospective studies. J Adv Pract Oncol 2012;3(3):181-183 [FREE Full text] [Medline:
25031944]

108. Schonlau M. Will web surveys ever become part of mainstream research? J Med Internet Res 2004;6(3):e31 [FREE Full
text] [doi: 10.2196/jmir.6.3.e31] [Medline: 15471757]

109. Stewart MA. Effective physician-patient communication and health outcomes: a review. CMAJ 1995;152(9):1423-1433
[FREE Full text] [Medline: 7728691]

110. Basch E, Deal AM, Dueck AC, Scher HI, Kris MG, Hudis C, et al. Overall survival results of a trial assessing patient-reported
outcomes for symptom monitoring during routine cancer treatment. JAMA 2017;318(2):197-198 [FREE Full text] [doi:
10.1001/jama.2017.7156] [Medline: 28586821]

JMIR Res Protoc 2022 | vol. 11 | iss. 2 | e33726 | p.298https://www.researchprotocols.org/2022/2/e33726
(page number not for citation purposes)

Ratzki-Leewing et alJMIR RESEARCH PROTOCOLS

XSL•FO
RenderX

http://dx.doi.org/10.1002/sim.1844
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=15287085&dopt=Abstract
https://dx.plos.org/10.1371/journal.pone.0140817
https://dx.plos.org/10.1371/journal.pone.0140817
http://dx.doi.org/10.1371/journal.pone.0140817
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26469346&dopt=Abstract
http://dx.doi.org/10.1080/01621459.1957.10501374
https://dx.plos.org/10.1371/journal.pone.0126427
http://dx.doi.org/10.1371/journal.pone.0126427
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26061690&dopt=Abstract
https://diabetes.jmir.org/2021/1/e22458/
http://dx.doi.org/10.2196/22458
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33512324&dopt=Abstract
https://dx.doi.org/10.2147/CLEP.S169835
http://dx.doi.org/10.2147/CLEP.S169835
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30425585&dopt=Abstract
https://drc.bmj.com/lookup/pmidlookup?view=long&pmid=29527311
http://dx.doi.org/10.1136/bmjdrc-2017-000499
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29527311&dopt=Abstract
http://europepmc.org/abstract/MED/20167164
http://dx.doi.org/10.1177/193229681000400104
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=20167164&dopt=Abstract
https://mhealth.jmir.org/2019/11/e14452/
http://dx.doi.org/10.2196/14452
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31682586&dopt=Abstract
http://europepmc.org/abstract/MED/30924567
http://dx.doi.org/10.1111/dom.13732
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30924567&dopt=Abstract
http://dx.doi.org/10.1016/j.jcjd.2017.10.010
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29650081&dopt=Abstract
http://dx.doi.org/10.1016/j.jcjd.2020.08.104
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=33087294&dopt=Abstract
http://dx.doi.org/10.1016/j.jcjd.2013.08.270
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24485212&dopt=Abstract
https://www.jmir.org/2021/11/e21142/
http://dx.doi.org/10.2196/21142
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=34587586&dopt=Abstract
https://www.pewresearch.org/internet/fact-sheet/internet-broadband/
https://www.pewresearch.org/internet/fact-sheet/internet-broadband/
http://jech.bmj.com/cgi/pmidlookup?view=long&pmid=15252064
http://dx.doi.org/10.1136/jech.2003.008466
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=15252064&dopt=Abstract
https://www.jmir.org/2013/11/e260/
http://dx.doi.org/10.2196/jmir.2903
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24292159&dopt=Abstract
http://europepmc.org/abstract/MED/26170052
http://europepmc.org/abstract/MED/26170052
http://dx.doi.org/10.3758/s13428-015-0617-9
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26170052&dopt=Abstract
http://europepmc.org/abstract/MED/25031944
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25031944&dopt=Abstract
http://www.jmir.org/2004/3/e31/
http://www.jmir.org/2004/3/e31/
http://dx.doi.org/10.2196/jmir.6.3.e31
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=15471757&dopt=Abstract
http://www.cmaj.ca/cgi/pmidlookup?view=reprint&pmid=7728691
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=7728691&dopt=Abstract
http://europepmc.org/abstract/MED/28586821
http://dx.doi.org/10.1001/jama.2017.7156
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28586821&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/


111. Little P, Everitt H, Williamson I, Warner G, Moore M, Gould C, et al. Observational study of effect of patient centredness
and positive approach on outcomes of general practice consultations. BMJ 2001;323(7318):908-911 [FREE Full text] [doi:
10.1136/bmj.323.7318.908] [Medline: 11668137]

Abbreviations
EMR: electronic medical record
IIS: Ipsos Interactive Services
iNPHORM: Investigating Novel Predictions of Hypoglycemia Occurrence Using Real-world Models
Lasso: least absolute shrinkage and selection operator
T1DM: type 1 diabetes mellitus
T2DM: type 2 diabetes mellitus

Edited by A Mavragani; submitted 20.09.21; peer-reviewed by M Feher; comments to author 13.10.21; revised version received
16.12.21; accepted 06.01.22; published 11.02.22.

Please cite as:
Ratzki-Leewing A, Ryan BL, Zou G, Webster-Bogaert S, Black JE, Stirling K, Timcevska K, Khan N, Buchenberger JD, Harris SB
Predicting Real-world Hypoglycemia Risk in American Adults With Type 1 or 2 Diabetes Mellitus Prescribed Insulin and/or
Secretagogues: Protocol for a Prospective, 12-Wave Internet-Based Panel Survey With Email Support (the iNPHORM [Investigating
Novel Predictions of Hypoglycemia Occurrence Using Real-world Models] Study)
JMIR Res Protoc 2022;11(2):e33726
URL: https://www.researchprotocols.org/2022/2/e33726 
doi:10.2196/33726
PMID:35025756

©Alexandria Ratzki-Leewing, Bridget L Ryan, Guangyong Zou, Susan Webster-Bogaert, Jason E Black, Kathryn Stirling, Kristina
Timcevska, Nadia Khan, John D Buchenberger, Stewart B Harris. Originally published in JMIR Research Protocols
(https://www.researchprotocols.org), 11.02.2022. 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 https://www.researchprotocols.org, as well as this
copyright and license information must be included.

JMIR Res Protoc 2022 | vol. 11 | iss. 2 | e33726 | p.299https://www.researchprotocols.org/2022/2/e33726
(page number not for citation purposes)

Ratzki-Leewing et alJMIR RESEARCH PROTOCOLS

XSL•FO
RenderX

http://europepmc.org/abstract/MED/11668137
http://dx.doi.org/10.1136/bmj.323.7318.908
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=11668137&dopt=Abstract
https://www.researchprotocols.org/2022/2/e33726
http://dx.doi.org/10.2196/33726
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=35025756&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/


Protocol

Cardiovascular Health Status And Genetic Risk In Survivors of
Childhood Neuroblastoma and Nephroblastoma Treated With
Doxorubicin: Protocol of the Pharmacogenetic Part of the
LESS-Anthra Cross-Sectional Cohort Study

Oliver Zolk1*, MD; Annika von dem Knesebeck2*, MD; Norbert Graf3, MD; Thorsten Simon4, MD; Barbara Hero4,

MD; Hashim Abdul-Khaliq5, MD; Mohamed Abd El Rahman5, MD; Claudia Spix6, DPhil; Benjamin Mayer7, PhD;

Susanne Elsner8, PhD; Judith Gebauer9, MD; Thorsten Langer10, MD
1Institute of Clinical Pharmacology, Brandenburg Medical School (Theodor Fontane), Immanuel Klinik Rüdersdorf, Rüdersdorf, Germany
2Institute of Pharmacology of Natural Products & Clinical Pharmacology, University of Ulm, Ulm, Germany
3Department of Pediatric Oncology and Hematology, Saarland University, Homburg, Germany
4Department of Pediatric Oncology and Hematology, Children's Hospital, University of Cologne, Cologne, Germany
5Department of Pediatric Cardiology, Saarland University, Homburg, Germany
6German Childhood Cancer Registry, Mainz, Germany
7Institute of Epidemiology and Medical Biometry, University of Ulm, Ulm, Germany
8Institute for Social Medicine and Epidemiology, University of Lübeck, Lübeck, Germany
9Department of Internal Medicine I, University Hospital of Schleswig-Holstein, Lübeck, Germany
10Department of Pediatric Oncology and Hematology, University Hospital for Children and Adolescents, Lübeck, Germany
*these authors contributed equally

Corresponding Author:
Oliver Zolk, MD
Institute of Clinical Pharmacology, Brandenburg Medical School (Theodor Fontane)
Immanuel Klinik Rüdersdorf
Seebad 82/83
Rüdersdorf, 15562
Germany
Phone: 49 33638 8 ext 3991
Email: oliver.zolk@MHB-fontane.de

Abstract

Background: In childhood cancer survivors (survival of 5 years or more after diagnosis), cardiac toxicity is the most common
nonmalignant cause of death attributed to treatment-related consequences. Identifying patients at risk of developing late cardiac
toxicity is therefore crucial to improving treatment outcomes. The use of genetic markers has been proposed, together with clinical
risk factors, to predict individual risk of cardiac toxicity from cancer therapies, such as doxorubicin.

Objective: The primary aim of this study is to evaluate the value of multimarker genetic testing for RARG rs2229774, UGT1A6
rs17863783, and SLC28A3 rs7853758 for predicting doxorubicin-induced cardiotoxicity. The secondary aim is to replicate
previously described associations of candidate genetic markers with doxorubicin-induced cardiotoxicity. Moreover, we will
evaluate the prevalence of cardiovascular dysfunction in childhood cancer survivors after neuroblastoma or nephroblastoma.

Methods: This is the pharmacogenetic substudy of the research project Structural Optimization for Children With Cancer After
Anthracycline Therapy (LESS-Anthra). We invited 2158 survivors of childhood neuroblastoma or nephroblastoma treated with
doxorubicin according to the trial protocols of SIOP 9/GPOH, SIOP 93-01/GPOH, SIOP 2001/GPOH, NB 90, NB 97, or NB
2004 to participate in this prospective cross-sectional cohort study. The study participants underwent a cardiological examination
and were asked to provide a blood or saliva sample for genotyping. The study participants' health statuses and cardiovascular
diagnoses were recorded using a questionnaire completed by the cardiologist. Digital echocardiographic data were centrally
evaluated to determine the contractile function parameters. Medical data on the tumor diagnosis and treatment protocol were
taken from the study documentation. Survivors were screened for variants of several candidate genes by TaqMan genotyping.
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Results: This study includes 657 survivors treated with doxorubicin for childhood cancer, the largest German cohort assembled
to date to investigate cardiovascular late effects. Data analyses are yet to be completed.

Conclusions: This study will define the genetic risk related to 3 marker genes proposed in a pharmacogenetic guideline for risk
assessment. Moreover, the results of this study will show the prevalence of cardiovascular dysfunction in survivors of pediatric
neuroblastoma or nephroblastoma who were treated with doxorubicin. The results will help to improve primary treatment and
follow-up care, thus reducing cardiovascular late effects in the growing population of childhood cancer survivors.

Tr i a l  R e g i s t r a t i o n :  G e r m a n  C l i n i c a l  Tr i a l s  R e g i s t e r  D R K S 0 0 0 1 5 0 8 4 ;
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Introduction

Despite the emergence of new so-called targeted therapies,
standard cytotoxic chemotherapies remain a cornerstone for
treating various cancers. Anthracyclines, such as doxorubicin,
daunorubicin, and epirubicin, are still among the most used
chemotherapeutic agents. However, cardiotoxicity is a frequent
complication with this class of anticancer drugs. In particular,
childhood cancer survivors are at risk for cardiovascular
complications, with a 15-fold increase in the relative risk of
severe congestive heart failure compared to their noncancer
siblings [1] and an 8-fold increase in mortality due to
cardiovascular disease compared to the overall population [2,3].
Previous studies showed that 4.4%-42% of childhood survivors
of acute lymphoblastic leukemia or nephroblastoma had
progressive cardiac abnormalities several years after completing
doxorubicin therapy [4-6].

Anthracycline-induced cardiomyopathy may develop during
treatment or several years after completion of treatment and
may include decreased left ventricular ejection fraction and
signs and symptoms of congestive heart failure. Many risk
factors for anthracycline-induced cardiotoxicity have been
identified, most notably higher cumulative anthracycline doses
and younger age. However, the optimal strategy for the
prevention of anthracycline-induced cardiotoxicity is unclear.
Currently, dexrazoxane is the only treatment for anthracycline
cardioprotection approved by the United States Food and Drug
Administration and European Medicines Agency. However,
dexrazoxane is contraindicated in children and adolescents due
to a 3-fold higher incidence of secondary malignancies in
dexrazoxane-treated children compared with controls.

There is an additive or potentially synergistic increase in the
risk of cardiomyopathy or cardiovascular death in
anthracycline-treated patients who have received radiotherapy
to the mediastinum or concomitant therapy with other known
cardiotoxic agents, such as cyclophosphamide or vinca alkaloids
[7,8]. Tukenova et al [7] reported that as little as 5 Gy of
radiation to the heart increased the relative risk of cardiovascular
disease mortality in childhood cancer survivors. New techniques
in radiotherapy can increase cardiac protection without losing
the efficacy of irradiation [9].

There is extensive interindividual variability in sensitivity to
the cardiotoxic effects of anthracyclines. In some patients,

cumulative doses of doxorubicin higher than 1000 mg/m2 cause
no cardiomyopathy, whereas others develop cardiomyopathy

at cumulative doses <200 mg/m2 [10]. Clinical and experimental
studies have shown a considerable genetic contribution [11-13].
The heritability of anthracycline-induced cell toxicity has been
estimated to be 35%-60% [11]. Together, the findings suggest
that genetic factors play an important role in
anthracycline-associated cardiotoxicity.

Candidate gene and genome-wide association studies have
identified genetic variants associated with anthracycline-induced
cardiotoxicity, including genetic polymorphisms in genes
involved in anthracycline transport, metabolism, and
anthracycline-induced oxidative stress. Based on their study
results, Aminkeng et al [14] concluded that the evidence was
strongest and most consistent for an association of RARG
(retinoic acid receptor gamma) rs2229774, SLC28A3 (solute
carrier family 28 member 3) rs7853758, and UGT1A6 (UDP
glucuronosyltransferase family 1 member A6) rs17863783
variants with anthracycline-induced cardiotoxicity. Testing for
these single nucleotide polymorphisms (SNPs) could improve
discrimination between individuals at higher and lower risk of
anthracycline-induced cardiotoxicity. Aminkeng et al [14]
proposed the grading cardiotoxicity risk according to the RARG
rs2229774, UGT1A6 rs17863783, and SLC28A3 rs7853758
genotype, as follows: patients carrying the RARG rs2229774 A
or UGT1A6 rs17863783 T risk variants should be considered
at high risk of anthracycline-induced cardiotoxicity. The
SLC28A3 rs7853758 A allele was associated with a reduced
risk of anthracycline-induced cardiotoxicity. For patients
carrying the rs7853758 A protective variant who do not carry
RARG rs2229774 or UGT1A6 rs17863783 risk variants,
classification into a lower cardiotoxicity risk group should be
considered. All other patients should be considered at moderate
genetic risk. An initial health economic evaluation of
pharmacogenomic testing in patients treated for childhood
cancer with anthracyclines suggests that information gained
from the pharmacogenomic test could reduce mortality by
approximately 17% and reduce costs by about 6% [15].
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The primary aim of this study is to evaluate the importance of
multimarker genetic testing for RARG rs2229774, UGT1A6
rs17863783, and SLC28A3 rs7853758 for predicting
doxorubicin-induced cardiovascular dysfunction. We focus on
these 3 markers because the only pharmacogenetic guideline
published to date recommends their testing to stratify the
individual cardiotoxic risk of anthracycline therapy. The
secondary aim of this study is to determine the association of
doxorubicin-induced cardiovascular toxicity with other candidate
genes that have been previously described [13,16-19] or will
soon be discovered, provided that our sample size has sufficient
statistical power. To ensure that the population studied is as
homogeneous as possible in terms of diagnoses and the type of
anthracycline used, we focus on patients with childhood
nephroblastoma or neuroblastoma. Another secondary objective
is to investigate the prevalence of cardiovascular dysfunction
in a population of children treated with doxorubicin.

Methods

Patients
This study is part of the LESS-Anthra cross-sectional cohort
study initiated by the “late effects surveillance system” (LESS).
As part of this study, former cancer patients were offered a
standardized cardiological examination and were surveyed about
their quality of life and health status. A goal of LESS-Anthra
was to establish a biobank of blood samples to allow the
investigation of genetic polymorphisms that may predispose an
individual to doxorubicin-induced cardiomyopathy, which is
the subject of this study protocol. The study was approved by
the Ethics Committee of the University of Lübeck (14-182) and
the Ethics Committee of the University of Ulm (239/17). Study
participants were identified through LESS, a German multicenter
active surveillance consortium studying late effects of cancer
treatment in children, in collaboration with the German
Childhood Cancer Registry. Patients who had survived
childhood cancer for 5 years or more (since diagnosis) were
eligible if they (1) were diagnosed with nephroblastoma or
neuroblastoma between January 1990 and December 2012, (2)
were diagnosed before the age of 18, (3) were assigned to a
treatment protocol that included doxorubicin (intention-to-treat),
and (4) had participated in one of the nephroblastoma trials
SIOP (International Society of Paediatric Oncology) 9/GPOH
(German Society for Pediatric Oncology and Hematology),
SIOP 93-01/GPOH, or SIOP 2001/GPOH or neuroblastoma

trials NB 90, NB 97, or NB 2004. In Germany, almost all
patients diagnosed with nephroblastoma or neuroblastoma
between 1990 and 2012 who were willing to participate in a
trial were included in one of the above-mentioned studies.
Patients selected for LESS-Anthra were contacted by the
German Childhood Cancer Registry, which has access to current
survivor addresses. A total of 2173 patients were identified,
contacted by mail, and invited to participate in the study. Those
who did not respond received a reminder letter. Patients
unwilling to participate in the study had the opportunity to
provide us with their reason for nonparticipation via a response
form. Patients were included only after they (or their parents or
legal guardians, if patients were under 18 years of age) had
provided informed consent. For adolescents ≥16 years, their
written consent was also required.

Study Design
Patients who agreed to participate were asked to see a
cardiologist within the next 12 months for a cardiologic
follow-up examination, which included an electrocardiogram
and transthoracic echocardiography. Patients had the choice of
having the examination performed by their supervising
cardiologist or a cardiologist recommended by the LESS-Anthra
study group. Cardiologists had knowledge of treatment exposure
but no knowledge of genotypes. The cardiologists were asked
to send original echocardiographic recordings, together with a
completed form summarizing the clinical and instrumental
examinations results, to the cardiologic evaluation center (Clinic
for Pediatric Cardiology at Saarland University Hospital, HA-K).
The cardiologist also took a blood sample for pharmacogenetic
analysis or a saliva sample at the patient's option. Biosamples
were sent to the genetics center (Genotyping Laboratory, OZ).

Collection of Medical Data
The following data were extracted from clinical trial registries:
cancer diagnosis, age at diagnosis, sex, tumor location, tumor
stage, study name and study arm, chemotherapy, anthracycline
doses (doses of doxorubicin, per cycle and cumulatively, as
defined in the study protocol for the study arm to which the
patient was assigned), other cardiotoxic drugs (ie, drugs with
cardiotoxic potential listed in the 2016 ESC position paper [20]),
radiotherapy, irradiation field (mediastinal, lung, or left
abdominal irradiation is considered a relevant cardiac risk factor
[6,21]), irradiation doses of the primary tumor, relapse, and
therapy (chemotherapy and irradiation) of recurrent tumor
(Textbox 1).
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Textbox 1. Assessment and variables recorded.

Cancer diagnosis and cancer treatment-related variables (obtained from study centers of the neuroblastoma trials (NB 90, NB 97, and NB
2004) and the nephroblastoma trials (SIOP 9/GPOH, SIOP 93-01/GPOH, and SIOP 2001/GPOH).

• Cancer diagnosis, tumor location, tumor stage

• Age at diagnosis

• Sex

• Study name and study arm

• Chemotherapy including anthracycline doses (per cycle and cumulative)

• Other cardiotoxic drugs (the drugs listed in the 2016 ESC position paper were considered as potentially cardiotoxic drugs)

• Additional radiotherapy: irradiation field, irradiation doses of the primary tumor, and the field that included the heart (mediastinal, lung, left
abdominal)

• Length of posttherapy interval

• Relapse and therapy (chemotherapy and irradiation) of the recurrent tumor

• Comorbidities

Results of interview and clinical and physical examination (obtained at presentation to cardiologist).

• Anthropometry: weight (kg) and height (cm)

Systolic and diastolic blood pressure (mmHg) according to current guidelines for conventional office blood pressure measurement (ie, patients
should be seated comfortably 5 min before measurements, at least 3 measurements 1-2 min apart, blood pressure is recorded as the average
of the last 2 readings)

• Heart rate (beats per minute)

• ECG findings: Cardiac arrhythmia with type (bradycardia, tachycardia, ventricular, or supraventricular); heart block findings with type
(atrioventricular block with degree, complete right bundle branch block, or complete left bundle branch block); QTc prolongation (ms); signs of
cardiac hypertrophy with type (right heart hypertrophy or left ventricular hypertrophy); other ECG pathologies

• Findings on clinical examination (edema, dyspnea at rest, cyanosis, hepatosplenomegaly, jugular venous congestion, or arrhythmia by auscultation).

• Diagnoses made by the cardiologist: Heart failure (right heart failure, left heart failure, or global heart failure; NYHA stage); cardiomyopathy
(dilated, hypertrophic, restrictive, or other); arterial hypertension (primary hypertension or secondary hypertension); cardiac arrhythmia (type)

• The patient's expressed subjective resilience in everyday life (5 level rating: very good, good, average, poor, and very poor).

• The patient's expressed subjective ability to engage in sports activities (2 level rating: sports activity possible/not possible).

Echocardiographic parameters (echocardiographic evaluation center)

• Left ventricular size: Linear measurements; volume measurements; left ventricular mass calculations

• Left ventricular function assessment: Global systolic function parameters (fractional shortening or ejection fraction); global myocardial function
assessed by Doppler-derived Tei index

• Left and right atrium area and volume measurements

Cardiologic Examination
Cardiologists were asked to perform echocardiographic
examinations according to the instructions provided. Table 1
shows the minimal digital acquisition protocol for transthoracic
echocardiography. The echocardiographic recordings were
centrally evaluated by a pediatric cardiologist in a standardized
way and blinded for treatment exposure and genetic test results
to minimize interinvestigator variability. In rare cases, in which

parts of the echocardiography recordings were of insufficient
quality, the corresponding data points were treated as missing
values.

Additional information, such as clinical examination findings,
weight, height, heart rate, blood pressure, and physical
performance of the patient, was collected using a questionnaire
(Table 1). This questionnaire was completed by the cardiologist
and sent to the cardiological evaluation center.
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Table 1. Minimal digital acquisition protocol for transthoracic echocardiography.

Data typeView

Still frameLong-axis view, M-mode

At the level of the tip of the posterior mitral valve leaflet (basal myocardial segment)

LoopFour-chamber view (2D)

Left atrium and left ventricle, endocardium and myocardium, with mitral valve, left atrium shown with
maximum area

Right atrium and right ventricle, endocardium and myocardium, with tricuspid valve

LoopShort-axis view (2D)

Round section through left ventricle at mitral valve level, right ventricle incised

LoopTwo-chamber view (2D)

Left ventricle, endocardium and myocardium

LoopThree-chamber view (2D)

Left atrium, left ventricle and aorta, endocardium and myocardium, with mitral valve, left atrium shown
with maximum area

Spectral doppler, still framePulsed-wave or continuous-wave Doppler

Mitral valve

Tricuspid valve

Aortic valve

Pulmonary valve

Outcomes
The primary endpoint was cardiac dysfunction, as diagnosed
by the cardiologist or revealed by a central assessment of
transthoracic echocardiography. Cardiac dysfunction is
presumed when at least one of the following criteria is true:

1. Diagnosis by the cardiologist of heart failure or
cardiomyopathy reported in the questionnaire.

2. Left ventricular ejection fraction reduced to <50%.
3. Shortening fraction reduced to <25%.
4. Relative wall thickness reduced to <0.22.
5. Percentage systolic thickening of the interventricular septum

and left ventricular (LV) posterior wall reduced to <33%.
6. LV Tei index (myocardial performance index) >0.40.
7. Right atrial volume at end systole/body surface area >30

ml/m2.

