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Abstract

Background: Myalgic encephalomyelitis/chronic fatigue syndrome (ME/CFS) is a serious illness of biological origin characterized
by profound physical and cognitive exhaustion and postexertion malaise. Pacing is a common strategy used to manage available
energy and complete activities of daily living; yet little research has investigated this as a strategy to increase physical activity
levels. Typically, people living with ME/CFS are faced by unique barriers to physical activity participation and are less physically
active than healthy peers. As such they are at increased risk of physical inactivity–related health consequences. Active video
games may be a feasible and acceptable avenue to deliver physical activity intervention by overcoming many of the reported
barriers to participation.

Objective: The primary objective of this pilot study is to determine the feasibility and acceptability of active video games to
increase physical activity levels of people with ME/CFS. The secondary aims are to explore the preliminary effectiveness of
pacing and active video gaming to pacing alone and pacing plus conventional physical activity to increase the physical activity
levels of adults with ME/CFS and explore the relationship between physical activity and cumulative inflammatory load (allostatic
load).

Methods: This study will use a mixed method design, with a 3-arm pilot randomized controlled trial, exit interviews, and
collection of feasibility and process data. A total of 30 adults with ME/CFS will be randomized to receive either (1) pacing, (2)
pacing and conventional physical activity, or (3) pacing and active video gaming. The intervention duration will be 6 months,
and participants will be followed up for 6 months postintervention completion. The intervention will be conducted in the participant’s
home, and activity intensity will be determined by continuously monitored heart rate and ratings of perceived exertion. Feasibility
and acceptability and process data will be collected during and at the end of the intervention. Health-related outcomes (eg, physical
activity, blood samples, quality of life, and functioning) will be collected at baseline, end of intervention, and 6 months after
intervention completion.

Results: This protocol was developed after 6 months of extensive stakeholder and community consultation. Enrollment began
in January 2017; as of publication, 12 participants were enrolled. Baseline testing is scheduled to commence in mid-2017.

Conclusions: This pilot study will provide essential feasibility and acceptability data which will guide the use of active video
games for people with ME/CFS to increase their physical activity levels. Physical activity promotion in this clinical population
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has been poorly and under-researched, and any exploration of alternative physical activity options for this population is much
needed.

Trial Registration: Australia New Zealand Clinical Trials Registry: ACTRN12616000285459;
https://www.anzctr.org.au/Trial/Registration/TrialReview.aspx?id=370224 (Archived by WebCite at
http://www.webcitation.org/6qgOLhWWf)

(JMIR Res Protoc 2017;6(8):e117)   doi:10.2196/resprot.7242

KEYWORDS

fatigue syndrome, chronic; video games; exercise

Introduction

Myalgic encephalomyelitis/chronic fatigue syndrome (ME/CFS)
is a complex, serious illness of biomedical origin characterized
by profound physical and cognitive exhaustion and postexertion
malaise [1]. Symptoms such as fatigue and cognitive
impairments are typically made worse to the point of collapse
after physical exertion [1]. The combination of physical inability
to be active due to the condition and behaviors to avoid potential
flare-up results in people with ME/CFS being less physically
active than healthy controls [2].

The mechanisms underlying ME/CFS remain unclear, and
studies report associations with multiple individual
proinflammatory markers and indicators of immune activity,
but the findings are inconsistent [3]. A potential mechanism by
which physical activity plays a role in managing chronic
conditions is through allostasis: the body’s response to stress
orchestrated by the hypothalamic-pituitary-adrenal axis and the
central nervous system via the production of stress hormones
[4]. The detrimental negative effect of allostasis can be
quantified as allostatic load (AL). The theoretical mechanism
between AL and physical activity has recently been empirically
supported, with higher levels of physical activity associated
with lower AL in Mexican American adults [5] and middle-aged
women [6]. Further, adults living with ME/CFS are reported to
have higher AL than healthy controls [7,8]. It is widely accepted
that cumulative biomarkers are stronger predictors of morbidity
and mortality, yet recent research into ME/CFS continues to
investigate individual neuroendocrine and immune biomarkers
with limited success and inconsistent findings [3]. Further, few
AL studies are longitudinal or interventional in nature, limiting
the relationships and conclusions that can be drawn.

Physical activity is essential for health and well-being and has
a role in prevention and management of muscle atrophy and
many chronic conditions such as cardiovascular disease,
osteoporosis, and some cancers [9]. There is much debate in
the literature surrounding the effectiveness and safety of exercise
or physical activity-based interventions for people with
ME/CFS. In this population, the majority of physical
activity–based interventions have employed a Graded Exercise
Therapy (GET) approach. Typically, after setting baseline levels,
the intention of GET protocols is to incrementally increase
activity despite possible changes in symptom severity. One
common criticism of GET protocols is they typically suggest
stabilization of activity progression at the point of symptom
flare-up but do not appear to include modification or cessation
of activity to promote symptom resolution. The results of GET

protocols are mixed, with some reporting symptom improvement
[10,11]. The risk of adverse responses to GET is not clear from
intervention studies; however, support group surveys of people
living with ME/CFS suggest a significant proportion of these
interventions result in negative experiences during the
intervention [12].

An alternative approach to delivery of physical activity
interventions is pacing. Pacing is a typical strategy used by
people with ME/CFS to manage their activities of daily living
within their available energy envelope by structuring and
organizing their daily activities. Pacing is typically well accepted
by people living with ME/CFS (according to patient surveys)
and is used primarily to manage symptom flare-ups and work
within the available energy, but it is also recommended that
pacing can help to slowly increase the energy envelope and thus
the level of activity performed. Pacing is a flexible,
symptom-contingent process that can be used to increase
physical activity levels. Survey data suggests a greater percent
of people living with ME/CFS feel pacing improved their
symptoms (45%, n=69) compared to GET (12%, n=77) [12].
In addition, anecdotal evidence suggests a large percentage of
people living with ME/CFS already use pacing and heart rate
(HR) monitoring to some extent (personal communication by
ME/CFS Australia [SA] spokesperson, March 2016), and as
such, pacing will be considered the control situation for this
study.

Only one published study can be located that has employed a
flexible symptom-contingent protocol (ie, pacing using HR and
perceived exertion monitoring) to increase activity levels in
people with ME/CFS [13]. The study demonstrated
improvements in physiological outcomes (eg, blood pressure,
cognitive ability) but no change in physical activity between
the groups postintervention. The study used a self-report activity
questionnaire with poor reliability at low intensity levels of
activity, which is concerning because this accounts for almost
all physical activity in most people with or without ME/CFS,
and only low to moderate validity with other self-reported
physical activity outcomes [14]. Overall, the flexible,
symptom-contingent approach to increasing activity levels in
people with ME/CFS has not been adequately researched. An
important finding from the Wallman et al [13] study is that none
of the participants in the exercise group rated themselves as any
worse and 91% rated themselves some degree better overall.
The current study will build on this small body of literature by
investigating pacing alone versus pacing and physical activity
using objective measures of physical activity and safely
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monitoring activity intensity via continuous HR monitoring and
ratings of perceived exertion (RPE).

People with ME/CFS report unique barriers to participation in
physical activity. These barriers include extreme fatigue just
getting to and from structured activity, greater difficulty being
active standing compared to sitting, and ability to participate in
only very short durations of activity [1]. Interventions using
commercially available active video games, such as Xbox
Kinect, can overcome many of these barriers for people with
ME/CFS. Active video games can be played at home either
while standing or seated, can be easily played for short periods
of time (eg, 1-2 minutes), and provide choice of different gaming
activities—factors which will potentially reduce patient
dissatisfaction and drop out [15].

An inability to fully participate in their family’s lives and
community often results in people living with ME/CFS reporting
depression, social isolation, and lack of connectedness [1].
Active video games have the potential to provide an avenue for
family connectedness and promote a feeling of normality while
enabling participation (potentially with others) in an everyday
activity. People’s experiences with active video gaming suggest
substantial benefits including feelings of empowerment,
reductions in depression, increased psychosocial well-being,
and increased social connectedness by playing with family
members [16].

Active video gaming has been shown to be feasible and
acceptable to other chronic health populations such as those
with cerebral palsy and stroke and is commonly played while
sitting in these populations [17]. Evidence suggests active video
gaming can improve a range of rehabilitative outcomes, increase
physical activity levels among sedentary and frail elderly adults,
and increase cognitive performance and reduce fatigue in women
with systemic lupus erythematosus [18,19,20]. Despite the
evidence to suggest active video gaming as effective and
relevant, no studies have investigated the feasibility or
acceptability of active video gaming in adults with ME/CFS.

The primary objective of this pilot study is to investigate the
feasibility and acceptability of pacing and active video gaming
to increase the physical activity levels of adults with ME/CFS.

The secondary objectives of this study are to (1) explore the
preliminary effectiveness of pacing and active video gaming to
pacing alone and pacing and conventional physical activity to
increase the physical activity levels of adults with ME/CFS and
(2) explore the relationship between allostatic load and physical
activity in people with ME/CFS.

The related hypotheses are (1) preliminary evidence of benefit
from pacing and active video gaming to increase physical
activity compared to pacing alone will be demonstrated, (2)
preliminary evidence of equal benefit of pacing and video

gaming to increase physical activity levels compared to pacing
and conventional exercise will be demonstrated, and (3)
preliminary evidence of a negative relationship will be
demonstrated between allostatic load and physical activity.

Methods

Trial Design
A mixed-method study will be conducted comprising an
exploratory 3-armed randomized controlled pilot study (1:1:1
allocation ratio) of pacing versus pacing and conventional
physical activity versus pacing and active video gaming;
qualitative exit interviews and collection of process data to
investigate the feasibility and acceptability of the approach. The
study protocol has been approved by the University of South
Australia Human Research Ethics Committee (protocol
0000035299). The protocol is registered with the Australia New
Zealand Clinical Trials Registry [ACTRN12616000285459].
All participants will be required to provide written informed
consent prior to enrolling in the study and report general
practitioner consent to participate.

Protocol Development
A stakeholder advisory group was convened including 2
representatives from the local state ME/CFS society, a
rheumatologist with extensive clinical and research knowledge
of ME/CFS, a general physician with extensive clinical expertise
in managing ME/CFS, 2 adults currently living with ME/CFS,
and the research team. The primary purpose of the stakeholder
advisory group was to assist in the consumer-driven and
evidence-based development of the final protocol. A 6-month
consultative development phase was completed in December
2016. The stakeholder advisory group welcomed and considered
comments and concerns from external bodies (eg, national and
international support groups).

Intervention
After baseline assessment, participants will be block randomized
(block size = 6, 1:1:1 allocation ratio) into pacing only, pacing
plus conventional physical activity, or pacing plus active video
gaming (Figure 1).

Participants will be randomized using a computer-generated
random number sequence and opaque sealed envelopes
generated by a University of South Australia researcher not
involved in the study. All participants will receive telephone
support from the research assistant once a week for the first 3
months of the intervention and every 2 weeks for the last 3
months of the intervention, and participants can contact the
research assistant at any additional time. At the end of the 12
months, participants still enrolled will be provided with an Xbox
Kinect unit in acknowledgement of their participation.
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Figure 1. Study Flow Chart.

Control Condition
In the pacing only condition, participants will be educated about
pacing to manage their daily energy levels and informed not to
commence a physical activity program for 6 months. Pacing is

a process whereby activities of daily living are organized and
timed in order to not exceed the available energy for that
particular day. Pacing will be self-monitored to avoid excessive
exertion by means of continuous HR monitoring and RPEs
maintained below a designated threshold. The HR and RPE
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thresholds will be determined during the baseline effort test,
which is described in detail in the Methods section. Participants
in the pacing only control condition will be provided with no
instruction to increase physical activity levels.

Intervention Conditions
The intervention will be 6 months in duration. In the pacing
plus conventional activity condition, participants will be
educated about pacing and prescribed a home-based
participant-controlled symptom-contingent physical activity
program involving a conventional activity type selected by the
participant such as walking, elastic band resistance exercise, or
cycling.

In the pacing and active video gaming condition, participants
will be provided with an Xbox Kinect (set up in their home)
and prescribed a home-based participant-controlled
symptom-contingent physical activity program involving dance
and sport games (Sports Rivals and Dance Central). Swapping

passive screen time (such as television viewing) with the active
gaming will be recommended. If the participants report no or
minimal screen time, they will be encouraged to swap out other
activities that require low cognitive or physical load. The active
video gaming and conventional physical activity is intended to
be additional to existing physical activities.

Participants in the two conditions involving physical activity
(ie, pacing and conventional physical activity and pacing and
active video gaming) will have their starting physical activity
prescription developed by the research assistant who will be an
accredited exercise physiologist with at least 2 years of clinical
experience. The research assistant will develop the prescription
based on participant self-reported amount of activity and
symptom relationship from the Symptom History Questionnaire
(detailed later in Methods section). Prescription will involve
allocation to 1 of 3 tiers: light tolerance, moderate tolerance, or
high activity tolerance (Table 1).

Table 1. Physical activity prescription triage categories.

ProgressBaselineCategorizationActivity
tolerance
tier

——Self-reported flare-up of symptoms with less than 5 minutes of screen time;
moderate to severe symptom flare-up with less than 5 minutes of self-reported
light physical activity or household chores

Exclude

30 seconds to 1 minute
per day per intervention
week

2 minutes per day (6-8
minutes per week)

Flare-ups with predominantly moderate to high intensity tasks or longer bouts
of light intensity tasks or pushing energy envelope with too many activities on
a given day; able to participate in light activity for at least 5 minutes (but less
than 10 minutes)

Light

1 to 2 minutes per day
per intervention week

5 minutes per day (15-20
minutes per week)

Symptom flare-ups with activities predominantly considered moderate or high
intensity (ie, minimal flare-ups with light

intensity tasks), able to be active for between 10 to 15 minutes at a light intensity
with minimal or no flare-up of symptoms

Moderate

2 to 4 minutes per day
per intervention week

10 minutes per day (30-40
minutes per week)

Reported symptom flare-ups with activities predominantly considered high in-
tensity or longer bouts moderate tasks (ie, minimal flare-ups with light intensity
and short bouts of moderate intensity tasks), able to be active for 15 or more
minutes at a light intensity with minimal or no flare-up of symptoms

High

Physical activity will be prescribed every second day (at the
most) and perceived exertion will be monitored by the
participant remaining under the set HR and RPE thresholds at
all times. Participants will be in full control of their program
and will be able to stop physical activity sessions entirely;
plateau; or reduce frequency, duration, or intensity of sessions
to manage symptom occurrences. Activity sessions can be
completed in one session (eg, 1 10-minute block) or split up
throughout the day.

Any activity progression will occur every 2 weeks. To be
eligible to progress, participants must demonstrate symptoms
are stable. Stable equates to HR and RPE zones adhered to for
the 2-week period and no increase in symptoms as a result of
activity. Progression can be escalated (particularly as higher
volumes demonstrated) with consultation with research team
and research assistant only if symptoms are stable. The active
gaming or conventional activity will be encouraged on those
days that the participants consider there to be adequate energy
to do all activities of daily living usual for that person.

Participants will also be encouraged to consider cognitive
activities as potentially draining in addition to physical activities.

Setting
Participants will be recruited from Adelaide, South Australia,
Australia. Testing will occur during face-to-face sessions at the
University of South Australia, City East Campus, Adelaide,
Australia. Home visits will be conducted to educate the
participants regarding their condition allocation and set up video
games where applicable, and the remainder of the intervention
will be home-based.

Participants
Inclusion criteria:

• Aged from 18 to 65 years
• General practitioner clearance
• Self-reported diagnosis of ME/CFS by a general practitioner

or medical specialist based on one of the commonly
accepted criteria (the Oxford Criteria is not acceptable)
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• Able to complete exercise test (either maximal or
submaximal)

• Not currently playing active video games
• Score low to moderate on Sports Medicine Australia

Exercise Screening Tool [21]
• Self-report less than 150 minutes of moderate intensity

activity each week (not meeting Australian National
Physical Activity Guidelines for adults [22])

• Have a television in their home (Internet not required) and
be willing to develop video game literacy

Exclusion criteria:

• Self-reported aggravation of symptoms with 5 or fewer
minutes of screen time

• Self-reported aggravation of symptoms with 5 or fewer
minutes of light intensity physical activity or movement

Sample Size
This is the first study to investigate the feasibility and
acceptability of active video gaming to increase the physical
activity levels of people living with ME/CFS. A sample of 30
participants was deemed appropriate to provide the process
feedback regarding testing procedures, and feasibility and
acceptability data will be collected from 10 participants
regarding the active video gaming experience.

Recruitment
Participants will be recruited via local community support
organizations, fliers, Facebook advertising, and the University
of South Australia Clinical Trials Facility website.

Feasibility and Acceptability
To explore the feasibility of implementation, total testing time
will be calculated at each testing point for each participant.
Statistics regarding the total amount and type of resources
required (eg, consumables, printing) will be collected.
Recruitment feasibility will be investigated after recruitment
phase and involve analysis of recruitment statistics (eg, duration,
ineligibility vs eligibility ratio number of recruitment avenues).
Comprehensive informal exit interviews will be conducted with
the active video game intervention group participants at the end
of the intervention to explore acceptability either face-to-face
or over the telephone. Information will be obtained on general
satisfaction with the program, perceived cost effectiveness,
acceptability of the testing protocols, and desire to continue
with active video gaming.

Effort Testing (Baseline Only)
Prior to randomization, participants will be screened for
eligibility and will participate in either a maximal effort 2-day
testing protocol or a submaximal effort protocol. A submaximal
effort protocol has been included as an option as community
feedback indicated unwillingness from some people due to the
potential symptom flare-up predicted with the maximal protocol.

Effort testing on a bicycle ergometer is required to accurately
determine the HR and RPEs at ventilatory threshold (VT) or
10% below the VT for each participant. This 10% below VT
has been posited as a preferred limit to stay below to avoid

symptom flare-up [23] and will be employed in this study for
all 3 arms.

The 2-day maximal effort testing protocol is a smaller study
running concurrently at the University of South Australia
looking to confirm the differing physiological responses
demonstrated by people with ME/CFS due to postexertional
malaise during repeat exercise testing when compared to healthy
controls. The 2-day maximal effort testing protocol will involve
attending the university on 2 consecutive days and participating
in the same testing protocol on a cycle ergometer wearing a gas
analysis mask. A subjective questionnaire regarding fatigue
status will be completed, followed by a 10-minute period of
rest while wearing an HR monitor. The incremental exercise
test on the bike will progress from very light to maximal exercise
over a period of 8 to 12 minutes. The test starts with a 5-minute,
40 watt warm-up, during which rate of HR increase is assessed.
Following this 5 minutes, the test increases using a ramp
protocol, with increases of 5 watts every 20 seconds (so 15 watts
per minute on average). The test finishes when the participant
reaches volitional exhaustion. Both testing sessions will be
conducted at the same time of day.

The submaximal effort testing alternative will involve attending
the university on 1 occasion. Participants will complete 1 test
on a cycle ergometer while wearing a gas analysis mask.
Participants will exercise on a cycle ergometer commencing at
a work rate of 25 watts and increasing by 15 watts each minute
until a HR of 85% of age predicted maximum is achieved
(208–[0.7×age]) [24]. The test will be terminated prior to this
point if participant reaches voluntary exhaustion or reports an
RPE of 19 or higher, respiratory exchange ratio of >1.15, or a
plateau in HR or VO2 with increasing work rate. Recommended
exercise intensity will be limited to an HR corresponding to
10% below measured VT or in the case that VT is not adequately
detected in the exercise test then below 70% of age-predicted
HR max.

Health-Related Outcomes

Overview
There will be at least 4 weeks between effort testing and
commencement of the intervention with 2 weeks being stable
at a pretest pattern of symptoms/activity. Participants may
require longer recovery before commencing the intervention.

All health-related outcomes will be measured at 3 time points:
baseline, 6 months after baseline at the end of the intervention,
and at 6-month follow-up after the intervention has been
completed. In addition, accelerometer, inclinometer, and
continuous captured HR will be measured during week 6, week
12, and week 18 of the intervention. The Karnofsky Scale [25]
will be collected more frequently, with the research assistant
recording the Karnofsky Scale value each time telephone contact
is made with a participant.

Health-related outcomes have been chosen after extensive
consultation with the stakeholder advisory group which included
people living with ME/CFS. Outcomes have been selected to
first provide data on the primary health-related outcomes (ie,
physical activity and allostatic load:11 variables). Outcomes
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have also been selected to cover client-centered outcomes such
as use of time, quality of life, and functioning. These outcomes
are of utmost importance to the people with ME/CFS and
capture the broader International Classification of Functioning,
Disability, and Health framework concepts of activity limitations
and participation restriction [26]. Finally, outcomes have been
selected to capture the vast range of symptoms reported by
people with ME/CFS to ensure the levels are monitored
alongside the physical activity changes to ensure safety and
investigate net benefit to the participants.

Adherence Diary
All 3 groups will be provided with a pen and paper adherence
diary to complete daily for the 6-month duration of the
intervention. The pacing only group will document adherence
to pacing protocol and HR achieved (yes/no) and RPE limit
achieved (yes/no). The conventional physical activity and video
games groups will document minutes of activity, specific day,
HR achieved (yes/no), and RPE limit achieved (yes/no).

Sociodemographic Questionnaire
A sociodemographic questionnaire developed for the purpose
of this study will capture data such as age, gender, education
level, working/volunteer status, income, and duration of
conditions.

Symptom History Questionnaire
A questionnaire developed for this study will capture all
symptoms related to ME/CFS and also the relationship between
symptoms and activity to assist in the pacing and activity
protocol prescription for each individual.

Accelerometer
GENEActiv (Active Insights Ltd) accelerometers will be worn
on the nondominant hand for 7 days during each testing period.
Accelerometers will be worn for 24 hours per day but will be
removed for bathing and swimming activities. Participants will
complete a log to report periods of nonwear time and sleep/nap
times.

Inclinometer
ActivPAL (PAL Technologies Ltd) inclinometers are
matchbox-sized devices that measure position relative to gravity.
They are worn on the front of the thigh attached with
hypoallergenic adhesive tape for a period of 7 days and report
the minutes spent sitting, standing, and walking. Inclinometers
are the current gold standard measurement of sitting/reclining
time, a measure of sedentary time.

Multimedia Activity Recall for Children and Adults
The Multimedia Activity Recall for Children and Adults [27]
is a computerized self-report 24-hour recall tool that allows
detailed recording of time use behaviors that has been tested on
various populations including adults and those with ME/CFS
in a recent study conducted by several of the authors. Some
participants with ME/CFS report some cognitive strain and
burden completing more than 1 24-hour recall intervention over
the telephone at once, so for this study, 4 interviews will be
conducted each on separate days (during the week that the

accelerometer is being worn) capturing at least 1 weekend and
1 weekday.

Height, Weight, and Waist Girth
Weight will be measured using the TANITA BC-418
bioelectrical impedance analysis scale. Participant weight will
be taken with participant barefoot and clothed in lightweight
clothing only. Height will be measured using the ECOMED
seca 284 stadiometer. Two measurements will be taken for both
weight and height. If the second weight measurement differs
by >1%, a third measurement will be required. Similarly, if the
second height measurement is >5 mm different then a third
measurement is required. An average of the measurements will
be obtained (2 measures) or a median (3 measures). Body mass
index (BMI) will be calculated. Waist girth will be measured
using an anthropometric tape measure and following
standardized protocol by an accredited exercise physiologist.

Blood Pressure
Blood pressure will be taken using standard procedures and a
sphygmomanometer while participant is sitting or reclining
(same position each time). Systolic and diastolic blood pressure
will be recorded.

Heart Rate Variability
RR intervals will be recorded during 5 minutes of supine rest
prior to the exercise test using a personal HR monitor
(RS800CX, Polar Electro Oy). RR interval data will be
downloaded to Polar Protrainer 5 software (Polar Electro Oy)
where artifacts or ectopic heart beats are removed through
Polar’s automatic filtering. Data will then be exported to heart
rate variability (HRV) analysis software (Kubios HRV Analysis
version 2.0 beta 1, The Biomedical Signals Analysis Group)
where any remaining artifacts or ectopic heart beats can be
removed and the final 2 minutes of recording analyzed for the
HRV time domain variable of interest (root mean square of
successive differences).

Allostatic Load
Blood will be taken after fasting to collect data on insulin and
glucose, total cholesterol and high-density lipoprotein (HDL)
(so we can calculate low-density lipoprotein [LDL]), C-reactive
protein (CRP), and adrenaline and noradrenaline. These
measures cover both the primary mediators and secondary
outcomes of the AL. Other measures used to calculate AL will
include HR variability, BMI, waist girth, and blood pressure.

The AL index will be calculated by determining whether, for
each participant, their variables are in the healthy zone (coded
0) or the unhealthy zone (coded 1) and then summed to provide
a composite AL index. Some variables will be coded based on
clinical cut points; the remaining variables that do not have
accepted clinical cut points will be analyzed by calculating the
upper 25th percentile (code 1), except HRV where the lowest
quartile will indicate risk (code 1). The following criteria will
be used to determine the risk zones based on previous studies
or published guidelines:

• BMI >30 kg/m2 = 1
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• Waist circumference >94 cm (men) and >80 cm (women)
= 1

• Fasting lipid profile:
• Total cholesterol ≥5.2 mmol/L=1
• HDL <1.00 mmol/L=1
• LDL ≥3.4 mmol/L=1

• Fasting glucose >5.5 mmol/L=1
• Systolic blood pressure ≥140 mm Hg or diastolic blood

pressure ≥90 mm Hg = 1
• CRP >3.00 mg/L (cardiovascular risk cut point) = 1
• Adrenaline (highest quartile) = 1
• Noradrenaline (highest quartile) = 1
• HRV (lowest quartile) = 1

Prescribed medication will be taken into account so that an
individual is given the value 1 (indicating health risk) for
diastolic and systolic blood pressure if they used blood pressure
lowering medication and for HDL cholesterol if they used lipid
lowering medication. The maximum value AL=12, minimum=0.

Diet Diary
A pen-and-paper 3-day food diary will be completed capturing
all food and drink consumed during the dates including sweets,
snacks, nibbles, sauces and dressings, water and supplements
(vitamins). The diet data will be analyzed using the FoodWorks
software (Xyris).

Body Temperature
Body temperature will be measured using an electric
thermometer. This will be measured to assess if there is an acute
inflammatory response (fever). In addition, participant will also
be asked to self-report presence of acute infection during testing
periods.

Karnofsky Scale
The Karnofsky Scale [25] is used to assess the current abilities
of the participant based on a numerical scale from 0 to 100.
These scales allow a quick assessment of the participant’s
function.

Chalder Fatigue Scale
The Chalder Fatigue Scale [28] is one of the most widely used
measures for assessing physical and mental symptomatic fatigue
experienced by ME/CFS patients. Four response options are
available, ranging from “less than usual” to “much more than
usual.” The Likert system for scoring was used (0, 1, 2, 3), with
a total possible score ranging from 0 to 33. A higher score
indicates more fatigue.

Cognitive Failure Questionnaire
The Cognitive Failure Questionnaire [29] assesses self-reported
deficits in attention, perception, memory, and motor functioning.
The questionnaire measures the frequency of everyday cognitive
failures or lapses by asking participants to rate how often they
make mistakes on a 5-point Likert scale, from 0 (never) to 4
(very often). The instrument produces a global “cognitive
complaints” score (ranging from 0-100), with higher scores
indicating more cognitive failures.

Pittsburgh Sleep Quality Index
The Pittsburgh Sleep Quality Index [30] is commonly used to
collect data regarding subjective sleep quality, sleep latency,
sleep duration, habitual sleep efficiency, sleep disturbances, use
of sleep medication, and daytime dysfunction. The seven
component scores are rated from 0 to 3, with 0 being no
difficulty and 3 indicating severe difficulty. The composite
score of the 7 subscale scores provides a global score ranging
from 0 to 21, where higher numbers indicated poorer sleep
quality.

Short Form 36 Questionnaire
The Short Form Health Survey [31] is a 36-item patient-reported
survey of patient health commonly used as a measure of quality
of life. The questionnaire was developed at RAND Health as
part of the medical Outcomes Study.

Cambridge Neuropsychological Test Automated Battery
Cognitive performance will be assessed at each visit using 8
well-validated tests assessing reaction time, attention, memory,
and executive function from the Cambridge Cognition, suitable
for people living with ME/CFS. Tests include motor training,
simple and 5-choice reaction time, spatial working memory,
pattern recognition memory immediate and delayed, one touch
stockings of Cambridge, attention switching task, and rapid
visual processing. The order that tests are delivered has been
determined with key experts in cognitive testing at Cambridge
Cognition so longer tests are separated with shorter tests. This
will ensure adequate breaks between testing occur. All testing
is automated on a tablet to reduce administration error between
participants. Furthermore, testing will take place in a small quiet
clinic room with a bed available if participant needs to lie down
and rest for administration or in between tests. Snacks and water
will be available to participants throughout the cognitive testing.

Adverse Events
A comprehensive adverse events reporting protocol has been
developed for this study based on the stakeholder group
feedback and previous literature. An adverse event (AE) will
be defined as “any clinical change, disease, or disorder
experienced by the participant during their participation in the
trial, whether or not considered related to the intervention
studied in the trial.”

AE data will collected (1) during every preplanned phone
contact between the participant and the research assistant, (2)
if the participant contacts the research assistant to report an AE,
and (3) during the 3 testing sessions (baseline, 6 months, and
12 months). Questions will be asked about the following 3
categories to encourage the participant to report AEs: any new
comorbid medical conditions reported if not previously reported
at baseline, any events for which the participant consulted their
general practitioner or other medical advisor or took medication,
any other events that might have affected the health status of
the participant (eg, increased work stress).

The research assistant will have knowledge of participant
allocation (ie, control or active intervention group) and as such
will be able to use any AE data reported to provide activity
counseling and advice regarding the intervention. If an AE is
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reported, participants will be asked whether they consider the
event to be directly caused by the intervention.

A serious adverse event (SAE) will be defined as one of the
following outcomes:

• Death
• Threat to life (ie, an immediate, not hypothetical, risk of

death at the time of the event)
• Required hospitalization except for elective treatment of a

preexisting condition
• Increased severity and persistent disability, defined as (1)

severe (ie, significant) deterioration in the participant’s
ability to carry out their important activities of daily living
(eg, employed person no longer able to work, caregiver no
longer able to give care, ambulant participant becoming
bed bound) and (2) symptom and disability persistent (ie,
of at least 4 weeks continuous duration)

• Any other important medical condition which, though not
included in the above, might require medical or surgical
intervention to prevent one of the outcomes listed

For any AE established as serious, a medical specialist member
of the stakeholder advisory group will be asked to establish
whether or not the event was a serious adverse reaction based
on treatment allocation information. A serious adverse reaction
will be considered to be a reaction to the trial. Both medical
specialist and participant attribution will be reported.

A nonserious adverse event (NSAE) will be any health event
that was not categorized as an serious AE or serious adverse
reaction. NSAEs will be rated as mild, moderate, or severe by
both the participant (at the time of reporting) and a medical
specialist. The duration of any increases in severity or disability
from these events will also be recorded.

Each NSAE will be ascribed a body system (gastroenterological,
neurological, etc) by a health practitioner team member. NSAEs
attributed to ME/CFS (ie, considered to be a symptom of
ME/CFS) will be put into a separate category. To monitor
disability, each time the research assistant calls a participant
they will be requested to self-report their disability on the
Karnofsky disability scale.

Testing Considerations
All equipment and testing facilities will be perfume-free (or as
low as possible) as many people with ME/CFS also report
multiple chemical sensitivities. Testing facilities will provide
footstools and beds to rest. Rest periods will be provided at the
request of the participant during the testing sessions to reduce
fatigue. Paper questionnaires can be sent home with participants
to be completed at their own time and mailed back to spread
the effort. Cambridge Neuropsychological Test Automated
Battery testing can be paused at one point to allow a rest period.
Breakfast/food will be provided after the fasting bloods have
been taken.

Analysis Plan
Exit questionnaires will be audiorecorded, transcribed verbatim,
and sent back to participants for member checking. Themes will
be extracted and summarized from interview transcripts.

Analysis of continuous data to assess preliminary evidence of
benefit will include examination of mean differences and
confidence intervals ranging from 75% to 95%. Regression
analysis will be used to explore preliminary evidence of a
relationship between allostatic load and physical activity. The
alpha level will be set at 0.2, an appropriate level for a pilot
studies [32]. Categorical questionnaire data will be analyzed
using chi-square analysis. As this study is a pilot study, any
inferential statistics will be purely exploratory (ie, not powered
to detect statistical differences).

Results

A 6-month extensive consultative protocol development phase
has been completed; 3 comprehensive rounds of protocol topics,
comments, and plans for amendment occurred.

The first round focused on the following general topics:
inclusion criteria, time frame between effort testing and
intervention commencement, time and frequency of assessment,
and the inclusion of continuous HR data collection. The
Karnofsky Scale and alternative disability scales were discussed.
The second round included discussion on the following broad
topics: design modification to 3-arm trial, symptom history data
collection, and the pacing and physical activity protocol. The
third round involved discussion on the following topics: AEs
protocol, adherence diary, and clarification of maximal and
submaximal effort test procedures.

Virtual meetings allowed for interactive group discussion, and
consensus was reached on all aspects of the protocol. All
members of the stakeholder advisory group have endorsed the
current protocol. Enrollment began in January 2017; as of
publication, 12 participants were enrolled. Baseline testing is
scheduled to commence in mid-2017.

Discussion

Summary
The proposed research will fill gaps in the existing literature by
(1) providing only the second known study of
symptom-contingent pacing as a strategy to increase physical
activity in adults with ME/CFS, (2) providing the first data on
feasibility and acceptability of using active video games as a
strategy to increase physical activity in people with ME/CFS,
and (3) providing longitudinal data regarding the relationship
between allostatic load and physical activity in people living
with ME/CFS.

Adults living with ME/CFS often suffer orthostatic intolerance,
and as such, a physical activity modality that can be achieved
in a sitting or reclining position is advantageous. In addition,
many people living with ME/CFS report short bouts of activity
to be easier to manage, hence an activity modality that allows
short bouts of several minutes to then allows adequate rest
addresses the consumer requirements. Active video games such
as Nintendo WiiFit and Xbox Kinect have been demonstrated
to demand low to moderate levels of physical activity in the
elderly, even when sitting [18]. So playing these games while
sitting/reclining/lying can still be useful. Active video gaming
has been shown to be feasible and acceptable to other chronic
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health populations such as those with cerebral palsy and stroke
and is commonly played sitting in these populations [17].

Evidence suggests active video gaming can improve the health
and well-being of people with a variety of chronic and
debilitating health conditions [17]. Despite the evidence to
suggest active video gaming as effective and relevant, no studies
have investigated the effect, feasibility, or acceptability of active
video gaming in adults with ME/CFS.

Conclusion
The results of this trial will provide the feasibility and
acceptability data to suggest whether active video gaming can
be pursued as a strategy to help people living with ME/CFS
overcome physical inactivity. The pilot study will provide
important data to guide future effectiveness trials and is intended
to deliver safe, effective, evidence-based, consumer-driven
physical activity interventions to the ME/CFS community.
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Abstract

Background: Depressive symptoms are common in people with type 2 diabetes and contribute to adverse health consequences
that substantially impact social and vocational function. Despite the existence of effective depression treatments, the majority of
people with type 2 diabetes do not access these when needed. Web-based alternatives to more traditional psychotherapies offer
a potential solution to reducing the personal and economic burdens of type 2 diabetes.

Objective: This paper outlines the protocol for a randomized controlled trial (RCT) of myCompass, a Web-based public health
psychotherapy intervention, in people with type 2 diabetes. Fully automated, interactive, and delivered via the Internet without
clinician support, myCompass teaches cognitive behavioral therapy-based skills and supports symptom monitoring to improve
daily functioning and reduce mild-to-moderate mental health symptoms.

Methods: A two-arm RCT will be conducted. People with type 2 diabetes and mild-to-moderately severe depressive symptoms
will be recruited from the community and general practice settings. Screening and enrollment is via an open-access website.
Participants will be randomized to use either myCompass or an active placebo program for 8 weeks, followed by a 4-week
tailing-off period. The placebo program is matched to myCompass on mode of delivery, interactivity, and duration. Outcomes
will be assessed at baseline and at 3-month, 6-month, and 12-month follow-up. The primary study outcome is work and social
functioning. Secondary study outcomes include depressive and anxious symptoms, diabetes-related distress, self-care behaviors,
and glycemic control.

Results: Nationwide recruitment is currently underway with the aim of recruiting 600 people with type 2 diabetes. Recruitment
will continue until October 2017.

Conclusions: This is the first known trial of a Web-based psychotherapy program that is not diabetes specific for improving
social and vocational function in people with type 2 diabetes and mild-to-moderately severe depressive symptoms. With the
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increasing prevalence of type 2 diabetes and depression, a potentially scalable public health intervention could play a very large
role in reducing unmet mental health need and ameliorating the personal and societal impact of illness comorbidity.

Trial Registration: Australian New Zealand Clinical Trials Registry (ANZCTR) Number: ACTRN12615000931572;
https://www.anzctr.org.au/Trial/Registration/TrialReview.aspx?id=368109 (Archived by WebCite at http://www.webcitation.org/
6rh3imVMh)

(JMIR Res Protoc 2017;6(8):e145)   doi:10.2196/resprot.7348

KEYWORDS

type 2 diabetes; depression; Web-based intervention

Introduction

Background
Type 2 diabetes is a common chronic and disabling disease and
a major contributor to global disease burden [1]. Depression is
frequently comorbid with type 2 diabetes and contributes
independently to a range of adverse health outcomes that
substantially compromise social and vocational functioning.
These include greater diabetes symptom burden, poorer
self-care, and increased risk of micro- and macrovascular
complications and mortality [2]. In addition, the economic
impact of disease comorbidity is considerable with functional
disability, functional dependence, workplace productivity losses,
health service use, and health care costs higher for people with
both conditions than those with diabetes alone [2,3].

Research supports a bidirectional relationship between type 2
diabetes and depression [4]. Findings supporting increased risk
of type 2 diabetes in people with depression [5] are generally
explained with reference to physiological (eg, hypothalamic-
pituitary-adrenal axis dysfunction [6]), motivational (eg, poorer
self-care, adiposity, and inactivity [6,7]), and/or pharmacologic
(eg, impact of antidepressant medication on glycemic control
[5]) factors. At the same time, increased risk of depression in
people with type 2 diabetes is generally attributed to the
emotional burden of living with a complex and demanding
disease that often intrudes into normal lifestyle [8]. The
likelihood of a reciprocal relationship between type 2 diabetes
and depression makes the personal and societal impact of illness
comorbidity potentially immeasurable [4].

Despite the existence of evidence-based therapies for depression
in diabetes, including cognitive behavioral therapy (CBT) and
antidepressant medication, upward of 60% of people with
comorbid conditions do not receive mental health treatment [9].
In the primary health care setting, where most people with type
2 diabetes access medical treatment, low screening rates mean
that depressive symptoms are often missed [9] and only a
minority of patients who screen positive accept a referral for
face-to-face support [10]. At the same time, personal, social,
and structural barriers to seeking help—including privacy
concerns and stigma, lack of support and poor relationships
with health care providers, time and lifestyle constraints,
financial cost, and lack of service availability—compromise
access to satisfactory mental health care for many patients
[11,12]. There is considerable opportunity, therefore, to reduce
the personal and societal burden of illness by facilitating greater

access to more flexible and cost-efficient mental health
treatments for this patient group.

Internet delivery of evidence-based psychological therapies is
a popular, clinically effective, and cost-effective means of
increasing treatment reach; a small number of Web-based
diabetes-specific interventions that directly target depression
have been evaluated [13]. These include van Bastelaar et al’s
[14] adaptation of Lewinsohn’s Coping with Depression
Program and Nobis et al’s [15] application of systematic
behavioral activation and problem-solving therapy (ie,
GesundheitsTraining.Online Mood Enhancer Diabetes [GET.ON
MED]). Findings from these studies establish the symptom
benefits of Internet-delivered self-help for diabetes patients with
clinically relevant levels of depressive symptomatology.
However, subthreshold depression is more prevalent in type 2
diabetes than clinical depression and is associated with increased
functional limitation and disability, including reduced social
and vocational performance [16,17]. As such, the effectiveness
of electronically delivered psychotherapy as a treatment
approach for type 2 patients with mild-to-moderate depressive
symptoms also warrants rigorous scientific attention.

Proudfoot et al [18] have previously published controlled data
showing that mild-to-moderate mental health symptoms—
including symptoms of depression, anxiety, and stress—are
reduced following use of the broadly available Web-based
program, myCompass, with treatment benefits extending to
work and social functioning. More recently, in an uncontrolled
pilot study, myCompass showed promise as an acceptable and
effective treatment for depression and functional disability in
people with type 1 and type 2 diabetes [19]. myCompass differs
from the interventions described in van Bastelaar et al [14] and
Nobis et al [15] in that it is a fully automated (ie, no therapist
input) public health program that is generic in its therapeutic
content (ie, not diabetes sensitive). An intervention approach
that is capable of treating depressive symptoms without
disease-specific modification is potentially a more efficient and
accessible alternative to meeting the unmet mental health needs
of people with type 2 diabetes. Generic skills may also assist
the increasing number of individuals experiencing
multi-morbidity, for whom depression co-occurs with somatic
symptoms of multiple illnesses (eg, diabetes, heart disease,
hypertension, and kidney disease) [20,21]. From a primary care
perspective, a public health program may have important
pragmatic advantages in the primary care setting, where time
pressures often impede dissemination of, and prohibit
practitioner training in, multiple disease-specific tools, and
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where treatment of multi-morbidity and undifferentiated physical
and mental health symptoms is particularly relevant.

Objectives
This paper was prepared using the Standard Protocol Items:
Recommendations for Interventional Trials (SPIRIT) guidance
for presenting clinical trial protocols [22] and the Consolidated
Standards of Reporting Trials of Electronic and Mobile HEalth
Applications and onLine TeleHealth (CONSORT-EHEALTH)
checklist [23]. The paper describes a randomized controlled
trial (RCT) of the Web-based intervention, myCompass, in
patients with comorbid type 2 diabetes and mild-to-moderately
severe depressive symptoms. The primary aim of this RCT,
called SpringboarD, is to determine whether treatment with
myCompass improves work and social function for people with
type 2 diabetes and mild-to-moderate depressive symptoms. As
functional disability predicts further functional deterioration,
functional dependence, and increased use of health services and
health care costs [16], depression treatments that improve work
and social functioning may substantially reduce the personal
and economic burden of comorbid depression and type 2
diabetes. Specifically, we hypothesize that the intervention
group will show significant improvement in self-reported
functioning socially and in the workplace compared with a
placebo-controlled condition.

Our secondary aim is to evaluate the impact of myCompass on
a range of symptom- and disease-related variables known to
impact a patient’s disease management and blood glucose
control. Specifically, in addition to depressive symptoms, we
will examine whether myCompass is more effective than a
placebo condition in improving anxiety symptoms and
diabetes-related distress. Defined as a person’s emotional
adjustment to the chronic stressors specific to diabetes,
diabetes-related distress is of particular interest due to its greater
prevalence and potential role in mediating the relationship
between depression and glycemic control [24]. While we have
preliminary evidence suggesting that diabetes-related distress
may improve following treatment with myCompass [19],
replication of this finding in a controlled study is required.

Trial Design
The study is designed as a two-arm individually randomized
RCT and is conducted entirely online. Participants allocated to
the intervention group have full access to the myCompass
program for 8 weeks, followed by a 4-week tailing-off period
to facilitate maintenance. Participants randomized to the control
group have access to a placebo Internet-delivered program that
is matched to myCompass on mode and duration of delivery
and interactivity, but is void of therapeutic content. Participants
in both groups have uninterrupted access to treatment as usual
for their diabetes during the study.

Methods

Participants, Interventions, and Outcomes

Study Setting
The setting for this study is Australia. An estimated 1 million
Australian adults—5% of the population—had self-reported

type 2 diabetes in September 2016, and rates are similar across
metropolitan, regional, and remote areas [25].

Eligibility Criteria
This study focuses on adults with type 2 diabetes and
mild-to-moderately severe depressive symptoms. People are
eligible to take part if they are aged 18-75 years, screen positive
for depression on the 2-item Patient Health Questionnaire
(PHQ-2) (ie, score ≥2) [26], and have access to an
Internet-enabled device (eg, computer, tablet, and/or mobile
phone). People who screen positive for depression complete
the full 9-item Patient Health Questionnaire (PHQ-9) at
screening so that the level of symptom severity can be
determined.

Exclusion criteria include inability to read English with ease,
severe depressive symptoms on the full PHQ-9 (ie, score >19),
probable psychosis as measured by the psychosis screener
developed for the Australian National Mental Health and
Wellbeing Survey [27], currently receiving face-to-face
counseling or therapy for depression, changed antidepressant
medication in the previous 2 months, high suicide risk as
assessed by item 9 of the PHQ-9, and previous use of the
myCompass program.

Interventions

Active Intervention

The active intervention, myCompass [28], is a fully automated,
self-help, public health intervention that is tailored to the user
and has no therapist involvement in its delivery. Program
tailoring occurs via users’ responses to a symptom profiler
completed at registration. In-built algorithms target the user’s
most salient symptoms and provide recommendations about the
symptoms and/or behaviors they might consider monitoring
and the treatment modules likely to be of greatest therapeutic
benefit. There is flexibility, however, for users to choose their
own set of self-monitoring dimensions and treatment modules
(see Figures 1-4).

Self-monitoring of symptoms and lifestyle factors occurs in real
time via mobile (eg, phone or tablet) and stationary (eg, desktop
computer) devices. Users can self-monitor up to three symptoms
and behaviors of their choice at any one time—selected from a
list of 20—or three that are recommended to them by the
program. Each symptom is rated on a 10-point scale. At the
time of rating, users also provide contextual information about
where they are, what they are doing, and who they are with
using a series of drop-down menus. Users can schedule short
message service (SMS) text message or email reminders to
facilitate self-monitoring—frequency of reminders is determined
by the user; receive and print graphical feedback about their
monitoring, including contextual information, on their phone
or computer to monitor change and assist identification of
triggers; and elect to receive helpful facts, mental health care
tips, or motivational statements by SMS text message or email.

myCompass treatment modules were developed by mental health
professionals at the Black Dog Institute in Sydney, Australia.
The program contains 14 skill-building modules derived from
CBT, interpersonal psychotherapy, problem-solving therapy,
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and positive psychology that are interactive and available for
completion on computer and tablet devices. Module content
covers topics such as Managing Fear and Anxiety, Tackling
Unhelpful Thinking, Managing Loss and Major Life Change,
and Solving Problems. Each module comprises three 10-minute
sessions and includes home practice tasks for completion
between the weekly sessions to promote skill generalization.
The module targeting stress in diabetes has been deactivated
for trial participants, to ensure that the intervention is a generic
public health program. Participants are encouraged to complete
at least three modules during the intervention period, during
their own time.

User privacy is managed by a password-protected log-on and
by ensuring that user-generated data (ie, self-monitoring ratings)
are not stored on the user’s phone, but are instead transferred
via the Internet using Secure Sockets Layer protocol, which
encrypts transmitted data by rendering it unreadable to anyone

other than the intended recipient, and by storing the data in
secure servers. The data is reidentifiable only with the list of
study participant codes, to which only the named researchers
will have access and which will be stored in a
password-protected file separate from the study data. Registering
to use myCompass is free and users are not billed for the SMS
text messages they receive.

Participants randomized to myCompass have access to the full
program for 8 weeks, followed by a 4-week tailing-off period
during which only the symptom-monitoring function will be
accessible. Research has shown that adherence with online
interventions is improved when users receive program feedback
that is personalized in its content [29]. For this reason,
myCompass users receive automated personalized feedback via
email about their use of the program’s self-monitoring and
module functions at fixed intervals (ie, weeks 1, 3, 5, and 7).

Figure 1. Screenshot of myCompass landing page.
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Figure 2. Screenshot of myCompass self-monitoring page.
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Figure 3. Screenshot of a page from the myCompass module Tackling Unhelpful Thinking.

Figure 4. Screenshot of myCompass graphical feedback.

JMIR Res Protoc 2017 | vol. 6 | iss. 8 |e145 | p.21http://www.researchprotocols.org/2017/8/e145/
(page number not for citation purposes)

Proudfoot et alJMIR RESEARCH PROTOCOLS

XSL•FO
RenderX

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


Placebo Intervention

The placebo program, Healthy Lifestyles, was adapted from a
control program used in previous studies by members of the
research team. Like myCompass, the program offers users
program tailoring at the outset, followed by access to a range
of interactive modules containing health- and lifestyle-related
information, including skin care and eye health. It contains no
therapeutic content, has high face validity as a health and
lifestyle intervention, and has previously shown no symptom

impact [30]. Participants have full access to the placebo
condition for 8 weeks, plus a 4-week tailing-off period (see
Figures 5-7).

To further replicate the interactivity of myCompass, users of
the placebo program receive an email at weeks 1, 3, 5, and 7
containing a brief reminder to log into the program, but no
feedback about their use of the program. They also receive a
weekly email containing a factual statement about a health or
lifestyle issue.

Figure 5. Screenshot of landing page for placebo program, Healthy Lifestyles.

Figure 6. Page from the Healthy Lifestyles module, The Skin You Live In.
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Figure 7. Sample interactive task from the Healthy Lifestyles module.

Table 1. Assessments completed at assessment phases.

Assessment phaseAssessments

T4dT3cT2bT1a

Baseline

XDemographic data

XXXXDisease/treatment data

XMental health history

XXXXWork and Social Adjustment Scale [31]Primary outcome

Secondary outcomes

XXXXPatient Health Questionnaire-9 [26]

XXXXDiabetes Distress Scale [32]

XXXXGeneralized Anxiety Disorder Scale [33]

XXXXSelf-Management Profile for Type 2 Diabetes Scale (behavior items only) [34]

XXXGlycosylated hemoglobin (HbA1c)

XXXXDays out of role [35]

XXXXHealth service utilization

aT1: baseline assessment and allocation to intervention or placebo group.
bT2: completion of intervention period and online postintervention assessment.
cT3: completion of 6-month follow-up assessment.
dT4: completion of 12-month follow-up assessment.

Outcomes
A summary of assessments completed online by participants at
baseline, postintervention, and follow-up is presented in Table
1 [26,31-35].

The primary outcome is work and social functioning, which is
measured by the Work and Social Adjustment Scale (WSAS)
[31]. The WSAS is a psychometrically sound measure of the
impact of mental health problems on daily functioning in five

domains: work, social leisure activities, private leisure activities,
home management, and personal relationships [31,36]. Scores
range from 0 to 40, with higher scores indicating poorer
adjustment.

Secondary outcomes include the PHQ-9, the Diabetes Distress
Scale [32], the 7-item Generalized Anxiety Scale [33], and the
Self-Management Profile for Type 2 Diabetes Scale [34].

At baseline and again at 6- and 12-month follow-up,
glycosylated hemoglobin (HbA1c) data will also be collected
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from participants’ medical records, with their consent. The
HbA1c test is a blood test showing a person's average blood
glucose level over the previous 3 months and is measured as
part of routine clinical care to monitor long-term blood sugar
control in people with diabetes. In all cases, the most recent
result will be obtained.

Additional measurements include collection of disease-related
data (eg, age of onset and treatment regimen), sociodemographic
data (eg, age, gender, education, and occupation), and mental
health history data (eg, service use and previous diagnoses) at
baseline. Service utilization and supports, including medication,
received for problems related to mental health and diabetes are
also assessed at each assessment point. Days out of role are
measured using an item from the World Health Organization
Disability Assessment Schedule that asks people to note the
number of days in the previous 30 that they were completely
unable to perform their work or normal activities because of
problems with their physical or mental health [35].

At the conclusion of the trial, data indicating the extent of
participant engagement with myCompass will be extracted from
the program, including frequency of log-ins, number of modules
started and completed, and self-monitoring frequency.

Participant Timeline
Participant consent, screening, and assessment takes place online
via a secure study-specific website [37]. After providing
informed consent, potential participants complete the online
screening tool to determine eligibility. Unsuitable candidates
receive automated feedback explaining the reason for their
ineligibility; details of crisis supports and other self-help and
face-to-face resources are provided to individuals, as
appropriate.

Eligible candidates are registered in a secure Web-based
platform where they complete the baseline questionnaire and
are immediately allocated randomly to either the intervention
program or control program for a period of 12 weeks.
Subsequent assessment points coincide for both groups at

postintervention (12 weeks) as well as 6 and 12 months after
randomization (see Figure 8).

Sample Size
The primary study outcome is work and social functioning,
which is measured by the WSAS [31]. In a previous study
comparing myCompass with an active control intervention,
Proudfoot et al [18] obtained an average between-group effect
size—based on estimated marginal means—of Cohen d=0.3 for
work and social functioning. We calculated the sample size for
this study using a series of t tests (cross-sectional comparison
of arms) with alpha=.05 and desired power=80%. The sample
size required was N=350 (175 per arm).

We cross-checked the sample size calculation using a reduction
of 5 points on our secondary outcome, the PHQ-9, and got a
similar outcome. A 5-point reduction on the PHQ-9 is
considered an adequate treatment response [26].

Previous studies indicate attrition rates of approximately 40%
in eHealth studies, generally [38]. As such, we aim to recruit
300 participants in each arm of the study (ie, 600 in total) for
sufficient statistical power for completer analyses.

Recruitment
Study participants are being recruited via promotional materials
distributed in general practice settings in New South Wales and
Victoria—where the majority of Australians with type 2 diabetes
reside—and disseminated nationally via print advertisements;
social media posts, including Facebook and Twitter; clinical
research registries; and other publicity channels of state and
local diabetes stakeholder groups and the Black Dog Institute.

Promotional materials invite interested candidates to visit the
SpringboarD Project website [37] to provide consent and
complete the screening tool. The recruitment message for the
study focuses on learning new ways to deal with stress and
distress and live active and emotionally healthier lives with type
2 diabetes. Recruitment has commenced and will continue until
October 2017 or until our sample target is reached.
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Figure 8. SpringboarD participant flow diagram.

Assignment of Interventions

Allocation
We are using computerized blocked randomization with blocks
of eight to assign participants to the two treatment conditions.
Randomization to the intervention and placebo program occurs
immediately after a participant completes the baseline measures
using an automated system built into the study software. In this
way, the allocation sequence is applied without the researchers’
knowledge.

Blinding
The placebo program has been developed to replicate the mode
of delivery, interactivity, and duration of myCompass and
participants in each group will be treated equally by the research
team. It is not possible, however, to assume that participants

will remain blind to study allocation during the intervention
and follow-up periods.

Data Collection, Management, and Analysis

Data Collection
The majority of primary and secondary outcome data is being
collected electronically via standardized self-report
questionnaires that are completed by logging into the
SpringboarD study website (described above). At each
assessment point, the website sends a unique link to the study
questionnaire via email. Questionnaire data is maintained on a
secure server at the University of New South Wales (UNSW)
Sydney and is downloaded periodically for storage in a
password-protected data file accessible by two project personnel
(JC and SS). HbA1c data is collected from each participant’s
general practitioner (GP) via phone, mail, and/or facsimile.
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Retention
Participant attrition is a major concern in studies of unguided
interventions [38]. To facilitate trial retention, we are utilizing
a combination of strategies covering various themes that have
been used with success in previous studies. First, a systematic
schedule of push messages, including personalized email and
telephone prompts and reminders, is being implemented to
motivate questionnaire completion at each of the
postintervention and follow-up assessments [39]. Second, Aus
$30 gift vouchers are provided to participants who return
completed questionnaires at each time point to compensate them
for the time and effort they have expended [40]. Third, a sense
of project identity is maintained by using a study logo and design
template (ie, set fonts, formatting, and colors) to create the
SpringboarD brand, and by distributing quarterly newsletters
to participants to update them on trial progress [41]. Finally, a
phone call from the research team within a week of registration
provides participants a minimum level of human contact and
the team an opportunity to express thanks, provide
encouragement, and confirm personal details [42].

Statistical Analysis
Participants in the intervention and control groups will be
compared at baseline using chi-square tests for categorical data
and t tests for continuous data to assess randomization success.
Treatment effects on primary and secondary outcomes will be
evaluated by intention-to-treat analysis using mixed-models
repeated measures (MMRM). In MMRM, no participant is
removed from the analysis because all available data are used
to obtain parameter estimates. Effect size will be measured using
Cohen d. For all outcome measures, within- and between-group
differences will be standardized to Cohen d using the pooled
standard deviation of the observed scores obtained at baseline.
We plan to analyze contrasts between intervention and control
groups at postintervention and at 3-month, 6-month, and
12-month follow-up.

Supplementary analyses will use data for completers and will
also investigate whether there are any differences by recruitment
source, duration of diabetes, and presence of comorbid
conditions.

Monitoring
The integrity of the trial, including data collection and
monitoring, trial progress, adverse events, and compliance with
UNSW Sydney Human Research Ethics Committee (HREC)
reporting procedures, is overseen by the Steering Committee
consisting of the chief (JP) and associate investigators. The
Steering Committee will meet biannually over the lifespan of
the project. Adverse events may include unfavorable changes
to mental health or diabetes control and may be related or
unrelated to the study. As the study does not impact routine
diabetes care and is examining the effect of an evidence-based
intervention for people with mild-to-moderately severe
depression (ie, serious mental illness is an exclusion criteria),
no serious adverse events are anticipated and no interim analyses
are planned.

Ethics and Dissemination

Research Ethics Approval
The SpringboarD study protocol and materials have been
approved by the HREC at UNSW Sydney and registered with
the Australia and New Zealand Clinical Trials Register
(ACTRN12615000931572). Annual reports and substantive
amendments to this protocol will be submitted to the HREC for
approval by the chief investigator. The study coordinator (JC)
is responsible for communicating protocol changes to relevant
stakeholders, including the Australian New Zealand Clinical
Trials Registry.

Consent or Assent
Information about the study is provided on the SpringboarD
project website; individuals can choose to read the information
online or download a PDF to keep. Consent is obtained online
in a two-stage process. First, individuals consent to the study
by checking a box at the end of the study information page and
progressing to the page containing the eligibility screen. Eligible
individuals are then provided the option of registering an account
with the study website (ie, username and password); those who
opt not to register are also considered to have not consented to
the trial.

Participants consent to the project team informing their treating
GP of his or her involvement in the study to facilitate HbA1c
data collection; they also provide a point of emergency contact
should a participant score in the severely distressed range of
the PHQ-9 (ie, score >19) or be at risk of self-harm (ie, score
3 on item 9 of the PHQ-9) at any assessment point. GPs are
informed by mail within 2 weeks of their patient’s enrolment,
at which time they are requested to inform the research team if
a diagnosis of type 2 diabetes has not been given.

Confidentiality
The eligibility screen is conducted anonymously such that no
personal information about potential participants is collected.
Only eligible individuals provide identifying information that
is downloaded and stored separately from study data in a
password-protected file.

Ancillary and Posttrial Care
At the conclusion of the trial, the active intervention will be
made available to all participants in the control group.

Results

Nationwide recruitment is currently underway with the aim of
recruiting 600 people with type 2 diabetes. Recruitment will
continue until October 2017.

Discussion

Principal Findings
Treatment of depressive symptoms in people with type 2
diabetes might help to improve short- and long-term social and
vocational functioning. Internet-delivered psychotherapy is an
effective treatment for depression in people with type 2 diabetes;
however, few studies have focused on mild-to-moderately severe
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depressive symptoms where treatment need in diabetes patients
is greatest. Rarely has social and vocational function been
evaluated in studies of online depression treatments in type 2
diabetes; the effectiveness of a generic Internet-based program
has not been studied in this patient group. This study will shed
light on whether an Internet-delivered public health program
has the potential to reduce unmet treatment need and lessen the
personal and societal impact of mild-to-moderately severe
depressive symptoms within the context of type 2 diabetes.

Limitations
Trials of self-guided interventions frequently report high rates
of attrition, including study dropout (ie, questionnaire
noncompletion) and/or disengagement from the program [38].
Study attrition introduces selection bias and potential
misrepresentation of treatment effects. To reduce the impact of
actual participant dropout, we will recruit a substantially larger
sample than is required on the basis of our sample size
calculation. To minimize potential study dropout, we will utilize
a combination of strategies that have been shown to positively
impact retention in previous trials, including email and telephone
prompts and reminders [39], recompense for questionnaire
completion [40], and activities aimed at keeping the study “front
of mind” and engaging for older participants [41,43]. In addition,
so that questionnaire completion is not contingent upon program
use, participants will access the study questionnaire outside the
intervention (ie, via a link sent to a nominated email account).

To maximize program use, automated program reminders will
be sent by email to participants at biweekly intervals [29].

Volunteer bias is another possible weakness of this study, as
our recruitment techniques may yield a sample that is healthier
[44] and more highly motivated to learn new skills and engage
with self-guided therapy. Problems occur, for example, if
participation in our study is reflective of better health and a
broader personal commitment to self-improvement of diabetes
outcomes and daily functioning, as this is likely to result in
within-group changes that are larger than for a less motivated
and more representative sample of type 2 diabetes patients.
However, since myCompass is broadly available for self-referral
and use whenever and wherever people choose, the recruitment
processes are consistent with both the self-help nature of the
intervention and its eventual use in the type 2 diabetes
population.

Conclusions
The personal and economic costs of comorbid type 2 diabetes
and depressive symptoms are substantial. However, the
development of Internet-delivered interventions offers a
potential solution to mitigate these impacts [13-15]. myCompass
is a broadly available and efficacious public health intervention
that can be delivered at minimal cost [45]. It therefore presents
itself as a potentially effective and timely option for reducing
unmet mental health need and ameliorating the personal and
societal impact of co-occurring depression and type 2 diabetes.
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Abstract

Background: Acute gastroenteritis (AGE) is one of the most common diseases among children. Oral rehydration therapy is the
key treatment. However, despite proven efficacy, it remains underused. This is because oral rehydration solution neither reduces
the frequency of bowel movements and fluid loss nor shortens the duration of illness. Hence, there is interest in adjunctive
treatments. According to the 2014 guidelines developed by the European Society for Paediatric Gastroenterology, Hepatology
and Nutrition, the use of the following probiotics may be considered in the management of children with AGE in addition to
rehydration therapy: Lactobacillus rhamnosus GG (low quality of evidence; strong recommendation) and Saccharomyces boulardii
(low quality of evidence; strong recommendation). Less compelling evidence is available for Lactobacillus reuteri DSM 17938
(very low quality of evidence; weak recommendation).

Objective: Considering that evidence on L reuteri remains limited, the goal of the study is to assess the effectiveness of L reuteri
DSM 17938 in the treatment of AGE in children. Children vaccinated and not vaccinated against rotavirus will be evaluated
separately.

Methods: This will be a double-blind, placebo-controlled, randomized trial. Children between 1 and 60 months of age with
AGE, defined as a change in stool consistency to loose or liquid form (according to the Bristol Stool Form scale or Amsterdam
Stool Form scale) and/or an increase in the frequency of evacuations (typically ≥3 in 24 h) lasting for no longer than 5 days, will

be recruited. A total of 72 children will receive either L reuteri DSM 17938 at a dose of 2×108colony-forming units twice daily
or matching placebo for 5 consecutive days. A similar sample size for rotavirus vaccinated and nonvaccinated children is planned.
The primary outcome measure is the duration of diarrhea. Two separate studies and reports for rotavirus vaccinated and
nonvaccinated children are planned.

Results: The recruitment started in January 2017 and is planned to be finalized in June 2018 for rotavirus nonvaccinated children.
The recruitment of rotavirus-vaccinated children may be slower due to a relatively low coverage rate in Poland. Data analysis
and submission to a peer-reviewed journal is expected within 3 months after completion of the study.

Conclusion: This study will add to current knowledge on the efficacy of L reuteri DSM 17938 for the management of AGE.

Trial registration: ClinicalTrials.gov NCT02989350; https://clinicaltrials.gov/ct2/show/NCT02989350 (Archived by WebCite
at http://www.webcitation.org/6slOFkyTH)

(JMIR Res Protoc 2017;6(8):e164)   doi:10.2196/resprot.7924
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Introduction

Acute gastroenteritis (AGE) is one of the most common diseases
among children. Generally, this is a self-limited illness lasting
5 to 7 days, and thus, the main aim of treatment is to prevent
dehydration, metabolic acidosis, and electrolyte disturbances.
In the vast majority of cases of AGE with mild or moderate
dehydration, this can be achieved with oral rehydration
solutions. Despite the proven efficacy of oral rehydration, it
remains underused [1]. The main reason for this is that an oral
rehydration solution neither reduces the frequency of bowel
movements and fluid loss nor shortens the duration of illness,
which decreases its acceptance and prompts interest in
adjunctive treatments.

In 2014, the European Society for Paediatric Gastroenterology,
Hepatology and Nutrition (ESPGHAN) provided
recommendations for the use of probiotics for the treatment of
AGE in previously healthy infants and children based on a
systematic review. The use of the following probiotics may be
considered in the management of children with AGE in addition
to rehydration therapy: Lactobacillus rhamnosus GG (low
quality of evidence; strong recommendation) and
Saccharomyces boulardii (low quality of evidence; strong
recommendation). Less compelling evidence is available for
Lactobacillus reuteri DSM 17938 (very low quality of evidence;
weak recommendation) [2,3].

L reuteri is named after Gerhard Reuter, a German
microbiologist [4]. Among a number of L reuteri strains, L
reuteri DSM 17938 is probably the best studied. L reuteri DSM
17938 is the daughter strain of L reuteri ATCC 55730. The
latter was originally isolated from the breast milk of a Peruvian
mother, and it may be present in normal humans on the mucosa
of the gastric corpus and antrum, duodenum, and ileum [4,5].
As L reuteri ATCC 55730 was found to carry potentially
transferable resistance traits for tetracycline and lincomycin, it
was replaced by L reuteri DSM 17938, a strain without
unwanted plasmid-borne resistance [6]. Like other L reuteri
strains, L reuteri DSM 17938 has several different types of
mechanisms of action. One of the best-documented mechanisms
is its antimicrobial activity. L reuteri strains produce reuterin,
a broad-spectrum antibacterial substance [7,8], which is capable
of inhibiting the growth of a wide spectrum of microorganisms
such as Gram-positive or negative bacteria, yeast, fungi, or
parasites [9]. L reuteri strains may also regulate immune
responses [10-12].

The clinical efficacy of L reuteri DSM 17938 has been studied
in a number of clinical trials, including studies aimed at the
assessment of L reuteri DSM 17938 in the management of AGE.

A 2012 study by Francavilla et al [13] was carried out in 74
children with acute diarrhea randomized to receive L reuteri

DSM 17938 (at a dose of 4×108colony-forming units [CFU])
or placebo for 7 days. Compared with the placebo group, in the
L reuteri group there was a significant reduction in the duration
of diarrhea (3.3 [SD 2.1] vs 2.1 [SD 1.7] days, respectively;
P<.03), the risk of watery diarrhea on day 2 (81% vs 55%,
respectively, P<.02) and on day 3, 73% vs 46%, respectively,
P<.03), and the risk of relapse of diarrhea (42% vs 15%;

respectively, P<.03). There was not a significant difference in
hospital stay between the groups.

A 2014 multicenter, randomized, single-blind clinical trial by
Dinleyici et al [14] was performed in 127 hospitalized children
with AGE lasting 12 to 72 hours. Conventional therapy plus

the administration of L reuteri DSM 17938 at a dose 1×108CFU
for 5 days compared with conventional therapy alone (control
group) reduced the duration of diarrhea (70.7 [SD 26.1] vs
103.8 [SD 28.47] hours, respectively; P<.001), increased the
number of diarrhea-free children after 24 and 48 hours (50%
vs 5%, respectively, P<.001) and 72 hours (69% vs 11%,
respectively, P<.001), and reduced the hospital stay (4.3 [SD
1.3] days vs 5.46 [SD 1.77] days, respectively, P<.001).

A 2015 trial by the same authors performed in 64 outpatient
children with acute infectious diarrhea found that compared
with oral rehydration therapy alone (control group), the

additional administration of L reuteri at a dose 1×108CFU for
5 days significantly reduced the duration of diarrhea (74.3 [SD
15.3] hours vs 60.4 [SD 24.5] hours, respectively, P<.05). The
percentage of children with diarrhea after 48 hours was lower
in the L reuteri group than the control group (13/29 vs 27/31,
respectively; relative risk [RR] 0.51, 95% CI 0.34 to 0.79,
P<.01). From the 72nd hour of the intervention onward, there
was no difference between the 2 groups in the percentage of
children with diarrhea [15].

A 2015 meta-analysis of these 3 randomized controlled trials
(n=256) found that compared with placebo or no treatment, L
reuteri DSM 17938 administration significantly reduced the
duration of diarrhea (mean difference [MD] –24.82 hours, 95%
CI –38.8 to –10.8) and increased the chance of cure on day 1
(RR 11.3, 95% CI 2.2 to 59) and day 2 (RR 4.54, 95% CI 2.0
to 10.2) [16]. However, heterogeneity and wide confidence
intervals call for caution in interpreting the results. To the best
of our knowledge, there are no data on the use of probiotics use
in rotavirus-vaccinated children with AGE.

More studies are needed to establish the efficacy of L reuteri
DSM 17938 in the management of AGE in children. We aim
to conduct a well-designed study with sufficient power, an
adequate follow-up period, and relevant clinical end points. The
study will be led by a team experienced in performing clinical
trials in children with AGE [17,18] and follow the same protocol
as one of our recent trials on AGE [19].

The objective of this study is to assess the effectiveness of L
reuteri DSM 17938 in the treatment of AGE in children.
Children vaccinated and not vaccinated against rotavirus will
be evaluated separately.

Methods

Study Design
This study is designed as a randomized, double-blinded,
placebo-controlled trial with 1:1 allocation, and it is described
in more detail in the subsequent sections. The trial was registered
at ClinicalTrials.gov [NCT02989350], and any important
changes in the protocol will be implemented there.
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Ethics and Dissemination
The Ethical Committee of the Lower Silesia Medical Chamber
issued approval for the study before recruitment commenced.
Verbal and written information regarding informed consent will
be presented to the caregivers. Any modifications to the protocol
that may affect the conduct of the study will be presented to the
Ethical Committee. The full protocol will be available freely
due to open-access publication. The findings of this randomized
controlled trial will be submitted to a peer-reviewed journal.
Abstracts will be submitted to relevant national and international
conferences. The need for separate reporting of data on
rotavirus-vaccinated and nonvaccinated populations is foreseen.
The Ethics Committee did not require auditing for this study.

Setting and Participants
The recruitment will take place in the emergency room and the
Department of Paediatrics of the St Hedwig of Silesia Hospital
in Trzebnica, Poland. However, inclusion of outpatients and
involvement of other recruiting sites are under consideration
provided the study staff is experienced, adequately trained, and
competent in conducting clinical trials. The start of the
recruitment is planned in January 2017, and it should be
completed within the following 2 years. Participants will be
randomized after their first visit to the emergency room or after
admission to the hospital. Caregivers will receive oral and
written information on the study. Written informed consent will
by obtained by physicians involved in the study. See Textbox
1 for selection criteria.

Interventions
The intervention under investigation is L reuteri DSM 17938 .
The placebo drops consist of a mixture of pharmaceutical grade

medium chain triglycerides and sunflower oil together with
pharmaceutical grade silicon dioxide to give the product the
correct rheological properties. The formulation is identical to
the active product but without  L reuteri DSM 17938. In our
trial, we choose to use a placebo for a comparator, as it is widely
regarded as the gold standard for testing the efficacy of new
treatments [20,21].

The study products (L reuteri DSM 17938 and placebo) will be
manufactured and supplied by BioGaia as bottle with drops,
free of charge. The manufacturer will have no role in the
conception, protocol development, design, or conduct of the
study or in the analysis or interpretation of the data.

The dose of L reuteri DSM 17938 will be 2×108CFU. Both L
reuteri DSM 17938 and placebo will be taken orally, 5 drops
twice daily for a consecutive 5 days. Caregivers will be
instructed to administer the study products at the same time of
the day. If needed, discontinuation or modification of the
treatment may be considered at the discretion of the physician.