The secondary endpoint is cardiovascular dysfunction, defined
as the composite of arterial hypertension (diagnosed by the
cardiologist and reported in the questionnaire or current blood
pressure measured during the visit ≥140 mmHg systolic or ≥90
mmHg diastolic), cardiac arrhythmia (diagnosed by the
cardiologist and reported in the questionnaire), and cardiac
dysfunction (as defined above).

Genotyping
Genomic DNA was isolated from EDTA blood samples with
the QIAamp DNA Blood Kit (Qiagen). Saliva was collected
with the Oragene DNA collection kit (DNA Genotec), and
genomic DNA was extracted from saliva samples using the
prepIT L2P reagent (DNA Genotec). DNA was quantified by
Quant-iT PicoGreen assay (Invitrogen), according to the
manufacturer’s protocols. Genomic DNA samples were
genotyped for RARG rs2229774, SLC28A3 rs7853758, and
UGT1A6 rs17863783 (Table 2) by TaqManSNP genotyping
(Applied Biosystems), using the Type-it Fast SNP Probe PCR
Kit (Qiagen) with predesigned primers and probes (Applied
Biosystems).

Laboratory assistants were blinded to the case-control status of
the patients genotyped in the study. To ensure the accuracy of
all genotyping results, multiple positive and negative controls
and replicate samples were included in all genotyping assays
and plates. The concordance of genotype calls between replicate
genotyped samples was 100%.

Genomic DNA will also be used to replicate the association of
doxorubicin-related cardiovascular toxicity with other candidate
genes that have been described [22] or that will be discovered
in the future, provided our sample size is sufficient.
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Table 2. Overview of the single nucleotide polymorphisms tested in LESS-Anthra.

Amino acid/codon changeGene consequenceMAFd (1000 Genomes,
European population)

ChromosomeAlleles

(Refb>Altc)
Reference SNPa

cluster ID

Gene

NP_000957.1:

p.Ser427Leu

Missense variantA=0.06412G>Ars2229774RARG

Leu (CTG)>Leu [TTG]Synonymous variantA=0.1379G>Ars7853758SLC28A3

Val (GTG)>Val [GTT]Synonymous variantT=0.0232G>Trs17863783UGT1A6

aSNP: single nucleotide polymorphism.
bRef: reference allele.
cAlt: alternative allele.
dMAF: minor allele frequency.

Estimation of Case Numbers for the Pharmacogenetic
Studies
The appropriate case number was estimated based on a published
study of the association of the nonsynonymous RARG gene
variant p.Ser427Leu (rs2229774) with anthracycline-induced
cardiomyopathy (combined analysis of the discovery and
replication cohorts: odds ratio 4.7, 95% CI 2.7-8.3; P<.001)
[12]. Assuming an odds ratio of 4.7, an allele frequency
(controls) of 6.4%, an alpha error of 5%, power of 80%, a
control: case ratio of 3:1, and a dropout rate of approximately
10%, at least 33 cases and 99 controls, will be required to
replicate with sufficient statistical power the association of
RARG rs2229774 with anthracycline-induced cardiomyopathy.

Data Collection
For data collection, the electronic ObTiMA system
ontology-based trial management application was used [23].
ObTiMA has been validated for clinical trials. Every correction
made to the entered data is traceable. Only authorized persons
have access to the program and the data. Data backups occur
regularly and automatically. In ObTiMA, electronic case report
forms for capturing all patient data have been defined for this
study. All data were pseudonymized before entry into the
database of ObTiMA and handled according to the European
General Data Protection Regulation.

Statistical Analysis
The RARG rs2229774, SLC28A3 rs7853758, and UGT1A6
rs17863783 SNPs were checked for deviations from

Hardy-Weinberg equilibrium (HWE). Departure from HWE
was defined as P-HWE <.01 (after Bonferroni correction of the

nominal value of P set at .05) and tested by a χ2 test of goodness
of fit between the observed and expected genotypes.

Our primary aim was to assess the value of multimarker genetic
testing for RARG rs2229774, UGT1A6 rs17863783, and
SLC28A3 rs7853758 for predicting doxorubicin-induced
cardiovascular dysfunction. To address that aim, we considered
the following 3 predictive models. Model 1 includes only
clinical risk factors, such as sex, age, irradiation (mediastinal,
lung, or left abdominal), the use of other cardiotoxic drugs,
length of follow-up, and cumulative dose of doxorubicin. Model
2 includes only genetic profiling. For each individual, the genetic
risk will be scored as suggested by the Canadian
Pharmacogenomics Network for Drug Safety (CPNDS) Clinical
Practice Recommendations Group [14], based on multimarker
genetic testing for RARG rs2229774, UGT1A6 rs17863783, and
SLC28A3 rs7853758. Patients carrying the RARG rs2229774
A or UGT1A6 rs17863783 T risk variants will be classified as
high genetic risk; patients carrying the SLC28A3 rs7853758 A
protective variant who do not carry RARG rs2229774 A or
UGT1A6 rs17863783 T alleles will be classified as low genetic
risk; all other patients will be classified as moderate genetic
risk (Table 3). Model 3 includes both clinical risk factors and
genetic profiling. The independent contribution of each risk
factor to the outcomes will be determined using multivariable
logistic regression analysis. The predictive accuracy of the
model will be assessed by the area under the receiver operating
characteristic curve.

Table 3. Genetic risk scoring of anthracycline-associated cardiotoxicity as suggested by the Canadian Pharmacogenomics Network for Drug Safety
Clinical Practice Recommendations Group [14].

SLC28A3d rs7853758UGT1A6c rs17863783RARGb rs2229774Genetic riska

Any genotypeAny genotypeA|G or A|AHigh

Any genotypeG|T or T|TAny genotypeHigh

G|GG|GG|GModerate

A|A or A|GG|GG|GLow

aRisk scoring depends on the combined evaluation of three genetic markers, the polymorphisms rs2229774 in RARG, rs17863783 in UGT1A6, and
rs7853758 in SCL28A3.
bRARG: retinoic acid receptor gamma.
cUGT1A6: UDP glucuronosyltransferase family 1 member A6.
dSLC28A3: solute carrier family 28 member 3.
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Our secondary aim is to replicate the previously described
associations of candidate genetic markers with
anthracycline-induced cardiotoxicity if our sample size has
sufficient statistical power. Association of the candidate SNPs
with the outcome will be performed using logistic regression,
adjusting for sex; age; mediastinal, left abdominal, and lung
irradiation; the use of other cardiotoxic drugs; length of
follow-up; and cumulative dose of doxorubicin. The
Benjamini-Hochberg False Discovery Rate will be used to
account for multiple testing.

Results

Recruitment
This cohort study evaluates the risk of developing
anthracycline-induced cardiotoxicity in survivors (ie, survival

for 5 years or more after diagnosis) of pediatric nephroblastoma
or neuroblastoma. A review of the German Childhood Cancer
Registry database revealed 2158 eligible patients (943
nephroblastoma and 1215 neuroblastoma patients) who were
invited by mail to participate in the study (Figure 1).

Patient recruitment started in June 2017 and was completed in
September 2018. There were 657 patients (284 neuroblastoma
and 373 nephroblastoma patients) who consented to participate
in the LESS-Anthra study, and 480 (73%) of these patients
provided a biospecimen for pharmacogenetic studies. Table 4
summarizes the baseline characteristics of participants and
nonparticipants of LESS-Anthra.

Figure 1. Flowchart of patients’ inclusion or exclusion.
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Table 4. Comparison of baseline characteristics of participants and nonparticipants of the LESS-Anthra study.

Participants (n=657)Nonresponders, no consent, or
refusal (n=1499)

Patients invited for participa-
tion (n=2158)

2.0 (0-17)2.0 (0-17)2.0 (0-17)Age at diagnosis (years), median (range)

13.0 (5-27)15.0 (5-27)14.0 (5-27)Follow-up time (years), median (range)

1.20.91.0Proportion of male to female patients

1.31.31.3Proportion of nephroblastoma to neuroblastoma patients

Anthracycline Treatment
According to the respective protocol, and dependent on the stage
and risk group, the cumulative dose of doxorubicin was 45-240

mg/m2 for neuroblastoma patients and 100-400 mg/m2 for
nephroblastoma patients (Table 5).

Table 5. Per protocol cumulative dose of doxorubicin used in the neuroblastoma (NB90, NB97, and NB 2004) and nephroblastoma (SIOP 9/GPOH,
SIOP 93-01/GPOH, and SIOP 2001/GPOH) trials.

Single-dose, duration of

IVa application

Doxorubicin

cumulative dose (mg/m2)

Study and study arm

NB90

Course N2: 60 mg/m2, 48h

Course N3: 15 mg/m2,
slow IV injection

120Stage 2 or stage 3A-B

240Stage 3C-D or stage 4

60Stage 4S

NB97

Course N6: 30 mg/m2, 4h
Course N4: 0.5 mg/kg,
30min

120Standard risk group

180High-risk group

NB 2004

Course N6: 30 mg/m2, 4h

Course N4: 15 mg/m2,
30min

45 or 180 (depending on further progression after
first cycle)

Observation group with tumor progression

180Medium risk group

180High-risk group

SIOP 9/GPOH

50 mg/m2, 4h250Stage II, Stage III

400Stage IV, no metastasis after preoperative chemotherapy

100Stage IV, no CR after preoperative chemotherapy

SIOP 93-01/GPOH

50 mg/m2, 4h250Stage II or III and low or intermediate risk by histology

300Stage II or III and high risk by histology

400Stage IV

SIOP 2001/GPOH

50 mg/m2, 4-6h250Stage I, high risk

250Stage II or stage III, intermediate-risk, randomized regimen
AVD

300Stage II or stage III, high risk

300Stage IV

aIV: intravenous.

Genotyping
We received biomaterial from 480 patients: 456 EDTA blood
samples and 24 saliva samples. DNA was extracted and

genotyped for RARG rs2229774, SLC28A3 rs7853758, and
UGT1A6 rs17863783. Genotype frequencies for the candidate
SNPs are summarized in Table 6. The call rate was 100% for
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all SNPs. All SNPs passed the HWE test at P>.01. Table 7
summarizes the numbers of patients in each genetic risk group,
scored according to the CPNDS Clinical Practice

Recommendations Group [14] and based on multimarker genetic
testing for RARG rs2229774, UGT1A6 rs17863783, and
SLC28A3 rs7853758.

Table 6. Genotype frequencies in the study cohort of neuroblastoma and nephroblastoma patients.

P-HWEbNSNPa and genotype

RARGc rs2229774

0.9604419G/G

59A/G

2A/A

SLC28A3d rs7853758

0.848355G/G

115A/G

10A/A

UGT1A6e rs17863783

0.764467G/G

13T/G

0T/T

aSNP: single nucleotide polymorphism.
bP-HWE: Hardy-Weinberg equilibrium χ2 test P-value
cRARG: retinoic acid receptor gamma.
dSLC28A3: solute carrier family 28 member 3.
eUGT1A6: UDP glucuronosyltransferase family 1 member A6.

Table 7. Genetic risk categories observed in our study population. Genetic risk scoring was performed according to the recommendations of the
Canadian Pharmacogenomics Network for Drug Safety Clinical Practice Recommendations Group [14].

Observed, n (%)Genetic risk

72 (15.0)High

301 (62.7)Moderate

107 (22.3)Low

480 (100)Total

Data Collection
We are in the final phase of data collection. Currently, final
plausibility and quality checks are being performed before the
closure of the database.

Discussion

The CPNDS Clinical Practice Recommendations Group has
issued a level B recommendation (moderate evidence base: at
least one high-quality study or multiple moderate-quality
studies) that pharmacogenomic testing for the variants RARG
rs2229774, SLC28A3 rs7853758, and UGT1A6*4 rs17863783
should be performed in all pediatric cancer patients with an
indication for doxorubicin or daunorubicin therapy to stratify
their cardiovascular risk. The recommendation was based on a
few studies investigating the separate effects of each of the
genetic markers on anthracycline-induced cardiotoxicity.

Additional studies are required to increase confidence in the
genetic associations further.

This prospective cohort study is the first to evaluate the ability
of combined testing for RARG rs2229774, SLC28A3 rs7853758,
and UGT1A6*4 rs17863783, as recommended in the
pharmacogenetic guidelines, to correctly predict
doxorubicin-related cardiotoxicity in a large cohort of patients
with consistent diagnoses. Strengths of this study include the
homogeneity of the cohort in terms of diagnoses and treatment
protocols, the fact that no anthracyclines other than doxorubicin
were used, and the large sample size. Because echocardiographic
findings are subject to inter‐reader variability, the original
echocardiographic recordings will be evaluated in a standardized
manner by a single pediatric cardiologist, thereby reducing
potential bias. The image acquisition protocol guided the site
sonographers in performing the echocardiographic examinations
according to the specific needs of our trial. All these methods
were designed to improve the accuracy of echocardiographic
findings. Nevertheless, different producers of echocardiography
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equipment and software and site-specific machine settings can
still contribute to the variability of findings.

Unfortunately, there is no generally accepted definition of
anthracycline-induced cardiotoxicity based on echocardiography
[20,24-26]. Currently, the Cardio-Oncology and Imaging
Working Group of the German Society for Pediatric Cardiology
and Congenital Heart Defects is preparing a position paper in
collaboration with the GPOH and the German Society for
Cardiology-Cardiovascular Research. This paper will
standardize the specific echocardiographic parameters and
thresholds that should be used to define normal or abnormal
parameters in childhood cancer survivors treated with
anthracyclines. Therefore, because this issue is not yet
conclusively resolved, we may need to adjust the outcome
definitions in our study, depending on the results of the
upcoming guidelines.

The overall participation rate in the LESS-Anthra study was
only 30%, and not all LESS-Anthra participants were also
willing to participate in the pharmacogenetic substudy. The
participation rate is at the lower end of the range of figures
reported in the literature [27]. We attempted to give as many
eligible patients as possible the opportunity to participate,
regardless of whether or not they were followed up closely. This
strategy required the rather impersonal approach of study
invitation and study consent by mail. Recruitment would likely

be more successful if limited to patients in regular follow-up
care who were invited and personally approached by the
follow-up physician. Helligsoe et al [27] addressed study
participation in childhood cancer survivors in clinical late-effect
studies [27]. The authors analyzed 80 published studies
originating from 16 cohorts, with a median follow-up of 6.0
years. They found that overall participation rates ranged from
27% to 100% and speculated that more personalized recruitment
strategies could increase participation rates. Our preliminary
results confirm the finding that time since diagnosis does not
influence participation [27]. Age at diagnosis also does not have
a measurable impact. Interestingly, in LESS-Anthra, slightly
more male patients were in the responder group than
nonresponders (Table 5).

Although study limitations, such as the variable follow-up time
and the low participation rate, will have to be considered, our
study will define for the first time the combined genetic risk
related to three marker genes proposed for risk assessment in
the CPNDS pharmacogenetic guidelines. Moreover, the results
of this study will identify the prevalence of cardiovascular
dysfunction among survivors of pediatric neuroblastoma or
nephroblastoma treated with doxorubicin. The results will help
to improve primary treatment and follow-up care to reduce
cardiovascular late effects in the growing population of
childhood cancer survivors.
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Abstract

Background: Workplace bullying and violence (WBV) are well-documented issues in the midwifery profession. Negative
workplace culture, conflict, and bullying are the most common forms of workplace violence experienced by midwives. Workplace
violence increases the risk of midwives experiencing burnout, compassion fatigue, psychological trauma, poor mental health,
absenteeism, loss of passion for the midwifery profession, job dissatisfaction, and poor job retention. Midwifery students describe
workplace violence in the form of physical, emotional, or verbal abuse, and bullying. Therefore, there is a justification to develop
conflict resolution strategies and resilience in midwifery students prior to graduation.

Objective: Our aim is to develop and facilitate a bespoke education program for South Australian midwifery students to enable
them to develop skills in conflict resolution, build resilience, and identify self-care strategies.

Methods: This study will undertake a preparatory phase summarizing the body of literature on midwifery students’ knowledge,
understanding, and experiences of WBV. Following this, a 3-phase sequential mixed methods research design study will be
undertaken. In Phase 1, quantitative data will be collected via a semistructured questionnaire and a validated conflict measurement
tool, before and after attending an education workshop, and will be analyzed using descriptive and inferential statistics. Results
from Phase 1 will inform and guide the development of an interview schedule for Phase 2. In Phase 2, qualitative data will be
gathered by facilitating one-to-one interviews and a thematic analysis will be undertaken to gain a deeper understanding of
midwifery students’ experiences of WBV. In Phase 3, data integration using triangulation will be undertaken and meta-inferences
will be developed via the integration of results and findings from Phases 1 and 2.

Results: The preparatory phase will commence in October 2021. Phase 1 will commence in 2022 with analysis of pre- and
posteducation results anticipated to be completed by December 2022. Phase 2 will be developed from findings of the preparatory
phase and results of Phase 1. An interpretation of verbatim interview transcripts is estimated to be undertaken by April 2023.
Phase 3 of the study is expected to commence in May 2023, and this will involve the analysis of collective evidence gathered
from Phases 1 and 2. The anticipated completion date for the study is December 2023.

Conclusions: The outcomes of this research will provide insights into the prevalence and impact of WBV experienced by
midwifery students. The findings of the research will report on levels of knowledge, skills, and confidence, and will assess the
impact of a bespoke conflict resolution and resilience education workshop for midwifery students in managing WBV.
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Introduction

Background
Workplace bullying and violence (WBV) are well-documented
concerns in the midwifery profession [1-3], with midwifery
students reporting experiences of WBV in clinical settings, thus
identifying the need to develop conflict resolution strategies
and resilience in undergraduate education programs [3-6].
Workplace bullying is defined as “seek to harm, intimidate or
coerce someone seen as vulnerable” [7]. Bullying is a repeated
pattern of violence over time, which brings harm to the impacted
individual(s) [8].

Workplace violence is an act or threat of physical abuse,
harassment, intimidation, or other threatening disruptive
behavior that occurs in the workplace [9]. Workplace violence
can be caused by an individual or a group of people. Midwifery
students describe experiencing workplace violence in the form
of physical, emotional, or verbal abuse, and bullying [10].
Workplace violence is emotionally, psychologically, and
spiritually damaging and can have long-lasting effects on the
impacted individuals. The negative consequences associated
with WBV include absenteeism, stress, fatigue, psychological
trauma, poor mental health, job dissatisfaction, and poor job
retention [5,10-13].

Workplace culture is defined as the beliefs, values, assumptions,
attitudes, behavior, customs, and social interactions of staff in
a particular workplace [14,15]. Workplace culture can affect
the professional practice of a midwife, the way midwives
interact with women, and impact upon the learning ability of
midwives [14]. Toxic workplace culture promotes negative
behavior, increasing the risk of WBV [16]. As a result of
negative workplace culture, midwives experience burnout, job
dissatisfaction, and attrition [14].

The midwifery profession is a female-dominated workforce that
provides woman-centered maternity care by working in
partnership with the woman [17]. The Nursing and Midwifery
Board of Australia (NMBA) states that midwives should engage
in respectful partnerships with the woman as well as other
professionals and colleagues [18]. Despite this professional
requirement, evidence has shown that midwives commonly
bully other midwives, showing disrespect and a lack of
compassion for each other in the workplace. This is particularly
true for midwifery students and graduate midwives who are
more vulnerable [10].

It has been reported that all new graduate midwives must adapt
and learn quickly when becoming responsible for the care of
women during the perinatal period [19,20]. The pressure of
adjusting to shift work increases the risk of stress and fatigue
for graduate midwives [21]. It has been highlighted that negative
workplace culture, conflict, and bullying from colleagues and
senior staff are the most common forms of workplace violence
experienced by graduate midwives [11,13,22-24]. Additionally,
WBV increases the risk of graduate midwives experiencing

burnout, compassion fatigue, poor mental health, absenteeism,
loss of passion for the midwifery profession, job dissatisfaction,
and attrition [5,10-13].

Graduate midwives have reported experiences of coercion as a
form of bullying, from senior midwives and doctors, resulting
in them feeling forced into pressuring women to undergo
procedures, including vaginal examinations and artificial rupture
of membranes [25,26]. Coercing women is in opposition with
the holistic approach ensconced in woman-centered care, thus
leading to a moral dilemma for the midwife, which in turn may
compromise care provision [18,25,27-30]. While this behavior
is not a reflection of the midwife, it is a result of the culture
within the midwifery profession, which fosters ethically and
morally questionable care, due to institutional constraints [30].
Kumar-Hazard [31] has suggested that asking midwives to work
within their employment contract, and provide woman-centered
care, is an untenable situation.

Midwives have experienced coercion from hierarchical
relationships (senior midwives, doctors, and management) to
use wording that pressures the birthing woman to undergo
unnecessary investigations and interventions, which impacts
upon the midwife’s ability to provide woman-centered care and
her professional autonomy [31]. This coercion is presented
under the guise of protecting the baby’s well-being [31-33].
Coercion often results from a misuse of power differentials
within the workplace and may lead to increased mental distress,
moral dilemma, psychological trauma, job dissatisfaction, and
loss of passion for the midwifery profession. This is particularly
the case for graduate midwives who commonly feel ill equipped
to challenge the system, or those they work with [13,29,34].
Contradictions between woman-centered care and institutional
constraints are a significant reason why midwives choose to
leave the midwifery profession [30]. Davies and Coldridge [30]
have highlighted that witnessing poor practice was a central
predictor for midwifery students losing their passion for the
midwifery profession and was associated with high attrition
rates, justifying the need to develop conflict resolution strategies
and build resilience.

In a predominantly medicalized system, where midwives are
losing their voices, midwifery students need to have skills in
conflict resolution and to be resilient [35], as stated by Warland
et al [36] “to safely manage their own behaviour and the
behaviour of others”. Conflict resolution skills and resilience
may enable student and graduate midwives to advocate for
women in their care and provide holistic care, while coping
with trauma and adversity [35,37-40]. Unresolved conflict may
impact workplace relationships and increase stress, which
impacts upon the mental health of midwives and affects their
ability to provide woman-centered care [5,41,42].

Building resilience has been acknowledged as an empowering
concept that enables midwives to endure or recover quickly
from challenging situations [7,40,43,44]. Clohessy et al [43]
describe the benefits of resilience to include an “effective coping
or adaptive capacity and a positive mental health status,” which
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enables midwifery students to overcome stress and adversity.
Richardson [45] and Hunter and Warren [46] suggest that
resilience can be learned or developed. This idea was further
explored by Taylor and Reyes [47] who concurred that resilience
could be learned or enhanced through education strategies.
Clohessy et al [43] have described how midwifery students
reported using strategies for resilience, such as confidence,
optimism, reflection, and social supports, to manage exposure
to adversity.

Despite acknowledgement of the ongoing nature of WBV in
the midwifery profession [1-3], there has been minimal change
over the last 35 years in Australia [2]. One potential solution to
the challenges identified is the development of a bespoke
educational workshop within the Bachelor of Midwifery degree,
which may support midwifery students to develop skills in
conflict resolution, build resilience, and identify self-care
strategies, preparing them to manage conflict when they enter
the workforce. As a result, burnout, attrition, and the loss of
passion for the midwifery profession may be reduced.

Aim
The aim of this study is to develop and facilitate a bespoke
education program for South Australian midwifery students, to
enable them to develop skills in conflict resolution, build
resilience, and identify self-care strategies.

Objectives

Preparatory Phase
In this phase, we will explore the body of literature relating to
midwifery students’ knowledge and experiences of conflict in
the workplace.

Phase 1
The objectives of this phase are as follows:

• To develop a bespoke education workshop in conflict
resolution skills and build resilience in midwifery students.

• To facilitate and evaluate the impact of an education
workshop on developing conflict resolution skills and
resilience for midwifery students.

• To assess second-year midwifery students’ knowledge and
skills to manage conflict in the workplace.

• To explore midwifery students’ ability to be resilient after
attending an education workshop.

• To further explore midwifery students’ levels of confidence
in addressing WBV after attending an education workshop.

Phase 2
The objectives of this phase are as follows:

• To gain a deeper understanding of midwifery students’
skills and ability to manage conflict in the workplace while
on placement or providing continuity of care.

• To explore midwifery students’ views and experiences of
using conflict resolution strategies.

Phase 3
The objectives of this phase are as follows:

• To triangulate and integrate data to strengthen the results
and findings.

• To provide evidence and draw conclusions to answer
primary and secondary research questions and the aim and
objectives of this mixed method study.

Primary Research Question
1. What impact will a bespoke educational workshop to

develop conflict resolution strategies and resilience have
upon a population of midwifery students when facilitated
during the Bachelor of Midwifery program?

Secondary Research Questions
1. What knowledge and skills do midwifery students’ have to

manage conflict in the workplace, before receiving
education?

2. What impact will education have upon midwifery students
to develop conflict resolution skills?

3. What impact will education have upon midwifery students
to develop and build resilience to manage WBV?

4. What are the views and experiences of midwifery students
after receiving education to develop conflict resolution
strategies to manage conflict in the workplace?

5. What are the views and experiences of midwifery students
after receiving education to develop and build resilience to
manage conflict in the workplace?

Methods

Study Design
The research study will utilize a sequential explanatory mixed
method design as suggested by Fielding [48] and Fetter et al
[49]. A 3-phase design will be undertaken to gather both
quantitative and qualitative data in a sequential manner, followed
by meta-inferences in the final phase. This study design will
enable researchers to explore students’ views and experiences
of WBV before and after attending an educational workshop.

The preparatory phase will review literature and provide
evidence to inform the researchers as to what is currently known
about knowledge, skills, views, and experiences of midwifery
students regarding WBV. The preparatory phase will provide
an evidence base for exploring the research problem, which will
assist in the development of pre- and postquestionnaires, the
content of an educational workshop, and development of an
interview schedule. Phase 1 will involve collecting quantitative
data, and SPSS (IBM, Inc.) will be used to perform descriptive
and inferential statistical analyses. A pre-education questionnaire
will be developed and include validated conflict scales to
evaluate midwifery students’knowledge, skills, and confidence
regarding WBV [50]. A posteducation questionnaire will
re-evaluate midwifery student’s knowledge, skills, and
confidence of WBV, to investigate the impact of the conflict
resolution and resilience educational workshop. Phase 1 will
investigate and provide a general overview of the results related
to the research topic. In Phase 2, an interview schedule of
semistructured questions will be developed from the evidence
generated in the preparatory phase and Phase 1, thus adopting
a sequential design for the research. Phase 2 involves the
collection of qualitative (written text) data gathered from
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one-to-one interviews, which will be transcribed verbatim and
thematically analyzed. Phase 2 will explore and explain in more
depth the results from Phase 1. Phase 3 will involve the merging
of Phase 1 results and Phase 2 findings, and the collective data
will be triangulated and then integrated to determine
meta-inferences from quantitative and qualitative data, to draw
conclusions and understanding of the research questions [51].

Mixed Methods
Using a mixed methods research design that involves the
analysis of quantitative and qualitative data provides stronger
evidence and strengthens conclusions drawn [52], which neither
quantitative nor qualitative research cannot achieve alone [53].
This study design ensures that the research project is robust and
supports the broad understandings and conclusions of the
research phenomena [54]. Mixed methods research allows
flexibility of findings in the research, using multiple methods,
worldviews, representation of assumptions, data collection, and
analysis [51]. The flexibility of mixed methods design enhances
the approach undertaken to address the research phenomena
[51]. The strength of the explanatory sequential framework that
will be utilized for this proposed study is that the research phases
build upon each other [52]. Quantitative data will be analyzed
in the first phase, with qualitative findings being subsequently
analyzed to help explain the quantitative results, giving strength
and validity to the study. As a result, the research is more than
an evaluation, it is an investigation and exploration of midwifery
students’ experiences of WBV.

Conceptual Framework
Pragmatism is recognized as a world view that accepts several
realities and supports practicality when addressing research
questions. Kaushik and Walsh [55] have defined pragmatism
as “a way of thinking about and making sense of the
complexities of the real world”. This concept reflects both biased
and unbiased perspectives. The pragmatic concept utilizes a
philosophical methodology that draws on utilizing what works
from different aspects, setting priorities for the research
topic/problem and questions, gathering both objective and
subjective data [56]. Pragmatism uses an integrative philosophy,
which combines both quantitative and qualitative research,
without restrictive methodological directions [56,57].

The research study will use pragmatism as the underlying
philosophy as this concept informs both quantitative and
qualitative data collection [52]. Pragmatism is often associated
with mixed methods research as the focus is guided by the
research questions and the consequences of the research, as
opposed to the methods [57]. Pragmatism provides an
experience-based, action-orientated framework that can be
utilized in a practical setting [58].

Setting
The research will be completed in metropolitan South Australia.
Participants will be sought from 2 Universities in South
Australia that offer the Bachelor of Midwifery degree.

Sampling
A purposive sample of second-year midwifery students
completing the Bachelor of Midwifery degree in South Australia

will attend an educational workshop as part of their curriculum
studies, and be invited to participate in the research study.

Participants
The study will recruit second-year Bachelor of Midwifery
students from 2 universities in South Australia. In Phase 1, all
second-year Bachelor of Midwifery students will be eligible to
participate in the research, and those providing written informed
consent to participate will be included. In Phase 2 of the
research, the study will consider any second-year midwifery
students who have personally witnessed or experienced conflict
in a clinical setting, while on placement or continuity of care
experiences, who provide written informed consent to participate
in this study.

Phase 1 Participants

Inclusion Criteria
• Midwifery students enrolled in the second year of Bachelor

of Midwifery degree in a University in South Australia
offering the Bachelor of Midwifery degree.

• Midwifery students giving verbal and written informed
consent.

Exclusion Criteria
• Midwifery students not enrolled in the second year of

Bachelor of Midwifery degree.
• Midwifery students undertaking the second year of Bachelor

of Midwifery degree outside of South Australia.

Phase 2 Participants

Inclusion Criteria
• Midwifery students enrolled in the second year of Bachelor

of Midwifery degree in a University in South Australia who
have personally witnessed or experienced conflict in a
clinical setting, while undertaking placement or continuity
of care experiences.

• Midwifery students giving verbal and written informed
consent.

Exclusion Criteria
• Midwifery students not enrolled in the second year of

Bachelor of Midwifery degree.
• Midwifery students undertaking the second year of Bachelor

of Midwifery degree outside of South Australia.

Recruitment

Phase 1
All second-year Bachelor of Midwifery students will be required
to attend the bespoke education workshop on conflict resolution
strategies and building resilience as part of the Bachelor of
Midwifery degree. Second-year midwifery students from the
respective universities will be provided with information about
the research project by a university staff member not associated
with the research. Following the delivery of this information,
second-year midwifery students will be invited to participate
in the research. Midwifery students who give verbal and written
informed consent will be invited to complete the pre- and
posteducation workshop questionnaires. Student participants
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will also be informed of the potential to be involved in
posteducation workshop interviews to follow-up questionnaire
responses, where eligible.

Phase 2
A purposive sample of eligible second-year midwifery students
from Phase 1, who have witnessed or experienced conflict in
the workplace, will be invited by the primary researcher (NS)
to participate in a posteducation workshop follow-up interview.
The interview will focus on exploring student participants’
views to gain a deeper understanding and insights into their
experiences of WBV. The primary researcher will connect with
eligible students via their university email address and will
arrange either one-to-one, telephone, or Zoom interview with
students agreeing to participate in Phase 2 of the research.
Additional written informed consent will be obtained prior to
participation in this phase of the study.

Bespoke Educational Workshop
The Start Treating Others Positively (STOP) model (Multimedia
Appendix 1) will be incorporated into the design and
development of an educational workshop for this research study
[59]. The STOP Model originated in 1989 and was introduced
to health care settings in the United Kingdom in 2001 [59]. The
STOP model approach was adopted, and workshops were
developed, to build conflict resolution strategies as part of an
abusive behavior management program for adults [59]. STOP
is a strengths-based model that utilizes a positive approach
encouraging good decision making for the future, rather than
focusing on unchangeable actions of the past [4], thus supporting
personal behavior change [59]. The key steps of the STOP model
include

STOP: Stop and see what is happening. Don’t just react!

THINK: What is important here? What could be the threat?

OBSERVE: Calmly work out the problem.

PROCEED: Take time out? Be assertive.

The STOP model was modified to be included in antenatal
education, with the aim of enabling and empowering expecting
parents to manage their emotions and behaviors, with the
overarching goal of preventing relationship conflict escalating
to abuse [60]. Antenatal participants proposed that the STOP
model be included routinely in antenatal education, suggesting
that “introducing the tools and techniques at the beginning of
the parenthood journey might break the cycle with the parents
before the next generation of children encounter it.” Participants
further recommended including STOP in formal school
education [60].

STOP was introduced to midwifery students attending the
University of Chester in the UK in 2010 [4]. The content was
adapted from the original design, to meet the needs of midwifery
students. Steen [4] utilized a posteducation assessment, to
evaluate midwifery students’ knowledge and skills after
attending the STOP workshop. The adapted STOP model
underpinned the educational workshop to enable midwifery
students to develop conflict resolution skills and build resilience
in the event they experienced WBV. Students who participated

in STOP education and training demonstrated new insights into
how to manage workplace conflict and reported utilizing STOP
strategies throughout the rest of their studies, after graduating
and in personal circumstances [4].

Therefore, the STOP model will be utilized as a framework to
guide the development and facilitation of an educational
workshop for midwifery students in South Australia, to develop
conflict resolution strategies, and to build resilience. As negative
human behavior involving bullying and violence is similar
within Western societies [61-63], it is acceptable to use the
STOP model framework that was developed in the UK and
adapt this approach to meet the needs of midwifery students in
South Australia.

Ethical Considerations

Approval
Ethical approval has been obtained from the University of South
Australia Human Research Ethics Committee (Protocol Number
204063). Approval has been sought from Flinders University.
Ethical considerations (ie, informed consent, anonymity and
confidentiality, voluntary nature of participation and withdrawal)
have been addressed at all stages of the research project study
design. Verbal and written consent will be obtained from all
participants.

Consent
Midwifery students attending the bespoke educational workshop
will be provided with a participant information sheet (PIS)
explaining the research being undertaken. The PIS includes
information pertaining to the study, that is, aim, objectives,
potential outcomes, content of workshop, evaluation of
workshop, and Phase 2 interviews. The PIS will include details
on participation within the study including the benefits and
risks, participant confidentiality, and the support strategies put
in place to address any distress resulting from the study.
Participants will be provided with contact details for the research
team in the event that they have further questions they would
like answered, prior to making an informed decision and thus
providing informed consent to participate in the research.

Participants Safety and Withdrawal
Participation in the study is voluntary. Participants have the
right to withdraw from the study at any time. Withdrawal forms
will be uploaded onto the REDCap web platform for midwifery
students to access if required [64]. REDCap is a safe and secure
web platform for developing and managing online surveys and
databases [64]. Data collection up to the point of withdrawal
will be included within the data analysis. No further data will
be collected following withdrawal of participation from the
research. Withdrawing from the study will not affect midwifery
students’ relationship with the research team or their respective
university.

Confidentiality
A purposive sample of second-year South Australia midwifery
students will be invited to participate in the research study by
an academic staff member from their respective university who
is not involved in the research study. Midwifery students will
be provided with participant information for the study during

JMIR Res Protoc 2022 | vol. 11 | iss. 2 | e35558 | p.316https://www.researchprotocols.org/2022/2/e35558
(page number not for citation purposes)

Simpson et alJMIR RESEARCH PROTOCOLS

XSL•FO
RenderX

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


recruitment, as part of the informed consent process. The pre-
and posteducation workshop questionnaires, validated conflict
scale, and interview responses will be deidentified with codes
when collating data and prior to publishing results and findings,
to protect the participants and ensure anonymity within the
research. Midwifery students will be able to access the research
information and questionnaires through the REDCap web
platform from any device that has internet access [64]. The
information and questionnaires will also be provided in hard
copy form if any participant prefers. Hard copies of completed
questionnaires will be stored in a locked filing cabinet, in a
locked office at the University of South Australia for the entirety
of the research project to protect the confidentiality of
participants.

At all times, participants personal information will remain
confidential within the research team. No information will be
released by researchers that may lead to midwifery students’
identification unless required by relevant legislation.

Data Management
University of South Australia data management policy and
guidance will be adhered to regarding the appropriate data
storage of, access to, and destruction of information/data
gathered during the undertaking of the research project [65].

Research data will be deidentified with predetermined codes.
A separate document with midwifery students’university email
address (identifying factor) and their particular identifying code
will be password protected and stored as a file on a personal
computer, USB, and hard drive. Only the research team will
have access to identifying data.

All digital audio files and data will be coded, archived, and
stored in a password-protected file on the university server. To
reduce risk of file corruption or loss, files will be stored in at
least two locations. All coded hard copy and transcribed audio
data (questionnaires and interviews) will be stored in a locked
filing cabinet in a secure facility with access restricted to the
research team, for a minimum of 5 years according to the
university data management and policy guideline for general
research. After such time, secure data destruction will take place.
These measures will be taken to ensure security of information
from misuse, loss, or unauthorized access while stored during
the research project and on completion.

Procedure

Phase 1: Investigation

Overview

In Phase 1 of the research, participants knowledge and skills
regarding WBV will be assessed prior to the facilitation of a
3-hour bespoke educational workshop to develop conflict
resolution strategies and build resilience. Following the
educational workshop, midwifery students’ knowledge and
skills relating to WBV and the effectiveness of the workshop
will be assessed twice. Assessment will take place immediately
after workshop and then again 8-12 weeks later when students
have had an opportunity to complete further clinical experiences.

Data Collection Tools

These include (1) a piloted pre- and posteducation questionnaire
and (2) a validated conflict assessment scale/tool [50].

Pre- and postworkshop questionnaires will be developed by the
research team, led by key concepts within the STOP model [4].
These questionnaires will be piloted in a group of approximately
5 midwifery students who will have the opportunity to comment
and provide feedback on the questionnaire. The questionnaires
will gather data regarding the knowledge and skills of midwifery
students relating to WBV while undertaking clinical experiences,
as part of the requirement for the Bachelor of Midwifery degree.
These data will be mainly collected through 5-point ordinal
Likert scales as a preferred measurement for health research
[66]. Midwifery student participants will be provided with a
series of questions and statements and have an opportunity to
expand on their answers in some sections of the questionnaire.

A validated conflict measurement tool [50] will be adapted by
the research team for use in this study. This tool will incorporate
5-point ordinal Likert scales that are designed to assess negative
behaviors in the workplace, associated with workplace bullying.

Data Analysis

Five-point ordinal scales will be included in pre- and
postquestionnaires to measure midwifery students’ responses.
Descriptive and inferential statistics using SPSS version 26
(IBM) will be used to measure responses gathered by the online
questionnaires developed in the REDCap web platform [64].
SPSS is an interactive statistical analysis program that analyses
data from most files. REDCap files can be directly imported
into and with SPSS software. Data will be presented visually
in charts and as graphs to help report results.

Phase 2: Exploratory

Interviews

Eligible second-year midwifery students will be invited to
participate in posteducation workshop interviews, to discuss
their views and experiences of WBV and what impact the
educational workshop has had upon them to manage WBV.

Semistructured interviews will be conducted using open-ended
questions so that the researchers can explore midwifery students’
views and experiences of conflict in the workplace [67,68].
Semistructured interviews will help to facilitate in-depth
discussion and guide the exploration of research questions [67].

An interview guide will be developed and comprise
approximately 10 main questions, and some further subquestions
to help prompt the student participant to continue discussing
their views and experiences [67,68]. The interview questions
will be piloted before the research team proceeds with Phase 2
of the research.

The research questions will be asked in a flexible and friendly
manner so that participants will feel comfortable and safe to
participate fully in the interview [68]. At the end of an interview,
the researcher will summarize the main findings of the interview
to the participant, to cross-check if they have an accurate
representation of their views and experiences [69]. At this stage,
midwifery students may choose to clarify, add, or omit anything.
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Interviews will be recorded, transcribed verbatim, and a thematic
analysis will be undertaken.

Data Saturation

Data saturation will be reached when no new themes emerge
from the research [69]. Hennink et al’s [70] framework will be
used as a guide to reach data saturation. It is anticipated that a
minimum of 10-12 interviews will be conducted to gain an
insight into the views and experiences of midwifery students,
and their ability to manage WBV in the workplace when
exposed to this phenomenon.

Data Analysis of Interviews

Recordings of interviews will be transcribed verbatim using a
transcription service. Once data have been transcribed, digital
files of recorded interviews will be kept on a computer,
password protected, to keep the research data confidential and
limited to the research team. Data files will be backed up on
the university server frequently to reduce risk of complete loss.

A constant comparative method will be utilized, to compare
and analyze data after each interview as recommended by
Richards and Hemphill [71]. Braun and Clarke’s [72] reflexive
thematic analysis framework will be utilized to generate themes.
Researchers will be guided by 6 steps as first described by Braun
and Clarke [72]. These steps include the following:

1. Familiarizing: focusses on immersing oneself in the data and
noting initial ideas;

2. Generating: involves developing codes from features found
within the data;

3. Searching: provides links between established codes and
themes uncovered within the data;

4. Reviewing: appraises themes to ensure they work with the
data captured;

5. Defining: provides clarity of each theme and the overall story
and generates clear definitions;

6. Reporting: synthesizes the final analysis of the extracts,
referring back to the research question and literature
(Multimedia Appendix 2).

Phase 3: Triangulation and Meta-inferences
Quantitative and qualitative data will be triangulated, integrated,
and meta-inferences of the collective data will be developed.
The explanatory sequential mixed methods design will be guided
by the following principles recommended by Tashakkori and
Teddlie [51].

1. Triangulation and corroboration of results/findings to
increase the external validity of results.

2. Complementary: Seek to add clarification, elaboration, and
enhancement of the results from Phase 1, with the findings
from Phase 2, and have 1 summary (joint display) of
findings built upon the other, contextualizing information
and adding a macro complementary picture of the research
phenomena.

3. The results of Phase 1 will be used to develop Phase 2 data
collection questions and gathering of the findings.

4. Exploratory: Phase 2 (qualitative) will enable the
exploration of themes or new perceptions and possible
re-design of some more in-depth research questions or
explore views/experiences with the outcomes and
investigate further the information gathered.

5. Comparison: Phase 1 (quantitative) and Phase 2 (qualitative)
methods will be used to compare and identify
inconsistencies of the research topic.

6. Expansion: Combined data will be used to extend details
about the horizon of research and widen the understanding
of the topic.

Results

This research will provide both quantitative and qualitative data
to determine midwifery students’knowledge, and skills relating
to WBV in a clinical setting, while undertaking their Bachelor
of Midwifery degree. It is anticipated that education will have
an impact on how midwifery students will manage WBV in the
workplace by developing some conflict resolution skills and
building resilience. This research will provide valuable insights
into the views and experiences of midwifery students regarding
WBV. Integrated data will help draw conclusions and
recommend future implications for midwifery student education.

This study is expected to conclude in December 2023.

Discussion

Importance of This Research
Evidence has shown that there is a culture of bullying and abuse
within the midwifery profession. Several studies have reported
that midwives, graduate midwives, and of significant note,
midwifery students (who are more vulnerable) have witnessed
or experienced WBV [10,73-75]. It has been highlighted that
midwifery students feel a lack of preparation in managing WBV
[11], which may result in midwifery students emulating poor
behavior of midwives and midwifery leaders [5,76]. Hogan et
al [3], Steen [4], and Capper et al [11] suggest that midwifery
students require additional pathways to address WBV; however,
it was acknowledged by Capper et al [11] that there has been
no intervention study attempted to date.

To address this deficit, the STOP model [4] will be used as a
framework to underpin and guide development and facilitation
of a bespoke educational workshop to develop conflict resolution
strategies and build resilience for this research. It is anticipated
that this research study will address gaps in the literature and
provide evidence to confirm or refute any benefits from
providing education and training for conflict resolution strategies
and building resilience. Building resilience in midwifery
students may improve their self-confidence to deal with trauma
and adversity, resulting in improved sustainability for the
midwifery profession [38,46].

Therefore, developing a bespoke educational workshop that
utilizes a validated conflict resolution model [4] may justify the
adoption of implementing conflict resolution strategies and
building resilience skills as essential curriculum content within
a Bachelor of Midwifery degree program to meet the learning
needs of midwifery students in South Australia.
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Conclusion
There appears to be limited research to inform the development
of personal resilience and conflict resolution strategies within
Bachelor of Midwifery degree programs. The results and
findings from this sequential mixed methods study will be
triangulated, and data integration will develop meta-inferences

that will strengthen the conclusions drawn. Outcomes from the
research will elucidate the experience, potential impact, and
prevalence of WBV by midwifery students in South Australia.
It is anticipated that the findings will inform recommendations
for future midwifery education programs and may include the
implementation of conflict resolution and resilience workshops
within Bachelor of Midwifery degree curricula.
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Abstract

Background: Despite significant investment, mental health issues remain a leading cause of death among young people globally.
Sophisticated decision analysis methods are needed to better understand the dynamic and multisector drivers of youth mental
health. System modeling can help explore complex issues such as youth mental health and inform strategies to effectively respond
to local needs and achieve lasting improvements. The advantages of engaging stakeholders in model development processes have
long been recognized; however, the methods for doing so are often not well-described.

Objective: This paper aims to describe the participatory procedures that will be used to support systems modeling for national
multisite implementation. The Right Care, First Time, Where You Live research program will focus on regional youth mental
health applications of systems modeling in 8 different sites across Australia.

Methods: The participatory model development approach involves an iterative process of engaging with a range of participants,
including people with lived experience of mental health issues. Their knowledge of the local systems, pathways, and drivers is
combined with the academic literature and data to populate the models and validate their structure. The process centers around
3 workshops where participants interact and actively engage in group model-building activities to define, refine, and validate the
systems models. This paper provides a detailed blueprint for the implementation of this process for mental health applications.

Results: The participatory modeling methods described in this paper will be implemented at 2 sites per year from 2022 to 2025.
The 8 selected sites have been chosen to capture variations in important factors, including determinants of mental health issues
and access to services. Site engagement commenced in August 2021, and the first modeling workshops are scheduled to commence
in February 2022.

Conclusions: Mental health system decision makers require tools to help navigate complex environments and leverage
interdisciplinary problem-solving. Systems modeling can mobilize data from diverse sources to explore a range of scenarios,
including the impact of interventions in different combinations and contexts. Involving stakeholders in the model development
process ensures that the model findings are context-relevant and fit-for-purpose to inform decision-making.
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Introduction

Globally, it is estimated that more than 700,000 people lose
their life to suicide each year, and suicide is the fourth leading
cause of death among young people aged 15 to 29 years [1]. In
Australia, suicide is the leading cause of death among people
aged 15 to 49 years [2,3]. An estimated 340,000 (15%)
Australians aged 18 to 24 years experience high or very levels
of psychological distress [4]. Most mental health issues
experienced during adulthood begin during childhood or
adolescence and can result in disengagement from education
and reduced social connections. This can, in turn, lead to reduced
employment opportunities and poorer socioeconomic outcomes
[5]. A recent national inquiry into mental health in Australia
made recommendations that called upon multiple sectors to take
action to be responsive to the needs of, and improve outcomes
and experiences for, people with mental health conditions. The
sectors identified by the inquiry went far beyond those usually
associated with mental health services and included primary,
secondary, tertiary, and vocational education; mainstream health
services; early childhood education and care; disability support;
workplace health and safety; finance; housing; insurance; justice
and law; and digital health sectors [5]. Putting this broad context
together with the individual variation in the etiology and course
of mental ill health, deciding where and how to invest resources
is difficult [6]. This challenge has traditionally resulted in
investment in a comprehensive and all-encompassing package
of interventions in which individual programs are often not
sufficiently scaled and resourced to deliver impacts [7]. More
effective decision support methods are needed to ensure that
investment is well-targeted, coordinated, and implemented at
a sufficient scale to deliver real impacts [7,8].

Governments have long been under pressure to provide more
programs and services within constrained resources [9]. Policy
and program decision processes are often complex, contextually
dependent, and influenced by a range of competing priorities
[10]. Decision support methods and tools are needed that can
not only provide insights into which interventions or programs
work but also facilitate identification of the context in which
they work or whether other interventions, or combinations of
interventions, will work better [9,11]. Systems modeling has a
long history of providing decision support capability in a range
of disciplines [12-14], including engineering, manufacturing,
defense, business, and environmental sciences. It is increasingly
being used for health applications. Systems models can be
developed and used to leverage a range of data and evidence
sources by combining them with local contextual knowledge
and expertise to inform mental health system investment
planning [8]. Involving decision makers and other stakeholders
in participatory model development processes can increase the
validity, credibility, and utility of models, ensuring they remain
focused on priority policy questions and accelerating the
mobilization of model insights into practice [11,15,16].