Table 1 presents a timetable of activities planned during the
study. For initial rehydration, all children will be treated
according to the 2014 ESPGHAN recommendations (fast oral
rehydration over 3 to 4 hours by mouth or via nasogastric tube
with the recommended hypotonic solution) [3]. After all signs
of dehydration have disappeared, oral rehydration solution will
be given for ongoing losses until the diarrhea stops. Rapid
reintroduction of the previous diet after successful rehydration
will be recommended.

Textbox 1. Selection criteria.

Inclusion criteria:

• Acute gastroenteritis defined as a change in stool consistency to loose or liquid form (according to the Bristol Stool Form scale or in the case of
infants, the Amsterdam Stool Form scale) and/or an increase in the frequency of evacuations (typically ≥3 in 24 hours) lasting for no longer than
5 days

• Aged older than 1 month and younger than 60 months

• Caregiver must provide written informed consent

Exclusion criteria:

• Use of antibiotics within 2 weeks prior to enrollment

• Use of gelatine tannate, diosmectite, probiotics, racecadotril, or zinc (including zinc-containing oral rehydration solution) within 1 week prior
to enrollment (a single dose is allowed)

• Breastfeeding (>50%).

• Chronic diarrheal gastrointestinal disease (eg, inflammatory bowel disease, cystic fibrosis, celiac disease, food allergy)

• Immunodeficiency

• Malnutrition (weight/height/length under 3rd percentile) (World Health Organization Child Growth Standards will be used) [20]
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Table 1. Timetable of activities planned during the study.

DaysActivities

87654321

xInclusion/exclusion criteria

xInformed consent

xEnrollment

xRandomization

xStool sample taken

xxxxxIntervention

xxxFollow-up

xReturn of diary

xxxxxxxxConcomitant medication

xxxxxxxxAdverse events

After rechecking the inclusion and exclusion criteria,
participants will be assigned into 1 of 2 groups (experimental
or control). Caregivers will receive a diary of symptoms to
record the number of stools and stool consistency during the
intervention (including recording of the timing of stools); Bristol
Stool Form (BSF) and Amsterdam Stool Form (ASF) scales
will be provided. Additionally, caregivers will be asked to write
down any adverse events and concomitant medication during
the intervention period. In line with current ESPGHAN
guidelines [3], children presenting with AGE do not require
routine etiological investigation; however, before the first dose
of study products, a stool sample will be taken to determine the
rotavirus etiology of the diarrhea with a standard immunoassay
method. More specific microbiological investigations with
standard stool cultures will be performed only if needed [3]. At
any time, caregivers will have the right to withdraw the
participating child from the study; they will be not obliged to
give reasons for this decision, and there will be no effect on
subsequent physician and/or institutional medical care.

Concomitant Medications
The concomitant administration of any other medication,
including antipyretics and antiemetics, will be at the discretion
of the physician to provide adequate care. However, it is
recommended that no unnecessary concomitant medication be
used. In particular, the use of antibiotics, diosmectite, probiotics,
or racecadotril (all included in the exclusion criteria) should be
avoided.

Follow-Up
All study participants will be followed up for the duration of
the intervention (5 days) and then for an additional 3 days or
until the cessation of diarrhea.

Outcomes
The primary outcome will be the duration of diarrhea, defined
as the time until the normalization of stool consistency according
to the BSF or ASF scale (in BSF scale, numbers 1, 2, 3, 4, and
5; in ASF scale, letters B or C) or the time until the
normalization of the number of stools (compared with the period

before the onset of diarrhea) and the presence of normal stools
for 48 hours.

Secondary outcomes will include:

• Need for intravenous rehydration
• Duration of intravenous rehydration
• Need for hospitalization of outpatients
• Number of watery stools per day
• Vomiting
• Recurrence of diarrhea (48 hours after intervention)
• Severity of diarrhea according to Vesikari scale [22]
• Use of concomitant medications
• Adverse events

Randomization
A computer-generated randomization list will be prepared by
a person with no clinical involvement in the trial using a
computer program (StatsDirect, StatsDirect Ltd.) with an
allocation ratio of 1:1 and a block of 6. The randomization lists
will be stratified according to rotavirus vaccination status
(nonvaccinated and vaccinated; the latter will be defined as
receiving at least 1 dose of rotavirus vaccine).

Allocation Concealment
The allocation sequence will be concealed from the researchers
enrolling and assessing participants in sequentially numbered,
white, opaque, sealed and stapled envelopes which will be
opened only after getting informed consent and registering the
basic demographic data to case report form (CRF). Consecutive
randomization numbers will be given to participants at
enrollment. The study product will be packaged as product A
or product B and will be given according to the randomization
list.

Blinding
The study products (active and placebo) will be packaged in
identical bottles. Contents will look and taste the same.
Researchers, caregivers, outcome assessors, and a person
responsible for the statistical analysis will be blinded to the
intervention until the completion of the study. The information
on intervention assignments will be stored in a sealed envelope
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in a safe place in the administrative part of the department. The
personal information about potential and enrolled participants
will be stored in a locker within the study site, accessible to the
involved researchers only.

Compliance
The caregivers will be asked to bring the remaining study
product and diary to the study site at the end of the intervention
period. Compliance with the study protocol will be checked by
measuring the volume left unused. Based on previously
published trials, it seems appropriate to consider those
participants receiving <75% of the recommended doses as
noncompliant.

Power Calculation
The primary outcome of the study is the duration of diarrhea.
Based on available data in the literature, the average duration
of gastroenteritis in children is 5 to 7 days [3]. We assume that
a clinically significant difference in the effectiveness of L reuteri
DSM 17938 versus placebo will shorten the duration of
symptoms by 24 hours (±24 hours). To detect such a difference
in the duration of diarrhea between the study groups with a
power of 90% and alpha of 0.01, a sample of 60 children is
needed. Assuming approximately 20% loss to follow-up, we
aim to recruit a total of 72 children for this study. A similar
sample size for rotavirus vaccinated and nonvaccinated children
is planned. Sample size calculations were performed with
StatsDirect version 2.3.8 (StatsDirect Ltd).

At the Department of Paediatrics of St Hedwig of Silesia
Hospital, there are 300 admissions of children with diarrhea per
year and the same number of such patients who present to the
emergency room. Assuming that 20% of these children will be
eligible for the study, we will achieve adequate participant
enrollment to reach the target sample size during 1 year of
recruiting for rotavirus nonvaccinated children. Recruitment of
rotavirus-vaccinated children may be slower (up to 2 years). In
Poland, rotavirus vaccination has been recommended since
2006; however, vaccine reimbursement is not available. Hence,
currently, the rotavirus vaccination coverage rate is low (12.7%
[23] to 30% [24]), likely due to the high vaccine cost.

Data Collection and Management
All study participants will be assigned a study identification
number. CRFs will be completed on paper forms. Data will then
be entered and stored in a password-protected electronic
database. The original paper copies of CRFs and all study data
will be stored in a locker within the study site, accessible to the
involved researchers only.

Statistical Analysis
All analysis will be conducted on an intention-to-treat basis,
including all patients in the groups to which they are randomized
for whom outcomes are available (including drop-outs and
withdrawals). Descriptive statistics will be used to summarize
baseline characteristics. The Student t test will be used to
compare mean values of continuous variables for approximating
a normal distribution. For nonnormally distributed variables,
the Mann-Whitney U test will be used. The chi-square or Fisher
exact test will be used, when appropriate, to compare

percentages. For continuous outcomes, differences in means or
differences in medians (depending on the distribution of the
data), and for dichotomous outcomes, the RR and number
needed to treat, all with a 95% CI, will be calculated. The
difference between study groups will be considered significant
when the P value is <.05, when the 95% CI for RR does not
include 1.0, or when the 95% CI for MD does not include 0.
All statistical tests will be 2-tailed and performed at the 5%
level of significance. Two independent reports
(rotavirus-vaccinated and nonvaccinated children) are planned.

Monitoring
The study will be carried out in accordance with the approved
protocol. L reuteri DSM 17938 is being safely used worldwide
for a number of indications, and the US Food and Drug
Administration applied to it the Generally Recognized as Safe
status [25]. Still, an independent Data and Safety Monitoring
Board (DSMB) will be set up prior to the start of the study. The
DSMB will review data after recruitment of 25%, 50%, and
75% of subjects to review the study progress and all adverse
events.

Harms
Although the occurrence of adverse events as a result of
participation in the current trial is not expected, data on adverse
events will be collected. All serious adverse events will be
immediately reported to the study coordinators who will be
responsible for notifying the Ethics Committee, all participating
investigators, and the manufacturer of the study products.

Results

The recruitment started in January 2017 and is planned to be
finalized in June 2018 for rotavirus nonvaccinated children. The
recruitment of rotavirus-vaccinated children may be slower due
to a relatively low coverage rate in Poland. Data analysis and
submission to a peer-reviewed journal is expected within 3
months after completion of the study.

Discussion

Summary
This study will add to the current knowledge on the efficacy of
L reuteri DSM 17938 for the management of AGE. Children
vaccinated and not vaccinated against rotavirus will be evaluated
separately.

Strengths and Limitations of This Study
A strength of the study is its study design (randomized
controlled trial), which is the most robust methodology to assess
the effectiveness of therapeutic interventions. The findings of
this randomized controlled trial, whether positive or negative,
will contribute to the formulation of further recommendations
on the use of L reuteri DSM 17938 for the treatment of AGE
in children. A limitation is that stool volume, one of the
objective ways of assessing the efficacy of antidiarrheal drugs,
will not be assessed. In addition, the recruitment of
rotavirus-vaccinated children may be slow due to a relatively
low coverage rate in Poland, likely due to the high vaccine cost.
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Abstract

Background: Although physical activity has been shown to contribute to long-term disease control and health in breast cancer
survivors, a majority of breast cancer survivors do not meet physical activity guidelines. Past research has focused on promoting
physical activity components for short-term breast cancer survivor benefits, but insufficient attention has been devoted to long-term
outcomes and sustained exercise adherence. We are assessing a health coach intervention (iMOVE) that uses mobile technology
to increase and sustain physical activity maintenance in initially inactive breast cancer survivors.

Objective: This pilot randomized controlled trial (RCT) is an initial step in evaluating the iMOVE intervention and will inform
development of a full-scale pragmatic RCT.

Methods: We will enroll 107 physically inactive breast cancer survivors and randomly assign them to intervention or control
groups at the University Health Network, a tertiary cancer care center in Toronto, Canada. Participants will be women (age 18
to 74 years) stratified by age (55 years and older/younger than 55 years) and adjuvant hormone therapy (AHT) exposure (AHT
vs no AHT) following breast cancer treatment with no metastases or recurrence who report less than 60 minutes of preplanned
physical activity per week. Both intervention and control groups receive the 12-week physical activity program with weekly
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group sessions and an individualized, progressive, home-based exercise program. The intervention group will additionally receive
(1) 10 telephone-based health coaching sessions, (2) smartphone with data plan, if needed, (3) supportive health tracking software
(Connected Wellness, NexJ Health Inc), and (4) a wearable step-counting device linked to a smartphone program.

Results: We will be assessing recruitment rates; acceptability reflected in selective, semistructured interviews; and enrollment,
retention, and adherence quantitative intervention markers as pilot outcome measures. The primary clinical outcome will be
directly measured peak oxygen consumption. Secondary clinical outcomes include health-related quality of life and anthropometric
measures. All outcome measures are administered at baseline, after exercise program (month 3), and 6 months after program
(month 9).

Conclusions: This pilot RCT will inform full-scale RCT planning. We will assess pilot procedures and interventions and collect
preliminary effect estimates.

Trial Registration: ClinicalTrials.gov NCT02620735; https://clinicaltrials.gov/ct2/show/NCT02620735 (Archived by WebCite
at https://clinicaltrials.gov/ct2/show/NCT02620735)

(JMIR Res Protoc 2017;6(8):e165)   doi:10.2196/resprot.6615
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Introduction

Background
Breast cancer, the most frequently diagnosed female cancer,
accounts for approximately 25% of new Canadian cancer
diagnoses [1]. With improvements in early detection and
treatment, breast cancer mortality has decreased significantly
in the last 30 years despite increasing incidence [2,3]. Most
breast cancer cases diagnosed at localized stages are associated
with a mean 5-year survival rate of 96% [2,4].

Despite these improvements, breast cancer treatments can result
in the long-term effects of chronic pain, fatigue, neuropathy,
functional limitations, sleep disturbance, sexual dysfunction,
infertility, cognitive impairment, cardiorespiratory dysfunctions,
and generally reduced well-being [5-14]. Breast cancer survivors
also confront elevated risks for local or distal recurrence,
metastases, second primary cancers, type 2 diabetes, and
cardiovascular disorders [3,15-23].

Physical activity can improve cancer outcomes and quality of
life while reducing adverse effects and risks.
Moderate-to-vigorous physical activity (MVPA) during or after
breast cancer treatment is specifically associated with reductions
in cancer-specific and all-cause mortality [23,24]. As reported
in a recent systematic review of 17 breast cancer–specific
observational studies, breast cancer–specific mortality reductions
of 13% to 51% were observed when the highest-to-lowest
physical activity categories were compared [25-32].

The American College of Sports Medicine (ACSM), the
American Cancer Society, and Worldwide Cancer Research
(among other national and international agencies) recommend
150 minutes per week of moderate intensity physical activity
for cancer survivors [33-37]. While most breast cancer survivors
believe in exercise benefits [37], physical activity levels
generally reduce after a breast cancer diagnosis with the large
majority of breast cancer survivors (more than 80%) not meeting
recommended physical activity levels [29,37-50].

Nonetheless, the impact of a cancer diagnosis often stimulates
patients to reconsider lifestyle modification [43,46,50-52],

providing clinicians the opportunity to introduce physical
activity promotion [53]. Substantial evidence supports the
efficacy of several intervention approaches in short-term
physical activity change [54-57], with findings from systematic
reviews and meta-analyses of exercise studies involving cancer
survivors indicating that MVPA (1) is safe and well-tolerated
[35,58], (2) can significantly improve quality of life [58-61]
and, (3) can improve aerobic and musculoskeletal fitness, body
composition, social functioning, and mental health and reduce
fatigue [36,55,56,58,61-69].

MVPA benefits following breast cancer diagnosis are only
maintained for as long as exercise behaviors continue [70-72].
Therefore, the longitudinal assessment of MVPA maintenance
following interventions is critical [57,72,73]. In noncancer
populations, physical activity intervention effects are
infrequently maintained [74-84].

Despite varying reports of barriers, the long-term maintenance
of and adherence to MVPA protocols in cancer survivors has
not been adequately studied [74-84]. For example, in a recent
systematic review of physical and/or dietary interventions in
breast cancer populations [85], only 10 of 63 trials assessed the
postintervention maintenance of behavioral outcomes [85]. Of
these, 4 of 10 achieved successful maintenance (defined as
longer than 3 months) [85]. In one recent study of 488 long-term
(more than 5 years) cancer survivors with mixed tumor types,
participants were randomized to a wait-list control or to a
combined diet and physical activity intervention consisting of
mailed print material and 15 telephone counseling sessions over
12 months. In the intervention group, weekly physical activity
levels increased significantly from baseline (37.5 minutes) to
1-year assessment (postintervention, 101.0 minutes), and these
elevated levels were maintained at the 2-year follow-up
assessment [86]. While these findings are encouraging, reliance
on self-reported physical activity measures and low recruitment
rates warrant additional studies with improved designs.
Altogether, longitudinal assessments of physical activity
maintenance using objective measures in breast cancer survivors
are rare, and more are needed to inform physical activity
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interventions aimed at achieving stabilized, long-term health
outcomes [85,87].

Not surprisingly, the health behavior change methods guiding
counseling in long-term MVPA maintenance have been
inadequately tested in breast cancer survivors. Patient-centered
interventions affecting multiple factors (eg, intrinsic motivations,
perceived costs and benefits, barriers, ability to change) [88,89]
have been derived from evidence-based models (eg,
transtheoretical model, social cognitive theory, cognitive
behavior theory, and theory of planned behavior) and, in the
past, their related efficacies in changing multiple lifestyle
behaviors (eg, smoking, diet, chronic sedentariness) have been
demonstrated [87,90-93]. While evidential support does not
favor one behavior change model, successful physical activity
promotion programs have included self-directed physical activity
guided by a counselor, follow-up behavioral prompts [56,94-99],
and more than 4 sessions of related counseling.

Implementation of theory-based behavior change models for
breast cancer survivors aimed at longitudinally maintained
MVPA must account for treatment-related sequelae, including
adaptations that distract from or discourage health behaviors
(eg, avoiding physical pain and discomfort). Accordingly,
healthy physical activity promotion requires a cognitive
component that emphasizes protective MVPA effects (eg,
prevention of breast cancer recurrence) and a
cognitive-behavioral component that assists incremental physical
activity increases. Exercise prescriptions identify protective
goals while carefully incremented training programs assist breast
cancer survivors with immediate experiences of improved
fitness, well-being, and achievement.

Counseling strategies for improving MVPA can benefit from
Internet linkage, smartphone use, and wearable technologies.
As of 2012, high proportions of Canadian households access
broadband Internet, with mobile services adopted by nearly
80% [100]. Concomittantly, smartphone use has increased from
33% to 56% in all adult Canadians [101]. In the United States,
by 2011 78% of adults used the Internet [102] and at least 64%
use smartphones [103]. With increasing use, mobile technology
has a rapidly increasing health care role via clinical decision
making and data collection supporting chronic disease
self-management [102].

In support of health behavior change, Internet linkage can
provide timely reminders, assessments, behavior-tracking, and
“just in time” reinforcement [101]. Supportive communications
between patients and providers can occur during the critical
periods of dynamic change rather than hours, days, weeks, or
months later. Wearable fitness technologies have become more
user-friendly with integrated feedback [104] accessed through
mobile devices and Internet-linked computers [105] with reliable
monitoring of physical activity at lower costs than research
accelerometers [106]. Although few in number, Fitbit studies
have reported 95% to 99% validity when Fitbit step counts
(measured through smartphone apps) are compared with directly
measured steps in healthy participants and stroke [106] and
traumatic brain injury patients [107].

Despite the accumulating evidence of improved health outcomes
with mobile technologies in diabetes, asthma, cardiovascular

disease [102,103,108], and physical activity promotion [108],
these technologies have been understudied in cancer populations
[109]. To advance adoption of long-term physical activity in
breast cancer survivors, our innovative health coaching
intervention (iMOVE) includes applications of smartphone,
computer, and wearable technologies. The pilot study will
evaluate iMOVE and inform the design of a larger pragmatic
randomized controlled trial (RCT).

Aims of the Pilot Study
Aim 1: To evaluate recruitment, retention, and adherence with
a goal of recruiting more than 40% of eligible, contacted
patients, retaining more than 75% of participants until the
6-month assessment, and seeing more than 70% of intervention
components completed.

Aim 2: To evaluate acceptability feedback for intervention
modification in the anticipated full-scale RCT.

Aim 3: To determine pilot estimates of intervention efficacy on
fitness (primary outcome) and patient-reported, anthropometric,
physical, and psychosocial outcomes (secondary outcomes).

Methods

Recruitment
This pilot RCT will enroll physically inactive breast cancer
survivors stratified by age (55 years and older/younger than 55
years) and adjuvant hormone therapy (AHT) exposure (AHT
or no AHT). Recruitment will be undertaken through the
Princess Margaret Cancer Centre (PMCC), and interventions
will occur at the Electronic Living Laboratory for
Interdisciplinary Cancer Survivorship Research (ELLICSR),
the Cancer Survivorship and Wellness Centre located at the
Toronto General Hospital. Both institutions are members of the
University Health Network in Toronto, Ontario, and research
ethics board approval was obtained from the University Health
Network (13-6157-DE). The trial is registered at
ClinicalTrials.gov [NCT02620735].

Participants
Adult (aged 18 to 75 years) female breast cancer survivors
deemed disease-free after primary cancer treatment are eligible.
See Textbox 1 for selection criteria.

Recruitment and Randomization
After identification from weekly generated clinic lists and chart
reviews, patients will be approached by a member of their
clinical team, and interested patients will meet with a research
assistant for additional study explanation and eligibility
screening. Participants will also be recruited by advertisement
flyers located in hospital common areas. Eligibility will be
ascertained in person when possible, with written consent
obtained in person prior to randomization. After participants
complete baseline questionnaires and initial physiological
assessments, stratification-related data (age, AHT status) will
be emailed to a biostatistician in the Department of Biostatistics
at PMCC who will perform randomization and then send a study
identification with intervention or control group allocation.
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Textbox 1. Inclusion and exclusion criteria for study.

Inclusion criteria:

• Less than 2 years of completion of adjuvant therapy with the exception of hormone therapy for stage 0 to IIIA

• Self-report of fewer than 60 minutes of weekly preplanned physical activity

• Physician clearance for moderate-to-vigorous physical activity

• English proficiency

• Ability to attend exercise training sessions and study assessments at prescribed intervals for 9 months

Exclusion criteria:

• Plans to join a weight loss or exercise program within 9 months

• Current pregnancy or planned pregnancy within 9 months

• Planned surgery during study duration

• Unwillingness to be randomized
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Figure 1. Exercise volume progression.

Description of Treatment Arms

Exercise Training Program (Intervention and Control
Arms)
Participants in the intervention and control groups will receive
individualized exercise programming progressing toward the
ACSM guidelines of 150 minutes per week of moderate intensity
aerobic exercise, 2 to 3 days of resistance training, and routine
flexibility training.

In the first 12 weeks, intervention and control participants have
1 supervised, facility-based group exercise class plus instruction
for 2 additional unsupervised, home-based exercise sessions.
Facility-based sessions will be offered at a variety of times and

days weekly to accommodate schedules and increase
accessibility. From weeks 13 to 26, participants will complete
3 to 5 home-based exercise sessions per week and no
facility-based sessions. Each exercise program is individualized
based on the initial fitness assessment, physical limitations, and
exercise preferences. The exercise prescriptions are developed
and monitored by a certified exercise physiologist (CEP) and
a registered kinesiologist (RKin) with volume progression over
the intervention course (see Figure 1). Facility-based aerobic
training consists of low-impact exercises or aerobic training
machines. Home-based aerobic training includes
participant-selected aerobic exercises including brisk walking
and cycling. Resistance exercise (facility- and home-based) is
completed using resistance bands and stability balls provided

JMIR Res Protoc 2017 | vol. 6 | iss. 8 |e165 | p.42http://www.researchprotocols.org/2017/8/e165/
(page number not for citation purposes)

Ritvo et alJMIR RESEARCH PROTOCOLS

XSL•FO
RenderX

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


to participants. The training intensity is based on exercise
performance during group sessions observed by the CEP and
RKin and is self-monitored via the 20-point Borg Scale for
Rating of Perceived Exertion, with a target zone of 14 to 15,
varying in accord with the subjective exercise experience of
each participant. Adaptations to the exercise prescription based
on the participant’s experiences, preferences, and changes
(improvements or decrements) in physical capacity will be made
by the CEP and RKin to optimize intervention efficacy and
safety. All participants receive exercise manuals with exercise
descriptions (eg, instructive photographs, exercise safety
guidelines, stretching instructions) and a weekly exercise log
to review with the CEP and RKin. This program is based on
the ACSM guidelines [36] and modeled after a successful
theory-based program developed by research team members
[110-112].

iMOVE Health Coach (Intervention Arm)
Intervention group participants are additionally provided with
a technology-enabled health coach intervention (iMOVE) with
3 components: one-on-one telephone-based counseling,
supportive health tracking smartphone software (Connected
Wellness, NexJ Health Inc), and use of Fitbit and associated
software (FitBit Flex, Fitbit Inc). The iMOVE intervention is
intended to enhance sustained behavior change (physical
activity) by integrating several active ingredients outlined in
the cancer-survivor behavior change literature [113,114] and
based on multiple theories, specifically motivational
interviewing (MI) [115], cognitive behavioral therapy (CBT)
[116], and relapse prevention therapy [117,118].

Theoretical constructs focus on promoting motivation and
establishing exercise self-efficacy, exercise social support, and
positive exercise-related feelings during the acute intervention
(12 weeks) that are sustainable during the postexercise program
period (6 months). The telephone-based health coaching
component of iMOVE includes 10 30-minute telephone calls
with a trained health coach, scheduled at weeks 1, 2, 3, 4, 5, 6,
8, and 12 (during the exercise program) and at weeks 20 and
28 (postexercise program booster sessions). Health coaches
with a counseling background in MI and CBT are trained and
supervised by a registered clinical psychologist and a
Motivational Interviewing Network of Trainers–certified trainer.
The training of health coaches involves instructions on breast
cancer and related survivorship issues and continual exposure
to the multitheoretical approach. Training proceeds weekly from
the trial start to end based on case review and participant
responses to the approaches implemented. Each health coach
call to participants focuses on the assessment and enhancement
of motivation, promotion of self-efficacy, and collaborative
problem solving. Telephone-based counseling provides several
advantages over face-to-face, notably the potential to reach
multiregional populations, as telephone access is widely
available [119] and requires no user or provider transport. The
schedule provides support while building autonomy and
independent motivation [120]. See Textbox 2 for a theoretical
base summary.

In the scheduled telephone-based sessions, participants will
interact with the Connected Wellness software (NexJ Health

Inc) by smartphone or Internet-linked computer. This software,
previously found effective with participants diagnosed with
type 2 diabetes [121-123], has now been tailored for breast
cancer. It tracks physical activity, nutrition, pain, and
psychological well-being (eg, mood, energy) and supports goal
setting (with selective daily or hourly reminders). All software
entries are time-stamped, allowing for graph creation that
combines multiple trackers, enabling participants and health
coaches to see change indicators in relation to the physical
activity levels undertaken. Every initiation of contact by
participants with their health coach via text messaging is
recorded. Confirmations of received text messages are provided
by coaches to participants. While patients are encouraged to
further discuss their texts during the next phone session, there
is also provision for the health coaches to text message responses
immediately, responding to questions and issues raised.

Use of the Fitbit Flex provides further assistance to participants
in adhering to recommended physical activity routines and
tracking physical activity, notably providing real-time feedback
(light-emitting diode device lights indicate percent completion
of preset, daily step goals). Additional connectivity in the Health
Coach program allows the participant and health coach to jointly
explore daily physical activity experiences. Fitbit Flex vibrates
when preset goals (eg, 10,000 steps) are reached and records
the steps taken, combining them with user data to calculate
distance walked, calories burned, and the duration and intensity
of activity. Fitbit Flex also measures sleep quality by tracking
periods of restlessness (ie, how long it takes the wearer to fall
asleep per detected body movement) and the estimated sleep
duration. The user can monitor their own activity on the Health
Coach platform and create summaries and periodic analyses.

As is common with behavioral interventions, a handbook
specifies sessional objectives and provides clinical tools for
health coaches to use each session. The health coach creates a
session-by-session agenda based on patient goals, monitored
activity, and motivations as collected with the software during
intervals between sessions and at each session. MI and CBT
are the core health behavior change theories employed. MI is a
collaborative counseling method that elicits and strengthens
motivation for change by addressing and resolving ambivalence
[124]. MI has demonstrated effectiveness in increasing physical
activity in cancer survivors and those with other chronic
conditions [41,95,125-132], and positive MI-related effects
have been longitudinally detected (eg, at 2 years
postintervention) [126,133]. In instances when self-efficacy is
impeded by distorted cognitions, CBT principles will be applied,
particularly to influence affect-balance through cognitive
modifications that prevent or ameliorate negative mood
fluctuations [117]. Telephone-based interventions have been
effective and acceptable to breast cancer patients [134-137] and
useful in delivering MI and CBT interventions [138-140].
Intervention fidelity will be assessed by routine reviews of
implementation variables.

While there are multiple theoretical models integrated within
our intervention, these models are consolidated in the focus on
addressing and resolving motivational ambivalence and
identification and modification of the cognitive distortions that
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maintain motivational ambivalence and prevent adoption of appropriate health behaviors.

Textbox 2. Theoretical base of iMOVE intervention.

Multifactor focus:

• Intrinsic motivations

• Perceived costs-benefits

• Identification of barriers

• Abilities to change

• Exercise self-efficacy

• Exercise social support

• Positive exercise-related feelings

Application of evidence-based theory:

• Transtheoretical model

• Social cognitive theory

• Motivational interviewing

• Cognitive behavioral therapy

• Relapse prevention theory

• Theory of planned behavior

Successful physical activity promotion features:

• Self-directed physical activity with more than 4 sessions of counseling guidance

• Follow-up behavioral prompts

Unique tailoring to breast cancer survivors:

• Program pacing per treatment sequelae (eg, physical pain and discomfort)

• Cognitive emphasis on protective physical activity effects (eg, prevention of breast cancer recurrence)

• Cognitive behavioral emphasis on paced, regulated physical activity increases

• Flexible exercise prescription for protective goals and incremental increases that optimize fitness and well-being

Technological assistance:

• Rapidly increasing role for mobile technology in health management

• Enabling patient-provider contacts during critical periods

• User-friendly wearable technologies (95%-99% validity on step counts)

Outcome Measures

Pilot Outcome Measures
These measures reflect appropriateness and effectiveness of
design features:

1. Recruitment rate: based on Consolidated Standards of
Reporting Trials criteria [141] via a screening log that
enables data collection on eligible consented (pre- and
post-initial screen) and eligible but nonrecruited individuals
with nonrecruitment reasons documented.

2. Retention rate over the trial duration: the percentage of
participants who complete the interventions and each data
point; with reasons for drop out documented.

3. Capture of outcomes: recording of the proportion of
participants at each time assessment point with complete
or missing data.

4. Treatment implementation and fidelity: implementation of
telephone sessions for the intervention group will be
assessed by use documentation of the health coaching
techniques and tools and identified barriers. Data from the
health coaching software is stored on secure server and
used to measure and analyze self-report and health coach
activity.

5. Acceptability: telephone interviews will be conducted with
a randomly selected subsample (n=25) of intervention
participants following intervention completion. The goals
are to explore participant perspectives of intervention
feasibility and acceptability and to gain an understanding
of experiences among those successful and unsuccessful at
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physical activity maintenance over differing time periods
(eg, during initial 3 months of intervention, 6 months of
intervention, 9 months of follow-up). An interpretive
descriptive qualitative methodology will be used [142], and
a record of interview participation will be kept to distinguish
participants from those who don’t participate. The
semistructured interviews will be about 45 minutes in
duration and preceded by verbal informed consent.
Interviews will be audiorecorded and transcribed verbatim.

Clinical Outcomes
Measures for fitness (primary), self-report (secondary), and
anthropometric and physical outcomes (exploratory outcomes)
are repeated at baseline, T1 (immediately after exercise program,
month 3), and T2 (6 months after exercise program, month 9).

Primary Clinical Outcome

Cardiorespiratory fitness will be assessed by a graded exercise
test using the modified Bruce protocol [143]. Directly measured
peak volume of oxygen (mL/kg/minute) and anaerobic threshold
will be obtained using a metabolic cart (TrueOne 2400, Parvo
Medics) with continuous gas exchange analysis during
incremental treadmill walking to volitional peak capacity. Blood
pressure and arterial oxygen saturations are measured at rest
and during exercise. Absolute and relative test termination
criteria are based on standardized guidelines[144].

Secondary Clinical Outcomes

We will gather preliminary data on a number of exploratory
variables which have been identified as important to
understanding the potential impact of the intervention on
patient-relevant and clinically-relevant outcomes. They are
being collected to examine whether they are feasible to collect
in a larger trial and whether they are responsive (sensitive to
change) to the intervention [145,146].

Patient-Reported Clinical Outcomes
1. Godin-Shepherd Leisure-Time Exercise Questionnaire: a

brief validated 3-item questionnaire that asks respondents
to report on typical weekly exercise habits [147]

2. Functional Assessment of Cancer Therapy—Breast: generic
quality of life measured with 44 self-report items [148]

3. Spielberger's State-Trait Anxiety Inventory—State [149]:
a widely used 20-item measure of state anxiety

4. Center for Epidemiological Studies—Depression Scale
short form: a 10-item self-report measure of depression

5. Functional Assessment of Cancer Therapy—Fatigue
subscale [150]: a 13-item measure of fatigue in cancer
patients

6. Breast Cancer Prevention Trial Symptoms Scale: a 42-item
scale to assess side effects associated with the treatment of
breast cancer

7. Fear of Recurrence Questionnaire: assesses anxiety about
breast cancer recurrence [151]

8. Physical Activity Group Environment Questionnaire [152]:
assesses group cohesion during exercise

9. Brief Pain Inventory [153]: a widely used measure to rapidly
assess the severity of pain and its impact on functioning

10. Multiple Intervention Satisfaction Survey: an
investigator-generated instrument that facilitates

intervention participants in rank-ordering discrete
intervention components with respect to how helpful they
are in achieving outcomes during study participation.
Additional items facilitate participant suggestions for
deleting intervention components deemed (by participants)
as of negligible benefit.

Anthropometric Clinical Outcomes
1. Body composition is assessed via body mass index, waist

circumference, and body fat percentage
2. Waist circumference is measured according to the World

Health Organization protocol (midpoint between lowest rib
and iliac crest)

3. Body fat percentage is measured using bioelectrical
impedance analysis [144]

4. Grip strength is measured using a Jamar dynamometer
according to the Canadian Society for Exercise Physiology
2004 protocol

Results

Primary-Secondary Outcome Assessment
Recruitment and retention rates will be assessed [154] with
estimates for participants with complete data per outcome and
time point divided by the total number of study participants.
Interpretation of the interview output (acceptability) will be
based on inductive and deductive analyses and use of the
constant comparative method [155].

Variability of the main and interaction effects will be examined
in the primary clinical outcome (cardiovascular fitness) and
each secondary outcome using separate repeated measures
analysis of covariance models with Bonferroni corrections
applied to the models. Hedges’ g and associated confidence
intervals [156] will be calculated as an estimate of the effect
size both over time (within groups) and between groups [157].
Missing data will be evaluated on a case-by-case basis such that
drop-outs will be excluded. Intention-to-treat (all consented
subjects) analysis will employ a last observation carried forward
approach to evaluate all data collected. Per protocol analysis
will evaluate data on subjects who participated in 50% of group
exercise sessions (comparing intervention with control subjects),
while experimental subjects will have the additional criteria of
participating in 50% of health coaching calls.

Sample Size and Power
We previously conducted a simulation for a range of sample
sizes and different SD values for precision of the treatment
effect estimate. The precision of the estimate is represented by
the inverse of the margin of error. Type I error was set at α=0.05
and power at 80%. From our simulation result, a sample size
of 35 to 40 was at the elbow point of the curves, indicating the
precision of estimates did not proportionally increase with a
larger sample size. Therefore, our projected sample size is 80
participants (40 per arm) [158]. With an anticipated drop-out
rate of up to 25% [73], we will recruit 107 participants and
examine the variance in primary outcomes with precision (low
standard error >0.1), while enabling further calculations of effect
sizes for planning the phase 3 trial [154]. The large majority of
women return to PMCC for follow-up appointments typically
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scheduled every 3 to 6 months. Based on data from the PMCC
registry, eligibility criteria, and expected participation rates, we
anticipate recruiting 8 to 10 participants per month. Study
duration is estimated at 30 months.

Interpretation of Results
Interpretation of the effect size and mean difference scores and
calculation of the sample size for a larger RCT (fitness outcome)
will be based on a minimally important clinical difference
(MCD) of 3.5 mL/kg/minute (peak volume of oxygen) between
the 2 experimental groups at the 6-month T2 assessment
[159,160]. We regard the MCD as a small effect size [159].
With pilot results, we will better estimate small, medium, and
large effect sizes for the planned (full-scale) RCT.

Discussion

While current data suggest an important role for physical activity
in disease control and the long-term health of cancer survivors,
most breast cancer survivors are inactive. This discrepancy must
be addressed with physical activity promotion that supports
long-term exercise adherence. To date, research has focused on
specific physical activity components linked to clinical benefits,
but insufficient attention has been paid to factors influencing
long-term physical activity maintenance. The current project
employs a behavioral support intervention that assists breast
cancer survivors in adopting physical activity and maintaining
physical activity adherence. While multiple RCTs demonstrate
effectiveness in physical activity participation during trial
conduct, decreases in physical activity after trial conclusion are
an important concern. It is not yet known the degree to which
smartphone-enabled health coaching combined with wearable
fitness technology can contribute to the lifestyle changes
required for breast cancer survivors to maintain healthy physical
activity over the longer term.

Our commitment to the devised intervention (combining
phone-based health coaching, Fitbit step tracking, health tracking
software, face-to-face exercise classes, and fitness testing)
accepts the design limitation of being unable to identify which

intervention components provide key contributions to significant
effects; future studies may be needed to tease out what worked
best in further streamlining the intervention. However, we have
mitigated limitations by logging all phone counseling calls
undertaken (registering time durations per call) and additionally
itemizing and quantifying all use of the health tracking software,
Connected Wellness (NexJ Health Inc). Furthermore, we track
all Fitbit use, including use patterns per time period (day, week,
and month). Additionally, use of the Multiple Intervention
Satisfaction Survey facilitates each participant in subjectively
ranking the intervention components on importance and
suggesting deletions of components that have not been
significantly helpful. These efforts will enable us to learn about
the prioritization of intervention components from each subject’s
perspective. Another limitation entails not knowing which
allocations of staff time (to the intervention) represent a cost
savings when compared to other physical activity promotion
approaches. Therefore, we will carefully assess staff time,
preparing for ascertaining this cost dimension in the future.

This pilot will document the implementation of the methods
and intervention, preliminary outcomes, and acceptability of
the interventions by qualitative interview. It will assess effect
size in primary and multiple secondary outcomes with
corresponding confidence intervals for more definitive sample
size calculations. Although pilot results will provide a
foundation for full-scale RCT planning, we anticipate challenges
for which we currently have only partial or potential solutions.
For example, we will only have suggestive data for assessing
specific intervention components and for selecting the optimal
subset for full RCT testing. Furthermore, as a pilot study, we
are still refining the ultimate sample size of the planned
full-scale RCT. Additionally, while control subjects receive an
approximation of current standard care for exercise promotion
(at ELLICSR), we cannot fully account for the attentional
differences in intervention and control conditions. Nonetheless,
this pilot is a distinct step forward in addressing a gap in the
promotion of longer term exercise adherence for breast cancer
survivors.
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Abstract

Background: Non-technical skills (NTS), such as communication and professionalism, contribute to the safe and effective
completion of procedures. NTS training has previously been shown to improve surgical performance. Moreover, increases in
NTS have been associated with improved clinical endoscopic performance. Despite this evidence, NTS training has not been
tested as an intervention in endoscopy.

Objective: The aim of this study is to evaluate the effectiveness of a simulation-based training (SBT) curriculum of NTS on
novice endoscopists’ performance of clinical colonoscopy.

Methods: Novice endoscopists were randomized to 2 groups. The control group received 4 hours of interactive didactic sessions
on colonoscopy theory and 6 hours of SBT. Hours 5 and 6 of the SBT were integrated scenarios, wherein participants interacted
with a standardized patient and nurse, while performing a colonoscopy on the virtual reality (VR) simulator. The NTS (intervention)
group received the same teaching sessions but the last hour was focused on NTS teaching. The NTS group also reviewed a
checklist of tasks relevant to NTS concepts prior to each integrated scenario case and was provided with dedicated feedback on
their NTS performance during the integrated scenario practice. All participants were assessed at baseline, immediately after
training, and 4 to 6 weeks post-training. The primary outcome measure is colonoscopy-specific performance in the clinical setting.

Results: In total, 42 novice endoscopists completed the study. Data collection and analysis is ongoing. We anticipate completion
of all assessments by August 2017. Data analysis, manuscript writing, and subsequent submission for publication is expected to
be completed by December 2017.

Conclusions: Results from this study may inform the implementation of NTS training into postgraduate gastrointestinal curricula.
NTS curricula may improve attitudes towards patient safety and self-reflection among trainees. Moreover, enhanced NTS may
lead to superior clinical performance and outcomes in colonoscopy.

Trial Registration: Clinicaltrial.gov NCT02877420; https://www.clinicaltrials.gov/ct2/show/NCT02877420 (Archived by
WebCite at http://www.webcitation.org/6rw94ubXX NCT02877420)

(JMIR Res Protoc 2017;6(8):e153)   doi:10.2196/resprot.7690
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Introduction

Simulation-based training (SBT) in gastrointestinal (GI)
endoscopy improves clinical performance among trainees [1-3].
However, the components of optimal simulation curricula are
unclear. In procedural settings like surgery, the teaching of
non-technical skills (NTS) has been shown to improve novice
surgeons’ performance [4]. Despite this evidence, the impact
of NTS training on endoscopy performance has not been
explored.

NTS, such as teamwork, communication, situational awareness,
and decision making, are important factors in healthcare
regarding adverse health outcomes. A recent systematic review
of critical incidents in intensive care units found that failures
in non-technical domains contributed to a large proportion of
medical errors [5]. Another systematic review found that
deficiencies in NTS were associated with decreased technical
skill in surgical settings [6].

Given the importance of these skills, several interventions have
been proposed to enhance NTS among physicians. First, didactic
training has been shown to improve attitudes and awareness of
NTS. In a study among surgical residents, a curriculum featuring
didactic teaching of NTS led to improved non-technical specific
performance in the operating room, compared to conventional
training (ie, daily activities on surgical wards, call schedules,
and designated operating room time) [4]. Second, checklists
have been shown to improve NTS, such as promoting adherence
to procedural protocols, especially during surgical crises [7].
Finally, debriefing and feedback by expert instructors can allow
trainees to acquire and consolidate relevant NTS. Among
residents, both oral and videotape-assisted feedback can yield
superior NTS acquisition compared to no feedback [8].

In endoscopy, improvement of NTS in the simulated setting is
associated with superior colonoscopy skills [3]. However, the
direct impact of NTS-specific training on clinical performance
is unknown. This study aims to evaluate the impact of NTS
training on clinical colonoscopy performance among novice
endoscopists.

Methods

This single-blind, parallel group, randomized controlled trial
(RCT) is being conducted at a tertiary-care academic center.

Research ethics approval was granted by the St. Michael’s
Hospital Research Ethics Board (15-164). Recruitment for the
study is complete. All testing and training took place at St.
Michael’s Hospital (30 Bond Street, Toronto, Ontario, M5B
1W8). Informed written consent was acquired from all
participants and patients involved in the study. The study design
is summarized in Figure 1.

Participants
A total of 42 postgraduate trainees enrolled in general surgery,
adult gastroenterology, and internal medicine programs at the
University of Toronto were recruited through purposive
sampling. Participants were identified from a list of trainees
rotating through the gastroenterology service at St. Michael’s
Hospital and emailed with recruitment details. Study enrollment
took place from June 2015 to June 2016. Participants were
excluded if they performed 25 or more real or simulated
endoscopic procedures at the time of their participation in the
study.

Simulation Devices

Bench Top, Low-Fidelity Simulator
The low-fidelity simulator is a validated bench-top endoscopy
simulator that helps develop general endoscopic skills [9]. The
simulator is comprised of a series of vertical wooden barriers
with numbered holes conforming to 27 different sequences of
varying complexity. An Olympus PCF-180 pediatric
videocolonoscope (Olympus Canada) is used to navigate the
defined sequences as quickly and accurately as possible, with
visual output being displayed on a video monitor.

Virtual Reality, High-Fidelity Simulator
The high-fidelity simulator is the EndoVR endoscopy simulator
(CAE Healthcare Canada). It models navigation through a colon,
using a specialized endoscope that is inserted into a
computer-based module with a screen showing the colonic
lumen of a virtual patient. It provides both visual and haptic
feedback related to the procedure. The VR simulator has several
standardized case-based scenarios of varying complexity for
colonoscopy.
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Figure 1. Study design.

Experimental Design

Baseline Questionnaire
A written questionnaire is administered to all participants at the
start of the training to collect demographic and background
information including age, sex, level of training, previous
endoscopy experience, and nature of experience (if applicable).
Previous experience with team sports and video games is also
assessed, as these activities correlate with NTS and baseline
endoscopic skill, respectively (Multimedia Appendix 1) [10].

Pre-Test
Participants take part in a pre-test designed to assess their
baseline (1) knowledge of colonoscopy (knowledge test); (2)
technical skills (VR simulation test); and (3) NTS (VR

simulation-based “integrated scenario” test). No feedback is
provided at any point during the pre-test.

The knowledge test is a 30-minute test containing 20 multiple
choice questions (MCQ) designed to assess participants’
theoretical knowledge of colonoscopy, including indications,
sedation, safety, findings, pathology, and follow-up (Multimedia
Appendix 2).

Participants' baseline endoscopic technical proficiency is
assessed through the completion of a colonoscopy procedure
on the VR simulator (EndoVR Colonoscopy Module 3). This
scenario simulates a screening colonoscopy, without the need
for any type of intervention, such as biopsy. There is a time
limit of 30 minutes per procedure. An expert rater assesses
performance, but does not provide assistance. Participants are
videotaped to obtain performance measures with their faces
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hidden to ensure anonymity. Prior to starting the procedure,
participants complete a questionnaire to measure their
self-efficacy.

Following the simulator-only test, participants complete an
integrated scenario format test to assess their baseline
endoscopic non-technical proficiency. The integrated scenario
requires participants to perform a colonoscopy procedure on
the VR simulator while interacting with an endoscopic nurse
and a standardized patient (SP) [11]. The simulated procedure
mimics the setup of an endoscopic suite with the VR simulator
positioned next to a patient table. An SP, who receives
instructions regarding their medical role, acts out a scenario on
colon cancer screening. Trainees are expected to explain the
colonoscopy procedure, its benefits and risks, and obtain
procedural consent. Trainees then carry out the procedure on
the VR simulator (EndoVR Polypectomy Module #3) while
responding to the patient and interacting with the standardized
nurse (SN), as appropriate. The SP acts out cues from the VR
simulator when the simulator signals that the procedure has
exceeded its threshold for discomfort. The performances of all
participants are videotaped in a similar manner to the VR
simulation test to obtain performance measures. Participants
are given a maximum of 45 minutes to complete the procedure.
Prior to starting the procedure, participants complete a
questionnaire to measure their self-efficacy.

Training Intervention
Participants are subsequently randomized using a randomization
algorithm to 1 of 2 groups (control and intervention), following
a 1:1 allocation distribution.

The control group receives 4 hours of interactive, small-group,
didactic and hands-on sessions on the theory of colonoscopy,
led by an expert academic gastroenterologist. The core
curriculum was designed based on the American Society for
Gastrointestinal Endoscopy (ASGE) colonoscopy curriculum
and a detailed endoscopic training textbook and includes
teaching on anatomy, pathophysiology, indications, risks and
benefits of the procedures, training on specific elements of
performance of colonoscopy procedures (eg, one-handed
steering), and strategies for loop reduction, terminal ileal
cannulation, and adequate visualization of mucosa [12,13]. This
curriculum has been shown to be effective when compared to
self-regulated learning on the simulator [3]. The sessions are
interlaced with 6 hours of expert-assisted instruction on both
the low-fidelity simulator (1 hour) and on the high-fidelity VR
simulator (5 hours). Six modules of increasing difficulty in
colonoscopy and colonoscopy polypectomy are taught with
one-on-one feedback from an expert academic endoscopist. The
endoscopy instructor demonstrates techniques, answers
questions, and provides individualized performance feedback
on global performance. The final 2 hours spent on the
high-fidelity scenario use the integrated scenario, which features
an SP and SN.

The intervention (NTS) group receives the same first 3 hours
of interactive, small-group, didactic and hands-on sessions as
the control group. The 4th hour of didactic sessions focuses on
NTS, which includes a discussion of the major areas of NTS.
Participants also watch a video demonstrating an ideal

endoscopic procedure (ie, benchmark video) in terms of
technical and NTS. These sessions and the video introduce
trainees to the Endoscopic Non-Technical Skills (E-NTS)
Checklist, which is provided for them to use during the
integrated scenario training (Multimedia Appendix 3). This
checklist was developed per evidence-based recommendations
and targets NTS in endoscopy [14]. The NTS group also receives
6 hours of expert-assisted instruction on both the low-fidelity
simulator (1 hour) and on the high-fidelity VR simulator (5
hours). Six modules of increasing difficulty in colonoscopy and
colonoscopy polypectomy are taught with one-on-one feedback
from an expert academic endoscopist. The endoscopy instructor
demonstrates techniques, answers questions, and provides
individualized performance feedback on global performance
with a focus on NTS. Similar to the control group, the final 2
hours spent on the high-fidelity scenario use the integrated
scenario. Terminal feedback dedicated to NTS is given after
each integrated scenario by the instructor. Finally, participants
in this group have access to the E-NTS Checklist during training
in the integrated scenario, as participants can view the checklist
prior to and after each case.

Post-Test
A post-test is administered after completion of the training
period to compare skill and knowledge acquisition between the
control and intervention groups. The immediate post-test is
designed to evaluate trainees’ (1) knowledge acquisition
(knowledge test); (2) technical skills acquisition (VR simulation
test); and (3) NTS acquisition (VR simulation-based integrated
scenario test). No feedback is provided during the post-test.

Participants’knowledge acquisition is evaluated using the same
MCQ test conducted at baseline. Again, trainees have 30 minutes
to complete the 20 questions.

Participants' technical skill acquisition is assessed through the
completion of the same colonoscopy procedure on the VR
simulator (EndoVR Colonoscopy Module 3). The time limit is
30 minutes. Prior to starting the procedure, participants complete
a questionnaire to measure their self-efficacy.

Participants' NTS acquisition is assessed using the integrated
scenario procedure on the VR simulator (EndoVR Polypectomy
Module #3), while also responding to the patient and interacting
with the nurse, as appropriate. The time limit is 45 minutes.
Prior to starting the procedure, participants complete a
questionnaire to measure their self-efficacy.

Delayed Testing
A delayed-test is administered 4 to 6 weeks after completion
of the training period to compare retention and transfer of skill
between the control and intervention groups. It consists of (1)
a knowledge test; (2) a VR simulation test; (3) a VR
simulation-based integrated scenario test; and (4) a patient-based
transfer test.

Participants’knowledge acquisition is evaluated using the same
MCQ test conducted at baseline and during the post-test.
Trainees have 30 minutes to complete 20 questions.

Participants' technical skill acquisition is assessed through the
completion of the same colonoscopy procedure on the VR
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simulator (EndoVR Colonoscopy Module 3). The time limit is
30 minutes. Prior to starting the procedure, participants complete
a questionnaire to measure their self-efficacy.

Participants' NTS acquisition is assessed using the integrated
scenario procedure on the VR simulator (EndoVR Polypectomy
Module #3), while also responding to the patient and interacting
with the nurse, as appropriate. The time limit is 45 minutes.
Prior to starting the procedure, participants complete a
questionnaire to measure their self-efficacy.

Participants’ transfer of skills to the clinical setting is assessed
using live colonoscopies. Each participant completes 2
colonoscopies on real patients 4 to 6 weeks after the training
period. These procedures are videotaped in a manner that
anonymizes the participant and patient. Procedures on patients
with a history of colonic or pelvic surgery or difficult
colonoscopy are excluded. Sedation and monitoring are carried
out per standard practice at the endoscopy unit. An experienced
attending endoscopist (greater than 1000 completed procedures)
provides verbal and/or hands-on assistance as necessary and
takes over if the participant cannot complete the procedure or
if any concerns regarding patient safety arise.

Outcome Measures
The primary outcome measure is the difference in performance
between the control and intervention groups during participants’
2 clinical colonoscopies. Each videotaped clinical colonoscopy
will be independently assessed by 2 experienced endoscopists
using the Joint Advisory Group for GI Endoscopy Direction
Observation of Procedural Skills (JAG DOPS) (Multimedia
Appendix 4) [15]. The raters will be blinded to the group
assignment. Training on how to use the tool will be provided
for raters by the investigators of the study.

Secondary outcome measures include the differences between
the control and intervention groups with respect to (1) procedural
knowledge, as assessed by the knowledge MCQ tests; (2) NTS
performance during the clinical colonoscopies, as assessed by
the Modified Objective Structured Assessment of Non-Technical
Skills (M-OSANTS) for colonoscopy, which has been
previously validated for surgery and modified for endoscopy
[4] (Multimedia Appendix 5); (3) clinical performance on
clinical colonoscopies, as assessed by the Gastrointestinal
Endoscopy Competency Assessment Tool (GiECAT) [16]
(Multimedia Appendix 6); (4) technical performance on a VR
simulated colonoscopy after training and 4 to 6 weeks after
training (immediate and delayed post-training assessments,
respectively), as assessed by the JAG DOPS and the GiECAT;
(5) technical and non-technical performance during an integrated
scenario format test 4 to 6 weeks after training, as assessed by
the JAG DOPS, GiECAT, and M-OSANTS; (6) patient comfort
during the clinical colonoscopies, as assessed by the
Nurse-Assessed Patient Comfort Score (NAPCOMS) [17]
(Multimedia Appendix 7); (7) participant self-efficacy, as
measured by an adapted scale based on the General Self-Efficacy
Scale (GSE) [18,19] (Multimedia Appendix 8); and (8) global
performance and communication skills during integrated
scenarios as assessed by the Integrated Scenario Global Rating
Form (ISGRF) and Integrated Scenario Communication Rating

Form (ISCRF) [11,20,21], respectively (Multimedia Appendices
9 and ).

Experienced endoscopists will assess participants’
colonoscopy-specific skills, technical skills, and NTS during
the pre-training, immediate, and delayed post-training
simulation-based assessments.

Analysis Plan
Statistical analyses will be performed using SPSS version 20
(SPSS, Inc.). All statistical tests will be considered significant
at P less than .05.

Baseline Questionnaire
Patient demographics and baseline variables will be
characterized with descriptive statistics, using mean with
standard deviation and number with frequency for continuous
and categorical variables, respectively.

Clinical Performance
Clinical performance during the live colonoscopies for each
group will be determined by comparing the scores from the
DOPS, GiECAT, NAPCOMS, and Modified-OSANTS.
Specifically, a mixed factor 2 (control curriculum versus
intervention curriculum) times 2 (procedure 1 versus procedure
2) analysis of variance (ANOVA) will be used to determine
whether there is a difference based on the rating scales. The
Tukey honest significant difference (HSD) test will be used as
a post-hoc analysis to determine any significant differences.

Technical Performance
Technical performance on the simulator for each group will be
determined by comparing the scores from the DOPS and
GiECAT. Specifically, a mixed factor 2 (control curriculum
versus intervention curriculum) times 3 (pre-test, post-test,
delayed test) ANOVA will be used to determine whether there
is a difference based on the rating scales. The Tukey HSD test
will be used as a post-hoc analysis to determine any significant
differences.

Non-Technical Performance
Non-technical performance on the simulator for each group will
be determined by comparing the scores from the M-OSANTS,
ISGRF, and ISCRF. Specifically, a mixed factor 2 (control
curriculum versus intervention curriculum) times 3 (pre-test,
post-test, delayed test) ANOVA will be used to determine
whether there is a difference based on the rating scales. The
Tukey HSD test will be used as a post-hoc analysis to determine
any significant differences.

Self-Efficacy
Self-efficacy during the simulated setting for each group will
be determined by comparing the scores from the GSE.
Specifically, a mixed factor 2 (control curriculum versus
intervention curriculum) times 3 (pre-test, post-test, delayed
test) ANOVA will be used to determine whether there is a
difference based on the rating scales. The Tukey HSD test will
be used as a post-hoc analysis to determine any significant
differences.
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Sample Size Estimation
A power analysis was computed using G*Power version 3.1.9
[22]. Using a previous study that evaluated an NTS training
curriculum in surgery, we conducted the analysis using the
relevant effect size [4]. Based on an effect size of f=0.65, an
alpha of .05 (2-tailed), a beta of .20, 2 groups, and 3
measurements, 16 participants are required to achieve a power
of greater than 0.80 using repeated measures ANOVA
(between-factors). Furthermore, a previous study comparing a
curriculum in endoscopic simulation found that a minimum of
15 participants per group was sufficient to detect a significant
difference [3]. To accommodate for a projected 20% dropout
and/or non-response, we recruited a total of 42 participants.

Results

A total of 42 participants were recruited, randomized, and
completed the study. No participants were lost to follow-up.
Through a 1:1 allocation distribution, 19 individuals were
randomized into the control group and 23 individuals were
randomized into the NTS group. Their demographic information
and endoscopic experiences are summarized in Table 1. Two
experienced endoscopists were recruited to assess participants’
videotaped performances and we anticipate completion of all
assessments by August 2017. Data analysis, manuscript writing,
and subsequent submission for publication is expected to be
completed by December 2017.

Table 1. Baseline demographic characteristics and endoscopy experience of participants (N=42).

Intervention (NTSa) group (n=23)Control group (n=19)Variable

28.1 (2.1)29.5 (1.8)Age in years, mean (SD)

Gender, n (%)

16 (70)11 (58)Male

7 (30)8 (42)Female

Training program, n (%)

6 (26)4 (21)Gastroenterology

16 (70)13 (68)General surgery

1 (4)2 (11)Internal medicine

Previous endoscopic experience,
mean (SD)

0.30 (0.82)0.11 (0.46)Number of independent
colonoscopies

1.70 (2.50)2.63 (4.66)Number of assisted colono-
scopies

aNTS: non-technical skills.

Discussion

Principal Findings
The practice of effective NTS is critical in procedural medicine.
In addition, deficiencies in NTS are associated with adverse
patient outcomes [5,6]. However, there is evidence that NTS
training can improve surgical performance in the simulated
setting, lead to better attitudes towards patient safety, and
promote more self-reflection among trainees [4,23,24].

Previous studies have explored NTS in GI endoscopy. Matharoo
et al shared their perspectives on implementing an endoscopy
safety checklist to decrease adverse health outcomes [25]. This
paper reported on the implications, logistics, and uptake of a

safety checklist, and did not present any outcome data. A 2014
report implementing an NTS curriculum found that it improved
patient safety knowledge and attitudes among multi-disciplinary
endoscopy teams [24]. In another study, an RCT comparing 2
curricula of SBT in endoscopy found that improved NTS in the
simulated setting were associated with superior clinical
performance [3]. However, that study did not test NTS training
as an intervention.

Conclusion
This study aims to evaluate the direct impact of NTS training
on clinical colonoscopy performance. Results can inform the
potential implementation of NTS into postgraduate
gastrointestinal curricula.
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Abstract

Background: Distal radius and ankle fractures are one of the most common operatively treated fractures. To date, there is no
consensus concerning the need for a standard postoperative radiograph. This leads to undesirable practice variations. A standardized
radiograph in the department of radiology would theoretically be more reproducible and operator independent than an
intraoperatively obtained fluoroscopic image. However, if adequate intraoperative radiographs have been obtained, it is questionable
if these postoperative radiographs are necessary and will lead to changes in the treatment strategy. If standard postoperative
radiographs are no longer required, this would lead to a reduction in radiation exposure and health care costs. The hypothesis is
that routine standardized postoperative radiographs do not influence the quality of care for patients operated on for either a distal
radius or an ankle fracture if adequate intraoperative standardized radiographs have been obtained.

Objective: The primary aim of this study is to evaluate if there is a need for routine postoperative radiographs after an
osteosynthesis of a distal radius or ankle fracture.

Methods: In a prospective, randomized controlled, open label trial based on a noninferiority design, we will enroll 332 patients.
Patients will be randomized either in the control or the intervention group. The control group will be treated according to our
current, standard protocol in which all patients receive a standard anterior-posterior and lateral radiograph on the first postoperative
day. Patients randomized to the intervention group will be treated without a standard postoperative radiograph. All patients
(N=332) will have a routine clinical and radiographic control after 6 weeks in the outpatient clinic. Primary outcome is a change
in treatment plan, defined as either additional imaging or a reoperation based on the postoperative imaging. Secondary outcome
measures include a 36-Item Short Form Survey, Patient-Rated Wrist Hand Evaluation, Foot and Ankle Outcome Score, Visual
Analogue Scale, and the range of motion. Those questionnaires will be filled out at the 6-week outpatient control.

Results: The trial was started in August 2016, and 104 patients have been enrolled up to this point.

Conclusions: Our findings will be reported in peer-reviewed publications and may lead to a strong reduction in radiation
exposure and health care costs. A preliminary, conservative estimation suggests a yearly cost saving of CHF 1.3 million in
Switzerland.

(JMIR Res Protoc 2017;6(8):e159)   doi:10.2196/resprot.7698
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Introduction

In a society that is increasingly demanding about the functional
outcome after treatment of fractures, the indications for operative
treatment have increased over the past decade. Wrist fractures
specifically are more often being treated operatively. In addition,
due to an increase in the number of patients with obesity, the
numbers of patients treated for ankle fractures are also increasing
[1,2].

Many hospitals still use routine postoperative radiographs,
despite the fact that intraoperative images have been obtained
for reduction and implant control. In addition, these images are
stored and available in the Picture Archiving and
Communication System (PACS). These postoperative
radiographs lead to a significant increase in radiation exposure
and costs. It remains questionable if these standard postoperative
radiographs are justified since the quality of intraoperative
C-arm images has improved over the last decade.

Rationale
Intraoperative radiograph documentation, if standardized and
adequately performed, has the potential to assess the quality of
reduction and fixation [3,4]. Consequently, the additional value
of routine postoperative radiographs should be questioned [5].

Given the trend towards cost-effective medicine [6] and keeping
cumulative radiation exposure in mind, it is not surprising that
these standardized postoperative radiographs are under debate
[8]. Despite the above, routine postoperative radiographs are
still being performed in many hospitals as a standard of care.
Many surgeons and radiologists argue that radiographs obtained
in the department of radiology are more standardized and less
biased. We therefore evaluated the frequency of changes in
treatment plan due to standardized postoperative radiographs
in a retrospective trial. Changes in treatment plan were defined
as a deviation from the standard postoperative protocol. This
included additional imaging or a revision operation.

We found in 7.2% of patients a change in the treatment plan
following the evaluation of the standardized postoperative
radiograph for patients operated on for distal radius or ankle
fractures in 2014. These numbers are high in percentage and
suggest that standardized postoperative radiographs do add to
the quality of care for the patient.

On the other hand, this retrospective study had several
methodological drawbacks, especially as the intraoperative
radiographs performed were not standardized. Therefore, we
decided to evaluate the need for postoperative radiographs using
a prospective randomized control trial. We would expect a
significant reduction in radiation exposure and costs of around
CHF 1.3 million (estimated for employed patients in Switzerland
in 2015 [9]).

Hypothesis
Our hypothesis is that routine standardized postoperative
radiographs do not influence the quality of care for patients
operated for a distal radius or ankle fracture if adequate
intraoperative standardized radiographs have been obtained.

This is the first prospective randomized trial evaluating the
additional value of postoperative routine radiographs in
operative fracture care of distal radius and ankle fractures.

Human research ethics approval has been obtained from the
Ethikkomission Nordwest- und Zentralschweiz (EKNZ). The
commission accepted this trial on April 4, 2016 (EKNZ BASEC
2016-00114).

Methods

Based on a noninferiority design, we planned a prospective,
randomized controlled, open label trial. Multimedia Appendix
1 shows the study protocol in accordance with the Standard
Protocol Items: Recommendations for Interventional Trials
(SPIRIT) checklist [10].

Study Population
The study includes patients operated for a distal radius or ankle
fracture at a Level 1 trauma center in Switzerland. Patients
presenting with these fractures at the emergency department
will be eligible for study inclusion if they fulfill all of the
following criteria: indication for an operation of a distal radius
fracture, according to the Arbeitsgemeinschaft für
Osteosynthesefragen (AO) Classification types 23-A-C [4], or
an ankle (according to the AO Classification Types 44-A-C)
fracture, 18 years of age or older, sufficient understanding and
writing of German language, and signed informed consent. The
informed consent forms will be stored by the study nurse during
the trial.

Patients are excluded if they meet at least one of the following
exclusion criteria: not willing/able to sign the informed consent,
indication for postoperative computed tomography (CT),
pathological fractures, open fractures (>grade I according to
Anderson and Gustilo [11]), patients not able to attend the 6
weeks outpatient control, or missed intraoperative standardized
radiographs.

Preliminary
Essential pre-study preparations are needed to ensure
standardization of intraoperative C-arm handling, limb
positioning, and reproducibility of the collected data.

Defining Period
Standard intraoperative radiographs for patients operated for
radius fractures are defined as:

1. anterior-posterior and posterior-anterior radiograph of the
wrist with a free visualization of the distal radio-ulnar space
(defined as no overlap of distal radius and distal ulnar)
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2. 20° radial tilted lateral view in which the os pisiform needs
to have an overlap with the scaphoid and the ventral cortex
of the lunate

3. tangential view [12,13]

Sufficient standard intraoperative radiographs are shown in
Figures 1,2, and 3.

Standard intraoperative radiographs for patients operated for
ankle fractures are defined as:

1. anterior-posterior view (mortise view) with cleared space
between trochlea tali and the tibia/fibula (achieved by
inward rotation of 20°)

2. true lateral view with an overlap of the medial and lateral
domes of the talus and the fibula forming the posterior
one-third of the tibia

Sufficient standard intraoperative radiographs are shown in
Figures 4 and 5.

Figure 1. Intraoperative C-arm controlled radiograph (anterior-posterior) in supination with cleared radio-ulnar space.

Figure 2. Lateral view with free os pisiforme on the volar level and intra-articular view.
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Figure 3. Intraoperative tangential view performed to evaluate the length of the screws.

Figure 4. Intraoperative C-arm control: the ankle is shown in anterior-posterior view, free mortise view is achieved with 90° dorsal extension and 20°
rotation inside.
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Figure 5. Intraoperative C-arm control: the ankle is shown in a lateral view, to show the trochlea tali for intra-articular view; the fibula forms the
posterior one-third of the tibia.

Implementation Period
An educational period teaching standard intraoperative
radiographs will be initiated before the inclusion period starts.
All trauma surgeons treating the above mentioned fractures will
participate in a special lecture about standardization of
intraoperative radiographs. Additionally, a tailored personal
instruction lecture by the senior surgeon will be initiated.

In a last educational step, personal hand-outs, providing
information about appropriate standardization, are given to each
trauma surgeon as well as a special lecture involving the
residents and interns who participate in orthopedic trauma
surgery. They are informed about the necessity of a signed
informed consent as the surgeon at the emergency department
is responsible for the inclusion.

Inclusion Period
After sufficient information is provided to all trauma surgeons,
inclusion starts. Intraoperative radiographs are obtained by the
ZIEHM SOLO (Ziehm Imaging GmbH). These radiographs are
saved separately in our PACS. The next day, these radiographs
are evaluated by the senior surgeon of the department of
orthopedics and trauma surgery and a senior radiologist. If the
quality of the intraoperative radiographs is standardized and
good, the patient remains in the study arm to which they were
assigned.

Randomization
Prior to the operation, the patients are randomized to the control
or the intervention group. The randomization will be carried
out using a special in-hospital randomization tool. Thereafter,
the patient will be included in one of the following two groups.

Control Group (Group I)
Patients belonging to the control group will be treated according
to our current protocol, including a standardized postoperative
radiograph. Regular postoperative radiographs are performed
in the department of radiology and contain an anterior-posterior
and lateral tilted view of the wrist. In patients with an ankle
fracture, a lateral view and a mortise view are obtained.
Generally, patients operated on for a distal radius fracture will
have a functional after treatment and will be restricted in weight
bearing for the first 6 weeks postoperative. Operatively treated
ankle fractures will generally receive a functional after treatment
with weight bearing restricted to 15 kg for 6 weeks. All patients
will have a clinical and radiological outpatient control after 6
weeks.

Intervention Group (Group II)
Patients belonging to the intervention group will have a modified
postoperative protocol. After interdisciplinary consensus
(between the head of the orthopedics department and trauma
surgery and radiology) that the quality of the intraoperative
radiographs are performed in a standardized fashion with good
quality and that the reposition is within the predefined standards,
patients will be mobilized according to our routine postoperative
protocol and will be reviewed in our outpatient department after
6 weeks (clinically and radiologically).

If the quality of the intraoperative radiographs or the reduction
is not acceptable, additional imaging (plain radiographs or CT)
or a revision operation is performed.

Outcome
As we present a noninferiority approach, the purpose of this
analysis is to show comparable results in the intervention group
in terms of functional outcome and safety for the patients.
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Primary Outcome
We defined the primary outcome as any re-intervention or
necessity for additional imaging due to insufficient
intraoperative imaging or achieved reduction.

Secondary Outcome
Secondary outcome is measured using different specific
functional outcome scores as well as nonspecific outcome tools.

Specific Tools
The following tools used correspond to the specific fracture
treated.

Patient-Rated Wrist Hand Evaluation
Patients operated for distal radius fractures will fill out the
Patient-Rated Wrist Hand Evaluation. This 15-item
questionnaire includes both a section concerning functional
outcome as well as a section that analyzes the associated pain.
In both sections, the items (range from 0 reflecting no
pain/disability to 100) are added up and the sum is divided by
two.

Range of Motion
Additionally the range of motion (ROM) will be measured
during the outpatient clinical visits. The ROM of the wrist will
be tested by measuring the palmar flexion, dorsal extension,
pronation, supination, and radial and ulnar deviation.

Foot and Ankle Outcome Score
Patients operated for ankle fractures have to complete the Foot
and Ankle Outcome Score (FAOS Score). This score was
developed to assess the patient’s opinion about nonspecific
ankle problems. The FAOS consists of 5 subscales that
investigate pain, function in daily living, function in sport and
recreation, foot and ankle-related quality of life, and other
symptoms. Standardized answer options are given (% Likert
boxes) and each question gets a score from 0-4. A normalized
score (100 indicating no symptoms and 0 indicating extreme
symptoms) is calculated for each subscale.

Nonspecific Tool
Health status measurement will be performed using the
Short-Form 36-Item Health Survey (SF-36) in all patients. The
SF-36 is a patient-reported survey of the patient’s health [7].
The questionnaire includes eight different sections (ie, vitality,
physical functioning, bodily pain, general health perceptions,
physical role functioning, emotional role functioning, social
role functioning, mental health). Each section has a scoring
range between 0 and 100. The score is proportional to the
outcome with the best possible result of 100.

The visual analogue scale is used on all our patients at the
6-week control. This scale ranges from 0-10 where 0 equals no
pain and 10 the worst imaginable pain.

Additionally, a medical questionnaire answered by the trauma
surgeon in the outpatient clinic investigates whether any signs
of a complex regional pain syndrome or complications are
present.

Statistical Analysis
Statistical analysis will be carried out using SPSS, IBM Version
21. In order to answer the primary research questions, the
number of re-interventions will be compared between both
groups. Additionally, we will use regression models to try to
identify risk factors for these re-interventions such as timing
and duration of surgery and the experience of the surgeon.

In order to address the secondary research questions, the
evaluated specific and nonspecific outcome scores will be
compared between the two groups using means and standard
deviation.

Sample Size Calculation
We determined the sample size for both the radius and ankle
fracture group after a retrospective evaluation concerning the
rate of postoperative treatment plan changes. We found a rate
of 7.2% changes in treatment plan after obtaining standard
postoperative radiographs in 2014. Based on these findings and
using a power of 0.80 and alpha failure of .05, we performed a
sample size calculation.

Based on a noninferiority approach, we calculated 158 patients
needed in each treatment arm. Corresponding to the standard
protocol following operative fracture care, we have a standard
first outpatient control after 6 weeks. Based on a separate
evaluation, concerning the frequency of patients being lost to
follow-up, 4.6% of our patients in 2014 did not obtain their
6-week control. Therefore we added 5% loss of follow-up to
our power calculation, resulting in 158 x 1.05=166 patients in
each treatment arm.

Ethical Considerations
The study design is in accordance with the Declaration of
Helsinki [14] and with Swiss laws like the human research act
(HFG) and the human research regulation (HFV).

This study was approved by the medical research ethics
committee of Basel. The EKNZ accepted this trial on April 4,
2016 (EKNZ BASEC 2016-00114).

All forms handed out to the patient and the information that
will be obtained using the above mentioned questionnaires are
approved by the EKNZ. Essential changes in the course of the
trial will be reported immediately and need to be approved by
the ethics committee. Information as well as results will not be
presented to the EKNZ on a regular basis. However, for data
verification, authorized representatives of the project manager
or the ethics committee do have access to the medical data
relevant to the project, including the medical history of
participants at any time.