Participatory Systems Modeling
The process of participatory systems modeling involves
engaging multidisciplinary stakeholders in group model-building
processes [17]. It can be used in conjunction with multiple
modeling methods, including system dynamics, discrete event
simulation, and agent-based modeling [18-21]. Various terms
have been used to describe these activities, including
participatory modeling, group model building, companion
modeling (ComMod), and participatory simulation [21]. In the
participatory modeling process, participants coconceptualize a
problem and use modeling to describe and quantify the problem;
identify, develop, and test potential solutions; and inform the
decision-making and actions of the group [22]. For the purpose
of this study, the term participatory systems modeling has been
adopted and is defined as “a purposeful learning process for
action that engages the implicit and explicit knowledge of
stakeholders to create formalized and shared representations of
reality [22] using computer simulation.”

The terms stakeholders and participants are both used in this
study. By stakeholders, we refer to all who have a stake or
involvement in the system [22], and the term participants is
used to refer to those people who engage in the participatory
modeling process. Therefore, the term stakeholders refers to a
broader group of people.

Participatory systems modeling focuses on collaborative
learning, and the tools and methods used in these programs
promote system understanding and awareness among all
stakeholders. The tools and methods used in participatory
approaches may differ; however, the underlying principles are
very similar and subscribe to the same basic aim—to actively
engage end users and other stakeholders in model development
to increase the robustness, validity, utility, and credibility of
the models and facilitate their use to support decision-making
processes [18,19,21,23-25]. Participatory modeling has been
an important method in system dynamics modeling since its
inception [18] and has been widely adopted in environmental
modeling projects [19,23,26-29]. The advantages of engaging
stakeholders in model development processes include the
following [11,16,24,30]:

1. The contribution of extensive domain expertise of
participants to model development

2. Social learning between participants and throughout the
model development process

3. Joint problem framing to ensure that the model is focused
on priority policy questions

4. Production of regionally customized and socially robust
solutions, that is, solutions that are more likely to be trusted
and accepted by decision makers and stakeholders

5. Identification and prioritization of evidence gaps
6. Identification of opportunities to insert the model into policy

and program decision-making dialogues
7. Development of strategies to address communication

challenges
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Advances in modeling technologies have allowed greater model
transparency and meaningful engagement in the model-building
process by interdisciplinary groups [20,25]. Although modeling
expertise is still required, modeling is no longer restricted to
the computational and mathematical sciences and models are
being designed to be broadly accessible across disciplines [31].
Participants engaged in the modeling process are able to inspect
and critique the logic, parameters (values used), and assumptions
of a model, and simulate scenarios independent of the modelers,
using interactive model interfaces [25]. Broader access to, and
engagement with, models can support faster model evolution
and learning, particularly in identifying discrepancies between
model results and empirical observations or knowledge
concerning the world and helping to refine mental models across
the group [14,19,32,33].

It may be difficult to understand and anticipate the impact of
policy decisions on system behavior as a whole [12,14].
However, a quantified systems model can facilitate an increased
understanding of system behavior by playing out the logical
implications of introducing new policies and initiatives into
complex systems, thereby making implicit assumptions explicit
[25]. For example, in the mental health sector, participatory
systems models co-developed with local health services have
pointed to the importance of aftercare for people who have
experienced suicidal behavior, a finding that is consistent across
applications in diverse regions [34,35]. In addition, modeled
intervention effects that initially seem counterintuitive may
point to unanticipated consequences. For example,
evidence-based community mental health education and
awareness raising programs can lead to demand exceeding
service capacity, increasing waiting times and disengagement
with services, and increasing mental health–related emergency
department presentations [36].

Transparent models can help to connect knowledge across the
breadth of a team, enhance their ability to identify areas where
their knowledge falls short, uncover logical inconsistencies,
and contribute to more robust and strategic decision-making
[25]. From this perspective, the discovery of an inconsistency
between what the model suggests in simulation scenarios and
empirical data is an opportunity to facilitate learning and refine
the model to improve its forecasting capability, thereby
increasing its value as a long-term decision support asset
[20,25,28].

Principles of Participatory Systems Modeling
Frameworks, guidelines, and principles for participatory systems
modeling have primarily been developed within the
environmental sciences field where it has been widely
acknowledged that sustainability issues involve social processes
and stakeholder engagement is necessary to support effective
action [21,24,37-39]. These have ranged from highly
prescriptive scripts used for group model building often
associated with system dynamics modeling [18,19,23,40-42]
to more general guidelines and considerations [20,21,24,32,43].

Participatory systems modeling projects are diverse, and flexible
principles guiding the conduct of participatory processes that
are also easily modifiable and applicable across sectors provide
a practical approach to inform existing and future practices

[21,24]. The following principles are described in Multimedia
Appendix 1 and have been formulated based on
recommendations from the literature [44] and the experience
of the authors conducting participatory systems modeling for
physical and mental health applications [16,17,30,34,45-49]:

1. Selecting and planning stakeholder engagement to ensure
that appropriate expertise is available to guide model
development

2. Being aware of social and group dynamics to facilitate
inclusivity and give all participants the opportunity to
contribute and having flexibility in the process to
accommodate the priorities and preferences of participants

3. Maximizing transparency and openness in the model
development process by ensuring that assumptions and data
sources are made explicit

4. Iterating and refining by actively engaging participants
throughout the model development process and
incorporating their feedback

5. Encouraging learning and managing uncertainty through
scenario analyses and hypothesis testing

Most strategic mental health policies and planning decisions
are complex and not easily addressed using traditional analytic
tools. Policy and planning decisions are challenged by multiple
interacting factors with uncertain outcomes, competing options
for action and investment, differing expert and local views of
effective actions, and the potential for unintended consequences
[17,50]. Scenario analysis can assist in identifying optimal
combinations of interventions that remain effective even when
the conditions in the system are varied [51]. An iterative,
participatory approach to modeling allows the identification of
data gaps and priorities for new data collection and development
of ways to address these [11,20,21]. Models have significant
potential to assist in good decision-making through the
participatory process by bringing together best evidence, data,
and knowledge and consolidating and testing shared hypotheses
[25,32].

Aims and Objectives of the Method Blueprint
Although the importance of involving stakeholders in model
development processes to increase the relevance, validity,
usability, and credibility of models has been recognized, the
methods for doing so are not always well understood and
terminology can be used loosely, leading to confusion. This
paper aims to promote a shared understanding of our
participatory systems modeling approach and provide a practical,
detailed blueprint to support the implementation of the approach.

This paper was developed as a semistandardized guide for
implementation across subnational regions as part of a broader
program of participatory action research that aims to explore
the feasibility, value, impact, and sustainability of building
regional capacity in the use of more advanced decision support
tools and technologies to inform systems strengthening and
empower communities to address the mental health needs of
young people [52,53]. The Right Care, First Time, Where You
Live research program will use participatory methods to deliver
contextually relevant systems models focusing on youth mental
health services in multiple sites across Australia. More
information about the research program is available [52]. The
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systems modeling program aims to provide regional health
authorities, social service providers, and community
stakeholders the tools, processes, and insights needed to more
effectively allocate limited available resources and make
compelling cases for further investments [53]. This paper
outlines the participatory systems modeling procedures,
methods, and activities that will be implemented to support this
mental health multisite study related to youth.

The process described in this study builds on the experience of
the authors conducting participatory systems modeling for a
range of public health issues [6,8,16,17,30,34,45-48,54,55].
However, this study focuses on modeling for mental health
applications in this multisite program. Operationalizing
participatory systems modeling for mental health applications
involves ensuring that the process is inclusive for people with
lived experience of mental ill health and their support people.

Methods

Role Descriptions for the Interdisciplinary Core
Project Team Members
The project roles mentioned later will be key to successful
implementation. The descriptions are adapted from Atkinson
et al [46] and Freebairn et al [16]. It should be noted that one
person can play multiple roles in a project, that is, the project
lead may also be the domain expert or the modeler may be
experienced in modeling for policy so may also act as a
translator. The term primary partner agency refers to the main
stakeholder organization that will facilitate the modeling project
in the local community. In the Australian health service context,
this agency may be the Primary Health Network or jurisdictional
health services.

A project lead facilitates the brokering and management of a
project. This person will have the primary responsibility of
engaging and maintaining relationships with participants and
health service partners (ie, end users of the model). The project
lead shares the duties of facilitating the modeling workshops
with the lead domain expert and overseeing model development,
associated documentation, and external communications.

A lead domain expert is a well-respected authority on the focus
issue who can play a lead role in project planning and workshop
facilitation.

A translator is a person who can contextualize the policy
environment and data for the modeling team and translate the
model requirements and development process to the participants.

Expert participants are people with a range of perspectives from
across the system being modeled and policy, planning, and
content area expertise, including representatives from local
Aboriginal and Torres Strait Islander governance bodies, people
with lived experience of mental health and suicidal behavior,
representatives from federal and state governments, health and
social policy agencies, local councils, nongovernment
organizations, emergency services, research institutions,
community groups, and primary care providers.

A dynamic simulation modeler is a person with expertise in
systems modeling and ideally with a background in biostatistics,
data science, or mathematics.

An economist is a person with expertise in economic evaluation
of policy interventions, including multiple costing
methodologies and different valuation techniques, with
knowledge of decision analysis and priority-setting processes.

Superusers are nominated persons from within decision-making
or primary partner agencies who will be socialized to the model
and build competency in using it to explore policy scenarios
and interpret and report model findings for reports, policy briefs,
business cases, and advocacy.

Research or project support officers are responsible for
coordinating the participatory systems modeling process,
including logistical arrangements for workshops and liaising
directly with the modeler and workshop participants to source
and manage evidence and data requirements for the
model-building process.

An expert technical adviser provides an independent review of
the model, including model conceptualization, equations, and
dimensional consistency, to identify errors and ensure that the
model is robust and computationally efficient.

Considerations When Including People With Lived
Experience of Mental Health Issues and Their Support
People
The advantages of involving people with lived experience of
mental ill health, including carers, are well established and
include ensuring that their essential knowledge about current
care pathways, barriers, shortfalls, and what is needed from the
mental health system, is embedded in research and service
design to improve outcomes at individual, service, organization,
and system levels [56-62]. The participatory modeling
procedures described in this implementation protocol are
informed by the literature regarding best practice principles for
supporting consumer and carer participation in mental health
research and as described by the National Mental Health
Commission [56]. These procedures are also informed by
experiences of the authors in implementing previous
participatory modeling projects in the mental health sector in
collaboration with people with lived experience of mental health
issues and suicidal behavior.

The choice of location, venue, and timing for workshops should
consider the needs of participants. Barriers to participation can
include distance and travel times and environments that cannot
accommodate individual requirements such as mobility access,
space to take time-out breaks or dietary needs, and insufficient
lead in time for workshops to allow participants to prepare for
engagement, including taking a time-out from other
commitments. Efforts will be made to provide an inclusive
culture and safe environment at the workshops that supports
the engagement of all participants [56]. In practical terms, this
may include being explicit about the ground rules for safe and
acceptable disclosure, ensuring that participants have access to
and are aware of supports available, for example, debriefing
and referral to professional support, allowing people to take a
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break when needed, and observing levels of psychological
distress within the group; checking in with participants; and
offering support where appropriate. People with lived experience
may prefer to bring their peer support worker or carer to
workshops as they can detect signs of distress well and can
provide support as needed throughout the event, particularly
when discussing suicidal behavior.

Workshop facilitators and support staff will ensure that large
and small group discussions are respectful and inclusive for all
participants, for example, valuing contributions from all
participants, minimizing instances where people are interrupted
or cut off or not listened to, and minimizing the use of jargon.
Informal conversations during breaks and outside of workshops
can be used to encourage participation in the process by
providing additional information and clarification about the
process and method and opportunities to contribute outside of
the formal workshop process, for example, by sharing stories
and experiences of the mental health system in direct,
one-on-one conversation with the project team members.

The language used throughout the modeling process, but
particularly during participatory workshops, will need to be
inclusive and increase the likelihood that participants with lived
experience of mental health issues feel respected and valued
and able to contribute actively to the model development
process. Language should be age-appropriate, respectful,
nonjudgmental, jargon-free, and accessible to lay people. In
addition, the language should be person-centered, that is, person
with mental health condition rather than they are mentally ill,

and recovery-oriented—conveying the potential for hope and
opportunity. The Mental Health Coordinating Council provides
an extensive and practical guide for using recovery-oriented
language [63].

Ongoing evaluation of the process using participatory action
research will be undertaken as part of the broader program to
facilitate the identification of opportunities to improve consumer
and carer engagement in participatory system modeling
processes.

Procedures for Building and Using Systems Models
With Stakeholders

Overview
Participatory model development involves an iterative process
of understanding local systems, pathways, and drivers by
engaging with local stakeholders and the academic literature,
populating the model with data, validating its structure and
performance with historic data, and ensuring face validity with
stakeholders. It centers around 3 workshops where participants
interact and actively engage in group model-building activities
(Figure 1). Experts and key participants with an important stake
in the topic are identified and invited to participate in the model
development group (participants). Their expert knowledge and
local practice experience are triangulated with research evidence
and primary and secondary or administrative data sources to
articulate the causal mechanisms driving mental health and
suicide outcomes in a region.

Figure 1. Overview of the activities involved in participatory modeling workshops.

Script-based approaches [18,19,41,42,64,65] have traditionally
been used in system dynamics modeling. Our methods favor
more organic, minimally structured activities that allow people
to tell their stories and share their experiences, which elicits
valuable systems information without the constraint of
conforming to closely scripted activities or disciplinary

conventions of systems science. This process aims to elicit
information about what really happens on the ground, hidden
incentives or disincentives embedded in the system, and
information that is not available in academic papers or data sets
but has significant implications for key outcomes and system
functioning locally. Providing opportunities for interaction

JMIR Res Protoc 2022 | vol. 11 | iss. 2 | e32988 | p.327https://www.researchprotocols.org/2022/2/e32988
(page number not for citation purposes)

Freebairn et alJMIR RESEARCH PROTOCOLS

XSL•FO
RenderX

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


between participants as a group is valuable, as it often reveals
more about the system than if the project team has met with
participants individually. System learning also occurs when
people hear the perspectives and challenges of those in other
parts of the system who they may not frequently interact with.

The following sections describe the process for conducting
participatory systems modeling workshops for mental health
applications. It should be noted that this paper provides guidance
specific to facilitating participatory systems modeling; however,
it does not cover more general activities involved in workshop
organization, for example, booking venues, arranging travel,
organizing catering, managing RSVPs, and registration of
participants. This is assumed knowledge for this paper.

Early Stakeholder Engagement and Workshop
Preparation
Establishing effective partnerships is key to the successful
implementation of participatory systems modeling projects.
Early engagement with the primary partner agency for each site
is important to ensure that the modeling will address their
decision analysis needs. In some regions, improving mental
health outcomes and reducing suicidal behavior will need to
prioritize decision-making around investments to address youth
justice, substance misuse, and unemployment challenges, where
others may need to prioritize improving access to services.
These discussions help to scope the model without changing
the primary research question and the overarching purpose of
the work.

There are four key activities in the engagement process: (1)
determining the capacity of the stakeholder community to
participate and actively engage in the activities; (2)
communicating the purpose and goals of the systems modeling
research and gaining commitment from stakeholders; (3)
initiating engagement with the community and understanding
current issues, challenges, and alternative perspectives; and (4)
establishing relationships and building trust between researchers
and community stakeholders [66,67]. The site and stakeholders
engagement process to be implemented across sites will be
undertaken using participatory action research principles.

Important considerations for this phase of the project include
the following:

1. Identification of decision-making priorities for modeling:
participating in a systems modeling process requires
significant time investment for stakeholders. Motivation
for stakeholders to participate is higher when addressing
the mental health challenge is a high priority for the region,
where the policy and planning environment is complex,
where there are contested potential solutions, or where
previous attempts at addressing the issue have not delivered
impacts [16]. It is important to invest time in discussing
local needs to ensure that the modeling is focused on
answering the priority questions of the stakeholder group.

2. Identification and engagement of key contacts within the
primary partner agency: once a key contact has been
identified and engaged, their assistance will be sought to
facilitate the identification and engagement of key

stakeholders and organizations within their local community
for youth mental health services.

3. Venue selection: there are two main considerations for
selecting a venue for participatory workshops—first, the
venue needs to have a facility to project presentations
(including presentations of model architecture) onto a large
screen where small text remains legible to participants.
Second, the room needs to provide sufficient space for the
participants to easily move around a large conference table.
An important activity for workshop 1 is for participants to
interact and engage in the conceptual mapping of the
system. This involves the participants working with paper,
tape, and sticky notes to contribute to the system diagram
that is laid out on a large table.

At least 2 members of the project team will facilitate the
workshops and at least another 2 will provide workshop support.
Wherever possible, the workshop facilitators should include a
local domain expert who works together with the modeler and
project lead to facilitate the workshop. For example, in workshop
1, the local domain expert presents an overview of the
epidemiology of mental health and suicidal behavior of the
region being modeled and the modeler presents an introduction
to systems modeling. The workshop facilitators jointly explain
and support participatory activities. The workshop support staff
provide logistic assistance to ensure smooth operation of the
workshop. This includes welcoming and registering participants;
ensuring that any necessary paperwork, for example, regarding
participation, photography consent, and confidentiality have
been completed; liaising with the venue staff; taking
photographic records; ensuring that audio recording devices are
in place and turned on during the appropriate sessions; setting
out materials; and rearranging the room as needed to facilitate
workshop activities. A list of materials for the core workshop
activities is provided in Multimedia Appendix 1. It is beneficial,
when there is sufficient capacity, for the workshop support staff
to be workshop observers, recording field notes that can be used
to support the project team debriefing and reflective analysis
of each workshop. Field notes and observations would focus
on levels of participant engagement in workshop sessions and
questions and issues raised by participants during discussions
and interactive activities. Runsheets may be developed for each
workshop to clearly outline the roles of presenters and workshop
facilitators and describe the activities and timing of each session
in the workshop.

Participant Selection and Recruitment
Participant selection will be conducted in collaboration with
the primary partner agency for each site to embed contextual
knowledge into the participant selection process.

Purposive sampling will be used to recruit participants with
diverse perspectives and expertise, including young people with
lived experience of mental health issues, carers, members of
the local Aboriginal and Torres Strait Islander community,
mental health professionals, educators, policy makers, service
planners, primary health care providers, health service managers,
and other service providers. A comprehensive list of stakeholder
categories is provided in Textbox 1.

JMIR Res Protoc 2022 | vol. 11 | iss. 2 | e32988 | p.328https://www.researchprotocols.org/2022/2/e32988
(page number not for citation purposes)

Freebairn et alJMIR RESEARCH PROTOCOLS

XSL•FO
RenderX

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


Textbox 1. Categories of stakeholders to be considered for inclusion in the participant group.

Stakeholder categories

• Health department policy makers and policy officers

• Local health district representatives

• Youth mental health researchers, including epidemiologists and social scientists

• Police and emergency services

• Clinicians from youth mental health and substance use support services

• City Council members and staff

• Primary care, general practitioners, nurse managers, and allied health professionals

• Educators, education department representatives, and school counselors

• Child protection workers

• Relevant nongovernment organizations and foundations

• Consumers, people with lived experience, and carers

• Community leaders, including church, traditional healers, and other leaders

• Health insurers and private service providers

• Hospital and other service administrators

• Program planners and service coordinators

• Call centers and web-based service providers

• Representatives from special interest groups, including lesbian, gay, bisexual, trans or transgender, queer, intersex and other sexuality, gender
and bodily diverse people; indigenous; culturally and linguistically diverse; refugee

• Mental health promotion agencies

The aim is to include participants who are recognized as local
leaders in consumer and carer experience, providing services,
planning, and commissioning services and developing policies
and the local Aboriginal and Torres Strait Islander community.

Selected participants will be provided with information relating
to the aims of the project, the time commitment required, the
likely timing of the workshops, and background information
regarding systems modeling. Where possible, the initial
invitation of participants is extended by the local domain expert
or primary partner agency.

Before the first workshop, participants will be asked to provide
written consent to participate, be recorded and photographed at
workshops, and agree to not disclose confidential information
shared by other participants during the model development
process, which is important for providing a safe environment
for sharing information that is important for model development
but which the participants may not wish to be shared publicly.

Workshop 1: Introduction to Participatory Systems
Modeling and Conceptually Mapping the System

Overview
The logistics involved in planning and implementing workshop
1 and the activities undertaken to achieve the workshop
objectives are discussed in detail. Although the overall aim of
the participatory workshops is to maximize the active
engagement and interaction of participants, it is necessary to
initially present some background and context setting
information. Therefore, once the welcome and introductory

activities are complete, the initial sessions in the workshop
involve presentations of relevant information to support the
participatory systems modeling process. An example agenda is
included in Multimedia Appendix 1. The five main objectives
for workshop 1 are as follows:

1. Present an overview of the epidemiology of mental health
issues and suicidal behavior relevant to the region or
population catchment being modeled

2. Introduce systems modeling to the participant group to
facilitate meaningful engagement in the model development
process

3. Jointly conceptualize and map system structure and drivers
4. Prioritize the interventions and outcomes to be explored by

the model
5. Introduce the economic analysis and explain that it will be

developed following workshop 1, as the model’s purpose
and scope develop

Welcome and Overview of the Project Aims and
Objectives
It is important that participants are welcomed by the host
organization in accordance with local customs, for example, in
Australia, this would include an acknowledgment of the
traditional owners of the country upon which the workshop is
taking place and would also include an acknowledgment of the
lived experience of mental health issues and recovery.

The aims and objectives of the project, drawn from project
scoping discussions with the key stakeholder organization, will
be presented to the participants. The overall aim may be quite
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broad, for example, “this project aims to use a co-designed
systems model to provide a robust, evidence-based, interactive
decision support tool to improve population mental health” or
it may be quite specific “...a decision support tool to inform
suicide prevention in young people,” depending on priorities
identified in scoping discussions.

Session 1: Introduction to Dynamic Simulation Modeling
(Time Allowed 30 Minutes; Purpose of the Session and
Method)
The purpose of this session is to provide participants with an
overview of what systems modeling is and what it can offer in
a decision-making context.

A slide-supported presentation covering the points mentioned
in Textbox 2.

Textbox 2. Method for session 1.

Method for session 1

• Challenges faced in policy making and planning in the mental health sector:

• Complexity of problems, including complex determinants of mental health and suicidal behavior, population dynamics, and service pathways

• Broad range of options for intervening

• Changing mental health care and suicide support needs and demands over time

• Different perspectives and competing views of how best to intervene

• What systems modeling has to offer in mental health policy and planning:

• Explanation of what systems modeling is, that is, a simplified representation of the real world that can provide us with a method to map and
quantify complex problems and service systems by bringing together a range of evidence, data, and knowledge. The developed model will
be an interactive what-if tool for scenario analysis.

• The process for building a model and examples of a final what-if decision support tool:

• Provide an overview of the process using a diagram such as Figure 2.

• Emphasize the important role that participants have in this process. The participatory process is critical to understanding the behavior of the
system and its drivers, identifying and considering potential unintended side effects of interventions, and keeping sight of the impacts of
mental health initiatives on the wider health and social systems. By working together, the participant group ensures that the model is
fit-for-purpose and can capture regional differences in demographics and service structures, making it a robust, contextually relevant decision
support tool that can be embedded in the local policy or planning cycle.

• Present example user interfaces (Figure 3) to demonstrate the outcomes of the project. Briefly explain the elements of the interface and how
it can be used to explore the what-if scenarios.

Figure 2. Overview of the process for building systems models using participatory methods.

JMIR Res Protoc 2022 | vol. 11 | iss. 2 | e32988 | p.330https://www.researchprotocols.org/2022/2/e32988
(page number not for citation purposes)

Freebairn et alJMIR RESEARCH PROTOCOLS

XSL•FO
RenderX

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


Figure 3. Example of the user interface for a suicide prevention model.

Session 2: Introduction to System Dynamics Modeling
(Time Allowed 30 Minutes; Purpose of the Session and
Method)
The purpose of this session is to provide participants with
sufficient knowledge of the basic concepts and graphical
language underpinning system dynamics modeling to enable
them to participate meaningfully in the model development
process, including in the conceptual mapping activity in session
4, and the ability to critique the model in workshop 2.

The examples used here apply to system dynamics modeling;
however, the introduction should focus on whichever modeling

method is being used in the project, for example, state charts
for agent-based modeling or process diagrams for discrete event
simulation.

A slide-supported presentation covering the key terms and
concepts of system dynamics modeling using visual diagrams
(Figure 4) and plain language. The core concepts explained
include the following:

1. Stocks and accumulations
2. Flows
3. Reinforcing and balancing feedback loops
4. How data will be used to calibrate the model

Figure 4. Facilitation slide to support the explanation of system dynamics concepts to the participants.
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Session 3: Defining the System and Outcomes of Interest
(Time Allowed 30 Minutes; Purpose of the Session and
Method)
The purpose of this session is to provide participants with an
overview of the mental health system and suicidal behavior in

the local context and initiate discussions and priority outcomes
to be tracked in the model.

It is preferable for the overview to be presented by a local,
trusted domain expert and would cover the topics listed in
Textbox 3.

Textbox 3. Method for session 3.

Method for session 3

• Mental health outcomes, drivers, and service use

• The focus of the models being developed in this program is on the complex interplay of social determinants, service system factors, population
demographics, and behavioral dynamics that drive population-level youth mental health outcomes:

• Epidemiology of mental health issues, suicide and self-harm, and service use (eg, emergency department presentations, psychiatric
hospitalizations, primary care service contacts) relevant to the region. This usually begins with a broad overview and then narrows the focus
down to the local context.

• Other social- or system-level contributing factors in the local context, for example, alcohol and other drug use, family violence, service
access, or unemployment.

• Eliciting outcomes of interest: this activity will be conducted as a facilitated discussion in this session or an interactive activity, and both procedures
are described later. Unless it is culturally or contextually inappropriate to do so, the discussion should be recorded to ensure that the project team
is able to refer back to the important details that they may not pick up while they are facilitating the workshop. The appropriateness of recording
will be discussed with key stakeholders, for example, elders of the local Aboriginal and Torres Strait Islander communities, during preworkshop
engagement:

• Facilitated discussion—a discussion starter slide presenting potential outcomes of interest that will be the primary outputs of the model.
Commonly modeled outcomes for mental health applications include prevalence of psychological distress, mental health–related emergency
department presentations, self-harm hospitalizations, suicide deaths, emergency department presentations and hospital admissions for alcohol
and other drug use, quality-adjusted life years related to mental disorders. Participants are asked to discuss whether these outcomes are
important for planning purposes and whether other outcomes should be prioritized.

• Interactive activity (requires pens, sticky notes, and a wall space):

• Display a slide with potential outcomes to be measured in the model.

• Ask people to write their top 3 priority outcomes (which can be different from those on the slide) on separate sticky notes and then put
them up on the wall during a break. Participants are asked to place the notes in theme groups (ie, put their sticky notes together with
other similar notes).

• The modeling support team provides feedback about the outcomes of interest in session 5 (detailed later). Feedback would include
ranking the prioritized outcomes (ie, identifying the outcomes that were nominated most frequently by participants) and grouping the
identified outcomes into broad themes. Further analysis to ensure that the main outcome themes identified by the participants have
been captured can be undertaken after the workshop. Where there is disagreement among the participants about which outcomes should
be prioritized, a voting process will be used to resolve it.

Session 4: Participatory Mapping Exercise (Time
Allowed 1.5-2 hours With a Break Partway Through;
Purpose of the Session and Method)
The activity undertaken in this session provides the most critical
outcome for workshop 1, a co-designed conceptual map of the

system to be modeled. In this activity, participants interact with
each other and the project team to jointly conceptualize and
qualitatively map the youth mental health system in the form
of a draft model structure.

The mapping exercise is undertaken using the procedures listed
in Textbox 4.
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Textbox 4. Method for session 4.

Method for session 4

• A simple draft model structure that incorporates key stock and flow structures for system dynamics models (or state charts for agent-based models)
is derived based on preworkshop engagement with stakeholders and on previously published mental health systems modeling research in a similar
context [48]. The structures might include aging chain structures and stock and flow diagrams representing the change in psychological distress
over time or changes in demand for services and service pathways.

• The structural components, such as the stock and flow structures identified earlier, are preprinted, laminated, and laid out on large sheets of paper
in preparation for the workshop. This provides a straw man structure for participants to modify and elaborate on and a starting point for discussion.

• The guiding instructions explain to participants that a draft model architecture has been laid out to provide a starting point for the mapping activity
and that they are invited to review, contribute to, and improve the map. For system dynamics modeling projects, participants are asked to focus
on high (or system) level factors that influence the flows, for example, community- or service-level characteristics rather than individual behavior
or choices. Participants are encouraged to expand the structure to capture the key service pathways of the region.

• Instructions should emphasize the following:

• This brainstorming-style activity aims to map the important causal pathways that contribute to the focus issue, that is, youth mental
health issues.

• The mapping activity uses elements of the model structure presented in session 2.

• It is an inclusive process that demonstrates the capacity for systems thinking to help understand mental health issues, suicidal and
self-harm behaviors, and their determinants. The objective is to understand what pathways are missing, what influences the flows, and
how changes in one part of the system impact other parts.

• Present slides showing a draft model architecture that participants can expand and critique. The draft is intended to initiate discussion
rather than impose a pre-empted model design. Figure 5 illustrates an example slide showing a draft stock and a flow diagram. The
slide is used to explain how factors that influence the flows between the stocks can be mapped to the diagram and that the direction of
influence is important. Instructions will be tailored for each site by using real-world examples derived from preworkshop engagement
discussions.

• Advise participants that the activity will be photographed and audio-recorded to ensure that the project team can incorporate their
contributions into the model accurately.

• The project team should circulate among participants during the activity to answer questions and engage in discussions. Participants will
often verbalize where the map requires further development but may need encouragement to physically put down their thoughts on paper
using the materials provided.

• Prompting questions are used to facilitate the activity. For example, the following general questions can be presented on a slide that is left on
display during the activity, but the project team may develop more specific probing questions that can be used to facilitate small group or
one-on-one discussions with participants during the activity:

• Have we captured the important stocks? Are there others that should be included?

• What factors influence the flow between stocks (family and environmental factors)?

• Are there other stock and flow structures that should be included?

• Are there any incentives in the system that influence behaviors or flows?

• Are there any feedback (positive or negative reinforcing cycles)?

• The project team uses the scheduled break time to debrief about the mapping activity and determine the important areas to focus on in the second
part of the session, for example, “Are there other causal pathways, barriers, or disincentives in the system of interest that have not been elicited?”
“Is there anything on the map that the team does not understand or need to clarify?” “Are there feedback loops emerging from the map that can
be elicited more clearly?”

• Reconvene the activity by inviting participants to return to the conceptual map and continue to add any additional elements that they have thought
of during the break. The project team circulates among the participants, encouraging them to make any last contributions to the map.

• Session 4 will finish with a large group discussion to do the following:

• Acknowledge participants’ valuable contribution to conceptually mapping the system.

• Refine, clarify, and define the elements of the model structure. This discussion would vary depending on the purpose of the model, but may
include, for example, defining age ranges or priority subgroups of interest.

• Identify data sources and research evidence to inform the model for each prioritized subgroup. Participants are asked to complete the data
contribution form.
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Figure 5. Facilitation slide to guide the conceptual mapping activity. GP: general practitioner.

Session 5: Prioritizing the Interventions of Interest (Time
Allowed 45 Minutes; Purpose of the Session and Method)
The purpose of this session is for participants to identify the
priority interventions of interest in modeling projects to ensure
that the appropriate level of detail is included in the model
structure to capture their effects.

This activity will either be run as a facilitated discussion and
voting process conducted at the workshop or a larger community
engagement process, including the facilitated discussion
described later, and a postworkshop survey sent out via

workshop participant networks where community members
vote on which interventions are the highest priority for inclusion
in the model. The decision regarding which selection method
to use would be made in consultation with the primary partner
agency to best meet the needs of the site. Regardless of the
method used, diverse views are likely to be expressed. Both
prioritization methods are described in subsequent sections. The
voting or survey processes generally identify the priority
interventions (or outcomes); however, this is followed up with
a discussion in workshop 2 that aims to achieve a broader
consensus. The workshop discussion option is described in
Textbox 5 and the post-workshop survey is described later.
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Textbox 5. Method for session 5.

Workshop Discussion Activity

• Introduce the session, explaining the importance of understanding which interventions are of priority interest to the participant group to ensure
that the model is built in a way that can adequately incorporate the intervention effects.

• Explain that the modeled interventions can be based on interventions already implemented in the real world or that they can be hypothetical
interventions. Both are useful for what-if scenario testing. Interventions across the full spectrum of services can be considered for inclusion in
the model, for example, primary prevention, early intervention, acute care, rehabilitation, and aftercare. Scenarios examining the impact of
disinvestment in existing programs can also be explored and, if deemed a priority, should be identified at the outset. It is generally feasible to
include 6 to 8 interventions in a participatory system dynamics modeling project that is 6 months in duration.

• Present a slide showing a list of potential interventions derived from the preworkshop engagement discussions (Figure 6). Explain that the focus
of the current session is to prioritize and define the interventions to be integrated into the model:

• Ask participants to write down their priority interventions on separate sticky notes (which may or may not include those in the presented
list).

• The participants will place the notes on a wall surface and group their own with similar interventions placed by other participants. Advise
participants that we are interested in a range of interventions, but it does not matter if someone else writes down the same one.

• The participants are given 10 sticky dots to allocate to their interventions of choice. They can place as many dots as they wish on their
priority intervention. More dots placed against an intervention emphasizes its importance.

• The project team groups the interventions into themes and records the voting results following the workshop. The results are presented in
workshop 2.

Figure 6. Example slide presenting possible interventions to be considered for inclusion. GP: general practitioner.

Postworkshop Survey Activity to Facilitate Wider
Community Consultation

When broader community consultation to prioritize interventions
is preferred by the primary partner organization, it is facilitated
using the following procedures:

1. Follow the aforementioned steps outlined in the first two
bullet points in Textbox 5.

2. Present a slide showing a list of potential interventions that
have been derived from the preworkshop engagement
discussions (Figure 6).

3. Explain to the participants that their support will be required
to distribute a survey to the wider community, asking people
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to prioritize which interventions are most important, from
their perspective, to be included in the modeling process.
Explain that it will be important for the participants to
encourage people in their network to complete the survey
to ensure that the voice of the community is heard in the
model-building process.

4. Describe the survey process, for example, how the survey
will be distributed and the timeframe for responses, and
that the results from the survey will be combined with the
workshop discussions and presented back to the participants
in workshop 2 as a prioritized list of interventions.

Session 6: Economics, Next Steps, and Data Contribution
(Time Allowed 30 Minutes; Purpose of the Session and
Method)
There are two purposes for this session as follows:

1. To introduce the economic approach that will be used and
explain the data requirements for the analysis.

2. To highlight the progress and valuable contributions made
in workshop 1, discuss potential timing for workshop 2,
identify sources of data and evidence to inform the model,
and invite participants to contribute their expertise outside
the workshop process.

Facilitated discussion supported by slide presentation:

1. Economics lead introduces the role of economic analysis
in the project and how it can be used to contribute to the
decision support purpose of the modeling process. A broad
overview of the economic approach is provided, including
an explanation of the types of economic analyses that may
be used and how this can be guided by model purpose and
available data.

2. Facilitators present a summary of the achievements over
the course of the day, for example, applying systems
approaches to understanding the mental health system and
suicide prevention, including collaboratively mapping the
contributing factors and service system. Link these
achievements back to the overall project aims and objectives
by explaining that this is the start of the process to develop
a decision support tool.

3. Revisit the participatory process, explaining the activities
in each of the 3 workshops and engagement that will happen
between the workshops.

4. Propose approximate timing for workshops 2 and 3 and
encourage participants to identify how they can play an
active role in the development of the model by indicating
to the project team any data sources that may be of use for
model development and their willingness to be contacted
out of session.

Concluding Session (Time Allowed 10 Minutes)
This session is an opportunity for a representative from the
hosting stakeholder organization to thank the participants for
contributing their time and expertise to model development.

Allow the opportunity for any participants to contribute
concluding remarks either in a group format or individually to
the project team.

Workshop 2: Defining, Refining, and Mapping
Interventions
The main objectives of workshop 2 are to provide an update on
progress since workshop 1, present the current version of the
systems model to the participant group, jointly conceptualize
and map the interventions to be explored in the model, refine
the outcomes to be measured, and outline the health economic
components of the project in detail. The workshop sessions and
activities undertaken to achieve these objectives are discussed
in detail later, and an example agenda is provided in Multimedia
Appendix 1.

Welcome Back and Recap From Workshop 1: Purpose
of the Session and Method
The purpose of this session is to reintroduce participants to each
other, the project, and the methodology.

A facilitated discussion and slide-supported presentation
covering:

1. Welcome back and housekeeping
2. Recap of workshop 1—a short presentation recapping the

overall project aim, the activities, and outcomes from
workshop 1; the consultation and interactions that have
taken place since workshop 1; and the project timeline

3. Aims of this workshop—a brief overview of the purpose
of and activities planned for this workshop

Session 1: Presentation of the System Dynamics Model
(Time Allowed 60 Minutes; Purpose of the Session and
Method)
There are 3 purposes for this session as follows:

1. To present the current draft version of the model structure
and logic.

2. To ensure that the model is transparent and familiar to
participants.

3. To elicit feedback from participants on the model structure,
logic, and data used to parameterize or calibrate the model.

A slide-supported presentation by the lead modeler with
facilitated discussion:

• Recap the building blocks of system dynamics, explaining
stock and flow diagrams and model initialization values
and parameters, and then demonstrate how they are
combined to build a representation of a complex mental
health system (see the example slide in Figure 5 from
workshop 1).

• An overview diagram of the model is presented, showing
the main components of the model and how they fit together
(Figure 7). This can be emphasized using examples of
within-component and between-component dynamics [48]:

...for example, within the health system component,
the proportion of the population waiting for services,
receiving services, or disengaging from services
changes over time based on service system capacity
and the rates of flow into, within, and out of the
service system. Dynamics also occur between the
model components, for example, as unemployment
rises, not only does it directly act to increase the
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incidence of high to very high psychological distress
in the modeled population (which has flow-on effects
on rates of substance misuse, and adverse early life
exposures), but it also increases rates of domestic
violence and homelessness, both of which further
increase the rate of psychological distress.

• The modeler explains the logic and structure of each model
component. Example diagrams of model components, for
example, the psychological distress component, are

available elsewhere [48]. Uncertain parameter estimates
and assumptions needing clarification for each component
will be identified and discussed with the participant group
in this session. Where available, it can be useful to include
outcomes of the calibration process, demonstrating how
well the model fits historical data trends which build
confidence in the model’s causal hypothesis. Participants
are encouraged to probe, ask questions, and provide further
information and feedback that will assist in refining the
model.

Figure 7. Example model overview showing the main components of the model structure and how they relate.

Session 2: Intervention Mapping (Time Allowed 30
Minutes; Purpose of the Session and Method)
The purpose of this session is to provide feedback to participants
about the interventions prioritized for inclusion in the model.

A slide-supported presentation by the project lead and local
cofacilitator with facilitated discussion:

1. Present results from the previously conducted intervention
prioritization process. Two options have been proposed in
this study to elicit the intervention priorities. The first option
involves an activity in workshop 1 where participants
nominate and vote on interventions to assign priority. The
second option involves distributing a survey through
participants’ networks to gauge community perceptions of
which interventions are the highest priority to model. The
results of the chosen process are represented in this session.

2. Include a slide with other intervention options that have
been identified or discussed after workshop 1 but were not
included in the original list, if appropriate.

3. Discuss with the participants whether they still agree with
the prioritized list of interventions or modifications need
to be made. This is a facilitated discussion to achieve a
broad agreement on the suite of interventions to be modeled.
However, where very strongly held views remain about the
inclusion of an intervention or outcome that is not
prioritized, the modeling team attempts to accommodate
this if possible or note it for later development of the model.

Session 3: Intervention Mapping Exercise (Time Allowed
1.5-2 Hours; Purpose of the Session and Method)
The activity undertaken in this session provides the most
important outcome for workshop 2, mapping intervention effects
to the model structure. In this activity, participants interact with
each other and the project team to jointly define the prioritized
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interventions and identify where they are likely to have their
effect in the model structure.

A facilitated activity conducted in small groups according to
the procedures listed in Textbox 6.

The preprinted copies of the model structure are provided to
each of the small groups to map the mechanism of the effect of
the intervention directly to the model structure. Different color
markers can be used for each intervention on a single printout,
or multiple printouts can be used, one for each intervention.
The important factor is ensuring that each intervention is clearly
differentiated.

A member of the project team will work with each small group
to assist them in working through the questions and the mapping
activity and respond to any questions raised.

It can be useful to split the intervention mapping work over 2
sessions with a break in the middle to allow the project team to
discuss whether there are gaps in the discussion, allow the
participants to interact, or approach the project team for a
one-on-one conversation to provide information that they would
prefer not to share in a group discussion.

Textbox 6. Method for session 3 (intervention mapping exercise).

Method for session 3 (intervention mapping exercise)

• Each group will focus on a set of similarly themed interventions. For example, interventions for suicide and self-harm, such as community-based
crisis response teams, using technology by crisis response workers to facilitate assessments, and postattempt care and follow-up could all be
considered and mapped by one group of participants.

• Participants self-select the group of interventions that they would prefer to work on.

• Introduce the activity to the participants by explaining that it involves two aspects. First, the intervention is defined and described by working
through the questions given later (provide a printed sheet with questions for each intervention), and second, mapping is carried out to determine
where in the core model structure the intervention is likely to have an effect. The following questions will be used to guide the small group work:

• Definition of intervention:

• How would you define the intervention specifically?

• What are its components?

• Has the intervention been piloted or evaluated before?

• Mechanism of the effect:

• Where does the intervention in the core model structure have its effect? Is there a particular variable on which the intervention acts,
and what is the nature of this effect?

• What levels of reach and adoption (uptake) would be considered reasonable targets for this intervention? What levels of reach and
adoption are we currently achieving (if appropriate)?

• Are there differences in the effectiveness of this intervention for the key population subgroups represented in the model?

• Does the delivery mechanism have an impact on the effectiveness of the intervention?

• Are there any particular data sources and research in this area that you know of that is essential for us to refer to?

• Consequences of the intervention:

• Are there any unintended consequences or feedback loops (explain with relevant examples)?

• How can the intervention be implemented (eg, phased or universal roll-out)? Are there any factors that would influence the implementation
of the intervention (barriers and facilitators)?

• What is a reasonable estimate for the amount of time it would take to scale up this intervention: 1 year, 2 years, or 5 years?

• Anything else?

• Are there any other important issues or factors to consider when representing this intervention in the model?

Session 4: Economic Component (Time Allowed 30
Minutes; Purpose of the Session and Method)
The purpose of this session is to provide an overview of the
aims and intended approach and encourage participant feedback.

A slide-supported presentation of approximately 25 minutes,
with an additional 5 minutes of questions at the end (Textbox
7).

JMIR Res Protoc 2022 | vol. 11 | iss. 2 | e32988 | p.338https://www.researchprotocols.org/2022/2/e32988
(page number not for citation purposes)

Freebairn et alJMIR RESEARCH PROTOCOLS

XSL•FO
RenderX

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


Textbox 7. Method for session 4 (economic component).

Method for session 4 (economic component)

• Introduce the role of economics as equipping the model to enable it to undertake dynamic priority setting and economic evaluation. This will
generate outputs to support business cases for investing in interventions, which may include the allocation of new budgets or disinvestment in
programs that can be reinvested differently to improve population outcomes. Explain that the economic analysis will also support the moral case
for interventions where outcomes are not monetized, and the focus is retained on the most efficient delivery models to avoid self-harm and suicide.
Clarify that the process integrates economic information and valuation techniques into the model rather than conducting it as a separate exercise.

• Outline that there is a menu of different possible approaches and techniques to choose from and that this choice is conditional upon the model
scope, purpose, and information needs of decision makers who would fund interventions (eg, health and non–health sectors may require different
information).

• Summarize the key points from workshop 1 regarding the emerging scope and purpose of the model. This sets the context to explain the choice
of economic approach and methods and how that is intended to be aligned with participant needs.

• Describe the three generic stages to the economic approach:

• Stage 1 involves estimating the financial and human cost of business as usual, including, at a minimum, quality of life and health service
activity costs. Conditional upon model purpose and data availability, this can be widened to include nonhealth impacts, such as productivity
and impact on carers.

• Stage 2 involves costing priority interventions, conditional upon sufficient detail, such as specific service delivery models. Explain that if
interventions are not well defined, then they cannot be properly costed. In that event, the default approach can be using a what-if analysis
that can estimate the potential impacts of introducing an aspirational intervention on flow-on costs and outcomes. This is intended to support
the development and testing of specific service delivery models.

• Stage 3 involves making the value proposition to invest by describing how interventions can reduce the burden of continuing with business
as usual.

• Explain that the economics will then ensure that the model can tailor the business case for investment to meet potentially different funder
expectations and normative positions, such as (1) a return on investment (eg, invest to save), (2) cost-effectiveness (cost per health outcome and
health utility unit), and (3) cost benefit (all costs and outcomes included, where possible, and valued in dollar terms). The rationale for this
approach is to help foster action and, where necessary, encourage multisector approaches.

Session 5: Concluding Session (Time Allowed 15
Minutes; Purpose of the Session)
The purpose of this session is to acknowledge the valuable
contribution made by the participants at the workshop and note
the likely timing for workshop 3. This session provides an
opportunity for a representative from the primary partner
organization to thank the participants for their ongoing
contribution to model development. This session is also an
opportunity for the participants to contribute concluding remarks
either in a group format or individually to the project team.

Workshop 3: Introducing the User Interface and
Delivering Model Insights
The main objectives of workshop 3 are to present the
penultimate version of the systems model to the participants by
walking them through a high-level summary of the model,
highlighting any major changes since the previous workshop
and the user interface and demonstrating how it can be used to
simulate intervention scenarios and preliminary insights from
the model. The activities undertaken to achieve these objectives
are discussed in detail later, and an example agenda is provided
in Multimedia Appendix 1.

Welcome Back and Progress Update: Purpose of the
Session and Method
The purpose of this session is to reorientate participants to the
project and methodology.

A facilitated discussion and slide-supported presentation
covering:

1. Welcome back and housekeeping.
2. Recap of progress—a short presentation recapping the

activities and outcomes from workshops 1 and 2, including
presenting back the list of interventions that were prioritized
at workshop 2 and the consultation and interactions that
have taken place outside the workshop settings.

3. Aims of this workshop—a brief overview of the purpose
of and activities planned for this workshop.

Session 1: Demonstration of the System Dynamics Model
(Time Allowed 45-60 Minutes; Purpose of the Session
and Method)
This session has 3 objectives as follows:

1. To represent the high-level model structure and logic.
2. To advise on any major changes based on feedback from

workshop 2.
3. To demonstrate model use to participants.

A slide-supported presentation by the lead modeler with
facilitated discussion:

1. An overview of the model will be presented, showing the
main components of the model and how they fit together.
An example of this is shown in Figure 7.

2. Updates or revisions to the model since the previous
workshop will be described. The description will emphasize
where participant feedback has been incorporated into the
model.

3. Additional slides focusing on revised and newly added
model components, for example, the structure for one or
more example interventions, can be presented.
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4. Demonstrate the use of the model interface, including
running scenarios in the live model.

5. Run a set of intervention scenarios to draw out key model
insights. The modeler is often required to explain the reason
behind some insights, particularly if they are
counterintuitive.

6. Discuss the policy and planning implications of the initial
model insights.

Session 2: User Interaction With Model (Time Allowed
60 Minutes; Purpose of the Session and Method)
The purpose of this session is to provide an opportunity for
participants to gain experience using the model to explore
scenarios and provide feedback on the functionality of the user
interface.

This is an interactive session in which the participants interact
with the model interface. A member of the project team is
stationed with each computer to provide guidance, interpretation
of findings, or technical assistance, where required.

The project team should ensure that access to one computer per
5 to 7 participants is available so that a diverse group has the
opportunity to interact directly with the model.

Feedback questions can be printed or presented on a slide to
guide feedback on the model interface as the participants interact
with it. The feedback questions can be tailored to ensure
relevance to different modeling projects but, in general, would
include the following:

• What should the available ranges be on the slides?
• Are there any labeling or language issues that we need to

address?
• Any other comments on the interface or model?