Serious adverse events must be reported immediately and if
potential life-threatening complications occur, the trial will be
stopped until safety is proven by the ethics committee. Patients
participating in this clinical trial are covered by a special hospital
insurance. This insurance is free for patients and covers any
damage or potential damage as well as death caused by the
study.

JMIR Res Protoc 2017 | vol. 6 | iss. 8 |e159 | p.68http://www.researchprotocols.org/2017/8/e159/
(page number not for citation purposes)

Oehme et alJMIR RESEARCH PROTOCOLS

XSL•FO
RenderX

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


Results

The trial was started in August 2016 and 104 patients have been
enrolled up to this point. See Multimedia Appendix 2 for the
schedule of enrollment.

Discussion

Principal Considerations
To date, standard postoperative radiographs are often obtained
after operatively treated fractures despite the fact that the value
of these standardized postoperative radiographs remains under
debate. Considering a trend towards cost-effective medicine
and keeping the cumulative radiation exposure in mind, this
discussion is not surprising. Initial studies in 1996 showed a
lack of additional information gained by the postoperative
radiograph [15,16] compared to obtained intraoperative
radiographs.

A prospective randomized trial is needed to investigate whether
a change to a protocol without standard postoperative
radiographs is justifiable or not. Therefore, our study is
important to proving that standard postoperative radiographs
are not needed and that the outcome of patients without a
standard postoperative radiograph is comparable with those
treated according to the current protocol (ie, postoperative
radiographs are routinely performed).

Strengths and Limitations
This randomized trial will provide prospective data for a
common health care problem and the appropriate aftercare. Due
to its randomized design, this trial will provide high-quality
evidence with clearly predefined objective results.

Outpatient control, for all patients 6 weeks postoperatively,
performed by a specialized (orthopedic) trauma surgeon ensures
comparable and objective analysis in terms of early surgical
outcome.

As a secondary outcome measurement, functional analysis using
validated questionnaires will provide additional information. If
this trial demonstrates comparability in terms of quality in
aftercare between both groups, this could be the basis for a
change in standard postoperative process with savings in
radiation exposure and health care costs.

Limitations of this study are the single-center design and the
lack of blinding during the study period.

Conclusion
With this prospective randomized trial, we will provide data on
the necessity for postoperative standardized radiographs after
open reduction and internal fixation of distal radius and ankle
fractures. This could lead to a change in the standard
postoperative protocol after operative fracture care and will help
reduce radiation exposure during the postoperative course.
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Abstract

Background: Anxiety and depression are common, impairing conditions that evidence high comorbidity rates in adolescence.
The Unified Protocol for Transdiagnostic Treatment of Emotional Disorders in Adolescents (UP-A) is one of the few existing
resources aimed at applying transdiagnostic treatment principles to target core dysfunctions associated with both anxiety and
depression within a single protocol. To our knowledge, this is the first study examining the efficacy of the UP-A adapted as a
universal preventive intervention program.

Objective: The primary aim of this study is to examine whether the Spanish version of the UP-A is more effective than a waitlist
(WL) control group in reducing and preventing symptoms of anxiety and depression when employed as a universal, classroom-based
preventive intervention. The secondary aim is to investigate changes in a broad range of secondary outcome measures, including
negative and positive affect, anxiety sensitivity, emotional avoidance, top problems ratings, school grades, depression and
anxiety-related interference, self-esteem, life satisfaction, quality of life, conduct problems, hyperactivity/inattention symptoms,
peer problems, prosocial behavior, school adjustment, and discipline problems. Other aims are to assess a range of possible
predictors of intervention effects and to examine the feasibility and the acceptability of implementing UP-A in a prevention group
format and in a school setting.

Methods: A cluster, randomized, WL, controlled trial design with classroom as the unit of randomization was used in this study.
Five classes including a total of 152 adolescents were randomized to the experimental or WL control groups. Participants in the
experimental group received 9 55-minute sessions delivered by advanced doctoral and masters students in clinical psychology.
The WL control group will receive the intervention once the 3-month follow-up assessment is completed.

Results: We have recruited participants to the cluster randomized controlled trial (RCT) and have conducted the intervention
with the experimental group. We expect the WL control group to complete the intervention in July 2017. Data analysis will take
place during the second semester of 2017.

Conclusions: We expect the experimental group to outperform the WL control group at post-intervention and 3-month follow-up.
We also expect the WL control group to show improvements in primary and secondary outcome measures after receiving the
intervention. Results will have implications for researchers, families, and education providers.

Trial Registration: Clinicaltrials.gov NCT03123991; https://clinicaltrials.gov/ct2/show/NCT03123991 (Archived by WebCite
at http://www.webcitation.org/6qp7GIzcR)
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Introduction

Background
Depression and anxiety disorders are highly prevalent conditions
in children and adolescents and are associated with significant
impairment in everyday life [1,2]. For instance, a national study
conducted in the United States including adolescents aged 13
to 18 years found that anxiety disorders were the most common
condition (31.9%) and that mood disorders were also highly
prevalent (14.3%) [2]. In Spain, after conduct disorders,
depressive disorders are the most prevalent psychological
disorders in children and adolescents (14.6%), followed closely
by anxiety disorders (13.3%) [1].

The costs of supporting children and adolescents with
psychiatric disorders can be far higher than for their peers
without these problems, and these disorders usually lead to
continued financial burden and functional impairment into
adulthood (eg, increased use of public sector services,
lower-quality peer and family relationships, and reduced
participation in the labor market) [3]. As an example, a Dutch
cost-of-illness study focusing on 118 anxious 8 to 18-year old
youth concluded that “the societal costs of families with a
clinically anxious child who seek treatment amount to more
than 20 million Euros a year in the Dutch population, and were
21 times higher than in families of the general population” [4].
Beyond the significant emotional and financial costs of
childhood emotional disorders, depression and anxiety disorders
are associated with increased risk for a range of difficulties
throughout adolescence and into adulthood. Specifically,
adolescent anxiety and depression are associated with an
increased risk of educational under-achievement, substance
dependence, chronic anxiety and/or depression, as well as
impairment in a range of important psychosocial domains
including interpersonal functioning, quality of life, and physical
well-being [5,6].

Despite this chronic and concerning level of impairment, only
about 20% of youth with anxiety or depressive disorders receive
mental health services [7]. Given the sequelae of negative
outcomes associated with childhood emotional disorders,
preventative interventions are all the more important for their
potential to reduce and even eliminate the distress, long-term
impairment, and significant societal burden these disorders
cause. Moreover, delivering universal prevention programs for
anxiety and depression in a school setting may be an ideal
method for making preventative interventions more widely
accessible to those with a high risk of developing emotional
disorders.

Prevention programs may be universal, selected, or indicated
[8]. A universal approach to anxiety and depression prevention
in schools could be especially beneficial because such an
approach “seeks to target a large number of children regardless

of their risk status over a short period of time, helps to reduce
difficulties in screening for inclusion, potentially reduces the
incidence of anxiety disorders by intervening before the onset
of these disorders, and serves to reduce stigmatization” [9].
Preventive interventions have often been developed separately
for anxiety and for depression and have typically considered
these disorder classes as independent constructs [10]. However,
anxiety and depressive disorders are frequently comorbid in
children and adolescents, with studies reporting that about 25%
to 50% of depressed youth have comorbid anxiety disorders
and about 10% to 15% of anxious youth have comorbid
depression [11]. In addition, both clinical manifestations share
vulnerability and maintenance factors such as neuroticism or
high negative affect, maladaptive action tendencies (eg,
avoidance or withdrawal), and high levels of distress or
discomfort in response to emotional experiences [12,13].

These findings suggest that a transdiagnostic approach to the
prevention of adolescent anxiety and depression may be useful.
Transdiagnostic cognitive behavioral therapy (T-CBT) has been
defined as a type of cognitive behavioral therapy (CBT) that
can be applied to a number of different disorders that share
commonalities in cognitive, behavioral, and/or emotional
dysregulation [14], without tailoring the protocol to specific
diagnoses [15]. Fairburn, Cooper, and Shafran [16] initially
developed and evaluated a transdiagnostic approach to CBT for
eating disorders. Research on the development and efficacy of
transdiagnostic interventions was advanced by Barlow and
colleagues, who provided a transdiagnostic theoretical model
and developed a unified (transdiagnostic) treatment for
emotional disorders among adults: The Unified Protocol for
Transdiagnostic Treatment of Emotional Disorders (UP) [17].
Drawing from research with the UP in adult samples,
Ehrenreich-May and colleagues developed the Unified Protocol
for Transdiagnostic Treatment of Emotional Disorders in
Adolescents (UP-A) and the Unified Protocol for
Transdiagnostic Treatment of Emotional Disorders in Children
(UP-C) [18]. Preliminary data suggest that both protocols are
effective in reducing principal and overall emotional disorder
severity [19-21] and, overall, T-CBT for children and
adolescents has demonstrated promising results according to a
recent meta-analysis [21].

Applying a transdiagnostic approach to prevention that focuses
on core dysfunctions across emotional disorders may reap a
larger benefit than intervening with risk factors specific to only
one disorder or domain type (eg, anxiety versus depression, etc)
[10]. However, transdiagnostic, theory-driven CBT protocols
for preventing anxiety and depression are still scarce, currently
with only the following 2 well-consolidated protocols: (1)
EMOTION: “Coping Kids” Managing Anxiety and Depression
[22]; and (2) Super Skills for Life [23]. Studies applying these
T-CBT-based prevention protocols have shown promising
results [9,24]. In addition, a transdiagnostic, school-based
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preventive intervention for adolescents with elevated symptoms
of social anxiety and/or depression and elevated peer
victimization was developed and initially evaluated [25].
However, the EMOTION and the Super Skills for Life protocols
were developed for young children [22,23], and T-CBT
preventive interventions for anxiety and depression in
adolescents are scarce, to say the least. An initial version of the
UP-C was developed as a universal preventive intervention in
a summer camp setting [26], providing useful preliminary data
on the feasibility and efficacy of adapting and delivering the
UP-C and UP-A as preventive interventions, but larger studies
are needed, particularly in adolescents for whom T-CBT
preventive interventions are lacking.

Study Aims
The current study proposes to extend transdiagnostic prevention
research for adolescents by establishing initial pre- to
post-prevention and follow-up outcomes associated with the
use of the Spanish version of the UP-A, adapted as a
school-based anxiety and depression preventive intervention.

The primary aim of this study is to examine whether the UP-A,
a T-CBT intervention adapted as a school-based preventive
intervention and delivered by doctoral and masters students in
clinical psychology, is more effective than a waitlist (WL)
control condition consisting of the usual academic curriculum
in (1) reducing symptoms of anxiety and depression; and (2)
preventing clinically elevated levels of anxiety and depression
from developing. The second aim is to investigate
post-intervention and follow-up changes in a broad range of
secondary outcome measures, including negative and positive
affect, anxiety sensitivity, emotional avoidance, depression and
anxiety-related interference, top problems ratings, school grades,
self-esteem, life satisfaction, quality of life, school adjustment,
discipline problems, conduct problems, hyperactivity/inattention
symptoms, peer problems, and prosocial behavior. The third
aim is to assess whether any benefits of the intervention are
predicted by age, gender, number of sessions attended,
participant-rated behaviors indicating level of engagement and
effort during sessions, understanding of basic program concepts,
adherence to home practice, practice of specific strategies
outside session, and interest in psychology. The fourth aim is
to examine if the effects at post-intervention are maintained at
the 3-month follow-up. The fifth aim of this study is to assess
the feasibility (eg, obtaining consent, assessment completion,
group attendance) and the acceptability of implementing UP-A
in a prevention group format and in a school setting. Finally,
the sixth aim is to calculate the intracluster correlation
coefficient (ICC) and measures of variability (ie, standard
deviation, interquartile range) for all primary and secondary
outcomes in order to determine sample sizes of future full-scale,

cluster randomized controlled trials (RCTs) applying the UP-A
adapted as a preventive intervention.

We predict that the UP-A preventive intervention group will
exhibit greater improvement on all primary and secondary
outcome measures at post-intervention and follow-up compared
to the WL control group. We also expect that WL participants
will experience significant improvements on all outcome
measures after receiving the intervention. Greater improvement
in the primary and secondary outcome variables is expected in
those with higher levels of home practice, more frequent practice
of a greater number of strategies outside session, higher levels
of engagement and effort during sessions, more sessions
attended, greater knowledge of core program contents after the
intervention, and greater interest in psychology. In relation to
age and gender as predictors, earlier studies have shown
contradictory results [27] and therefore no hypothesis was
forwarded in this regard. We also hypothesize that results will
support the feasibility of school-based implementation of UP-A
in a prevention group format, as evidenced by a number of
participants achieving treatment completer status (attending at
least 7 out of the 9 sessions), as well as the acceptability of the
intervention, as evidenced by participants’ self-rated satisfaction
at post-intervention.

Methods

The study design reported is in line with the Consolidated
Standards of Reporting Trials (CONSORT) statement: extension
to cluster randomized trials [28]. The study was granted ethical
approval from the Research Ethics Committee of Universidad
Nacional de Educación a Distancia, Madrid, Spain. All parents
or guardians as well as adolescent participants provided written
informed consent. The study is registered in Clinicaltrials.gov
(NCT03123991).

Study Design
This study will be implemented as a 2-arm, cluster RCT [28],
with an intervention condition (UP-A adapted as a preventive
intervention program) and a 3-month WL control condition.
Measurements will be taken on the following occasions: (1)
Time 1 (1 week before the experimental group starts the
intervention); (2) Time 2 (1 week after the experimental group
finishes the intervention); (3) Time 3 (3 months after the
experimental group finishes the intervention and 1 week before
the WL control group starts the intervention); and (4) Time 4
(1 week after the WL control group finishes the intervention).
On all occasions, except for Time 4, both groups will complete
the outcome measures at about the same time. For Time 4, only
the WL control group will complete the outcome measures.
This represents a 3 (time) by 2 (group) repeated measures
design. The flow diagram of the study is shown in Figure 1.
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Figure 1. CONSORT flow diagram.

Participants
An urban secondary school in the city of Madrid (Spain) that
was previously known to the authors expressed interest in being
involved in research and agreed to participate. Students enrolled
in levels 3º ESO (usually aged 14 to 15 years old) and 4º ESO
(usually aged 15 to 16 years old) were targeted, given that early
to mid-adolescence is a key time for the emergence of common
mental health disorders [29]. Participants came from 3 classes
at level 3º ESO and 2 classes at level 4º ESO (each class having

around 30 students each). No incentives are being given to the
adolescents or the school for participating in this project.

Parents or guardians, as well as adolescents, were provided with
information about the study and were required to provide signed
consent before Time 1 assessments. Participants and families
were informed that (1) responses to the questionnaires will be
keep confidential; (2) they will be able to withdraw from the
study at any time; (3) participants receiving the preventive
intervention will be taught specific skills that will help them to
better cope with situations that provoke anxiety/depression both
now and in the future; and (4) participants assigned to the WL
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control condition will receive the preventive intervention after
the WL period. Inclusion criteria for participants were providing
written, informed consent (both the adolescent and at least 1
parent or legal guardian) and being able to understand, write,
and read Spanish. Spanish proficiency was determined based
on teacher report. Due to the universal prevention goal of this
study, there were no other exclusion criteria. Classes of students
were randomly assigned either to the preventive intervention
group or to the WL control group (see Figure 1). Time 1, Time
2, Time 3, and Time 4 assessments, as well as intervention
sessions, are being conducted at the school during school hours.

Intervention
Participants will receive the Spanish version of the UP-A [18],
modified for delivery as a 9-session, school-based universal
preventive intervention. Core modules of the UP-A include (1)
Building and Keeping Motivation; (2) Getting to Know Your
Emotions and Behaviors; (3) Emotion-Focused Behavioral
Experiments; (4) Awareness of Physical Sensations; (5) Being
Flexible in Your Thinking; (6) Awareness of Emotional
Experiences; (7) Situational Emotion Exposures; and (8)
Keeping it Going-Maintaining Your Gains [18] (Figure 1).

The UP-A is a downward extension of the UP [17], modified
for adolescents (ages 12 to 17) presenting with any primary
emotional disorder, including anxiety, depressive,
obsessive-compulsive, and stress-related disorders and problem
areas. The UP-A distills common evidence-based techniques
that cut across disorder-specific treatment manuals for youth
emotional disorders (eg, psychoeducation, non-judgmental
awareness, cognitive reappraisal, exposure, behavioral
activation, etc) [30], drawing from CBTs, motivational
enhancement, and third-wave behavioral therapies (eg,
acceptance and mindfulness-based techniques). As with the UP,
the UP-A emphasizes 5 core treatment principles: (1) increasing
present-focused awareness of emotions; (2) enhancing cognitive
flexibility; (3) identifying and preventing emotional avoidance
and maladaptive emotion-driven behaviors; (4) increasing
emotional awareness and acceptance of uncomfortable
emotion-related physiological sensations; and (5) facilitating
exposure to both interoceptive and situational triggers of
emotional experiences [17,31].

The preventive intervention applied in this study consists of 9
weekly lessons, the length of which corresponds to a school's
typical class period (55 minutes in the school in our study). It
is delivered in a group format to entire classes of adolescents
as part of the school curriculum. Specifically, the intervention
sessions are carried out during school hours designated for

“Tutorías,” which are 1-hour weekly sessions that, in the Spanish
Education System, are meant to target issues occurring within
the school context, such as providing professional development,
providing academic support, assisting in solving problems
between students or between students and teachers, etc. The
WL control group will receive their normal class schedule
without any planned socioemotional focus, followed by the
intervention after the Time 3 assessment is completed. A
detailed description of the content of each UP-A session is
shown in Table 1.

The students in the preventive intervention group are encouraged
to practice skills learned in sessions by completing structured
home learning assignments outside of formal session time.
Completed home learning assignments are discussed at the
beginning of each session, with the exception of the first. All
intervention sessions are delivered by author JGE, an advanced
doctoral student in clinical psychology, and by an advanced
master's student in clinical psychology.

Researchers attempt to contact students who miss one of the
weekly sessions and provide them with the opportunity to make
up the content in the following days. During this makeup
session, students are given a content summary and any missed
home learning assignments to facilitate preparation for the next
session. If a student is unable to be contacted, he or she is able
participate in the following session after a brief, individual
content review meeting with one of the group leaders delivering
the sessions.

Implementation of the Program
Prior to implementing the UP-A program, JGE received training
on the UP-A protocol by its developer, JEM at University of
Miami (Coral Gables, US). Likewise, RMV, PC, and BS
received specific training on the UP-A through a course on the
UP-A and UP-C protocols at Universidad Nacional de
Educación a Distancia (Madrid, Spain) given by JEM. The
UP-A was translated into Spanish by JGE, and its translation
and adaptation were supervised by BS, PC, and RMV. The
translation process was also supervised by JEM. Adherence to
the protocol for the current study is self-monitored by the group
leaders, who complete a checklist at the end of each session
indicating whether each skill within the session was presented.

Primary Outcome Measures
Questionnaires will be completed at the Time 1, Time 2, Time
3, and Time 4 assessments (Table 2). Top Problems Assessment
(TPA) is not included in this table because it was completed at
time-points during the 1st, 5th, and 9th sessions (see below).
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Table 1. The Unified Protocol for Transdiagnostic Treatment of Emotional Disorders in Adolescents (UP-A) preventive intervention session descriptions.

Main contentModule titleUP-Aa moduleSession

Introduce confidentiality and group rules; obtain 3 top problems,

severity ratings, and a SMARTb goal for each problem; complete
emotion identification skills activity if sufficient time remains.

Building and Keeping MotivationModule 11

Psychoeducation about emotions and their function; introduce emotional
behaviors, the 3 parts of an emotional experience, and the “Before,
During, and After” form for tracking emotional experiences outside of
sessions.

Getting to Know Your Emotions and BehaviorsModule 22

Psychoeducation about cycle of avoidance, opposite action, and behav-
ioral experiments; reflect on current use of free time and come up with
a list of enjoyed activities; introduce weekly activity tracker for on-
going behavioral activation.

Emotion-Focused Behavioral ExperimentsModule 33

Psychoeducation about body sensations, their relationship to intense
emotions and their harmlessness; introduce the concept of “fight or
flight response” and review cycle of avoidance; conduct sensational
exposures with the group.

Awareness of Physical SensationsModule 44

Introduce the concept of “thinking traps” (ie, cognitive distortions) and
teach common thinking traps; introduce the concept of automatic and
alternative thoughts as well as detective thinking skills; Re-rate top
problems obtained in session 1.

Being Flexible in Your ThinkingModule 55

Review thinking traps and detective thinking skills; introduce and ensure
understanding of problem solving skills; conduct examples using
problem solving skills with group members; review skills learnt so far
in the program.

Being Flexible in Your ThinkingModule 56

Introduce the rationale for present-moment awareness and practice this
skill in session using non-emotional stimuli (eg, focus on breathing);
introduce rationale for non-judgmental awareness; do an individual
mini-test assessing skills taught in the program so far.

Awareness of Emotional ExperiencesModule 67

Review cycle of avoidance, reinforcement, and maintenance of learned
behavior; provide psychoeducation about emotion exposures; create
emotional behaviors forms to identify relevant exposures; if time per-
mits, conduct a group exposure activity; assign exposure homework.

Situational Emotion ExposuresModule 78

Review exposure homework and plan future exposures if necessary;
re-rate top problems and revisit SMART goals; review skills that have
been most useful for each group member and make an individualized
post-program plan to practice skills.

Keeping it Going—Maintaining Your GainsModule 89

aUP-A: Unified Protocol for Transdiagnostic Treatment of Emotional Disorders in Adolescents.
bSMART: specific, measurable, attainable, relevant, and time-bound.
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Table 2. Outcome measures used in the study.

Items, nAssessmentQuestionnaire

Time 4Time 3Time 2Time 1

WLEWLEWLEWLbEa

9/20YesNoYesYesYesYesYesYesDemographicsc

30YesNoYesYesYesYesYesYesRCADS-30d

14YesNoYesYesYesYesYesYesCDNe

10YesNoYesYesYesYesYesYesEANf

25YesNoYesYesYesYesYesYesSDQg

11YesNoYesYesYesYesYesYesEIDANh

20YesNoYesYesYesYesYesYesPANASNi

18YesNoYesYesYesYesYesYesCASIj

17YesNoYesYesYesYesYesYesEASI-Ak

5YesNoYesYesYesYesYesYesSWLS-Cl

10YesNoYesYesYesYesYesYesKIDSCREEN-10m

10YesNoYesYesYesYesYesYesSESn

10YesNoYesYesYesYesYesYesEBAE-10o

10YesNoYesYesYesYesYesYesIGp

10YesNoNoNoNoYesNoNoSatisfaction Qq

3YesNoNoYesNoYesNoNoCurriculum Qr

8YesNoNoYesNoYesNoNoStrategies Qs

6YesNoNoNoNoYesNoNoDiscipline Qt

4YesNoNoNoNoYesNoNoOther questionsu

3YesNoYesYesYesYesNoNoPsychology Qv

25NoNoNoNoYesYesNoNoPID-5-Briefw

aE: experimental group.
bWL: waitlist control group.
cThe demographics questionnaire has 20 items at Time 1 and 9 items at Time 2, Time 3, and Time 4.
dRCADS-30: Revised Child Anxiety and Depression Scale-30.
eCDN: Depression Questionnaire for Children (Cuestionario de Depresión para Niños).
fEAN: Anxiety Scale for Children (Escala de Ansiedad para Niños).
gSDQ: Strengths and Difficulties Questionnaire.
hEIDAN: Depression and Anxiety Interference Scale for Children (Escala de Interferencia de la Depresión y Ansiedad para Niños).
iPANASN: Positive and Negative Affect Schedule for Children and Adolescents (Escalas PANAS de Afecto Positivo y Negativo para Niños y
Adolescentes).
jCASI: Childhood Anxiety Sensitivity Index.
kEASI-A: Emotional Avoidance Strategy Inventory for Adolescents.
lSWLS-C: Satisfaction with Life Scale for Children.
mKIDSCREEN-10: Kidscreen-10 Quality of Life Scale.
nSES: Self-Esteem Scale.
oEBAE-10: School Adjustment Brief Scale (Escala Breve de Ajuste Escolar).
pIG: General Indiscipline Scale (Escala de Indisciplina General).
qSatisfaction Q: satisfaction with the program questionnaire.
rCurriculum Q: curriculum knowledge questionnaire.
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sStrategies Q: strategies practiced outside of session questionnaire.
tDiscipline Q: discipline problems during sessions questionnaire.
uOther questions: other end of program questions.
vPsychology Q: assistance to therapy and interest for psychology questions.
wPID-5-Brief: Personality Inventory for Diagnostic and Statistical Manual of Mental Disorders, 5th edition (DSM-5)-Brief Form.

Revised Child Anxiety and Depression Scale-30
The Revised Child Anxiety and Depression Scale-30
(RCADS-30) [32] is a widely-used questionnaire measuring
self-reported anxiety and depressive symptoms in children and
adolescents. The scale is comprised of the following subscales
derived from the Diagnostic and Statistical Manual of Mental
Disorders, 4th edition (DSM-IV) criteria: (1) social phobia, (2)
generalized anxiety disorder, (3) obsessive-compulsive disorder,
(4) panic disorder, (5) separation anxiety disorder, and (6) major
depressive disorder. The 6 subscales are summed to create a
Total Anxiety and Depression score. Each item is scored from
0 (“Never”) to 3 (“Always”), with higher scores representing
more severe symptoms. The RCADS-30 has demonstrated good
psychometric properties with normative and clinical populations
[33,34]. In the current sample, the 6 individual subscales have
demonstrated adequate to good internal consistency both at
Time 1 (alpha .70 to .85) and at Time 2 (alpha .72 to .86). The
Total Anxiety and Depression scale has demonstrated excellent
internal consistency at Time 1 (alpha = .92) and at Time 2 (alpha
= .93) assessments.

Depression Questionnaire for Children
Depression Questionnaire for Children (Cuestionario de
Depresión para Niños; CDN) [35] is a 16-item, self-report
questionnaire designed to assess symptoms of DSM-IV major
depressive disorder and dysthymic disorder in children and
adolescents. In this study, the 2 items targeting suicidal ideation
were not included as per the request of school personnel.
Participants rate each item on a 3-point scale from 0 (“Never”),
1 (“Sometimes”), to 2 (“Very often”) to indicate the frequency
with which they experience depression symptoms. The sum of
all items provides an overall score, with higher scores indicating
greater depression symptoms. The CDN has demonstrated
adequate psychometric properties [32]. At Time 1 and Time 2
assessments, the CDN overall scale has demonstrated good
internal consistency in this sample with alpha values of .87 and
.89, respectively.

Anxiety Scale for Children
Anxiety Scale for Children (Escala de Ansiedad para Niños;
EAN) [35] is a 10-item questionnaire that assesses anxiety
symptoms during the past few weeks in children and
adolescents. Participants are instructed to indicate how
frequently they have experienced general anxiety symptoms on
a 4-point, Likert-type scale, ranging from 0 (“Never or almost
never”) to 3 (“A lot of the times or almost always”). The sum
of all items provides an overall score, with higher scores
indicating more elevated anxiety symptoms. The EAN has
shown good psychometric properties [36]. In the current sample,
the EAN scale has demonstrated excellent internal consistency
at Time 1 (alpha = .91) and Time 2 (alpha = .94) assessments.

Secondary Outcome Measures
The following questionnaires will be completed at Time 1, Time
2, Time 3, and Time 4 assessments (see Table 2).

Top Problems Assessment
The adolescent version of TPA provides a means of collecting
information about changes in the severity of problems identified
by the adolescent to be of greatest concern. Group leaders first
provide instructions and examples about the types of problems
that can be targeted within the program and adolescents are then
asked to generate 3 top problems of their own. Adolescents also
generate a corresponding specific, measurable, attainable,
relevant, and time-bound (SMART) goal for each problem.
During the 1st, 5th, and 9th sessions, participants are asked to
rate the severity of each problem on a 0 to 8 scale (with higher
ratings indicating greater problem severity). Top problems are
a central tool for progress monitoring in the UP-A and UP-C
protocols. They were adapted by Ehrenreich-May from original
work by Weisz and colleagues [37]. Top problems have been
shown to demonstrate good psychometric properties [37].

Strengths and Difficulties Questionnaire
The Spanish version of the Strengths and Difficulties
Questionnaire (SDQ) by García and colleagues was used
[38,39]. The scale provides scores for 5 subscales including
emotional symptoms, conduct problems, symptoms of
hyperactivity/ inattention, peer problems, and prosocial behavior.
Each subscale contains 5 items scored on a 3-point, Likert-type
scale, ranging from 0 (“Not true”) to 2 (“Certainly true”). A
Total Difficulties Score is obtained by summing the 5 items on
all scales, with the exception of the prosocial behavior scale.
The SDQ is widely used and both the original and Spanish
versions have good psychometric properties [40,41]. The Total
Difficulties Scale has demonstrated adequate to good internal
consistency in this sample at Time 1 (alpha = .73) and Time 2
(alpha = .81) assessments.

Depression and Anxiety Interference Scale for Children
Students complete a Depression and Anxiety Interference Scale
for Children (Escala de Interferencia de la Depresión y Ansiedad
para Niños; EIDAN) [42] developed for this investigation. This
11-item questionnaire assesses the degree to which feeling
worried, nervous, or sad interferes with various domains of the
adolescent’s life (school, peer/family/general functioning),
employing a 4-point, Likert-type scale ranging from 0 (“Nothing
or almost nothing”) to 3 (“A lot”). Higher scores indicate greater
levels of interference. In the current sample, the EIDAN scale
has demonstrated good internal consistency at Time 1 (alpha =
.80) and Time 2 (alpha = .87) assessments.
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Positive and Negative Affect Schedule for Children and
Adolescents
The Positive and Negative Affect Schedule for Children and
Adolescents (Escalas PANAS de Afecto Positivo y Negativo
para Niños y Adolescentes; PANASN) [43] questionnaire is an
age-downward version of the Positive and Negative Affect
Schedule [44] for individuals aged 7 to 17 years. The scale
provides scores for 2 subscales of 10 items each measuring
positive and negative affect. Participants are asked to rate items
according to how they usually feel from 1 (“Never or almost
never”), 2 (“Sometimes”), to 3 (“A lot of the time”). The
PANASN has demonstrated good psychometric properties
[43,45]. In the current sample, the Positive Affect Scale
demonstrated adequate and good psychometric properties at
Time 1 (alpha = .77) and Time 2 (alpha =.81) assessments.
Similarly, the Negative Affect Scale demonstrated adequate
internal consistency at Time 1 assessment (alpha = .79) and
good internal consistency at Time 2 assessment (alpha = .81).

Childhood Anxiety Sensitivity Index
The Spanish version of the Childhood Anxiety Sensitivity Index
(CASI) [46,47] was used for this study. The CASI is an 18-item
self-report questionnaire measuring anxiety sensitivity in
children or distress reactions to symptoms of anxiety (eg, “It
scares me when my heart beats fast”). Participants rate the
frequency with which they experience each item using a 3-point,
Likert-type scale from 1 (“Never”), 2 (“Sometimes”), to 3 (“A
lot of the time”). The Spanish adaptation of the CASI used in
the present study has demonstrated good psychometric properties
and positive correlations with constructs related to anxiety
sensitivity [48]. In the current sample, the CASI has
demonstrated excellent internal consistency at Time 1 (alpha =
.90) and Time 2 (alpha = .90) assessments.

Emotional Avoidance Strategy Inventory for Adolescents
Emotional Avoidance Strategy Inventory for Adolescents
(EASI-A) [49] is a 17-item self-report questionnaire in which
respondents are instructed to indicate the degree to which each
statement is true using a 5-point, Likert-type scale ranging from
0 (“Not at all true of me”) to 4 (“Extremely true of me”). The
EASI-A was translated and adapted to Spanish for this study
[50]. Our Spanish adaptation also uses a 5-point Likert-type
scale, but with options indicating frequency rather than degree
from 0 (“Never or almost never”), 1 (“Seldom”), 2
(“Sometimes”), 3 (“A lot of times”), to 4 (“Always or almost
always”). The EASI-A has demonstrated good psychometric
properties and positive correlations with anxiety and depression
symptoms [49]. The EASI scale has demonstrated good internal
consistency at Time 1 and Time 2 assessments with alpha values
of .87. and .86, respectively, in the current sample.

Satisfaction with Life Scale for Children
The Satisfaction with Life Scale for Children (SWLS-C) [51]
measure is an age-downward version of the measure of life
satisfaction developed by Diener and colleagues [52]. It is a
5-item, self-report instrument in which respondents are asked
to indicate the degree to which each statement is true of their
life using a 4-point, Likert-type scale ranging from 1 (“Not at
all”) to 4 (“A lot or completely”). In the current sample, the

SWLS scale has demonstrated adequate good consistency at
Time 1 (alpha = .81) and Time 2 (alpha = .89) assessments.

Kidscreen-10
The official Spanish version developed by the KIDSCREEN
Group was used [53]. KIDSCREEN-10 is a widely-used brief
questionnaire assessing generic health-related quality of life in
children and adolescents that was adapted from the longer
KIDSCREEN-27 [53]. The 10 items on the KIDSCREEN-10
index assess affective symptoms of depressed mood, difficulty
concentrating, decreased energy, impaired school functioning,
and impaired relations with peers and family. It uses a 5-point,
Likert-type scale ranging from 1 (“Not at all”) to 5
(“Extremely”). KIDSCREEN-10 has been shown to possess
good psychometric properties [54]. In the current sample, the
KIDSCREEN-10 scale has demonstrated good internal
consistency at Time 1 (alpha =.82) and Time 2 (alpha = .85)
assessments.

Self-Esteem Scale
A Spanish adaptation of the Self-Esteem Scale (SES) [55] was
used in this study [56]. SES is a 10-item self-report instrument
that measures global self-esteem. Respondents are asked to
indicate how much they agree with each statement on a 4-point,
Likert-type scale from 1 (“Strongly disagree”) to 4 (“Strongly
agree”). The scale has been shown to possess good psychometric
properties in adolescent samples [57]. In the current sample,
the SES scale has demonstrated good internal consistency at
Time 1 (alpha = .83) and excellent internal consistency at Time
2 (alpha = .90) assessments.

School Adjustment Brief Scale
School Adjustment Brief Scale (Escala Breve de Ajuste escolar;
EBAE-10) [58] is a 10-item questionnaire used to measure
adaptive functioning in the area of school performance.
Respondents are instructed to respond to questions about their
grades, their relationships with teachers and peers, and their
expectations regarding their educational future. They are asked
to indicate how much they agree with each statement on a
6-point, Likert-type scale ranging from 1 (“Completely agree”)
to 6 (“Completely disagree”). This scale has demonstrated
adequate psychometric properties [59]. In the current sample,
the EBAE scale has demonstrated acceptable internal
consistency at Time 1 (alpha=.76) and Time 2 (alpha=.72)
assessments.

General Indiscipline Scale
The General Indiscipline Scale (Escala de Indisciplina General;
IG), adapted from Martín and colleagues’ questionnaire [60],
is an 11-item questionnaire that assesses problematic behaviors
of students in the classroom. Respondents are asked to indicate
the frequency of each behavior stated in the items on a 4-circle
bull's-eye, with each circle closer to the bulls-eye's center
representing more frequent demonstration of the behavior. For
this study, we adapted the scale such that adolescents were asked
to rate the frequency with which they demonstrated each
behavior on a 4-point, Likert-type scale with options being 0
(“Never or almost never”), 1 (“Only sometimes”), 2 (“Quite a
few times”), or 3 (“A lot of the time”). The IG has demonstrated
adequate properties [61]. In the current sample, this scale has
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demonstrated adequate internal consistency at Time 1 (alpha =
.75) and good internal consistency at Time 2 (alpha= .80)
assessments.

Socio-Demographic Information Questionnaire
All participants are asked to provide demographic information
including their age, gender, school grades, socio-economic
status, and place of birth.

Other Secondary Outcome Measures

The Personality Inventory for DSM-5-Brief Form
The Spanish version of the Personality Inventory for Diagnostic
and Statistical Manual of Mental Disorders, 5th edition-Brief
Form (PID-5-BF) [62,63] was used. It assesses 5 personality
trait domains (negative affect, detachment, antagonism,
disinhibition, and psychoticism), with each trait domain
consisting of 5 items to be rated on a 4-point scale from 0 (“Very
false or often false”), 1 (“Sometimes or somewhat false”), 2
(“Sometimes or somewhat true”), to 3 (“Very true or often
true”). All items are summed to derive an overall score, with
higher scores indicating greater overall personality dysfunction.
Similarly, higher scores in each trait domain indicate greater
dysfunction in that personality trait domain. In the current
sample, the PID-5-BF overall scale has demonstrated excellent
internal consistency (alpha = .90).

Therapy and Psychology Questions
At Time 2, Time 3, and Time 4 assessments, students are also
asked whether they have attended therapy in the last 3 months
(and if yes, for how many sessions), as well as a question
regarding their interest in psychology, rated on a 4-point,
Likert-type scale from 1 (“None”) to 4 (“A lot”).

Measures Completed at Post-Intervention Only
The following questionnaires are to be completed by students
in the preventive intervention group at Time 2 and by students
in the WL control group at Time 4 (Table 2).

Satisfaction with the Program Questionnaire
We used 6 of the 7 questions from Rapee and colleagues’
Satisfaction Questionnaire [64]. The 6 questions assess
enjoyment of the program, amount learnt in the program, the
effectiveness of the program in improving general life coping
skills, likelihood of recommending the program to others, and
the ability to cope with emotions before and after the program.
We added one other question “Did this program help you to
learn more about emotions and how they work?” All items are
assessed on a 10-point scale from 1 (“Least or none”) to 10 (“A
lot”), with the exception of questions related to recommending
the program to others and whether this program increased
knowledge about emotions and how they work. These latter 2
questions are assessed using a dichotomous, 2-point scale with
1 being “Yes” and 2 being “No.” Rapee and colleagues’
Satisfaction Questionnaire has showed adequate psychometric
properties [24,64].

Discipline Problems During Sessions Questionnaire
Students are asked 6 questions about how often they
demonstrated certain behaviors during the sessions using a

4-point, Likert-type scale from 1 (“In no or almost no sessions
of the program“), 2 (“Only in some sessions of the program”),
3 (“In quite a lot of the sessions of the program”), to 4 (“In all
or almost all sessions of the program”). Specifically, the items
were (1) “I have talked to my classmates when I should not
have”; (2) “I have paid attention to what the girls delivering the
program were saying”; (3) “I have done things from other
subjects during program sessions”; (4) “I have been reprimanded
for my behavior”; (5) “I have taken the program seriously”; and
(6) “I have tried to do my best when doing the in-class activities
of the program.” In the current sample, this questionnaire has
demonstrated only fair internal consistency at Time 2 assessment
(alpha = .68).

Other End of Program Questions
Adolescents are also asked the following other questions related
to the program: (1) “What did you like best about the program?”;
(2) “What did you like worst?”; (3) “Being honest with yourself,
are you going to make efforts in the future to apply the strategies
that you learned in this program in your daily life?”; (4) “When
you missed a session, did you read the summary of the session
that was given to you?”; and (5) “When you missed a session,
did you do the homework that was given to you?” Questions 1
and 2 are open-choice questions and question 3 is to be answered
using a dichotomous scale with 1 being “Probably yes” and 2
being “Probably not.” Questions 4 and 5 are to be rated on a
3-point scale from 1 (”Most of the time yes”), 2 (“Most of the
times no”), to 3 (“I did not miss any sessions”).

Measures Completed at Post-Intervention and
Follow-Up
The following questionnaires are to be completed by students
in the preventive intervention group at Time 2 and Time 3 and
by students in the WL control group at Time 4 (Table 2).

Curriculum Knowledge Questionnaire
A questionnaire was created on the basis of the program
curriculum to assess participants’knowledge of core information
presented in the program. Specifically, there are 2 open-choice
questions (“What are the three parts of an emotion?” and “What
can you do when you are feeling sad or down to feel better?”)
and one multiple choice question (“What is a thinking trap?”)
with 3 answer choices (“It is a kind of unpleasant emotion”/“It
is what happens when someone tries to trick us into thinking
what they want”/“It is a thought that makes us feel unpleasant
emotions”).

Strategies Practiced Outside of Session Questionnaire
We adapted the questionnaire for our study based on the format
used in a previous study by Johnson and colleagues [65].
Students are asked “During the 9-week course, how often did
you practice each of the following techniques outside of the
lessons?”, are supplied with a list of techniques learned during
the course, and are asked to rate how much they practiced each
technique. Adolescents rate each item on a 5-point, Likert-type
scale from 1 (“Never”), 2 (“Once or twice in total”), 3 (“Greater
than twice in total but less than once a week”), 4 (“Once or
twice each week”), to 5 (“Three times or more each week”),
with higher scores indicating more frequent practice of strategies
learned in the program. Specifically, participants are asked about
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their use of the following strategies: (1) “Identify the three parts
of the emotion you are feeling (what you think, what you feel
in your body and what you do)”; (2) “Plan for how long are you
going to do school work and what pleasant activities are you
going to do”; (3) “When you are sad or worried, do something
that you like or value even if you do not feel like it”; (4)
“Realize that you are falling into a thinking trap (eg, thinking
the worst, ignoring the positive, etc) and try to change the
thought to an alternative one that makes you feel better”; (5)
“When you have a problem, think about all the possible
solutions, then think about the good and bad things about each
solution and, lastly, choose one of the solutions to try”; (6) “Try
to focus in the present moment”; (7) “Meditate, that is, sit and
try to focus in your breathing for a few minutes”; and (8)
“Expose yourself little by little to those things that scare you or
make you nervous because you know it is the only way to
overcome your fears.” At Time 3, the question is re-worded to:
“Since the end of the program at school, how often have you
used the following strategies?” In the current sample, this
questionnaire has demonstrated adequate internal consistency
at Time 2 assessment (alpha = .82).

Sample Size
One significant impact of the adoption of a cluster design is the
comparatively large sample size requirement since, in contrast
to individually randomized trials where inter-individual variation
is the only source of variability, cluster studies involve both
variation among individuals and variation among clusters. As
a result, cluster studies must recruit a larger number of
individuals in order to achieve power equivalent to that of an
individually randomized trial [28]. The magnitude of this
within-cluster dependence, which ultimately influences the
eventual trial size, is quantified by the intracluster correlation
coefficient (ICC) [66]. The ICC accounts for the extent to which
responses of adolescents attending the same class (that is,
sharing the same classroom, classmates, teacher, etc) are more
likely to be similar compared with adolescents from a different
class.

Power analyses were conducted using G*Power Version 3
software [67]. Sample size required to detect a Cohen d effect
of .30 was estimated, based upon effect sizes reported in
meta-analyses of school-based anxiety and depression preventive
interventions conducted all over the world [68,69], including
in Spain [70]. Calculations showed that with a power level of
.80 and a significance level of alpha = .05, a total sample of
NNon-cluster of 74 was required to detect a significant effect.
However, potential loss of power due to data clustering had to
be considered in the sample size calculation. The impact of the
ICC on the planned trial size depends on the so-called design
effect, which can be calculated as 1+(m-1) ICC, with m referring
to the number of participants recruited per cluster [66]. For this
study, the ICC is unknown although, on the basis of prior
school-based prevention research, the expected ICC for anxiety
and depression-related outcomes is approximately 0.02 [27].
The anticipated average class (cluster) size for this study is 27
students meeting inclusion criteria, resulting in a design effect
of 1.52. The design effect is then multiplied by the previously
calculated NNon-cluster [66], resulting in an estimated sample size

for this trial of 112, considering the design effect. In addition,
we estimated a dropout rate of 10% based on previous studies
[65,71], resulting in an estimated total sample size of 123 (at
least 62 students in each group). The total number of clusters
required can be calculated dividing the estimated total sample
size by the estimated number of participants recruited per cluster
(123/27), resulting in 4.56 clusters [66]. Therefore, to achieve
a sample of this size, a total of 157 students and 5 clusters were
recruited.

As the flow diagram shows (Figure 1), the final number of
participants matches these a priori computations closely: 90
students (10 lost at Time 2) were allocated to the preventive
intervention group and 62 students (4 lost at Time 2) were
assigned to the WL control group. In addition, this study will
allow for calculation of the ICC and effect sizes for all primary
and secondary outcomes, which could be very important in
assisting future researchers in establishing the feasibility and
ideal sample size for future full-scale cluster RCTs applying
the UP-A as a preventive intervention.

Randomization

Sequence Generation and Allocation Concealment
Each participating class (cluster) was randomly allocated 1:1
to the preventive intervention or WL control condition. We used
a balanced design, resulting in about the same number of classes
in each of the preventive intervention and WL control groups
(Figure 1). No matching, blocking, or stratification took place.
Cluster randomization was undertaken for the ecological validity
of providing the intervention at the class level. The
randomization was conducted by a researcher not involved in
the current project by using a computer random number
generator. Random assignment occurred before Time 1
measurements took place because the Research Ethics
Committee that provided ethical approval for this study
requested that the Informed Consent forms signed by
parents/guardians and participants state whether the student was
going to be in the experimental or the WL control group.

Implementation and Blinding
The adolescents complete all questionnaires using Qualtrics
Survey software in a designated classroom, and a research
assistant is available to provide assistance if necessary and to
ensure independent responding. The research assistant is blind
to the allocated treatment group at time of completing
questionnaires to reduce risk of bias. Blinding of participants
at the cluster or individual level is not possible for the ethical
reasons explained above. Regardless, blinding participants at
the cluster or the individual level after baseline would have been
impossible due to the nature of the experimental intervention,
which requires active participation from the preventive
intervention group compared to no involvement or participation
from the WL control group in the first phase of the study. An
attention-control intervention would have been ideal but was
beyond the scope of this study.
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Results

Analysis and presentation of data will be in accordance with
CONSORT guidelines and, in particular, the extension to cluster
randomized trials [28]. Statistical significance will be considered
as a P value of less than .05, and statistical analysis will be
mainly carried out using IBM Statistical Package for the Social
Sciences, Version 24.0 (IBM SPSS). Data will be analyzed
taking the clustering of students within classes into account.

To check for possible differences at pre-intervention between
intervention and WL control groups, a chi-square test for
nonparametric variables and a 2-tailed t test for continuous
variables will be performed at the student-level and class-level
on sociodemographic variables as well as on primary and
secondary outcome measures. Complete case analyses
(excluding participants with missing data), intent-to-treat
analyses (including all randomized individuals), and completer
status analyses (ie, participants that achieved completer status,
that is, participants that attended to 7 or more sessions), will be
conducted according to the initial allocation of classes to either
preventive intervention or WL control groups. Results will be
reported at cluster and individual levels, including information
about the estimated effect size and its precision, as well as ICCs
for each primary and secondary outcome.

In relation to missing data, we will follow the guidelines for
analyzing and reporting cluster RCTs with missing data
established by Fiero and et al [72] and Díaz and et al [73].
Specifically, we will (1) attempt to follow up on all randomized
clusters and individuals in order to limit the extent of missing
data; (2) report the number of clusters and individuals lost to
follow-up, as well as numbers of missing values for each
variable of interest, which will be important when deciding
what analysis to use; (3) collect and report information about
reasons for losses to follow-up and other missing values, which
may help when deciding the plausibility of the
missing-at-random assumption; (4) justify the choice of principal
analysis, the missing data mechanism assumed, and the
plausibility of these assumptions; (5) perform and report
sensitivity analyses to explore the robustness of the trial results
to departures from the missing data assumption made in the
primary analysis; and (6) follow the CONSORT extension for
cluster trials [28] to ensure comprehensive reporting and
transparency of methods used. To investigate the potential
effects of missing data, the baseline characteristics of the
adolescents will be compared for those with and without missing
data.

The effectiveness of the intervention will be assessed using
complex samples procedures in SPSS as well as multi-level (or
hierarchical) modeling that includes both fixed (intervention
effects) and random (students in classrooms) effects.
Experimental and WL control groups will be compared at 3
points in time: Time 1 (pre-treatment), Time 2 (post-treatment
for intervention group), and Time 3 (3-month follow-up for
intervention group). In addition, within-participant analyses
will be conducted only with the WL control group at Time 4.
ICCs will be calculated for all primary and secondary outcomes

to compare the variation due to school class and the total
variance.

Secondary analyses will include (1) repeating the primary
analysis adjusting for any variables exhibiting significant
imbalance at baseline to assess whether this influences the
findings; (2) examining intervention changes for adolescents
who scored above the clinical cut-off for anxiety and/or
depression at Time 1; (3) investigating potential predictors of
intervention effects including all participants (both intervention
and WL control groups) after the WL receives UP-A; (4)
comparing observed and expected attrition rates, as well as
observed and expected ICCs; and (5) analyzing answers to
checklists completed by group leaders.

At the time of submitting this manuscript, all participants have
been recruited and we have conducted Time 1 and Time 2
assessments with the experimental and WL control groups. The
experimental group has also completed the preventive
intervention. We expect the WL control group to complete the
preventive intervention and Time 4 assessments in July 2017.

Discussion

Principal Findings
This paper describes the study protocol of a cluster RCT testing
the first adaptation of the UP-A as a school-based anxiety and
depression preventive intervention. The primary outcomes are
change in anxiety and depression symptoms. Secondary
outcomes include change in participant-identified top problems
ratings, conduct problems, hyperactivity/inattention symptoms,
peer problems, prosocial behavior, school grades, depression
and anxiety-related interference, positive and negative affect,
anxiety sensitivity, emotional avoidance, life satisfaction, quality
of life, self-esteem, school adjustment, and discipline problems.
This study will also improve our understanding of factors that
might influence the effectiveness of UP-A through the
preliminary examination of a number of potential predictors of
treatment outcomes, including age, gender, number of sessions
attended, engagement and effort during sessions, understanding
of basic program concepts, adherence to home practice, and
practice of specific strategies outside of sessions.

This study focuses on a school-based, universal prevention
program for anxiety and depression, which has the advantage
of being easily integrated into a school curriculum and thereby
limiting the extent to which participants are segregated from
peers and at risk for possible stigmatization due to their
participation [74]. It is surprising that, despite the high
co-occurrence between anxiety and depression and their shared
risk and vulnerability factors, preventive interventions have
typically focused on either depression or on anxiety alone [10].
For instance, of the 30 total studies included in a meta-analysis
conducted by Ahlen and colleagues, 13 studies focused primarily
on depression prevention, 10 studies focused primarily on
anxiety prevention, and only 7 studies focused on prevention
of both disorders [27]. A transdiagnostic approach to preventing
anxiety and depression may enhance the efficacy,
generalizability, and cost-effectiveness of prevention programs
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[10], as well as prevent the development of related emotional
disorders.

The location of this research in Spain is particularly significant,
as there is a lack of anxiety and depression preventive
interventions for youth in the country [70]. A very recent
systematic review and meta-analysis on school-based depression
and anxiety prevention programs for young people [75] only
found 2 studies that took place in Spain, one of them applying
a selective preventive intervention and the other applying a
universal one. In addition, the current organization of public
healthcare in Spain is such that citizens lack direct access to
psychological care services due to lengthy waiting lists and a
limited number of psychologists [76], although there are some
recent initiatives targeting adult populations that aim to
implement evidence-based psychological treatments and increase
the number of clinical psychologists in primary care [76,77].
Given the high need for mental health services in Spain relative
to the number of existing providers, and given the high
individual, familial, and societal burden of untreated or
undertreated mental health concerns, the development of new
and effective preventive intervention programs in the country
is crucial.

Strengths
The greatest strength of this study is that it is the first study to
evaluate the effectiveness of the UP-A adapted as a
school-based, universal anxiety and depression preventive
intervention. In addition, it includes random assignment of
clusters (classes) to intervention or WL conditions, implements
an evidence-based protocol (the UP-A), uses highly reliable
assessment measures, and includes a brief but reasonable
window for follow-up after prevention programming (3 months).
Another strength of this study is that we are not only examining
the effectiveness of the UP-A program in reducing anxiety and
depressive symptoms, but we are also examining its impact on
a range of other variables. These variables include positive
outcomes (quality of life, quality of peer relationships, prosocial
behavior, self-esteem, satisfaction with life), which are
especially important to measure when working at the universal
prevention level, as the majority of participants tend to exhibit
non-clinical level concerns [71]. We have also included a

measure of personality traits, as the presence of certain
personality traits has been identified as a potentially useful
means of identifying individuals at risk for developing emotional
disorders [78]. Furthermore, this study will not only evaluate
the effectiveness of the UP-A program for the total sample of
participating students, but it will also conduct preliminary
analyses to investigate whether the program is more beneficial
for certain groups of adolescents than others (eg, those with
higher anxiety and depression at pre-treatment) and will examine
predictors of treatment efficacy.

Limitations
This study has certain limitations due to its preliminary nature.
The major limitation of this study is its moderate sample size
(152 adolescents across 5 classes were randomized). In addition,
the adolescents were recruited from only one school, which may
limit generalizability of findings. Furthermore, due to financial
and personnel constraints, this study only incorporated
adolescent self-report measures. Although this methodology
facilitates assessment of a large cohort of adolescents in a
relatively short time frame [9], it also has limitations (eg, relies
on subjective perceptions), and future studies should consider
using information from multiple sources (interviews with the
students, parents, and teacher reports, etc). In addition,
participants were not blinded to allocation when measures were
obtained due to constraints established by the Ethical Research
Committee, which specified that informed consent forms must
state group allocation. Lastly, using the same group leaders to
administer the intervention for all classes increases consistency
but, at the same time, may limit generalizability of findings
[65].

Conclusions
The current trial will provide insight into the implementation
and effectiveness of the UP-A as a universal, school-based
anxiety and depression prevention program, adding knowledge
to the research base on transdiagnostic prevention programs
more generally. This initial cluster RCT was also designed to
provide information regarding the feasibility of potential future
full-scale trials in order to optimize the intervention and design
approach.
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Abstract

Background: Many studies have reported an association between epilepsy, nodding syndrome (NS), and onchocerciasis (river
blindness). A high prevalence of epilepsy has been noted particularly in onchocerciasis hyperendemic areas where onchocerciasis
is not or insufficiently controlled with mass ivermectin distribution. There is evidence that increasing the coverage of ivermectin
reduces the incidence of epilepsy, and anecdotal evidence suggests a reduction in seizure frequency in onchocerciasis-associated
epilepsy (OAE) patients who receive ivermectin. Finding an alternative treatment for epilepsy in these patients will have major
consequences.

Objective: The goal of the study is to assess whether ivermectin treatment decreases the frequency of seizures and leads to
seizure freedom in OAE patients, including patients with NS. If we are able to demonstrate such an effect, this would strengthen
the argument that onchocerciasis is causing epilepsy and therefore we should increase our efforts to eliminate onchocerciasis.

Methods: We will conduct a randomized clinical trial in the Democratic Republic of Congo to compare seizure freedom in
onchocerciasis-infested epilepsy patients who receive immediate ivermectin treatment with delayed (after 4 months) ivermectin
treatment. All participants will simultaneously receive antiepilepsy drugs (AEDs) according to local guidelines for epilepsy
treatment. The primary endpoint is seizure freedom defined as no seizures during the 4 month of follow-up. Secondary endpoint
is significant (>50%) seizure reduction compared to baseline seizure frequency. Reduction of seizures will be compared between
ivermectin and nonivermectin arms.

Results: Start of enrollment is planned for August 2017, and we expect to have enrolled all 110 participants by December 2017.
Results are expected in June 2018.

Conclusions: If ivermectin treatment in addition to AEDs is able to lead to seizure freedom or significantly reduces seizure
frequency in OAE patients, this will have major consequences for epilepsy treatment in onchocerciasis-endemic regions. Ivermectin
is donated for free and in non Loa-Loa–endemic regions has negligible side effects. Reducing the burden of epilepsy will have
a major impact on quality of life and socioeconomic status of families with affected members in Africa.

Trial Registration: ClinicalTrials.gov NCT03052998; https://clinicaltrials.gov/ct2/show/NCT03052998 (Archived by WebCite
at http://www.webcitation.org/6roFVQSG0)

(JMIR Res Protoc 2017;6(8):e137)   doi:10.2196/resprot.7186
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Introduction

Onchocerciasis-Associated Epilepsy
Many studies have reported an association between epilepsy,
nodding syndrome (NS), and onchocerciasis [1-4]. A
meta-analysis of African population-based surveys showed a
variation in epilepsy prevalence consistent with onchocerciasis
prevalence, with epilepsy prevalence being increased, on
average, by 0.4% for each 10% increase in onchocerciasis
prevalence [2]. NS is an epileptic disorder occurring in children
in onchocerciasis (river blindness) endemic regions, initially
only observed in South Sudan, Uganda, and Tanzania [5]. NS
occurs in previously healthy children, aged mainly from 5 to
18 years and is characterized by head-nodding, an atonic
epileptic seizure [5,6]. Individuals may also develop other types
of seizures and stunted growth. Many affected children not only
suffer from recurrent seizures but also from severe cognitive,
behavioral, and psychiatric problems [7,8]. NS should be
considered part of a spectrum of onchocerciasis-associated
epilepsy (OAE) disorders [9]. We recently suggested that these
epileptic disorders share etiological factors related to
Onchocerca volvulus infection and therefore considered
ivermectin, used to treat onchocerciasis, as a treatment option
for OAE [10].

Ivermectin Treatment May Prevent
Onchocerciasis-Associated Epilepsy
Ivermectin is effective against many types of parasites and is
recommended every 6 months for treatment of onchocerciasis.
Medication is taken orally and generally well tolerated [11].
Accumulating evidence is suggesting that ivermectin may
prevent OAE. After the introduction of biannual mass treatment
with ivermectin in 2012, no new NS cases have been observed
in Northern Uganda [12]. In a recent age-matched case control
study in Titule, Bas Uélé, in the Democratic Republic of Congo
(DRC), 16/18 (89%) of patients with epilepsy had not taken
ivermectin the year before they developed epilepsy, compared
to 7/18 (39%) controls (P=.002) [13]. We recently visited several
villages in the Mbam valley (an onchocerciasis-endemic area
in Cameroon) where the prevalence of epilepsy in 1992 ranged
between 4% and 8% and most epilepsy cases occurred in people
aged younger than 20 years [3]. In 2015, after more than 15
years of administering ivermectin annually, nearly all epilepsy
cases were in people over the age of 20 years, also suggesting
a protective effect of ivermectin on the incidence of epilepsy
(R Colebunders, personal communication). A similar age shift
of epilepsy cases to older age groups after the introduction of
ivermectin was reported in an onchocerciasis-endemic region
in Nigeria [14]. With ivermectin distribution only once a year,
it may take many years with high treatment coverage before a
significant effect on the incidence of OAE is observed. Indeed,
several months after the administration of one dose of
ivermectin, microfilariae reappear and therefore create a risk
for the infected individual to develop epilepsy. For this reason,
in order to decrease the incidence of OAE more rapidly, at least
biannual intake of ivermectin may be required.

Pathophysiological Mechanism of
Onchocerciasis-Associated Epilepsy
The pathophysiological mechanism of OAE remains unclear.
In recent studies, O volvulus DNA was never isolated from
cerebrospinal fluid (CSF) in patients with NS [15]. However,
several of the patients enrolled in these studies had taken
ivermectin in the past. In 1938, before the use of ivermectin,
microfilariae in CSF were described by Casis Sacre [16] in
Mexican patients with onchocerciasis with NS and
Nakalanga-like clinical manifestations. Dead and live
microfilariae were also found in 1959 by Mazotti [17] in CSF
of patients with onchocerciasis treated with
diethylcarbamazepine. In 1976, Duke et al [18] noted the
presence of small numbers of O volvulus microfilariae in the
CSF (<2 mf/mL) in 5 of 8 untreated heavily infected (>100
mf/mg skin) onchocerciasis patients. During diethylcarbamazine
treatment, in 10 out of 11 heavily infected patients presenting
with an ocular form of onchocerciasis, the numbers of O
volvulus microfilariae in the CSF increased even up to 8 to 31
mf/mL [18]. Patients with O volvulus infection receiving
diethylcarbamazine were reported to develop optic atrophy,
probably because of a Mazotti reaction caused by dead
microfilariae present in the optic nerve [19]. Perhaps this nerve
could be an entry point of the microfilariae to the brain. Another
explanation for the association between onchocerciasis and
epilepsy could be the occurrence of an autoimmune response
related to the O volvulus infection [20] leading to seizures.

Ivermectin acts on the chloride-dependent channels of both
glutamate and γ-aminobutyric acid, interrupting
neurotransmission in invertebrates. However, in humans, several
mechanisms of brain protection exist, including P-glycoprotein,
present on the apical face of endothelial cells of the blood-brain
barrier and coded by the MDR1 gene [21]. Therefore in humans
ivermectin generally does not enter the brain [21] and would
not be able to kill microfilariae inside the brain. Ivermectin
could, however, reduce the microfilariae load outside the brain
and either reduce the risk that additional microfilariae penetrate
the brain or reduce the neurotoxic immunological response
caused by the microfilarae.

One dose of ivermectin eliminates microfilarae very rapidly
[22]. A mathematical model predicted that microfilaridermia
would be reduced by half 24 hours after the intake of ivermectin
[23]. Therefore, if the microfilariae load plays an important role
in causing OAE, it may be that ivermectin also has a rapid effect
on the frequency of seizures.

Ivermectin Treatment May Decrease Seizure
Frequency in Patients With Onchocerciasis-Associated
Epilepsy
In a study in Kabarole district in Uganda in 1992, 34/91 (37%)
patients reported some decrease in either the frequency or
severity of seizures after 1 dose of ivermectin (150 µg/kg) [24].
After being treated with ivermectin, 13/91 (14%) individuals
had no seizures for 3.7 months (on average). Seizures were
unchanged in 51/91 (56%), and worsened in 6/91 (7%) [24]. In
a recent trial in the DRC comparing moxidectin (an anti- O
volvulus experimental drug with a longer half-life than
ivermectin) with ivermectin, 6 (80%) out of 7 O
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volvulus-infested patients with epilepsy became seizure free
after treatment with moxidectin or ivermectin (the randomization
code has not been broken yet). In one person, seizure frequency
was significantly reduced over the 18-month follow-up period.
In this person, microfilariae remained present in skin snips,
although at a lower level than before the onchocerciasis
treatment. In all subjects who became seizure free, the skin snips
too became microfilaria free [M Mandro, unpublished].

To assess whether ivermectin treatment may reduce the
frequency of seizures and lead to seizure freedom, we intend to
conduct a short proof-of-concept randomized clinical trial to
compare immediate ivermectin treatment with delayed (after 4
months) ivermectin treatment in onchocerciasis-infested persons
with epilepsy. The primary outcome is seizure freedom at 4
months. Reducing the burden of epilepsy will have a major
impact on quality of life and socioeconomic status of families
with affected members in Africa. If we are able to demonstrate
an effect of ivermectin on the frequency of seizures, this would
be an extra argument that onchocerciasis is causing epilepsy
and that therefore we should increase our efforts to eliminate
onchocerciasis.

Methods

Study Design
This is a proof-of-concept randomized treatment trial consisting
of 2 treatment arms, immediate (arm A) and delayed (4 months
later) ivermectin treatment (arm B). A computer-based,
preplanned age and frequency of seizures stratified
randomization list will be used. The trial will not be
placebo-controlled as this will be costly and we do not expect
this to greatly influence reporting of seizures, our primary
outcome. Epilepsy patients in both arms will additionally receive
antiepileptic drugs (AEDs) following local guidelines of epilepsy
treatment in DRC. Study investigators collecting and analyzing
data will be blinded for treatment.

Study Population, Setting, and Enrollment
The trial will take place in selected villages in the Logo health
zone, an onchocerciasis-endemic region in the Ituri province in
the DRC, in areas where so far mass ivermectin administration
has not been implemented but where the national onchocerciasis
program is planning to start community-directed distribution
of ivermectin in 2017. Pilot studies by our group in this area
show prevalence estimates of OAE of approximately 5% [25].

Before starting, the village chief and community health workers
will be informed of the purpose and specifics of our study. When
permission is obtained, our medical team will visit the village
and set up a mobile clinic. Patients who may fulfill eligibility
criteria are selected and examined for a screening visit after
informed consent is obtained from patient and/or caretaker in
the local language (Alur). Patients who meet the enrollment
criteria (see Textbox 1) are invited to participate in the treatment

trial. Detailed information about the trial is given in local
language, and enrollment informed consent is obtained.

Our study population consists of epilepsy patients aged 5 years
and older with onchocerciasis and without other obvious risk
factors for epilepsy.

Trial Registration
The trial is registered at ClinicalTrials.gov [NCT03052998] and
will be registered at the World Health Organization International
Registry Network.

Screening of Epilepsy Patients for Onchocerca volvulus
Infection
After informed consent is obtained, trial candidates with epilepsy
will be tested for the presence of antibodies to the parasite
antigen OV16 with the SD BIOLINE Onchocerciasis IgG4
Rapid Test (Standard Diagnostics Inc). Also, a skin snip will
be taken from the left and right iliac crests with a Holtz
corneoscleral punch (2 mm). One sterilized punch will be used
per subject. Each snip will be weighed on an analytical balance
and incubated for 24 hours in isotonic saline in a well of a
flat-bottomed microtiter plate. The microfilariae that emerge
will be counted using an inverted microscope. The number of
microfilariae in each well and the weight of the associated skin
snip before incubation will be recorded. The mean of the skin
microfilarial (mf) density (mf count/weight) of snip across all
4 skin snips will be calculated and recorded as mf/mg. Skin
biopsies will then be stored in 90% ethanol to be tested for O
volvulus by an in-house polymerase chain reaction method
(supplemental methods).

Diagnosis of Onchocerca volvulus Infection
Diagnosis of onchocerciasis infection will be made when
microfilariae are detected in skin snip and/or antibodies to the
parasite antigen OV16 are detected.

Diagnosis of Epilepsy
To identify eligible epilepsy patients with generalized tonic
clonic seizures, we will use a 10-item epilepsy questionnaire
previously used in international epilepsy prevalence studies
[26,27]. A person identified on the basis of this questionnaire
as possibly a person with epilepsy will be examined by a
neurologist to make an accurate diagnosis according to
definitions proposed by the International League Against
Epilepsy [28]. A case of epilepsy will be defined as a patient
who has had (1) at least 2 times, unprovoked and without fever,
lost consciousness with convulsions with a minimal time
difference of 24 hours between the 2 events or (2) 1 unprovoked
seizure and a probability of future seizures similar to the general
recurrence risk after 2 unprovoked seizures. Detailed questions
including the age at seizure onset, seizure frequency, and family
history of seizures are part of the baseline questionnaire. The
eligibility criteria are listed in Textbox 1.
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Textbox 1. Selection criteria.

Inclusion criteria:

• Age 5 years and older

• Signed informed consent form

• Normal neurological development until onset of epilepsy

• Onset of epilepsy between ages of 5 and 18 years

• Seizure frequency of ≥2 seizures per month

• Presence of microfilariae in skin snip and/or antibodies against OV16

• Generalized (primarily or secondarily) tonic clonic seizures are present

Exclusion criteria:

• Ivermectin intake in the last 9 months

• Pregnancy or breastfeeding

• Known or suspected allergy to ivermectin

• Loa Loa microfilariae in blooda

• Epilepsy with known cause (eg, severe head trauma, perinatal asphyxia, patients with a history of cerebral malaria, meningitis, or encephalitis)

• Concomitant acute illness or chronic medication use

• Chronic alcohol or substance use

• Use of antiepilepsy drugs in the past 2 weeks

aTreatment with ivermectin in persons with Loa Loa co-infection
may cause fatal encephalopathy.

Blood samples will be tested for Taenia solium antibodies and
antigen, but in the absence of a point-of-care test, results will
only become available after screening. Therefore these test
results are not part of the eligibility criteria. However, they will
be taken into account in analyzing the results.

Ivermectin Treatment Strategy
Following recommendations, 1 dose of 150 µg/kg ivermectin
(Mectizan) will be administered orally, and treatment will be
directly observed. Ivermectin is generally well tolerated.
Common side effects of ivermectin include fever, itching, skin
rash, edema, myalgia, and headache.

Anti-Epileptic Drug Treatment Strategy
We designed a standard epilepsy treatment protocol for both
treatment arms. To summarize, we will start with phenobarbital
100 mg once a day which may be increased to 150 to 200 mg
per day after 2 months if there is insufficient seizure reduction
(less than 50% reduction of seizure frequency). If there are
contraindications for use of phenobarbital (intellectual or
behavioral disorders) or persistent side effects, carbamazepine
will be prescribed (in adults initial dose 100 to 200 mg per day,
maintenance dose 400 to 1400 mg; in children initial dose is 5
mg/kg per day, maintenance dose 10 to 30 mg/kg per day). In
the case of side effects related to carbamazepine, we will start
with sodium valproate (in adults initial dose 400 mg per day,
maintenance dose 400 to 2000 mg per day; in children initial
dose 15 to 20 mg/kg per day and maintenance dose 15 to 30
mg/kg per day). In the case of carbamazepine and sodium
valproate, we will prescribe initial dose in all patients and will

increase this to the lowest maintenance dose at 2-week visit. In
case of dose-determined side effects, dose reduction is permitted.
Dose may be increased at the 2-month visit if there is insufficient
seizure control (less than 50% reduction in seizure frequency).
Individual treatment decisions will be made by the team
physician who has received specific training in epilepsy
treatment and can consult with the team neurologist. Patient
and family will be informed of the following regarding epilepsy
treatment [29]:

• Delay in onset of effect and the time course of treatment
• Potential side effects and the risk of these symptoms (seek

help promptly if these are distressing)
• Risk of abrupt discontinuation/withdrawal symptoms on

missing doses
• Need for regular follow-up

Compliance
We will perform indirect (pill count) and direct (AED blood
levels) methods to check for compliance to AED treatment. We
will train community volunteers to assist the research team and
local health team with the follow-up of the trial participants and
for compliance monitoring at the home of the participants. The
center visit at week 2 is scheduled to check for side effects in
order to minimize withdrawal from AED treatment. Although
noncompliant patients are expected to be equally distributed
among treatment arms because of randomization and therefore
not influence outcome, it is important to put effort into
minimizing noncompliance, especially since we intend to
continue treatment with AEDs past the duration of the trial
regardless of the results. Community volunteers will also be
trained to become community directed distributors of ivermectin
after completion of the trial.
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Endpoints
Primary endpoint is proportion of patients who have achieved
seizure freedom after 4 months. Seizure freedom will be defined
as no seizures the last month of the trial (month 4). Secondary
endpoints are proportion of patients at month 4 with more than
50% reduction in seizure frequency compared to reported seizure
frequency at randomization and microfilarial load measured in
skin snip. The seizure frequency data will be collected starting
from day 1 using a seizure diary. Reduction of seizures will be
compared between ivermectin and nonivermectin arms.

Baseline and Follow-Up Procedures
At baseline, information will be collected on seizure semiology,
frequency, risk factors, treatment history, and ivermectin
treatment in the past. A full physical and neurological
examination will be performed together with serological testing
and skin snip examination. Weight and height measurements

will be carried out and the participant body mass index will be
calculated at baseline and follow-up visits. Trial participants
will be instructed on how to fill out a seizure calendar and record
intake of AEDs. A center visit is scheduled 2 weeks after
randomization to assess potential side effects of AEDs. Side
effects will be recorded using a structured questionnaire
inquiring about known side effects of phenobarbital,
carbamazepine, or sodium valproate. To assess seizure
frequency, center visits are scheduled after 2 weeks, 1, 2, 3, and
4 months. To minimize loss to follow-up, we use Global
Positioning System coordinates to locate study participants.
During these visits, neurological and physical examination will
be repeated, adverse events will be evaluated, and we will count
AED pills for indirect measurement of AED compliance. At
the fourth visit, skin snip examination and O volvulus serology
will be repeated. Additionally, AED blood levels will be
measured to directly assess AED compliance (Table 1).

Table 1. Overview of study baseline and follow-up assessments.

Trial stageOverview procedures

t=m4t=m3t=m2t=m1t=2wt=0t=–1 

XCheck of inclusion and exclusion criteria

XPatient characteristics questionnaire

XXXXXPhysical exam and neurological assesment

XXXXXXSeizure diary review

XXXXXXAdministering AEDa/ivermectin

XXXXXXAED pill count

XXBlood exam, skin snip, urine test

XXXXXXAdverse event questionnaire

aAED: antiepilepsy drug.

If a participant is not able to visit the study center, a home visit
will be performed to monitor AED use and seizure frequency.

Sample Size Calculation
We expect that 4 months of treatment with AEDs (phenobarbital,
carbamazepine, or sodium valproate) will lead to seizure
freedom in 50% of the patients (experience of R Idro in
Uganda). In a clinical trial performed in Rethy (Ituri) comparing
the safety and parasitological efficacy of moxidectin versus
ivermectin treatment in persons with O volvulus infection not
receiving antiepileptic treatment, 6 (80%) of 7 trial participants
with epilepsy were seizure free at 4 months.

Null hypothesis: The probability of seizure freedom at 4 months
for immediate ivermectin treatment is equal to the probability
of seizure freedom at 4 months for delayed ivermectin treatment.
If we expect that seizure freedom at 4 months will be obtained
in 50% of the participants with phenobarbital alone and that
with additional ivermectin treatment 80% of patients will
achieve seizure freedom at 4 months, about 104 subjects (52
per group) are needed to achieve the power of 90% to reject the
null hypothesis at the 5% significance level. Considering that
5% of the patients will be lost to follow-up, 110 patients will
be enrolled in the trial.

All comparative analyses will be based on the intention-to-treat
principle: all randomized patients will be included in the analysis
according to the result of the randomization.

For the primary endpoint, the null hypothesis will be tested by
comparing the observed proportion of responses in arm A with
the corresponding proportion in arm B at the 1-sided 5%
significance level by using the Cochran-Mantel-Haenszel test
for comparison of 2 independent proportions. The
Cochran-Mantel-Haenszel test will be performed controlling
for baseline frequency of seizures. The same test will be used
for the secondary endpoint. Change versus baseline in skin
micofilarial load at month 4 will be analyzed by means of a t
test. Frequencies of seizures will be compared between
participants with and without positive microfilaria skin snips
at month 4.

Patients lost to follow-up will be regarded as nonresponders.
Similarly, patients for whom the AED regimen had to be adapted
because of an increasing number of seizures will be considered
as nonresponders. AED treatment changes because of side
effects or possible interactions with other drugs will not be
considered as treatment failure.
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Data Handling and Record Keeping
All relevant clinical information will be collected on tablets.
The identity and information of trial participants is kept
confidential. Data will be entered in a Web-based electronic
database compliant with Good Clinical Practice as defined by
the International Conference on Harmonisation that is
access-controlled and anonymized.

Monitoring, Oversight, and Reporting
The trial sponsor is the University of Antwerp. The study team
will undergo Good Clinical and Laboratory Practice protocol
training and training in special procedures. An independent
experienced clinical trial monitor will monitor the trial and
report to the sponsor. The monitoring will include checking the
consent procedure, clinical event reporting, compliance with
protocol standard operating procedures, and treatment
adherence. Data queries will be handled according to a quality
management plan. A Data Safety Monitoring Board will be
established to review safety but not for efficacy, as
early-stopping for efficacy is not considered. All adverse study
drug reactions, serious adverse events, and deaths will be
reported to the sponsor.

Ethics and Dissemination
The trial will be conducted in accordance with applicable laws
and regulations including but not limited to the International
Conference on Harmonisation guideline for Good Clinical
Practice and ethical principles that have their origins in the
Declaration of Helsinki. The purpose and nature of the
investigation were explained to participants or parents/guardians,
including risks and benefits of each procedure. If a subject
wishes to participate in the study, the subject and (if applicable)
parent/legal guardian must participate in the informed consent
process and an informed consent/assent form must be signed
or thumb-printed and dated by the subject (and parent/legal
guardian, if applicable) or by his or her legally authorized
representative, a literate witness (for illiterate subjects), and by
the principal investigator or designee before any
protocol-required procedures were performed. Ethical approval
will be obtained from the ethical committee of the School of
Public Health of the University of Kinshasa in the DRC and the
ethical committee of the University of Antwerp.

Study results will be discussed with all stakeholders involved.
The scientific community will be reached through publication
in peer-reviewed open source international scientific journals
and presentations at national and international scientific
symposia. We will share both the overview of the research as

well as the source data, inviting others to analyze and comment
on the data and create their own analysis.

In collaboration with the nongovernmental organization Malteser
International, a decentralized program to treat all persons with
epilepsy in the villages where trial participants are recruited
will be set up. Local health care workers have already been
trained by 2 neurologists, and AEDs have been ordered. Malteser
international has promised a sustainable provision of AEDs
after the trial. Monitoring of the AED treatment program for at
least 18 months is also planned.

Results

We expect to start inclusion of patients in August 2017, and
enrollment to be completed in December 2017. First results of
the trial are expected by June 2018.

Discussion

The burden of OAE in African communities is currently being
investigated but is expected to be high. It has been estimated
that at least 100,000 people may be affected by OAE. Current
treatment with locally available AEDs is a challenge because
of factors such as availability, noncompliance because of side
effects, need for regular follow-up visits, daily administration,
and misconceptions about the origin of seizures that prevent
patients from seeking medical attention. If ivermectin treatment,
potentially in addition to AEDs, is able to lead to seizure
freedom or significantly reduces seizure frequency in OAE
patients, this will have major consequences for epilepsy
treatment in onchocerciasis-endemic regions. Ivermectin is
donated for free through the Mectizan donation program [30]
and is administered annually or biannually to populations at
risk for onchocerciasis. Ivermectin, however, does not kill the
adult worm; it only decreases its fertility [31]. After 3 to 6
months of embryostasis, the production of microfilariae resumes
[32]. Therefore its effect on the frequency of seizures may also
decrease over time. If this 4-month proof-of-concept trial shows
a beneficial effect of ivermectin, a trial comparing a dosing of
ivermectin every 3 months compared with an annual or biannual
dosing needs to be considered. In a previous study, a dosing
every 3 months of ivermectin caused a 30% decrease in
microfilariae production [33] and was not associated with more
side effects than annual dosing of ivermectin [34]. Ultimately,
we aim to design a treatment strategy for OAE that can be
sustained by the community. Reducing the burden of epilepsy
will have a major impact on quality of life and socioeconomic
status of families with affected members in Africa.
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Abstract

Background: An estimated one- to-two-thirds of new human immunodeficiency virus (HIV) infections among US men who
have sex with men (MSM) occur within the context of primary partnerships. Despite this fact, there remains a lack of prevention
interventions that focus on male sero-discordant dyads. Interventions that provide male couples with skills to manage HIV risk,
and to support each other towards active engagement in HIV prevention and care, are urgently needed.

Objective: The objective of this paper is to describe the protocol for an innovative dyadic intervention (Stronger Together) that
combines couples’ HIV testing and dyadic adherence counseling to improve treatment adherence and engagement in care among
HIV sero-discordant male couples in the United States.

Methods: The research activities involve a prospective randomized controlled trial (RCT) of approximately 165 venue- and
clinic-recruited sero-discordant male couples (330 individuals: 165 HIV sero-negative and 165 HIV sero-positive). Couples
randomized into the intervention arm receive couples’ HIV counseling and testing plus dyadic adherence counseling, while those
randomized to the control arm receive individual HIV counseling and testing. The study takes place in three cities: Atlanta, GA
(study site Emory University); Boston, MA (study site The Fenway Institute); and Chicago, IL (study site Ann & Robert H. Lurie
Children’s Hospital of Chicago). Cohort recruitment began in 2015. Couples are followed prospectively for 24 months, with
study assessments at baseline, 6, 12, 18, and 24 months.

Results: Stronger Together was launched in August 2014. To date, 160 couples (97% of the target enrollment) have been
enrolled and randomized. The average retention rate across the three sites is 95%. Relationship dissolution has been relatively
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low, with only 13 couples breaking up during the RCT. Of the 13 couples who have broken up, 10 of the 13 HIV-positive partners
have been retained in the cohort; none of these HIV-positive partners have enrolled new partners into the RCT.

Conclusions: The intervention offers a unique opportunity for sero-discordant couples to support each other towards common
HIV management goals by facilitating their development of tailored prevention plans via couples-based HIV testing and counseling,
as well as problem-solving skills in Partner Strategies to Enhance Problem-solving Skills (STEPS).

Trial Registration: ClinicalTrials.gov NCT01772992; https://clinicaltrials.gov/ct2/show/NCT01772992 (Archived by WebCite
at http://www.webcitation.org/6szFBVk1R)

(JMIR Res Protoc 2017;6(8):e170)   doi:10.2196/resprot.7884

Introduction

Research has drawn attention to the role of male dyads in the
US human immunodeficiency virus (HIV) epidemic, with
primary partners identified as the source of approximately
one-third [1] to two-thirds [2] of new HIV infections. Given
these estimates, a significant paradigm shift in HIV prevention
is needed, as efforts have traditionally focused on men who
have sex with men (MSM), in particular gay-identifying men,
as individuals rather than dyads. HIV prevention has
predominantly emphasized HIV risks in the context of casual
sex, largely ignoring the risk of HIV transmission that may
occur within primary partnerships. Within male couples, various
research findings have illustrated high rates of sexual risk
behavior for HIV (with primary and casual partners), low rates
of disclosure of potentially risky episodes with casual partners
to primary partners, and reduced frequency of HIV testing [3-9].
Historically, HIV prevention efforts have focused on reducing
the number of casual sex partners [10], indirectly messaging
that primary partnerships pose reduced risk of HIV and
conveying a misplaced sense of protection associated with
primary partners [11,12]. However, there have been recent
attempts to address this disproportionate focus on casual sex
partners. The Office of the Global Acquired Immune Deficiency
Syndrome (AIDS) Coordinator, through dissemination of
prevention guidelines for MSM in the President’s Emergency
Plan for AIDS Relief-supported countries, now recommends
couples’ HIV testing and counseling (CHTC) for male couples
[13].

CHTC has been used as an HIV prevention intervention for
heterosexual couples in Africa for over 20 years [14]. Labeled
as a, “ high leverage HIV prevention intervention ” by the US
Centers for Disease Control and Prevention (CDC) [15], CHTC
is considered to be an effective approach to HIV prevention
among male couples. The difference between CHTC and
individual HIV testing and counseling is that both partners
receive counseling and testing at the same time, and do so
together [16]. During the CHTC session, the counselor learns
about the couple’s relationship and provides tailored counseling
and HIV prevention recommendations based on the
characteristics of the couple’s relationship and their joint HIV
status [16]. Through the adaptation of CHTC and the high
acceptability among MSM [14,17], preliminary data from MSM
in three US cities (Atlanta, Chicago, Seattle) demonstrates the
readiness of US MSM to receive and use CHTC [18,19].
Preliminary findings also suggest that male couples receiving
CHTC, in which intimate partner violence (IPV) is not already
present, do not report increased levels of IPV or relationship

dissolution [20]. CHTC is now considered by the CDC to be
an effective public health strategy, and is currently being
implemented in over 40 US states [16,21].

A critical aspect of CHTC involves discussing a couple’s sexual
agreement. Sexual agreements are common among male couples
and refer to mutually understood rules between two partners
that describe the kinds of sexual behavior that is allowed within
and outside of the relationship [4,22-29]. In CHTC, male couples
discuss their sexual agreements, role-play with the counselor
about how they would communicate about a breach in the sexual
agreement, and develop an HIV prevention plan based on their
agreement and couple sero-status. Research regarding male
couples’ agreements has demonstrated that men are less likely
to practice condomless anal intercourse (CAI) with both primary
and outside partners if they value and commit to their agreement
and perceive their main partner to be dependable and invested
in the relationship [28,30-32]. Promoting positive relationship
dynamics has the potential to reduce couples’ risk for HIV
because higher trust, communication, commitment, and social
support are associated with lower odds of breaking a sexual
agreement, which can ultimately reduce unique HIV risks (eg,
CAI) for the couple [3].

In the United States, CHTC has been utilized as a prevention
strategy for male couples to learn about their HIV sero-status
together and to develop a tailored prevention plan that reflects
both their sero-status and their sexual agreement. However, the
potential for CHTC to be used as an entry point into engagement
in HIV care has been largely overlooked. Increasing evidence
indicates that early initiation of antiretroviral therapy (ART) is
beneficial for both the HIV-positive person and his partner.
Observational cohort studies have demonstrated a 94%
decreased mortality risk for the HIV-positive partner with
initiation of ART [33,34], as well as significant protection for
the HIV-negative partner from HIV infection due to early ART
initiation and progression to viral suppression [35]. Adherence
to ART is critical, as resultant viral suppression is correlated
with increased health [35-38] and reduced likelihood of HIV
transmission to an HIV-negative person. Approximately 95%
of ART adherence is the threshold required to achieve viral
suppression, which is a threshold that is considerably higher
than levels of medication adherence observed in many of the
observational studies that examined the impact of viral
suppression on HIV progression and transmission [39-41]. Only
41% of HIV-positive persons in the United States are both aware
of their HIV infection and are undertaking ongoing HIV care
[42]. Estimates suggest that only 77% of HIV-positive persons
are linked to care and approximately half (51%) remain in care,
with only 28% of HIV-positive persons in the United States
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achieving viral suppression [42]. Although a wide range of
adherence rates (53-89%) have been documented in varied
populations [40,43-52], the average rate of ART adherence is
thought to be approximately 70% in the United States [42].
HIV-positive persons are also not receiving sufficient levels of
HIV prevention counseling, and MSM are less likely than
non-MSM to receive counseling in the preceding year [42].

There is evidence that dyadic interventions increase ART
adherence when compared to individual adherence counseling
[53]. In a randomized controlled trial (RCT) of 215 couples,
including but not exclusively MSM couples, HIV-positive
persons receiving ART adherence counseling with their partners
had significantly higher levels of ART adherence [53]. The
study examined the effects of joint counseling (in which
counseling is delivered to the dyad) on adherence, but couples
did not receive HIV testing together [53]. Social support among
HIV-positive persons, including support from primary partners,
is associated with fewer reported HIV risk behaviors with
outside partners, greater self-efficacy to adhere, reported
adherence, and lowered viral load after six months of follow-up
[54,55]. Accordingly, couples who report higher relationship
satisfaction are more likely to concur about the nature of their
sexual agreement and to report not breaking the agreement
[3,28].

In April 2012, World Health Organization released new
guidelines for CHTC, including ART for treatment and
prevention among sero-discordant couples [56]. The guidelines
report a significant gap in evidence regarding the uptake and
adherence to ART among sero-discordant couples, and highlight
the role of CHTC in shaping uptake and adherence to ART [56].
This protocol outlines an intervention aimed at increasing
engagement in HIV care among sero-discordant male couples
in three US cities. The intervention draws upon two proven
strategies to create a couples-focused package of care that
incorporates dyadic HIV testing (CHTC) with dyadic adherence
counseling. The intervention focuses on a couples-focused
continuum of care, in which the couple is tested together and
receives ART adherence counseling together, compared to a
standard of care in which couples are tested and receive
counseling individually. The RCT will examine and compare
the intervention’s effects on engagement in HIV care and
achievement of viral suppression for the HIV-positive member
of the dyad, as well as sexual risk-taking both within and outside
the dyad. Understanding the efficacy of a couple’s focused
intervention for engagement in HIV care has the potential to
inform the delivery of dyadic HIV prevention and care services
for male couples, a group that is largely overlooked in current
HIV prevention research and programming.

The intervention is grounded in Couple’s Interdependence
Theory [57], a framework that combines both interdependence
theory and communal coping perspectives. The framework
guides the selection of measures of behaviors and behavior
change within the couple. These measures relate to our
intervention in two ways. First, some aspects of communication
and decision-making within the partnership may influence the
efficacy of the intervention; couples with more constructive
communication styles may benefit more from CHTC and
achieve greater linkage to, and retention in, HIV care than

couples with less constructive communication styles. Second,
some aspects of partnerships, such as efficacy around
implementing behavioral change, may actually be modified by
the intervention. In these cases, changes in key characteristics
of the partnerships may be in the causal pathway between the
intervention and the adoption of ART, linkage to care, and safer
behaviors within the partnership. We thus conceptualize the
causal pathways as follows. Couples exposed to the intervention
package will receive opportunities to talk about HIV, safer sex,
and care-seeking within their relationship jointly with a qualified
CHTC counselor. Relative to couples exposed to
individually-focused testing and adherence counseling, exposure
to CHTC may in turn impact communal coping, use of coping,
and transformation of motivation, leading to initiation and
maintenance of health-enhancing behavior (which we
conceptualize as greater uptake and retention in care and ART
adherence), lowering of sexual risk-taking inside and outside
of the relationship, and a resultant lowering of sexually
transmitted infection (STI) and HIV incidence. In our research
design, predisposing factors, outcome efficacy, and couple
efficacy will be collected separately from both partners before
the HIV testing intervention is delivered, and will again be
collected at each of the follow-up visits.

Methods

Design
The research activities involve a prospective RCT of
approximately 165 venue- and clinic-recruited sero-discordant
male couples (330 individuals: 165 HIV sero-negative and 165
HIV sero-positive). The study takes place in three cities: Atlanta,
GA (study site Emory University); Boston, MA (study site The
Fenway Institute); and Chicago, IL (study site Ann & Robert
H. Lurie Children’s Hospital of Chicago). Cohort recruitment
began in 2015. Couples are followed prospectively for 24
months, with study assessments at baseline, 6, 12, 18, and 24
months.

Participants
Eligible participants are cis-gender male couples in which: (1)
two men report having been in a relationship with each other
for greater than one month, with a relationship defined as,
“having a male partner who you are committed to above all
others”; (2) both men are aged over 18 years; (3) individuals
have lived in the Atlanta, Boston, or Chicago metro areas for
greater than 3 months; (4) participants reported no recent history
(in the past 12 months) of IPV or coercion; and (5) an HIV
sero-discordant relationship exists, in which both partners have
disclosed their sero-status to each other. Prevalent HIV
sero-positive statuses are self-reported and are not confirmed
by study staff.

Recruitment
Participants are recruited from the Atlanta, Boston, and Chicago
metro areas via a multi-modal recruitment strategy. Recruitment
takes place through physical and online/virtual spaces. Online
sources include advertising on social media (eg, Facebook) and
on geospatial dating apps (eg, Grindr). In-person recruitment
is achieved by study staff attending lesbian, gay, bisexual, and
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transgender (LGBT) events, visiting venues, meeting potential
participants at clinic appointments, and posting flyers in
gay-themed venues. All recruitment activities provide
individuals with the study uniform resource locator (URL). The
online screener can also be administered by study staff in-person
or over the phone. When men visit the URL, a page is populated
containing a short description of study activities; if they express
an interest in participation and provide the metro area they live
in, potential participants are taken to the study consent form,
and if they consent, are directed to a short eligibility screener.
Men who (1) do not consent or (2) do not meet the eligibility
criteria are taken to a screen thanking them for their interest.
Eligible men are directed to a registration process. During the
registration process individuals provide their name, email
address, and a cell phone number. Participants are also given
the option to provide their main partner’s email address and/or
cell phone number so they can be contacted and screened to
enroll the couple in the study together. Once both partners have
(1) completed the consent forms, (2) finished the screening
questionnaire, (3) been deemed eligible for the study, and (4)
provided contact information, a staff member contacts the couple
to schedule the couple for an in-person baseline visit.

Check-In and Informed Consent
When an eligible couple comes in for a baseline visit, they are
assigned an identification number and administered a “Check
In” survey. This survey generates a randomization number,
confirms eligibility, verifies the couple is a real couple, and
gathers further contact information and alternative contacts for
the participants. A real couple is considered two individuals
who are devoted to each other above all others. This language
is used in all questions that gather self-report of relationship
status. If a couple is no longer eligible or determined not to be
partnered, they are dismissed without study staff specifying
why, in order to avoid instigating IPV or revealing eligibility
criteria. Eligible couples are taken into separate rooms and read
the consent forms by study staff who answer any questions the
participants may have. If both participants in the couple give
consent, the couple is enrolled and they begin the baseline
survey. If one or both members of the couple decline consent,
the couple is dismissed without study staff specifying eligibility
criteria.

Data Collection
After a couple gives informed consent, but before the couple is
randomized to either the intervention or control group, each
member of the couple is given a baseline survey. This survey
is approximately 60-90 minutes long and collects data on
demographics, relationship characteristics, sexual history, HIV
care, and HIV prevention. In addition to survey data, biological
samples are collected: STI testing, ART/preexposure prophylaxis
(PrEP) drug adherence testing, and viral load testing. At the
Boston site, however, STI testing is not conducted due to
budgeting constraints.

Randomization
Upon individual completion of the check-in survey by both
partners, couples are randomized to either the control arm
(Individual Counseling) or the intervention arm (Couples

Counseling). The treatment assignments are generated with the
use of one pseudo-random number generator across all three
study sites. The randomization process generates a random
number between 0 and 100. If given an odd number, the couple
is placed in the control treatment group; if given an even
number, the couple is placed in the intervention treatment group.

Intervention
The intervention is a combination of CHTC and medication
adherence counseling through the Partner Strategies to Enhance
Problem-solving Skills (STEPS) method, which is an adaptation
of an existing cognitive-behavioral intervention [16]. The
intervention is comprised of three sessions. In the first session,
lasting between 30-45 minutes, couples receive CHTC. The
second and third sessions, lasting 60 minutes each, are held
eight and ten weeks after the CHTC session, during which
couples receive dyadic-focused ART adherence counseling. At
the 6-, 12-, and 18-month follow-up visits, couples also receive
Partner STEPS booster sessions.

Session One
CHTC sessions are conducted by a counselor who is trained in
CHTC and last approximately 30-45 minutes. Only the
HIV-negative partner is tested during the session. Posttest
counseling focuses on dyadic prevention messages, and revisits
the couple’s HIV risk concerns and sexual agreements in light
of their test results. While focusing on the needs of the
HIV-positive partner is necessary, the discussion also
emphasizes how the couple can work together to keep the
HIV-positive partner healthy and reduce transmission risks
within the relationship. The prevention counseling element of
the CHTC session focuses on talking to the couple about
prevention options (including PrEP) and asking them to consider
which prevention options may work best based on their
relationship needs, context, and unique risk profile.

Sessions Two and Three
Couples in the intervention arm will attend two additional visits
consisting solely of adherence counseling at 8 and 10 weeks
after their first CHTC visit. Based on the efficacious Partner
STEPS intervention, CHTC counselors utilize motivational
interviewing to improve ART adherence among HIV-positive
individuals. The Partner STEPS intervention was developed by
drawing from relationship-oriented theory, existing efficacious
individual-level ART adherence interventions, couple-focused
HIV prevention interventions, and expert consultation. New
content was incorporated to address all aspects of the HIV care
continuum (eg, linkage to, and retention in, care) and to draw
on relationship strengths through interactive activities. The
theory-based Partner STEPS intervention is delivered by a
trained bachelors-level counselor (interventionist). Each session
is designed to use relationship strengths to increase motivation
for HIV care and treatment, and cover sequential intervention
steps relating to specific challenges in HIV care engagement
and barriers to ART adherence. For each step, couples work
with a trained interventionist to identify their unique challenges,
actively problem-solve with the interventionist, and articulate
and commit to working together to implement a plan in which
each partner agrees to complete specific tasks. Partner STEPS
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counseling focuses on dyadic strategies to improve medication
adherence and retention in care at each of ten steps for which
Partner STEPS is named. Each step is a portion of HIV care
that can present a challenge to those seeking care. The ten steps
are: (1) transportation to appointments; (2) obtaining
medications; (3) communicating with providers; (4) storing and
transporting medications; (5) having a daily medication
schedule; (6) coping with side effects; (7) adherence, self-care,
and your relationship; (8) communicating within your
relationship; (9) managing your social life and other
relationships; and (10) dealing with privacy and disclosure. The
counselors are trained to keep the focus on the couple by
engaging both partners in problem solving and plan
development. For sero-discordant couples, counselors are trained
to focus the discussion on how the couple can work together to
keep the HIV-positive partner healthy and to prevent
transmission to the HIV-negative partner through medication
adherence. Strategies to improve medication adherence and
retention in care are tailored to the couple’s unique relationship,
as the counselor asks the couple to consider strategies that may
work best based on their relationship needs, context, and unique
health situation. Bazzi et al describe the protocol for developing
and testing of the Partner STEPS intervention [16].

Control Group
Couples in the control group receive only one intervention visit,
which is fewer than couples in the intervention. While it is
possible that this aspect creates an attention effect, the control
condition represents the current standard of care. At the baseline
visit, the HIV-negative partner in the control group receives
individual HIV counseling, testing, and referral (CTR). The
HIV-positive partner receives information on the importance
of ART uptake and adherence. Couples in the control arm do
not receive Partner STEPS adherence counseling.

Follow-Up Visits
All couples in the prospective cohort return for follow-up visits
at 6, 12, 18 and 24 months following the baseline survey visit.
These visits consist of a survey similar to the baseline survey,
biological sample collection, and either CTR for the
HIV-negative partner in the control arm, information on
adherence to ART for the HIV-positive partner in the control
arm (but not counseling on adherence), or CHTC and Partner
STEPS counseling for the intervention couples. CHTC is offered
to control arm couples at the 24-month visit. At the 24-month
visit, a sample of 30 couples (10 per city) is also invited to
participate in a brief qualitative exit interview that inquires into
evaluation of the study experience and perceived effectiveness
of the counseling they received. Over the course of enrollment,
couples also receive bi-monthly phone calls to check-in on their
relationship and assess medication adherence. These phone calls
also serve to help with retention.

Couple Dissolution
If a couple does not remain together throughout the follow-up
period, HIV-positive partners will be retained in the study for
the full 2-year follow-up period, while HIV-negative partners
will return for one more follow-up visit and then will be
censored from the cohort. If an HIV-positive partner in the

intervention arm obtains a new partner who is eligible for the
study, that partner will be invited to attend further follow-up
visits, to continue providing CHTC to the original positive
partner with the new partner. This new partner will participate
in surveys, sample collections, counseling sessions and
bi-monthly phone calls. At the Boston site, new negative
partners are also invited to enroll if they are in the control arm.

Biomedical Measures
For HIV-negative partners, HIV sero-status is tested at each
study assessment. For HIV-positive partners, viral load and
ART levels are measured at each study assessment and collected
via dried blood spots. All participants are tested for syphilis at
each study assessment in the Atlanta and Chicago sites.
Budgetary constraints prevented testing for other STIs, as well
as syphilis testing, in the Boston site.

Outcomes
The primary outcomes are the HIV-positive partner’s
engagement in HIV care and his achievement of viral
suppression. Engagement in care is conceptualized as also
including linkage to care and retention in HIV care. For
HIV-positive partners who report no engagement in HIV care
at baseline, linkage to care is defined as attending at least one
clinical care appointment, having at least one CD4 test
performed, and having at least one viral load test performed
within 3 months of the baseline visit. Retention in care is
measured by determining participation in continuous care; that
is, at least two or more routine HIV visits at least three months
apart, receiving two or more CD4 tests, and receiving two or
more viral load tests within a 12-month period [58]. At each
study visit, a blood draw will be conducted to provide a measure
of the HIV-positive partner’s viral load and to test levels of
ART. To supplement the viral load and ART-level biological
markers, self-reported ART adherence is collected in each of
the surveys. The AIDS Clinical Trial Group (ACTG)
questionnaire includes items measuring adherence to
medications for the past 4 days, adherence to scheduled
instructions during the last weekend, and when any medication
was last skipped. The questionnaire responses are weighted to
calculate an adherence level from 0-100. The surveys also
measure barriers to adherence via a 24-item scale based on the
ACTG assessment for barriers to adherence to ART [59].
Participants are asked to note (using a scale ranging from never
to often) if they missed their HIV medication over the past
month for one of the provided reasons.

As secondary outcomes, the study measures sexual risk-taking
and formation, and adherence of sexual agreements. For sexual
agreements, participants are asked which of the following best
describes their current sexual agreement with their main partner:
(1) both of us cannot have sex with outside partners, (2) we can
have sex with outside partners, without any conditions or
restrictions, (3) we can have sex with outside partners, but with
some conditions or restrictions, and (4) we do not have an
agreement. Comparison of individual data will allow
identification of discordant agreements. Participants will be
asked if they have broken this agreement and whether this
breakage was disclosed to their partner. To assess sexual
behavior, measures adapted from the National HIV Behavioral
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Surveillance (NHBS) behavioral inventory collect information
both on sexual behaviors with the main sex partner in the 3
months before the interview, and on sexual behaviors with all
sex partners outside the relationship. For sex with the main
partner, men are asked to estimate the number of anal sex acts
with the main partner and the number of those acts that were
condom-protected. For each partner outside the relationship,
men are asked a series of questions to include characteristics of
the outside partner, HIV status (if known), whether the sex
outside the relationship was disclosed to the main partner, the
number and type of sex acts, and the proportion of those sex
acts that were protected by condoms. Additional outcomes
assessed are centered on Couple’s Interdependence Theory.

Dyadic Characteristics
The four elements of Lewis’ model [57] (predisposing factors
of couples, partner’s transformation of motivation, process of
communal coping, and use of communal coping) are referred
to as dyadic characteristics. In a recent RCT of CHTC, scales
were developed to capture these constructs; all scales showed
strong reliability, and evidence for construct validity was
obtained for all scales [60]. In this intervention, each of the
scales is collected in the baseline and follow-up surveys.

Predisposing Factors
Predisposing factors of couples uses several scales to measure
this element. Perceived Severity of HIV Scale: this construct
involves the perception of the personal, psychosocial, and
physical consequences of a particular health threat. A total of
13 items were developed that crossed the three pertinent
consequences of a particular health threat: personal,
psychosocial, and physical. Preferences for General Lifestyle
Outcomes Scale: this construct is defined as the degree to which
interacting partners agree about the shared or joint outcomes in
their relationship, which is composed of two subscales
(Preferences for General Lifestyle Scale and Preferences for
Sexual Health Outcomes Scale). The Preferences for General
Lifestyle Scale includes six outcomes, including diet, nutrition,
and social activities. Preferences for Sexual Health Outcomes
Scale relates to sexual health (eg, reducing one’s risk for HIV).
In addition, scales to measure other predisposing factors of
couples are proposed for inclusion. Conflict Style determines
how respondents typically handle conflict in their relationships,
so the Conflict Style Inventory will be included [61].
Communication Style is measured with the Communication
Patterns Questionnaire Constructive Communication subscale
[62]. Finally, Problem-Solving Skills are measured with the
adherence problem solving/readiness scale [63].

Partner’s Transformation of Motivation
In a recent RCT of CHTC, two measures were developed: ability
of the participants to respond (1) cognitively and (2) emotionally
to the health threat [20]. The scale for emotional response
includes whether the respondent reports being fearful, nervous,
or anxious about HIV. The scale for cognitive response includes
whether the respondent reports understanding the risks of HIV
transmission associated with being in a sero-discordant
relationship, and the risks associated with outside sex partners.

Process and Use of Communal Coping
Several scales are used to measure this element. The Outcome
Efficacy to Reduce HIV Threat Scale discusses how communal
coping involves couples working together and making decisions
to reduce the health threat. Three subscales were created to
capture the full range of outcome efficacy related to these three
processes of communal coping. For the first subscale, Joint
Effort, the stem, “My partner and I believe that ‘working
together’ versus on our own is an effective strategy” is used.
For the second subscale, Communication, the stem,
“Communicating with my partner is an effective strategy for”
is used. For the third subscale, Planning and Decision-making,
the stem, “My partner and I making decisions together rather
than separately is an effective strategy” is used. The items for
each of the three subscales were the same as the items used for
the Preferences for Sexual Health Outcomes Scale. The Couple
Efficacy to Reduce HIV Threat Scale defines couple efficacy
as a couple’s confidence that together they can engage in
communal coping efforts. The study also assesses the occurrence
of violence within the relationship using the Conflict Tactics
Scale Revised [64] to assess both perpetration and experience
of IPV.

Statistical Analyses
The analysis employs an intent-to-treat analysis design. The
percentage of HIV-positive individuals who achieve viral
suppression and report being fully engaged in care will be
compared across arms, using Chi-square tests for significant
difference. Retention in care is measured as the number of
6-month blocks during which at least one clinic visit was
attended over the 2-year period following an initial attended
visit; the percentage of HIV-positive individuals who report
full retention in care (one clinic visit during each 6-month block)
and the number of 6-month blocks during which care was
received will be compared across study arms, using the
appropriate tests for statistical significance. The capability of
the intervention to yield longer-lasting effects in adherence
endpoints over time will be examined. The visual analog scale
data over the course of the study, at baseline and follow-up,
will be analyzed using generalized linear models (GLMs) with
properly-chosen (based on the distribution of dependent
variables) link functions to analyze longitudinal adherence
outcome data. The GLMs will be estimated using generalized
estimating equations (GEE) with robust standard error estimates,
which provide an extension of regression analyses to the cases
of correlated or repeated observations and allows for inclusion
of both categorical and count-dependent variables, and for
appropriate modeling of covariance structures when observations
are correlated across time. With appropriate link functions,
GLMs can readily handle dependent variables with normal
distributions, dichotomous outcomes, count data (Poisson
distribution), and over-dispersed or zero-inflated count data
(negative binomial models). The models will include the dyadic
characteristics scales to examine the extent to which adherence
is shaped by relationship functioning.

JMIR Res Protoc 2017 | vol. 6 | iss. 8 |e170 | p.103http://www.researchprotocols.org/2017/8/e170/
(page number not for citation purposes)

Stephenson et alJMIR RESEARCH PROTOCOLS

XSL•FO
RenderX

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


Dyadic Characteristics: Analysis of the Scale Data
Over Time
Repeated-measures analyses using mixed linear models will be
performed for scale data. These analyses will include
participant-level characteristics and couple-level variation or
clustering. Participants will be nested within couples with the
participant as the experimental unit. Repeated-measures analyses
for each scale will be analyzed with a means model with SAS
Proc Mixed providing separate estimates of the means by time
on study and treatment group. An unstructured
variance-covariance form among the repeated measurements
will be assumed for each outcome, and estimates of the standard
errors of parameters will be used to perform statistical tests and
construct 95% confidence intervals. T-tests will be used to
compare the pairwise differences between the model-based
treatment means (least-squares means) at each time point.
Statistical tests will be 2-sided. The model-based means are
unbiased with unbalanced and missing data if missing data are
noninformative (missing at random). A dropout process is
assumed to be missing at random if, conditional on the observed
data, the dropout is independent of the unobserved
measurements.

Incidence of Aggregate “Sex at Risk” Within
Partnerships
At-risk sex will be defined as any CAI that occurs within the
partnership during the follow-up period, even if the
HIV-negative partner is taking PrEP or the HIV-positive partner
has achieved viral suppression, in accordance with current CDC
recommendations on PrEP and condom use [65]. The incidence
of at-risk sex acts will be calculated as an incidence density,
with the numerator being number of individual at-risk sex acts,
and the denominator being person-years of follow time.
Comparisons of the incidence of at-risk sex acts will be made
by comparing incidence densities between the two arms.
Incidence rates per couple-year of follow-up will be estimated
and compared using exact methods based on the Poisson
distribution when there are fewer than 15 events per subgroup
or, when there are at least 15 events per group, by using the
GEE approach. Baseline covariates include race, age, and
duration of relationship. Period incidence rates (6-monthly
incidence density rates) of at-risk sex will be estimated by
performing a GEE Poisson regression analysis of the 6-monthly
counts, implemented using the SAS PROC GENMOD procedure
[66], and using an exchangeable correlation structure for the
repeated observations of couples. The incidence density ratio
(or incidence rate ratio; IRR) is the ratio of the incidence density
in one treatment group (intervention arm) to that of a control
group (standard of care). Results by each baseline covariate will
be summarized as the IRR and the 95% confidence interval. In
addition, we will tabulate data on disclosure of sex outside the
relationship, the percentage of couples with agreements about
sex outside the relationship, and the percentage of couples
reporting agreement breakage or change in agreements.
Prevalence of each outcome will be calculated, and prevalence
of outcomes will be compared in the control and intervention
groups using Chi-square tests or Fischer’s exact tests, as
appropriate.

The analysis will also examine conceptual mediators and
epidemiologically identified moderators. If the Stronger
Together intervention works to increase viral suppression and
number of participants reporting full engagement in care among
the intervention sample in significantly greater magnitude than
the comparison condition, we will assess the extent to which
this relationship works through several possible mediators,
including dyadic factors and relationship functioning (ie,
communication). For mediation analyses, we will employ
MEDIATE procedures. MEDIATE estimates the total, direct,
and indirect effects of causal variable(s) on the outcome variable
through a proposed mediator variable or set of mediator
variables. For effect modification (moderation) analyses, we
will add interaction terms one-by-one for the intervention
condition and the potential moderators (eg, age, race/ethnicity,
and psychosocial factors such as depression and length of
relationship). Significant or large interaction terms would
suggest that the effects of the intervention differ for different
subgroups, as defined by the moderators.

The analysis will also examine HIV sero-conversion among
HIV-negative partners and syphilis as secondary outcomes: the
prevalence and 24-month cumulative incidence of HIV and
syphilis will be examined in aggregate and then by study arm.
During the interim assessment visits (that occur before month
12 and then again before month 24) we will collect information
on STI testing/diagnosis/treatment that participants received
elsewhere since their last study assessment visit. These data
will be used to adjust analyses. Using Cox proportional hazard
regression models, we will assess if intervention status results
in decreased odds (hazard ratio) of HIV and STI infection,
separately, over the 24-month period.

The safety of the intervention at the individual level will be
assessed by examining reported IPV within the relationship and
relationship dissolution. Prevalence of each individual adverse
outcome or any adverse outcome will be calculated, and
prevalence of outcomes will be compared in the control and
intervention groups using Chi-square tests or Fischer’s exact
tests, as appropriate.

Incentives
Individual participants receive US $50 for completing each
study visit; this includes baseline, Partner STEPS sessions, and
all four-to-six follow-up visits, depending on the study arm. If
both members of the couple complete all visits, the total
incentive amount is US $500 per couple ($250 per individual
participant) in the control and US $700 per couple ($250-350
per individual participant) in the intervention arm.

Sample Size
Estimating 80% retention, we propose to enroll a sample of 165
male sero-discordant couples. The primary outcomes are
engagement in HIV care and viral suppression. A sample of
165 sero-discordant couples provides statistical power (with
95% confidence and 80% power) to detect scientifically
significant relative differences of 15%, 20%, and 25% in each
of these outcomes between the two study arms. Additional
health-enhancing behaviors include recent sexual risk-taking;
using the data from our previous RCT of CHTC, this sample
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of 165 sero-discordant couples provides statistical power to
identify significant differences in sexual risk-taking between
the two arms. Using the methods described by Rosner for sample
size estimation for longitudinal studies [67], a sample size of
75 couples in each group will ensure statistical power (using a
two-sided two-sample t-test) to identify differences in the dyadic
scale constructs between arms. As secondary outcomes, the
study will examine sero-conversion and syphilis incidence
between the two arms, although the power is insufficient to
detect significance differences between the study arms.

Trial Registration, Ethics, Consent, and Institutional
Board Approval
The research and ethics presented in this study have been
reviewed and approved by the Institutional Review Boards
(IRBs) of Emory University (IRB #00065111), Lurie Children’s
(IRB #2014-15896) and The Fenway Institute (IRB
#FWA00000145), in addition to a Data Safety Monitoring Board
that meets annually. The study is also registered on
ClinicalTrials.gov (NCT01772992).

Results

Stronger Together was launched in August 2014. To date, 160
couples (97% of the target enrollment) have been enrolled and
randomized. The average retention rate across the surveys is

95%: current retention at 24 months is >90% across sites.
Relationship dissolution has been relatively low, with only 13
couples breaking up during the RCT (13/160, 8%). Of the 13
couples who have broken up, 10 of the 13 (77%) HIV-positive
partners have been retained in the cohort; none of these
HIV-positive partners have enrolled new partners in the RCT.

Discussion

Dyadic interventions provide an opportunity for male
sero-discordant couples to learn the skills necessary to work
together to manage HIV in their relationships. By developing
tailored prevention plans in CHTC and developing problem
solving skills in Partner STEPS, the intervention offers a unique
opportunity for sero-discordant couples to support each other
towards common HIV management goals. The intervention
tested in this protocol builds off the current success of CHTC.
The current intervention extends the focus of dyadic
interventions for male couples across the continuum of HIV
care, allowing male couples to develop the skills necessary to
support active and successful engagement of HIV care. The
intervention has the potential to fill a critical gap in efficacious
interventions for male sero-discordant couples who, despite
evidence of high rates of transmission within partnerships, have
been largely ignored by HIV research and programming.
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Abstract

Background: During pediatric cardiopulmonary resuscitation (CPR), vasoactive drug preparation for continuous infusions is
complex and time-consuming. The need for individual specific weight-based drug dose calculation and preparation places children
at higher risk than adults for medication errors. Following an evidence-based and ergonomic driven approach, we developed a
mobile device app called Pediatric Accurate Medication in Emergency Situations (PedAMINES), intended to guide caregivers
step-by-step from preparation to delivery of drugs requiring continuous infusion. In a prior single center randomized controlled
trial, medication errors were reduced from 70% to 0% by using PedAMINES when compared with conventional preparation
methods.

Objective: The purpose of this study is to determine whether the use of PedAMINES in both university and smaller hospitals
reduces medication dosage errors (primary outcome), time to drug preparation (TDP), and time to drug delivery (TDD) (secondary
outcomes) during pediatric CPR when compared with conventional preparation methods.

Methods: This is a multicenter, prospective, randomized controlled crossover trial with 2 parallel groups comparing PedAMINES
with a conventional and internationally used drug infusion rate table in the preparation of continuous drug infusion. The evaluation
setting uses a simulation-based pediatric CPR cardiac arrest scenario with a high-fidelity manikin. The study involving 120
certified nurses (sample size) will take place in the resuscitation rooms of 3 tertiary pediatric emergency departments and 3 smaller
hospitals. After epinephrine-induced return of spontaneous circulation, nurses will be asked to prepare a continuous infusion of
dopamine using either PedAMINES (intervention group) or the infusion table (control group) and then prepare a continuous
infusion of norepinephrine by crossing the procedure. The primary outcome is the medication dosage error rate. The secondary
outcome is the time in seconds elapsed since the oral prescription by the physician to drug delivery by the nurse in each allocation
group. TDD includes TDP. Stress level during the resuscitation scenario will be assessed for each participant by questionnaire
and recorded by the heart rate monitor of a fitness watch. The study is formatted according to the Consolidated Standards of
Reporting Trials Statement for Randomized Controlled Trials of Electronic and Mobile Health Applications and Online TeleHealth
(CONSORT-EHEALTH) and the Reporting Guidelines for Health Care Simulation Research.
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Results: Enrollment and data analysis started in March 2017. We anticipate the intervention will be completed in late 2017,
and study results will be submitted in early 2018 for publication expected in mid-2018. Results will be reported in line with
recommendations from CONSORT-EHEALTH and the Reporting Guidelines for Health Care Simulation Research .

Conclusions: This paper describes the protocol used for a clinical trial assessing the impact of a mobile device app to reduce
the rate of medication errors, time to drug preparation, and time to drug delivery during pediatric resuscitation. As research in
this area is scarce, results generated from this study will be of great importance and might be sufficient to change and improve
the pediatric emergency care practice.

Trial Registration: ClinicalTrials.gov NCT03021122; https://clinicaltrials.gov/ct2/show/NCT03021122 (Archived by WebCite
at http://www.webcitation.org/6nfVJ5b4R)

(JMIR Res Protoc 2017;6(8):e167)   doi:10.2196/resprot.7901

KEYWORDS

resuscitation; medication errors; pharmaceutical preparations; pediatrics; biomedical technology; children; emergency; simulation

Introduction

While many drugs can be directly injected without prior
preparation, others require a fastidious and complicated
preparation and dilution by nurses before administration as
continuous infusions. During pediatric cardiopulmonary
resuscitation (CPR), quick, accurate, and safe preparation and
administration of intravenous (IV) vasoactive drugs for
continuous infusion is both complex and time-consuming [1-3].
In some critical situations such as postcardiac arrest return of
spontaneous circulation (ROSC) or septic shock, preparing those
drugs is particularly challenging. Contrarily to adults, children
require individual specific weight-based drug dose calculation
and preparation. The lower dosing-error tolerance [4] places
children at higher risk than adults for life-threatening errors
[5-7]. Medication errors have been reported in up to 41% of
pediatric resuscitations, the most common being incorrect
medication dosage, found in up to 65% of cases [8]. Proper
preparation and delivery of these drugs could favorably affect
pediatric resuscitation outcomes.

In resuscitations, time is also a decisive success criterion. It is
well established that during the first 15 minutes of pediatric
resuscitation, survival and favorable neurological outcome
decrease linearly by 2.1% and 1.2% per minute, respectively
[9]. They are negatively affected by time to drug preparation
(TDP) and time to drug delivery (TDD) [10]. In a study with
adults in cardiac arrest, the chance of ROSC was decreased by
4% for every 1-minute delay in delivery of a vasopressor [11].

To address these problems, we followed an evidence-based and
ergonomic approach [12] to develop an innovative and
customizable mobile device app called Pediatric Accurate
Medication in Emergency Situations (PedAMINES). This app
was designed to support nurses and physicians step-by-step
from order to delivery of a wide range of drugs in real time,
including those requiring continuous infusion [13]. In a previous
single center simulation-based randomized controlled trial, we
have shown that medication errors reduced significantly from
70% to 0% by using PedAMINES when compared with

conventional methods [14]. PedAMINES also dramatically
reduced TDP and TDD. The purpose of this protocol is to
investigate whether the use of PedAMINES might similarly
reduce medication errors, TDP, and TDD in other university
hospitals and in smaller hospitals where nurses and physicians
are exposed to a much lower extent to pediatric resuscitations.
Simulation was used as an investigational method to assess
these outcomes. We hypothesize that PedAMINES might reduce
medication errors and delays to TDP and delivery independently
of the existing conventional preparation methods or nurse skills.
We expect even bigger improvements in smaller hospitals due
to strong disparities between nurses less exposed to pediatric
resuscitations.

Methods

Study Design
The study is a prospective, multicenter, randomized controlled
crossover trial with 2 parallel groups (Figure 1) comparing
PedAMINES [13,14] with a conventional and internationally
used drug infusion rate table method [15] (derived from the rule
of six [16]) in the preparation of continuous drug infusion during
a standardized simulation-based pediatric postcardiac arrest
scenario. The infusion rate table is presented as a spreadsheet,
enabling the preparation of the commonly ordered
concentrations of vasoactive drugs at varying dose ranges based
on the patient’s weight (Figure 2). To calculate the composition
of the drug infusion, one first selects the desired drug dosage
to be delivered in μg/kg/min (first column). The next step is to
select the initial infusion rate in mL/h (center of the table).
Finally, one calculates the milligrams of drug based on the
weight of the patient to be diluted with compatible fluids
(sodium chloride 0.9%, etc) in a total volume of 50 mL (first
row).

The study is formatted according to the Consolidated Standards
of Reporting Trials Statement for Randomized Controlled Trials
of Electronic and Mobile Health Applications and Online
TeleHealth (CONSORT-EHEALTH) [17] and the Reporting
Guidelines for Health Care Simulation Research [18].
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Figure 1. Study design and flowchart per study center.

Selection of Participants
Certified nurses are eligible for inclusion in this study.
Participants must know how to prepare continuous intravenous
drug injections, have previously completed a standardized
5-minute introductory course to the use of PedAMINES
dispensed by an investigator of the study (SM), and be willing
and able to grant written informed consent. Written informed
consent will be obtained from all the participants before their
voluntary involvement. Participants will be excluded if they
have previously used a numeric device aimed at helping
vasoactive drug preparation. Shift-working nurses will be
randomly recruited on the day of the study by a blinded
noninvestigator.

Setting
The study will be conducted in 3 university hospitals and 3
smaller hospitals with a total of approximately 150,000 visits
per year. The development of PedAMINES followed a
user-centered and evidence-based [12] approach with emergency
department (ED) caregivers as well as software developers and
ergonomists. Based on pediatric resuscitation observations and
focus groups, the team worked closely together to identify the
key functionalities and processes to be implemented [13]. The
PedAMINES app lists all the available resuscitation drugs with

doses automatically adapted to the weight or age of the patient
based on information entered when starting the app. At the time
of the study, 15 drugs for continuous infusion and 19 drugs for
direct IV injection will be listed in the PedAMINES app and at
the nurse’s disposal. By a simple touch, any of the listed drugs
can be selected and preparation detailed according to a
standardized and simplified path. In the case of a continuous
infusion, this path is composed of 3 steps: (1) drug selection,
(2) dilution of the initial drug concentration, and (3) conversion
of the prescribed dose rate in μg/kg/min into infusion pump rate
in mL/h. For each drug, the exact amount to prepare is clearly
displayed and thus avoids the necessity for calculations (Figure
3). This is based on the app’s ability to automatically calculate
the optimal weight-based final infusion pump rate and describe
the preparation sequence required to achieve it independently
of the nurse competency in this domain. The nurse may at any
time interact with the app. The user can start, pause, stop,
increase, or diminish the perfusion rate. Multiple drugs can be
prepared and run in parallel. All actions performed by the nurses
will be sequentially saved locally on the device in historic files
to preserve information that can be retrieved at any time for
debriefing or medicolegal purposes. Historic files can also be
erased or safely exported and saved in institutional electronic
health records.
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Figure 2. Calculation of the Composition of Drug Infusions (Syringe Pump). Frank Shann Drug Doses [15].

Figure 3. PedAMINES screenshot.
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Intervention
The scenario in this study is a short, approximately 15-minute,
standardized highly realistic pediatric resuscitation simulation
on a high-fidelity manikin (Laerdal SimJunior). SimJunior
represents a realistic 6-year-old boy and simulates a wide range
of conditions from a healthy, talking child to an unresponsive,
critical patient with no vital signs. This simulator provides all
functionalities that are relevant to assess the research questions,
including chest compression and ventilation and vascular access,
as well as realistic and interactive vital signs. To date,
high-fidelity simulation has become essential to study
resuscitations skills and technologies that cannot be practiced
during CPR because interindividual diversity among patients
and their diseases make CPR studies hard to standardize in
critical situations [19]. Moreover, by standardizing the scenario
and environment, we will avoid effect modifiers by preventing
the influence of undesired variables on the outcomes.

Consistent with standard emergency medicine practice, we will
create resuscitation teams. Two members from the study team,
remaining the same along the whole study period, will assist
the study participant. A Pediatric Advanced Life Support
(PALS) instructor-certified emergency pediatrician will lead
the resuscitation, and a nurse will assist with resuscitation by
performing chest compressions and bag-valve mask ventilation
according to the pediatrician instructions. Participants will be
informed before the scenario starts that these 2 people are study
team members. Both study team members will guide each
participant through a series of predefined key steps, blinded to
the participant, following a standardized resuscitation scenario
(Multimedia Appendix 1). The physician will order the
medications and allow progression through the scenario only
once predefined milestones have been reached, regardless of
the occurrence of errors or time to achieve them. The
study-specific training and standardization of both study team
members is ensured through their previous involvement in the
pilot study [14] and by following the predefined scenario. A
certified technician will operate the simulator. The study will
take place during a 1-week period in every hospital and will
occupy each nurse for a single 30-minute period. Thus, we
anticipate a very low rate of drop-outs or loss of follow-up. To
ensure the presence of participants on the day of participation,
shift-working nurses will be randomly recruited 1 month before
the start of the study by a blinded noninvestigator. They will
be informed of the upcoming simulation study but not of its
purpose and outcomes.

On the day of participation, nurses will complete a survey
collecting data regarding their demographics, nursing training,
and simulation and computer experience. After random
allocation, each participating nurse will receive a standardized
5-minute training session on how to use the PedAMINES app.
Nurses will remain unaware of specific endpoints of the study
during this learning session. The simulation manikin
characteristics are then presented. The nurses will then be asked
to perform the pediatric resuscitation scenario, including
post-ROSC. This scenario is standardized to follow the same
chronological progression and range of difficulty to ensure each
participant is exposed to exactly the same case, with similar
challenges in decision making and treatment preparation

provided on the same manikin. The uniform delivery of the
scenario all along the study will minimize confounders. Study
team members will only adapt to progression speed of
participants through the scenario by maintaining a stressful
resuscitation atmosphere. The scenario will be videorecorded
and conducted in situ in the pediatric resuscitation rooms of
each collaborating center to increase realism. High levels of
realism are known to immerse participants in the simulated
experience and prevent confounding variables that might
potentially affect the way individuals perform [19]. On the day
of participation, the resuscitation room will be exclusively
devoted to the simulation to prevent unexpected interruption or
external stimuli. Monitoring alarms will be activated to increase
realism. All resuscitation equipment in the resuscitation room
will be at the disposal of the nurse. In both allocation groups,
the decision to use or not use any equipment will remain
personal as in real life. Neither pilot testing nor repetitions will
be permitted. There will be neither interventions nor educational
adjuncts prior to or after the study period. Once the experiment
is completed, the nurse will be required to recall and describe
precisely how she prepared dopamine and norepinephrine in
order to verify that the drug names and original doses prescribed
by the physician were correctly understood to assess the
presence of comprehension bias. Then, a quick oral debriefing,
shorter than 5 minutes, on how the drugs were actually prepared
and how they should have been prepared without errors will be
provided to each participant by one of the study team members.
The debriefing will focus on both preparation methods.

Outcome Measures
The primary outcome of the study is the medication dosage
error rate in each allocation group during the sequence from
drug preparation to drug injection. A secondary outcome is the
elapsed time in seconds, in each allocation group, between the
oral prescription by the physician and drug delivery by the nurse.
TDP completion by the nurse is included in TDD. Comparisons
of medication errors and TDD between allocation groups in
each hospital and between each of the 6 hospitals will be
assessed as secondary outcomes. At the end of the scenario, a
4-item questionnaire using a 10-point Likert scale will be
provided to the participants. The questionnaire measures (1)
the overall stress perceived (On a scale of 1 to 10, how much
stress did you feel during the whole resuscitation scenario?),
(2) the stress perceived with PedAMINES (On a scale of 1 to
10, how much stress did you feel using PedAMINES?), (3) the
stress perceived with the infusion rate table (On a scale of 1 to
10, how much stress did you feel using the infusion rate table?),
and (4) the satisfaction about the preparation method used during
the resuscitation scenario (On a scale of 1 to 10, how much
satisfaction did you get during the resuscitation scenario with
the help of PedAMINES and with the help of the infusion rate
table?). A baseline heart rate (HR) before the beginning of the
scenario as well as continuous HR monitoring of each participant
reflecting his or her stress level will be recorded during the
resuscitation scenario. Mean delta HR values (difference
between HR peak values and baseline HR) will be obtained
during some small segments of scenario and correlated to the
scenario phases and the preparation methods used. The segments
of interest are (1) when prompted to start the resuscitation
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because of asystole just before massage and ventilation, (2)
when prompted to prepare dopamine either with PedAMINES
or the infusion rate table, (3) the first 30 seconds when dopamine
is being prepared, (4) the last 30 seconds when dopamine is
being prepared, (5) the setting up of the pump, (6) the washout
period, (7) when prompted to prepare norepinephrine either
with PedAMINES or the infusion rate table, (8) the first 30
seconds when norepinephrine is being prepared, (9) the last 30
seconds when norepinephrine is being prepared, (10) at
announcement of successful resuscitation achievement, and (11)
1 minute later. Acceptability and usability testing of the app
will be assessed using a 52-item questionnaire based on the
unified theory of acceptance and use of technology (UTAUT)
model [20]. UTAUT provides a useful tool to assess the
likelihood of success for new technology introductions and
helps to understand the drivers of its acceptance.

Methods of Measurement and Data Collection
Final delivered drug concentration in μg/mL and infusion rate
in μg/kg/min, TDP, and TDD will be collected during the
scenario. All the actions (ie, primary and secondary outcomes)
performed by the nurses during the scenario will be
automatically recorded and stored by the responsive simulator
detectors (Leardal SimJunior) and by 3 GoPro Hero 5 Black
edition (GoPro Inc) video cameras. To avoid assessment bias,
2 evaluators will then independently review these video
recordings. In case of disagreement, a third independent
evaluator will help reach a consensus. The setup of the 3
cameras will be standardized to record at a resolution of 1080p,
at 25 frames per second, wide field of view, and with a 16:9
aspect ratio. Cameras position will be standardized. The first
camera will be placed in a harness on the nurse’s chest with an
inclination of 10° downwards to film the front scene. The second
camera will be placed on a tripod in front of the nurse, slightly
above the head height, with an inclination of 90° downwards
to film the bench where the drugs will be prepared. The third
camera will be placed on a tripod 1 meter away from the nurse
on his or her left (if right-handed) or right (if left-handed) and
at the level of the navel to film the scene on the side. All actions
performed with PedAMINES will be automatically saved locally
in log files for further analysis. The validity and reliability of
the app has been assessed in a prior study [14]. Stress level of
each participant will be recorded during the entire resuscitation
scenario with the HR monitor on a Polar A360 watch (Polar
Electro Oy). The data will be stored on the wristwatch itself
with further analysis being accomplished offline. Data collection
will be carried out using Excel spreadsheet version 2011
(Microsoft Corp).

This study offers the great advantage of being very short in
duration, around 30 minutes per nurse. Therefore, neither
follow-up nor retention plans will be necessary. The intervention
protocol is highly standardized, and nurse deviation from
protocol in terms of drug preparation is a parameter that is of
interest in our study (ie, in terms of medication errors or delays
in drug preparation).

Sample Size
The primary objective of this study is to detect a difference in
rates of medication errors between groups (with PedAMINES

vs without PedAMINES). In our crossover pilot study conducted
in a single university hospital, the rate of medication errors was
70% (14/20, 95% CI 46%-88%) without PedAMINES and 0%
(0/20, 95% CI 0%-17%) with PedAMINES [14]. We aim to
reproduce these results in 3 university hospitals and 3 smaller
hospitals. The sample size was calculated to have a power of
90% to detect a difference of at least 30% in rates of medication
error between intervention groups in both sets of hospitals
(university and smaller hospitals). We consider that a difference
of 30% in the rate of medication errors is sufficient to modify
the practice. We assumed a rate of error of 15% with
PedAMINES and 45% without PedAMINES. Since this study
is a crossover, observations will be paired and a McNemar test
will be used to compare the rate of errors between intervention
groups. For the sample size calculation, we assumed that 5%
of nurses will commit a medication error with PedAMINES but
not without PedAMINES and that 35% of nurses will commit
a medication error without PedAMINES but not with
PedAMINES (Multimedia Appendix 2). With a 2-sided risk
alpha of 0.05, the needed sample size is 43 nurses for each set
of hospitals. Finally, 8 nurses per randomized group must be
recruited in each participating center (16 nurses per center). To
prevent a potential loss of power due to misspecification of
assumptions, 10 nurses will be recruited per randomized group
and per participating center (total sample size: 120 nurses).

Randomization and Blinding
Nurses will be randomized using a stratified, single, constant
1:1 allocation ratio determined with Web-based software [21].
Blinding to the purpose of the study during recruitment will be
maintained to minimize preparation bias. Nurses will be
unblinded after randomization. Allocation concealment will be
ensured with sealed envelopes and will not be released until the
nurses start the scenario. The study team members will be
revealed just before the scenario starts, and videoreviewing will
be done without blinding by both video reviewers but
independently and blindly from one another.

Statistical Analysis

Primary Outcome
The rate of medication errors is the proportion of nurses
committing a medication error. The rate of medication errors
will be reported with 95% CI (Clopper-Pearson method) with
each method and by study period to investigate a potential
carryover effect. The error rates for each method will be
compared using McNemar test for paired data. Differences in
error rates will be reported with 95% CIs. Potentially, the
efficacy of PedAMINES can be different according to the first
method used in the crossover design (PedAMINES first: group
A or the conventional preparation method first: group B). To
investigate this potential effect, the difference in error rates
(PedAMINES vs conventional method) will also be reported
by randomized group (paired observations) and by period
(independent observations). McNemar, chi-square, or Fisher
exact test will be used to compare interventions. Errors will also
be measured as the deviation in percent from the amount of
delivered drug compared with the original dose prescribed by
the physician. Absolute deviation will be analyzed. The mean
(SD) difference in deviation obtained with each method will be
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reported with 95% CI. A t test for paired data will be used to
compare interventions. Mean differences will be also reported
by randomized group and by crossover period. We will assess
the model for the presence of carryover and period effects
following the Hills-Armitage approach to crossover study
analysis [22]. The analysis of the primary outcome will be
conducted for the university hospitals and for smaller hospitals.

Secondary Outcomes
For TDD and TDP, the mean times will be reported with 95%
CI for each arm and each study period to investigate a potential
carryover effect. In case of a carryover effect, intervention arms
will be compared within each study period using t tests for
independent groups. If no carryover effect is found, data will
be paired and analyzed using t tests for paired data.

For the primary and secondary outcomes, logistic regression
analyses will be conducted to test a difference in rates of errors
between university hospitals and smaller hospitals with
PedAMINES and with the conventional preparation method.
In a generalized estimating equation logistic regression model,
an interaction between interventions and university/smaller
hospitals will be tested to investigate a potential modification
of the efficacy of PedAMINES in smaller hospitals compared
with university hospitals. Analyses of primary and secondary
outcomes will be conducted in nurses with more than 10 years
of experience and in nurses with less than 10 years of
experience. Means and standard deviations will be determined
for stress and satisfaction scores of individuals for each
questionnaire item as well as for the UTAUT questionnaire and
reported with descriptive statistics. Pearson correlations will be
computed between the HR measures obtained with the watch
and the scenario phases for each of the preparation methods
used. Data analysis will be carried out using GraphPad Prism
version 6.0 (GraphPad Software, Inc) for graph figures, Stata/IC
version 14 (StataCorp LLC) for descriptive analyses, and R
version 2.15.2 (R Foundation) for statistical tests and 95% CI.
Due to the nature of the interventions, we expect to have no
missing data. In case of missing data, a complete case analysis
will be conducted and no multiple imputation is planned. In
order to assess interrater reliability on video reviewing, a kappa
score—which provides a measure of interrater agreement
independent of chance—will be calculated.

Ethics and Informed Consent
Ethical approval has been obtained from the institutional ethics
committee, and the trial was registered at ClinicalTrials.gov
[NCT03021122]. The study will be conducted in accordance
with the principles of the Declaration of Helsinki, the standards
of Good Clinical Practice, and Swiss regulatory requirements.

Results

Enrollment and data analysis started in March 2017. We
anticipate that the intervention will be complete in late 2017,
and study results will be submitted in early 2018 for publication
expected in mid-2018. Results will be reported in line with
recommendations in the CONSORT-EHEALTH [17] and the
Reporting Guidelines for Health Care Simulation Research [18].

Discussion

Principal Findings
Despite many advances in the medical field in recent years and
in particular in emergency medicine, suboptimal quality of
resuscitation is still common for both adult and pediatric patients
[23]. Currently, the median hospital survival rate from pediatric
in-hospital cardiopulmonary arrest is 36% [23], whereas it is
below 10% for out-of-hospital cardiopulmonary arrest [24,25].
Survival from resuscitation is time-sensitive and relies in part
on administration of certain drugs without delay [10]. While
many drugs can be directly injected without prior preparation,
others require correct, precise, and fast preparation and dilution
by nurses before administration as a continuous infusion. The
latter warrants titration of the drugs and the maintenance of
steady blood levels within therapeutic ranges. However, despite
the availability of conversion methods intended to simplify the
infusions such as infusion rate tables or nomograms [26], these
methods remain difficult to use and infusions subject to
medication errors.

In a recent randomized trial in a pediatric ED, the use of a
reference book providing weight-based precalculated doses was
associated with a lower proportion of prescribing errors for
drugs administered by infusion [27]. The study, however, didn’t
look at the preparation errors. Errors with infusions frequently
result from mistakes during preparation due to wrong
drug-volume calculations, imprecision with volume
measurements, or incorrect mixing during dilution [1,28,29].
Children are particularly at risk for such medication errors
because they require individual specific weight-based drug dose
calculation and preparation. Moreover, disruptive anxiety and
exogenous conditions encountered during resuscitation increase
the nurse’s cognitive workload and may add to the risk of errors.
At this stage, even small errors either in drug calculation or
infusion pump flow rate may have a large detrimental impact
on the amount of drug delivered [30-32]. This can be deleterious
to critically ill and unstable patients [7].

Being able to reduce medication errors and TDD in resuscitation
is imperative. If ROSC is quickly achieved and maintained after
the onset of cardiac arrest, survival might be improved [33]
since early hemodynamic optimization improves patient
outcome [34,35].

Some authors have advocated replacing as much as possible
tasks inducing cognitive load during pediatric resuscitation by
automated actions in order to optimize patient care and diminish
medication errors [36,37]. Numerous interventions involving
information technologies have been developed to improve the
security of the 3 major steps of medication process: prescription,
compounding, and administration [38]. However, apart from
computerized physician order entry systems, few robust data
are available to measure their real impact on patient safety [39].
In addition, there have been few studies assessing information
technologies during resuscitation in both adults and pediatric
patients. In particular, there has been no multicenter randomized
controlled trial evaluating the impact of a mobile app to reduce
medication errors and decrease TDP and TDD during pediatric
resuscitation. As research in this area is scarce, it is anticipated
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that the results generated from this study will therefore be of
great importance and might be sufficient to change and improve
the pediatric emergency care practice. Given that most of the
results obtained from simulation-based resuscitation studies
agree with those obtained from studies in real life, we are
confident that PedAMINES could be of great interest for real
situations.

Limitations
A limitation of this study is that it will be conducted during a
resuscitation simulation-based scenario. This choice was related
to the ethical and organizational difficulties of conducting
studies with patients in critical situations. However, several
studies have demonstrated the benefit of simulation as an
investigative research methodology to answer research questions
that otherwise could not be answered during resuscitation [19].
Simulation-based CPR scenarios may overcome these limitations
by providing a standardized and controlled environment, detailed
feedback analysis of the resuscitation stages using audiovisual

recordings, and reproducibility. To date, high-fidelity simulation
has become essential to study resuscitations skills or
technologies.

Our study is not intended to compare PedAMINES with smart
IV pumps. As recently reported, there is no conclusive evidence
showing that smart pumps prevent medication errors and adverse
drug events [40,41]. In addition, little is known about the kind
of errors that still occur with their use. Moreover, the lack of
specialized pharmacy facilities in many smaller hospitals or in
other countries around the world limit their use. PedAMINES
does not have these limitations for use and can be used in
smaller hospitals and worldwide.

It should be noted that the Likert-type questionnaire used in this
study to measure stress has not been assessed for validity,
internal consistency, reliability, or generalizability. Although
it cannot objectively measure the stress perceived, it can be used
to measure the difference of perceived stress.
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Abstract

Background: All European countries need to increase the number of health professionals in the near future. Most efforts have
not brought the expected results so far. The current notion is that this is mainly related to the fact that female physicians will
clearly outnumber their male colleagues within a few years in nearly all European countries. Still, women are underrepresented
in leadership and research positions throughout Europe.

Objectives: The MedGoFem project addresses multiple perspectives with the participation of multiple stakeholders. The goal
is to facilitate the implementation of Gender Equality Plans (GEP) in university hospitals; thereby, transforming the working
conditions for women working as researchers and highly qualified physicians simultaneously. Our proposed innovation, a
crosscutting topic in all research and clinical activities, must become an essential part of university hospital strategic concepts.

Methods: We capture the current status with gender-sensitive demographic data concerning medical staff and conduct Web-based
surveys to identify cultural, country-specific, and interdisciplinary factors conducive to women’s academic success. Individual
expectations of employees regarding job satisfaction and working conditions will be visualized based on “personal construct
theory” through repertory grids. An expert board working out scenarios and a gender topic agenda will identify culture-, nation-,
and discipline-specific aspects of gender equality. University hospitals in 7 countries will establish consensus groups, which work
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on related topics. Hospital management supports the consensus groups, valuates group results, and shares discussion results and
suggested measures across groups. Central findings of the consensus groups will be prepared as exemplary case studies for
academic teaching on research and work organization, leadership, and management.

Results: A discussion group on gender equality in academic medicine will be established on an internationally renowned
open-research platform. Project results will be published in peer-reviewed journals with high-impact factors. In addition, workshops
on gender dimension in research using the principles of Gendered Innovation will be held. Support and consulting services for
hospitals will be introduced in order to develop a European consulting service.

Conclusions: The main impact of the project will be the implementation of innovative GEP tailored to the needs of university
hospitals, which will lead to measurable institutional change in gender equality. This will impact the research at university hospitals
in general, and will improve career prospects of female researchers in particular. Simultaneously, the gender dimension in medical
research as an innovation factor and mandatory topic will be strengthened and integrated in each individual university hospital
research activity. Research funding organizations can use the built knowledge to include mandatory topics for funding applications
to enforce the use and implementation of GEP in university hospitals.

(JMIR Res Protoc 2017;6(8):e152)   doi:10.2196/resprot.7632

KEYWORDS

gender equality; gender equality plan; research in academic medicine; working conditions; skills shortage

Introduction

Situation of Women in Medicine
Women are underrepresented in leadership and research
positions in all European countries—albeit the extent of
inequalities differs widely with the overall inequality (as
expressed in The European Institute for Gender Equality’s
Gender Equality Index) [1]. Moreover, women remain
underrepresented in EU research and science despite numerous
attempts to address the imbalance, according to the European
Union’s analyses “She Figures: Gender in Research and
Innovation” and well as “Report on Equality between women
and men – 2015” [2,3]. The EU report on “Enhancing
excellence, gender equality and efficiency in research and
innovation” states that we need to change our approach from
“... no longer fixing women but fixing institutions” [4].

The situation for female physicians in the medical environment
is even worse in comparison with other fields, and most
programs introduced to tackle gender inequalities [5,6] did not
work as expected in medicine; in particular, in university
hospitals. University hospitals are involved in the care of
critically ill patients, pre- and postgraduate education, and last,
but not least, medical research. Besides providing health care
at the highest possible level, it is a necessity and privilege of
university hospitals to carry out medical research in addition to
teaching medical students to ensure excellent health care at
present and in the future. In that vein, heads of medical
departments of a university hospital are usually full professors
at medical schools and chief physicians at the same time. In
contrast to most other research areas where full-time scientists
focus exclusively on their research, physicians at university
hospitals hardly ever work full-time in research. Because
university hospitals are subject to the same economic constraints
as other hospitals without teaching and research responsibilities,
most research activities are usually done after regular clinical
work.

High-research productivity as measured by publication of
scientific articles with high-impact levels is crucial for career

advancement. However, research productivity of male
researchers is often overrated and of females underrated [7].
For instance, it was shown that female researchers are less likely
to be listed as first or last authors, and get published less [8]. In
biomedical sciences, women get smaller grants than men in the
United States, in addition to applying less for competitive grants
in the life sciences [9]. In cases of female first authorship in
combination with last authorship taken by her male thesis
supervisor, it is automatically assumed that most of the work
was done by the male supervisor [7]. This leads to frustration,
and as a consequence diminished interest in research of young
female physicians. Therefore, female doctors decide against a
promising academic career to stronger focus on family goals.
This heavily jeopardizes their career prospects to achieve
leadership positions in a medical setting.

In addition to unequal research conditions between men and
women, highly qualified (young) women [10] often do not find
appropriate working conditions in mostly hierarchically
structured university hospitals with their male-dominated
management. Institutional structures involuntarily erect barriers
against the recruitment, retention, and career progression of
(young) women. Gendered working conditions remain firmly
fixed, and this is even more challenging–overt discrimination
has been replaced by less visible, mostly implicit stereotypes
and prejudices against women (eg, women have less career
motivations, assumed lack of confidence, and ambition to take
on leadership positions) [11-13]. Moreover, having children is
an additional “career stopper” for female physicians: those with
children are less likely to be promoted and have a lower income
[14]. To summarize, female physicians receive fewer promotions
than their male colleagues, and on average earn less than their
male colleagues for the same work [14,15]. As a consequence,
young female physicians are less willing to work at university
hospitals under the given conditions and are less interested in
doing research. They decide to walk different paths because
they cannot see how to combine a career and having a family
at the same time.
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Approaches to Reach Gender Equality
Three strategic approaches to gender equality over the past
decades have been taken by governments and research
organizations like universities [16]:

1. The “Fix the Number of Women” approach focuses on
increasing women's participation.

2. The “Fix the Institutions” approach promotes gender
equality in careers through structural change in research
organizations [4].