Feedback can be given directly on printed screenshots of the
model interface provided for each small group. This session
will likely generate further questions about the model and
discussion about the results of the simulated scenarios. The lead
modeler will be available to move between groups, as necessary,
to respond to technical questions and assist with interpretation.
This small group discussion is an opportunity for the project
team and local domain lead to engage with the participants to
ascertain where further clarification is needed, for example,
how to vary input values or how to interpret results of simulated
scenarios.

As highlighted in the aforementioned feedback questions, it is
very important to ensure that the language used in the model
interface is accurate, understandable, relevant, and acceptable
for end users. The highest priority is to ensure that the language
used does not inadvertently alienate or offend participants.
Ideally, the model interface will be user-tested with participants,
for example, from the primary partner agency and other key
user groups, such as reference groups for people with lived
experience or Aboriginal and Torres Strait Islander communities,
before being presented at the workshop.

Session 3: Health Economics (Time Allowed 30 Minutes;
Purpose of the Session and Method)
The purpose of this session is to provide a recap on the approach
taken and demonstration of key analyses and findings. If the
model is not yet fully developed, then an update should be given
with timelines for completion.

A slide-supported presentation of 25 minutes with 5 minutes
for questions and clarifications:

1. Recap on the approach of the economics and how that is
aligned with model purpose and participant needs following
discussions at workshops 1 and 2. Then provide results (or
updates) on the three stages of analysis.

2. Stage 1: establishing business as usual—estimating the
financial and human cost.
Provide a selection of activity-based service costs for
exposition (such as hospitalizations). Describe the
estimation process and how modeled populations acquire
costs as they reside in service stocks to illustrate how the
economics is layered into the model. Repeat for health
utilities and explain how quality-adjusted life years are
estimated. If relevant, continue the exposition for wider
impacts, such productivity and carer impacts.

3. Stage 2: costing interventions. Provide the costing estimates
for the priority set of interventions and explain how these
were derived. Highlight if, and why, certain interventions
could not be costed properly because of insufficiently
defined service delivery models. Reiterate that a what-if
analysis can be conducted.

4. Stage 3: making the value proposition—creating the
business case and supporting the moral case. Provide an
illustration by selecting 2 examples to demonstrate the value
of investing in interventions to reduce distress. One example
can select a single intervention (which could be a what-if
analysis) and the other should be a combination of
interventions to demonstrate the capability of the model to
develop an optimal intervention portfolio relative to a
budget. These examples may include one or a combination
of valuation methods, namely, return on investment,
cost-effectiveness (utility), and cost benefit.

5. Use screenshots from the economic component of the model
dashboard for ease of exposition and demonstrate to
participants how they can also use the controls in the
dashboard to select interventions and generate economic
outputs and how this can feed into a relevant business case
for investment.

Session 4: Concluding Session: Next Steps, Closing
Remarks, and Feedback
The workshop facilitators will describe the achievements from
the project and the valuable contributions made by the
participants. The facilitators will explain how the model will
be made available to the participant group, how the model will
be used to inform regional decision-making, how the model
will be maintained, and how ongoing technical support will be
provided. Ideally, additional modeling informed strategy
dialogues are hosted by the primary partner agency to build a
collaborative consensus for action through discussions with
broader community stakeholders and interaction with the model.
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The project team will provide support as needed to that process,
including superuser training to build capacity in the independent
use of the model.

This session is also an opportunity for a representative from the
hosting stakeholder organization to thank the participants for
their contribution to the model development. It will also give
opportunity for any participants to contribute concluding
remarks either in a group format or individually to the project
team.

In our approach, we invite all participants to let the project team
know if they are interested in coauthoring peer-review
publications from this study. This is an important recognition
of the substantial time and intellectual contribution that the
participants have made to the development of their local model.
Participants who do not engage in coauthoring papers are, with
their consent, acknowledged as members of the modeling
consortium.

Ethics
Systems modeling processes do not routinely require ethics
approval as they involve secondary analysis of data and are
considered a process of evidence synthesis. However, ethics
approval was requested and granted by the Sydney Local Health
District Human Research Ethics Committee (protocol number
X21-0151 and 2021/ETH00553) for the participatory action
evaluation research being conducted alongside the participatory
systems modeling processes across the 8 sites.

Results

This study has been developed for implementing participatory
systems modeling in the Right Care, First Time, Where You
Live program, which is funded from 2021 to 2025. The methods
described in this paper will be implemented at 2 sites per year
from 2022 to 2025. The 8 selected sites include urban, regional,
and rural or remote mental health service settings and are chosen
to capture variations in socioeconomic conditions and
demographics, population density, mental health risk profile,
and access to mental health care and other services. Initial site
visits were conducted between August and December 2021.

Discussion

As decision makers navigate complex policy environments,
including mental health, there is a need to leverage
interdisciplinary problem-solving and advanced decision support
tools, such as systems modeling, to mobilize a wide range of
evidence, data, and other forms of information to inform
effective decision-making [14,32,33,68-70]. The involvement
of stakeholders and coproduction of knowledge are critical to

ensuring that model findings are policy-relevant and can be
used to inform decision-making [11,16,25]. In the mental health
context, decision makers must consider multisectoral
determinants of mental health issues, regional variation and
changing local population needs, competing views about what
works, and restricted resources and workforce [6].

Systems modeling provides a quantitative method to combine
the consideration of individual behavioral, social, cultural,
economic, and service risk factors and captures the complex,
nonlinear interrelationships, feedback loops, and threshold
effects that characterize mental health systems [71]. Actively
engaging stakeholders in the development of the systems model
ensures transparency and increases their understanding of the
model as a decision support tool, which, in turn, increases the
likelihood of the model being embedded in policy and planning
cycles to target investments more strategically in mental health
programs and services [6,7,16]. This protocol describes a
structured process that combines diverse perspectives and
facilitates interdisciplinary dialogue in the development of
systems models for mental health services, which can be adapted
for other applications, topics, and settings. Importantly, the
protocol includes considerations to ensure that people with lived
experience of mental health issues and their supporters can
meaningfully contribute to the process.

The participatory process detailed in this protocol emphasizes
participant interaction and opportunities to draw out participant
knowledge and expertise and actively involves participants in
decision-making, giving them a voice and a stake in the
outcome. The protocol builds on previous research that identified
that the benefits of the participatory process include the
enhancement of professional networks; increased transparency
and, therefore, familiarity and trust in the model; integration of
significant knowledge and evidence into the models;
identification and facilitation of policy insights and opportunities
to apply model findings in practice; and identification of key
messages to deliver to a broader policy and practice audience
in a way that is compelling and engaging [16,17,30].

Despite providing acknowledgment of the importance of
including end-user stakeholders in model development, many
participatory modeling projects do not explicitly describe or
reflect on the participatory process component of the project
[11,22,24]. This protocol responds to international interest in
these methods and provides a blueprint for operationalizing
participatory systems modeling based on years of applied
systems modeling research for mental health and broader public
health applications. Researchers are encouraged to use and
challenge this blueprint to advance participatory systems
modeling methods.
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Abstract

Background: Type 2 diabetes is twice as likely to affect Hispanic people than their White counterparts. Technology and social
support may be an important part of behavior change. In this study, we address gaps in diabetes care for Hispanic Spanish-speaking
people with diabetes through an online peer support community (OPSC) pilot intervention using Hispanic Spanish-speaking peer
facilitators with diabetes to enhance the use of continuous glucose monitoring (CGM) for diabetes management.

Objective: This study aims to address gaps in diabetes care for Hispanic Spanish-speaking people with diabetes through an
OPSC pilot intervention using Hispanic Spanish-speaking peer facilitators with diabetes to enhance the use of CGM for diabetes
management.

Methods: A mixed-methods, pre-post test design will be used in this feasibility study. A total of 50 Hispanic participants with
type 2 diabetes willing to wear a continuous glucose monitor for 13 weeks will be recruited. Hispanic Spanish-speaking peer
facilitators with diabetes and experience wearing a continuous glucose monitor will be employed and undergo training. Peer
facilitators will help participants learn how CGM data can inform behavior changes via an OPSC. Participants will interact with
the private OPSC at least three times a week. Weekly questions and prompts derived from the Association of Diabetes Care and
Education Specialists, previously American Association of Diabetes Educators, and seven self-care behaviors will be delivered
by peer facilitators to engage participants. Measures of feasibility and acceptability will be determined by the percentage of
participants who enroll, complete the study, and use CGM (number of scans) and objective metrics from the OPSC. Efficacy
potential outcomes include change in time in range of 70 to 180 mg/dL from baseline to 12 weeks, A1c, diabetes online community
engagement, self-efficacy, and quality of life. Additionally, semistructured exit interviews will be conducted.

Results: Funding for this project was secured in November 2018 and approved by the institutional review board in April 2019.
Peer facilitator recruitment and training were undertaken in the second half of 2019, with participant recruitment and data collection
conducted in January and April 2020. The study has now concluded.

Conclusions: This study will generate new evidence about the use of an OPSC for Hispanic Spanish-speaking patients with
diabetes to make behavior changes incorporating feedback from CGM.

Trial Registration: ClinicalTrials.gov NCT03799796; https://clinicaltrials.gov/ct2/show/NCT03799796

International Registered Report Identifier (IRRID): RR1-10.2196/31595

(JMIR Res Protoc 2022;11(2):e31595)   doi:10.2196/31595
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Introduction

Background
Hispanic Spanish-speaking individuals are at high risk for type
2 diabetes (T2D) and associated morbidity and mortality [1].
Hispanic populations may not receive or be able to access
culturally appropriate diabetes care, which contributes to poor
health outcomes [2]. Several studies have demonstrated that the
use of culturally appropriate diabetes education programs
improves components of T2D management, including healthy
eating and increased physical activity in Hispanic
Spanish-speaking individuals [3,4]. With diabetes education
programs moving toward the online space, there is a dearth of
research to support an online culturally appropriate initiative
for Hispanic Spanish-speaking individuals to support their
diabetes management [5].

Diabetes Technology
Advances in technology are rapidly changing the diabetes
landscape. One such tool is continuous glucose monitoring
(CGM). Abbott Freestyle Libre is the only CGM that is available
in Spanish in the United States [6]. CGM includes an interstitial
glucose sensor worn on the upper arm for 14 days and a reader
or smartphone app that stores glucose values for interpretation
[6]. Individuals scan the reader or smartphone over their sensor
to receive their glucose level history, current glucose level, and
projected glucose trend using a series of arrows [6]. At present,
most insurance plans in the United States cover the cost of CGM
when individuals are using insulin or have substantial
hypoglycemic unawareness. However, research suggests that
the use of CGM results improves clinical outcomes in people
with T2D and can replace finger prick self–blood glucose
monitoring [7]. Furthermore, an increased number of CGM
scans are associated with improved clinical outcomes such as
decreased A1c levels and improvements in glucose time in range
[8]. Access to sensor data has been found to facilitate behavior
change, possibly by creating opportunities to see the real-time
impact of food, activity, and other day-to-day activities on
glucose levels [7].

Online Peer Support and Diabetes Technology
Ongoing support from peers with diabetes or health care
providers is an important diabetes management strategy [9,10].
An umbrella review of face-to-face and technology-mediated
peer support indicates peer support can improve A1c, blood
pressure, and weight [11]. In addition, there is emerging

evidence that online peer support community (OPSC) use can
positively influence A1c as well [12-14]. Similarly, participation
in a diabetes OPSC is associated with clinical, behavioral, and
psychosocial benefits [15]. However, little is known about the
uses, benefits, and limitations of online peer support, particularly
within the Hispanic Spanish-speaking diabetes population, in
the context of learning how to use diabetes technology such as
CGM. Our previous work indicates that Hispanic individuals
desire peer interactions to relate and understand the variables
that impact T2D [16]. Although 80% of Hispanic
Spanish-speaking adults use the internet via a smartphone [17],
it is unknown how prevalent OPSC use is in this population.

Our Patient-Centered Outcomes Research Institute
(PCORI)–funded preliminary work indicates that Hispanic
people are willing to use diabetes technology such as CGM if
it supports the Spanish language [16]. We propose to address
gaps in diabetes care for Hispanic individuals by conducting a
combined CGM + OPSC pilot intervention that will use Hispanic
Spanish-speaking peer facilitators with diabetes to augment
health behaviors. The preliminary research design was
developed using a co-design and community-based participatory
research process during a separate 3-year PCORI
pipeline-to-proposal award and the creation of the Intercultural
Diabetes Online Community Research Council to address
patient-centered concerns and priorities [18]. Investigating
culturally appropriate education and support to increase use of
CGM in Hispanic Spanish-speaking individuals will lead to
improved clinical and behavioral outcomes.

Study Objectives
This study aims to:

• Evaluate the acceptability and feasibility of a CGM + OPSC
intervention for Hispanic Spanish-speaking individuals with
T2D

• Explore the relationship between engagement in a CGM +
OPSC intervention with clinical and behavioral outcomes

Methods

Sample Population
A mixed methods, pre-post test design will be used to evaluate
the study aims. Participants will be recruited from primary care
and endocrinology clinics in Utah with the aid of a research
assistant. Inclusion and exclusion criteria are detailed in Textbox
1.
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Textbox 1. Participant inclusion and exclusion criteria.

Inclusion criteria

• Adults 21 years and older

• Clinical diagnosis of type 2 diabetes

• Self-report as Hispanic

• Ability to communicate fluently in Spanish

• A1c ≥8% as per clinic records

• Willing to wear an intermittently scanned continuous glucose monitor for 14 weeks

• Access to the internet and willing to engage in an online peer support community

• Willing to avoid vitamin C 500 mg and aspirin 325 mg or greater daily due to interference with intermittently scanned continuous glucose
monitoring accuracy

Exclusion criteria

• Currently using insulin for diabetes management

• Use of continuous glucose monitor or intermittently scanned continuous glucose monitor in previous 6 months

• Current participation in other diabetes clinical trials

• Alcohol or drug abuse or dependent

• Severe illness (physical or mental health)

• Cognitive impairment

• Current use of high dose steroids

• Hospitalization more than twice in the past 12 months or other impairment that would, in the opinion of the investigators, interfere with their
ability to complete the study

• Pregnant or planning to become pregnant during the study

• Uncorrected hearing or vision impairment

• Life expectancy less than 6 months

Sample Size Calculation
Power and sensitivity analyses were conducted in GPower [19]
using differences between means for time in range, A1c, and
online peer support engagement coded as a continuous variable.
Assuming an alpha of .05, a sample size of 43 is sufficient to
provide 90% power to detect a medium effect size (Cohen d
0.5). A total of 50 participants will be recruited to allow for a
14% dropout rate (86% completion rate), which is in line with
a 20% attrition rate from a previous study involving Hispanic
participants living with diabetes [20] and a 10% attrition rate
from a study investigating young adults with diabetes trialing
an online peer support intervention [21]. All participants will
be invited to complete the qualitative interview with an aim of
a 50% (n=25) participation rate, which is expected to be
adequate to reach data saturation.

Recruitment
Recruitment will take place between January and April 2020.
Experienced community health workers with previous success
in recruiting Hispanic Spanish-speaking participants will be
used. Opt-out letters will be sent to patients seen by bilingual
physicians and physician assistants at an academic community
clinic. Those who do not opt out will be contacted by the
research assistant. Providers and federally qualified community
health clinics serving the Hispanic Spanish-speaking population

and diabetes specialty offices will be contacted to refer patients
to participate in the study. Participants will be contacted by
phone and screened for eligibility as outlined in Textbox 1.
Those who meet study inclusion criteria will be invited to a
convenient community location accessible to the participant,
such as a private room in a library, or a video teleconferencing
platform to meet with the research assistant. The research
assistant will describe the study, go over the consent form with
the participant, and answer questions participants may have. If
the individual consents to participate, they will sign the consent
form, complete the baseline surveys, and be provided a 7-day
blinded version of CGM, Libre Pro [22], to establish a baseline
glucose profile prior to the intervention (study visit 1). The
research assistant will collect an A1c (via home testing kit) and
gather clinical information such as height, weight, and blood
pressure. At study visit 2, the blinded CGM will be collected,
and the participants will start both CGM and the OPSC.
Participants are expected to be active within the OPSC for 12
weeks upon study enrollment. Participants will be enrolled on
a rolling basis over a 3-month period. The online community
will be active for a 6-month period. After 12 weeks, participants
are welcome to continue using the OPSC.

Peer Facilitator Recruitment and Training
We will recruit and employ 5 Hispanic Spanish/English bilingual
peer facilitators who live with diabetes with experience using
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CGM. Individuals identified by Hispanic Spanish-speaking
leaders from our PCORI community advisory board will be
emailed information about the position and eligibility criteria
(Multimedia Appendix 1). Interested individuals will complete
a survey to confirm they meet the eligibility criteria. Successful
applicants will be interviewed via teleconference with at least
two members of the research team to confirm suitability for the
role and to answer any questions they may have. Successful
peer facilitators will sign a contract that outlines the expectations
of their role prior to training completion.

Peer facilitators will be required to undertake three online
training sessions: the Association of Diabetes Care and
Education Specialists (ADCES), previously known as American
Association of Diabetes Educators, level 1 paraprofessional
training; a study-specific training; and training to use the OPSC
platform. The goal of the training sessions is to provide peer
facilitators with strategies to build relationships with participants
as a support person who understands their challenges. The
empowerment approach [23] and motivational interviewing
[24] techniques will be used to build self-confidence and
self-efficacy in peer facilitators to support goal setting,
problem-solving, and behavior change in participants.
Ultimately, the goal is to help participants increase their time
spent within the target glucose range of 70 to 180 mg/dL.
Individuals will be most successful when they set their own
self-management goals and establish a plan that fits within their
schedule and life [24]. Peer facilitators will use empowering
person-first language following the American Diabetes
Association and ADCES guidelines [8,25].

The ADCES Level 1 paraprofessional training consists of
self-directed coursework including reading practice documents
and participating in webinars totaling 14.5 hours [26].
Coursework content includes basic diabetes information for
nonclinicians, teaching and learning in diabetes education,
cultural competency, goal setting, motivational interviewing,
use of person-centered language, delaying diabetes-related
complication development and progression, and learning from
people living with diabetes.

The study-specific training familiarizes peer facilitators to the
research study; the preferred tools used to build and engage the
OPSC; and strategies to maintain their own health, mental

well-being, and online safety. A key focus of the trainings is to
reduce stigma associated with T2D and to foster an
understanding that, although there are genetic factors that cannot
be changed, there are actions people can take to feel healthy,
have a high quality of life, and reduce their risk of developing
diabetes-related complications. Peer facilitators were trained to
not provide medical advice and to refer participants back to
their primary care provider if they have specific questions about
medications or experienced out of range glucose levels.

The OPSC will also be reviewed by a Spanish/English bilingual
diabetes care and education specialist on a regular basis.
Feedback on coaching techniques or diabetes information will
be provided during three virtual meetings with the peer
facilitators.

Online Peer Support Community Intervention
The OPSC will be hosted on EsTuDiabetes (EsTuDiabetes.org),
a program of Beyond Type 1 (BeyondType1.org), which
includes a host of discussion forums. Participants and peer
facilitators will have a profile with a username of their choosing.
The private discussion forum will only be accessible by the
research team and participants. Peer facilitators will be
scheduled to monitor the OPSC hourly over two main shifts of
6 AM to 3 PM and 3 PM to 12 PM.

Participants will be encouraged to interact with the online group
at least three times a week at a time that is most convenient to
them. A priori weekly questions and prompts to facilitate
discussion and topics covering the ADCES 7 self-care behaviors
[27], frequency of CGM scanning, and how to analyze glucose
patterns will be scheduled. The weekly schedule will follow the
format presented in Textbox 2. These topics will repeat every
12 weeks given the rolling enrollment.

Peer facilitators will engage in weekly personal experiments
along with participants and will share their personal goals,
experiences, challenges, and successes during the study. Table
1 describes the cycle of weekly discussion topics and examples
of personal experiments and its translation into Spanish. As
content will be driven by participants’ individual experiences
and is not time oriented, this allows new members to join the
online peer support group at any day of the week during the
intervention period.

Textbox 2. Weekly prompt and activity schedule outline.

Monday

Development of a “personal experiment” focused on behavior change relevant to the weekly theme

Wednesday

Group poll question focused on personal experiment progress

Friday

Group “check-in” using a Likert scale to assess goal achievement for the week
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Table 1. Examples of possible weekly personal experiments to be discussed (posted in Spanish).

Examples of personal experiment promptsTopicWeek

I will scan my Libre before and 2 hours after breakfast every day for one week to see how my glucose changes.

Chequearé mi libre antes y 2 horas después del desayuno todos los días durante una semana para ver cómo cambia mi
glucosa.

Healthy eating1

I will scan my libre before and 2 hours after walking or exercise every day for one week to see how my glucose changes.

Escanearé mi libre antes y 2 horas después de caminar o hacer ejercicio todos los días durante una semana para ver cómo
cambia mi glucosa.

Being active2

I will scan my libre before bed and after waking up in the morning for one week to see how my glucose changes with
hours of sleep.

Escanearé mi libre antes de acostarme y después de despertarme por la mañana durante una semana para ver cómo
cambia mi glucosa según las horas que duermo.

Healthy sleep3

I will scan my libre before and 2 hours after a stressful event for one week to see how my blood glucose changes.

Escanearé mi libre antes y 2 horas después de un evento estresante durante una semana para ver cómo cambia mi glucosa.

Healthy coping4

I will post a question every day to the online group asking for suggestions for healthy snacks I can take to work for one
week.

Publicaré una pregunta todos los días al grupo pidiendo sugerencias sobre tentempiés o botanas saludables que pueda
llevar al trabajo durante una semana.

Healthy eating5

I will post a question every day to the online group sharing the physical activity I am doing during the workday to increase
steps.

Publicaré una pregunta todos los días al grupo compartiendo la actividad física que estoy haciendo durante un día de
trabajo para aumentar los pasos.

Being active6

I will stop looking at screens one hour before bed every night to increase my hours of sleep.

Dejaré de mirar las pantallas una hora antes de acostarme todas las noches para aumentar mis horas de sueño.

Healthy sleep7

I will use a meditation app once a day for 10 minutes to focus on stress reduction.

Usaré una aplicación de meditación una vez al día durante 10 minutos para enfocarme en disminuir el estrés.

Healthy coping8

I will try a new vegetable this week.

Probaré una nueva verdura esta semana.

Healthy eating9

I will ride my bike to work 3 days a week.

Montaré en bicicleta al trabajo 3 días a la semana.

Being active10

I will stop drinking coffee by 2pm every day this week.

Dejaré de tomar café a las 2pm todos los días esta semana.

Healthy sleep11

I will take a bath at night before going to bed and relax for 20 minutes each night.

Me bañaré por la noche antes de acostarme y me relajaré durante 20 minutos cada noche.

Healthy coping12

Participant Timeline
Each participant will be enrolled in this study for 13 weeks,
inclusive of a run-in period of 1 week, and will follow the
timeline as per Figure 1.
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Figure 1. Study timeline. CGM: continuous glucose monitoring; OPSC: online peer support community.

Data Management
Screening tracking, enrollment, and survey data will be collected
and stored via REDCap [28], a secure Health Insurance
Portability and Accountability Act–compliant data collection
software hosted at the University of Utah. Surveys will include
those assessing demographics, clinical history, and study
measures. All individuals involved in screening and data entry
will be trained to use the database.

Outcome Measures and Planned Data Analyses
The main components of planned descriptive and statistical
analyses are separated into two study aims. Study aim 1 will

focus on feasibility and acceptability using objective metrics
and semistructured interviews. Analyses for study aim 2 will
examine the efficacy potential of the following outcomes: time
in range, A1c, and validated surveys. An overall summary of
the study outcomes and measures across data collection time
points and study aims is listed in Table 2.

A description of the analytical methods are given in the
following section. Existing objective metrics derived from the
online peer support group platform to measure feasibility and
acceptability are detailed in Table 3.
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Table 2. Summary of study outcomes at each study time point.