3. The “Fix the Knowledge” (or “gendered innovations”)
approach stimulates excellence in science and technology
by removing “gender bias” by male-dominated researchers,
and by a better integration of the gender dimension in basic
life sciences research [5,16].

Most efforts targeted to women’s career needs are either
top-down (eg, new flexibility policies [6]) or bottom-up (eg,
research skills training for women faculty). Up to now, all these
strategies were not successful to retain and keep women in the
workforce at university hospitals and research.

Shortage of Health Professionals and Impact on
European Health Care
Can society really afford to lose those highly skilled and
well-trained female medical doctors? The aging of society and
the rising prevalence of diseases related to sedentary lifestyles
will increase the burden of disease by 10% to 15% until 2030.
The growth of noncommunicable diseases is especially alarming
[17]. Consequently, all European countries need to increase the
number of health professionals in the near future.

Female physicians will clearly outnumber their male colleagues
within a few years in nearly all European countries, because the
vast majority of physicians younger than 35 years are female
(Figure 1) [18]. The increase in the number of female physicians,
of which many prefer to work part-time [15], and/or decide to
leave the workforce at university hospitals and research, will
result in a serious lack of experienced medical leaders and
researchers over the next 10 years [19].

Figure 1. Percentage of female physicians in age group <35 years and overall (status: 2013 [18]) for those European countries taking party in the
proposed study. Cz = Czech Republic; NL = Netherlands. (No data for Lithuania regarding number of females < 35 have been published, but it can
extrapolated from the high number of female physicians already that young female physicians will outnumber males as well.).

Advantages of Increasing the Number of Women
Due to the demographic change, the shortage of experienced
female medical leaders at hospitals and in research is of great
concern, and keeping women at university hospitals is a
necessity. A higher number of women in university departments
will also broaden the horizon regarding optimal treatment
strategies, and thus will maximize treatment success: as shown
previously, sex of the physician as well as the sex of the patient
is of major importance for the physician-patient interaction, and
subsequently for the success of therapies [20-25]. In an

American study, it was reported that female physicians were
more successful as compared with male colleagues regarding
prevention measures (P<.001) [24]. The communication style
was also of major importance: females usually present a more
patient-centered, empathic style, while men show less emotion
and appear to be more goal directed [25]. Remarkably, this
played only a minor role in the interaction between male
physicians and female patients, in contrast to the interaction
between female physicians and female patients. Female patients
were less satisfied with their treatment when they felt that their
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female physician was not empathic enough; thereby, not
fulfilling expectations with regard to gender roles [25]. This
had a negative impact on the treatment success. Last, but not
least, keeping women in the hospitals will prevent “burn-out”
of male and female physicians alike with a more equally
distributed work load.

Having more women in the work place, not only for patient
care, but also research has high advantages, too. The increased
presence of women will advocate different views at the senior
level, and will not only remove the male bias in
decision-making, but also the “fix the women” perspective
(conventional gender expectations). Additionally, it will
encourage women to explore different career strategies by
having more role models present. As a consequence, the quality
and output of research will be strengthened, because there will
be a general benefit from mixed teams consisting of men and
women [26]. Moreover, it will broaden research’s diversity and
innovation, because women choose different specializations in
medicine, and have a high competence and knowledge level in
these fields. Also, potentially biased views in research will be
reduced, because female researchers will bring in new
perspectives and ideas when initiating projects, analyzing data,
and discussing results. Having a mainly male-biased view does

not imply that all results are wrong, but bringing a female onto
research teams will increase innovation and excellence to
medicine.

To summarize, an increase in female participation and leadership
will create new chances for an innovative change in hospital
working environments and in research settings.

Possible Solutions
Rather than focus on the “women lack confidence” perspective,
attention will be directed toward an altered gendered
organizational system [10]. Transforming the existing
organizational structures in mostly male-dominated and strictly
hierarchically structured university hospitals, including the
underlying systems of values and appreciation, is not an easy
task. This transformation is the single most relevant challenge
at present and in the near future socioeconomically, and it is of
importance to develop novel concepts now to tackle the
challenges ahead.

To attract women to medical research and leadership positions,
the working environment needs to be adapted and new models
need to be developed, taking into account the transformation
of work values (Textbox 1).

Textbox 1. Measures that have shown to have a positive impact on attracting females in medicine [9, 26]

• Mentoring female juniors by experienced female leaders.

• Building and strengthening professional networks of female medical leaders.

• Working toward gender parity in leadership; it was shown, that (1) this provided a more welcoming social environment for women, (2) women
participated more in prestigious international collaborative initiatives increasing their scientific output and their reputation, and (3) papers coming
out of these mixed groups received more citations from their peers and were considered to be of higher quality [26]. Even though one has to keep
in mind that this reflects the US perspective and ecology, it is feasible to assume that these findings can be translated to the life sciences and
Europe.

• Foster special competitive grant programs for junior and senior female physician and researchers [9].

• Altering the career pipeline by increasing the number of junior female scientists not only as principal investigators by also as participants and
co-authors in prestigious collaborative research projects [26].

• Developing promotion criteria that focus on quality rather than quantity, and have men as ambassadors of change on board [9].

Methods

Overall Concept
All too often, Gender Equality Plans (GEPs) and gender equality
offices are seen as aspects being an additional, sometimes even
annoying part of everyday (work) life. Innovative strategies,
such as implementing a gender dimension in workforce
planning, research content, and academic education, are being
treated as a ‘costly add-on’ to the normal work practice. In a
model approach to be adopted later by other disciplines of
medicine, we will bring together anesthesiology, a clinical
specialty with a high share of female physicians and high
research activity, and surgery, with a low percentage of female
medical doctors, but high research activity as well. We want to
overcome simplistic approaches, in which GEPs are developed
on a management level and applied on an administration level,
only, and forge a Pan-European research platform and
consultancy service in order to sustainably promote gender
equality in academic medicine.

From our research [27], we know that high-quality management
needs to be developed by and within the organization itself and
cannot be copied as ‘best practice’ from outside. Therefore, we
want to use a top-down and bottom-up implementation approach
in parallel. We will use ‘consensus groups’ and those concepts,
which will lead to a positive outcome, will be shared.

Med Go Fem is a complex project addressing multiple
perspectives with the participation of multiple stakeholders. On
the one hand, this is a challenge, but on the other hand, the
changes will clearly outweigh the risks. Our project brings
together novel research and innovative implementation methods,
which have not yet been applied to GEP or gender action plans
in health care. Nonetheless, all research and implementation
methods are scientifically sound and have been proven to work
in projects of consortium members, such as the German
FacharztPlus project [28].
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Main Project Goals
The objectives of the study is to develop innovative concepts
for transforming GEPs, which will be implemented in 8
university hospitals in 7 countries (Germany, Norway, Lithuania,
Poland, the Netherlands, Czech Republic, and Italy) to tailor to
the needs of female medical doctors in university hospitals. This
should spur a deep transformation of working conditions and
research cultures in an innovative and creative way to make
institutional structures more attractive and flexible for career
plans in academic medicine and biomedical research. We believe
that one of the key issues here is that culture is deeply embedded
in all layers of the organizational environment (eg, how work,
life, and work-life balance is perceived on the national
organizational hierarchy).

This proposal has the goal to assess the impact of the following
measures in 4 model approaches to instill sustainable change
in a best practice scenario.

First, an increase in the number of university hospitals
implementing GEPs, the main impact of the Med Go Fem
project will be the implementation of innovative GEPs tailored
to the needs of 7 countries and 8 university hospitals, which
will lead to measurable institutional change in gender equality.
The partners with a tradition of gender management like Norway
and the Netherlands will serve as role models for partners in
the start-up phase. This kind of transfer offers the opportunity
to identify cultural, country specific, and interdisciplinary
factors, and filter out relevant gender-specific factors of interest
for the building and implementation of GEPs.

Second, an increase in the number of female researchers: this
will improve career perspectives and mobility of female
physician/researchers in university hospitals. This will also
increase female leadership in the medium run.

Third will be an integration of the gender dimension in research
programs. Research performing organizations, like university
hospitals, and research funding organizations (RFO) will
understand—through the best practices and results of consensus
groups—how they can take advantage of GEP, and which type
of measures are mandatory to improve the situation of female
researchers in academic medicine. RFO can thus use the built
knowledge to include mandatory topics for funding applications
to enforce the use and implementation of GEP in university
hospitals.

Fourth is an optimization in research content to increase the
social value of innovations. Gendered innovation [16], as a
necessary approach, will be promoted by Med Go Fem, and
thus will become a part of university hospital strategic concepts
as a crosscutting topic to be dealt with in all research and clinical
activities. The project will lead to innovative methodologies on
implementing GEP in university hospitals. Due to the specific
challenges of female physician/researchers in health care,

education, and research, this process will need specific
adaptations when compared with other research environments.
Accordingly, monitoring and assessment will need different
indicator parameters.

The project will investigate in more detail:

1. Equal access: the extent to which women have equal access
to the resources that contribute to career success, compared
with men (eg, career development, protected time for
research, role in decision making).

2. Support for work-life balance: the extent to which women
are supported in their efforts to balance work and family
for the achievement of both personal and professional
success (eg, support for temporary reduction of work load,
events/meeting schedules consider family demands).

3. Freedom from gender bias: the extent to which women are
able to work in an environment in which they are able to
voice concerns regarding subtle and overt gender biases
(eg, raising issues about the supportiveness of the work
environment for women, concerns about biases against
women).

4. Chair/chief support: the extent to which the unit leader
supports important aspects of women’s careers (eg, access
to resources and office space, participation in formal and
informal meetings, coverage on maternity leave): “Equality
will not be achieved without proactive support from key
organisations” [9].

Main Project Stages
We will go through 3 major project stages:

1. We will define ‘ground truth’ regarding personal as well
as organizational constructs by integrating personal
construct theory to participatory gender audits (PGA).

2. We will implement and validate effective transformative
gender equality by participatory design in “consensus
groups” and ‘living labs,’ which fuses creation and
implementation as well as employees’ and employers’
perspectives.

3. We will disseminate positive effects of gender equality
among relevant stakeholders and shareholders by applying
female and male ‘gender lenses’ on all management levels
rather than simplistic gender concepts on an administrative
level.

All 3 phases of the project have in common that they have a
focus on participatory methods (Figure 2). The step-wise
implementation will facilitate the move of employees from the
motivational state (“I want to do it”) to action, supporting both,
self-efficacy (“I can do it”) and positive outcome expectation
(“I benefit from doing it”). The application of consensus groups
helps to change behavior, because it generates deliberate practice
of the desired behavior [29].
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Figure 2. MedGoFem applies a step-wise approach to promote and implement gender equality.

Results

Ground Truth and Personal Constructs
Practice needs to be embedded in the cultural and practical
context. For example, values concerning family life and
childcare vary across European countries, as does public support
and social appreciation of working mothers [30,31]. In the first
project step, already existing culture-sensitive measurements
developed in academic medicine will be applied, namely Culture
Conducive to Women’s Academic Success (CCWAS) Survey
[32]. In addition, methods that combine qualitative and
quantitative aspects as well as personal views and institutional
variables by referring to the PGA framework of the International
Labor Office(s) [33] of the United Nations. As a start, we will

search and review national statistics of gender aspects in
academic medicine to identify and fill-in relevant knowledge
gaps, taking into account cultural factors. Then, we will use the
CCWAS Survey and add data from structured interviews,
workshops, and personnel databases recommended in
International Labor Office’s framework. In a last step, we aim
to understand “personal constructs”: “gender” is viewed as a
personal construct that shows individual differences that are
also strongly influenced by people’s own internalized cultural
values [34,35]. We will use Kelly Grids (or repertory grids) to
visualize personal construct spaces (Figure 3). This will lead to
national data sets on female physicians working conditions and
projected workforce developments on a national basis in 7
European countries. It will also result in PGA of at least
university hospitals.
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Figure 3. Visualization scheme for Kelly with typical result (taken from FacharztPlus project [35]).

Transformation and Participation
Taking into account the results of the first project step as mapped
out before, we will apply, in a second step, the ‘nominal group
technique’ (NGT) to reach and document consensus about
necessary organizational transformational measures. Research
has shown that NGT is superior to moderated discussions in
focus groups, and other more structured techniques, because it
regards individual differences, accounts for the strength of
conviction, and documents the progress toward achievement of
consensus [36]. Moreover, NGT is well documented [37], easy
to learn and apply [38], as well as largely applied in health care
and nursery [39]. The different steps of the NGT document
individual inputs, as a list of ideas, and group decisions in the
form of ranking tables. Moreover, comparative studies reveal
that nominal group members produced a significantly larger
amount of enhancements than respondents in focus groups, and
show greater levels of group member satisfaction [36].

Each university hospital will establish 2 to 4 of these consensus
groups consisting of 6 to 8 participants, and taking 3 to 5
meetings to come up with full consensus. In consequence, 120
to 240 persons from 8 university hospitals will take part in the
consensus groups. The university hospitals’ management use
approved gender topic lists to elicit interest and initiate
consensus groups. Each group will pick 2 to 4 related topics it
wants to work on. Once a group reaches consensus, the team
members might decide to stay together in order to test the

suggested measures (eg, team agreements replacing central
holiday planning). The management supports consensus groups,
shares ideas, and results among groups, and approves the
measures suggested or tested by the groups. A tool package for
content- and research-related work in the consensus group will
be developed.

Consensus groups may be extended to serve as “living labs”
[40], not just defining but also testing their ideas in practice.
Using NGT in this process, ideas and decisions can be easily
validated, shared, and used as input for further refinement. They
also create a sense of self-efficacy (“We can do it”) and positive
expectation (“We shall benefit from it”) in the group [29]. Figure
4 summarizes all elements of our implementation plan.

To assess to what extent gender equality is promoted within the
hospital after implementation of measures to improve gender
equality, management of the hospital measures the percentage
of persons promoting gender equality as compared with the
percentage of skeptical people. This proportion is derived from
customer loyalty metrics called “net promoter score” [41]
(Figure 5).

The “Implementation and Validation” phase will create a wealth
of data from participatory and accompanying research, such as
interviews, individual mental models (Kelly Grids), change
progress (net promoter score), and consolidated data about best
practices as case studies and teaching stories.
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Figure 4. Information flow in project and central position of consensus groups using “nominal group technique” to create measures to improve gender
equality.

Figure 5. Net Promoter Score (NPS) showing the percentage of physicians in favour or against working, career, and research conditions in a university
hospital (taken from FacharztPlus project [35]).

JMIR Res Protoc 2017 | vol. 6 | iss. 8 |e152 | p.128http://www.researchprotocols.org/2017/8/e152/
(page number not for citation purposes)

Hasebrook et alJMIR RESEARCH PROTOCOLS

XSL•FO
RenderX

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


Expert Panels and Dissemination
In a last step, discourse about project results will start on a
national level. Cross-national results will be discussed as soon
as the national consensus groups and “Directing groups”
documented the national outputs and the expert panel. An
abbreviated form of scenario analysis will be applied, which
has been developed and used by the German Ministry of
Education and Research for technical options assessment [42]
(Figure 6).

A successful adoption of those measures suggested by the
consensus groups in university hospitals is based on the
approach developed by the European Foundation for Quality
Management [43] and its assessment method ‘RADAR’ (short
for Results, Approaches, Deploy, Assess, and Refine) [44]. The
RADAR quality assessments are weighted by their importance
so that a weighted score card is available for decision-making

within the hospital, and as an input to the expert panel validating
the results from all 15 to 20 consensus groups in all 8 university
hospitals.

In the last step of the dissemination, a catalogue of services will
be developed, presented at the European Conference “Medicine
Goes Female,” and used to launch a European consulting service
for hospitals that wish to implement GEP and gender actions
plans after the end of the Med Go Fem project. This catalogue
will be derived from service gap and service quality models,
which—like net promoter score—have also been adopted from
marketing research [45,46]. Based on consensus group reports
and management assessment relevant service gaps will be
identified and service quality levels will be defined. The
“dissemination” of the project results will also create output in
itself: besides invited lectures, project-related national and
international publications, and guidelines and handbooks will
be written, and workshops or symposia will be held.

Figure 6. Abbreviated form of scenario analysis for workshops and expert panels.

Discussion

Implementation Strategy and Work Packages
Consistent with the latest research and first-evidence based GEP
in academic medicine [32,47] we shall apply a stepwise
implementation strategy (Figure 2).

The entire project will be organized in 5 consecutive work
packages.

Work Package 1: Understanding Gender Factors
The objectives are to analyze gendered national data and perform
participatory gender audits in university hospitals including
inquiry of personal constructs.

The tasks performed relate to gender-specific factors for design
and success of introduction and implementation of GEP in
university hospitals with a focus on their role as a research

performing organization will be investigated. In particular,
individual mental constructs of physicians will be inquired and
cultural, as well as societal aspects taken into account, which
may have an influence on the design and success of GEP
implementation. Initially, all partner nations will collect
comprehensive gender-sensitive demographic data concerning
medical staff in research, education and patient care, age and
gender distribution, emigration and immigration of physicians,
as well as sociodemographic data. These data will enable us to
build gender-tailored future scenarios (see objective 2) as well
as provide us with up-to-date data to be integrated in medical
research concepts. PGA will be analyzed as well.

Work Package 2: Building Future Scenarios
The objectives will be meta-analysis of national data and gender
audits as preparation for an expert panel to create 2-fold
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scenarios (predicted and requested) for all participating
university hospitals

The tasks will include finding an expert panel to transform the
results from Work Package 1 into hospital-specific, national,
and transnational 2-fold scenarios: one part of the scenario
predicts how performance requirements, as well as structure
and demands of medical and research staff will change over the
next 5 to 10 years (predicted scenario). Another part will
describe what the work situation, leadership, and management
in university hospitals should look like in order to attract and
retain—mostly female—physicians (required scenario). Gaps
between predicted and required scenarios form the basis of
suggestions for the “living labs,” which will be implemented
in Work Package 3 in order to develop and test the necessary
structural change in university hospitals.

Work Package 3: Consensus Groups and Living Labs
The objectives will be to establish topic-related consensus
groups in each university hospital trying to reach consensus
about the implementation of relevant aspects of gender equality
applying NGT in order to equally regard individual opinions,
document ideas and consensus, and report progress to National
Directing Groups and share it among consensus groups.
Consensus groups working together longer than 6 months may
also serve as “living labs,” which do not only define but also
test selected measures.

The tasks will be to gather national data and hospital-specific
PGA (from Work Package 1) as well as predicted and required
scenarios (from Work Package 2), and all participating
university hospitals set up their own “topic agenda” of relevant
gender issues and present these topics to their employees in
kick-off workshops. During and after the workshop, employees
from medical, as well as administrative, staff are encouraged
to join topic-related consensus groups (eg, flexible work
schedules, open research platforms). Each group goes through
predefined steps: (1) generating, (2) recording, (3) discussing
ideas, and (4) voting on them. The National Directing Group
collects all generated ideas, validates them, and shares them
among consensus groups. Once votes have been made, the
results are summarized and validated by the National Directing
Group, which also reports to the European Directing Group. If
it useful to work out ideas and votes in more detail or test certain
measures in practices, the Directing Group may ask the existing
consensus groups to stay together as a “living lab” or form a
new consensus group.

Work Package 4: Validation and Generalization
The objectives will be to identify culture-, nation-, and
discipline-specific success factors for the implementation of
GEPs in university hospitals, deriving flexible adaptable models
for structural transforming GEP in academic medicine, and the
development of ‘teaching stories’ for academic teaching

The tasks will be to gather national and hospital-specific
research data and results. Major culture-, nation-,
discipline-specific aspects will be identified by the same expert
panel, which has been invited in Work Package 2. The expert
panel will work out recommendations and a transnational model
for GEPs, which can be adapted to national and disciplinary
aspects in all researching hospitals in Europe. Central findings
of the “living labs” will be prepared as “teaching stories” for
academic teaching in a way that they can become part of the
academic curricula in medical faculties and medical management
schools on excellence in research, work organization, leadership,
and management.

Work Package 5: Dissemination Through Academic
Publication and Management Consulting
The objectives will be to develop a foundation of an
international European discussion forum in an open research
platform, publication of relevant results in at least 4 international
academic journals (impact factor > 2), 7 national journals,
organization of national workshops and symposia, networking
with existing international and national projects, associations,
and institutions, and founding a European consulting service
for advancement of GEP in hospitals and medical research.

The tasks will focus on the results from research (Work
Packages 1, 2, and 4) and implementation (Work Package 3)
will be published in relevant international, European, and
national journals, which are listed in PubMed, and with an
impact factor of 2 or higher [48]. Simultaneously, an academic
discussion forum will be initiated on an international renowned
research platform. A European conference will be organized in
order to invite leading medical experts, research managers,
politicians, and partner projects. During this conference, a
support services for hospitals, which wish to implement their
own GEP, will be introduced and developed into a European
consulting service. Participating university hospitals and
National Directing Groups will seek to convince other university
hospitals in their country to develop and implement GEP.

Expected Impact of MedGoFem
Each work package of the Med Go Fem project will create
relevant output, generating its own specific impact and close a
highly relevant research gap, because most research related to
gendered equality that measures working conditions,
organizational structures, and research settings has not been
conducted in medicine, let alone in academic medicine, but for
so-called “MINT” jobs (mathematics, informatics, natural
sciences, and technology). In that line, almost all relevant
research about the working conditions of women in academic
medicine has been conducted in the United States and cannot
readily be transferred due to cultural, societal, and economical
differences of other countries. Consequently, in the European
Union, gender issues in academic medicine are a heavily
under-researched issue. Med Go Fem will close this gap in all
of its project phases.
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Multimedia Appendix 1
Evaluation report of the European Commission's reviewing board, which shows that the proposal has been evaluated as "above
threshold". Due to budgetary reasons the proposal has been postponed to a "waiting list" and has not yet been funded.
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Abstract

Background: Fibromyalgia is a clinical disorder commonly presenting with chronic widespread pain as well as sleep disturbance,
fatigue, depression, and cognitive dysfunction. There is an urgent need for treatment strategies that provide better pain relief and
fewer adverse effects (AEs). Efforts to develop rational combinations of specific fibromyalgia treatments have demonstrated
potential for measurable improvements in pain relief, quality of life, and health care utilization. More than half of fibromyalgia
patients receive 2 or more analgesics but current combination use is based on limited evidence. As an early proof-of-concept
project from the Canadian Institutes of Health Research–Strategy on Patient-Oriented Research Chronic Pain Network, this trial
protocol is expected to advance the field by rigorously evaluating a new treatment combination for fibromyalgia.

Objective: We will test the hypothesis that analgesic combinations containing at least one nonsedating agent would be as safe
but more effective than either monotherapy because of additive pain relief without increasing overall AEs. Pregabalin (PGB), a
sedating anticonvulsant, is proven effective for fibromyalgia, and the antioxidant, alpha-lipoic acid (ALA), one of the only
nonsedating systemic agents proven effective for neuropathic pain, is currently being evaluated in fibromyalgia. Thus, we will
conduct a clinical trial to compare a PGB+ALA combination to each monotherapy for fibromyalgia.

Methods: Using a double-blind, double-dummy, crossover design, 54 adults with fibromyalgia will be randomly allocated to
1 of 6 sequences of treatment with PGB, ALA, and PGB+ALA combination. During each of 3 different treatment periods,
participants will take 2 sets of capsules containing (1) ALA (or placebo) and (2) PGB (or placebo) for 31 days, followed by an
11-day taper/washout period. The primary outcome will be mean daily pain intensity (0 to 10 scale) at maximal tolerated doses
(MTDs) during each period. Secondary outcomes, assessed at MTD, will include global improvement, adverse events, mood,
and quality of life.

Results: This trial attained ethics approval March 6, 2017 (Queen’s University Health Sciences and Affiliated Teaching Hospitals
Research Ethics Board protocol number ANAE-313-17), and recruitment is set to start in August 2017.

Conclusions: This trial will provide rigorous evidence comparing the efficacy of a PGB-ALA combination to PGB alone and
ALA alone in the treatment of fibromyalgia.
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Trial Registration: International Standard Randomized Controlled Trial Number ISRCTN14939460; https://www.isrctn.com/
ISRCTN1493946 (Archived by WebCite at http://www.webcitation.org/6sFqAjxkt)

(JMIR Res Protoc 2017;6(8):e154)   doi:10.2196/resprot.8001
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Introduction

Chronic pain affects 20% to 25% of the population [1] and is
one of the most common reasons to see a health care provider
and to miss work [2]. In North America alone, chronic pain
costs over $650 billion in health care and lost productivity [3].
Fibromyalgia is a complex clinical disorder characterized by
chronic widespread pain that is also associated with sleep
disturbance, fatigue, irritable bowel syndrome, depressed mood,
and, possibly cognitive dysfunction [4,5]. Patients suffering
with fibromyalgia very frequently report functional disability
and impaired quality of life [6]; furthermore, fibromyalgia is a
common disorder estimated to affect 1.6% of men and 4.9% of
women [7].

Hundreds of randomized controlled trials (RCTs) have evaluated
various drug (eg, nonsteroidal anti-inflammatory drugs,
antidepressants, opioids, and anticonvulsants) and nondrug (eg,
exercise, acupuncture, cognitive behavioral therapy) therapies
for fibromyalgia [6]. In addition to exercise and cognitive
behavioral therapy, pharmacotherapy remains an important
treatment for fibromyalgia. Evidence-based treatment
recommendations from various groups including the European
League Against Rheumatism and Canadian Pain Society have
included amitriptyline, cyclobenzaprine, tramadol,
gabapentin/pregabalin, fluoxetine, and duloxetine [8-10].

Available drugs used for fibromyalgia reduce pain on average
by only 25% to 40%, and meaningful relief occurs in only 40%
to 60% of patients, in part due to incomplete efficacy as well
as commonly encountered dose-limiting adverse effects (AEs)
(eg, sedation, cognitive dysfunction, and dizziness). Combining
two drugs with different pharmacological mechanisms has the
potential to provide superior relief over monotherapy without
increasing side effects [11]. A recent trial has demonstrated
greater analgesic efficacy with a pregabalin-duloxetine
combination versus either monotherapy without an increase in
side effect profile [12]. Although this was a positive finding,
the additive benefit was submaximal because these two agents
cause some similar AEs, and doses must be reduced during
combination therapy to maintain safety and tolerability.

Thus, we hypothesize that analgesic combinations containing
at least one nonsedating agent would provide even greater
additive benefits because of additive pain relief but nonadditive
AEs. Both pregabalin (PGB) and alpha-lipoic acid (ALA) are
approved by Health Canada and proven for the treatment of
neuropathic pain [13,14]. Based on a rationale for the use of

ALA to treat fibromyalgia pain [15], a placebo-controlled RCT
of ALA monotherapy is currently under way in this population
[ISRCTN58259979].

An important pharmacological mechanism of PGB is the
blockade of α-2-δ subunits of N-type voltage gated calcium
channels, resulting in decreased calcium influx and
neurotransmitter release [16,17]. ALA has been studied in both
preclinical and clinical neuropathic pain conditions. In a rat
model of streptozocin-induced diabetes, ALA delayed the onset
of polyneuropathy [18]. Mechanistic studies suggest decreased
nociceptive sensitivity by inhibition of T-type calcium (Cav3.2)
channels [19], distinct from that of PGB which inhibits N-type
calcium channels [17], suggesting potential for synergy at these
different sites of action.

At least 16 trials of over 1320 patients have reported reductions
in pain and other symptoms [13,20] and a recent meta-analysis
reported a number needed to treat of 6.3 [13]. Also, 1 trial
reported improvement in neuropathic pain symptoms after 4
years of treatment [21]. AEs of nausea, vomiting, headache,
and vertigo have been reported in studies involving >1200 mg
per day of ALA. There have also been rare reports of
hypoglycemia (low blood sugar) in diabetic patients taking ALA
and reporting symptoms of sweating, paleness, chills, headache,
dizziness, and/or confusion. We identified only 1 study of a
combination similar to ALA+PGB—ALA plus gabapentin
(related to PGB) in the treatment of burning mouth syndrome
[22]. Despite the study having major methodological flaws,
greater benefit with this combination was suggested versus
monotherapy, and AEs were reported overall as very mild [22].

Thus, our goal is to conduct a novel double-blind RCT to
compare the combination of the anticonvulsant PGB with the
nonsedating antioxidant ALA to each monotherapy for the
treatment of pain in fibromyalgia.

Methods

Ethics
This study underwent ethics review and received a compliance
notice by the Queen’s University Health Sciences and Affiliated
Teaching Hospitals Research Ethics Board on March 6, 2017.
This trial will be conducted at one site, Providence Care
Hospital, Kingston, Ontario, Canada. This trial is registered
with the International Standard Randomized Controlled Trial
Number Registry [ISRCTN14939460].
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Figure 1. Trial design.

Aims and Hypothesis
The objective of this trial is to compare the safety and efficacy
of a PGB+ALA combination to each monotherapy in treating
participants with fibromyalgia. Our primary hypothesis is that
PGB+ALA has greater analgesic efficacy versus either
monotherapy.

Trial Design
We have designed a single-center, double-blind, double-dummy,
randomized, controlled 3-period crossover trial comparing a
PGB+ALA combination to monotherapy in treating fibromyalgia
(Figures 1 and 2). This trial is compliant with Health
Canada/International Conference on Harmonization guidelines
and incorporates outcome measures recommended by the
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Initiative on Methods, Measurement, and Pain Assessment in
Clinical Trials. Using a flexible dose titration, Latin Square
crossover design, treatments will be titrated during each of 3
treatment periods to maximal tolerated dose (MTD) with
primary and secondary trial analyses comparing the 3 treatments
using end-of-period outcomes. Internal validity of our crossover
design is supported by stability of fibromyalgia over time
[23-26] and the risk of carryover from 1 period to the next is

very low because each period is followed by an 11-day dose
taper and drug washout, and the final MTD week for each period
(from which the primary outcome is obtained) is separated from
the next period’s final week by 7 weeks (ie, ≥20 half-lives of
the drugs studied). Nevertheless, exploratory analyses will be
conducted to identify if any low-order carryover effect does
exist.

Figure 2. Trial design, continued.

Participant Allocation
As per the 3-period Latin Square crossover, patients are
randomly allocated to 1 of 6 sequences of ALA, PGB, and

combination (Figures 1 and 2). Before the trial, an independent
pharmacist and biostatistician will prepare a concealed allocation
schedule using a computer-generated block randomization
process to randomly assign treatment sequences to a consecutive
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series of numbers within a block. Each patient will be assigned
to the next consecutive number, and the corresponding sequence
of medications will be dispensed. All study personnel will be
blinded to the block sizes to preserve allocation concealment.

Protecting Against Bias
Medications will be encapsulated (ALA: blue, PGB: gray) in
an identical fashion across all periods. As per a double-blind,
double-dummy design, patients will take both sets of
medications so treatment conditions will be identical across all
3 treatment periods. Treatment codes will be generated by the
investigational pharmacist and concealed until trial completion.

In case of emergency, individual codes will be disclosed by an
investigational pharmacist to a nonstudy clinician. A
questionnaire completed by every participant at the end of each
period will ask patients to guess the treatment they received to
assess blinding.

Participants
Men and women aged 18 years and older meeting the 2016
updated American College of Rheumatology diagnostic criteria
for fibromyalgia [27] will be considered for recruitment
following informed consent. See Textbox 1 for selection criteria.

Textbox 1. Selection criteria.

Inclusion criteria:

• Adults aged 18 years and older

• Diagnosed with fibromyalgia using the 2016 updated American College of Rheumatology diagnostic criteria [27]

• Experience daily moderate pain (≥4/10 on a numerical rating scale) for at least 3 months

• Women of childbearing potential must have a negative serum beta–human chorionic gonadotropin test and are required to use a highly effective
form of contraception while on trial

• Have the necessary abilities, visual acuity, and English language skills to complete questionnaires and pain diaries and to participate in telephone
communication with study nurses to permit titration of the study drugs

Exclusion criteria:

• Presence of a painful condition, including inflammatory rheumatic disease, more than 50% as severe as but distinct from fibromyalgia

• Women who are pregnant or lactating

• Women of childbearing potential not using adequate contraceptives

• End-stage kidney or liver disease

• Unstable cardiovascular disease (myocardial infarction within the preceding year, unstable angina, or congestive heart failure) or clinically
relevant abnormal 12-lead electrocardiogram

• Any poorly controlled medical condition that, in the opinion of the investigator, would interfere with proper conduct of the trial

• Severe depression, as determined by a Beck Depression Inventory–II score of 29 or more; suicidal ideation, as determined by a Beck Depression
Inventory–II item 9 score of 2 or more; or any current major psychiatric disorder (eg, schizophrenia, bipolar disorder) that is not well controlled

• Hypersensitivity to any of the study medications

• Any current alcohol or drug abuse or dependence (except nicotine and caffeine). Participants with a history of abuse or dependence with more
than 1 year of abstinence may be considered for inclusion

• Those taking more than 90 mg morphine equivalents per day

Study Interventions
During each of 3 trial periods, using a double-blind randomized
crossover design, patients will receive 2 sets of capsules (Figure
3): (1) blue capsules (ALA 300 mg or placebo) and (2) gray
capsules (PGB 75 mg or placebo). During the combination
period, blue will contain ALA and gray will contain PGB.
During the ALA alone period, blue will contain ALA and gray
will contain placebo. During the PGB alone period, blue will
contain placebo and gray will contain PGB.

Consenting patients on ALA or PGB (or gabapentin) pretrial
will agree to be weaned gradually for a washout of at least 7
days. Co-interventions: patients taking and perceiving benefit
from opioids (<90 mg morphine equivalents), antidepressants
(tricyclic, selective serotonin reuptake inhibitors or
serotonin-norepinephrine reuptake inhibitors), nonsteroidal

anti-inflammatory drugs, or acetaminophen may continue these
at a steady dose for the entire study. Any cognitive behavioral
therapy or exercise programs may continue only if they can be
scheduled evenly across all treatment periods. Research staff
will monitor and advise patients weekly about prohibited
co-interventions throughout the study. A thorough understanding
of the threats to validity of using forbidden co-interventions
(gabapentin, PGB, ALA, and any other newly initiated analgesic
intervention) is heavily emphasized to participants. Patients will
not be allowed to start new cognitive behavioral therapy or
exercise programs after study initiation and must avoid any
procedural therapies (eg, nerve blocks or acupuncture) during
the entire study. Any pain exacerbations that in the opinion of
the patient warrant initiation of a new therapy would necessitate
trial discontinuation and immediate weaning from study
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medications, but these patients would still be included in the
trial analyses.

Dose Titration
Study medication will follow a flexible dose titration to MTD
to balance tolerability and relief, with regularly weekly calls by
research personnel. This means that doses of study medication
will not be further increased if intolerable AEs are encountered
at higher doses or if “a lot” or “complete” pain relief is achieved.
The MTD fixed dose week will be from days 25 to 31. However,
if MTD is reached before day 25, that MTD dose will continue
up to and including the day 25 to 31 period. The MTD fixed
dose week will be followed by a 7-day dose taper and 4-day
complete washout. Daily pain ratings will be completed
throughout the trial. During dose taper and washout periods

only, patients may take acetaminophen ≤8 tablets per day (325
mg per tablet) as needed. This rescue medication is very unlikely
to affect the primary outcome measure of pain intensity during
the MTD phase of each treatment period.

Trial Duration and Follow-Up Frequency
Each of the 3 treatment periods will be 6 weeks, for a total trial
duration of 18 weeks. The nurse will phone patients weekly to
evaluate AEs, guide drug titration, and encourage compliance.
Patients will be seen in clinic at the end of each treatment period
for assessment of vital signs and measurement of secondary
outcomes (Figure 4). Patients will be followed up by phone 2
weeks and 3 months after trial completion (including patients
who were withdrawn from the trial prematurely) to document
any subsequent AEs.

Figure 3. Study drug schedules.

Outcome Measures and Safety Assessment
The primary outcome is mean daily pain (0 to 10 numerical
rating scale with 0=no pain and 10=worst pain imaginable),
rated 3 times daily (8 AM, 4 PM, and 8 PM) and averaged over
the MTD fixed dose week (days 39 to 45) of each period.

Secondary outcomes include daily pain at other timepoints, the
MTDs of PGB and ALA, frequency and severity of AEs and
patient global impression of change [28], short form McGill
Pain Questionnaire [29], Fibromyalgia Impact Questionnaire
[30], Brief Pain Inventory [31], Beck Depression Inventory-II
[32], Beck Anxiety Inventory [33], Short Form-36 health survey
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[34], blinding questionnaires, and acetaminophen consumption.
Timing of outcome assessments is described in Figure 4. Patient
safety will be ensured by vigilant AE assessment and judicious
drug titration. Any occurrences of major AEs will be tracked

as secondary outcomes and also reported to the Queen’s Ethics
Board, Health Canada. Assessment and reporting of AEs will
adhere to Consolidated Standards for Reporting Trials
recommendations [35].

Figure 4. Schedule of assessments.

Sample Size
Based on previous estimates of within-patient variation, s=2.45,
from a previous study in fibromyalgia [36], we calculate that a
sample of 55 trial completers would provide an 80% chance of
detecting (alpha of .05) a mean treatment difference of 1 point
(0 to 10 scale). For a sample size divisible by 6, the number of
treatment sequences, we adjusted the sample size to 54 patients.

Statistical Analyses
Analyses for this trial are based on the null hypothesis of no
difference between PGB, ALA, and PGB+ALA, and the
alternative hypothesis that at least 2 treatments are different.
When a patient contributes data from only 1 period, sensitivity
analyses including all patients will also be performed by
assuming some reasonable but extreme values for the remaining
periods. All patients receiving at least 1 dose of a drug will be
included in the safety analyses.

Primary Outcome Analysis
The primary outcome—mean daily pain from the last 7 days
(at MTD) of each treatment period—will be calculated as an
average of pain scores as recorded in the pain diary if more than
50% of the information (ie, at least 4 days) is not missing.
Otherwise, mean daily pain will be treated as missing. This is
based on the half rule often used to summarize repeated

responses, which has proven unlikely to introduce bias to trial
results [37]. Sensitivity analyses based on the average of all
available pain scores will also be performed to confirm the
results of the primary analysis. Although carryover effects are
unlikely, we recognize this possibility. Therefore, a linear mixed
model with sequence, period, treatment, and the first order
carryover term as fixed effects and patient as a random effect
[38] will be used to test for differences among the 3 treatments
and to estimate the least square mean of the mean daily pain
intensity for each treatment, adjusting for carryover as well as
period effects (ie, stability of pain levels). The following 3
pair-wise comparisons will be performed based on the least
square means and standard deviations from the linear mixed
model: combination versus ALA alone, combination versus
PGB alone, and ALA alone versus PGB alone. Sensitivity
analyses will be performed using a pattern-mixture model [39]
based on patterns of missing data so as to check the robustness
of results in the case that data may not be missing at random.
A Fisher's least significant difference [40] procedure will be
used to adjust the P values for these 3 comparisons.

Secondary Analyses
Secondary outcomes will be analyzed similarly except that only
one measurement is analyzed in the last week for the singular
measures (ie, final week questionnaires) and the scoring
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algorithms developed for the Brief Pain Inventory, Beck
Depression Inventory-II, and Short Form-36 will be first used
to derive the subscales or domains within these instruments,
and the scores on these subscales or domains will be used as
response variables in the linear mixed model analysis.

As with many other analgesic trials that allow concomitant
medications, treatment group comparisons are made with the
assumption in the setting of randomization of an equal
distribution of concomitant medications across participants.
Nevertheless, our trial analysis will further conduct exploratory
analyses, as we have done on our previous trials, to investigate
the possibility that concomitant analgesic medications have an
important effect on the trial results.

Results

Participant recruitment is expected to begin in August 2017.
This trial was awarded external peer-reviewed funding by the
Canadian Institutes of Health Research–Strategy on
Patient-Oriented Research–Canadian Pain Network in August
2016.

Discussion

Fibromyalgia continues to be difficult to manage, and current
treatments provide only partial relief often at the risk of
disabling AEs. To the best of our knowledge, this proposed trial
is the first to compare the combination of an anticonvulsant
with an antioxidant to treat fibromyalgia. Because ALA and
PGB have different AE profiles, we expect their combination
to provide superior analgesic efficacy in fibromyalgia without
increasing AEs.

Possible threats to trial completion include challenges with
participant recruitment, noncompliance, protocol violations,
and early dropouts. However, we are confident that the proposed
trial design and our experience with recent and previous RCTs
will minimize these concerns. Noncompliance, protocol
violations, and early dropouts will be minimized by the
crossover design as well as thorough patient teaching and careful
follow-up of trial participants.

Given the urgent need for improved fibromyalgia treatments
that provide better pain relief with better safety and tolerability,
this trial will provide rigorous evidence for a potentially
improved treatment strategy for fibromyalgia.
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Abstract

Background: Tutored laboratorial activities could be a manner of improving the competency development of students. However,
its impact over conventional theoretical classes has not yet been tested. Additionally, different university contexts could influence
this issue and should be explored.

Objective: To assess the impact of a tutored theoretical-practical training for teaching undergraduate students to detect caries
lesions as compared with theoretical teaching activities. The impact of these teaching/learning activities will be assessed in terms
of efficacy, cost/benefit, retention of knowledge/acquired competences, and student acceptability.

Methods: Sixteen centers (7 centers from Brazil and 9 centers from other countries throughout the world) are involved in the
inclusion of subjects for this protocol. A randomized controlled study with parallel groups will be conducted. One group (control)
will be exposed to a 60- to 90-minute conventional theoretical class and the other group (test) will be exposed to the same
theoretical class and also a 90-minute laboratory class, including exercises and discussions based on the evaluation of a pool of
images and extracted teeth. The mentioned outcomes will be evaluated immediately after the teaching activities and also in
medium- and long-term analyses. To compare the long-term outcomes, students who enrolled in the university before the
participating students will be interviewed for data collection and these data will be used as a control and compared with the trained
group. This stage will be a nonrandomized phase of this study, nested in the main study. Appropriate statistical analysis will be
performed according to the aims of this study. Variables related to the centers will also be analyzed and used to model adjustment
as possible sources of variability among results.

Results: This ongoing study is funded by a Brazilian national funding agency (CNPq- 400736/2014-4). We expect that the
tutored theoretical-practical training will improve the undergraduate students’ performance in the detection of caries lesions and
subsequent treatment decisions, mainly in terms of long-term retention of knowledge. Our hypothesis is that tutored
theoretical-practical training is a more cost-effective option for teaching undergraduate students to detect caries lesions.

Conclusions: If our hypothesis is confirmed, the use of laboratory training in conjunction with theoretical classes could be used
as an educational strategy in Cariology to improve the development of undergraduate students’ skills in the detection of caries
lesions and clinical decision-making.

(JMIR Res Protoc 2017;6(8):e155)   doi:10.2196/resprot.7414

KEYWORDS

active learning; cariology; dental education; laboratory training

Introduction

Background
There is an imminent demand to prepare dental professionals
to not only possess knowledge, but also have developed skills
to detect dental caries and make decisions about caries
management based upon the current best scientific evidence
[1]. Thus, an improved education in Cariology for dental
undergraduate students as future practitioners is fundamental
for adequate caries diagnoses [2].

A recent systematic review has pointed out that caries diagnosis
is the topic within Cariology that has received the most concern
in terms of developing training methodologies and/or education
for undergraduate students [3]. This suggests not only the
importance of the subject within the dental professional training,
but also the difficulty involved in successfully preparing
professionals to be able to perform this step in the dental clinic.

Although it may appear to be a simple step, the detection of
caries lesions, as a part of the diagnosis process, involves several
aspects that require not only knowledge about the subject, but
also theoretical, clinical, and interpersonal skills. In this sense,
practical training may be essential for the development of these
specific skills [4]. The laboratory activities systematically
provide opportunities for undergraduate students to experience
different simulated situations covering a variety of circumstances
that they should be able to solve in clinical practice. Moreover,
practical training allows more interactivity between students
and teachers and/or tutors in the teaching-learning process [5,6],
besides providing rapid feedback on their performance [7]; thus,
improving the educational outcome.

Several systems for caries detection have been used, to provide
important information about the disease and also to guide
professionals in making treatment decisions [8]. The
International Caries Detection and Assessment System (ICDAS)
is one of the options proposed to standardize this process
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internationally [9]. Although student performance in the
detection of caries lesions using this system has already been
assessed [10-12], these investigations were performed in small
groups of students or in only 1 institutional center, reducing the
external validity of these findings [13].

A preliminary study conducted at the University of São Paulo
found that the tutored theoretical-practical training seems to
improve the caries detection by undergraduate students using
ICDAS [14]. However, it was not possible to assess the real
impact of this active-learning methodology in the teaching of
this field, which involves more time and costs, as compared
with the theoretical activity alone. Furthermore, this effect may
be dependent on different university contexts, mainly because
caries diagnosis content has not been taught in the same way
in different curricula. To the best of our knowledge, this is a
pioneering multicenter study that aims to investigate the short-
and long-term impact of the tutored theoretical-practical training
for detecting caries lesions in undergraduate courses in
comparison with theoretical activities.

Objective
The aim of the present protocol will be to evaluate the effect of
a tutored theoretical-practical training for teaching
undergraduate students to detect caries lesions in comparison
with theoretical teaching activities. The impact of these
teaching/learning activities will be assessed in terms of efficacy,
cost/benefit, retention of knowledge/acquired competences, and
student acceptance.

Methods

Ethical Aspects
The Research Ethics Committee of all institutions involved
previously approved this protocol. The participants will receive
and sign an informed consent prior to their involvement in the
research. For ethical reasons, the students allocated to the
theoretical group will receive laboratory training at the end the
outcome assessments. Participant confidentiality will be ensured
using identification code numbers. Participant identifiable
information will be stored in locked filing cabinets in a secure
room.

Study Design
A multicenter randomized controlled study with parallel groups
will be conducted. One group (control) will be exposed to a 60-
to 90-minute conventional theoretical class and the other group
(test) will be exposed to the same theoretical class along with
a 90-minute laboratory class, including exercises and discussions
based on the evaluation of a pool of images and extracted teeth.

This study will involve 7 centers from Brazil and 9 centers from
other countries throughout the world (Figure 1). The centers
represent two distinct contexts: 1 coordinating center, a
precursor in the development of the theoretical and laboratory
activity that will be tested, while the other institutions represent
those that will receive the proposal to develop the same activity
with support provided by the precursor center. The inclusion
of different centers aims to cover different regions and
institutions with different profiles to increase the external
validity of the study. As the coordinating center is in São Paulo,
Brazil, 6 other institutions were invited to cover different parts
of the country. Similarly, the other centers throughout the world
are located in different regions, including Latin America
(Colombia and Paraguay), Asia (Hong Kong), and Europe
(Copenhagen, United Kingdom, and Portugal). Other centers
may be optionally incorporated throughout the study, according
to interest and judgment of necessity. The Initiatives for
Undergraduate Students’Training in Cariology is a collaborative
group made up of all people involved in this study. The detailed
roles of each member and respective affiliations are described
in Multimedia Appendix 1.

Training for Operationalization of the Study in
Different Centers
The researchers responsible for the study in each center will
participate in an initial joint meeting to clarify the methodology
to be followed in the study. Training and collaboration of the
participants from each center will be made in order to properly
adapt the logistics needed for the study, considering the
characteristics of each center. The research team will detect all
particularities of each center, and a proposal for the
implementation of the activity will be jointly developed by the
coordinating center and each participating institution. In
addition, the principal investigator will train the staff members
that will apply the activity at each center.

Preparation of the Material for Evaluations
The coordinating center will be responsible for organizing and/or
assisting in the organization of the material to be used in the
theoretical-practical training, including preparation of a pool of
images and extracted teeth contemplating different stages of
caries severity. The pool of images will be prepared and used
in all centers. The teeth will be obtained from the Bank of
Human Teeth located at each institution or similar donators of
material for this purpose. A tutorial was developed to guide
investigators from each center to prepare their samples aided
by an investigator from the coordinating center.
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Figure 1. Mapping of the institutions involved in the study.

Experimental Groups
Undergraduate students at the beginning (up to second or third
year) and the end of the Dentistry course (last 2 years) will be
included. All students will be invited to participate, but only
those who consent to participate will be included. The classes
will be randomly divided into 2 groups. The randomization will
be made by a central allocation located in the coordinating
center, by sending the list of students to be invited. All students
will be randomized, even those that will not participate. These
losses will be computed and analyzed later.

One group (control) will be exposed to a 60- to 90-minute
conventional theoretical class and the other group (test) will be
exposed to the same theoretical class and a 90-minute laboratory
class, including exercises and discussions based on the
evaluation of a pool of images and extracted teeth. All students
will attend the class together before the allocation. For the test
group, the participants will be assigned in small groups (7-10
students) mediated by graduate tutors and/or teachers. Students
will assess 30 clinical images and 10 teeth for severity (ICDAS
scores) and activity status [14]. Tutors/teachers will work on
correcting exercises and also discussion of questions raised by
the group. In case of disagreement, tooth revaluation will be
possible with the help of tutors/teachers so that students
understand potential mistakes. For the control group, they will
begin the outcomes assessment after having finished the
theoretical class.

Despite the allocation, both groups will begin their activities
(for training or outcomes assessment) at the same time, avoiding
demotivation of any group. Students and teachers/tutors will
know the allocated group only when they will be prepared for
the activities after the theoretical class, guaranteeing the
allocation concealment.

Outcomes Assessment

Cost Efficacy
To evaluate the efficacy of the teaching and learning methods
both the theoretical knowledge, and the practical skills and
clinical decision-making capacity of the students will be
evaluated after the theoretical class (control group) and after
the theoretical laboratory training (test group).

To evaluate the theoretical knowledge, the students will answer
questions about caries lesions detection prepared by professors
with expertise in this field. Furthermore, the participants must
understand the impact of the correct decision or error when
using the ICDAS in clinical practice. The practical assessment
will be made through the evaluation of extracted teeth for 1
minute each. Students will evaluate selected tooth surfaces
according to the ICDAS criteria with the aid of a light reflector,
a plane buccal mirror, and a ballpoint probe. To simulate the
distance to observe teeth in the mouth, teeth will be positioned
on a plane surface approximately 30 cm from the examiners’
eyes. The teeth will first be examined wet, and then they will
be dried for 5 seconds with compressed air. For this evaluation,
the students' responses regarding caries severity will be
compared with a template made by teachers after visual
inspection. To evaluate the capacity of decision making, the
undergraduate students should propose the treatment option
based on caries lesion detection for 5 clinical cases. Cases were
prepared to simulate usual clinical conditions. To assess the
cost efficacy of the methods, the efficacy will be considered the
number of true answers registered by the students independently
on the theoretical and practical tests, as well as in the
decision-making query. Direct and indirect costs will be
calculated, both individually (the activity itself) and
institutionally (to maintain the necessary structure and provide
time for the activity). Cost estimation should include planning,
preparation of the material, staff training, and implementation
of the activity. Lecture and practical activity costing data will
be directly collected at all study sites considering institutional
information itself. In addition, national databases will be
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searched to estimate costs of maintenance of universities in each
location. Data from these 2 sources will be collated to produce
tables of costs for the activity, center, and country.

Perception and Acceptance
The students’ perception of the activity and their degree of
satisfaction with the knowledge achieved will be assessed.
Questions will evaluate the preparation level, nervousness,
satisfaction, and acceptance of students regarding the proposed
activities. These outcomes will be evaluated based on the State
Trait Personality Inventory Scale [15]. Moreover, the goal of
this outcome will verify if the students who participated in the
laboratory training felt more prepared for the caries lesions
detection in a clinical situation.

Retention of Knowledge and Skills
To evaluate the retention of knowledge and skills acquired after
the tutored theoretical laboratory training, students who entered
the university before the participating students will be
interviewed for data collection, and these data will be used as
control and compared with the trained group. This stage will
be a nonrandomized phase of the study, nested in the main study.
To compare the long-term outcomes, a theoretical and practical
assessment will be applied to participating students after 1 or
2 years following the first training and compared with a class
in the same year of the undergraduate program, but who had
not been exposed to this methodology. This stage of study will
be adjusted considering the curriculum of each center in
accordance with the course subjects offered in the periods of
interest. The flowchart of the study design is summarized in
Figure 2.

Figure 2. Study design and phases to be conducted.

Center/Student Characteristics
Some characteristics related to each center will be collected
during the planning and execution/data collection stages. In the
planning phase, a structured questionnaire will be applied to
the center coordinators in order to identify relevant aspects of
center size/potential, curricula, human resources/faculty
preparation, infrastructure/facilities, and expected difficulties
for participant centers. Afterward, in the execution phase, we
will first map each student’s background and willingness to
learn Cariology and caries detection by a form they should fill
out before the theoretical class. The student’s background will
show both the student’s knowledge at baseline, and also the
possible contents taught at his/her center. Second, qualitative
research on topics and strategies used in teaching/learning of

Cariology will be investigated among students and lecturers in
different centers. These quantitative-qualitative variables will
be used as independent variables related to the center in further
analysis.

Statistical Analysis
For the theoretical evaluation, total number of correct responses
for test and control groups will be compared at both times of
evaluation (immediate and long term). Data from the number
of correct responses per question will be submitted to analysis,
also considering the question as a factor.

For the practical assessment, performance-related parameters
(sensitivity, specificity, accuracy) when using the visual method
for the caries detection and evaluation of lesions activity will
be calculated. These values will be compared between groups
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using multilevel analysis, considering both experimental groups
and different centers.

The scores given by students for acceptance and perception of
the activities carried out will be compared between groups.
Regression analysis will be used in each experimental group to
verify the association between student performance in caries
lesions detection versus theoretical knowledge and student
perception in relation to the activity. Baseline student knowledge
and willingness to learn caries detection will be considered
during these analyses.

The association between the results of immediate theoretical
and practical assessments with knowledge and skills retained
in the long term will be assessed.

For all analyses, a multilevel approach will be used to consider
different levels explored. The assessment, the student, the center,
and the country could be considered as possible levels for these
analyses considering the possible clustering observed for centers
and, eventually, countries. For all the parameters tested, the
influence of the different centers and the level in the course
(first or end years) will be investigated by regression analysis.
The significance level will be set at 5%.

Results

This protocol refers to an ongoing study mainly funded by a
Brazilian national funding agency (CNPq- 400736/2014-4).
The standardized protocol has been implemented in different
centers and data collected throughout them. On these occasions,
different situations have been experienced and all peculiarities
have been recorded in order to help in explaining possible
differences among the studied centers.

We expect that the tutored theoretical-practical training will
improve the undergraduate students’ performance in the
detection of caries lesions and subsequent treatment decisions,
mainly in terms of long-term retention of knowledge. Our
hypothesis is that tutored theoretical-practical training is a more
cost-effective option for teaching undergraduate students to
detect caries lesions.

Discussion

Motivation and Design
In aiming to formalize the curriculum in Cariology at the 1st
Consensus Workshop on the Development of the European
Curriculum in Cariology [1], 5 distinct areas were highlighted
[2], including the caries diagnosis, which involves risk
assessment and detection of caries lesions [16]. However,
theoretical classes, often adopted for teaching Cariology, may
not be enough to enable those undergraduate students to perform
procedures, such as the detection of caries lesions in clinical
practice. In this regard, we expect this study to provide the best
scientific evidence for defining the best teaching/learning
strategy for detection of caries.

As in other areas of dentistry, practical training may be essential
for the development of these specific skills that are expected of
a future professional [4]. A preliminary study conducted by our

research group showed that laboratory activity could help even
in solving theoretical questions that the students may have
related to caries diagnosis [14]. This is a before and after type
of study, in which the same students are evaluated at different
times of the laboratory activities. Nevertheless, no study to date
has compared this new methodology with theoretical classes.
Although the practical activities tend to reinforce the theoretical
content, the real cost-efficacy of using this methodology is
unknown.

One of the motivations of this multicenter study was checking
the impact of the same training activity considering different
contexts. The inclusion of several university centers with
different students profiles may increase the actual external
validity of the proposed activity [13]. Therefore, influence of
center dimension, differences in curricula, workflow, faculty
formation/willingness to participate in the project, available
human resources, and infrastructure/facilities can be tested using
this study design. Moreover, distinct universities resources could
interfere in the educational outcome or demand an extra
investment for implementing the activity.

Most studies that assessed the efficacy or acceptance of students
on measures associated with the theoretical classes [12,17,18],
but the comparison of these measures with the performance
achieved only after theoretical classes is rare [19]. Furthermore,
they did not estimate the additional cost for implementation of
this alternative, pointing out an innovative approach of our
protocol. Once again, the multicenter study design that will
permit to compare cost implementation in the different tested
contexts [20].

Expectations
Among positive aspects, active methodologies tend to stimulate
higher participation of students in the learning-teaching process
[21]. Also, we speculate that by the end of the course
undergraduate students could benefit more from this approach
than those at the beginning of the course. The cumulative
knowledge of the faculty associated with practical training may
result in a better performance of dental undergraduate students
for application of this integrated knowledge while making
decisions related to prevention and management of caries [22].

A recent systematic review [8] has pointed out that the visual
caries detection method has good overall performance, and the
use of indices improves the accuracy of the method. With the
expected results, we aim to achieve the inclusion of the
teaching/learning of caries detection using the ICDAS into the
curriculum of undergraduate courses. In many clinical
disciplines, the content taught in laboratories may have been
reduced due to a need to gain time in the clinical environment.
On the other hand, considering that laboratory training may
help the students solve doubts before clinical examinations and
optimize chair time, we believe that tutored theoretical-practical
training is a cost-effective option for teaching undergraduate
students to detect caries lesions. If the results confirm our
hypotheses, this study will contribute significantly to the
reformulation of Cariology curriculum guidelines for
undergraduate students.
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Abstract

Background: Usability questionnaires have a wide use in mobile health (mHealth) app usability studies. However, no systematic
review has been conducted for assessing the effectiveness of these questionnaires.

Objective: This paper describes a protocol for conducting a systematic review of published questionnaire-based mHealth app
usability studies.

Methods: In this systematic review, we will select recently published (2008-2017) articles from peer-reviewed journals and
conferences that describe mHealth app usability studies and implement at least one usability questionnaire. The search strategy
will include terms such as “mobile app” and “usability.” Multiple databases such as PubMed, CINAHL, IEEE Xplore, ACM
Digital Library, and INSPEC will be searched. There will be 2 independent reviewers in charge of screening titles and abstracts
as well as determining those articles that should be included for a full-text review. The third reviewer will act as a mediator
between the other 2 reviewers. Moreover, a data extraction form will be created and used during the full article data analysis.
Notably, the Preferred Reporting Items for Systematic Review and Meta-Analysis Protocols (PRISMA-P) guidelines will be
followed in reporting this protocol.

Results: A preliminary search produced 1271 articles, 40 of which are duplicate records. The inclusion-exclusion criteria are
being strictly followed in performing the ongoing study selection.

Conclusions: Usability questionnaires are an important tool in mHealth app usability studies. This review will summarize the
usability questionnaires used in published research articles while assessing the efficacy of these questionnaires in determining
the usability of mHealth apps.

(JMIR Res Protoc 2017;6(8):e151)   doi:10.2196/resprot.7826

KEYWORDS

usability; questionnaire; mobile health app; systematic review

Introduction

In recent years, a large number of mobile health (mHealth) apps
have been created to augment various personal health regimens
including weight loss, smoking cessation, chronic disease
management, virtual clinical visits, and medical education.
These apps have been evaluated in various usability studies—a
critical step in determining the quality of the apps.

According to the International Organization for Standardization,
usability marks “the extent to which a product can be used by
specified users to achieve specified goals with effectiveness,
efficiency, and satisfaction in a specified context of use” [1].
This definition provides one usability model: effectiveness,
efficiency, and satisfaction. Another widely cited usability study
model included five alternative components: efficiency,
satisfaction, learnability, memorability, and errors [2].
Additionally, there are existing efforts for creating new usability
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models specifically for mobile apps by considering new usability
challenges (eg, mobility, connectivity, and additional cognitive
load) introduced by mobile devices [3]. However, without a
thorough evaluation, it is hard to determine which usability
model is the best for mHealth app usability studies.

There are many usability study methods. These methods can
be categorized into two major types according to the usability
study participants. In the first method style, participants are the
members of a research/development team or a group of usability
study experts. In these roles, they perform cognitive
walkthroughs or heuristic evaluations of the mHealth app to
determine the app’s usability [4]. In the second method style,
participants are selected from a pool of the app’s actual users.
Typically, these participants are required to use the app to finish
a number of tasks and then provide their feedback. Here, not
only are the participants’ performances and activities logged
and analyzed, but their opinions of the product are also collected
using study questionnaires, focus groups, or interviews. These
participants may be encouraged to speak out when working on
their tasks to tell researchers their ideas or comments (think
aloud).

There are currently a number of validated and reliable usability
questionnaires such as the Post-Study System Usability
Questionnaire (PSSUQ) [5], System Usability Scale (SUS) [6],
Usefulness, Satisfaction, and Ease of Use Questionnaire [7],
Telehealth Usability Questionnaire [8], Questionnaire for User
Interface Satisfaction [9], Perceived Usefulness and Ease of
Use [10], and the Health Information Technology Usability
Evaluation Scale [11], to name just a few. These questionnaires
(especially SUS and PSSUQ) have been used in a number of
mHealth app usability studies because of their previous wide
use in IT system usability studies. None of these validated and
widely used questionnaires, however, were specifically designed
for evaluating the usability of individual mHealth apps, and
there is no specific study on the consistency of usability study
results from these questionnaires and other usability study
methods. Note that there are a number of studies on mHealth
app usability evaluation for a group of apps, with the purpose
of selecting the best app for some specific tasks such as chronic
disease management, headache diary, weight loss, and smoking
cessation [12-15]. Because of the significant difference in the
research purposes, these studies are substantially different from
this study. However, the results obtained in these studies may
be useful in this usability questionnaire effectiveness study;
therefore, they will be assessed in this study.

mHealth apps have many inherent characteristics limiting their
usability. For instance, mHealth apps typically run on mobile
devices such as phones and tablets. Mobile phones have a small
screen size, tiny fonts, and soft keyboards, which may limit the
interactions between the user and the app [3]. For health care
purposes, mHealth apps need to be on and available at all times,
otherwise users could find themselves in a life-threatening
situation. Furthermore, since mHealth apps often need to handle
real-time and highly sensitive communications between patients
and health care providers, existing usability questionnaires used
in the mHealth app usability studies must be sufficiently
evaluated so as to determine which ones are the most effective
in assessing mHealth app’s usability.

There are several review articles [3,16,17] published regarding
usability studies in mobile apps. Most of these reviews, however,
did not focus specifically on the evaluation of the usability
questionnaires used in mHealth app usability studies or they
did not compare the result consistency between the usability
questionnaires and other usability study methods. Therefore,
this systematic review protocol aims at describing the procedure
underlying the design of a systematic review for evaluating the
effectiveness of usability questionnaires implemented in
published mHealth apps. Here, the “effectiveness” indicates
that the usability questionnaires can obtain similar results in
terms of the app’s usability as obtained from other usability
study methods. In other words, high effectiveness indicates that
the results from the usability questionnaires are highly consistent
with the results from other usability study methods on usability
aspects they both can measure. The results of this systematic
review may lead to the creation of usability questionnaire
selection guidelines for researchers seeking to evaluate the
usability of mHealth apps using questionnaires.

Methods

The construction of this systematic protocol followed Preferred
Reporting Items for Systematic Reviews and Meta-Analyses
Protocol (PRISMA-P) guidelines [18], which recommend a
number of essential components in systematic reviews. Those
components most relevant to this review study will be described
in detail later.

Search Strategies
The search strategy consists of keywords appropriate to the
objective of the review. More specifically, in the initial literature
query, our search strategy will simply entail “mobile app” AND
“usability.” Notably, this initial query contains no keywords
relating to health, since there are many different ways of
describing health-related mobile apps. Searches will first be
performed in bibliographic databases PubMed, CINAHL,
INSPEC, ACM Digital Library, and IEEE Xplore digital library.
These databases include a huge number of journal articles and
conference proceedings. From here, the obtained studies will
be selected by following the inclusion and exclusion criteria
described below. All reference lists of selected articles will be
evaluated, and the studies meeting the inclusion criteria will be
added into the review list. Searches on other suitable resources
will also be performed if that the search in the five previously
listed databases does not produce a sufficient number of studies.
Other suitable resources include conference proceedings and
reports that are not indexed by the five databases. If necessary,
study authors will be contacted if they have mentioned other
relevant studies without delineation.

Inclusion and Exclusion Criteria
In general, studies on mobile app usability will be included in
the initial results if they were both published in English and in
peer-reviewed journals or conferences. More specific inclusion
and exclusion criteria related to time frame, participants, types
of studies, interventions, and outcomes are described below.

All studies published between January 2008 and March 2017
will be included in the review. It is believed that the database
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search will produce only a small number of studies published
before 2008. This can be explained by considering the history
of mobile phone app development. Prior to 2008, although there
were some mobile health apps, they were typically text
messaging based apps. The major concentration of those studies
was on the content of messages and timing or frequency of
delivering those messages. Therefore, the usability of those
mobile apps was typically not extensively evaluated or reported.

The participants of usability studies should include targeted
users of the designed app in the study instead of relying solely
on the research team or usability evaluation experts. The selected
studies should include usability evaluation with at least two
methods—cognitive walkthrough, think aloud, questionnaires,
log and usage file analysis, and heuristic evaluation done by
usability experts. One of the methods must be a usability
questionnaire answered by a group of targeted app users.

Studies that examined the usability of individual mHealth apps
using one or more usability questionnaires will be included in
this review. Such studies might include randomized and
nonrandomized controlled trials, pre/posttest designs,
nonexperimental observation (cross-sectional, case series, case
studies), and qualitative studies. Studies will be excluded if they
are not about mobile apps, not related to health, not usability
studies, or did not use any questionnaires in the usability study.
Additionally, studies will be excluded if they are editorials,
letters to the editor, interviews, study protocols, reviews,
position papers, and opinion papers. Furthermore, if the number
of participants in a given usability study is extremely small (<4)
or the questionnaire is very brief (<4 questions in the entire
questionnaire, including subquestions), the corresponding studies
will also be excluded from this review.

There is no restriction on the intervention but the intervention
must be delivered by or through the mobile apps, for instance,
generating reminders, providing education materials, collecting
data from users actively, and assisting with the communications
between users and other parties (eg, patients vs health care
providers, patients vs caregivers, users and their friends). In
other words, the users had interactions with the mHealth apps
via the interface of the apps. Studies will be excluded if the
described mHealth apps collect data from the users only silently
and the users never need to interact with the app.

The outcomes will be collected from those studies in this
systematic review that contain usability questionnaires. Note
that in this review we will not evaluate the quality of those apps,
but rather we will evaluate the consistency between the usability
study results from the chosen questionnaires and the results
from other usability study methods. Both results should be
reported in the selected studies. If a particular study does not
yield either of these outcomes, it will be removed from this
systematic review.

Study Record Management
All search results will be exported into an EndNote library
(Clarivate Analytics). The citations from all searches will be
evaluated, and duplicate records will be removed using EndNote.
The portable document format (PDF) files of all reviewed
articles are to be stored in a shared Box folder (Box, Inc.).
Additionally, study selection results, research team discussion
notes, and data extraction forms will be stored in this shared
Box folder as well.

In certain cases, duplicated publications (with different titles
and authors) may be encountered during the study selection.
The authors and those studies will be carefully compared and
evaluated. If they show no significant difference, the duplicated
studies will be removed from the study records. When needed,
study authors may be contacted to clarify whether the same
study participants, questionnaires, and mobile apps were used
in multiple studies.

Study Selection
In the first round of the study selection, 2 reviewers (LZ and
JB) will independently select studies by reading the titles and
abstracts of all obtained studies and determining their eligibility
based on the inclusion/exclusion criteria. A third reviewer (BP)
will resolve any disagreements between LZ and JB. All three
reviewers will reach an agreement on all selected studies.

After both reviewers (LZ and JB) finish their study selections,
interrater reliability will be measured using Cohen’s kappa [19].
To achieve a high kappa score, reviewers should foster extensive
discussion regarding the inclusion/exclusion criteria before
performing the study selection. Reviewers may also make study
selections on a small set of the database search results so as to
determine whether or not they apply the inclusion/exclusion
criteria in the same way.

In the second round of the study selection, full-text articles of
the studies selected in the first round will be downloaded and
screened according to the inclusion/exclusion criteria. Each
reviewer will work on one third of these studies and the selection
results will be combined for further discussion among the 3
reviewers. The 3 reviewers should reach consensus on all
selected studies in the second round since these studies will be
included in the systematic review. The consensus will be reached
by having extensive discussions among 3 reviewers.

Furthermore, the 3 reviewers will screen the articles in the
reference lists of the selected studies from the second round
using an identical procedure. Some articles in the reference list
may be selected and added into the systematic review.

If the number of studies identified is small after the completion
of the previous step (<10), other databases and websites may
be searched to identify highly relevant studies that are not
indexed by the five databases. In most cases, this step is not
necessary. The entire study selection procedure is demonstrated
in Figure 1.
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Figure 1. Flow diagram illustrating the study selection process.

Data Extraction
Each study selected in the previous step will be reviewed and
the information about the study will be extracted and
documented using a data extraction form by the search team
(LZ, JB, and BP). In most cases, the full text of the study and
the supplementary materials are sufficient for the purpose of
data extraction. Sometimes study authors may need to be
contacted if they describe the usability study results but do not
provide the usability questionnaire itself.

The data extraction form captures the following data items:
paper information, app information, descriptions of usability
study methods, study participants, questionnaires, and usability
study results. The study participants’ characteristics, their
performance in the usability study, their answers to questions
in the questionnaire, and their comments made during the study
will be collected. If needed, further details will be requested
from authors of some studies.

After the data extraction has been completed, the quality of
studies and publication bias will be evaluated. Publication bias
can be determined by using the Egger’s test paired with a funnel
plot [20]. The quality of the study will be assessed using
appropriate tools such as the Cochrane Collaboration’s Risk of
Bias tool for randomized controlled trials [21,22] and the
Grading of Recommendations, Assessment, Development and
Evaluation (GRADE) system [23,24]. Other observational
studies will be assessed using the Newcastle-Ottawa quality
assessment scale [25].

Data Synthesis
First, the study results will be narratively summarized and
synthesized. This narrative synthesis will include the types of
mHealth apps, the summary of each questionnaire, the usability
models applied in each study, the specific measured properties

(eg, usefulness, learnability, satisfaction), and other usability
study methods. Then, the consistency between the results from
questionnaire-based usability studies and the ones from other
usability study methods will be determined. For instance, in a
usability study, study participants are usually asked whether or
not the app is easy to use. Moreover, all their activities on the
app can be recorded, including individual button clicks, entered
data, and finger movement. These two pieces of data can be
compared to determine the consistency. Consider the case where
one study participant chose “strongly agree” on the ease of use
statement in a usability questionnaire but actually took a long
time or a lot of efforts to have one simple task done. The
consistency between these two usability study methods would
not be high. Notably, the comparison and analysis will be
qualitative since usability study results are highly subjective
and are often presented as opinions or comments. Summary
measurements may include descriptive statistics such as
frequencies, percentages, measures of central tendency, and
variation.

If subgroups are available in the studies—that is, the same type
of apps and similar usability studies—more in-depth
comparisons may be performed within these subgroups. This
comparison result will remove the contribution from mHealth
app types and the usability study methods and therefore better
reflect the result differences from different usability study
methods. Moreover, comparative content analysis may be
employed to determine themes across qualitative data by using
NVivo software (QSR International).

Results

This study aims to determine the effectiveness of
questionnaire-based usability studies in evaluating mHealth app
usability as a comparison to other usability study methods
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commonly used in mobile app evaluation. Currently, searches
in the five selected databases have been performed and 1271
studies have been identified. We have removed 40 duplicated
records in these citations. The first round study selection is
ongoing. It is expected that the project will be completed in
2017. The results of this study will be used to determine which
questionnaire is the most effective in determining the usability
of mHealth apps and whether it is necessary to create a new
usability questionnaire specifically for mHealth apps.

It is anticipated that some selected articles will have reported
only an overall summary of their usability studies, or
complementary usability components from different study
methods. In this case, authors will be directly contacted to
provide more detailed data. If these authors do not respond to
the request, these articles shall either be removed from this
review study or only used to conduct a comparison for available
usability study results.

Discussion

Principal Considerations
Questionnaires have been widely used in mHealth app usability
studies. There is no specific guideline, however, on the selection

of questionnaires in mHealth app usability studies. Often,
researchers simply choose a well-known usability questionnaire
such as PSSUQ and SUS [5,6] or decide to create their own
questionnaires. Questionnaires such as PSSUQ and SUS were
not designed for mHealth apps and many newly created usability
questionnaires were for only one specific app or were not
validated at all. Even so, it is believed that these questionnaires
were still useful in determining the usability of mHealth apps.

This systematic review will collect these studies and perform
a systematic evaluation on the effectiveness of each
questionnaire in usability studies. This in turn may help
researchers to make proper selections when choosing a usability
questionnaire for their mHealth studies.

Conclusion
This systematic review protocol is used to demonstrate the
transparency of this review study and also provide other
investigators with a methodology to conduct systematic reviews.
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Abstract

Background: Palliative care patients are a particularly vulnerable population and one of the critical phases in patients’ trajectories
is discharge from specialized in-patient palliative care into outpatient care, where availability of a palliative care infrastructure
is highly variable. A relevant number of potentially avoidable readmissions and emergency visits of palliative patients is observed
due to rapid exacerbation of symptoms indicating the need for a closer patient monitoring. In the last years, different mHealth
technology applications have been evaluated in many different patient groups.

Objective: The aim of our study is to test feasibility of a remote physical and social tracking system in palliative care patients.

Methods: A feasibility study with explorative, descriptive study design, comprised of 3 work packages. From the wards of the
Clinic of Radiation-Oncology at the University Hospital Zurich, including the specialized palliative care ward, 30 patients will
be recruited and will receive a mobile phone and a tracking bracelet before discharge. The aim of work package A is to evaluate
if severely ill patients accept to be equipped with a tracking bracelet and a mobile phone (by semiquantitative questionnaires and
guideline interviews). Work package B evaluates the technical feasibility and quality of the acquired electronic health data. Work
package C will demonstrate whether physical activity parameters, such as step count, sleep duration, social activity patterns like
making calls, and vital signs (eg, heart rate) do correlate with subjective health data and can serve as indicator to early detect and
predict changes in patients’ health status. Activity parameters will be extracted from the mobile phone’s and wristband’s sensor
data using signal processing methods. Subjective health data is captured via electronic version of visual analog scale and Distress
Thermometer as well as the European Organization for Research and Treatment of Cancer – Quality of Life Questionnaire C30
in paper version.

Results: Enrollment began in February 2017. First study results will be reported in the middle of 2018.

Conclusions: Our project will deliver relevant data on patients’ acceptance of activity and social tracking and test the correlation
between subjective symptom assessment and objective activity in the vulnerable population of palliative care patients. The
proposed study is meant to be preparatory work for an intervention study to test the effect of wireless monitoring of palliative
care patients on symptom control and quality of life.

(JMIR Res Protoc 2017;6(8):e142)   doi:10.2196/resprot.7676
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Introduction

Severely ill patients and their caregivers face many challenges.
Suffering from a life-threatening disease not only confronts
people with deeply existential fears that demand complex coping
strategies. It also means to be subdued to numerous diagnostic
and therapeutic interventions, which sometimes themselves
include relevant risks of side effects and complications. In the
last months of their lives many palliative care patients are
afflicted with different significant symptoms, such as pain,
nausea, dyspnea, fatigue, and sleeplessness, just to name the
most frequently occurring complaints [1-3].

One of the particular critical phases in patients’ trajectories is
discharge from hospital care. After structured and
multiprofessional care within the hospital environment, maybe
even at a specialized Palliative Care Unit, the quality of care at
home depends on many local factors that are difficult or
impossible to be changed: patients` environment, including
housing, social, and family situation, as well as availability and
training of local professional health services. Due to different
initiatives on the federal and cantonal level, the availability of
ambulant specialized palliative care services in Switzerland is
on the rise. Still, most patients discharged from hospital are lost
to follow-ups by a palliative care specialist. As a consequence,
many patients present for unplanned readmissions at hospitals
and emergency departments [4]. Depending on different settings,
between 17% and 50% of these (re)admissions and emergency
visits (EV) of cancer patients are deemed avoidable [5-7]. Men,
lung cancer patients, patients with low continuity of care, and
those not attending (ambulant) palliative care have been shown
to be particularly vulnerable [8,9]. Main causes for EV in cancer
patients are uncontrolled symptoms, predominantly pain, nausea,
vomiting, constipation, and dyspnea followed by complications
associated with cancer treatment [10-12]. Currently, disease
trajectories leading to EV are not well understood and this is
not only true for cancer patients, but also applying to patients
with life-limiting chronic diseases (eg, heart failure); continuity
of care seems to also be one of the key factors in both disease
spectra [13,14]. Thus, better coordination and communication
between services, establishing transitional palliative care (based
in hospital, collaborating with primary care physicians) are
repeatedly named as potentially effective tools to diminish
unplanned readmissions and EVs [2,4,9,15].

Due to a dramatic development of mHealth the use of apps and
texting for patients’ support, but also wireless tracking of
physical activity using mobile phones and wearable sensors has
been expeditiously adopted in western societies in the last few
years. In 2015, 63% of the US adult population have owned a
mobile phone device and even in the age group >65-years old,
mobile phones were owned by 27% [16]. A study conducted in
patients from a department of Internal Medicine in Los Angeles
in 2014 to 2015 showed that 91% of those patients owned a
mobile phone, with 76% of these reporting having Internet
capability. Mobile apps were used by 75% of patients and 32%
of these even used health apps [17]. The use of mobile phones
and mobile sensor devices in medical research is also growing
fast: almost US $1 billion in grant money was invested in
mHealth research in 2013 resulting in approximately 1000

web-of-science publications in 2013 [18]. Reasons for this
tremendous hope on mHealth are their possibilities to obtain
various objective patient-related parameters in a noninvasive,
passive, continuous, and real-time fashion.

Meanwhile mHealth has been explored in many diseases and
patient groups, for example, in cardiovascular diseases [19],
mental disorders [20,21], obese people [22], hemodialysis
patients [23], chronic pain [24], children with cerebral palsy
[25], pulmonary rehabilitation [26], Parkinson’s disease [27],
and stressed persons [28]. Also, the collection of patient
subjective reported outcome using mHealth is already
established in oncology and yet has been proven feasible in
palliative care patients of different age groups [29-33]. In a
study with 162 cancer patients in different disease stages (early
to advanced) plus 20 healthy controls, Ferrioli et al. [34] could
demonstrate a strong correlation between daily physical activity
monitored by an accelerometer sensor and disease stage,
functional status, fatigue, and quality of life (QoL) in cancer
patients [34]. Patients were equipped with a mobile sensor that
was attached to the anterior thigh using adhesive dressings (thus,
being much more uncomfortable than current bracelet devices);
nevertheless, 98% of patients judged the sensor as acceptable
and wore it 7 days as proposed. Arguments based on the
assumption the population of elderly people could not adapt to
the technical progress have been successfully refuted by several
studies [35-37]. Consequently, the international scientific
palliative care community promotes the use of mHealth for
quite a while, but up to now there has not been much experience
gained and published [38].

The overall aim of our feasibility study is to advance transitional
care and continuity of care of seriously ill patients by application
of mHealth technologies. We assume that by monitoring
patients` activity using mHealth technology, we will be able to
predict a decline of the patients` health status in time: this could
then trigger intensified care by palliative care professionals.
The future goal of our research is a clinical interventional trial,
which aims at reducing unplanned hospital readmissions and
EV of ambulant palliative care patients by the use of mHealth.
The feasibility study presented in this paper will evaluate and
optimize patients’ acceptance of mHealth technologies in the
palliative care setting of patients discharged from in-patient
care. We aim to analyze the correlation between patient’s
behavioral patterns and changes in crucial symptoms as well as
elaborate algorithms for trend detection.

Methods

Aims of the Study
The first aim of this study is to evaluate palliative care patients’
acceptance with regard to the supply with a commercially
available wireless physical activity tracking bracelet and a
mobile phone in order to monitor objective health and behavioral
data and to capture subjective symptom assessment. The second
aim is the evaluation of correlations between the patient-specific
activity patterns (physical, social activity, and vital signs) and
the subjective patients’ ratings of pain, distress, and QoL in
order to early detect changes in the patient-specific pattern of
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physical and social behavior, vital sign patterns, and the named
symptom ratings.

Characteristics of Participants
Patients will be consecutively recruited at the 2 wards of the
clinic of radiation-oncology of the University Hospital Zurich
(USZ). One ward is part of the Competence Center Palliative
Care USZ and offers specialized palliative care for patients with
life-threatening diseases from all clinics of the university
hospital. Most of these patients do suffer from cancer, a minority
from incurable heart failure, severe pulmonary affections, or
neurologic diseases. Inclusion criteria are: patients with
established diagnosis of metastatic cancer or other severe illness
with limited life-expectancy (physicians guess <12 months, >8
weeks), Karnofsky Index ≥50%, scale of performance status
developed by the Eastern Cooperative Oncology Group (ECOG)
≤2, aged >18 years. Eligible patients with interest of
participation will have to pass a practical minitest concerning
the handling of the devices (ie, simple operations on a mobile
phone and handling of activity bracelet). Exclusion criteria are
relevant cognitive impairment and insufficient knowledge of
German language. Similar to related work [20,39] a number of
30 participants is intended to ensure relevant findings by
capturing a representative cohort regarding sex, age, health
status (Karnofsky Index/ECOG), life-limiting diseases, and
different grades of pre-existing experience in the use of mobile
phones or other electronic devices. Patients interested in the
study will receive a leaflet with sound information on the aim
of the study, a rough sketch of study procedure, and
requirements with regard to participants (eg, wearing a tracking
bracelet). Attached at this information leaflet is the informed

consent. Moreover, we hand out a second leaflet with detailed
information on the handling of the tracking bracelet, the app,
and characteristics of data gathered by device and app.

Study Design
For this feasibility study, we chose an explorative descriptive
design observing palliative care patients discharged from
hospital and equipped with physical activity tracker and mobile
phone technology. The underlying assumption is that wireless
tracking of physical and social activity as well as of vital sign
data in the palliative care setting is accepted by patients, is
feasible, and its pattern analysis allows the generation of
objective information on the current health status in the
vulnerable phase of leaving inpatient care. For specific study
question, see Textbox 1.

Patients leaving inpatient care of the Clinic of
Radiation-Oncology will be equipped with a mobile phone and
tracking bracelets. We will use the Samsung Galaxy S5 mobile
phone and it will capture body motion data (by acceleration
signals), location (anonymized global positioning system [GPS]
data), encrypted speech, and phone call statistics. Furthermore,
in this study, a mobile phone questionnaire app will be installed,
a visual pain scale, and the Distress Thermometer. Patients will
be requested to answer these simple to handle questionnaire
app twice a day. The tracking bracelet used in this feasibility
study is provided by Biovotion company, it is worn at the upper
arm, easy to put on, and it will capture heart rate, heart rate
variability, blood oxygen, blood perfusion, skin temperature,
stress (by galvanic skin response), and body motion data (by
acceleration data). Figure 1 gives a detailed overview on study
procedures.

Textbox 1. Specific questions of the feasibility study.

• Are severely ill patients willing and able to join the study?

• Are severely ill and often elderly patients able to handle mHealth devices and mobile apps presenting visual scales?

• How can we support correct handling of the electronic devices to achieve good data quality?

• What is the patient selection criteria for the use of mHealth?

• Feasibility, acceptance, and technical functionality in the home care setting.

• Patient acceptance and feasibility over a longer follow-up period (maximum 12 months).

• How accurate is the data collected and transferred by the devices to the study center over the follow-up period?

• How accurate is data of physical and social activity trackers correlated with subjective reported outcomes by patients?

• Is it possible to detect behavioral changes, especially within person, with gathered data?

• Is it possible to extend a patient-specific model with a general model?
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Figure 1. Study flow and explanation of different procedures.

Textbox 2. Work package A: patient acceptance of mHealth.

• Quantitative (descriptive statistics) and qualitative evaluation of usage, acceptance, and potential problems during follow-up (maximum 12 weeks)
within home visits and/or weekly telephone interviews.

• Definition of criteria for successful application (patients’ selection, instructive approaches).

• Final evaluation of usage and potential problems by semiquantitative questionnaire at the end of follow-up, guideline interviews of some of the
patients, and of the involved personnel.

• Descriptive evaluation of problems indicated in the second part of the Distress Thermometer (if applicable).

• As nonresponders will be defined those patients, who are approached to participate but who decline from participation. We will capture demographic
date of nonresponders, including main diagnosis if these patients gave general informed consent to the University Hospital for usage of their data
from electronic records for research purposes. Additionally, we will ask nonresponders to document their reason for decline in a short paper
form; they have to consent to this procedure by giving as a signature. As drop-outs will be defined those patients, who gave consent for participation,
but drop out during follow-up for other reason than death.
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Planned Data Collection and Analysis
With regard to analysis, the study is composed of 3 work
packages: A, B, and C. Work packages A and B enclose interims
analysis; that way preliminary evaluation results can be
implemented during patient recruitment phase aiming
continuously to improve feasibility and data quality. In
Textboxes 2-4, we describe the different work packages.

Work Package B – Technological Feasibility of
Behavior Tracking and Monitoring of Health Status
Work package B evaluates whether physical activity parameters,
such as step count, sleep duration, social activity patterns like
making calls, going out to meet people, and vital signs (eg, heart
rate) can be technically measured over sufficiently long periods
and whether this data correlate with changes in the health status
of patients. Health status will be assessed in terms of the
following parameters in Textbox 3.

Work Package C - Data Analysis, Correlation, and
Trend Detection
The recorded data of the bracelet and mobile phone are uploaded
to a secured webserver of the Swiss Federal Institute of
Technology once per day to allow remote access to the data
(only for the conductors of the study) in order to ensure accurate
recording and for evaluation purposes. We chose the Biovotion
bracelet, because it gives us the possibility to avoid data storage
in a cloud. Additionally, it is an officially recognized medical
device. Privacy sensitive data as real location (GPS) is
anonymized, speech is encrypted, names and phone numbers
of contacts are not recorded. All patient sensitive data is encoded
and accessed only by people determined by the principal
investigator. The local Ethics Committee (Kantonale
Ethikkommission Zürich) has already approved the study and
agreed to detailed specifications on data security we gave to
them. Textbox 4 gives an overview on planned data collection
and analysis.

Textbox 3. Work package B: subjective parameters.

• Pain measured by an electronic form of a visual analogue scale (rating scale 0-10)

• Distress measured by an electronic form of the National Comprehensive Cancer Network Distress Thermometer [40] part 1 (rating scale 0-10);
part 2 will be administered in weekly phone calls if ratings in the distress app were 5 or higher during the previous week.

• Quality of life: European Organization for Research and Treatment of Cancer Quality of Life Questionnaire-C30 [41,42].

Textbox 4. Planned data analysis.

• Evaluation of the correlation (eg, the Pearson coefficient, statistical tests) between the patient-specific activity patterns (physical, social activity,
and vital signs) and the ratings of the National Comprehensive Cancer Network Distress Thermometer, the pain visual analogue scale, and the
European Organization for Research and Treatment of Cancer Quality of Life Questionnaire-C30.

• Quantitative ranking of the activity parameters regarding their relevance to describe the patient’s pain and distress status using statistics and
machine learning (eg, minimum redundancy maximum relevance).

• Development of models to detect the patient’s current pain and distress level based on analysis of behavioral patterns and trend detection as well
as knowledge-driven approaches.

• Evaluate the potential of the proposed activity tracking system to predict the health status of patients by assessing the accuracy of the prediction
model using the patient questionnaire data as reference.

• Record the interventions needed based on the early detection of activity changes seen, including (emergency) hospital readmission.

• Application of adaptively train semisupervised classifiers, such as support vector machines, hidden Markov models, and clustering methods for
trend detection and detection of behavioral changes, especially within person.

• Application of knowledge-driven approaches in order to compensate missing data to generate general model out of patient-specific model.

Results

Enrollment began in February 2017. Data collection will be
completed in January 2018, first results will be reported in the
middle of the year.

Discussion

Continuous symptom assessment and critical review of
symptoms by patient and doctor have been defined as a mainstay
of effective ambulant palliative care [39]. Yet, in many European
countries primary care practices are rarified [43], reimbursement
of home visits are insufficient [44], and despite different
movements to embed palliative care in the public health care
system ambulatory palliative care institutions are still lacking.

Our study aims to detect early health status changes with the
help of mHealth technology in order to improve health care for
ambulatory palliative care patients and avoid unplanned or
emergency hospital readmissions. As to our knowledge with
regard to this special patient population, no data on correlation
of subjective symptom burden and objective activity parameters
do exist until now, this project will deliver highly novel data.
Not only on aspects of feasibility and patients` acceptance, but
particularly on the proof (or the rejection) of the presumed
existence of a correlation between subjective and objective data.
Due to the fact, we collect a broad range of activity data reaching
form blood oxygen, perfusion, skin temperature and heart beat
to call statistics, and voice modulation, we will be able to
identify parameters that correlate best with the patient’s
subjective symptom burden. This is important for the future
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development of effective mHealth systems supporting remote
symptom management by wearables combined with proactive
care in a patient group that is in constant danger of a rapid and/or
unexpected deterioration in health status. With the help of
advanced data analysis algorithm we will be able not only to
detect subtle changes in health status sometimes initially
unnoticed by the patient and his/her family, but relevant
precursor of possible symptom exacerbations. This approach
will furthermore allow for even predicting these sometimes very
finely graduated changes in time; thus, enabling professionals

with data access to initiate effective intervention in time. We
are aware of the fact that equipment of palliative patients with
tracking devices requires sensitivity and the goal of palliative
care remains to provide the best QoL possible, not only with
respect to medical, but also to psychosocial and spiritual needs.
This project therefore aims to supplement and assist existing
palliative care structures and resources to build-up effective
home care programs, which provide comprehensive and
coordinated care closely adapted to the patient individual needs.
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Abstract

Background: To improve health outcomes and cut health care costs, we often need to conduct prediction/classification using
large clinical datasets (aka, clinical big data), for example, to identify high-risk patients for preventive interventions. Machine
learning has been proposed as a key technology for doing this. Machine learning has won most data science competitions and
could support many clinical activities, yet only 15% of hospitals use it for even limited purposes. Despite familiarity with data,
health care researchers often lack machine learning expertise to directly use clinical big data, creating a hurdle in realizing value
from their data. Health care researchers can work with data scientists with deep machine learning knowledge, but it takes time
and effort for both parties to communicate effectively. Facing a shortage in the United States of data scientists and hiring competition
from companies with deep pockets, health care systems have difficulty recruiting data scientists. Building and generalizing a
machine learning model often requires hundreds to thousands of manual iterations by data scientists to select the following: (1)
hyper-parameter values and complex algorithms that greatly affect model accuracy and (2) operators and periods for temporally
aggregating clinical attributes (eg, whether a patient’s weight kept rising in the past year). This process becomes infeasible with
limited budgets.

Objective: This study’s goal is to enable health care researchers to directly use clinical big data, make machine learning feasible
with limited budgets and data scientist resources, and realize value from data.

Methods: This study will allow us to achieve the following: (1) finish developing the new software, Automated Machine
Learning (Auto-ML), to automate model selection for machine learning with clinical big data and validate Auto-ML on seven
benchmark modeling problems of clinical importance; (2) apply Auto-ML and novel methodology to two new modeling problems
crucial for care management allocation and pilot one model with care managers; and (3) perform simulations to estimate the
impact of adopting Auto-ML on US patient outcomes.

Results: We are currently writing Auto-ML’s design document. We intend to finish our study by around the year 2022.

Conclusions: Auto-ML will generalize to various clinical prediction/classification problems. With minimal help from data
scientists, health care researchers can use Auto-ML to quickly build high-quality models. This will boost wider use of machine
learning in health care and improve patient outcomes.
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Introduction

Barriers in Using Machine Learning to Realize Value
From Clinical Big Data

Overview
To improve health outcomes and trim health care costs, we often
need to perform predictions/classifications using large clinical
datasets (aka, clinical big data), for example, to identify
high-risk patients for preventive interventions. Machine learning
has been proposed as a key technology for doing this. Machine
learning studies computer algorithms, such as support vector
machine, random forest, neural network, and decision tree, that
learn from data [1]. Trials showed machine learning was used
to help the following: (1) lower 30-day mortality rate (odds
ratio [OR]=0.53) in emergency department (ED) patients having
community-acquired pneumonia [2]; (2) increase on-target
hemoglobin values by 8.5%-17% and reduce cardiovascular
events by 15%, hospitalization days by 15%, blood transfusion
events by 40%-60%, expensive darbepoetin consumption by
25%, and hemoglobin fluctuation by 13% in end-stage renal
disease patients on dialysis [3-6]; (3) reduce ventilator use by
5.2 days and health care costs by US $1500 per patient at a
hospital respiratory care center [7]; and (4) lower health care
costs in Medicare patients’ last 6 months of life by 4.5% [8].

Machine learning could support many clinical activities, but
only 15% of hospitals use it for even limited purposes [9].
Compared to statistical methods like logistic regression, machine
learning poses less strict assumptions on distribution of data,
can increase prediction/classification accuracy, in certain cases
doubling it [10-12], and has won most data science competitions
[13]. Historically, machine learning was blamed for being a
black box. A recent method can automatically explain any
machine learning model’s classification results with no accuracy
loss [14,15]. Yet, two hurdles remain in using machine learning
in health care. First, despite familiarity with data, health care
researchers often lack machine learning expertise to directly
use clinical big data. Data scientists take years of training to
gain deep machine learning knowledge. Health care researchers
can work with data scientists, but it takes time and effort for
both parties to communicate effectively. Facing a shortage in
the United States of data scientists estimated as high as 140,000+
by 2018 [16] and hiring competition from companies with deep
pockets, health care systems have a hard time recruiting data
scientists [17,18]. As detailed below, developing a machine

learning model often requires data scientists to spend extensive
time on model selection, which becomes infeasible with limited
budgets. Second, some health care systems such as Kaiser
Permanente, Intermountain Healthcare (IH), University of
Washington Medicine (UWM), Columbia University Medical
Center, Veterans Health Administration, and University of Utah
Health have teams devoted to data cleaning. Health care
researchers can obtain cleaned data from these systems’
enterprise data warehouses (EDWs). In other health care
systems, one needs to laboriously clean data before applying
machine learning. This is often done with the help of database
programmers and/or master-level statisticians, who can also
help with data preprocessing and are easier to find than data
scientists with deep machine learning knowledge. This study
addresses the first hurdle and focuses on automating machine
learning model selection and temporal aggregation, an important
type of data preprocessing.

Barrier 1: Data Scientists Are Needed for Choosing
Hyper-Parameter Values and Algorithms
Each learning algorithm includes two categories of parameters:
hyper-parameters that a machine learning tool user manually
sets prior to model training, and normal parameters
automatically tuned in training the model (see Table 1). Given
a modeling problem such as predicting 30-day hospital
readmission, an analyst manually constructs a model as follows.
First, select an algorithm from many pertinent ones like the
approximately 40 algorithms for classification included in
Waikato Environment for Knowledge Analysis (Weka) [19].
Second, set the values of the selected algorithm’s
hyper-parameters. Third, train the model to tune the normal
parameters of the selected algorithm automatically. In case
model accuracy is unsatisfactory, substitute the algorithm and/or
hyper-parameter values and then retrain the model, while using
some technique to avoid overfitting on the validation set [20-24].
This process is done over and over until the analyst runs out of
time, has a model with good accuracy, or cannot improve
further. If feature selection is considered, in each iteration the
user also needs to choose a feature selection technique from
many applicable ones and set its hyper-parameter values, making
this process even more complex. Many possible combinations
of hyper-parameter values and learning algorithms lead to
hundreds to thousands of laborious and manual iterations to
construct a model. These iterations need machine learning
expertise, are typically done by a data scientist, and become a
barrier [25].

Table 1. Two learning algorithms and their example normal parameters and hyper-parameters.

Example normal parametersExample hyper-parametersLearning algorithm

Support vectors and their Lagrange multipliersRegularization constant C, kernel to use, tolerance parameter, ε for
round-off error, a polynomial kernel’s degree

Support vector machine

Threshold value and input variable used at each
inner node of a tree

Number of independent variables to examine at each inner node of
a classification and regression tree, number of trees

Random forest

JMIR Res Protoc 2017 | vol. 6 | iss. 8 |e175 | p.170http://www.researchprotocols.org/2017/8/e175/
(page number not for citation purposes)

Luo et alJMIR RESEARCH PROTOCOLS

XSL•FO
RenderX

http://dx.doi.org/10.2196/resprot.7757
http://www.w3.org/Style/XSL
http://www.renderx.com/


Model accuracy is affected by choice of hyper-parameter values
and learning algorithm. Thornton et al [25] demonstrated that
for the 39 classification algorithms included in Weka, the impact
on model accuracy averages 46% and can be up to 94%. Even
considering a few popular algorithms like random forest and
support vector machine, the impact is still above 20% on
two-thirds of 21 benchmark datasets. The good choice changes
by the particular modeling problem. Computer science
researchers have investigated methods for automatically
searching hyper-parameter values and algorithms [26]. Some
methods can reach equal or better results compared to data
scientists’ manual tuning [27,28]. But in case a large number
of algorithms are examined, efforts like Auto-WEKA
[25,29-31], hyperopt-sklearn [28], and MLbase [32,33] cannot
effectively handle large datasets in reasonable time.

A hurdle to automatic search is the amount of time needed to
assess on an entire dataset a combination of hyper-parameter
values and a learning algorithm. On a modern computer, it takes
2 days to train the champion ensemble model that won the
Practice Fusion Diabetes Classification Challenge [34] one time
on 9948 patients with 133 input or independent variables (aka,
features). Even when disregarding ensembles of more than five
base models, aborting long-running tests, and greatly limiting
the hyper-parameter value search space (eg, allowing no more
than 256 decision trees in a random forest), all impacting search
result quality, more than 30 minutes are needed to test an
average combination on 12,000 rows (ie, data instances) with
784 attributes [35]. To ensure search result quality, automation
efforts often test more than 1000 combinations on the whole
dataset [35], leading to months of search time. On a dataset with
several dozen attributes and several thousand rows, a search
can still take several days [25]. In reality, search time could be
thousands of times longer even with a computer cluster for five
reasons:

1. Model building is iterative. When a collection of clinical
attributes yields low model accuracy, the analyst can include
other attributes to boost accuracy. Every iteration takes a new
search for hyper-parameter values and learning algorithms.

2. Frequently, ensembles of a large number of base models reach
higher accuracy. The training time of an ensemble model rises
proportionally to the number of base models.

3. Hyper-parameter values over a broad range are often used to
achieve higher accuracy. The above champion ensemble model
[34] uses 12 base models. Each random forest base model uses
at least 15,000 decision trees.

4. Numerous rows, often from multiple health care systems,
can reside in a dataset.

5. Numerous attributes (eg, derived from genomic or textual
data) can exist in a dataset. In a hospital without genomic data,
a model for readmission prediction was built using 195,901
patients and 3956 attributes already [36]. An algorithm’s
execution time rises proportionally to the number of attributes
at a minimum and often superlinearly with the number of rows.
Irrespective of whether search is done manually or
automatically, a slow speed in search frequently causes a search

to be terminated early, producing suboptimal model accuracy
[35].

Barrier 2: Data Scientists Are Needed for Temporally
Aggregating Clinical Attributes
Numerous clinical attributes are documented over time needing
aggregation prior to machine learning (eg, weight at each patient
visit is combined to check whether a patient’s weight kept rising
in the previous year). An aggregation period and operator pair
(eg, increasing trend, average, count, and maximum) need to
be specified for every attribute separately to compute an
aggregate value. Usually, clinicians designate pairs and data
scientists perform computation. Numerous pairs could be
clinically meaningful. The ones that produce high accuracy
change by the particular modeling problem and are usually not
known in advance. Granted a modeling problem, the analyst
picks one or more pairs for each attribute manually, then
constructs a model. In case model accuracy is unsatisfactory,
the analyst substitutes pairs for some attributes and reconstructs
the model, while using some technique to avoid overfitting on
the validation set [20-24]. This process between data scientists
and clinicians is frequently repeated many times and becomes
a barrier. No comprehensive aggregation operator list exists,
demanding care to not omit effective operators.

Barrier 3: Data Scientists Are Needed for Generalizing
Models
A model that is built and is accurate in a health care system
often performs poorly and needs to be rebuilt for another system
[37], with differing patients, practice patterns, and collected
attributes impacting model selection [38,39]. This needs data
scientists and is a barrier, as a system often needs many models
for diverse clinical activities.

As often quoted, McKinsey estimates that proper use of clinical
big data can bring more than US $300 billion in value to US
health care each year [16]. The achievable value is surely less,
but still significant. To realize value from data, we need new
approaches to enable health care researchers to directly use
clinical big data and make machine learning feasible with limited
budgets and data scientist resources.

Our Proposed Software
To fill the gap, we will (1) finish developing the open source
software, Automated Machine Learning (Auto-ML), to
efficiently automate model selection for machine learning with
clinical big data and validate Auto-ML on seven benchmark
modeling problems of clinical importance, (2) apply Auto-ML
and novel methodology to two new modeling problems crucial
for care management allocation and pilot one model with care
managers, and (3) perform simulations to estimate the impact
of adopting Auto-ML on US patient outcomes. We hypothesize
that adopting Auto-ML will improve outcomes. Conceptually,
Auto-ML will be an automated version of Weka [19] supporting
automated temporal aggregation. With minimal help from data
scientists, health care researchers can use Auto-ML to quickly
build high-quality models. This expands the human resource
pool for clinical machine learning and aligns with the industry
trend of citizen data scientists, where an organization arms its
talent with tools to do deep analytics [40]. Auto-ML can greatly
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reduce the time and cost required of scarce data scientists, busy
clinicians, and computing resources in developing models;
enable fast turnaround; and facilitate green computing. The
faster a high-quality model gets built and deployed, the earlier
it can bring outcome improvement. Auto-ML is not used to
reach the maximum possible model accuracy in theory, which
is hard to do in reasonable time. Instead, Auto-ML is used to
quickly build high-quality models. If needed, data scientists and
health care researchers can manually fine-tune them further.

Auto-ML will efficiently automate a selection of feature
selection techniques, hyper-parameter values, learning
algorithms, and temporal aggregation operators and periods.
Auto-ML will continuously show, as a function of time given
for model selection, forecasted model accuracy as well as
expected patient outcomes of model use. If trends are not
promising, the user can abort, add more clinical attributes, and
restart. Auto-ML is able to operate on a cluster of computers
for scalable processing.

Gaps in Patient Identification for Care Management
and Our Proposed Solutions

Overview
Aim 1 involves finishing development of Auto-ML. To improve
patient identification and outcomes for care management, Aim
2 involves applying Auto-ML to two new modeling problems
by doing the following: (1) use a health care system’s
incomplete medical (ie, clinical and/or administrative) data to
find future high-cost, diabetic patients and (2) use vast attributes
in modern electronic medical records to find future hospital
users in asthmatic patients.

Widely used for chronic diseases like asthma and diabetes, care
management applies early interventions to high-risk patients to
avoid high costs and health status decline [41-43]. In the United
States, 7.1 million children (9.6%) and 18.7 million adults
(8.0%) [44] have asthma [45,46]. Every year, asthma causes
1.8 million ED visits, 439,000 hospitalizations, US $56 billion
in health care costs [47], and 3630 deaths [44]. Proper use of
care management can cut down asthma exacerbations; trim costs
by up to 15%; drop ED visits and hospital admissions and
readmissions by up to 40%; and enhance quality of life,
treatment adherence, and patient satisfaction by 30%-60%
[42,48-54]. This impacts 63% of annual total asthma costs from
asthma exacerbations [51,55].

For care management to be effective within resource constraints,
we should only enroll patients with the worst prognosis or those
anticipated to have the highest costs. Predictive modeling is
widely used for care management [56] as the best method for
finding high-risk patients [57], but current approaches have two
gaps, as discussed below.

Scope Gap
Often, a health care system has incomplete medical data on
many of its patients, as a patient’s complete data may spread
across several health care systems [58,59]. Typical models for
predicting a patient’s costs assume complete data [60-62]. A
system usually does not apply models to patients on whom it
possibly has incomplete data. As future high-cost patients are

not found, care management is not used on them. This limits
care management’s scope of use to improve outcomes. UWM
is seeking a way to fill the gap, notably for patients with
diabetes. To do this, we will use a constraint to find patients
who tend to get most of their care at UWM, use UWM’s
incomplete data to build a model, and apply it to them to
facilitate care management.

Accuracy Gap
Existing models for predicting hospital use (ie, inpatient stay
or ED visit) in asthmatic patients have low accuracy [63-68].
A typical model [65] missed 75% of future hospital users. A
total of 78% of patients in the high-risk group chosen by the
model did not use hospitals in the next year. Two factors degrade
accuracy. First, several dozen risk factors for hospital use in
asthma are known, including age, gender, race/ethnicity, asthma
medication use, prior health care use, comorbidities (eg,
ischemic heart disease, rhinitis, sinusitis, reflux,
anxiety-depression, diabetes, cataracts, chronic bronchitis, and
chronic obstructive pulmonary disease), allergies, lung function,
number of asthma medication prescribers as a measure of
continuity of care, health insurance type, lab test results (eg,
total serum immunoglobulin E level and eosinophil count), body
mass index, smoking status, secondhand smoke exposure, the
ratio of controller to total asthma medications, frequency of
nonasthma visits, number of procedures, number of diagnoses,
number of prescription drug claims, and asthma questionnaire
results (eg, frequency of asthma symptom occurrence,
interference with normal activity, nighttime awakening, reliever
use for symptom control, forced expiratory volume in 1 second
[FEV1], peak expiratory flow rate, FEV1/forced vital capacity
ratio, asthma control test score, number of exacerbations last
year, controller use, asthma-related acute care, asthma trigger
reduction, and asthma medication) [55,63,65,67-73]. Yet, a
typical model uses fewer than 10 of these risk factors [63-67].
Existing models were built using data from either clinical trials
or outdated electronic medical records gathering limited
attributes [74]. No published model uses all known risk factors
in modern electronic medical records gathering vast attributes
[74]. Second, as with many diseases, many attributes predictive
of hospital use in asthma have not been found yet. If we could
enroll 5% more of future hospital users in care management,
we could avoid up to 8780 hospitalizations and 36,000 ED visits
for asthma each year. IH is seeking a way to fill the gap. To do
this, we will use vast attributes in IH electronic medical records
to build a model predicting hospital use in asthma. The attributes
will cover many known risk factors for hospital use in asthma
and will be used to find new predictive factors.

Innovation
Our study is innovative for multiple reasons:

1. With the new software that will be built as part of our project,
for the first time, health care researchers with limited machine
learning knowledge will quickly be able to build high-quality
machine learning models with minimal help from data scientists.
The cost and time required of data scientists and clinicians in
doing machine learning will be greatly reduced. Also, it will
become possible to widely use machine learning in health care
to realize value from clinical big data and improve patient
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outcomes. No existing software can greatly cut the long time
required of data scientists in building and generalizing models.

2. We will direct care management to more patients needing it
more precisely than current approaches. For patients on whom
it possibly has incomplete medical data, a health care system
usually does not apply predictive models to find candidates for
care management. Existing models for predicting hospital use
in asthmatic patients were built mainly using a small set of
patients (eg, <1000) or attributes (eg, <10), creating a hurdle in
finding many predictive attributes and their interactions. Many
known risk factors’ predictive power for hospital use in asthma
is unused. In contrast, we will expand the set of diabetic adults
for whom predictive models and care management can be used.
We will use many asthmatic children and attributes to build
new, accurate models for hospital use. The attributes will cover
many known risk factors for hospital use in asthma and will be
used to find new predictive factors. Our approaches to using
incomplete data and vast attributes are new, with principles
generalizable to many clinical applications.

3. Our software will (1) automatically choose hyper-parameter
values, feature selection techniques, and algorithms for a
particular machine learning problem faster than existing
methods; (2) efficiently and automatically choose operators and
periods for temporally aggregating clinical attributes—no such
method currently exists; longitudinal data analysis [75] models
the dependent variable; in contrast, our temporal aggregation
can use any function of independent variables; (3) continuously
show, as a function of time given for model selection, estimated
patient outcomes of model use and forecasted model
accuracy—for the first time, one can obtain feedback
continuously throughout automatic model selection; and (4)
enable fast turnaround. There is no such software at present.

4. We will systematically compile the first list of regularly used
operators for temporally aggregating clinical attributes. The list
can be reused for future clinical data analysis studies. Using
MapReduce [76] for distributed computing, we will provide the
first implementation of many aggregation operators not offered
by current big data software such as Hadoop [77] and Spark
[78].

5. We will estimate the impact of adopting our automated
machine learning software on US patient outcomes in two

scenarios; no such estimate has ever been made. Our impact
estimation method is new and can be applied to other scenarios
and similar software.

In summary, this study is significant in that it makes machine
learning feasible with limited budgets and data scientist
resources to help realize value from clinical big data and
improve patient outcomes. The models that will be built for the
two new modeling problems will help improve care management
outcomes.

Methods

Overview
Auto-ML will be built atop current big data software, enabling
it to operate on one computer or a cluster. Built atop the Hadoop
distributed file system, Spark [78] is a major open source
software system supporting MapReduce [76] for distributed
computing. Spark has an accompanying machine learning
library, MLlib [79]. Spark is able to perform machine learning
more than 100 times quicker than Hadoop [80]. Auto-ML will
be built using the Spark package as well as novel techniques to
address the current software’s limitations.

Aim 1

Overview
Our first aim is to finish developing Auto-ML to automate model
selection for machine learning with clinical big data and validate
Auto-ML on seven benchmark modeling problems of clinical
importance.

Figure 1 compares Auto-ML’s approach of constructing models
to the present one. Four steps are carried out sequentially during
machine learning: temporally aggregate clinical attributes;
choose hyper-parameter values, feature selection techniques,
and algorithms; construct models; and assess models. The
temporal aggregation step is optional (eg, when no repeatedly
recorded attribute exists). Auto-ML will use Spark as the basis
for distributed computing. Auto-ML will be coded in Java so
it can use the open source software systems Spark and Weka,
which all have a Java application programming interface and/or
are coded in Java. The user will specify the storage location of
the dataset in Auto-ML’s graphical input interface. Auto-ML
will then put the dataset into Spark prior to analysis.

Figure 1. Auto-ML’s approach of constructing machine learning models versus the present one.
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Figure 2. Progressive sampling adopted in our draft automatic model selection method.

Auto-ML’s Machine Learning Functions
Auto-ML will integrate MLlib [79] and Weka’s [19] machine
learning functions by altering source code and/or invoking the
Java application programming interfaces. As a broadly used
machine learning tool kit, Weka includes many popular feature
selection techniques and learning algorithms.
distributedWekaSpark [81] is the distributed computing package
of Weka for Spark that is able to operate on a computer cluster.
MLlib is a distributed machine learning library in Spark
implementing some techniques and algorithms supported by
Weka. Auto-ML will support all techniques and algorithms
available in Weka. Whenever possible, Auto-ML will use
MLlib’s code, which fuses with Spark better than
distributedWekaSpark’s code [81].

Weka’s [19] graphical user interface covers feature selection
(optional), model construction, and model assessment. In the
input interface, the Weka user designates the dependent variable,
independent variables, data file, learning algorithm, and the
hyper-parameter values of the algorithm. After the user clicks
the start button, Weka constructs a model and shows its
performance measures. For machine learning, Auto-ML’s
graphical user interface will work similarly with two main
differences. First, in Weka, the user must specify an algorithm
prior to model building. Like Auto-WEKA [25], Auto-ML will
use a hyper-parameter to represent the option of feature selection
technique and automatically select the hyper-parameter values,
technique, and algorithm. The user may override the choice of
Auto-ML. Second, to facilitate the user in tracking the automatic
selection’s progress, Auto-ML shows a curve presenting the
highest accuracy reached over time. The user can terminate the
process at any moment and obtain the most accurate model
built. In the following sections, we outline the main techniques
that we will use to build Auto-ML.

Aim 1 (a)

Overview
For Aim 1 (a), we aim to devise a method to efficiently and
automatically choose hyper-parameter values, feature selection
techniques, and algorithms. Our review paper [26] showed that
few automatic selection methods [25,28-31,82] have been fully
implemented and can manage an arbitrary number of
combinations of hyper-parameter values and many learning
algorithms. All of these methods are similar to or based on the
Auto-WEKA automatic selection approach [25], yet none of
them can efficiently handle large datasets. To overcome the
current methods’ inefficiencies, we drafted a method based on
Bayesian optimization for response surface to rapidly identify,

for a specific modeling problem, a good combination of
hyper-parameter values, a feature selection technique, and a
learning algorithm when a large number of algorithms and
techniques are examined [35,83]. The method represents the
option of technique as a special hyper-parameter; proceeds in
stages; and conducts progressive sampling [84], filtering, as
well as fine-tuning to rapidly shrink the search space. We
conduct fast trials on a small sample taken from the dataset to
drop unpromising combinations early, reserving resources to
fine-tune promising ones. A combination is promising when a
model built using the combination and the sample reaches an
error rate below a beginning threshold. Then, we decrease the
threshold, enlarge the sample, test and adjust combinations, and
cut the search space several times. At the last stage, we find an
effective combination using the full dataset.

More specifically, at each stage our method uses a training
sample and a validation sample. They have no overlap and
contain data instances randomly chosen from the dataset. We
keep the validation sample the same and expand the training
sample across stages (see Figure 2). At the first stage, we start
from a small training sample. For each learning algorithm, we
evaluate a fixed number of random hyper-parameter value
combinations, if any, as well as its default one. To evaluate a
combination, we use the combination, the training sample, and
algorithm to construct a model, then use the validation sample
to assess the model’s error rate. We identify and remove
unpromising algorithms based on the test results. At each
subsequent stage that is not the last one, we enlarge the training
sample. For each remaining algorithm, we construct a separate
regression model, use a Bayesian optimization for response
surface approach to choose several new hyper-parameter value
combinations, and test these combinations. We identify and
remove additional unpromising algorithms based on the test
results. At the last stage, we do some final tests on the full
dataset to come up with the ultimate search result.

Our draft method needs further optimization for efficiency and
effectiveness. To do this, we will expand the draft method to
include multiple optimization techniques: the seven outlined in
our design paper [24] and the six described in the following
sections.

Technique 1
In Technique 1, we will use two validation samples to help
avoid overfitting. At each stage except for the last one, our draft
method [35,83] uses the same validation sample containing a
moderate number of data instances to perform many tests. This
could lead to overfitting to the validation sample [20-23] that
will misguide future search. To help avoid overfitting, we will
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use two validation samples of equal size with as little overlap
as possible, and reduce the frequency of revealing information
about the second validation sample [23]. When the dataset has
enough data instances, the two validation samples will have no
overlap. For a combination of hyper-parameter values and a
learning algorithm, we use the combination and the training
sample to construct a model and assess the model’s error rate
twice, once on either validation sample. Intuitively, the two
error rates would be roughly the same in the absence of
overfitting. If the error rate on the first validation sample is
higher than a specific threshold (eg, in the top 50% of the error
rates on the first validation sample of all combinations tested
so far at this stage), we use it as the combination’s error rate
estimate. Regardless of its exact value, a high error rate estimate
will guide future search to avoid the combination’s
neighborhood. If the threshold is not exceeded, we compare the
error rate on the first validation sample with that on the second.
If the former is not lower than the latter by a certain threshold
(eg, 5%), we use the former as the combination’s error rate
estimate. Otherwise, we use the latter as the combination’s error
rate estimate, as overfitting to the first validation sample is likely
to have occurred.

The above approach uses the same two validation samples across
different stages. Alternatively, if the dataset contains many data
instances, we can use a different validation sample at each stage.
Each time we arrive at a new stage, we redo sampling to obtain
a new validation sample. This also helps avoid overfitting to
the same validation sample that is repeatedly used. We will
compare the two approaches and choose the one that performs
better.

Technique 2
In Technique 2, we will use multiple feature selection techniques
concurrently to drop unpromising features early. Feature
selection and model building time rises proportionally to the
number of features at a minimum. Doing a test is slow when
many features exist in the dataset. To tackle this issue, we
previously proposed that before doing tests, we apply a feature
selection technique to the dataset, or a large sample of it, and
rapidly drop features not likely to have high predictive power
[24]. Yet, like the “no free lunch” theorem [85] shows, no
technique can guarantee good performance in all cases. Relying
on a single technique can be risky, causing predictive features
to be dropped erroneously. To reduce the risk, we will use
multiple techniques concurrently. A feature is dropped only if
at least a certain number of these techniques all regard it as
unpromising.

Technique 3
In Technique 3, at the first stage for each learning algorithm,
we will ensure a minimum number of tests conducted on every
feature evaluator and feature search method. Every feature
selection technique adopts a feature evaluator as well as a feature
search method [25]. At the first stage for no learning algorithm,
our draft method guarantees the number of tests conducted on
every feature evaluator or feature search method. Without
enough tests, we cannot tell how well a feature evaluator or
feature search method works with the algorithm. To tackle this
issue, at the first stage for each algorithm, we will check the

number of tests conducted on every feature evaluator and feature
search method. If the number for a feature evaluator or feature
search method is smaller than a specific threshold (eg, 3), we
will conduct more tests for the feature evaluator or feature search
method to make up the difference. This approach can be adopted
for several other components of a data analytic pipeline [86],
such as handling imbalanced classes and missing values.

Technique 4
In Technique 4, we will share information on the best few results
obtained so far among different learning algorithms. Our draft
method conducts a separate set of tests for every algorithm.
When conducting tests for an algorithm, we may find a
combination of a feature selection technique and its
hyper-parameter values with superior performance. Yet, the
combination may not be tested together with other algorithms,
as its information is not shared with them. This can degrade the
ultimate search result’s quality. To tackle this issue, we will
share information on the best few results obtained so far among
different algorithms. At the end of each stage except for the last
one, we will identify a prechosen number n1 (eg, 3) of
combinations of algorithms, techniques, and hyper-parameter
values that achieve the lowest error rates among all combinations
examined so far. Then we will extract the corresponding n2

combinations of techniques and their hyper-parameter values.
Typically, n2 is equal to n1. Occasionally, n2 can be smaller than
n1, as the same combination of a technique and its
hyper-parameter values may appear in more than one of the n1

combinations. At the next stage, for each remaining algorithm,
we ensure each of the n2 combinations of techniques and their
hyper-parameter values is tested by adding additional tests, if
needed.

Technique 5
In Technique 5, for a dataset with relatively few data instances,
we will dynamically allocate its data instances between the
training and validation samples across stages. A dataset with
relatively few data instances can still be large if it contains many
features. In this case, our draft method uses a fixed portion of
the dataset as the validation sample, which includes a small
number of data instances. Because of insufficient testing, the
error rate estimates obtained on the trained models can be
nonrobust, degrading the ultimate search result’s quality. To
tackle this issue, we will dynamically allocate the data instances
in the dataset between the training and validation samples across
stages. At each stage except for the last one, we give all data
instances that are in the dataset, but not in the training sample,
to the validation sample. With more data instances in the
validation sample, the error rate estimates obtained on the
trained models can be more robust. Krueger et al [87] used a
similar approach to perform fast cross-validation to select a
good hyper-parameter value combination for a given learning
algorithm and modeling problem.

Technique 6
In Technique 6, we will consider distances between
hyper-parameter value combinations when choosing randomly
sampled combinations for testing. At each stage that is neither
the first nor the final one, for each remaining learning algorithm,
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our draft method performs one or more rounds of Bayesian
optimization. In each round, several new and randomly sampled
combinations are chosen out of many for testing and used to
adjust the regression model. For the regression model to guide
search well, the combinations chosen for testing need to have
a reasonable coverage of the hyper-parameter space rather than
all reside in a small region. To achieve this, we will attempt to
ensure that each randomly sampled combination chosen for
testing is separated from each other combination chosen for
testing by at least a specific distance. The distance threshold
may decrease over stages.

Aim 1 (b)
For Aim 1 (b), we aim to devise a method to efficiently and
automatically choose operators and periods for temporally
aggregating clinical attributes. Our design paper [24] outlines
our method for automating the process of temporally aggregating
clinical attributes. We will flesh out our method’s technical
details. Our automation method needs disease-specific
knowledge on aggregation operators and periods compiled by
clinicians and stored in Auto-ML. Various medical datasets use
differing schemas, medical coding systems, and medical
terminologies, forming a hurdle in applying precompiled

knowledge. To tackle this, the automated temporal aggregation
function of Auto-ML demands that the dataset, except for the
dependent variable, complies with the Observational Medical
Outcomes Partnership (OMOP) common data model [88] and
its linked standardized terminologies [89]. Since OMOP
standardizes administrative and clinical attributes from 10 or
more large US health care systems [90,91], Auto-ML can be
adopted for datasets from those systems. We intend to include
support for the National Patient-Centered Clinical Research
Network (PCORnet) [92] and Informatics for Integrating
Biology and the Bedside (i2b2) common data models [93] in
the future.

Aim 1 (c)
For Aim 1 (c), we aim to continuously show, as a function of
time given for model selection, forecasted model accuracy and
projected patient outcomes of model use. During automatic
selection, to be more useful and user friendly, Auto-ML will
show projected patient outcomes of model use and forecasted
model accuracy as a function of time given for model selection
(see Figure 3). Our design paper [24] outlines our method for
doing this. We will flesh out our method’s technical details and
write a user manual for Auto-ML.

Figure 3. The highest model accuracy gained by Auto-ML over time.

Aim 1 (d)

Overview
For Aim 1 (d), we aim to validate Auto-ML on seven benchmark
modeling problems. We will perform tests with health care
researchers using seven modeling problems and datasets that
we worked on before. Each problem uses a different dataset
from a distinct health care system. We chose these problems
because they are related to common diseases, are clinically

important, and have readily accessible datasets. Auto-ML can
be used for other clinical activities.

Subject Recruitment
Via announcements in our institution’s email lists and personal
contact, we will recruit 25 health care researchers from UWM,
which houses approximately 2500 faculty members, most doing
health care research. These health care researchers would regard
their familiarity with medical data at the MD level, but would
regard their machine learning knowledge as below the level
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taught in a typical machine learning course for computer science
undergraduates. We will conduct purposeful sampling to ensure
enough variability [94]. All test participants will have fulfilled
UWM’s required training for information security and privacy
policy. Participants will receive pseudonyms linking their
responses to questions for privacy protection. After giving
consent, each will get a copy of the task description, Auto-ML’s
user manual, and the metadata document detailing the attributes
in the dataset. Upon task completion, each will receive US $200
as compensation for participation.

Computing Environment
We will perform all of our experiments on a Health Insurance
Portability and Accountability Act (HIPAA)-compliant computer
cluster at the University of Washington. After obtaining proper
authorization, all test participants and research team members
at the University of Washington will be able to access the cluster
using their university computers.

Modeling Problem 1
Modeling Problem 1 will consist of predicting the diagnosis of
type 2 diabetes in adult patients in the next year.

Dataset and Patient Population

The clinical and administrative dataset is deidentified and
publicly available from the Practice Fusion Diabetes
Classification Challenge [15,34], containing 3-year (2009-2012)
records as well as the labels of 9948 adult patients from all US
states in the following year. A total of 1904 of these patients
had a diagnosis of type 2 diabetes in the following year. The
dataset comes from an electronic medical record vendor’s EDW;
includes repeatedly recorded attributes; and covers patient
demographics, allergies, diagnoses, immunizations, medications,
smoking status, lab results, and vital signs. We will put this
dataset in the OMOP common data model form with its linked
standardized terminologies.

Model Information

The dependent variable is whether a patient had a diagnosis of
type 2 diabetes in the following year. Two-thirds of patients
will be randomly selected and put into the training set to
construct models. The remaining one-third of patients will form
the test set for assessing model performance. We will use the
area under the receiver operating characteristic curve (AUC)
[19] performance metric.

Modeling Problems 2-7
Each of the six problems from Modeling Problems 2-7 uses a
distinct, deidentified, and publicly available dataset from the
University of California, Irvine machine learning repository
[95] to perform a task: (1) Arcene: classify mass spectrometric
data into cancer versus normal patterns; (2) Arrhythmia: classify
12-lead electrocardiogram recordings into one of 16 groups
about cardiac arrhythmia; (3) Cardiotocography: classify fetal
cardiotocograms into one of three fetal states; (4) Diabetic
Retinopathy Debrecen: use features obtained from the Messidor
image set to detect whether an image includes signs of diabetic
retinopathy; (5) Mammographic Mass: use Breast Imaging
Reporting and Data System attributes and patient age to separate
benign from malignant mammographic masses; (6) Parkinson

Speech: use sound recordings to identify Parkinson’s disease
patients.

No dataset has repeatedly recorded attributes needing temporal
aggregation. The repository [95] includes a detailed description
of the problems and datasets. For each dataset, two-thirds of it
will be randomly selected and put into the training set to
construct models. The remaining one-third will form the test
set for assessing model performance. We will use the accuracy
metric suitable for multi-class classification.

Build Models
We are familiar with the literature on the seven modeling
problems. For each problem, our data scientist Dr Luo (GL)
will work with the clinicians in our team and manually build a
machine learning model with as high accuracy as possible. This
accuracy will serve as the gold standard reflecting current best
practice of model building. Each of the 25 recruited health care
researchers will be randomly given a problem and use Auto-ML
to build models for it.

Performance Evaluation and Sample Size Justification
We will test the hypothesis that at least 60% of health care
researchers can use Auto-ML to achieve model accuracy of at
least 95% of the gold standard. When 60% of health care
researchers can actually achieve model accuracy of at least 95%
of the gold standard, a sample size of 25 health care researchers
produces a one-sided 95% lower confidence limit of 42%.

User Feedback
When model construction is finished, we will use both
open-ended and semistructured questions to survey the 25 health
care researchers. As detailed in our design paper [83], we will
obtain quantitative outcome measures covering model accuracy,
time on task, self-efficacy for constructing machine learning
models with clinical big data, satisfaction, trustworthiness,
adequacy, and quality of documentation. The questionnaire will
contain a text field for gathering comments on Auto-ML. We
will refine and finalize Auto-ML by considering suggestions
from those comments. We will perform a user satisfaction
survey using the System Usability Scale (SUS), a widely used
industry standard [96,97] on overall satisfaction ratings for
products.

Analysis
We will use the accepted inductive approach endorsed by Patton
et al [94,98] to do qualitative analysis. We will put the 25 health
care researchers’ textual comments into ATLAS.ti Version 8
(ATLAS.ti Scientific Software Development GmbH), a
qualitative analysis software tool [99]. The research team will
independently highlight quotations related to the issue of using
Auto-ML. We will examine quotations, categorize them into
precodes, and merge them into categories in multiple iterations.
We will synthesize categories to find general themes.
Quantitative analyses will include adding the scores in the SUS
and presenting every quantitative outcome measure’s descriptive
statistics.
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Aim 2
Overview Aim 2 involves applying Auto-ML and novel
methodology to two new modeling problems crucial for care
management allocation, to which our institutions are seeking
solutions, and pilot one model with care managers. Both
modeling problems use datasets that have repeatedly recorded
attributes. We will put the datasets in the OMOP common data
model form with its linked standardized terminologies. We will
use the same computing environment and recruiting method
mentioned in Aim 1 (d). We will recruit two health care
researchers not engaged in Aim 1 (d). Each will be randomly
given a problem and use Auto-ML to build models for it. Upon
task completion, each will receive US $200 as compensation
for participation.

Modeling Problem 8
Modeling Problem 8 involves the use of vast attributes in
modern IH electronic medical records to predict hospital use in
asthmatic children in the next year.

Patient Population

The patient population consists of IH pediatric patients (0-17
years of age) with asthma in 2005-2016, identified by Schatz
et al’s method [63,100,101] as having the following: (1) at least
one diagnosis code of asthma according to the International
Classification of Diseases, Ninth Revision (ICD-9) (ie, 493.xx),
or the International Classification of Diseases, Tenth Revision
(ICD-10) (ie, J45/J46.*); or (2) two or more “asthma-related
medication dispensings (excluding oral steroids) in a one-year
period, including β-agonists (excluding oral terbutaline), inhaled
steroids, other inhaled anti-inflammatory drugs, and oral
leukotriene modifiers.”

Dataset

By running Oracle database Structured Query Language (SQL)
queries, our contracted IH data analyst will extract from the IH
EDW a deidentified, clinical and administrative dataset, encrypt
it, and securely transfer it to a HIPAA-compliant computer
cluster for secondary analysis. For each of the last 5 years, the
data cover approximately 27,000 asthmatic children. The dataset
is the electronic documentation of approximately 95% of
pediatric care in Utah [102,103] and includes around 400
attributes partially listed in our paper [14]. These attributes
cover many known risk factors for hospital use in asthma and
can be used to find new predictive factors.

Model Information

The dependent variable is whether an asthmatic patient incurred
hospital use—inpatient stay or ED visit—with a primary
diagnosis of asthma (ie, ICD-9 493.xx or ICD-10 J45/J46.*) in
the following year [14,63,64]. As outcomes need to be computed
for the following year, we effectively have 11 years of IH data.
We will construct models using the data in the first 10 years
and acquire a model’s accuracy estimate via testing on the data
in the 11th year. This mirrors future use of the model in practice.
We will use the AUC [19] performance metric.

Modeling Problem 9
Modeling Problem 9 involves using UWM’s incomplete data
to predict individual diabetic adults’ costs in the next year.

Patient Population

The patient population includes UWM adult patients (18 years
of age or older) with diabetes in 2012-2016, identified by the
method in Neuvirth et al [104] as having one or more
hemoglobin A1c test results of 6.5% or higher.

Dataset

A UWM data analyst will run SQL Server database SQL queries
to extract from the UWM EDW a deidentified, clinical and
administrative dataset, encrypt it, and securely transfer it to a
HIPAA-compliant computer cluster for secondary analysis. The
data cover approximately 28,000 diabetic adults per year. Other
details of the dataset are similar to those in Modeling Problem
8.

Model Information

The dependent variable is a diabetic patient’s total allowed cost
to UWM in the following year [60,61]. Allowed costs are less
inflated than billed costs and less subject to variation due to
member cost sharing than net incurred claims [60]. We will
adopt the medical consumer price index [105] to convert all
costs to 2016 US dollars to handle inflation. As outcomes need
to be computed for the following year, we effectively have 4
years of UWM data. We will construct models using the data
in the first 3 years, and acquire a model’s accuracy estimate via
testing on the data in the 4th year. This mirrors future use of

the model in practice. We will use the R2 performance metric
[61].

To fill the scope gap mentioned in the introduction, we will use
a constraint to find patients who tend to get most of their care
at UWM. Intuitively, it is easier to identify future high-cost
patients among them than among others. We will use UWM’s
incomplete data to build a cost prediction model and apply it
to them. Regardless of his/her total future cost at non-UWM
facilities, a patient who will incur high cost at UWM can be a
candidate for care management. By care managing future
high-cost patients identified by the model, we will expand the
scope of using care management to improve outcomes. The
principle of our approach to using incomplete data generalizes
to many other clinical applications.

Several candidate constraints exist: (1) the patient had two or
more visits to UWM in the past year, (2) the patient has a UWM
primary care physician and lives within 5 miles of a UWM
hospital, and (3) the patient saw a primary care physician or
endocrinologist at UWM in the past year and lives within 60
miles (ie, around 1 hour of driving distance) of a UWM hospital.
UWM primary care physicians tend to make referrals within
UWM. Endocrinologists often serve some of the same roles as
primary care physicians. Usually, a patient incurs high cost
because of hospital use. As patients living far away from UWM
hospitals are less likely to use them, UWM tends to have less
of these patients’ medical data. We will refine the three
candidate constraints and investigate others. To select the
constraint to be used, we will use PreManage data that UWM
has on all of its patients. PreManage is Collective Medical
Technologies Inc’s commercial product providing encounter
and diagnosis data on inpatient stays and ED visits at many US
hospitals [106]. PreManage data cover 105 (approximately 94%)
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hospitals in Washington, including the four hospitals of UWM.
Using UWM data and grouper models like the Clinical
Classifications Software system to group diagnosis codes and
reduce features [60], we will build two models: one for
estimating an inpatient stay’s allowed cost and another for
estimating an ED visit’s allowed cost based on patient
demographics and diagnosis data. We will use UWM patient
demographics data, PreManage diagnosis data, and the two
models to estimate the allowed cost of each of a UWM patient’s
non-UWM inpatient stays and ED visits reflected by PreManage
encounter data. By aggregating the estimated costs of individual
non-UWM inpatient stays and ED visits, we will assess each
UWM patient’s portion of cost spent at non-UWM hospitals
and use the portions to evaluate every candidate constraint. If
a health care system does not have enough data to make the two
models reasonably accurate, it can use the average costs of an
inpatient stay and ED visit to assess each patient’s portion of
cost spent at external hospitals. If a system has an insurance
plan’s complete claim data on some of its patients, it can use
the data similarly.

Performance Evaluation and Sample Size Justification
For each of the two new modeling problems, we will test the
hypothesis that health care researchers are able to use Auto-ML
to achieve higher model accuracy than existing approaches. We
will regard Aim 2 as partly successful if we accept the
hypothesis in only one problem, and completely successful if
we accept the hypothesis in both problems.

For Modeling Problem 8, we will compare the accuracies
reached by the model built by the health care researcher and the
model in Schatz et al [65]. The first model is built using
Auto-ML and vast attributes in modern IH electronic medical
records. The second model depicting the existing approach was
built using a few known risk factors for hospital use in asthma.
Using vast attributes can increase prediction accuracy [107].
We will accept the hypothesis when the first model reaches a
higher AUC than the second one by at least .05. Existing
predictive models for hospital use in asthma usually achieve an
AUC far below .8 [63-68]. Assuming these two models’
prediction results have a correlation coefficient of .6 for both
classes and performing a two-sided Z test at a significance level
of .05, a sample size of 561 data instances per class provides
90% power to find a discrepancy of .05 between the two models’
AUCs. The IH data in the 11th year include about 27,000
asthmatic children, offering enough power to test our hypothesis.
Using many patients is essential for improving prediction
accuracy, although only a small sample size is needed to show
statistical significance.

For Modeling Problem 9, we will compare the accuracies gained
by two models. The patient cohort includes those satisfying the

chosen constraint. The first model is built by the health care
researcher using Auto-ML and clinical and administrative data.
The second model depicting the existing approach is a
commercial claims-based one available at UWM achieving an

R2 less than 20%. Although the second model was not designed
for such use, we will apply it to the patient cohort on whom
UWM possibly has incomplete data, which is better than the
normal practice of making no predictions. Adding clinical data
can increase prediction accuracy [108]. We will accept the

hypothesis when the first model reaches a higher R2 than the
second one by at least 5%. Using an F test at a significance
level of .05 and under the assumption of the existence of 20
features from clinical data in addition to 300 or fewer features
used in the second model, a sample size of 443 patients provides

90% power to identify an increase of 5% in R2 from 20%. Using
the second candidate constraint, we estimate that the patient
cohort will cover approximately 22% of diabetic adult patients
at UWM. The 4th year’s UWM data include approximately
28,000 diabetic adults, offering enough power to test our
hypothesis.

Pilot With Care Managers
We will pilot the model the health care researcher will build for
Modeling Problem 9 with UWM care managers. As a UWM
operational project, we are working on this modeling problem
and have access to around 25 UWM care managers. Via
announcing in their email lists and personal contact, we will
recruit five care managers. We will conduct purposeful sampling
to ensure enough variability [94]. All test participants will give
consent and have fulfilled UWM’s required training for
information security and privacy policy. Participants will receive
pseudonyms linking their responses to questions for privacy
protection. Upon task completion, each will receive US $200
as compensation for participation.

We will use our previously developed method [15] to
automatically explain the model’s prediction results. For each
care manager, we will randomly select 20 UWM diabetic adult
patients, half of whom the model predicts will incur a cost of
more than US $30,000. The care manager is unaware of any of
these patients’ outcomes in the next year. For each patient, we
will first show the care manager the historical, deidentified
patient attributes, then show the prediction result and
automatically generated explanations, and finally survey him/her
using both open-ended and semistructured questions. The
questions will cover whether the prediction result and
explanations will change his/her enrollment decision on the
patient, their usefulness, and their trustworthiness as shown in
Table 2. The questionnaire will contain a text field for gathering
comments. We will analyze collected information in a similar
way to Aim 1 (d).
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Table 2. The dependent variable list.

DescriptionVariable

Response to the following question: Will the prediction result and automatically generated explanations change
your enrollment decision on the patient?

Impact on enrollment decision

Response to the following question: How useful is the prediction result? Rating is on a 7-point Likert scale,
ranging from “not at all” (1) to “very useful” (7).

Usefulness of the prediction result

Response to the following question: How useful are the automatically generated explanations? Rating is on a
7-point Likert scale, ranging from “not at all” (1) to “very useful” (7).

Usefulness of the automatically gen-
erated explanations

Response to the following question: In your opinion, how much clinical sense does the prediction result make?
Rating is on a 7-point Likert scale, ranging from “not at all” (1) to “completely” (7).

Trustworthiness of the prediction re-
sult

Response to the following question: In your opinion, how much clinical sense do the automatically generated
explanations make? Rating is on a 7-point Likert scale, ranging from “not at all” (1) to “completely” (7).

Trustworthiness of the automatically
generated explanations

For Modeling Problem 8, medication order and refill information
is needed for identifying asthma. The IH dataset contains this
because IH has its own health insurance plan. If too much refill
information is missed at IH, data from the all-payer claims
database [109] will be used. For Modeling Problem 9, in our
ongoing UWM operational project, we have used around 30
attributes and approximately 6000 patients to build a basic cost

prediction model, which achieved an R2 close to that of the
commercial claims-based model. Since the health care researcher
will use many more attributes and patients that should increase
model accuracy, we expect the cost prediction model built by

him/her to achieve a higher R2 than the claims-based model.

Although using a constraint to fill the scope gap partially
addresses UWM data’s incompleteness, UWM still has
incomplete medical data on some of its patients satisfying the
constraint. For each such diabetic patient, the dependent variable
of the patient’s total allowed cost to UWM is only part of the
patient’s total allowed cost to all systems. The patient’s features
are computed from incomplete data. Both factors may create

difficulty for significantly improving R2. If this occurs, we will
revise the dependent variable to a diabetic patient’s total allowed
cost to UWM or reflected by PreManage data. On average, the
revised dependent variable is closer to the patient’s total allowed
cost to all systems than the original one. Recall that based on
UWM patient demographics and PreManage diagnosis data,
we will use two models to estimate the allowed cost of each of
the patient’s non-UWM inpatient stays and ED visits reflected
by PreManage encounter data. We will supplement UWM data
with PreManage data to make patient data more complete for
computing patient features. This approach of using PreManage
data and revising the dependent variable can be adopted to
improve the accuracy of predicting future hospital use.

For either new modeling problem, if one health care researcher
fails to build a reasonably accurate model, we will recruit
another health care researcher.

Aim 3

Overview
Aim 3 involves performing simulations to estimate the impact
of adopting Auto-ML on US patient outcomes. To determine
Auto-ML’s value for future clinical deployment, we will
estimate the impact of adopting Auto-ML on US patient
outcomes. Trials showed that machine learning helped drop the

30-day mortality rate in ED patients with community-acquired
pneumonia (risk ratio≈OR=0.53, as the mortality rate is much
less than 1) [2] and cut hospitalization days by 15% in end-stage
renal disease patients on dialysis [3]. We will use these two
scenarios to demonstrate our simulation method. Our method
generalizes to other scenarios and similar software. We will use
the same computing environment mentioned in Aim 1 (d). We
first discuss the scenario of ED patients with
community-acquired pneumonia.

Estimate Outcomes
The outcome is 30-day mortality. We will use the latest,
deidentified, and publicly available Nationwide Emergency
Department Sample (NEDS) database [110], including visit
information from approximately 20% of US EDs. Consider the
case with Auto-ML. The likelihood, L, that an ED can
successfully use machine learning for this scenario is equal to
p1× p2. p1 is the probability that a health care researcher in the
ED can build a high-quality machine learning model for this
scenario using Auto-ML. p2 is the probability that the ED can
successfully deploy the model if it can be built. Using Aim
1(d)’s test results on whether health care researchers can use
Auto-ML to achieve model accuracy of at least 95% of the gold
standard, we will conservatively estimate p1’s minimum and
maximum values (eg, by fitting a normal distribution and using
its 2.5 and 97.5 percentile points). Based on his extensive
experience with deploying models [2], Dr Haug (PJH) will
conservatively estimate p2’s minimum and maximum values.
For each of p1 and p2, we will adopt five levels going from the
minimum to the maximum value for sensitivity analysis. The
middle level is the default one and is used for hypothesis testing.

For each ED in the NEDS database, we will retrieve the annual
number of patients with community-acquired pneumonia. We
will simulate whether or not the ED can successfully use
machine learning for this scenario based on the likelihood, L.
If success/not success, for each ED patient with
community-acquired pneumonia, we will simulate whether the
patient will die or not based on the 30-day mortality rate reported
in the paper [2] when using/not using machine learning. The
overall outcome estimate combines the expected outcomes for
all patients and EDs. The patients’ discharge weights in the
NEDS database will be used to obtain national estimates from
sample data in the database. We will handle the case without
Auto-ML similarly by simulating not using machine learning.
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Outcome Evaluation and Sample Size Justification
Outcomes achieved with and without Auto-ML will be
compared. We will test the primary hypothesis that using
Auto-ML will be linked to reduced mortality. In the most
conservative case assuming a proportion of discordant pairs of
10%, a sample size of 1152 patients provides 90% power to
notice an OR of 0.53 [2] using a two-sided McNemar test at a
significance level of .05. Each year, community-acquired
pneumonia incurs 1.5 million ED patient visits [111], giving
adequate power to test the hypothesis. To acquire the whole
range of possible outcomes, we will do sensitivity analysis by
changing the levels of the probabilities p1 and p2, 30-day
mortality rate, and rate reduction gained by machine learning.

The scenario of end-stage renal disease patients on dialysis will
be handled similarly, with the following main differences. The
outcome is number of hospitalization days. The health care unit
is dialysis facility. For each US dialysis facility, we will obtain
its latest annual total number of hospitalization days and patient
count from DialysisData.org [112] to fit a Poisson distribution.
For each dialysis patient in the facility, we will simulate his/her
annual number of hospitalization days using the distribution,
as is often done in the literature [113]. We will test the secondary
hypothesis that using Auto-ML will be linked to reduced
hospitalization days. If the results from a single simulation run
appear too skewed, we will conduct multiple runs and then
average their results.

Ethics Approval
We have already acquired institutional review board approvals
from UWM and IH for our study.

Results

Our paper [35] describes our draft method for automating
machine learning model selection. The paper shows that
compared to the modern Auto-WEKA automatic selection
method [25], on six medical and 21 nonmedical benchmark
datasets, our draft method reduced search time by 28-fold,
classification error rate by 11%, and standard deviation of error
rate due to randomization by 36%, on average. On each of these
datasets, our draft method can finish the search process in 12
hours or less on a single computer. The results obtained on the

medical datasets are similar to those obtained on the nonmedical
datasets. The health care researchers in the Veterans Affairs
Salt Lake City Health Care System have used our draft method
successfully for a clinical research project [114]. One purpose
of this study is to improve the draft method so that it can handle
larger datasets more efficiently and effectively.

At present, we are writing Auto-ML’s design document. We
intend to finish this study by around the year 2022.