Data collectionMeasureVariable

Study visit 3 at
12 weeks (T1)

Study visit 2 at
1 week (T0)

Study visit 1
(enrollment)

✓Age, gender, education level, income level, insurance
type, ethnicity, employment, married, comorbidities

Demographics

✓Weight: lb

Height: ft, in

Blood pressure: systolic/diastolic

Clinical: weight, height, blood pressure

✓Diabetes diagnosis, year of diagnosis, previous diabetes
education

Health history

✓Self-reportedDiabetes management

Study aim 1: feasibility and acceptability

✓Objective online engagement metrics including number
of reactions or comments per post, number of views
per post, and Likert scale responses to polls

Acceptability

✓Attrition rates within online peer support groupFeasibility

✓Semistructured interviewsaSatisfaction and participant experi-
ences

Study aim 2: clinical and behavioral outcomes

✓ (personal
CGM down-
load)

✓ (PRO CGM
download, per-
sonal CGM
placement)

✓ (PRO

CGMc,d place-
ment)

Time in rangebClinical measurements

✓✓A1c, standard CGM/isCGM data reporting [10]Glycemic levels

✓✓Self-efficacy for diabetes [27]Self-efficacy

✓✓Diabetes Online Community Engagement Survey [28]Online peer support community
engagement

✓✓WHO-5e [29]Quality of life

aSemistructred interviews available in Multimedia Appendix 2.
bAverage glucose level and number of minutes in 70 mg/dl to 180mg/dl in last 7 days of the study compared to average glucose level and number of
minutes in 70mg/dl to 180mg/dl measured by initial blinded 7 days of baseline glucose data.
cPRO CGM: professional continuous glucose monitoring.
dData is blinded to participants.
eWHO-5: World Health Organization Five.
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Table 3. Online peer support group platform metrics.

DefinitionMetric

This metric reflects how many days the member has logged into the forum.Days visited

Días Visitados

This metric reflects how much time the member has spent reading in the community since registering.Read time

Tiempo de Lectura

This metric reflects how much time the member has spent reading in the community within the last 60 days.Recent read time

Tiempo de Lectura Reciente

This metric reflects how many posts the member has clicked on but not necessarily read them.Topics viewed

Temas Vistos

This metric reflects how many posts the member has actually read, based on the time they spent scrolling.Posts read

Publicaciones Leídas

This metric reflects the number of times the member agrees, supports, and highlights posts.Likes given

Likes dados

This metric reflects how many new topics the member has created within the forum.Topics created

Temas Creados

This metric reflects how many replies the member has given in different topics.Posts created

Publicaciones Creadas

This metric expresses agreement, supports, and highlights posts with the prominent button on every post.Likes received

Likes recibidos

This is the date of the last topic or post creation.Lasts post

Última publicación

This is the last time the member logged into the forum.Last seen

Última vez visto

This metric shows how many members have clicked on a topic.Views

Vistas

Members will have different trust levels depending on the frequency of their participations, it goes from Trust Level
0 (new user) to Trust level 3 (regular).

Trust level

Nivel de Confianza

Study Aim 1 Analysis
To address feasibility and acceptability, demographics and
clinical information from all participants, including noneligible,
eligible but refused, eligible and enrolled, and variables related
to participant dropout, will be assessed. These data will be used
to create a CONSORT (Consolidated Standards of Reporting
Trials) diagram detailing the feasibility of recruiting participants
into the study. Descriptive statistics examining individuals that
enrolled versus those that did not will provide meaningful
information for future studies. Recruitment, participation, and
dropouts will be reported with frequency and percentages. We
will also compute 95% CIs. These intervals serve as population
estimates for future larger studies. Finally, objective and
anonymous summary statistics of participation within the online
peer support group as highlighted in Table 3 and participant
interviews will be reported.

Study Aim 2 Analysis
The goal of study aim 2 is to examine the efficacy potential of
the intervention on time in range, A1c, and validated surveys.
REDCap facilitates an easy data export to multiple statistical
software packages [28]. Data cleanup and all analyses will be
done in SPSS version 25 (IBM Corp). Time in range (70-180

mg/dL) from baseline to study completion will be measured as
per ambulatory glucose profile downloads. Other outcomes
include A1c, OPSC engagement [13], self-efficacy for diabetes
[29], and quality of life (World Health Organization 5 [WHO-5])
[30], which are validated scales for diverse populations available
freely for research use. Linear mixed effects models will be
used, as it allows for the inclusion of random intercepts
(participants begin at different levels of the outcomes) and
potential covariates, including age, gender, and ethnicity.
Coefficient estimates and robust SEs will be reported while
controlling for the covariates of interest. In keeping with an
intent-to-treat standard, we will use maximum likelihood
estimation, as it accommodates missing data, and thus all
individuals will be included in the analysis regardless of dropout
or missing data. Nevertheless, we will explore the data for
potentially nonignorable missing data patterns and report on
these findings. To minimize loss of scale scores due to missing
items in a computed scale (eg, WHO-5 and self-efficacy scale),
scores based on available items will be prorated. Data will be
coded as missing if 30% of the items in a computed score have
not been recorded.
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Data Monitoring and Auditing
Although the research assistant will act as the primary contact
with peer facilitators, regular check-in meetings (minimum of
weekly via group text messaging and every 6 weeks via video
teleconferencing) will be scheduled between the research
assistant, peer facilitators, and research team via
videoconference. These team meetings will serve as another
platform to problem solve any issues that arise and to share
learnings. Repeatable instrument communication logs will be
available to keep notes on interactions between the research
team and participants, including the recording of any adverse
events. Where feasible and appropriate, the research assistant
will document reasons for participant drop out. Data safety
monitoring logs will be available to monitor data discrepancies
and opportunities for double-checking data entry.

Fidelity to the intervention will be assessed independently
through an initial weekly review using a predetermined checklist
(Multimedia Appendix 3) of the online content by bilingual
clinical advisors to ensure that concepts of empowerment and
motivational interviewing are incorporated, followed by ongoing
periodic spot reviews.

Ethics and Dissemination
Approval from the University of Utah Institutional Review
Board (IRB) was obtained in April 2019 (IRB 00125233).
Protocol modification will undergo additional IRB approval,
be communicated to the research team, and be updated on the
clinical trials registry, including:

• How personal information about potential and enrolled
participants will be collected, shared, and maintained to
protect confidentiality before, during, and after the trial

• Financial and other competing interests for principal
investigators for the overall trial and each study site

• Statement of who will have access to the final trial data set,
and disclosure of contractual agreements that limit such
access for investigators

• Provisions, if any, for ancillary and posttrial care, and for
compensation to those who experience harm from trial
participation

If participants self-report that their glucose levels have been
over 270mg/dL for 2 weeks, they will be encouraged to visit
their primary care provider. Peer facilitators will reach out to
the research team with any concerns about participants. To
ensure the safety of peer facilitators, they will not have contact

with participants beyond the online peer support group. Behavior
expectations and guidelines will be posted and pinned to the
top of the online peer support group page to guide appropriate
interactions and consequences if these are breached. Throughout
the study, peer facilitators are expected to continue with their
own health and diabetes management, and notify the research
team if health issues arise that may prevent them from fulfilling
their role.

Results

Funding for this project was secured in November 2018. At the
time of reporting, peer facilitator employment and training has
been completed with participant recruitment commenced in
January 2020 through to April 2020.

The main findings from the study will be presented in
conferences and reported in peer-reviewed publications. The
study has concluded.

Discussion

The aim of this study is to pilot and test the efficacy potential
of the use of an OPSC with the use of peer facilitators to provide
culturally appropriate education and support for Hispanic
Spanish-speaking people with T2D in their diabetes
self-management. The use of a culturally appropriate online
peer support group and peer facilitators within the Hispanic
Spanish-speaking population with T2D is expected to provide
convenient access to informational, appraisal, and emotional
support for diabetes self-management. It is anticipated that
additional support provided by peer facilitators in the online
peer support group will encourage positive health behavior
change in this population who are at higher mortality risk from
T2D compared to their White counterparts.

Foreseeable challenges within this pilot trial include recruitment
and retention of eligible participants and peer facilitators. In
anticipation, we have used community health workers and
bilingual staff to support recruitment and retention efforts. The
PCORI Advisory Board will help identify and recruit peer
facilitators.

The SPIRIT (Standard Protocol Items: Recommendations for
Interventional Trials) Checklist [31] was used to ensure quality
reporting and consideration of all standard protocol items
recommended for international trials.
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Abstract

Background: Social media use has grown tremendously over the years. Given the volume and diversity of people on social
media and the amount of information being exchanged, it is perhaps unsurprising that social media is being used as an avenue to
disseminate and deliver health interventions. There exists an opportunity for social media health interventions to make a positive
impact on health. However, there is a need to understand more about the ways in which these interventions are designed, developed,
and evaluated. This scoping protocol will review the current state of this field by charting the elements that drive the design,
development, and evaluation of these interventions. This includes charting models, frameworks, and rationales for the interventions,
as well as the platforms being used, and the health behaviors being targeted. This intention of this scoping review is to help inform
those who wish to develop effective social media health interventions.

Objective: The objective of this review is to map the elements that drive the design, development, and evaluation of social
media health interventions. We define “social media health intervention” as interventions that make use of social media platforms
to disseminate or deliver health-related information and educational initiatives to the public. We will seek to chart the elements
that drive the design, development, and delivery of such interventions, including their platforms and targeted health behaviors.

Methods: The methodological framework for this review is guided by Arksey and O’Malley and enhancements by later studies.
We will search relevant literature from 9 databases: (1) PubMed, (2) PsycINFO, (3) EMBASE, (4) Web of Science, (5) Scopus,
(6) CINAHL, (7) ERIC, (8) MEDLINE, and (9) Google Scholar. The literature will be screened by at least two reviewers in 2
stages: (1) title/abstract screening against the eligibility criteria; and (2) eligible articles will then undergo a full-text screening.
Data will be charted using the data charting tool developed by the authors.

Results: The results of this study will be presented in a final scoping review paper, divided into 2 sections. The first section
will describe the search strategy and study selection process and will contain the Preferred Reporting Items for Systematic Reviews
and Meta-Analyses (PRISMA) flowchart. The second section will provide key details pertaining to the review objective and
question.

Conclusions: This review will help guide scholars looking to build social media health interventions toward evidence-based
practices in design and evaluation.
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Introduction

Background
Social media is inextricably linked to our lives. The use of social
media has grown enormously over the years. As of January
2021, an estimated 4.6 billion people have access to the internet
of which 4.2 billion people are social media users. Even taking
into consideration multiple accounts and business accounts, a
significant number of the population use and interact on social
media [1]. Social media is defined as “forms of electronic
communication (such as websites for social networking and
microblogging) through which users create online communities
to share information, ideas, personal messages, and other
content” [2]. This definition may not necessarily capture the
diversity of social media today. Still, the tenets of social media
such as communication, user generation of content, and
information sharing are seen across a host of social media
platforms ranging from Facebook and Instagram to Twitter.

Social media users are diverse across ages, ethnicities, education
levels, and come from a host of different backgrounds [1].
Having access to this diverse group of people creates a unique
opportunity to use social media platforms as a means of
promoting and disseminating health interventions. A health
intervention is an act performed for, with, or on behalf of a
person or population whose purpose is to assess, improve,
maintain, promote, or modify health, functioning, or health
conditions [3]. Social media platforms have been recognized
and used for health interventions and hold tremendous potential
to help elicit positive health behavior changes [4,5]. For
example, health interventions to promote nutritional education
have used social media platforms to identify behaviors and offer
intervention [6]. Other social media health interventions include
sexual health promotion [7], interventions for diabetes [8], and
interventions targeting addiction and recovery [9].

The use of social media as a conduit for health communication
is well established [10]. Social media provides health care
professionals a platform to freely share information and combat
health misinformation [11,12]. Social media health interventions
also provide an opportunity to improve public health outcomes,
such as in the recent COVID-19 pandemic where they have
been used to disseminate information and increase vaccine
uptake [10,13-16]. The rising use of social media and other
digitized technology for health intervention has even led to the
emergence of a new field called “Digital Public Health,” which
is defined as “the use of technology, new types of data, and new
ways of working that come with the digitization of public health
and associated data’’[17].

To best leverage the opportunities and affordances of utilizing
and disseminating health interventions over social media, there
exists a responsibility to ensure that the design, development,
and evaluation of such interventions are done in a systematic
and evidence-based manner. There is a need to scope the current
landscape of social media health interventions to better

understand the elements which underpin these interventions.
The last paper that took a broad look into the use of social media
for health promotion and intervention was back in 2011, which
primarily focused on the features of social media platforms [13].
Since then, the landscape of social media has changed, and the
design of interventions has had to change with it. For those
looking to build successful interventions, a need exists to scope
the current landscape to understand what elements drive the
design, development, and evaluation of social media health
interventions.

Objectives
The objective of this review is to map the elements that drive
the design, development, and evaluation of social media health
interventions. We define “social media health intervention” as
interventions that make use of social media platforms to
disseminate awareness or deliver health-related information and
educational initiatives to the public. As such, only studies that
describe a health intervention in which social media is the
conduit for dissemination or delivery will be considered for
review. Health interventions that do not use social media will
be excluded. For those included papers we will seek to chart
the elements that drive the design, development, and delivery
of such interventions, including their platforms and targeted
health behaviors.

Methods

Overview
This scoping review will be guided by the methodology
proposed by Arksey and O’Malley [14] with updated
enhancements proposed by Levac et al [18] and Peters et al
[15]. This framework was chosen for its clarity in the stages of
conducting a scoping review, including (1) identification of the
research question; (2) identification of studies; (3) selection of
studies; (4) charting the data; and (5) collating, summarizing,
and reporting the results. The Preferred Reporting Items for
Systematic Reviews and Meta-Analyses extension for Scoping
Reviews (PRISMA-ScR) checklist will also provide further
details and clarity [16].

Stage 1: Identifying the Research Question
The primary question for our review is to understand the
elements that drive the design, development, and evaluation of
social media health interventions. The research questions below
are aligned with our objectives of scoping the current landscape
in order to inform those who wish to design evidence-based and
effective social media health interventions. The following
questions will guide our review:

• What are the underlying elements that inform the design,
development, and evaluation of social media health
interventions? What evidence-based models, frameworks,
or theories underpin the design, development, and
evaluation, if any?
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• For what purposes are social media health interventions
implemented? What behaviors are targeted, if any?

• What social media platforms are most pervasive in social
media health interventions?

• What are the demographic characteristics of the populations
targeted with social media health interventions?

The authors arrived at these questions after extensive discussions
and brainstorming with the research team.

Stage 2: Identifying Relevant Literature
A comprehensive review of literature will be conducted using
the following databases : (1) PubMed, (2) PsycINFO, (3)
EMBASE, (4) Web of Science, (5) Scopus, (6) CINAHL, (7)
ERIC, (8) MEDLINE, and (9) Google Scholar. To capture

relevant gray literature, we will conduct a search on Google
Scholar. We will use an effort-bounded stopping criteria in
which we examine the first 100 search results, then reassess,
continuing to the next page of results, iteratively assessing if
the results remain relevant to our scope [19].

Keyword search terms for this review were developed through
discussion between the protocol authors. Input from a subject
librarian was also sought to ensure keywords captured relevant
data and the databases were appropriate. The keywords are
based on the 2 overarching concepts of the review concept:
social media and health intervention (Tables 1 and 2). A sample
search strategy is provided in Table 3. Any amendments to the
search strings will be thoroughly documented in the final
scoping review.

Table 1. List of keywords used for the concept of “social media.”

Keywords: Concept #1 “social media”Serial number

Social Media* 1

Social Network* 2

Social Platform  3

Twitter4

Facebook5

Instagram6

Snapchat7

TikTok8

YouTube9

WhatsApp10

WeChat11

Table 2. List of keywords used for the concept of “health intervention.”

Keywords: Concept #2 “health intervention”Serial number

Health Promotion1

Health Improvement2

Health Maintenance3

Therapeutic Intervention4

Health Modification5

Health Intervention6

Table 3. Sample search strategy.

ResultsDatabaseSearch strategy

1073PubMed(“social media*”[Title/Abstract] OR “social network*”[Title/Abstract] OR “social platform”[Title/Abstract] OR
“Twitter”[Title/Abstract] OR “Facebook”[Title/Abstract] OR “Instagram”[Title/Abstract] OR “Snapchat”[Title/Ab-
stract] OR “TikTok”[Title/Abstract] OR “YouTube”[Title/Abstract] OR “WhatsApp”[Title/Abstract] OR
“WeChat”[Title/Abstract]) AND (“health intervention”[Title/Abstract] OR “health intervention”[Title/Abstract] OR
“Health Promotion”[Title/Abstract] OR “Health Improvement”[Title/Abstract] OR “Health Maintenance”[Title/Ab-
stract] OR “Therapeutic Intervention”[Title/Abstract] OR “Health Modification”[Title/Abstract])

Inclusion and Exclusion Criteria
As we wish to broadly map the existing literature, we will
include a variety of studies, including published and gray

literature. Studies to be reviewed will consist of those that use
social media to disseminate or deliver a health intervention.
Studies that describe a health intervention but do not use social
media as a core component of dissemination or delivery will
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be excluded. A temporal limit will also be set, ensuring that
only papers from 2005 to date will be reviewed. The date
restriction has been set in consideration of the public release
and advent of modern social media platforms [20]. Only studies

in English will be reviewed. Textbox 1 summarizes our inclusion
and exclusion criteria. These will be modified iteratively if
needed.

Textbox 1. Summary of inclusion and exclusion criteria.

Inclusion criteria

• Literature outlining health interventions that are delivered or utilized a publicly available social media platform.

• Studies that describe the design and implementation of the intervention or the evaluation of the intervention.

• Studies published within or after 2005.

Exclusion criteria

• Studies that describe health interventions but do not have any context of social media.

• Studies solely mentioning other uses of social media for health.

• Studies in languages other than English.

Stage 3: Study Selection
The study selection for this review will follow a 2-step screening
process. First, after databases and gray literature searches are
concluded, results will be imported into a citation manager.
Deduplication will be conducted at this stage, and all remaining
studies will be imported to a review software called Rayyan
[21]. Second, 2 reviewers will independently screen
title–abstracts against the exclusion and inclusion criteria to
determine which studies will be included in full-text screening.
Interrater disagreement will be solved through discussion with
a third independent mediator.

Stage 4: Data Charting
Relevant data will be charted out from all included studies by
2 or more independent reviewers. The reviewers will develop
and pilot a data extraction instrument that will be refined
iteratively as we carry out the extraction process. Extracted data
will include article details such as author/s, year of publication,
evaluation method, design model, behavioral model, social
media platform, audience type, and outcomes. A draft data
extraction tool can be found in Table 4.

Table 4. Draft charting table.

Details of charted dataType of data

Article information • Title
• Author/s
• Date of publication

What health behavior/condition was the target of the health intervention? • Health behavior/condition targeted

Social media platform used • Name of platform

How were participants recruited? • Recruitment method

What are the demographics of the population that the intervention was targeted at? • Age of users
• Country of user
• Language

What rationale was employed for the design of the intervention? • Models
• Frameworks
• Rationale
• Evidence based (yes/no)

Was the intervention evaluated? If so, describe the elements used to evaluate. • Models
• Frameworks
• Tools
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Stage 5: Collating, Summarizing, and Reporting the
Results
We will present our charted data both graphically and
narratively. Thoughtful consideration to using text and images
to illustrate our results will be undertaken. In our summary will
we consider the broader implications of our findings as we hope
our review will provide practical context and guidance for those
desiring to create social media health interventions.

Ethics and Dissemination
Ethics approval was not required for this study. Future
dissemination of the final review will include publication of the
final scoping review in a peer-reviewed journal with a good
impact factor.

Results

The results from the extracted data will be presented in 2 broad
sections, the first outlining the selection process and PRISMA
flowchart. The second section will include results pertaining to
our review question. The results will be presented in the final
scoping paper.

Discussion

Our scoping review will provide insights into the current
landscape of health interventions that utilize social media. This

study is not without limitations. Papers in languages other than
English will not be included due to the limitations of the
reviewers. Papers describing health interventions that do not
use social media will be excluded, potentially eliminating the
inclusion of valuable models of design, behavior change, and
evaluation, which could be utilized for the development of health
interventions. However, this limitation we feel is essential to
understand the current state of social media health interventions.

This topic is highly relevant given the opportunities presented
by social media to reach diverse audience for the purposes of
promoting public and community health. This review aims to
produce a piece of work that will help guide others looking to
build social media health interventions toward evidence-based
practices in design and evaluation, which enables the reader to
also see what behaviors are being targeted and through what
platforms. This review also has the potential to impact future
directions of social media health interventions by illuminating
the current trends of behaviors targeted by social media health
interventions, revealing either an overabundance of focus in
some health concerns or a gap in others. This may lay the
groundwork for future research to take a closer look at the
particulars of research in behavior-specific interventions.
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Abstract

Background: Despite being one of the most common gynecological procedures in the world, abortion care remains highly
stigmatized. Internationally, providers have noted negative impacts related to their involvement in the services, and abortion care
has been described as “dirty work.” Though much of the existing research focuses on the challenges of providing, many have
also highlighted the positive aspects of working in abortion care. Despite the steadily increasing interest in this area over the past
decade, however, no one has sought to systematically review the literature to date.

Objective: The aim of this review is to systematically explore published studies on the experiences of abortion care providers
to create a narrative review on the lived experience of providing abortion care, reflecting on what is already known and what
areas require further exploration.

Methods: This review will be conducted according to the framework outlined by Levac et al, which expanded on the popular
Arksey and O’Malley framework. We will systematically search for peer-reviewed articles in 6 electronic databases: CINAHL,
the Cochrane Library, EMBASE, PsycInfo, PubMed, and Web of Science. Following a pilot exercise, we devised a search strategy
to identify relevant studies. In this protocol, we outline how citations will be assessed for eligibility and what information will
be extracted from the included articles. We also highlight how this information will be combined in the review.

Results: As of December 2021, at the time of writing, we have searched for articles in the electronic databases and identified
6624 unique citations. We intend to fully assess these citations for eligibility by the end of January 2022, chart and analyze data
from the eligible citations by the end of March 2022, and submit a journal article for peer review by late spring 2022.

Conclusions: The findings of this review will provide a comprehensive overview on the known experiences of providing abortion
care. We also anticipate that the findings will identify aspects of care and experiences that are not reflected in the available
literature. We will disseminate the results via a publication in a peer-reviewed academic journal and by presenting the findings
at conferences in the areas of abortion care, obstetrics, and midwifery. As this review is a secondary analysis of published articles,
ethical approval was not required.

International Registered Report Identifier (IRRID): DERR1-10.2196/35481

(JMIR Res Protoc 2022;11(2):e35481)   doi:10.2196/35481

KEYWORDS

abortion; termination of pregnancy; reproductive health; health care providers; experience; scoping review

Introduction

“Dirty work,” first proposed by Everett Hughes, denotes
professions that are socially, physically, and morally tainted

[1]. Such professions may be described as “distasteful,
disgusting, dangerous, demeaning, immoral, or contemptible,”
while are also viewed as necessary by the society [2,3]. Common
examples of such occupations may include garbage collectors,
sex workers, and prison guards. Employees of these professions
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may be viewed as “dirty workers” and may experience
stigmatization because of their association with their work.
Carole Joffe was the first to describe abortion care as dirty work
[4]. In the case of abortion, social taint may refer to the
providers’ interaction with stigmatized individuals who seek
care; physical taint may relate to the providers’handling of fetal
remains; and moral taint may relate to the ongoing debate
regarding the unborn’s right to life. In the time since Joffe’s
article [4], a growing body of literature has explored and
reflected on the various challenges faced by providers of
abortion care throughout the world, with common examples
including the stigma ascribed to abortion care [5-8], the
marginalization of abortion within mainstream medicine [9,10],
and the difficulty of providing care under highly emotional
circumstances [11,12].

Building on the early work of Everett, Ashforth and Kreiner
created a theoretical model exploring how employees of
stereotypically “dirty” professions may negate potential
challenges and create positive social identities around their work
[2,3]. They posit that a strong work group culture enables
employees to reframe, refocus, and recalibrate aspects of their
work—from stigmatized to socially important and noble. While
providers may face challenges related to their abortion work,
the literature has also highlighted the many positive aspects of
working in abortion care, such as the benefits of strong support
networks within the workplace and the pride taken in the work
[13-15]. Given Ashforth and Kreiner’s model, these examples
may help to negate or reduce the impact of the challenges that
providers face, and they may help providers to bolster
involvement and fulfillment in their work. As such, it is
important to understand the existing literature to further this
field of research. The aim of this review is to systematically
explore research to curate a narrative and comprehensive review
on the lived experiences of those who are directly involved in
providing abortion care.