Discussion

Auto-ML will generalize to various clinical
prediction/classification problems, as its design relies on no
special property of a specific dataset, patient population, or
disease. Auto-ML will be tested on nine modeling problems
and datasets, each from a distinct health care system. By
providing support for common data models (eg, OMOP [88])
and their linked standardized terminologies adopted by a large
number of systems, Auto-ML can be used to construct models
if attributes required to solve a problem are accessible in a
structured dataset or in one of those common data models. This
enables data integration and facilitates building models with
data from multiple systems. To help users decide whether any
data quality issues need to be handled before modeling,
Auto-ML will show the numbers of attribute values outside
reasonable ranges and numbers of missing values of
nonrepeatedly recorded attributes.

The gaps in scope and accuracy mentioned in the introduction
exist in many clinical applications. The principles of our
approaches to using incomplete medical data and vast attributes
generalize to many other clinical applications beyond the two
on care management listed in the introduction.

In summary, our new software is designed to efficiently
automate machine learning model selection and temporal
aggregation of clinical attributes. By making machine learning
feasible with limited budgets and data scientist resources, our
new software will help realize value from clinical big data and
improve patient outcomes. The models that will be built for the
two new modeling problems will help improve care management
outcomes.
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Abstract

In electronic health (eHealth) research, limited insight has been obtained on process outcomes or how the use of technology has
contributed to the users’ ability to have a healthier life, improved well-being, or activate new attitudes in their daily tasks. As a
result, eHealth is often perceived as a black box. To open this black box of eHealth, methodologies must extend beyond the classic
effect evaluations. The analyses of log data (anonymous records of real-time actions performed by each user) can provide
continuous and objective insights into the actual usage of the technology. However, the possibilities of log data in eHealth research
have not been exploited to their fullest extent. The aim of this paper is to describe how log data can be used to improve the
evaluation and understand the use of eHealth technology with a broader approach than only descriptive statistics. This paper
serves as a starting point for using log data analysis in eHealth research. Here, we describe what log data is and provide an
overview of research questions to evaluate the system, the context, the users of a technology, as well as the underpinning theoretical
constructs. We also explain the requirements for log data, the starting points for the data preparation, and methods for data
collection. Finally, we describe methods for data analysis and draw a conclusion regarding the importance of the results for both
scientific and practical applications. The analysis of log data can be of great value for opening the black box of eHealth. A
deliberate log data analysis can give new insights into how the usage of the technology contributes to found effects and can
thereby help to improve the persuasiveness and effectiveness of eHealth technology and the underpinning behavioral models.

(JMIR Res Protoc 2017;6(8):e156)   doi:10.2196/resprot.6452

KEYWORDS

eHealth; black box; evaluation; log data analysis

Introduction

Many electronic health (eHealth) technologies, such as behavior
change technologies, aim to support users in reaching certain
health-related behavioral outcomes. While such technologies
can be effective [1,2], one of the main problems is that users’

adoption and long-term use remains lower than expected [3-5].
Moreover, eHealth research is dominated by a classic conception
of medical research where randomized controlled trials (RCTs)
are the golden standard for measuring outcomes [6]. Although
RCTs provide valuable insight into the effectiveness of an
intervention, fundamental to this methodology is to have the
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technology as a fixed entity for all participants throughout the
entire intervention period. In contrast, (eHealth) technology can
be characterized by its constant evolution and, consequently,
apps or interventions often become obsolete by the time the
results of the RCT are available.

Furthermore, to conform to the complexity of behavior change,
eHealth technologies often consist of multiple components that
may interact in reaching a certain effect and that people can use
in many different ways in terms of the elements they use as well
as the frequency, time, and place of use [7,8]. However, RCTs
only provide insight into outcomes at fixed time points and treat
technologies as a singular entity. Therefore, no insight can be
obtained on process outcomes or how the use of the different
components of the technology has contributed to healthier living,
improved well-being, or a user’s ability to conduct daily tasks
[7,9,10]. This particular lack of insight is known as the “Black
Box Phenomenon” [2,10,11]. To open the black box of eHealth
and to investigate why, how, and for whom a certain technology
is of the most value, methodologies must extend beyond the
classic evaluations of effect only. In other words, the
characteristics of eHealth technology change the way evaluations
are conducted. In this view, Hekler and colleagues pled for an
“agile science” approach that enables early and frequent insight
into the process of behavior change via technology [7].

The CeHRes Roadmap (Figure 1) adopts an agile approach in
the development and evaluation process of eHealth technology.
This roadmap is based on an extensive literature review of
eHealth frameworks and follows a holistic and participatory
research and development approach. The following phases can
be distinguished in the development and evaluation of eHealth:
(1) contextual inquiry, (2) value specification, (3) design, (4)
operationalization, and (5) summative evaluation. The results
of each phase should be the subject of formative evaluation in
order to collect input for improving the product [4].

According to the roadmap, technology development and
evaluation is an iterative, flexible, and dynamic process without
a fixed endpoint. In this approach, continuous (formative and
summative) evaluation is needed that is interwoven with all
stages of technology development. The outcomes of such
evaluations will be used for analyzing the process, recognizing
the areas of improvement, and diving deeper into the usage (the
dose) that is needed to reach certain effects (the response). Thus,
technology already in early stages of development will be
reshaped by its usage. In order to do so, more advanced methods
are needed to understand what people do with eHealth
technology and how this is related to the impact.

The analysis of log data, defined as anonymous records of
real-time actions performed by each user, has the potential to
provide continuous and objective insight into the actual usage
(of the different components) of the technology. Such analyses
are a promising approach to explain the outcomes of the more
traditional methods, such as RCTs, by gaining insight into the

mediating mechanisms that contribute to the found effects [8,9]
and have also the potential to identify unexpected effects of a
technology. Thus, the use of log data fits the aim of eHealth
evaluation according to the CeHRes Roadmap by enabling early
improvements of the technology in order to improve the
evaluation outcomes.

Log data analyses are currently used in diversified domains,
such as education [12,13], human-computer interaction [14,15],
and network security [16] where they are mainly used to analyze
system performance and acceptance based on models for
information retrieval. However, technology has evolved and
the aim of behavior change technologies is not only to provide
information, but rather to stimulate and support people in their
process of behavior change [17]. Therefore, information is
needed regarding how the use of technology can explain the
engagement and involvement of the individual user, the found
effects, and how the technology fits the user and the context.

Log data analyses in eHealth research have mainly focused on
descriptive statistics, such as the number of logins, time spent,
and the frequency of use of the different elements by all users
as a group [18-20]. Although these statistics do provide valuable
information regarding the usage of the technology, they also
assume a dose-response relationship without taking the goal of
the user into account. Furthermore, such analyses do not always
provide insight into the actual process of technology use in
relation to behavior change. For example, a longer and more
frequent exposure to an eHealth technology might indicate how
well the system fits the users’ needs, but it can also signify
unfocused and/or non-strategic use or an inefficient system
[9,21]. The same applies to only counting the number of logins,
since a user can log out directly without using the technology.
As such, measures are needed that indicate how the actual use
of the (different elements of the) technology can explain the
found effects.

There is evidence that the use of log data can be of added value
to the more traditional approaches of eHealth evaluation, but
its possibilities have not yet been exploited to their fullest extent
or have mostly been described on a conceptual level [7-9]. The
aim of this paper is to give a more practical description of how
log data can be of added value to understand the use of an
eHealth technology with a broader approach than only
descriptive statistics. Here, we describe what research questions
can be answered using log data. Furthermore, we provide
direction on which steps need to be taken in the collection,
preparation, and analysis of log data, and how to interpret and
apply the results (Figure 1).

The results and ideas presented in this paper are substantiated
with examples from prior log data research. They do not provide
an exhaustive overview of all research conducted in this field
but are used to illustrate the possibilities of log data as a starting
point for further research to open the black box of eHealth.
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Figure 1. Steps in log data analysis.

Methods

What is Log Data?
Generally (transactional) log data can be seen as behavioral logs
that contain information regarding the interactions between a
system and the users of that system [9,14,15]. These interactions
can include information regarding time of the action, content
that is viewed or used, mouse clicks, browsing patterns, or
saving information in the system. An important benefit of log
data is that it represents the actual and continuous usage
behavior and not subjective, recalled behavior.

The use of log data mainly focuses on the interaction with
Web-based technologies. However, eHealth technology has
evolved from Web- or telephone-based systems that required
users’ active involvement into unobtrusive and pervasive
systems that are embedded into users’ daily lives. For example,
many people currently use lifestyle apps, such as “Runkeeper”
or food diaries, to support their daily routines. Wearable devices
like the Fitbit, Jawbone, or Apple Watch can continuously
collect real-time health-related data for personalized coaching
via apps for mobile phones or tablets. To be able to understand
as much as possible of what people do, log data should not be
limited to technologies and/or how they experience it, but to

the actual usage of Web-based technologies including
interactions with mobile phone apps and wearables as well.

Composing Research Questions
Before the log data can be collected and analyzed, an important
step is to revisit the goals of the technology and the subsequent
research questions. A variety of research questions can be
addressed with log data analysis, depending on the type and the
goal of the eHealth technology and on the phase of development.
According to the CeHRes Roadmap, log data analyses can be
of added value in both the formative and summative evaluation
phases [4].

Formative evaluation is conducted within and between the
different phases of the roadmap. The aim of this type of
evaluation is to check whether the goals of that phase have been
reached. In the early operationalization phase, for example, log
data has the potential to evaluate the use of the system and to
assess what people do (or not do) with a technology. Critical
moments for dropping out can be identified, as well as profiles
for both users and usage. The results from these evaluations can
be used to improve an early release of the technology before it
will be available for a bigger group of users, which fits the “agile
science” approach [7]. Possible research questions for formative
system evaluations are shown in Textbox 1.

Textbox 1. Questions for formative system evaluations.

Questions

• What usage patterns emerge when users navigate through the technology?

• Which (combinations of) elements of the technology are used?

• When do users drop out?

• How do users respond to behavior change strategies and persuasive triggers (strategies to support users in performing certain [usage] behaviors
and/or long-term use, such as reminders)?

For example, in a previous study we found that users of a
personal health record (PHR), an electronic application
consisting of different tools for monitoring and coaching patients
with chronic conditions to support self-management [22],
followed the global menu structure when exploring the PHR

for the first time. Furthermore, most users were likely to drop
out when they visited the education section as a first step after
the first login [23].

The uptake and impact of a technology are measured during the
summative evaluation phase. Impact refers to whether the
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intended goals of the technology have been realized in terms of
behavioral, clinical, and organizational outcomes. Uptake refers
to the implementation and usage of the technology. Log data
can be used to assess the uptake of the technology. Where log
data analyses in the operationalization phase mainly focus on

the system performance, in this phase research questions to
evaluate the whole of the system, the user, and the context can
be formulated. Possible research questions to evaluate the system
can be seen in Textbox 2.

Textbox 2. Questions to evaluate the system.

Questions

• How do users use the technology in order to complete an intervention or to achieve their health-related goals (in terms of frequency or combinations
of elements they use)?

• How well do the users adhere to the intended usage of the technology?

• What are predictors for adherence or dropping-out?

• How does the use of the technology change over time?

• How did these usage patterns contribute to the (clinical, behavioral and organizational) impact? In other words, what is the dose-response
relationship?

For example, studies by Kelders et al [21] and Van Gemert et
al [24] showed when users of a Web-based intervention for the
early treatment of depressive symptoms (“Living to the Full”)
were at risk of dropping out and might need additional support.
In another example, Freyne et al [25] found that uploading a

profile picture on a diet support site in the first week resulted
in higher return rates.

Research questions to evaluate the users of the technology and
possible context-related questions are shown in Textbox 3.

Textbox 3. User evaluation and context-related questions.

Questions

• User evaluation

Who is motivated and capable of using the eHealth technology?

• Who are the long-term users?

• Who are the drop-outs?

• Context-related evaluation

• How does the responsiveness of caregivers (eg, time until replying to a users’ message) influence the use of eHealth technology by patients?

• How does the technology integrate into users’ daily lives?

Log data analyses can also provide answers to more fundamental
research questions related to existing models and theories [8].
Behavior change theories and behavior models often form the
basis for the content and the structure of eHealth technologies.
For example, mental health interventions are frequently based
on the principles of cognitive behavioral therapy and principles
from the goal setting theory are used to support users in reaching
their health-related goals. Log data can be used to check whether

the incorporated (combination of) elements that represent certain
theoretical concepts (eg, a chat box to facilitate social support)
have been used. Or, when one of the goals of a technology is
to improve self-efficacy, for example, log data can provide
insight into what the most effective usage patterns are and for
whom to experience any improvements in the self-efficacy.
Research questions related to the evaluation of existing models
and theories are shown in Textbox 4.

Textbox 4. Research questions to evaluate existing models and theories.

Questions

• To what extent did the users find and use the (combination of) elements of the technology that represent certain theoretical concepts?

• How did the use of (a combination of) these elements contributed to any improvements in the outcomes?

For example, the “Living to the Full” intervention is based on
the principles of acceptance and commitment therapy (ACT).
An effect evaluation indicated that a Web-based technology
based on ACT might help users reduce depressive complaints
[26]. However, a log data analysis revealed that many users of

that intervention did not open the mindfulness exercises that
are assumed to be an important element of ACT [24]. This might
be an indicator that the concept of mindfulness is insufficiently
operationalized in the intervention and that the found effects
are an underestimation of the attainable effects.
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While not complete or exhaustive, this overview serves as a
starting point for composing suitable research questions for a
holistic and agile evaluation of eHealth technology. The
proposed questions can be adjusted based on the goal of the
technology and the incorporated behavioral models and/or
theories. The answers to the research questions can provide
input for improving the look and feel and architecture of the
technology as well as the fit between the technology, the user,
and the context. In turn, this information can be used to increase
the effectiveness, persuasiveness, and the long-term usage of
the technology.

Data Collection
Depending on the research questions, there are different ways
to collect log data. To gain rich and in-depth knowledge
regarding the usage patterns of individual users server-side log
data, containing information about communications with the
server (requests such as opening a page, clicking a link, saving
health values, or other information), can be collected. In
Web-based applications, this type of logging is preferably a file
where the Web addresses of the requested subpages of the
system are registered. This is the most efficient way without
substantially losing system performance. Another advantage is
that, after updates and modifications of the system, Web
addresses referring to new subpages and functions are
automatically logged.

On the other side, a single user action (eg, clicking a button to
add a health measurement) can lead to multiple server requests
leading to multiple Web addresses in the log data file. This can
make it harder to identify single user actions. It is therefore
necessary to determine which (combinations of) server requests
specify certain actions and to link these to a specific
identification for that action, such as a code or description.

Besides server-side logging, client-side logging can also provide
valuable information regarding the usage of the technology.
Client-side information contains actions that do not require
server requests, such as scrolling up and down the screen,
moving the pointer, and clicking and filling out a text field. The
research questions determine the logging method that provides
the most valuable information. However, it is also important to
take the possibilities and the consequences of the different
logging methods into account, such as a loss of system
performance.

Requirements of Log Data
Log data files are most often Comma-Separated Values (.csv)
files that can easily be opened using Excel or SPSS. Information
regarding the user identity, date and time of the action, and an

identification of the action is essential to identify the user,
logins, and the usage patterns within and between logins. An
example of a fictional log data file is shown in Figure 2.
Depending on the research questions, additional information
can be desirable regarding the device (eg, personal computer,
mobile phone, tablet, or wearable), a specification of the action
(eg, measurements or other information saved in the database),
the Global Positioning System (GPS) coordinates of the user,
and the status of the user collected via wearables, such as stress,
sleep, and activity patterns.

In order to answer the research questions, data files should be
of sufficient quality, wherein the goal of the technology and the
used behavior change theories and models form the basis for
the data that is needed for the analyses. For example, if the
research question is “What are predictors for adherence to the
technology?” then the data should contain information from
which the adherence can be derived, as well as the variables
(such as user or usage characteristics) that might possibly predict
adherence. When the focus is on exploring the dose-response
relationship, there must be a possibility to link the log data to
other outcomes, for instance, via the user identification number.

The amount of data needed depends on the complexity of the
research question and can only be determined empirically. In
general, a reasonable amount of data per user and a reasonable
amount of users are needed in the dataset. For example, when
analyzing 100 usage sessions, 10 usage sessions of 10 different
users provide more generalizeable information than 50 usage
sessions of 2 different users. Of course, the more data the better,
but it needs to contain the needed information to answer the
research question as well.

Importantly, the data should be available for analysis under the
applicable privacy regulations, whether or not with informed
consent of the individual users of the technology. Informed
consent depends upon whether log data includes or needs to be
combined with personal data. Currently, it remains undecided
whether log data in itself is personal data, as usage data does
not always, per se, contain information that can be traced back
to individual users. However, as the possibilities for data
analytics develop, it may become quite possible in the (near)
future to trace users back to specific individuals based on their
usage patterns on other technologies. Narayanan and Shmatikov,
for example, were able to de-anonymize Netflix users based on
reviews in the Internet Movie Database (IMDB) [27]. Thus, it
may be hard to truly anonymize log data. Therefore, researchers
need to always consider the applicable regulations to determine
whether informed consent is needed from the users before log
data can be collected and analyzed for research purposes.
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Figure 2. A fictional example of log data.

Data Preparation
Preparing the data before analysis is vital since, for the most
part, typical log data consist of tens of thousands records. Hence,
these records must first be filtered for the information that is
needed for the analysis (eg, Web addresses or the codes for
specific actions). Then this information needs to be translated
into new variables, such as the number of sessions and/or
activities per user, sequence of the activities, and/or time spent
per login. An example of how the raw data depicted in Figure
2 can be translated into data for analyses is shown in Figure 3.

In Figure 3, every row in the new data set represents one user.
The number of sessions is defined as a period of activity ended
by a period of at least 30 minutes of inactivity. In this example,
this definition has consequences for User 1, having 3 logins and
2 sessions. By counting the number of logins it would seem like
this user has a higher activity level then by counting the number
of sessions. It is possible that a user picks up the activities where
he left off when returning within 30 minutes after the last action.
Furthermore, no user actions were registered during the first
and the second login. Hence, counting the number of logins
(only) might give a distorted image on the amount of actual use
of the different elements of technology.

Second, a distinction was made in this example between visiting
a certain element of the technology and actually using it (eg,
opening, monitoring, and adding a value, or opening the mailbox
and sending a message). Thus, 2 out of the 3 users in this
example opened the function for monitoring, but only 1 actually
used this function by adding a value to the database.
Furthermore, 2 out of 3 users opened their mailboxes and sent
a message to a caregiver, where User 3 opened the mailbox
twice but sent a message only once.

These are only a few examples of the variables that can be
calculated from a raw log data set. Depending on the research
questions, new or other variables can be calculated as well.
When the question is how the usage in the first sessions
correlates to adherence, a distinction can be made between the
activities (eg, opening the mailbox and sending a message) in
the first, second, third, and further sessions. Also, variables can
be added regarding the adherence by a user (where an adherent
user is indicated with a “1” and a non-adherent user with a “0”),
whether the sent message has been answered (and within what
time period), the location of the user (where GPS coordinates
are given for every session), the emotional status of the user,
activity levels, or the time (in days or hours) between the
previous and the current sessions. By combining different data
sources, new variables do not have to contain, by definition,
information from the same data file.
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Figure 3. An example of data transformation, based on the data in Figure 2.

Data Analysis
Once the log datasets are prepared, the files are ready for
analysis. The first, and up to now, most commonly used method
is to describe the frequencies of use, including number of logins
or sessions per user, use of the different elements of the
technology, moment of use, and time spent on the technology.
Although more exposure to an eHealth technology does not
always lead to better health outcomes, this information might
still provide a starting point for further research. Next, pathway
analyses and predictive modeling provide deeper insights into
the usage patterns of individual users.

A pathway analysis can provide more information regarding
the different usage patterns that occur. In previous research, for
example, the usage patterns of adherers and early and late
non-adherers to the ”Living to the Full“ intervention were
compared [21]. A 1-way analyses of variance (ANOVA) and
chi-square tests showed that early non-adherers used fewer and
shorter sessions than late non-adherers and adherers. Early
non-adherers also used fewer sessions to complete a lesson.
Furthermore, late non-adherers had a shorter total duration of
sessions than the adherers. Logistic regression was used to assess
the baseline characteristics of adherers and non-adherers.

We have also analyzed usage patterns of first visits to the PHR
for patients with chronic conditions [23]. The results showed
that users followed the structure of the system. While these
analyses were conducted by hand on a subset of all users,
methods for Markov modeling can be more convenient for
analyzing the dominant path through the system of a more
extended group of users [28,29]. This methodology can be used,
for example, to analyze how people use the different elements
of a technology in terms of frequency and the order they select
to reach a certain goal [30].

More advanced and predictive information for pattern
recognition within complex data sets can be obtained by
applying machine-learning algorithms [31]. To do so, the
Waikato Environment for Knowledge Analysis (Weka) tool is
a relatively accessible and easy to use software package for
applying machine learning algorithms for data mining tasks
[32]. By using Weka, supervised learning, unsupervised
learning, and market-basket methods for analysis can be applied.
Supervised learning predicts adherence and effects from early
use patterns, which enables early intervention for users at risk
[31,33,34]. This method has the potential to answer research
questions concerning when users drop out and what the
predictors are for users dropping out or returning to the
application. Unsupervised learning determines what usage
profiles appear from the log data and if this data can be matched
to a certain group of participants [33,35]. This method has the
potential to answer research questions like ”What are the
characteristics of (non-)users, and who are the dropouts?“
Market-basket analysis allows researchers to ask what elements
of the technology are often used together [36]. Examples of
such analyses can be found in the domain of online shopping,
where customers get to see suggestions of products based on
the products they looked at.

Although it is difficult to make predictions based on the usage
data of relatively small groups of users (eg, in a RCT) and not
all research questions can be answered with this data, even these
analyses can provide valuable scientific and practical input for
future system improvements.

Discussion

Log data analyses can be used as part of the formative, as well
as the summative, evaluation of eHealth technology. As a
formative evaluation, log data can provide ongoing and real-time
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information on how to improve the technology and on the
process in which the technology is embedded. As part of the
summative evaluation, log data can provide explanations on the
uptake and the outcomes of the technology, which can be both
scientifically and practically valuable.

Scientific Translation
Log data analyses provide input for opening the black box of
eHealth. Log data analyses not only provide insight into the
effects of the single elements of a technology, but can also
stipulate essential information about the effects of combinations
of elements. In this way, log data can provide input to better
understand the results of experimental research designs, such
as RCTs or the multiphase optimization strategy (MOST) for
eHealth evaluation. In a MOST, potential effective elements
are selected for incorporation in an intervention (based on
existing theories and/or previous research) and tested in 3
subsequent phases (screening phase, refining phase, confirming
phase) [37]. Log data has the potential to validate the results of
a RCT or these different phases of the MOST. For example, did
the users actually find all the incorporated elements of the
technology and are these elements used in the intended way?
[24] And how does the use of the different elements correlate
to the found effects, and for whom? Based on such insights,
existing technologies can be improved and effective elements
can be identified and combined into new technologies. These
results are not always revealed through questionnaires,
interviews, or usability tests.

Another advantage of a log data analysis is that it can reveal
real-time insights into the user’s response to specific persuasive
triggers in different situations (eg, in terms of location, status
of the user), providing new possibilities for the timing of
persuasion [38]. Furthermore, several studies have demonstrated
that individuals respond differently to the same persuasive
strategies [39], indicating that personalization of a technology
(adapting a technology to individual users) might increase a
program’s persuasiveness and its long-term use and effectiveness
[40].

In the domain of eHealth, personalization is often limited to
adapting the content of the technology to a confined user profile
based on user characteristics like age, gender, and level of
education [41]. However, there is evidence that such
demographics (user profiles) do not predict engagement [42].
User profiles, such as early usage patterns for example, do
potentially predict whether or not an individual will maintain
long-term use of an application. For example, Freyne et al [25]
found that individuals’ use of specific elements of a technology
in the first week influences their use of that technology in the
second week. Based upon these results, more extended user
profiles can be created that take (early) usage behavior into
account, extending user profiles beyond a limited set of user
characteristics.

Log data analyses also allow a timely response to flaws in the
technology, a shorter evaluation cycle, and the development of
more transparent technology, as stressed in the ”agile science“
approach [7]. Until now, modifications of technologies have
often been made after an evaluation period. However,
technology use is not stagnant, rather it is dynamic and changing

over time, and statistics that fit this characteristic are required
[43]. With a real-time analysis of log data, adaptive interfaces
can be created that respond to individual (changes in) usage
patterns. The effects of these adaptive interfaces on the usage
can then be analyzed further and improved.

Log data can also be used to test the models and theories that
are incorporated in the technology in order to improve the
existing behavioral models. Patrick and colleagues made the
following comparison for this approach:

It could be argued that today’s current behavioral
theories are akin to the Farmer’s Almanac as they
are largely descriptive, past-oriented, and simplified
to a few elements. These models for understanding
behavior and behavior change provide largely “on
average” insights without the level of specification
and prediction that could occur in behavioral science
if the approach to communication, data, and iterative
evaluation of computationally complex, multilevel
models now common in meteorology could be
replicated. (p829) [31]

Log data has the potential to predict usage behavior and can
thus be of added value in the development of complex,
multilevel models for behavior change.

Furthermore, machine-learning algorithms can make predictions
regarding whether and when a user might dropout from using
the technology, making it possible to intervene in a timely
manner and increase adherence to the technology. However,
when focusing on research questions to assess adherence, it is
important to substantiate this term: when is a user considered
to be adherent? In research, assumptions are made about the
intended usage of a technology which are not well defined or
evidence-based [44-46]. As a result, it is hard to assess the
results of the analyses and compare those to the outcomes of
other, similar technologies. A definition of adherence does not
always have to be derived from the extent to which a technology
is completed (eg, a user is adherent when he/she completed 3
out of 4 lessons), but can also be extracted from other literature.
For example, Kaushal and Rhodes discovered that exercising
for at least 4 times a week for 6 weeks was the minimum activity
to establish an exercise habit [47]. This type of evidence can be
used for defining adherence to a technology, for example, a user
is adherent when at least 4 usage sessions per week can be
identified for a period of 6 weeks. In this example, mere login
data (eg, the more logins, the better the adherence is) does not
reveal adherence, but assigning a substantiated threshold value
does.

An advantage of log data is that it is always available and easy
to collect, without requiring any extra effort from the
participants. A common problem in (eHealth) research is that
participants often find it time consuming and labor intensive to
complete questionnaires at different time points or to participate
in an interview or focus group, resulting in dropouts from the
research study. However, this result does not necessarily mean
that the same participants who did not participate in the research
dropped out from using the technology. By using log data in
addition to questionnaires, researchers have more than one
method to collect data and are no longer dependent on having
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a majority of the participants complete questionnaires or
participate in interviews or focus groups.

However, there are important limitations for using log data in
eHealth evaluation. First, the results of the log data analyses do
not always indicate why certain usage patterns occur. It is
therefore important to use a mixed-methods approach to
combine the analyses with additional research via interviews,
usability tests, or other quantitative and qualitative research
methods. For example, the log data analysis from the ”Living
to the Full“ intervention showed that a fairly large group
dropped out during the 6th lesson. It was revealed by counselors
giving the course that this is indeed a hard lesson for participants
because of the focus on observing themselves and learning new
skills to accept suffering [21]. Additional research can provide
more precise insight into what users experience or why they
tend to drop out at certain points. Log data analysis focused on
such questions can provide researchers specific areas or user
groups to examine through future interviews, questionnaires,
or usability tests. The results of these evaluations can then be
used to improve the technology as well as to highlight the crucial
moments in the treatment protocols for blended therapy.
Furthermore, using log data in research might require an extra
effort from researchers, developers, database managers, etc. For
example, it takes time to develop a plan for data collection,
management, and analysis, as well as to incorporate the
possibility for data collection into the technology.

Practical Value
Besides the scientific value, the results of a log data analysis
can be of added value for eHealth developers and healthcare
providers. For example, the results of a pathway analysis and
the identified usage profiles can be used as input for adapting
and matching the system design to the users in order to make
the technology more persuasive. Information regarding the
elements that are often used together can also provide real-time

feedback and suggestions to the users, guiding their follow-up
actions in the system such as:

You have added a goal. Other users have added their
current weight as well. Click here to add your weight

Because log data analysis via (un)supervised learning can
provide information about users that might potentially drop out
from an intervention, on a practical level, healthcare providers
can then make use of this information to intervene and stimulate
these users to continue using the system. In addition, log data
can be used to show healthcare providers how their
responsiveness to client messages influences a client’s adherence
to the therapy. When composing protocols for (blended) care
via eHealth technologies, researchers can then take advantage
of the added value of log data analyses.

Until recently, technologies have often changed after an
evaluation period, but with a real-time analysis of log data,
adaptive interfaces can be created that respond to individual
users. The effects of the interface on the use of the technology
can then be directly identified, allowing a fast response to flaws
in the technology, a shorter evaluation cycle, and the
development of more transparent technology.

Conclusions
The analysis of log data can be of great value for scientists and
designers as well as caregivers and policy makers in their
research into the black box of eHealth technology. A deliberate
analysis of log data can provide insight into the usage of the
technology by all users as a group as well as by individual users,
helping to accelerate the persuasiveness and effectiveness of
eHealth technology. Furthermore, log data can be used to assess
the theories that underpin a technology. However, from the
collection of log data to translating the results into valuable
information, various steps need to be taken, each with their own
considerations. This paper serves as a starting point for using
log data analysis in eHealth research.
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Abstract

Background: The number of women participating in the labor market in Europe has increased over the last several decades.
At the same time, there is growing evidence that certain conditions of employment during pregnancy may have a negative influence
on pregnancy outcomes. In order to better inform pregnant women, we aim to develop an app to help assess the health risk as a
result of personal and work-related factors and provide personal advice for these women and their health care providers.

Objective: The aim of this study was to compose a thematic overview of the perceived facilitators and barriers according to
pregnant women, medical professionals, and employers for the use of a mobile app in obstetrical care to prevent occupational-related
pregnancy complications.

Methods: Two multidisciplinary focus group meetings with in total 14 participants were conducted with pregnant women,
occupational physicians, general practitioners, midwives, obstetricians, and representatives of trade unions and employer
organizations. Transcripts were analyzed by qualitatively coding procedures and constant comparative methods.

Results: We identified 24 potential facilitators and 12 potential barriers for the use of the app in 4 categories: content of the
app, the app as a mean to provide information, ease of use, and external factors. The 3 main facilitators identified were the need
for a good interaction between the app and the user, apps were viewed as a more practical source of information, and the information
should be understandable, according to the existing guidelines, and well-dosed. The 2 main barriers for use were extensive battery
and memory use of the smartphone and sending frequent push notifications.

Conclusions: The results of this study are important considerations in the developing process of a medical app implementing
a guideline or evidence-based information in practice.

(JMIR Res Protoc 2017;6(8):e163)   doi:10.2196/resprot.7224
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Introduction

Currently the employment rate among women aged 20 to 64
years is 64% in Europe [1]. Around 57% of women in the labor
force in the Netherlands are of childbearing age [2]. At the same
time, there is growing evidence that certain conditions in
employment during pregnancy may have a negative influence
on pregnancy outcomes. For instance, working long hours in a
day or working night shifts, physically demanding work, stress,
and chemical, pharmaceutical, or biological exposure can
potentially cause preterm birth, low birthweight, spontaneous
abortion, stillbirth, and fetal abnormalities [3-9].

Pregnant women are often unaware of potential work-related
risks to their pregnancy [10]. Estimations are that only 25% of
employed pregnant women receive adequate counseling on
work-related risks during their pregnancy [11]. Furthermore,
van Beukering et al [12] concluded in a literature study that
around 25% of pregnant women in the Netherlands come in
contact with above mentioned work-related risks.

If pregnant women would receive more information about
potential risks in their work situation, this could lead to better
work adjustments. In the Netherlands, occupational physicians
developed a guideline for healthy working conditions during
pregnancy and the postpartum period [13]. This guideline
provides clear advice on necessary adjustments to potential
harmful working conditions. With these work adjustments, a
healthy working environment can be created and prevent
negative pregnancy outcomes in certain cases.

Mobile health (mHealth) was defined by the World Health
Organization as the use of mobile devices (mobile phones,
patient monitoring devices, and personal digital assistants) for
medical and public health practice [14]. The benefits of mHealth
interventions include that they can be delivered anywhere at
any time and they provide opportunities for interactivity and
tailoring to specific groups [15]. Mobile apps and smartphones
are increasingly used in health care by both health care workers
and the general public. In 2015, about 94% of the population
in the age category of 25 to 45 years owned a smartphone with
Internet access in the Netherlands [16]. Although these data
were not specified by gender, it is likely that the use of
smartphones is comparable between men and women in this
age category. The promising research results of apps in health
care, combined with the fact that smartphones are widely used
by many women of childbearing age, gives smartphones the
potential to further improve maternity care as an addition to the
traditional health care system [17].

For pregnant women, several mHealth interventions or apps
were previously developed for the care of diabetes [18-21],
achieving less gestational weight gain [22-24], and support of
smoking cessation [25-27]. The effectiveness of these
interventions showed promising results, although most of these
studies did not show significant effects on health outcomes
mainly due to small sample sizes [18-23,25,27]. A recent large
study in the Netherlands, however, did show significant
improvement of nutrition and lifestyle due to an mHealth
platform in 603 pregnant women and 1275 couples
contemplating pregnancy [28].

Previous research has shown that the user satisfaction of an app
or mHealth intervention is high among active users, and most
are viewed as helpful, useful, and convenient [25,27,29-31].
However, continued use lagged behind and drop-out rates were
high [22,32,33]. For instance, in a large nationwide email-based
health promotion program for pregnant women in the
Netherlands, 45% ceased participating or never opened an email.
Only 16% opened all emails received and were considered very
active [32]. Therefore, it is important to evaluate potential
facilitators and barriers for the use of an app during the
development phase to achieve good and continued use of such
an app.

In order to better inform pregnant women, we wanted to develop
an app to help assess health risk as a result of personal and
work-related factors and provide personal advice for women
and their health care providers. In doing so we wished to create
awareness of work-related risks and empower pregnant women
to discuss necessary work adjustments with their supervisor and
potentially prevent negative pregnancy outcomes. To our
knowledge, there is no literature on the use of an app that
provides personal advice for pregnant women addressing
work-related risks and relevant work adjustments.

This study was the first phase of a 3-phase pilot study. After
this phase, the prototype of the app will be tested for usability
during a think-aloud study among pregnant women. The third
phase will consist of a powered study comparing the app as an
addition to standard care with standard care alone. These phases
are based on models for developing new tools as studied by
Elwyn et al [34] and Shorten et al [35].

The aim of this study was to compose a thematic overview of
the perceived facilitators and barriers by pregnant women,
professionals, and employers for the use of an app in obstetrical
care to reduce occupational-related pregnancy complications.

Methods

Overview
We performed qualitative research by conducting 2
multidisciplinary focus group meetings with a total of 14
participants. We decided to conduct multidisciplinary focus
groups to involve all the stakeholders and thereby evaluate a
variety of opinions of both the end-users and professionals. The
methods and results were reported according to the Consolidated
Criteria for Reporting Qualitative Research [36]. The ethics
board of the Academic Medical Center confirmed that the
Medical Research–Involved Human Subjects Act did not apply
to this study.

Participants
Participants were selected by purposive sampling of stakeholders
involved in occupational health and obstetrical care and
contacted by email and telephone. The inclusion criteria were
that the participants were either pregnant women, occupational
physicians, general practitioners, midwives, obstetricians, or
representatives of trade unions and employer organizations.
Participants who did not speak the Dutch language fluently were
excluded. In total, we invited 30 potential candidates, between
4 and 6 from each stakeholder category, to ensure an adequate
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number and variety of stakeholders in both focus groups.
Invitations were only declined because of previous engagements,
not because of unwillingness to participate.

Procedure
Two focus group meetings were conducted in 2015 to identify
potential facilitators and barriers for the use of an app for
pregnant women to prevent work-related risks during pregnancy.
Prior to the meeting, confidentiality was assured and the process
of the focus group was explained to the participants. All
participants signed an informed consent form. Both meetings
were audiotaped and fully transcribed afterwards. The focus
group meetings were both facilitated by FS (female,
occupational physician, senior researcher at a Dutch academic
medical center, experienced in facilitating focus group). MvB
(female, researcher on this project, occupational physician) and
SD (female, coordinator of the regional network of birth care)
took field notes. The duration of each meeting was planned for
2 hours; meetings were conducted in Dutch.

During the first part of the meeting, participants were briefly
introduced to the background and aims of the project. Next, the
participants were asked to respond to several questions about
their knowledge and experience with pregnancy and work. We
also asked about their knowledge of the Dutch guideline on
pregnancy and work [13] and about experiences with health
apps, mainly focused on lifestyle adjustments in general.

Subsequently, several examples of existing health apps were
presented, followed by a discussion based on 5 predetermined
statements (all questions, topics, and statements are shown in
Multimedia Appendix 1).

Data Analysis
The transcriptions of the focus groups were structured and
analyzed with MAXQDA (VERBI GmbH), a software program
to assist qualitative data analysis. For the analyses of focus
group transcripts, coding procedures and the constant
comparative method developed by Strauss [37] were used.

Coding was divided into 3 phases starting with open coding,
axial coding, and selective coding. This is a frequently used
inductive, bottom-up method for analyzing qualitative data
without a predetermined theoretical framework [38].

First, each of the 2 researchers (AV, MvB) started with an open
coding process by examining the transcripts of the focus groups
in order to assign a series of codes that were then grouped into
similar concepts [39]. To ensure consistency and intercoder
reliability, the 2 focus group transcripts were independently
coded by the 2 researchers. Discussions between the 2
researchers resulted in a consensus list of preliminary codes. In
case of discussion on the interpretation of the codes, a third
researcher (FS) was involved in the process. Second, according
to the axial coding process, recurrent themes within the
transcripts were selected, and text fragments were sorted
according to the thematic framework that appeared during the
axial coding process, divided in main and subcodes. All codes
were analyzed for influencing the use of the app, either in a
positive way by stimulating the usage of the app coded as a
facilitator or in a negative way coded as a barrier. Some citations
could be interpreted as both a facilitator and a barrier. Consensus
meetings between researchers led to the final categorization of
themes as described in the section below.

Results

Overview
Each focus group consisted of 7 participants. The basic
demographics of the participants are shown in Table 1. We
successfully achieved the aim that in both meetings all different
stakeholders were represented.

During the focus group meetings, the participants identified 24
potential facilitators and 12 potential barriers for the use of our
app which were classified into 4 main themes: content of the
app, the app as a means for providing information, ease of use,
and external factors of influence. The barriers and facilitators
in each main theme will be discussed below.

Table 1. Basic demographics (N=14).

n (%)Characteristics

Gender

2 (14)Male

12 (86)Female

Occupation

2 (14)Midwife

1 (7)Obstetrician

3 (21)Occupational physician

2 (14)General practitioner

2 (14)Employer

1 (7)Labor union

1 (7)Physician at unemployment insurance agency

2 (14)Pregnant woman

JMIR Res Protoc 2017 | vol. 6 | iss. 8 |e163 | p.202http://www.researchprotocols.org/2017/8/e163/
(page number not for citation purposes)

Velu et alJMIR RESEARCH PROTOCOLS

XSL•FO
RenderX

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


Theme 1: Content of the App

Overview
The facilitators and barriers regarding content of the app can
be divided in 2 subcategories: the content of provided
information and provided advice and the added value of the app
compared to existing apps. The 2 categories given most value
by the participants are the content of the provided information
and advice. Both categories can also be subdivided into personal
information and advice specified to the individual user based
on her previous responses about her work situation and a more
general information and advice which applies to every working
pregnant woman.

Content of the Provided Information and Advice
Participants agreed on the fact that facilitators related to general
information and advice content are keeping the advice clear and
simple and to mainly indicate the urgency or importance to
follow the advice instead of going into too many details and
background.

All information should be easily understandable for all users,
and the information and advice should be in line with the
existing guideline [13].

A second strong facilitator is the ability to provide specific
personal information and advice by using selective questions.
This way, it is possible to determine if the user is at risk for a
certain complication and synchronize the advice with the
gestational age.

You wanted a start question, how did you call it, a
selective question?...Do you work in one of the
following occupations, you should do that. [MB,
insurance physician, FG2]

You should actually be able to turn off information
that is irrelevant to you. I do not work with toxic
agents, so everything about that is irrelevant to me...I
tune out if there are, say, two pages about that. [MH,
employer and pregnant woman, FG1]

Informing the pregnant woman about the changes in her body
and the development of the fetus will improve her understanding
of the effects the pregnancy may have on her work situation
and vice versa. Possible adverse outcomes of the pregnancy are
also important to mention in the app. Women with high-risk
pregnancies could particularly benefit from specific and more
personalized advice for their situation.

A potential barrier is the risk of users interpreting the
information themselves without seeking further professional
advice. One participant pointed out that a risk profile based on
a questionnaire in the app cannot be compared with an actual
conversation between a physician and a pregnant woman
because the app only works with the input of the user herself.
This makes the reliability of personal advice difficult to interpret
and could become a barrier related to the content of the app.

Refer really fast to a gynecologist or midwife or
indeed the occupational physician. Otherwise you
will indeed risk that the pregnant woman herself will

interpret medical information or interpret risk factors.
[FM, occuptational physician, FG 1]

Added Value of the App Compared to Existing Apps
Participants considered it a facilitator if the new app had added
value with respect to other existing apps. Examples mentioned
in the focus groups to create added value were (1) develop an
app based on medical knowledge and guidelines, (2) cover the
preconception and postpartum periods in addition to the
pregnancy period, and (3) make the app noncommercial.

Theme 2: App as a Means for Providing Information
In this category, the focus groups reported mainly facilitators
in relation to the app, most importantly the practical aspects.
Moreover, apps were viewed as faster and easier in searching
for information and the information was available at every place
and every time.

Always at hand. Since that is the power of an app.
You always have it on you. You can consult it anytime.
[AR, labor union, FG 1]

The fact that pregnant women already receive a large amount
of information regarding their pregnancy can be interpreted
both as a facilitator and as a barrier for the app. One point of
view, as reported by the participants, is that the app is more
easily accessible than printed information and therefore a
facilitator for use. On the other hand, a few participants
mentioned that the app provides more information and there is
already enough information available.

Theme 3: Ease of Use

Overview
The facilitators and barriers for the ease of use of an app can
be divided into 3 subcategories: technical aspects of the app,
feedback and interaction between app and user, and reaching
the target users by the mode of delivering the information to
the user.

Technical Aspects
Participants described as facilitators the fact that games and
quizzes make an app more fun to use. Another important
facilitator for the use of the app was that it is only applicable
for a set period of time and you can delete it after 9 months
because apps that are not used frequently will be deleted,
according to our participants.

Potential barriers that should be kept in mind are that there are
numerous existing operating systems, apps that use a lot of
battery and memory are unpopular, and the information provided
should be readable on a smartphone.

What kind of apps do you delete? [FS, facilitator, FG
2]

[Apps that use] lots of memory, lots of power. Apps
that are very active, in that case your battery goes
down... [HB, general practitioner]

Feedback and Interaction Between App and User
Overall consensus was that interaction between the user and the
app strongly stimulates the use of an app. But the opinions on
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interaction also showed some inconsistencies between
participants, and sometimes in participants their opinions seemed
to vary. Several participants emphasized that messages about
the development of the fetus and changes in the female pregnant
body are informative and entertaining and facilitate the use of
the app. Also, reminders of specific personalized advice based
on an earlier risk analysis in the app were evaluated as helpful
and welcome.

On the other hand, every participant criticized push notifications
defined as frequent uncalled-for messages. One participant also
mentioned that these push notifications can be risky when users
have an adverse pregnancy outcome. Suggested solutions to
this issue were to offer the option to sign out of the app in case
of adverse pregnancy outcome or only show new general
notifications when the user opens the app itself.

I fully recognize that. Because I do not have an app,
but I do receive emails from an organization. And
then you see the changes in your body and of the baby
week by week, and say, and those of the baby. So in
that respect I think receiving it through an app is
useful. So you see the growth, and like, we are now
in week 34; this is happening with your child. And
you should adjust your health to your work et cetera.
So I believe that would be very good. [DD, pregnant
woman, FG 1]

But do you delete apps that for instance send very
many push notifications? [FS, facilitator, FG 1]

Yes, I always turn them off immediately. [CvW,
employer]

Those are very irritating. [MP, gynecologist]

Yes, those are very irritating. [AR, labor union]

Reaching Target Users by the Mode of Delivering the
Information
Three main facilitators were identified related to the mode of
delivering information: the content of the app must be
understandable, the information should be well-ordered, and
the information should be supplemented with illustrations, video
fragments, and icons to improve clarification.

If you reduce the text and do not use extensive
amounts of text and work with icons that already
helps. [CdG, pregnant woman, FG 2]

The comprehensiveness of the app was considered an important
facilitator and as such subject of long debate. Several
suggestions were given to achieve a comprehensive app on
pregnancy and work. For instance, participants felt that offering
the app in multiple languages (Dutch, English, Spanish, and
Polish were named as important; Moroccan and Turkish were
questioned if they were still necessary), using plain language,
and having a text-to-speech function can improve accessibility
of the app for all users.

Providing too much information was viewed as a barrier by the
participants, risking less usage of the app. Options to avoid this
barrier could be to create a hyperlink in the app for further
information and give users the option to read more if desired.

On the other hand, the app should not be needlessly complicated
with too many hyperlinks.

Theme 4: External Factors

Obstetrical Caregivers
Obstetrical caregivers such as gynecologists and midwives are
facilitators by supporting the app, according to the participants.
They work according to the occupational physician practice
guideline [13] and believe in screening for work-related risks
as part of the standard care. For it to become standard care, this
knowledge should be implemented in the education for
midwives. A second option could be to actively involve the
obstetrical caregivers or create an extra app for the caregivers
to use.

Employer, Supervisor, or Company
The employers can potentially be very strong facilitators for
the use of the app. Unfortunately the participants in the focus
groups mainly identified barriers for the app. The participants
thought that employers may have a negative prejudice about
work adjustments for pregnant women. Work adjustments can
be seen as more bothersome than sick leave, and the entire
organization, including colleagues, might not understand fully
the need for adjustments. Employers have little knowledge about
work-related risk factors for pregnant women, and many may
not see that it is in their own best interest to implement
well-timed work adjustment that could lower the risk of sick
leave. Therefore, they may not stimulate the use of the app.
Participants also pointed out that the app might cause a
disturbance in the relationship between a pregnant woman and
her employer. To prevent occupational conflicts, the advice in
the app should be formulated cautiously and should emphasize
stimulating a constructive dialogue.

Yes, I have experienced that myself, so to speak. That
I basically did not dare to step up to my employer,
when the last 2 weeks were quite heavy. I was aware
that I was entitled to extra breaks, et cetera, but
somehow I was afraid to speak up. So I do understand
the story you just told, that when an employee shows
up with solely an app, and the employer is not
informed that this situation might give some, well,
disruption, so to speak. [CvW, employer, FG 1]

A significant factor in preventing these barriers is informing
and involving the employers and organizations. If employers
see the usefulness of the app itself and the importance of
sustainable work during pregnancy, they may become more
involved as facilitators for the use of the app by their employees.

The fact that there is a large variety in type and size of
employers and companies is neither a facilitator nor a barrier
for the use of the app. A footnote was placed by some
participants that the app should be developed irrespective of
the willingness of employers to participate. It cannot be expected
that an app will change the entire culture of companies.

Government
One participant suggested that a television commercial from
the ministry of health might facilitate the use of the app.
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Table 2. Development of a mobile app: thematic overview of facilitators and barriers.

BarriersFacilitatorsTheme and subcategory

Theme 1: Content of the app

Content of the provided information and advice

Understandable information (general)

Information and advice according to the existing
guidelines (general)

Keeping advice clear and simple (general)

Reliable personal advice is difficult when the risk profile
is based only on a questionnaire (personal)

Showing only relevant and personal information to the
user (personal)

It’s important to provide some general advice to every
user; the app shouldn’t become too personal (personal)

Providing information on the changes in the pregnant
body and development of the baby to better understand
the impact on her work situation (personal)

Using a selective question to determine if the user is at
risk for a certain risk factor (personal)

Synchronizing the advice with the gestational age (per-
sonal)

Providing specific advice in case of adverse pregnancy
outcome (personal)

Added value compared to existing mobile apps

App should be based on medical knowledge and the
guideline

Cover the preconception and postpartum periods in ad-
dition to the pregnancy period

Make the app noncommercial

Theme 2: App as a means for providing information

Practical aspects

App is easier and faster for searching for information
and is always available

Pregnant women already receive a lot of information regarding their pregnancy

App provides even more information when there is al-
ready enough

App is more accessible than printed information

Theme 3: Ease of use

Technical aspects

There are several different operating systemGames and quizzes make the app more fun to use

Creating an app that uses a lot of battery and memory
of the smartphone

The app is only useful for 9 months and can be deleted
afterwards

Information should be readable in a smartphone; no pdf
documents

Feedback and interaction between app and user

Push notifications are unwantedProviding messages about the development of the fetus
and the pregnant body

Push notifications are risky in case of adverse pregnancy
outcomes

Providing reminder messages of specific and personal
advice based on earlier risk analyses

Reaching the target users by mode of delivering the information

Providing too much informationContent of the app should be understandable for every
user

Information should be well-ordered

Illustration, icons, and videos can provide clarification
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BarriersFacilitatorsTheme and subcategory

Offer the possibility of linking to more information if
desired

Theme 4: External factors

Obstetrical caregivers

Obstetrical caregivers support the app

Employer, supervisor, or company

Employers have little knowledge about work-related
risk factors for pregnant women and don’t see the benefit
for themselves

Employers are important for the app to succeed

Employers might have a negative prejudice about work
adjustments for pregnant women

App can cause disturbance

Government

A television commercial might stimulate the app

Discussion

Principal Findings
In this study we aimed to compose a thematic overview of the
perceived facilitators and barriers for pregnant women,
professionals, and employers for the use of a mobile app in
obstetrical care to prevent occupational-related pregnancy
complications.

We identified 24 facilitators and 12 barriers within 4 categorical
themes, of which we identified 3 main facilitators and 2 main
barriers to the successful implementation of our app in
obstetrical care to reduce occupational-related pregnancy
complications. The most important facilitator, in the opinion of
our participants, is the need for good interaction between the
app and the user to make the app personal to the user. The
second facilitator is the fact that apps are viewed as a more
practical source of information compared to traditional printed
information. The third main facilitator is that the information
should be understandable, according to the existing guidelines,
and well-dosed. Additional information should be hyperlinked.

As barriers, several technical aspects may have negative
influences on the use of the app according to our participants.
Extensive battery and memory use of the smartphone are
considered barriers. The second important barrier mentioned
by the participants was sending frequent push notifications.

Comparison With Prior Work
Previous qualitative health studies on mHealth and eHealth in
obstetrical health care mainly investigated (personalized) text
messages [27,40-42] or Internet-based programs [35,43]. Most
of our findings are comparable to these studies, especially the
interactive and personalized aspects; our participants emphasize
that a personalized tool which provides only relevant and
specific information for the user is a very strong facilitator for
the use of the tool [35,40-43]. Tripp et al [17] also showed that
apps with interaction between the app and the user were shown
to be the most popular kind of apps in obstetrical care.
Furthermore, findings from the qualitative research of Naughton

et al [27] on attitudes toward text message smoking cessation
support suggests that maximizing personalization and personal
relevance can increase the value of text message support and
reduce the risk of disengagement.

Since the main purpose of our app is to provide detailed
information and advice on work adjustments in certain specific
work-related risks in pregnancy, the personal and interactive
aspects of the app could be of strong positive influence for our
app.

The fact that apps are viewed as faster and easier in searching
for information and the information is always available at every
place and every time has been pointed out in previous research
as well [41,44].

Feedback from the app to the user is a complex outcome in our
results since it can potentially be a strong facilitator; however,
there exists a delicate balance between important stimulating
reminders of advice and frequent uncalled-for push notifications,
which can be experienced as a barrier. This delicate balance has
also been recognized in previous studies. Two studies reported
that text messages could stimulate positive behavioral changes
[40,42], and one study reported that even more frequent
messages would be appreciated [30]. On the other hand, our
participants expressed frequent messages as a point of concern.
These concerns are in line with the results in the study by
Dennison et al [44]. Reminders of advice are well accepted and
considered useful, which is also supported by other studies
[30,40,42,44]. The mixed method qualitative study of
Knight-Agarwall [30] showed participants using an app to
monitor gestational weight gain wanted pop-up messages as a
reminder to undertake certain activities [30].

Strengths and Limitations
A strength of our study is the proper qualitative health method
we used for the focus group meetings and the analysis of the
data. Furthermore, both focus group meetings were facilitated
by the same experienced facilitator. Both meetings were
audiotaped and fully transcribed and were independently coded
by 2 researchers, resulting in negligible intercoder variance. In
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case of discussion on the interpretation of the codes, a third
researcher was involved in the process.

Other strengths of our study are that in both focus group
meetings all different stakeholders were represented, which
created the aimed interaction between stakeholders. Such group
dynamic and diversity stimulated a broad view on the topics
discussed and did not prevent reaching consensus on important
issues [45].

In line with previous literature on qualitative health research,
our number of participants is considered sufficient [46]. Besides
the sufficient number of participants, the results in both meetings
were comparable and we therefore believe we have achieved
data saturation.

A disadvantage of conducting focus group meetings with
different stakeholders together may be reluctance to be
completely honest because of possible hierarchy between the
different participants. Therefore, this method might lead to
potential loss of important information. The fact that in our
study we chose to mix professionals and pregnant women could

be considered a limitation to our study. Since the discussed
subject in our study, the development of an app, is not a delicate
matter and is in the best interest of all the participants, we
decided that this risk was small and therefore acceptable. The
active participation of all participants during the meetings also
indicated no reluctance of participants to share their opinions
and experiences.

Conclusion
We have identified clear facilitators and barriers for the use of
an app in obstetrical care. The correct content and dosage of
interaction with the end user is a complex aspect to consider in
the development of an app. These outcomes will contribute to
the further developmental phases of an app. The results of this
study are especially of interest to medical professionals in
several areas who aim to develop an app implementing a
guideline or evidence-based information in practice.

In future research we aim to evaluate the usability of the app in
a think-aloud study among pregnant women. Subsequently we
aim to evaluate the effectiveness of the app in a controlled trial.
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Abstract

Background: Involving youth in the development of a mobile game designed to increase physical activity may increase relevancy
and adoption.

Objective: To share the development process used to create a gaming app aimed at incentivizing physical activity in high school
students.

Methods: Five focus groups were conducted with high school students (N=50) to understand gaming behaviors. A subset of
students from the focus groups chose to complete a Web-based survey (N=10). Four different versions of gaming artwork and
concept design based on student input were pilot tested (N=35), and group consensus building determined the direction of the
game. The 4 game versions differed in their artwork style and gaming concept with some requiring competition versus cooperation,
or being more individual versus team based. Group consensus building meant that all artwork and game concept options were
displayed at the front of a classroom. Students could then vote for their top artwork and concept choices by putting stickers on
the top 1 or 2 artwork and concept options that they liked best. Once all votes were cast, investigators discussed the voting results
with students, and brainstormed ways to incorporate popular aspects of the 3 “losing” artwork and game concepts into the winning
ideas.

Results: Focus group transcripts were analyzed for common themes. Artwork and gaming concept-voting data was tallied at
the time of voting to share with students in real time. Focus groups and survey results revealed important themes for a successful
gaming app: (1) competition, (2) balanced in-game rewards, (3) accessibility, and (4) aesthetic features. Consensus voting indicated
the popularity of a collaborative competitive content design (35/66, 53%) and playful art (27/71, 38%).

Conclusions: To ensure saliency and effectiveness of game-based physical activity interventions, youth need to be included in
design and implementation. Furthermore, the unique preferences and social constructs of high school students need to be considered
during intervention development.

(JMIR Res Protoc 2017;6(8):e161)   doi:10.2196/resprot.8113

KEYWORDS

adolescents; qualitative research; mHealth; physical activity

Introduction

Among American adolescents there continues to be high rates
of those who are overweight and obese. This is a concern for
health practitioners. According to the Centers for Disease

Control and Prevention (CDC), 34.5% of youth age 12 to 19
years old were overweight or obese in 2011 to 2012 [1].
Addressing the current prevalence of overweight/obesity in
adolescents is paramount as excess weight in adolescence often
translates to excess weight in adulthood [2]. The positive effects
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of physical activity on health outcomes, learning outcomes, and
social outcomes have been elucidated in a variety of previous
research studies [3]. However, physical activity declines steeply
from childhood to adolescence, with 27.1% of high school
students nationally meeting the CDC guideline of 60 minutes
of moderate/vigorous physical activity (MVPA) per day in 2013
[4]. In one recent study, adolescents only obtained an average
of 39.4 minutes of MVPA per day [5].

Previous research has indicated that not having enough time
and wanting to do other things are two of the most common
barriers to physical activity for high school students [6].
Monetary incentives may be very effective at encouraging
physical activity in both college and elementary school students
as well as adults, and therefore help address the time and
attention barrier to physical activity cited by adolescents [7-9].
Very few interventions have examined how to increase physical
activity school wide for high school students, or ways that the
behavioral theories behind incentives can be leveraged without
the use of monetary incentives. Incentives inherent in a mobile
game may be a feasible way to encourage high school students
to be more active, and incur the positive benefits of physical
activity on health, academic, and social outcomes. Using a
gamification model where real-world physical activity translates
into immediate “rewards” in a mobile game may successfully
incentivize physical activity in high school students. Because
games involve accumulating points, moving up levels, or
leaderboard social recognition, they inherently provide an
incentive to continue doing whatever activity results in more
points, more progress, or more prowess [10]. As many high
school students are familiar with and enjoy games on either
their mobile devices, tablets, or gaming systems, using a gaming
context to promote physical activity may be novel,
age-appropriate, and widely scalable. The objective of this paper
was to provide an overview of the development process used
to design a gaming app that incentivized real-world physical
activity with in-game rewards.

Methods

Recruitment and Sample
To design a physical activity gamification program for diverse
adolescents; partnering with youth in the design and
implementation of the program is necessary to ensure relevancy
and program ownership. Youth Participatory Action Research
(YPAR) is a methodology in which youth are recruited as
research partners to collaboratively assess the needs/assets of
their community, inform program design and implementation,
as well as assist in analysis and dissemination activities [11].
To this end, YPAR served as an overarching theoretical and
methodological framework for our program design and

evaluation. The overall objectives of the surveys and focus
groups conducted were to: (1) understand the current gaming
behaviors and attitudes of the target population, (2) solicit input
on barriers and facilitators of their physical activity patterns,
and (3) gauge interest and feasibility in integrating physical
activity into a Web-based gaming app.

Sophomore and junior students from 5 teacher advisory periods
were recruited to participate in focus groups and surveys in a
diverse high school in the Northeast (482/1006, 47.91%
free/reduced lunch; 362/1006, 35.98% non-White; 181/1006,
17.99% English language learners). A letter was sent home to
parents where they could opt out of having their student
participate in the study. Students also provided verbal consent
to participate in focus groups, and had the option to decline to
participate. The University of Vermont’s Committee on Human
Research in the Behavioral and Social Sciences approved the
study. A total of 5 focus groups were conducted with sophomore
and junior students during the fall of 2015 (N=50) to understand
gaming behaviors and preferences. School staff and researchers
decided on 5 focus groups, as it was thought that 5 groups would
allow for ample exposure to students’ varying ideas and
perspectives without disrupting the normal school schedule.
Focus groups were conducted during the 30-minute teacher
advisory period that sophomores and juniors attend daily. The
focus groups were led by one of the researchers and the game
designer, while a second researcher took notes and recorded
responses. Each focus group followed the same script of
questions, while also allowing follow-up on new ideas raised
by each particular group. The focus groups averaged 10 students
each. At the conclusion of the focus groups, all participating
students were emailed a 10-question survey that contained
similar questions to the focus groups. This survey addressed
the types of games and physical activity that students engaged
in at school and at home, and was developed specifically for
the study. It was thought that students who may have been too
shy to speak up during the focus groups could use the survey
as a chance to share their thoughts. A subset of 10 students filled
out the parallel qualitative survey.

After the initial focus groups, the research and game design
team incorporated student input, theory, and best practices from
the gaming and behavioral economics fields to design 4 game
content schemas and 4 artwork styles for the students to vote
on separately using consensus voting techniques. During the
spring of 2016, a total of 35 students from the original 5 teacher
advisory periods were assembled to vote on artwork and content
gaming schema. Each student was given 4 colored stickers, 2
to place on their favorite artwork panels and 2 to place on their
favorite content gaming schemas [12]. Both the artwork and
content gaming schema had 4 different options for the students
to choose from (see Figure 1).
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Figure 1. Game art and concept options with student votes.

Game concepts were developed based on previous research on
game design and behavioral economics. Each concept was
designed to capitalize on principles in basic psychology known
to increase motivation, including reinforcement, challenge,
cooperation, competition, identity, and surprise [13]. The game
concepts were also designed to provide intermittent
reinforcement, an incentive strategy known to help guard against
behavior extinction [9,14]. Finally, the game concepts were
designed to leverage behavioral economic theory by appealing
to decision-making heuristics like loss aversion (the tendency
to avoid experiencing losses) and the endowment effect (the
higher value assessment of things you own vs things you do not
own) that humans subconsciously use frequently [10]. Although
all 4 game concepts emphasized various gaming engagement
techniques, they each incorporated a variety of motivational
elements, and differed mostly in the scenario and mechanics
proposed. At the conclusion of the voting, researchers discussed
the results with the students, and gathered information on
elements of each style that students liked.

Analysis
Focus groups were audio recorded and transcribed. Based on
theory, previous research, the focus group protocol, and the use
of key words in context (eg, the use of in vivo coding) a
codebook was developed to identify salient themes. Transcripts
were analyzed using this codebook. We followed a coding
schema developed by Saldaña [15] in which first cycle codes,
including descriptive codes that were used to identify the basic
topic of a passage as well as process codes that refer to
conceptual action in the data, such as game aesthetics, were
applied followed by second cycle codes, or pattern codes, to
understand relationships among codes. Transcriptions were
coded based on thematic analysis to uncover consistent and
major trends as they related to gaming and physical activity

attitudes and behavior [16]. Results from the 10 qualitative
survey responses were analyzed using the codebook generated
from the focus group analysis. Voting was tallied across the
artwork and gaming content to determine the majority vote.

Results

Qualitative Results
Focus groups and survey results with youth revealed several
themes important for game design: (1) competition, (2) balanced
in-game rewards, (3) accessibility, and (4) aesthetic features.
Textbox 1 illustrates the major themes from the focus group
and survey results aligned with salient quotes to further illustrate
youth voice.

Youth described the importance of having an element of
competition, particularly a competition with friends or within
the school community incorporated into the game design.
Additionally, to ensure fairness within the game, youth described
various game design features to ensure “balanced in-game
rewards” to motivate and reward students who were not as
physically active as others. Finally, youth described the
importance of accessibility, both technologic and content
accessibility, to encourage multiple segments of their
demographic to play and continue playing a game. Students
also mentioned the importance of “cool graphics” and other
aesthetics, specifically cited as critical when trying to encourage
someone to play a new game.

Consensus Voting
Consensus voting of students indicated the popularity of a
collaborative competitive content design was 53% (35/66) and
playful art was 38% (27/71), compared with the other content
and art design options presented.
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Textbox 1. Results and salient quotes from the focus groups related to gaming content and design.

Focus group themes: game design

1. Competitions:

• “Like a school wide capture the flag...”

• “If you can create a game that somehow tracks your steps or activity and then you can compete with that and it can motivate”

2. Balanced in-game rewards:

• “Progress to be a part of a competition so people don’t get discouraged”

• “There are a lot of games where points can earn you special cash where you can buy special things with and like if you run more you could
get special cash”

3. Accessibility:

• “Any free app that you can get access to that was simple and obnoxious...”

• “Compatibility with a lot of difference devices”

• “You have to have something that is really accessible to all, like you could have someone that has been sedentary their entire life and then
you could have someone like the captain of the varsity track team and they are in the same school and competing in the same game you are
making so you have to have something that...it should probably be targeted to kids who don’t do anything...rewarding progress”

4. Aesthetic features:

• “If it has a nice looking icon and the name sounds like a real app and not some that is fake or suspicious”

• “I always think it’s really cool when you can customize because like there are games that you do what they design and there are games that
you can customize to how you like it which is pretty awesome”

Discussion

Importance of Youth Engagement in Intervention
Design
To ensure that mHealth and eHealth technologies are effective
and resonate with the target population, efforts to incorporate
the perspectives, attitudes, and ideas of the target demographic
should be solicited and embedded within mobile technologies
to improve health. Explicitly incorporating youth voice in the
design and construction of eHealth and mHealth interventions
is a nascent applied research area [17,18]. Although there are
many health and fitness apps available, very few capitalize on
effective gaming strategies and behavioral theory [19]. The
development process of the current game was designed to use
established mixed-methods research, and determine which
gaming and health promotion elements were most appealing to
an adolescent population, an area of research that has not been
widely explored previously. The successful artwork and game
concept themes identified are familiar to game designers [19],
but not commonly incorporated into physical activity promotion
interventions for adolescents, which are themselves sparse and
largely consist of curriculum development [20]. Our formative
research indicates that gamification is of great interest to
adolescents and could be used to add the important element of
“fun” to behavior-change interventions. If an intervention is
more pleasurable to engage with, it is much more likely that it
can be effective in the long-term.

Engaging our target demographic population resulted in
important directions for game design, artwork, and integration
of physical activity into the game interface. Youth described
the importance of aesthetics and accessibility that would

encourage them to begin playing a new game, and then provided
concrete examples of game design features that would keep
them actively engaged and motivated in a physical
activity–integrated gamification interface. The 4 themes that
emerged from our focus group work helped drive intervention
development in ways that were both predictable and more
unexpected. For example, the research team was not surprised
that competition, rewards, accessibility, and aesthetic features
were the predominant themes to emerge from the focus groups.
However, the specific manifestations of certain thematic
elements suggested by the target audience were often innovative
or surprising. The research team believed that an edgy, abstract
style was the most attractive artwork style, yet youth
overwhelmingly voted for the playful artwork style, illustrating
the importance of gathering youth feedback on all aspects of
intervention development. Furthermore, youth really wanted to
be rewarded for not just goal achievement, but improvement
and progress toward goal achievement. Research in business
and health has indicated that rewarding progress is a very
effective way to keep people on track with their goals, as small
rewards for improvement or progress prevent discouragement
and motivate continued behavior completion [21,22]. Therefore,
it was very interesting that the adolescents could identify
progress-based incentives as an important aspect of any game.

In addition to wanting to be rewarded for progress, multiple
students also suggested a “capture the flag” style game play
design, something that the research team may not have given
much thought to without youth involvement. The interest in
integrating team-based competition into a game concept may
reflect the dominant nature of the social-emotional reward style
in adolescents. More so than adults or children, neuroscience
research indicates that adolescents’ neural reward system
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responds to social stimuli [23,24]. The social nature of a
team-based competitive game where adolescents collaborate
with friends or classmates to work toward a common goal may
be particularly appealing. It has also been shown that during
adolescence there is a shift from self-oriented behavior to more
prosocial behavior, which further illuminates why a competitive
team-based gaming concept would be popular [24]. This shift
to more prosocial decision-making and ability to take the
perspective of another person may partly explain why
accessibility and fairness were important gaming concepts for
focus group participants. Adolescents wanted peers of all fitness
levels to be able to succeed in the game and they also wanted
rewards for progress, indicating the importance of allowing
even nonathletes to succeed in a physical activity–oriented
game. Additionally, adolescents are known to be risk takers
with their decision-making [23-25]. This preference for risk
may result in wanting to play a game where you’re part of a
team and there is social pressure to perform a certain behavior
so that your team wins.

The mixed-methods structure of the proposed intervention is
novel and timely. Mixed-methods research helps provide a more
tailored and efficacious intervention, as well as a more complete

picture of how intervention outcomes arise. The YPAR method
gives the intervention the best chance of success by involving
future participants in the development of an engaging, relevant,
and appropriate intervention. The YPAR method also allowed
us to cultivate intervention champions organically. By involving
students throughout the game development year, we began the
process of building excitement for the gaming intervention and
buy-in to the app.

Strengths and Limitations
This study had several strengths. First, this study included
gathering feedback from a diverse group of adolescents at a
public high school. Secondly, the multiple modalities used to
collect input and feedback also greatly enhanced the study by
allowing students to express their opinions in a variety of ways.
Finally, the ability of our game design team to talk gaming
specifics with the adolescents, and our research team to
systematically collect qualitative data both increased the
usefulness and rigor of our results. Limitations of the study
include the rather small sample size, and the inclusion of only
sophomores and juniors. Future work could examine differences
in using YPAR methodology in larger samples and age ranges.
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Abstract

Background: Dramatic hemodynamic changes occur upon removal of an arteriovenous malformation of the brain (bAVM)
with a number of potentially serious perioperative complications, such as intracranial hemorrhage and venous occlusive hypertensive
syndrome. As these complications largely occur in the postoperative inpatient period, a rapid, repeatable noninvasive investigation
to serially monitor relevant intracranial hemodynamics may be of benefit. Though, transcranial Doppler (TCD) and transcranial
color duplex (TCCD) are techniques used and available to provide hemodynamic measurements postoperatively, the time course
of hemodynamic sequences following bAVM resection remains uncertain.

Objective: This is a prospective, case control pilot study conducted in participants having elective bAVM resection surgery.

Methods: Each participant will undergo a preoperative color duplex ultrasound (CDU) of the bilateral extracranial carotid
arteries, a CDU of the circle of Willis including the bAVM vessels, and a central aortic pressure measurement, repeated daily,
postoperatively, for a 2-week period.

Results: Patient accrual has commenced with anticipation of first results in 2018.

Conclusions: This protocol aims to strengthen the work of previous authors by providing documentation of the time course of
hemodynamic changes following bAVM resection. The protocol is designed to determine whether noninvasive technology,
including CDU imaging of the extracranial carotid and intracranial arteries in the form of TCCD along with central aortic pressure
measurements, can determine whether there are any hemodynamically significant prognostic markers that may provide insight
into the process of vessel remodeling, including insight into venous changes following bAVM resection.

(JMIR Res Protoc 2017;6(8):e173)   doi:10.2196/resprot.7991

KEYWORDS

brain; transcranial; arteriovenous malformation; color duplex; hemodynamics; pressure

Introduction

Dramatic hemodynamic changes occur upon removal of an
arteriovenous malformation of the brain (bAVM) [1-9]. Before

the vasculature returns to normal, the velocity in the former
large arteries and veins is markedly reduced concurrent with an
elevation of arterial pressure, which is associated with a number
of potentially serious postoperative complications, such as
arterial-capillary-venous hypertensive (ACVH) syndromes
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including hemorrhage, edema and vasospasm [10]. In our
institution, by rigorously controlling blood pressure,
postoperative hemorrhage has reduced from 4.4% to 1% [11].

Accordingly, as these complications largely occur in the
postoperative inpatient period, a rapid, repeatable noninvasive
investigation to serially monitor relevant intracranial
hemodynamics may be of clinical and prognostic benefit.

Transcranial Doppler (TCD) and transcranial color duplex
(TCCD) studies of cerebral arteriovenous malformations
(bAVM) have established that the feeding arteries exhibit a
high-velocity and low-pulsatility flow preoperatively, followed
by a postoperative decrease in velocity and increase in pulsatility
of the feeding arteries [2,12-21]. A recent systematic review
indicated that the time course of hemodynamic sequences
remains uncertain; the existing conclusions were of limited
clinical value due to variations in pathology, methodology, and
timing of measurements during the postoperative period, and
that few studies (n=2) have used CDU applied transcranially
(TCCD) to evaluate postoperative hemodynamic changes. The
review also identified that the venous aspect of bAVMs using
transcranial ultrasound remains largely unchartered, possibly
due to technical limitations, and, to our knowledge, no study to
date has used TCCD to assess both the venous components of
a bAVM postoperatively using TCCD.

Proponents of TCCD suggest that in contrast to TCD, TCCD
purportedly offers a higher degree of accuracy and
reproducibility of velocity measurements enhanced by the ability
to visually control sample volume placement [22,23], which
can be problematic on TCD given that vessels change waveform
characteristics following bAVM resection, making repeated
measurements difficult and unreliable. Qualitative advantages
of TCCD also include enhanced differentiation between feeding
arteries and draining veins in patients with bAVM [23,24].