Methods

Study Design
In designing this review, various methodologies were
considered. Given the broad nature of the research aim, a
scoping review was considered the most appropriate [16,17].
This will allow us to examine the depth of the available literature
in this area and to create a narrative review reflecting on what
is known about the experience of providing care and what
experiences or aspects of care are yet to be captured. To
maintain rigor and replicability in our approach, we will follow
the scoping review methodology outlined by Levac et al [18],
which is an expansion of the widely cited Arksey and O’Malley
framework [19]. This updated framework includes six stages,
which are as follows: (1) identifying the research question; (2)
identifying relevant studies; (3) study selection; (4) charting the
data; (5) collating, summarizing, and charting the results; and
(6) consultation. Each stage will be discussed in more detail.

Stage 1: Identifying the Research Question
To begin, the research team must devise the research question,
which will guide the review [18,19]. At this stage, it is essential
to carefully consider the important aspects of the research area

to revise and refine the research question. We did this by looking
to relevant studies and reflecting on their findings. For example,
the aim of the review at inception was to systematically explore
and synthesize the known difficulties of providing abortion care
(eg, stigma and increased risk of burnout). In consulting with
the literature, however, it became clear that many studies in this
area have also explored the positive aspects of providing
abortion care, such as an increased sense of pride in one’s work
and stronger collegial networks. For this reason, we rephrased
the question to look at health care providers’ experience of
providing abortion care, purposefully choosing the ambiguous
term “experience” to elicit data on both the positive and negative
aspects. From our reading, we are aware that examples of these
experiences may include any positive or negative interactions
within the providers’ societies, communities, or workplaces that
are related to their abortion work, any aspects of care that are
more emotionally or technically difficult to provide, any positive
or negative emotions experienced during their abortion work,
and any beliefs that the providers may hold about the services.
The review will build on these examples and will identify other
experiences, widening our understanding of the lived experience
of providing abortion care. Additionally, we decided to use the
broad term of “providing abortion care” to include any
individual who is directly involved, clinically or nonclinically,
in the care of patients who access the services. This iterative
process led to the question, “what is the lived experience of
individuals who are directly involved in the provision of
comprehensive abortion care?”

Stage 2: Identifying Relevant Articles
In stage 2 of the framework, the research team discussed and
decided on the eligibility criteria, databases, and search strategy
for the review.

Eligibility Criteria
The research team met twice to discuss and decide the criteria
for identifying relevant studies. These meetings led to the
following inclusion criteria: (1) original research articles
published in peer-reviewed journals; (2) papers published in
English; and (3) papers focused on the experiences of individuals
who have direct patient contact with individuals accessing
comprehensive abortion care services. In addition, the following
exclusion criteria were also devised: (1) papers that are not
original research (eg, editorials); (2) papers that are not
published in a peer-reviewed journal; (3) papers on patients’
experiences of accessing abortion care; (4) papers on the
technical or procedural aspects of providing care (eg, research
on the efficacy of abortion medications); (5) papers on
providers’experience of managing “spontaneous abortion” (eg,
miscarriage); and (6) papers on providers’ experience of
managing postabortion care. No restrictions were set for the
year, country, or reason for abortion.

Databases
To identify the citations, a systematic search was conducted in
6 electronic databases—CINAHL, Cochrane Library, Embase,
PsycInfo, PubMed, and Web of Science.
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Search Strategy
The search strategy was designed using the PCC (population,
concept, and context) framework. The PCC framework has been
recommended when conducting scoping reviews by the Joanna
Briggs Institute (JBI) [16] and is regarded as a less restrictive
version of the popular PICO (population or patient, intervention,
control, and outcome) mnemonic, which is recommended for
systematic reviews. The PCC mnemonic is also useful when
searching for qualitative papers, which will be important for
this review given the high number of qualitative studies in this
area.

Following guidance from the JBI review manual, a 3-step
iterative process was used to devise this search strategy [16].
Step 1 was to design a search string with basic terms, which we
used in PsycInfo and PubMed to identify relevant citations. In
step 2, we expanded this search string by including relevant
keywords from the titles, abstracts, and keywords of citations
that we found. This new search string was then used in all 6
electronic databases. We noted, however, that many of the

identified citations explored patients and provider’s experience
of spontaneous abortion, miscarriage, and ectopic pregnancy.
As studies on these topics were unrelated to the review, we
included an additional Boolean phrase to remove these papers.
To test the validity of this third search string, we compiled a
list of 32 articles that we knew would meet the eligibility
criteria. We then used the string with the exclusion phrases in
all 6 databases, and all 32 articles were successfully downloaded
(Table 1). Step 3, the final step recommended by the JBI, is to
search for unidentified papers in the reference list of the citations
that have been included in the final review. We will also search
for new articles published in the 6 electronic databases before
we submit the review for publication, and we will search
journals known to the research team, who have published
research on the experiences of abortion providers. These journals
include, but are not limited to, Contraception, Reproductive
Health Matters, PLOS One, International Journal of Gynecology
and Obstetrics, Obstetrics and Gynecology, Reproductive
Health, Women’s Health Issues, Family Planning Perspectives,
and Social Science & Medicine.

Table 1. PCC (population, concept, and context) elements for the study selection criteria, including an exclusion Boolean operator.

Search stringPCCa element

provider* OR “healthcare professional*” OR “health professional*” OR “healthcare worker*” OR “health worker*” OR Clinician*
OR midwi* OR nurse* OR obstetric* OR gynaecolog* OR gynecolog* OR OBGYN OR physician* OR doctor* OR practitioner*

Population

experienc* OR stigma* OR discrimin* OR prejudic* OR violenc*Concept

abortion* OR “termination of pregnan*”Context

“spontaneous abortion” OR miscarriage* OR ectopicExclusionb

aPCC: population, concept, and context.
bThough not included in the PCC framework, we added the “Exclusion” term when piloting the search strategy to reduce the large number of irrelevant
citations.

Stage 3: Study Selection
Stage 3 will be to search for articles. To begin, we will use the
search string in the 6 electronic databases and download all the
identified citations into an Endnote (Clarivate Analytics) library.
We will then remove duplicates and conduct a title review on
the unique citations that we find. For this stage, the lead author
(BD) will meet with either coauthors (SC or MFH) to review
titles as a pair, either agreeing on the inclusion or exclusion of
citations or discussing before coming to an agreement. Once
complete, all the citations deemed relevant will go through an
abstract review. Here, BD will review all abstracts
independently, and SC and MFH will each independently review
15% of the total citations. These independent screenings will
be collated, and any discrepancies will be discussed as a group.
Finally, a full text review will be conducted. Again, BD will
independently conduct the full text review, and SC and MFH
will both independently cross-examine 15% of the citations,
discussing any discrepancies should they arise. This will leave
the authors will a final list of citations to be included in the first
draft of the scoping review.

Stage 4: Charting the Data
In stage 4, once the relevant citations have been identified,
information relevant to the review questions must be extracted
and charted for use [18,19]. Following guidance from the JBI
[16], a table will be created on Google Sheets for this purpose.
Based on a preliminary exercise using the list of 32 research
articles known to the review team, we developed 10 a priori
categories to guide the charting of key findings. Article reference
details and information on the study context and design will
also be charted during this stage (Textbox 1). As suggested by
Levac et al [18] and Daudt et al [20], BD will conduct a pilot
before beginning the charting process and will chart information
from 10 citations. The team will then meet after this exercise
to discuss the inclusion of more key findings categories. This
pilot phase will also be used by SC and MFH to give BD
feedback on the information charted. Charting will be an
iterative process; new information will be added to the table if
needed, and the review team will hold meetings periodically to
discuss progress. Once complete, SC and MFH will
independently chart 15% of the citations, and these will be
cross-examined with the chart created by BD. Any potential
discrepancies will be discussed at a group meeting.
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Textbox 1. Preliminary list of information to be charted from relevant articles by the research team. “Other” denotes our intention to create new categories
during the data charting process if needed.

Charting elements and characteristics of the study:

• Reference details

• Article reference number (given to each article by the research team)

• Study title

• Authors

• Year

• Journal

• DOI

• Study context

• Aims or objectives

• Country or region

• Sample size

• Job titles

• Abortion procedures provided

• The legal status of abortion care in each country

• Study design

• Qualitative or quantitative or mixed methods

• Data collection method

• Sampling strategy

• Analysis

• Key findings

• Stigmatization of abortion within society

• Abortion legislation

• Challenges in providing care

• Challenging interactions with patients

• Challenging work group culture or interactions

• Access to resources (eg, training, equipment, and space)

• Negative personal impacts of providing care

• Positive personal impacts of providing care

• Personal beliefs about abortion

• Positive work group culture or interactions

• Other (specify)

Stage 5: Collating, Summarizing, and Reporting the
Results
As recommended by Levac et al [18], this stage will be
conducted in 3 steps.

Steps 1 and 2: Collating and Summarizing
To describe the studies included in the review, tabular
information will be collated in a Qualtrics form, which will be
downloaded to SPSS (IBM Corp). Information collected by this

form will include the article reference number and title,
continent and country, number of providers, job titles of
participants, and methodology (type of data, data collection
methods, and analysis). A narrative summary of this information
will also be included. As for information pertaining to the
research question, we will conduct a thematic analysis following
the guidance of Braun and Clarke [21,22].
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Step 3: Reporting the Results
The reporting of the review findings will be informed by
Ashforth and Kreiner’s model of “dirty work” [2,3]. This will
be carried out by identifying the challenges that providers may
experience because of their abortion work, the positive factors
that may help them in this work, and finally, the providers’ own
reflections on their involvement in the abortion care services.
These broad themes will also explore the similarities and
differences highlighted by the providers’experiences in different
countries, contemplating the impact that factors such as
legislation, history, and religion may have on the providers’
experiences.

While not required by the scoping review methodology, a quality
appraisal will also be conducted on the included studies using
the Mixed Methods Appraisal Tool [23]. Studies deemed to be
of low methodological quality will not be removed; rather, their
low quality will be noted in the review. Each of the studies will
be independently reviewed by 2 members of the research team
(BD and SC), and any disagreements will be consolidated by
the 3rd author (MFH).

Stage 6: Consultation
As suggested by Levac et al [18], we intend to include the 6th
stage of the framework, where the results of the scoping review
are shared with experiential experts for feedback prior to
publication. This review is one component of a larger academic
research project to be completed by BD, and as such, meetings
will take place within the Republic of Ireland to share the results
of the scoping review, among other studies, with providers. In
the future, other possibilities to consult international experiential
experts will be considered.

Results

As of December 2021, at the time of writing, we have searched
the electronic databases and identified a total of 6624 unique
citations. We intend to complete a title review, an abstract
review, and a full text review on these citations by the end of
January 2022. These reviews will be conducted to chart and
analyze data from the eligible studies by the end of March 2022,

and to prepare a journal article for peer review by late spring
2022.

Discussion

Principal Study Findings
The primary goal of this scoping review is to discover and map
the existing evidence on the experiences of those involved in
the provision of abortion care to understand the potential
challenges and facilitators of providing care. This will act as a
key point of reference for international providers, researchers,
and advocates to further this area of research or discussion in
their own territories, particularly in areas where they have
recently or will in the future liberalize their abortion legislation.
The review will also be relevant for health care workers who
may need to reflect on what providing abortion care may involve
before becoming involved in the services as well as offering
those already involved in the services the opportunity to reflect
on their practice. In conducting the review, we also predict that
its findings will identify experiences that are lacking within the
existing literature, highlighting new areas for exploration. It is
also our hope that the findings can be used to inform the design
of possible support interventions for providers, which may seek
to minimize the impact of the various challenges of abortion
work while bolstering the positive features. Thus, it is our hope
that this review will be used to improve providers’ professional
quality of life and job satisfaction and will help toward ensuring
continued access to abortion care services around the world.

Dissemination
The findings of this scoping review will be disseminated through
a peer-reviewed publication in an international journal. The
article will be reported in accordance with guidance from
PRISMA-ScR (Preferred Reporting Items for Systematic
reviews and Meta-Analyses extension for Scoping Reviews)
[24]. The research team will endeavor to publish the review as
open access to ensure that those interested internationally will
be able to read its findings. We will also present the research
at international conferences on abortion care, obstetrics, and
midwifery. Finally, the consultation process, as outlined in
“Stage 6: Consultation,” will help us to disseminate our findings
with providers.
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Abstract

Background: Electroencephalography (EEG) monitoring is a key tool in diagnosing and determining treatment for people with
epilepsy; however, obtaining sufficient high-quality data can be a time-consuming, costly, and inconvenient process for patients
and health care providers. Remote EEG monitoring has the potential to improve patient experience, data quality, and accessibility
for people with intellectual or developmental disabilities.

Objective: The purpose of this scoping review is to provide an overview of the current research evidence and knowledge gaps
regarding the use of remote EEG monitoring interventions for adults with epilepsy.

Methods: The PRISMA-ScR (Preferred Reporting Items for Systematic Reviews and Meta-Analyses extension for Scoping
Reviews) and Population, Intervention, Comparator, Outcome, and Study (PICOS) frameworks will be used to structure the
review. Searches will be conducted in 6 databases (PubMed, MEDLINE, Embase, CINAHL, Web of Science, and ClinicalTrials.gov)
for articles published in English that evaluate at least one out-of-hospital EEG monitoring intervention or device for adults with
epilepsy. A descriptive analysis will be conducted to summarize the results; key themes and gaps in the literature will be discussed.

Results: Results will be included in the scoping review, which will be submitted for publication by April 2022.

Conclusions: This scoping review will summarize the state of the field of remote EEG monitoring interventions for adults with
epilepsy and provide an overview of the strengths, weaknesses, and gaps in the research.

International Registered Report Identifier (IRRID): PRR1-10.2196/33812

(JMIR Res Protoc 2022;11(2):e33812)   doi:10.2196/33812
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Introduction

Background
Accurate measurement and detailed understanding of a person’s
seizures are key elements in the diagnosis, classification, and
treatment of epilepsy. The use of electroencephalography (EEG)
for this purpose is well established [1]; however, routine EEG
recordings often do not capture epileptiform activity or seizures
as patients can have a low frequency of epileptic activity [2].
Long-term video-EEG monitoring is used to optimize treatment,
but can cost thousands of dollars to conduct, requires patients
to spend days in the hospital, and might not capture the
semiology of everyday life seizures [3-5]. This is particularly
a problem for patients with comorbidities, such as intellectual
or developmental disabilities (IDD), for whom diagnosis can
be more difficult and hospital-based monitoring intolerable [6].
This population remains underrepresented in research [7] and
there is a lack of data on misdiagnosis relating to epilepsy in
people with IDD [8]. This highlights a clear need for remote
EEG monitoring systems, which have the potential to provide
a less disruptive means of gathering objective seizure data,
without relying on patient or observer reports of seizures.

Rationale
A variety of monitors and alarms are available to support
at-home monitoring of epilepsy and seizure detection [9] (Table
1) and some previous reviews have been conducted in this field
[10-13]. One review found that the devices available on the
market focused primarily on monitoring non-EEG signals [10];
however, studies of implantable devices were excluded from

all of the reviews [10-13]. Three of the reviews also reported a
need for further evidence of the clinical effectiveness and
usability of the at-home seizure monitoring systems assessed
but concluded that the systems did have potential to provide
clinically useful data, be acceptable to patients, and empower
patient self-monitoring and self-management [10-12]. However,
none of these reviews provided an overview of remote EEG
monitoring devices for adults with epilepsy and a search of
PROSPERO (International Prospective Register of Systematic
Reviews) using the terms (epilepsy AND remote EEG
monitoring) did not find any reviews in progress on this topic.
This demonstrates the need for a comprehensive overview of
the different means of conducting remote EEG recordings that
are being developed and evaluated for people with epilepsy.

No published or in progress reviews were identified that focused
on adults with epilepsy and IDD. Given the potential value of
remote EEG monitoring for all people with epilepsy, but
particularly people with epilepsy and IDD, an overview of the
devices being developed to deliver remote EEG monitoring is
needed. This review will include studies evaluating remote
monitoring interventions in any adults with epilepsy; however,
effort will be made to identify studies in the population of adults
with epilepsy and IDD, and they will be highlighted in the
analysis. This scoping review will summarize the state of the
field of all remote EEG monitoring interventions for adults with
epilepsy, the strengths and weaknesses of the interventions and
the studies evaluating them, and gaps in the literature. An
overview of the current state of the literature and the gaps can
be used to inform future directions for research and
development.

Table 1. Types of seizure detection systems for at-home monitoring of epilepsy.

What it monitorsDescriptionDetection system

Primarily movement and heart rate, some can also measure
other skin properties (temperature, sweat, etc)

Wearable device (such as a watch or other
wrist-worn sensor)

Wearable sensors [9]

Can send alerts to people about a seizure, track location
via GPS, track seizures, send medication reminders, etc

Mobile app, usually linked with a wearable
sensor

Apps/subscriptions [9]

Primarily movement and sound, some can also monitor
vomit and urination

Sensors placed under a mattress, linked with
a pager

Bed monitors [9]

Primarily movement, but can also record audio and other
visible signs

Infrared camera device, linked with app,
pager, or other monitoring tool

Video monitors [9,13]

Electrical brain activityElectrodes/sensors attached to scalpAmbulatory scalp electroencephalography
[14-17]

Electrical brain activityElectrode implanted under skin, attached to
small logging device

Subcutaneous electroencephalography
[18,19]

Electrical brain activityElectrode implanted in the brain, attached
to small logging device

Intracranial electroencephalography [20]

Aim and Research Questions
The aim of this scoping review is to identify and summarize
the current state of the literature on remote EEG monitoring
interventions for adults with epilepsy. This review will be based
on the following research question: What interventions are being
evaluated and delivered to enable out-of-hospital EEG
monitoring of epileptic seizures in adults, particularly those
with IDD?

Methods

Frameworks
The PRISMA-ScR (Preferred Reporting Items for Systematic
Reviews and Meta-Analyses Extension for Scoping Reviews;
Multimedia Appendix 1) [21] and Population, Intervention,
Comparator, Outcome, and Study (PICOS) frameworks [22]
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were used to build the search strategy (Table 2) and provide a framework for the review.

Table 2. Population, Intervention, Comparator, Outcome, and Study (PICOS) framework.

Description of inclusion criteria

All adults (≥18 years old) with epilepsy will be included, but there will be a specific examination of adults with intellectual and devel-
opmental disabilities if possible

Population

Remote EEGa monitoring interventionsIntervention

No comparator will be requiredComparator

The primary outcome will be the evidence for the remote monitoring technology’s ability to record EEG for subsequent detection of
seizures. Secondary outcomes will include the different remote monitoring types and the strengths and weaknesses of the monitoring
interventions and the studies.

Outcome

All study types that evaluate a relevant intervention will be eligible for inclusion. Protocols, reviews, meta-analyses, and conference
or poster abstracts where no full text is available will be excluded.

Study types

aEEG: electroencephalography.

Search Strategy
This review will search 6 databases to identify potentially
relevant references: PubMed, MEDLINE, Embase, CINAHL,
Web of Science, and ClinicalTrials.gov. A preliminary review
of the literature identified relevant Medical Subject Headings
(MeSH) terms and keywords, which were grouped into three

themes to structure the search (Table 3). They will be strung
together in the following way when searching the databases:
population (MeSH OR keywords) AND epilepsy (MeSH OR
keywords) AND remote EEG monitoring (MeSH OR keywords).
Multimedia Appendix 2 provides a sample search string and
the number of results returned in PubMed and Web of Science.

Table 3. Search string.

Keywords (in title or abstract)Medical Subject Headings (MeSH)Category

Adult OR adults OR “developmental disabilit*” OR “learning disabilit*”
OR “intellectual disabilit*” OR “learning disorder*” OR “developmental
disorder*” OR “special need*” OR “mental retardation” OR autis* OR
“Down syndrome” OR “fetal alcohol”) NOT (child* OR pediatric OR
paediatric OR adolescen* OR teen*)

Adult OR Persons with Mental Disabil-
ities OR Intellectual Disability

Population

Epilepsy OR seizure OR epileptic OR convulsion OR ictal OR preictal
OR postictal OR interictal OR epileptiform

Epilepsy OR SeizuresEpilepsy

((“Remote monitor*” OR implant* OR sensor* OR wearable* OR device*
OR detection* OR alert* OR home OR mobile) AND (EEG OR electroen-
cephalograph* OR seizure*)) OR “Long-term electroencephalographic
monitoring” OR “continuous electroencephalographic monitoring” OR
“continuous EEG” OR LTM OR “intracranial EEG” OR “intracranial
electroencephalography” OR iEEG OR ((ambulatory OR subcutaneous
OR subscalp OR subgaleal OR subdermal OR epicranial OR epiosteal OR
“scalp-based” OR “behind the ear” OR “behind-the-ear”) AND (EEG OR
electroencephalography))

Monitoring, Ambulatory OR Elec-
trodes, Implanted OR Electroen-
cephalography

Remote electroencephalographic
monitoring

Inclusion Criteria
All adults (≥18 years old) with epilepsy will be included to
ensure that there is good coverage of the literature, but studies
with participants with IDD and epilepsy will be identified and
analyzed independently as well. Interventions will be included
given that they support at-home EEG monitoring of epileptic
seizures; this can be as a wearable device or an implant. No
comparator is required and all study types will be eligible for
inclusion, given that they are evaluating such an intervention
(at any stage).

Exclusion Criteria
Any studies focusing on pediatric populations or evaluating
remote monitoring interventions for epilepsy that do not use
EEG (including electronic seizure diaries, motion sensors, and
video monitors) will be excluded. Studies that do not evaluate

the intervention (such as protocols, reviews, and abstracts
without full texts available) and any duplicates will also be
excluded. Studies that are not published in English after 2011
will not be eligible for inclusion.

Screening and Article Selection
The references will be stored, and duplicates removed, using
the citation management software EndNote X9 (Clarivate). The
EndNote X9 search function will also be used to conduct an
initial screening of the references based on keywords from the
search strategy. The included studies in any relevant reviews
identified in the screening will be hand searched to make sure
that no studies fitting the inclusion criteria were missed in the
original search. If any relevant studies are identified, they will
be added to the list for full-text review. The titles and abstracts
will be screened, and a full-text review conducted, by one of
the authors (MMI) to determine final eligibility. A second
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reviewer will independently validate the title and abstract
screening and full-text selection.

Data Extraction
Two reviewers will extract data from the included studies into
a predeveloped form (Table 4).

Table 4. Article information and data extraction.

Article information and data to be extracted

General study information

Year of publication

Sample size

Study type

Target population (if specified, eg, those with an intellectual or developmental disability)

Intervention

Type of intervention

Description of intervention features/components

Degree of free movement when using (static or mobile)

Duration of patient use

Evaluation

Main findings regarding seizure detection (eg, sensitivity, specificity, false-alarm rate, safety, percentage of seizures captured, success at answering
clinical question)

Acceptability/patient perceptions

Benefits of the remote electroencephalographic monitoring intervention

Limitations of the remote electroencephalographic monitoring intervention

Strengths and weaknesses of the study

Data Analysis and Synthesis
The primary aim of this scoping review is to provide an
overview of the state of the literature, so the analysis will focus
on describing the research being conducted, the strengths and
weaknesses of the included studies, and key implications and
considerations for future research. Specific analyses relating to
the interventions will depend on the types of data collected by
the included studies. For example, thematic analysis will be
conducted to provide an overview of qualitative data relating
to acceptability (ie, patient experiences, clinical acceptability,
concerns) and quantitative data about seizure detection will be
summarized by providing a breakdown of main findings by the
type of intervention.

The analysis will also identify any studies that include or focus
on patients with IDD. These studies will be examined separately
to identify any unique challenges, considerations, or impacts
of the remote EEG monitoring interventions in this population.
The data will be analyzed in the same way as the general
analysis to enable comparison between population groups,
enabling any potential differences between patients with IDD
and patients without to be identified. This could include
differences in study outcomes (findings relating to seizure
detection, acceptability, and patient perceptions) as well as study

designs, strengths, and weaknesses. The purpose of this
exploratory analysis is to identify areas for further investigation
and to inform the design of future studies of adults with epilepsy
and IDD.

Results

The study is expected to begin in February 2022 and be
completed in April 2022.

Discussion

This scoping review will provide an overview of the state of
the literature regarding clinical and research data on remote
EEG monitoring interventions for adults with epilepsy. This
section will use the data extracted from the studies to explore
what conclusions can be drawn, the limitations of the scoping
review, and key areas for future research. A special focus will
be placed on people with epilepsy and IDD, and studies
investigating interventions in this population will be summarized
and discussed in a subsection. The summary of current
interventions, and the strengths and weaknesses of those
interventions and the studies evaluating them, will help to inform
the development of new remote EEG monitoring strategies and
improve the quality of their evaluation.
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