Further insight into the complex hemodynamics involved in
bAVM patients is desirable, especially if it can be derived
noninvasively.

Methods

Study Design
This is a prospective, case control pilot study conducted in
participants having elective bAVM resection surgery. Each
participant will undergo a preoperative CDU of the bilateral
extracranial carotid arteries, a TCCD of the circle of Willis,
including the bAVM vessels and a concurrent central aortic
pressure measurement. This examination will be repeated daily
for a 2- week period postoperatively or as long as the patient
remains hospitalized between 2 PM and 4 PM to reduce diurnal
variations. This protocol sequence will be referred to as the
“noninvasive protocol.”

The primary outcome measure is to use TCCD and central aortic
pressure measurements to establish the time course of
hemodynamic changes following bAVM resection, and to
determine whether there are any hemodynamically significant
prognostic markers that may provide insight into the process of
vessel remodeling.

The secondary outcome measure is to determine whether TCCD
can provide insight into venous changes following bAVM
resection.

Macquarie University Human Research Ethics Committee
approved this study (Medical Sciences; reference: 5201400098).

Participants
Eligibility criteria includes adults (>18 years) with willingness
and cognitive ability to provide written and informed consent:
a control group of healthy participants, a cohort of participants
undergoing elective surgical resection with bAVM, and a cohort
of participants undergoing elective craniotomies for tumor
resection or cerebral aneurysm surgery.

Participants with a history of a psychological illness or other
conditions, which may interfere with their ability to understand
the study requirements, will be excluded. Participants expressing
anxiety or unwillingness following initial consent will be further
excluded. For the healthy volunteer cohort, pregnant women
and individuals taking medication or hormonal treatment will
be excluded.

Control Group
Participants (n=20) will undergo a CDU assessment of the
extracranial carotid arteries and TCCD of the circle of Willis
in accordance to the protocol. The participants will be comprised
of healthy volunteers recruited from research, hospital, and
clinic staff at Macquarie University Hospital, and relatives. The
examination will be conducted once by a dedicated vascular
research sonographer (KB), and then repeated 24 hours later
under the same conditions for the purpose of calculating
intraobserver measurement reproducibility. The control group
will be selected to represent a distribution of ages and sexes.

Arteriovenous Malformation of the Brain Group
The bAVM group includes participants undergoing elective
surgical resection of a bAVM. Participants will be recruited
from the Department of Neurosurgery, Faculty of Medicine and
Health Sciences, Macquarie University. Participants will be
enrolled into the study following computed tomography
confirmation of an operable bAVM. After the informed consent
process has been completed, study participants will receive a
study enrollment number and this will be recorded on all study
documents.

The participants will undergo the noninvasive protocol by the
research sonographer (KB). There will be no change in the
participants’ routine pre- or postoperative care. Routine digital
subtraction angiography will be used to correlate TCCD
findings.

Non–Arteriovenous Malformation of the Brain Group
The non-bAVM group includes participants undergoing elective
intracranial aneurysm or tumor surgery. Participants will be
recruited from the Department of Neurosurgery, Faculty of
Medicine and Health Sciences, Macquarie University.
Participants will be recruited to establish whether there exists
a significant variance in hemodynamic measurements between
the bAVM and non-bAVM group. By contrasting the 2 groups,
it may assist in identifying hemodynamic changes of vessel
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remodeling in bAVM participants as the hemodynamic changes
in the non-bAVM group are anticipated to be less dramatic.

The participants will undergo the noninvasive protocol by the
vascular research sonographer (KB). Although the noninvasive
protocol will be adhered to, data measurements obtained in this
group may be for a shorter duration postoperatively, according
to varied patient recovery and earlier hospital discharge rates.

Imaging Protocol
The control and study participants will be positioned supine,
with the head elevated to approximately 30°, typifying the
position of postoperative bAVM patients in the intensive care
unit.

The imaging component of the noninvasive protocol includes:
(1) full CDU assessment of the extracranial carotid and vertebral
arteries, and (2) TCCD assessment of the circle of Willis and
cerebral veins, where possible.

Carotid and Vertebral Color Duplex Ultrasound
Measurements
The core vascular research sonographer (KB) at Macquarie
University Hospital will perform CDU measurements of the
carotid and vertebral arteries using a Philips IU22 system and
a 9-2 MHz linear transducer. Peak systolic and end diastolic
velocity measurements of the distal common carotid, proximal
external carotid artery, proximal and distal extracranial internal
carotid, and the vertebral artery will be recorded.

In the presence of atherosclerotic disease, maximal peak systolic
and end diastolic velocities will be recorded at appropriate
locations with stenoses graded accordingly to published
diagnostic criteria.

In the absence of carotid disease, peak systolic velocity
measurements will be obtained at reproducible locations by
convention. Velocity measurements will be obtained by placing
the sample volume cursor center stream, parallel to the lumen,
and using an angle of 60° for reproducibility of measurements.

Transcranial Color Duplex Measurements
The vascular research sonographer unit at Macquarie University
Hospital will perform TCCD measurements using a Philips
IU22, 5-1 MHz phased array transducer.

Although the American Society of Neuroimaging Practice
Guidelines recommendation advocates assessing the entire circle
of Willis, our protocol will assess the middle cerebral artery,
anterior cerebral artery, internal carotid artery, and posterior
cerebral artery using a transtemporal approach bilaterally. The
site of maximal velocity will be recorded. The imaging protocol
is based on our experience, whereby following bAVM surgery
the evaluation of the entire circle of Willis using windows other
than the transtemporal approach is impractical due to lowered
patient tolerance levels and imposed restrictions of patient head
movement in the intensive care unit.

Attempts to measure cerebral veins will be recorded and
repeated using the visual reproducibility capability of TCCD.
Normal reference values will be obtained by published criteria
obtained from the literature and our control group.

Noninvasive Central Aortic Blood Pressure
Measurements
The Uscom BP PLUS device derives central pressure
measurements that correlate closely with those obtained
invasively from a catheter.

This noninvasive blood pressure device estimates the central
pressures from brachial cuff pressure fluctuations, using
oscillometry to determine brachial systolic and diastolic
pressures during deflation of the cuff. A second inflation, holds
cuff pressure approximately 30 mm Hg above the brachial
systolic pressure (ie, suprasystolic measurement) for
approximately 10 seconds. The intra-arterial pressures in the
brachial artery at the cuff measurement site then estimate the
aortic pressure using a physics-based model of the left
subclavian-to-brachial branch.

This device will be used for the noninvasive protocol at the
conclusion of the imaging studies, to obtain a noninvasive
pressure measurement otherwise derived from invasive
catheterization.

Statistical Analysis

Inter- and Intraobserver Reliability
A Kappa weighted test will be performed on the 20 control
participants to determine intraobserver agreement of
measurements by comparing CDU of the carotid arteries and
TCCD measurements of the circle of Willis 24 hours apart under
the same conditions by the core vascular research sonographer.
Intraoberserver reliability will be calculated.

Arteriovenous Malformation of the Brain and
Non–Arteriovenous Malformation of the Brain Groups
Daily velocity and pulsatility measurements will be entered for
each sampled vessel and plotted onto an excel spreadsheet
against simultaneous daily pressure measurements. Appropriate
statistical analysis will be performed according to perceived
trends.

Results

This pilot study is in progress. The data collection has
commenced and the findings are planned to be completed in
2018. The results will be submitted to a leading journal for
publication.

Discussion

Rationale for Daily Noninvasive Monitoring Following
Arteriovenous Malformation Resection
Given the intensive hemodynamic changes that occur following
resection or embolization of a bAVM, there is a requirement
for stringent blood pressure monitoring and an extended stay
in the intensive care unit given the propensity for ACVH
complications including edema and hemorrhage [10,11]. Despite
progressive advancement in diagnostic armamentarium for
hemodynamic measurements, the precise mechanisms for
postoperative bAVM hemorrhagic complications remain
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controversial [2-9,11]. In 1980, prior to TCD and TCCD, using
pulsed echo Doppler flowmeters, Nornes and Grip commented:

Blood flow in veins has not received the attention it
deserves in relation to disease in man. The dynamics
of a bAVM involve venous factors of considerable
significance. A bAVM hemorrhage is in principle a
venous bleed caused by the increased pressure
transmitted through the shunt. The arterial pulses are
mediated through the shunt to the venous side. The
mean velocity is at the level normally found in
cerebral arteries during operations for other diseases,
and considerably above what we consider normal
intravenous velocities (unpublished data). [25]

Since 1986, numerous TCD and later (1990) TCCD have studied
bAVM hemodynamics post intervention [2,12-17,19-21,26],
yet the temporal hemodynamic course following bAVM
resection remains uncertain. This is due to variations in
pathology, methodology, and timing of measurements during
the postoperative period. Furthermore, the venous aspect
following bAVM resection using either of these techniques
remains unchartered [9].

This is therefore, a field of research we believe is appropriate
to pursue.

Limitations of Transcranial Doppler and Transcranial
Color Duplex
Despite our aspirations in gaining insight into the venous aspect
of bAVMs post resection, there are technical limitations that
may prevent successful TCCD imaging of the venous aspect of
bAVMs. These include difficulty delineating the boundaries of
an artery and vein due to arterialization of the venous signal
[24]. Another factor perhaps influencing the omission of venous
flow characteristics from previous studies may relate to the
lower velocity spectrum, and the close proximity to the arteries
that display a more prominent signal [27]. Regardless of such

mitigating factors, it remains a worthwhile consideration to
attempt to include whatever hemodynamic data can be gleaned
from the venous aspect of bAVMs, particularly in the
postoperative phase.

Aside from the potential limitations of obtaining meaningful
venous data, there may be further likely constraints regarding
the feasibility of gaining useful hemodynamic information using
TCCD, particularly if there is a poor temporal window or if the
bAVMs are small or distally located. Therefore, this study has
been implemented initially as a pilot study to assess the viability
of obtaining temporal arterial and venous hemodynamic data
on a range of bAVM sizes of varied locations. It may be useful,
though it also may be technically difficult or even impossible,
to perform evaluation of the distal vessels to the AVM and study
the changes of autoregulation through the pulsatility
index/hyperemic response after AVM resections. Publication
of the data obtained from this pilot study will therefore include
any such technical limitations.

Conclusion
Both TCCD and CDU are noninvasive modalities that may
potentially address some of the gaps in knowledge with regard
to the hemodynamic remodeling following the removal of a
bAVM from the cerebral vasculature, by providing simultaneous
velocity and pulsatility measurements.

This protocol aims to strengthen the work of previous authors
by providing documentation of the time course of hemodynamic
changes following bAVM resection. The protocol is designed
to determine whether noninvasive technology including CDU
imaging of the extracranial carotid and intracranial arteries in
the form of TCCD, along with central aortic pressure
measurements can determine whether there are any
hemodynamically significant prognostic markers that may
provide insight into the process of vessel remodeling, including
insight into venous changes following bAVM resection.
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Abstract

Background: Medication nonadherence and misuse are public health and patient safety concerns. With the increased adoption
of electronic health records (EHRs), greater opportunities exist to communicate directly with, and collect data from, patients
through secure portals linked to EHRs.

Objective: The study objectives were to develop and pilot test a method of monitoring patient medication use in outpatient
settings and determine the feasibility and acceptability of this approach.

Methods: Adult primary care patients on multidrug regimens were recruited from an academic internal medicine clinic by a
trained research assistant. After completing a baseline, in-person interview, patients were sent a link to a questionnaire about
medication use via the patient portal. One week later, the RA contacted patients to complete a follow-up telephone interview
assessing patient satisfaction and experience with the questionnaire. Patient EHRs were also reviewed to determine the questionnaire
completion rate.

Results: Of 100 patients enrolled, 89 completed the follow-up interview and 82 completed the portal questionnaire. The mean
age of the sample was 61.8 (range 31-88) years. Approximately half (54/100, 54%) of the sample was male, two-thirds were
white (67/100, 67%) and 26% (26/100) African-American. A total of 44% reported an annual household income of <$50,000 per
year, and 17% (17/100) reported a high school or less level of education. No significant differences were found in questionnaire
completion rates by sociodemographic characteristics or prior portal use. Most (68/73, 93%) found the questionnaire easy to
access, easy to complete (72/73, 99%), and valuable (73/89, 82%). Time constraints and log-in difficulties were the main reasons
for noncompletion.

Conclusions: The portal questionnaire was well received by a socioeconomically diverse group of patients with high completion
rates achieved. Routine use of a portal-based questionnaire could provide a valuable signal to providers and care teams about
patient medication use and identify patients needing additional support.

(JMIR Res Protoc 2017;6(8):e157)   doi:10.2196/resprot.7986
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Introduction

While medication nonadherence has long been recognized as a
public health and patient safety concern, it is likely to become
increasingly important with the growing prevalence of chronic
disease and the aging of the US population [1-3]. Estimates
indicate the number of people taking prescription drugs is
increasing over time, with the percentage of the US population
who take 5 or more medications nearly doubling from 8% in
1999-2000 to 15% in 2011-2012 [4,5]. Such complex, multidrug
regimens usually require greater patient self-management skills
and clinical oversight. However, providers often lack the time
and resources needed to identify and assist patients who exhibit
poor medication adherence or misunderstand instructions for
use.

With the increased implementation and use of electronic health
records (EHRs), greater opportunities exist to engage patients
in care and collect patient data on health behaviors outside the
clinic setting [6]. Yet while the potential value of using EHRs
for patient engagement and monitoring has been well
recognized, the actual acceptability and practicality of
EHR-based strategies have not been as well explored [7,8]. In
this feasibility study, we sought to leverage a commonly used
EHR platform to develop and pilot test a strategy to monitor
patient medication use in outpatient settings and determine the
feasibility and acceptability of this approach. Findings from
this study can inform future implementation and use of similar
EHR-based tools.

Methods

Envisioning the Electronic Health Record–Based
Strategy
The intent of this study was to develop and pilot test a low-cost,
sustainable method of systematically collecting data from
patients on their prescription medication use at home. The belief
was that such data could help identify patients who were
struggling with medication adherence or had other medication
concerns that could reasonably impact their health care and
health outcomes. Given limited clinic resources, a portal-based
questionnaire, which could be automatically delivered to any
patient or group of patients on a routine basis and for virtually
no cost, was selected as the most appropriate means of collecting
patient data on medication use outside the clinic visit. The
strategy was envisioned to include 3 steps: (1) patients receive
and complete an online questionnaire via the patient portal, (2)
questionnaire results are recorded in the EHR for review by the
clinical care team, and (3) based upon results, the clinical care
team provides additional counseling or resources to patients on
appropriate medication use according to a clinic protocol. The
study reported herein is focused on the development and initial
pilot-testing of the portal questionnaire itself (steps 1 and 2);
additional studies are planned to evaluate the strategy as a whole.

Building the Electronic Health Record Strategy
To create the portal questionnaire, a survey consisting of 12
items from the Measure of Drug Self-Management (MeDS) was
built using Epic EHR (Epic Systems Corp) [9]. The MeDS,

which deconstructs the tasks associated with taking medications
focusing on the patient knowledge, skills, and behaviors needed
to correctly take multiple drugs, was chosen because it was
originally designed for use in an EHR environment. Items and
response options were programmed individually and then
grouped together into a survey. The questionnaire was designed
to be delivered to a patient via My Chart, the health care
system’s patient portal powered by the Epic EHR system, along
with an accompanying new message notification sent to the
patient’s on-file email address. A link was included in the
message to direct patients to the questionnaire.

After completion, individual item responses were tallied and
an overall score was calculated and filed in the patient’s chart
for viewing by the clinical care team. The intention was for
questionnaire results to help inform patient-provider discussions
on medication use during future clinical appointments and/or
to trigger immediate outreach to the patient should a serious
medication concern be identified. The exact response would be
determined by the nature of the questionnaire results and clinical
care protocols. The provider’s view within the EHR was also
custom built to allow questionnaire results to be graphed
longitudinally over time along with other relevant patient data.
This presentation was chosen as it would enable providers to
monitor trends in medication use and determine the effects, if
any, of clinical interventions to improve adherence.

Pilot-Testing the Electronic Health Record–Based
Strategy

Overview
Following its development, this EHR-based strategy was
pilot-tested among patients receiving care at an academic general
internal medicine clinic. Convenience sampling was used to
recruit patients. Specifically, a research assistant reviewed the
list of daily appointments at the study clinic and approached
patients who were potentially eligible (by age, medications
prescribed, and patient portal access) to introduce the study and
determine patient interest and eligibility. Patients were
considered eligible if they were age 18 years or older; were
English-speaking; had primary responsibility for managing their
own medications; were prescribed at least 3 medications
including 2 specific medications for diabetes and high
cholesterol (ie, metformin, atorvastatin); had access to
high-speed Internet at home or had a smartphone; were a clinic
patient with an activated patient portal account; and had no
severe cognitive, visual, or hearing impairment that would
preclude informed consent or study participation.

After verifying eligibility, the RA engaged the patient in the
informed consent process and conducted a structured, in-person
interview. The RA then manually assigned the questionnaire to
the participant within the portal. A follow-up telephone
interview was conducted 1 week later by the same RA.
Participants were compensated $20. An institutional review
board approved study procedures.

Outcomes
Process outcomes for this study included whether the
questionnaire was delivered to participants via the portal,
whether participants completed the questionnaire, and whether
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the questionnaire results were recorded and displayed correctly
within the EHR. The RA recorded outcomes by abstracting data
from the EHR. Additionally, participants were asked to
self-report receipt and completion of the questionnaire during
the follow-up interview. The interview also assessed patient
experiences with and perceptions of the electronic tool and
strategy.

Sociodemographic Variables and Covariates
The baseline battery also included questions measuring key
patient health and sociodemographic characteristics as well as
prior portal and Internet use. Health literacy was measured using
the Rapid Estimate of Adult Literacy in Medicine (REALM),
a word pronunciation test that is commonly used to assess
patient literacy skills [10].

Statistical Analyses
Descriptive statistics were calculated for patient
sociodemographic variables and study outcomes. To assess
whether there were any systematic, statistically significant
differences between patients who completed the follow-up
interview and those who did not, we used Pearson chi-square
test or Fisher exact test for categorical variables and Student t
test for age. The same tests were used to compare the differences
between the patients who completed the portal questionnaire
and those who did not. Specifically, we examined if completion
varied by age, sex, race/ethnicity, education, income, literacy
skills, and average use of the patient portal. We used α=.05 to
determine statistical significance. All analyses were performed
using SAS version 9.3 (SAS Institute Inc).

Results

Participant Characteristics
Recruitment took place from March 2016 to August 2016. A
total of 171 patients were approached; 39 patients declined,
31 patients were ineligible, and 1 patient consented but did not
initiate the interview. A total of 100 patients completed the
baseline interview.

Table 1 describes the characteristics of the study sample
(N=100). The mean age of this study sample was 61.8 (range
31-88) years. Approximately half (54/100, 54%) of the sample
was male, two-thirds were white (67/100, 67%), and 17%
(17/100) reported a high school or less level of education. Most
(92/100, 92%) participants had adequate literacy skills according
to the REALM. Few patients (5/100, 5%) reported never having
used the patient portal; 39% (39/100) stated that they used the
portal once per month or less. Most patients (62/100, 62%)
reported having used a computer to access the site, 19% (19/100)
reported using a smartphone, 13% (13/100) a tablet, and 21%
(21/100) said they used all 3 types of devices (categories not
mutually exclusive). We observed no sociodemographic

differences between patients who participated in the follow-up
interview (n=89) versus those who did not (n=11).

Process Outcomes
A review of the EHR revealed that the portal questionnaire was
successfully generated and delivered to all participants (N=100).
Of those, 82 of 100 participants completed and submitted the
questionnaire via the portal; all questionnaire scores and item
responses were recorded and displayed correctly in patient
charts.

A total of 73 participants who completed the questionnaire also
completed the follow-up interview. Of these, the majority
(65/73, 89%) reported completing the portal questionnaire on
a computer, laptop or tablet while the remaining 11% (8/73)
patients reported completing the measure via a smartphone.
There were no sociodemographic differences between
participants who completed the portal questionnaire versus those
who did not (Table 2). Similarly, patients who reported never
having used the patient portal or using it less than once per
month were as likely to complete the portal questionnaire as
more frequent patient portal users (P=.61).

Satisfaction with the Questionnaire
Most patients (68/73, 93%) who completed both the
questionnaire and the follow-up interview reported that the tool
was very easy to access on the portal, and 99% (72/73) of
patients reported the tool was very easy to complete. Most
patients reported that the questionnaire was an acceptable length,
with only 2 patients stating that it was too long. Overall,
satisfaction with the questionnaire was high, with the tool
receiving an average satisfaction score of 9.3 (range of 5 to 10),
with a score of 10 indicating highly satisfied.

Reasons for Noncompletion
A total of 16 people completed the follow-up interview but did
not complete the portal questionnaire. The majority of these
participants (10/16) cited time constraints as the reason for not
completing the tool. A total of 3 participants reported that they
had difficulty logging into the portal, and 2 stated that they did
not receive a notification email. The remaining patient did not
provide a specific reason for noncompletion.

Participants’ Perceived Usefulness of the Electronic
Health Record Strategy
Of the patients participating in the follow-up interview, 82%
(73/89) believed that a medication adherence questionnaire
would be valuable to complete prior to clinic visits to help
measure and track patient medication self-management skills
over time. While 16% (14/89) of patients stated that they did
not know if the questionnaire would be valuable, 2% (2/89) of
respondents stated that they did not believe such a tool would
be useful.
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Table 1. Characteristics of study sample.

Participants

N=100

Variable

61.8 (31-88)Age, years, mean (range)

Sex, n

54Male

46Female

Race/ethnicity, n

26African American

67White

7Other

Educational attainment, n

17High school diploma, general education diploma, or less

26Some college

57College degree or more

Income, n

16<$19,999

28$20,000 to $49,999

45≥$50,000

11Don’t know/refused

Literacy skills, n

8Inadequate

92Adequate

Methods of prior portal access, na

5Never accessed

62Computer or laptop

13Tablet

19Smartphone

21All above devices

aResponses are not mutually exclusive.
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Table 2. Patient characteristics, stratified by completion of portal questionnaire.

P valueaNot completed

N=18

Completed

N=82

Characteristic

.7462.6 (12.0)61.6 (11.8)Age, years, mean (SD)

.50Sex, n (%)

11 (61)43 (52)Male

7 (39)39 (48)Female

.09Race/ethnicity, n (%)

9 (50)58 (71)White

9 (50)24 (29)Other

.45Educational attainment, n (%)

5 (28)12 (15)High school diploma, general education diploma, or less

4 (22)22 (27)Some college

9 (50)48 (59)College degree or more

.19Income, n (%)

10 (56)34 (42)<$50,000

5 (28)40 (49)≥$50,000

3 (17)8 (10)Don’t know/refused

.61Average patient portal use, n (%)

8 (44)31 (38)Once per month or less

5 (28)33 (40)2-3 times per month

5 (28)18 (22)At least once weekly

aDifferences between groups were tested using Student t test for continuous variables and Pearson chi-square test or Fisher exact test for categorical
variables.

Discussion

Principal Findings
Results from this feasibility study indicate that a patient
portal-based questionnaire could be used among primary care
patients to routinely and systematically assess medication
self-management skills and identify medication-related concerns.
Most patients found a portal-based questionnaire to be easy to
use, and high completion rates were achieved among a
sociodemographically diverse set of patients. Of note, only 18
of the 100 patients who were sent the questionnaire did not
complete it. Analyses suggest that there were no systematic
differences between those who completed the portal
questionnaire and those who did not; the most commonly cited
reason for not completing the online assessment was lack of
time, not difficulty with the tool itself. The majority of patients
reported believing that the EHR-based strategy could be
beneficial in terms of keeping their providers informed of their
outpatient medication use.

While these findings are promising, it is necessary to note that
portal-based tools are only likely to be beneficial to those who
can use them, namely, those who have access to the Internet
and have the cognitive and computer skills necessary to
complete an online assessment. Individuals lacking Internet
access have historically been more likely to be older,
low-income, members of racial/ethnic minority groups, and to

have limited literacy skills, raising concerns that implementing
EHR-based interventions may further exacerbate disparities
[11,12]. However, recent national data suggests that Internet
access is on the rise among many of these groups, particularly
when access via smartphones is taken into account [13,14]. An
estimated 77% of US adults now report that they own a
smartphone, with similar rates of ownership among white,
African American, and Hispanic adults [15]. Use of mobile
devices may therefore help reduce racial disparities in portal
access and increase overall use. This is reflected in this study,
where 11% of participants completed the portal-based
assessment via their smartphone and 40% reported having used
a smartphone (either as the sole method or one of multiple
methods) to access the portal in the past.

Beyond increasing accessibility via mobile devices, other
advances could also promote patient use of EHR-based tools.
Recently deployed technology at this study clinic will now allow
for electronic questionnaires to be completed securely by
patients outside the portal environment, with the results still
populating in patient charts. This is likely to remove some of
the noted barriers to completing portal-based assessments, such
as difficulties logging into the portal or remembering portal
passwords.

Limitations
There are limitations to the study that should be noted. First, it
was a small feasibility study conducted among 100 primary
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care patients at one university-based clinic. All patients enrolled
in the study had Internet access and a portal account, although
the account may not have been in active use. Results may not
be generalizable to other populations. We were also limited in
terms of the analyses that could be conducted given the small
sample size and lack of variability in certain outcomes. In
particular, we were unable to determine the acceptability of this
approach specifically among patients with limited health
literacy. Additional studies will need to be conducted to
determine if this strategy is suitable for this patient population.

As this was a preliminary feasibility study, we did not assess
provider access and use of questionnaire results nor did we
examine its effectiveness or long-term impact in actual use.
Informal feedback from health care providers at the study clinic
indicated that many believed the questionnaire could be
beneficial, although they acknowledged that physicians often
experience information overload and may have difficulty
reviewing scores and responding to identified concerns during
time-limited clinic visits. It is also unknown whether the utility
of the measure would diminish over time after multiple
administrations or if it would be improved if tailored to patients
based on their own unique, medication-related challenges.

Additional research will be needed to examine the effectiveness
of the EHR-based approach and its utility to patients, providers,
and care teams.

Conclusions
Routine use of a portal-based questionnaire could provide a
valuable signal to providers and their care teams about patient
use of medications and help identify those patients in need of
additional counseling or resources. Such an approach could help
improve quality of care and promote medication adherence and
safety as questionnaire results could alert providers to patient
confusion that could lead to nonadherence, potential medication
errors or even a preventable adverse drug event. This strategy
could also help elucidate if a patient’s inability to achieve
therapeutic goals is related to biologic failure of the drug
regimen or poor self-care. While more research is needed,
preliminary results from this study indicate portal questionnaires
can be successfully generated, delivered to, and completed by
patients with results stored in charts for subsequent review and
monitoring by members of the primary health care team.
Additional research will be necessary to fully evaluate the
strategy in actual use.

 

Acknowledgments
This study was supported in part by a research grant from the Investigator-Initiated Studies Program of Merck Sharp & Dohme
Corp. The opinions expressed in this paper are those of the authors and do not necessarily represent those of Merck Sharp &
Dohme Corp. Merck Sharp & Dohme Corp was not involved in the design or conduct of the study or in the reporting of study
results. The project described was also supported by the National Center for Advancing Translational Sciences, National Institutes
of Health, through grant award number UL1TR001111. The content is solely the responsibility of the authors and does not
necessarily represent the official views of the National Institutes of Health. Dr Bailey has served as a consultant to Merck Sharp
& Dohme Corp for work unrelated to this manuscript. Drs Bailey, Oramasionwu, and Reuland have received grant funding via
their institution from Merck Sharp & Dohme Corp and Eli Lilly and Company.

Conflicts of Interest
None declared.

References
1. Aspden P, Wolcott JA, Bootman JL, Croenwett LR. Preventing Medication Errors. Washington: National Academies Press;

2007.
2. World Health Organization. Adherence to Long-Term Therapies: Evidence for Action. Geneva: World Health Organization;

2003.
3. Vogeli C, Shields AE, Lee TA, Gibson TB, Marder WD, Weiss KB, et al. Multiple chronic conditions: prevalence, health

consequences, and implications for quality, care management, and costs. J Gen Intern Med 2007 Dec;22 Suppl 3:391-395
[FREE Full text] [doi: 10.1007/s11606-007-0322-1] [Medline: 18026807]

4. Gu Q, Dillon C, Burt V. Prescription drug use continues to increase: U.S. prescription drug data for 2007-2008. NCHS
Data Brief 2010 Sep(42):1-8 [FREE Full text] [Medline: 20854747]

5. Kantor ED, Rehm CD, Haas JS, Chan AT, Giovannucci EL. Trends in prescription drug use among adults in the United
States from 1999-2012. JAMA 2015 Nov 03;314(17):1818-1831 [FREE Full text] [doi: 10.1001/jama.2015.13766] [Medline:
26529160]

6. Office of the National Coordinator for Health Information Technology. Health IT Dashboard: quick stats. 2017. URL:
https://dashboard.healthit.gov/quickstats/quickstats.php [accessed 2017-07-21] [WebCite Cache ID 6s7wx1L0Q]

7. Kruse CS, Bolton K, Freriks G. The effect of patient portals on quality outcomes and its implications to meaningful use: a
systematic review. J Med Internet Res 2015;17(2):e44 [FREE Full text] [doi: 10.2196/jmir.3171] [Medline: 25669240]

8. Kruse CS, Argueta DA, Lopez L, Nair A. Patient and provider attitudes toward the use of patient portals for the management
of chronic disease: a systematic review. J Med Internet Res 2015;17(2):e40 [FREE Full text] [doi: 10.2196/jmir.3703]
[Medline: 25707035]

JMIR Res Protoc 2017 | vol. 6 | iss. 8 |e157 | p.228http://www.researchprotocols.org/2017/8/e157/
(page number not for citation purposes)

Bailey et alJMIR RESEARCH PROTOCOLS

XSL•FO
RenderX

http://europepmc.org/abstract/MED/18026807
http://dx.doi.org/10.1007/s11606-007-0322-1
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=18026807&dopt=Abstract
https://www.cdc.gov/nchs/data/databriefs/db42.pdf
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=20854747&dopt=Abstract
http://europepmc.org/abstract/MED/26529160
http://dx.doi.org/10.1001/jama.2015.13766
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26529160&dopt=Abstract
https://dashboard.healthit.gov/quickstats/quickstats.php
http://www.webcitation.org/6s7wx1L0Q
http://www.jmir.org/2015/2/e44/
http://dx.doi.org/10.2196/jmir.3171
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25669240&dopt=Abstract
http://www.jmir.org/2015/2/e40/
http://dx.doi.org/10.2196/jmir.3703
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25707035&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/


9. Bailey SC, Annis IE, Reuland DS, Locklear AD, Sleath BL, Wolf MS. Development and evaluation of the Measure of
Drug Self-Management. Patient Prefer Adherence 2015;9:1101-1108. [doi: 10.2147/PPA.S85411] [Medline: 26257515]

10. Davis T, Crouch M, Long S, Jackson R, Bates P, George R, et al. Rapid assessment of literacy levels of adult primary care
patients. Fam Med 1991 Aug;23(6):433-435. [Medline: 1936717]

11. Bailey SC, O'Conor R, Bojarski EA, Mullen R, Patzer RE, Vicencio D, et al. Literacy disparities in patient access and
health-related use of Internet and mobile technologies. Health Expect 2014 Nov 2. [doi: 10.1111/hex.12294] [Medline:
25363660]

12. Gordon NP, Hornbrook MC. Differences in access to and preferences for using patient portals and other eHealth technologies
based on race, ethnicity, and age: a database and survey study of seniors in a large health plan. J Med Internet Res 2016
Mar 04;18(3):e50 [FREE Full text] [doi: 10.2196/jmir.5105] [Medline: 26944212]

13. Perrin A, Duggan M. Americans' Internet access 2000-2015. Washington: Pew Internet and American Life Project URL:
http://www.pewinternet.org/files/2015/06/2015-06-26_internet-usage-across-demographics-discover_FINAL.pdf [accessed
2017-07-21] [WebCite Cache ID 6s7xMzcYy]

14. Smith A. US smartphone use in 2015. Washington: Pew Internet and American Life Project; 2015. URL: http://www.
pewinternet.org/files/2015/03/PI_Smartphones_0401151.pdf [accessed 2017-07-21] [WebCite Cache ID 6s7xTvRdU]

15. Mobile fact sheet. Washington: Pew Internet and American Life Project URL: http://www.pewinternet.org/fact-sheet/
mobile/ [accessed 2017-07-21] [WebCite Cache ID 6s7xc5EiX]

Abbreviations
EHR: electronic health record
MeDS: Measure of Drug Self-Management
REALM: Rapid Estimate of Adult Literacy in Medicine

Edited by G Eysenbach; submitted 09.05.17; peer-reviewed by C Kruse, JJ Mira; comments to author 01.06.17; revised version
received 08.06.17; accepted 09.06.17; published 10.08.17.

Please cite as:
Bailey SC, Oramasionwu CU, Infanzon AC, Pfaff ER, Annis IE, Reuland DS
An Electronic Health Record–Based Strategy to Systematically Assess Medication Use Among Primary Care Patients With Multidrug
Regimens: Feasibility Study
JMIR Res Protoc 2017;6(8):e157
URL: http://www.researchprotocols.org/2017/8/e157/ 
doi:10.2196/resprot.7986
PMID:28798013

©Stacy Cooper Bailey, Christine U Oramasionwu, Alexandra C Infanzon, Emily R Pfaff, Izabela E Annis, Daniel S Reuland.
Originally published in JMIR Research Protocols (http://www.researchprotocols.org), 10.08.2017. This is an open-access article
distributed under the terms of the Creative Commons Attribution License (https://creativecommons.org/licenses/by/4.0/), which
permits unrestricted use, distribution, and reproduction in any medium, provided the original work, first published in JMIR
Research Protocols, is properly cited. The complete bibliographic information, a link to the original publication on
http://www.researchprotocols.org, as well as this copyright and license information must be included.

JMIR Res Protoc 2017 | vol. 6 | iss. 8 |e157 | p.229http://www.researchprotocols.org/2017/8/e157/
(page number not for citation purposes)

Bailey et alJMIR RESEARCH PROTOCOLS

XSL•FO
RenderX

http://dx.doi.org/10.2147/PPA.S85411
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26257515&dopt=Abstract
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=1936717&dopt=Abstract
http://dx.doi.org/10.1111/hex.12294
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25363660&dopt=Abstract
http://www.jmir.org/2016/3/e50/
http://dx.doi.org/10.2196/jmir.5105
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26944212&dopt=Abstract
http://www.pewinternet.org/files/2015/06/2015-06-26_internet-usage-across-demographics-discover_FINAL.pdf
http://www.webcitation.org/6s7xMzcYy
http://www.pewinternet.org/files/2015/03/PI_Smartphones_0401151.pdf
http://www.pewinternet.org/files/2015/03/PI_Smartphones_0401151.pdf
http://www.webcitation.org/6s7xTvRdU
http://www.pewinternet.org/fact-sheet/mobile/
http://www.pewinternet.org/fact-sheet/mobile/
http://www.webcitation.org/6s7xc5EiX
http://www.researchprotocols.org/2017/8/e157/
http://dx.doi.org/10.2196/resprot.7986
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28798013&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/


Protocol

Feasibility of a Facebook Intervention for Exercise Motivation and
Cardiac Rehabilitation Adherence: Study Protocol

Lee Anne Siegmund1, RN, PhD; Haitham M Ahmed2, MD, MPH; Michael Todd Crawford2, MS; James Frank Bena3,
MS
1Nursing Institute, Office of Nursing Research and Innovation, The Cleveland Clinic, Cleveland, OH, United States
2Heart and Vascular Institute, Department of Cardiovascular Medicine, The Cleveland Clinic, Cleveland, OH, United States
3Lerner Research Institute, Quantitative Health Sciences, The Cleveland Clinic, Cleveland, OH, United States

Corresponding Author:
Lee Anne Siegmund, RN, PhD
Nursing Institute
Office of Nursing Research and Innovation
The Cleveland Clinic
T4
9500 Euclid Ave
Cleveland, OH, 44195
United States
Phone: 1 216 445 3457
Fax: 1 216 445 1776
Email: siegmul@ccf.org

Abstract

Background: While cardiac rehabilitation has been shown to be effective at improving coronary heart disease (CHD), participation
is generally poor. Attempts to increase uptake and adherence often fail. Use of a Facebook intervention for this population may
be a unique opportunity to support self-determined motivation and affect adherence.

Objective: To evaluate the impact of a Facebook intervention on motivation for exercise and adherence to cardiac rehabilitation
in patients with CHD during a 12-week, Phase II cardiac rehabilitation program.

Methods: A prospective, randomized controlled pilot study, grounded in Self-Determination Theory, will be conducted.
Participants will be recruited from inpatient, or the intake visit to outpatient, cardiac rehabilitation, and then randomly assigned
to the intervention or comparison group. Participants in the intervention group will take part in a private Facebook group. Weekly
posts will be designed to support self-determined motivation, measured at baseline and postcardiac rehabilitation by the Behavioral
Regulation in Exercise Questionnaire-3 (BREQ-3). The Psychological Need Satisfaction for Exercise (PNSE) scale will measure
fulfillment of needs that affect motivation. Participants in the comparison group will be given the same materials, but these will
be supplied via handouts and email. The number of sessions attended will be tallied and analyzed using t tests. Overall motivation
will be evaluated using analysis of covariance (ANCOVA) models. Multivariate analysis of variance models will be used to
evaluate differences in the change across motivation subtypes. If significant, ANCOVA models for each subtype will be fit.
ANCOVA models will be used to compare changes in needs satisfaction, overall and separately among the three subscales,
between groups. Engagement in the Facebook group will be measured by number of “likes” and self-report of weekly visits to
the group.

Results: This project was funded in July 2017 and recruitment is currently underway. The recruitment goal is 60 cardiac
rehabilitation patients. Data collection is anticipated to be complete by July 2018.

Conclusions: This pilot study will be the first to examine the effect of a Facebook intervention on patient adherence and
motivation for exercise in a cardiac rehabilitation setting. Engagement in the Facebook group and participation in the study will
help to determine the feasibility of using Facebook to affect adherence and motivation in cardiac rehabilitation patients, potentially
improving outcomes through the use of a unique intervention.

Trial Registration: ClinicalTrials.gov NCT02971813; https://clinicaltrials.gov/ct2/show/NCT02971813 (Archived by WebCite
at http://www.webcitation.org/6sRsz8Zpa)
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Introduction

Background
Coronary heart disease (CHD) is the leading killer of men and
women and currently accounts for 15.5 million cases in the
United States [1]. Phase II cardiac rehabilitation, a Class 1
recommendation by the American College of Cardiology
Foundation and the American Heart Association, is a secondary
prevention program that has been shown to be safe and effective
in treating patients diagnosed with existing CHD [2-10].
However, despite the reported effectiveness of cardiac
rehabilitation, many at high risk for CHD are less likely to
adhere to the program [11]. Utilization of cardiac rehabilitation
is low overall, particularly for women, minorities, and those
with comorbidities [4], and attempts to increase uptake and
adherence often fail [12].

In recent years, Web-based interventions have been used to
examine exercise adherence and theory-supported apps have
enabled feedback on exercise intensity and adherence in
remotely delivered cardiac rehabilitation [13]. Interventions
utilizing the Web improved daily step counts [14] and physical
activity intensity [15]. The use of such apps has been shown to
be feasible and acceptable for use in special populations,
including patients with cystic fibrosis [16] and cancer survivors
[17]. A recent randomized controlled trial utilizing online social
media to test its effect on physical activity found that the social
support provided by the program resulted in an increase in group
cohesion [18]. The perception of group cohesion may be
important to patients in cardiac rehabilitation since social
support was found to be an important component in exercise
adherence [19]. Due to the vital role that social support has
played in helping people to become more self-motivated [20],
it is appropriate to examine unique ways to foster a sense of
belonging or connectedness.

Social media is growing in popularity, making it an interesting
venue for delivery of an intervention designed to affect cardiac
rehabilitation adherence. Facebook in particular has the most
engaged users of all social media sites, with more than 75%
logging in daily [21]. Use of social network platforms on the
Web, such as Twitter or Facebook, has helped patients manage
personal health and has increased adherence to medical
treatment [22], possibly through a sense of involvement and
social support. Joseph et al [15] showed pilot data that supports
Facebook as a tool for promoting physical activity by utilizing
education and group discussions. Facebook, relative to other

social media or Web-based interventions, has been reported to
have high retention rates when used to affect health behaviors
[23]. While Facebook has been studied as a means to improve
physical activity in a number of populations [17,24-27], there
is a knowledge gap regarding the effectiveness of social
networking interventions used to promote health [28] and its
use in cardiac rehabilitation as a tool to improve motivation.

Theoretical Framework
This study is grounded in Self-Determination Theory [20,29,30],
which defines motivation in terms of intrinsic and extrinsic
sources (see Figure 1). Self-Determination Theory focuses on
social and cognitive factors and how those factors influence an
individual’s motivation. The theory describes motivation as
being on a continuum with behavioral regulators ranging from
amotivation, in which a person lacks intention to do an activity,
to intrinsic regulation, in which an individual may do the activity
simply for the joy of it [20]. Self-Determination Theory
specifically examines conditions that lead to self-determined
(ie, internalized) motivation and states that three psychological
needs are necessary for it to exist: competence, autonomy, and
relatedness [20]. A motivationally supportive environment
supports these three needs in several ways. Competence, in
essence self-efficacy, can be supported through provision of
structure, offering participants positive feedback and helping
them to set realistic goals [31-33]. Competence, according to
Cognitive Evaluation Theory, a subtheory of Self-Determination
Theory, will not lead to intrinsic motivation in the absence of
autonomy [34]. Autonomy may be supported by helping the
individual make decisions for personal reasons and helping
them to make choices with minimal pressure [31-33].
Relatedness can be promoted by providing a sense of
connectedness to others. An environment that helps a person
feel socially included and supported by others may help facilitate
intrinsic motivation [20,32,35].

Motivation for exercise is an important concept in the
examination of cardiac rehabilitation adherence.
Self-Determination Theory was previously used as a theoretical
framework for motivational research in a cardiac rehabilitation
setting [36]. Thorup and colleagues [36] showed qualitative
evidence that a pedometer-based cardiac rehabilitation
intervention supported autonomy, competence, and relatedness.
It is possible that increasingly more self-determined (ie,
internalized) motivation may be enough to help patients
overcome the many obstacles associated with nonadherence to
exercise and cardiac rehabilitation.
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Figure 1. Self-Determination Theory.

Study Objectives
The purpose of the current randomized pilot trial is to determine
the feasibility of using a Facebook intervention that provides
education, peer support, and provider support to affect change
in motivation and self-determination for exercise and adherence
to cardiac rehabilitation in patients with CHD during a 12-week,
Phase II cardiac rehabilitation program. It is hypothesized that
the following will occur:

1. Scores for motivation for exercise overall will increase for
patients exposed to a Facebook intervention and across
individual motivational subtypes (ie, regulations) relative to a
comparison group who receive educational handouts and emails.

2. The percentage of cardiac rehabilitation sessions attended
will be higher relative to a comparison group who receive
educational handouts and emails.

3. Engagement in the private Facebook group (ie, number of
visits to the group and “likes”) will predict the number of cardiac
rehabilitation sessions attended and the change in motivation.
The feasibility of a larger trial will be based on sample size and
participants’ engagement in the Facebook group.

Methods

Design
This is a prospective, randomized controlled pilot trial to
evaluate the feasibility of using a social media intervention to
affect change in motivation for exercise and adherence to cardiac
rehabilitation sessions.

Setting and Sample
The setting for this study will be in the outpatient cardiac
rehabilitation at the main campus of a large tertiary care center
in Northeast Ohio, USA, several satellite facilities in the region,
and in patients’homes or other locations where home computers
might be accessed. This cardiac rehabilitation program provides
electrocardiogram-monitored and supervised exercise, dietary
guidance, and smoking cessation, behavioral counseling and
stress reduction. All patients receive an individualized exercise
prescription based on functional capacity at intake. Most
patients, depending on insurance coverage, will be able to attend
up to three sessions per week for a total of 36 sessions. In
addition, patients are given guidance for unsupervised exercise
at home.

All patients who are current and regular Facebook users, have
qualified for cardiac rehabilitation (ie, diagnosed with CHD),
and are entering cardiac rehabilitation at the main campus of
this tertiary care center will qualify to participate in the study
prior to beginning Phase II cardiac rehabilitation. Current
Facebook users were chosen, as it is important that participants
are skilled at using the Internet and familiar with social media.
Regular use will be defined as logging on to Facebook at least
two times in the last month. Inclusion criteria will include both
men and women 18 years of age or older who speak English
and live within 100 miles of the main campus of this tertiary
care center. Participants must be able to read and understand
English in order to complete the consent form, the Psychological
Need Satisfaction in Exercise (PNSE) scale [37], and the
Behavioral Regulation in Exercise Questionnaire-3 (BREQ-3).
There will be no exclusion based on secondary diagnosis;
however, participants must be able to exercise well enough to
qualify to take part in cardiac rehabilitation.

Measures
The primary hypothesis, change in motivation for exercise, will
be measured at baseline and postintervention using the BREQ-3.
The BREQ-3 is a 24-question validated instrument that measures
forms of intrinsic and extrinsic regulation of exercise behavior
[34] and is based on Self-Determination Theory. Psychometrics
were first completed for the Behavioral Regulation in Exercise
Questionnaire-2 (BREQ-2) by Markland and Tobin [38].
Cronbach alpha reliabilities were as follows: amotivation, .83;
external regulation, .79; introjected regulation, .80; identified
regulation, .73; and intrinsic regulation, .86. The BREQ-3
includes five questions in addition to those on the BREQ-2 and
has a new subscale for integrated regulation [33]. The subscales
(ie, regulations) of the BREQ-3 are used to calculate a relative
autonomy index (RAI) [39]. Each question is answered on a
5-point Likert scale (range 0-4) and represents one of the
regulations. The regulations are weighted then summed to give
a single score. The resulting score or index gives an indication
of the individual respondent’s self-determination for exercise.
The RAI will place individual motivational subtypes or
behavioral regulations on the self-determination continuum
from amotivated (ie, lacking intention to exercise, score of -3)
to intrinsically motivated (ie, self-determined or autonomously
motivated, score of +3).

The PNSE scale will be used to assess need satisfaction with
exercise. This scale was designed to assess the perception of
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psychological need satisfaction associated with self-determined
motivation for exercise and consists of 18 items on a 6-point
Likert scale, with three subscales measuring perceived
competence, autonomy, and relatedness. The scale has shown
high internal consistency (Cronbach alpha>.90) [37].

The secondary hypothesis, the percentage of cardiac
rehabilitation sessions attended, will be measured at the time
of cardiac rehabilitation completion or dropout. It will be
calculated by dividing the number of sessions attended in a
3-month period of time by the total number of sessions allowed
by insurance and multiplying by 100.

The tertiary hypothesis, Facebook engagement, will be assessed
by measuring the number of “likes” by individuals on the private
Facebook group. “Likes” (ie, the number of times a participant
clicks “like” on any of the Facebook posts) will be counted and,
along with visits to the group, will be used to examine the
association between engagement in the social media intervention
(ie, Facebook) and cardiac rehabilitation adherence and change

in motivation. A postintervention questionnaire will be given
to determine number of visits to the group. The participants will
be asked to circle the number of times they accessed the private
Facebook group per week: 0, 1-5, 6-10, 11-15, or >15 times.
The questionnaire will also be used to collect qualitative data
on participants’ perceptions of the intervention, including
whether they felt supported in their care and more in touch with
providers, whether or not they chatted with other Facebook
members, and if the Facebook group affected their exercise
behaviors. The questionnaire will use a 5-point Likert scale
from 1 (not at all) to 5 (quite a bit) for all questions in addition
to a section for comments. Participants may also grant
permission for the evaluation of comments made on the private
Facebook group, allowing the researchers to explore themes for
qualitative analysis. Examination of comments will allow for
a better understanding of the effectiveness of individual posts
and the satisfaction of needs that may lead to self-determined
motivation.

Figure 2. Study flowchart. BREQ-3: Behavioral Regulation in Exercise Questionnaire-3; PNSE: Psychological Need Satisfaction in Exercise.
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Patient characteristics will be collected and will include key
demographic variables (ie, age, gender, race, employment,
distance to cardiac rehabilitation, and socioeconomic status),
engagement (ie, number of visits to the group and “likes”), and
key clinical variables (ie, cardiac rehabilitation indication,
hypertension, diabetes, hyperlipidemia, and waist
circumference), which will be obtained from the electronic
medical record.

Data Collection Procedures

Overview
Volunteers will be recruited from the main campus of this
tertiary care center during their inpatient stay or the intake visit
for cardiac rehabilitation at the main campus and satellite
facilities in the region. Volunteers will be screened for Facebook
use and interest in the study, the protocol will be explained, and
volunteers will then be asked to sign consent forms. The consent
form will address the fact that Facebook is a public forum and
names and comments are seen by other participants and the
research team. The Facebook group will be private in the sense
that those not in the group will not be able to see the content.
Participants will complete a baseline BREQ-3 questionnaire
and PNSE scale at the time of consent. Participants will then
be randomized to Facebook versus comparison groups using
blocked randomization (see Figure 2).

Intervention
The Facebook intervention will include peer support, education,
provider support, and text message prompts when new posts
are added. These interventions are designed to minimize
pressure, offer choices, and allow for peer interaction, positive
feedback, guidance, and direction in order to provide support
for competence, autonomy, and relatedness. Competence will
primarily be supported with the use of educational posts in the
Facebook group. Autonomy support will come from the provider
posts. Finally, relatedness will be supported by peer interaction
and engagement in the Facebook group.

Educational posts will cover 12 topics that will encourage
participants to practice preventive heart care while offering a
variety of suggestions and encouragement for making personal
health care choices. The educational portion of the intervention

is designed to offer clear information and structure, thus
supporting competence, which may help to enhance intrinsic
motivation. These 12 educational topics will be standardized
such that they will be posted on the Facebook group, one each
week, and then the same ones will be reposted again every 12
weeks. The posts may be in the form of text, video, and/or
pictures; they will include materials from the hospital’s health
library and other fact sheets and videos produced by the hospital,
the American Heart Association, and the US Centers for Disease
Control.

Provider posts will include topics such as motivational quotes,
encouragement, reminders to exercise independently, and
reminders to contact providers with questions. These postings
are designed to promote a sense of choice and help participants
feel that providers see them as having a unique frame of
reference, thus being supportive of autonomy. Providers will
be nurses on the research team, exercise physiologists, nurse
practitioners, and physicians who may or may not choose to
reveal their personal identities. All Facebook participants will
see the same content. Provider support will also include links
to provider health chats, in which patients can chat online with
providers at set dates and times.

Peer interaction on Facebook will be as frequent as the
participant freely chooses and will be monitored daily by the
research team for appropriateness of content. Engagement in
Facebook is designed to offer an opportunity for social inclusion
and a sense of involvement, allowing for relatedness.

The comparison group will receive the same educational and
provider support materials as the Facebook group, but will
receive it in the form of a handout or via email in the event the
patient cannot be contacted or misses cardiac rehabilitation on
a particular week. Both groups will have the opportunity for
weekly education classes and typical peer interactions, which
will involve up to 3 hours of group cardiac rehabilitation per
week.

Upon cardiac rehabilitation completion or dropout, post data
will be collected. It is anticipated that this pilot will take up to
1 year and will be completed when 30 participants for each
group have been obtained (see Table 1).

Table 1. Study calendar.

Study timeline

Month 12Months 4-12Months 4-11Months 2-7Month 1

Statistical analysis;

Begin manuscript writing and
preparation for longer trial

Data cleaningCollection of exit
data

Collection of in-
take data

Begin recruitment;

Complete intake for first 8 subjects

(BREQ-3a, PNSEb scale);

No data used for first 8 subjects

Study
event

aBREQ-3: Behavioral Regulation in Exercise Questionnaire-3.
bPNSE: Psychological Need Satisfaction in Exercise.
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Data Analysis

Statistical Methods
This is a feasibility study and the sample size obtained will
determine if the study is appropriately powered to detect the
desired effect size. Patient characteristics will be summarized
by group using frequencies and percentages for categorical
factors, and using means and standard deviations for continuous
measures. In order to examine the primary outcome—differences
in change in motivation between groups—overall motivation
using the RAI from the BREQ-3 will be evaluated using analysis
of covariance (ANCOVA) models. Mean differences with 95%
CIs for group differences will be presented. Multivariate analysis
of variance models will be used to evaluate differences in the
change across individual motivation subtypes (ie, regulations),
using the BREQ-3, between groups overall. If significant,
separate ANCOVA models for each subtype will be fit. Similar
ANCOVA models will be used to compare changes in needs
satisfaction scores, overall and separately among the three
subscales, between groups. Two-sample t tests will be used to
compare number of sessions completed. As a secondary analysis,
the relationships between patient characteristics, numbers of
visits to the group and “likes,” and the outcome variables—RAI
change, number of sessions, and needs satisfaction change—will
be examined using t tests and Pearson correlations. The
correlation between changes in RAI and needs satisfaction will
also be evaluated. Analyses will be performed using SAS
version 9.4 software (SAS Institute Inc). An overall significance
level of .05 will be assumed for all tests.

Sample Size
The investigators plan to enroll 30 patients in each group. In
the first 9 months of 2016, cardiac rehabilitation at the main
campus of this tertiary care center had approximately 170 patient
intakes. It is assumed that there will be a similar number of
patient intakes for a 9-month period in 2017. Based on Facebook
participation rates for those over 50 years of age [21] and the
high participation rates in previous research projects in this
facility’s cardiac rehabilitation center, it is estimated that 40%
may meet eligibility requirements and agree to participate. 
Allowing for use of the first 8 participants to establish the
Facebook group, the estimated sample size would then be 60
total participants for randomization to study groups who can
then be included in analysis.  With this sample size, there will
be 86% power to detect large effect sizes (Cohen d=0.8) for our
study outcomes [40]. The primary aims of this sample size
determination is to evaluate whether the proposed intervention
is feasible and to estimate the differences that might exist so
that a larger trial that would have adequate power to detect
smaller differences could be designed based on what was learned
in this pilot study. The sample size of 30 per group was chosen
primarily to facilitate a large intervention group, since the value
of the intervention is predicated upon interaction among the
participants.

Human Subjects Protection
This feasibility study has been approved by the Institutional
Review Board of this tertiary care center (Study No. 16-1456)
and is registered at ClinicalTrials.gov (NCT02971813).

Participants will be assured that participation in the study at all
times is voluntary and will not affect their care in any way.
Protection of human subjects for this study will be further
ensured through the process of informed consent. Participants
in the intervention and comparison groups will be informed that
privacy of medical information will be ensured. However, due
to the nature of social media, information or comments posted
by the patients in the Facebook group will be visible to others
in the group as well as the study team. For this reason, the
informed consent will address the fact that comments may be
seen by others.

All responses from participants on the Facebook group will be
assigned a number and all other identifying information will be
removed for data analysis. Any data on paper will be kept in
the principal investigator’s (LAS) locked office in a locked
filing cabinet. All electronic data will be stored on the principal
investigator’s computer, which requires password entry, in a
folder accessible only to the principal investigator and the
research team, and on an encrypted thumb drive. Dissemination
of findings will be deidentified and reported numerically in
narrative form or in aggregate, with no personal identifiers.

Results

This project was funded in July 2017 and recruitment is
currently underway. The recruitment goal is 60 cardiac
rehabilitation patients. Data collection is anticipated to be
complete by July 2018.

Discussion

Overview
The main objective of this project will be to examine the
feasibility of a novel Facebook intervention to address patient
adherence to cardiac rehabilitation. Improving uptake and
adherence to cardiac rehabilitation is of paramount importance
in the secondary prevention of CHD. This study will use the
validated BREQ-3 and the PNSE scale and examine the effect
of a Facebook intervention on number of cardiac rehabilitation
sessions attended. Applying the Self-Determination Theory, the
research team will provide educational and provider support
postings on a private Facebook group. The participants will
have the opportunity to learn and interact with other participants
in this social media platform. This study has the potential to
affect a change in patient motivation for exercise and cardiac
rehabilitation adherence, thus reducing complications and
hospital readmissions among patients eligible for cardiac
rehabilitation.

Limitations and Unanticipated Problems
Limitations for this study include the variable number of
sessions paid for by non-Medicare and non-Medicaid insurance.
This could potentially affect motivation or participation in the
Facebook group and cardiac rehabilitation itself if the patient
has few sessions that are covered by insurance. Feasibility
concerns for the pilot include obtaining a large enough cohort
of patients in order to have peer support, especially for those
who enroll in the early stages of the study. Data will not be
included for the first 8 participants in order to ensure that there
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is a large enough group of Facebook users to enable social
networking among participants. Additionally, patient visits to
the Facebook group rely on self-report and are therefore subject
to reporting bias.

There are limitations to this feasibility study that can be
addressed in a larger trial. Patients who are not current Facebook
users were excluded from the pilot trial. If Facebook is
demonstrated to be a feasible venue for presenting and testing
motivation for exercise, those who are not currently on Facebook
should be included in a larger trial. The fact that patients may
see each other in cardiac rehabilitation sessions presents a
potential for diffusion bias, demoralization, or rivalry. This has
been minimized to the extent that few participants are likely to
communicate about the study in cardiac rehabilitation sessions
due to the number of classes and facilities; however, it will need
to be a consideration for this and larger studies.

Conclusions
The findings of this study will help to determine the feasibility
of using a Facebook intervention to affect adherence and
motivation. It has the possibility of opening doors to other
technological interventions and unique approaches to improving
health outcomes in this population. The results of this study
will determine if a larger-scale intervention is feasible. Further,
this pilot study will be the first to examine the effect of a
Facebook intervention on patient adherence and motivation for
exercise in a cardiac rehabilitation setting. The established
private, cardiac rehabilitation Facebook group will enable a
larger-scale intervention to be implemented and will allow for
the examination of additional outcome variables. This
intervention has the potential to add innovative approaches to
the body of evidence seeking ways to improve patient outcomes
in cardiac rehabilitation.
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Abstract

Background: Cognitive behavioral therapies have been shown to be effective for a variety of psychiatric and somatic disorders,
but some obstacles can be noted in regular psychiatric care; for example, low adherence to treatment protocols may undermine
effects. Treatments delivered via the Internet have shown promising results, and it is an open question if the blend of
Internet-delivered and conventional face-to-face cognitive behavioral therapies may help to overcome some of the barriers of
evidence-based treatments in psychiatric care.

Objective: We evaluated the feasibility of an Internet-based support system at an outpatient psychiatric clinic in Sweden. For
instance, the support system made it possible to send messages and share information between the therapist and the patient before
and after therapy sessions at the clinic.

Methods: Nine clinical psychologists participated and 33 patients were enrolled in the current study. We evaluated the usability
and technology acceptance after 12 weeks of access. Moreover, clinical data on common psychiatric symptoms were assessed
before and after the presentation of the support system.

Results: In line with our previous study in a university setting, the Internet-based support system has the potential to be feasible
also when delivered in a regular psychiatric setting. Notably, some components in the system were less frequently used. We also
found that patients improved on common outcome measures for depressive and anxious symptoms (effect sizes, as determined
by Cohen d, ranged from 0.20-0.69).

Conclusions: This study adds to the literature suggesting that modern information technology could be aligned with conventional
face-to-face services.

(JMIR Res Protoc 2017;6(8):e158)   doi:10.2196/resprot.6035
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Introduction

During the last decade, there has been a growing interest in
alternative ways of delivering psychological treatments. The

development of Internet-delivered interventions targeting
common psychiatric and somatic disorders is one promising
method [1,2]. Therapist-guided Internet-delivered treatments
based on cognitive behavioral therapy (ICBT) have commonly
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shown promising effects in studies of both research studies
(efficacy) [3], and in more clinically representative settings
(effectiveness) [4]. A growing body of evidence suggests similar
outcomes of ICBT and conventional face-to-face cognitive
behavioral therapies (CBT) [2], with therapist-guided ICBT
being less time-consuming for the clinician. Using the Internet
to deliver health care may open new avenues to treatment,
especially in societies where the distance to care is far away.
Thus, ICBT has the potential to increase access to
evidence-based psychological treatment [3].

In primary or psychiatric care, there may be some obstacles of
providing conventional CBT delivered face-to-face. For
instance, therapists may be prone to drift away from
implementing effective interventions (ie, therapist drift) [5],
and they may also fail to adhere to evidence-based treatment
manuals [6]. One way to overcome such obstacles could be to
provide computer-assisted support in therapeutic work [7]. In
a previous study, we developed an Internet-based support system
to facilitate the delivery of conventional CBT [8]. The basic
idea of the system is to support the delivery of CBT in a clinical
setting where the therapist meets their patients face to face. By
providing support, our objective was to improve the delivery
of regular treatment components present in CBT, for example,
homework assignments. A potential strength of the approach
is that it conceptually shifts the focus of research away from
specific digital interventions towards the system level (ie,
capable of delivering many interventions). The approach also
highlights the potential impact of introducing digital
communication channels in face-to-face psychotherapy. The
initial study showed some promising findings in terms of user
experiences (eg, the ease of providing written information as a
complement to the therapy sessions), and we observed reliable
reductions of depressive and anxious symptoms. The study was
conducted in a university setting, and there is a need to test the
support system in clinical psychiatric care (eg, with a more
severe clinical population and across different disorders).

This feasibility study aimed at evaluating the experiences and
effects of an Internet-based support system used as an adjunct
to conventional CBT delivered face to face. The system was
designed to support the delivery of face-to-face CBT and not
replace in-session treatment activities. The system was used for
communication between therapy sessions, sharing media, and
clarifying homework assignments [8]. Clinicians and patients
were recruited from a psychiatric clinic in Sweden, and the users
were given access to the support system during 12 weeks. At
follow-up, we evaluated support system usability and technology
acceptance. Moreover, self-report questionnaires targeting
clinical symptoms at baseline and 12-week follow-up were also
administered.

Methods

Procedure
Nine clinical psychologists participated as therapists in the
study. The clinicians were asked to recruit patients from the
clinic in accordance with the standard procedures at the clinic.
In line with the ethics committee agreement (ID: 2013/452-31),
all patients were informed about the objectives of the study via
a document printed on paper and asked to provide written
informed consent before inclusion. All patients answered
questionnaires regarding clinical and demographic
characteristics via the Internet. After inclusion, the clinician
registered the patient in the support system and distributed an
online follow-up survey after 12 weeks access of the support
system. Mean time between assessments was 91 days (range
61-116).

The Support System
The Internet-based support system used in this study was
previously developed and tested in a pilot study conducted in
a university clinic setting [8]. Also, the support system has been
used in audiologic practice in supporting first-time hearing aid
clients [9]. In brief, the support system was accessible via
personal computers through an encrypted secured socket layer
connection to the Internet. Users were assigned personal login
identifications via email. Also, to increase security, an additional
temporary password was sent via mobile phone text messages
at each attempt to log on.

The support system facilitated a variety of functions and the
therapists decided themselves on how to use the content, tailored
to the patients’needs, and components included communication
between sessions with the ability to send mobile phone text
messages. Via the support system, the therapist also had the
opportunity to send mobile phone text messages to the patients.
The support system included a library that mainly provided text
documents, but also other media such as audio and movies were
made accessible. These resources were compiled primarily from
prior studies on Internet-delivered CBT for anxiety and
depression [10], and they were not presented as separate
treatments but rather as part of the face-to-face treatment (eg,
as online handouts). Topics covered in the online handouts
contained supplemental information on CBT, such as behavioral
activation, activity scheduling, exposure therapy, common
cognitive biases, and maintenance of avoidance via safety
behaviors. We also provided some audio files, such as relaxation
instructions. In addition, the support system included common
questionnaires and forms used in homework assignments, such
as guides to create a fear hierarchy, daily thought records, and
sleep diaries. For an overview of all the functions, see Table 1.
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Table 1. List of included components in the Internet-based support system.

Editable bya

ClinicianPatient

YesNoFormulate homework assignments

YesNoLibrary (sharing content)

YesYesRegistration forms

YesYesSending internal messages

YesNoSending mobile phone text messages

YesNoSetting an agenda

YesYesSetting goals

YesYesUploading files to the patient’s personal library

YesNoUploading new files to the library

YesYesWriting memos

aThe term editable means that the user was able to edit, add, or delete content within that specific component/function in the support system.

Technical Issues
During the study period, we had one main technical problem
with the support system. As a way of warranting the security
of the support system, it was designed to automatically log out
inactive users (as determined by no clicks with the pointer).
First, the support system automatically disconnected users after
10 minutes of inactivity. A number of users gave us feedback
that text had been lost due to this function (eg, while writing a
long message exceeding 10 minutes, the user was incorrectly
disconnected). Consequently, we increased this time frame to
40 minutes during the study period.

Before study initiation, we invited a group of clinicians to a
2-hour workshop offering a brief overview of the support
system. Also, the clinicians logged in to the system and were
instructed to complete five tasks in order to acquire some
knowledge on basic functions in the support system, for
example, log in to the system, create a new user (patient), send
the patient a message, share a file from the library with the
patient, as well as a registration form for behavioral experiments.

Participants and Recruitment
The included clinicians’ professional status and demographic
characteristics are presented in Table 2. The clinicians
volunteered and did not receive any compensation for their
participation.

During the study period, 52 patients were registered in the
support system. However, data from 4 patients were missing at
the baseline assessment, 12 patients were missing at follow-up,
and for 7 patients assessment data were completely missing (ie,
both at baseline and follow-up). In total, 29 patients contributed
with complete data from the pre- and posttreatment assessments.
The patients’ demographic characteristics and computer
experience at baseline are presented in Table 3. Participants
self-rated their level of experience of using computers on a
5-point Likert scale, ranging from 0 (very limited) to 4 (very
much). We did not include any clinical interview in order to
determine diagnostic criterion and comorbidity. The patients
received treatment but no compensation for participating in the
study.

Table 2. Demographic and professional characteristics of the clinicians (n=9).

Characteristics

37.78 (35, 9.2, 28-54)Age in years, mean (median, SD, range)

2.44 (2, 2.5, 0-7)Year as licensed psychologist, mean (median, SD, range)

3 (33.3)Sex, female, n (%)

Professional status, n (%)

4 (44.4)Pre-licensed under supervision

5 (55,6)Licensed clinical psychologist

Clinical work (% per month), n (%)

3 (33.3)0-25%

1 (11.1)26-50%

5 (55.6)76-100%
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Table 3. Demographic and clinical characteristics of the patients (n=45).

Characteristics

30.58 (28,10.6, 18-60)Age in years, mean (median, SD, range)

36.11 (40, 30.7, 0-100)Work time (% per month), mean (median, SD, range)

36 (80.0)Sex, female, n (%)

29 (64.4)Having children, n (%)

Computer experience, n (%)

11 (24.4)Less

34 (75.6)More

Educational status, n (%)

22 (48.9)<High school

23 (51.1)>High school

The patients were either recruited from an existing wait-list at
the clinic or were currently undergoing a conventional CBT at
the clinic. In order to receive treatment at the psychiatric clinic,
the patients had to be over 18 years of age. Eligible patients in
this study were required to have some computer experience (ie,
being able to handle their bank account via the Internet) and
have access to a computer and mobile phone during the study
period. Patients not considered eligible, or denied participation
in the study, were offered conventional face-to-face CBT in line
with routines at the clinic.

All procedures contributing to this work comply with the
standards of the national ethical committee and with the Helsinki
Declaration of 2008.

Cognitive Behavioral Therapy
This study did not follow a manualized CBT protocol, nor did
all the clinicians receive clinical supervision as part of the study.
The clinicians tailored the CBT according to their patient’s
needs (eg, based on cognitive case formulation or behavior
analysis) and each clinician-patient pair individually decided
how to use the Internet-based support system during the
treatment.

We evaluated the use of the support system during a period of
12 weeks. Therefore, our assessments at baseline and 12-week
follow-up were not fixed at pre- and posttreatment (ie, at
baseline, some patients had already started CBT, and for some
patients the CBT was not terminated at the 12-week follow-up).

Support System Usability
For all the users (ie, clinicians and patients), we monitored the
number of logins, the total time spent logged in, as well as the
number of messages sent within the support system. After 12
weeks of accessing the support system, we evaluated the users’
experiences. We also asked questions targeting specific
functions within the support system, for example, how often
the participant read and downloaded text documents, listened
to audio files from the library, set goals for the treatment, asked
questions, and requested guidance via internal messages. The
questions were rated on a 6-point scale ranging from never to
very often. In addition, the clinicians were also asked to rate
for how many of their patients the features in the support system

had been, or would have been, relevant for their patients in their
regular clinical practice, ranging from no one, less than 50%,
more than 50%, or for most patients.

Technology Acceptance, Perceived Usefulness, and
Ease of Use
We used 19 questions targeting usability of the Internet-based
support system. The questions were adopted from questionnaires
of technology acceptance [11], perceived usefulness, and
perceived ease of use [12] and were translated into Swedish.
We used only a sample of questions and customized them to fit
the current study. All questions were rated on a 7-point Likert
scale ranging from “Strongly disagree” to “Strongly agree.” All
participants were asked to answer these questions (ie, both
clinicians and patients).

Clinical Outcome and Quality of Life
The Beck Anxiety Inventory (BAI) [13] and the Generalized
Anxiety Disorder Screener-7 (GAD-7) [14] were used both at
baseline and as outcome measures of anxiety symptoms. Both
questionnaires have been shown to have excellent internal
consistency (Cronbach alpha >.90) [13,14]. The Montgomery
Åsberg Depression Rating Scale self-rating version (MADRS-S)
[15] and the Patient Health Questionnaire-9 (PHQ-9) [16] were
used to measure symptoms of depression and suicidality.
MADRS-S and PHQ-9 also have excellent internal consistency
(alpha >.89) [15,16]. In the MADRS-S, suicidality was defined
as a score of at least three points on item 9. Similarly, patients
scoring one point (or above) on item 9 on the PHQ-9 were also
considered suicidal in this study.

In addition to change in symptoms of anxiety and depression,
the Quality of Life Inventory (QOLI) [17] was administered
both at baseline and at 12-week follow-up. QOLI has shown
good to excellent internal consistency (alpha >.77) in a clinical
population with both anxious and depressive disorders [18]. In
agreement with our previous studies [3], all self-report
questionnaires were administered via a secured Internet-based
platform.

Data Analysis
The STATA v13.1 statistical software for Mac OS X (StataCorp)
was used to analyze the data. We evaluated user experiences
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across patients with high versus low activity in the support
system and dichotomized high versus low frequent users by
performing a median split on number of times the patients
accessed the support system (ie, ≥12 defined high users).
Differences between users (ie, low versus high activity) groups
(ie, clinicians versus patients) were analyzed using logistic
regression.

We also performed analyses on clinical outcome of anxious and
depressive symptoms. Similarly, quality of life was measured
at baseline and 12-week follow-up. In order to account for
dependency in the data (ie, longitudinal clinical outcomes), we
used generalized estimating equations (GEE) with an
exchangeable correlation structure, assuming that all missing
data were completely at random [19]. Outcomes are presented
as coefficients or odds ratios (OR). Within-group effect sizes
were calculated based on the pooled standard deviation and
correlation between time points, expressed as Cohen d with
95% confidence intervals. Furthermore, we also investigated if
the number of times accessing the support system was associated
with change in the patient’s symptoms of anxiety and
depression.

As a way to control for multiple comparisons, we performed
Bonferroni corrections within each sector of the analyses (ie,
one sector corresponds to support system usability, and another
was clinical outcome).

Furthermore, we explored what time of the day the patients
accessed the support system. Specifically, we were interested
in the proportion of logins made after the clinic was closed (ie,
before 8 a.m. and after 5 p.m.).

Results

Support System Usability

Clinicians
The mean number of times the clinicians accessed the support
system during the 12-week period was 94 (SD 54, median 89),
and across all the clinicians the average time logged in to the
support system was 1008 minutes (16.8 h, SD 784 min, median
770 min). On average, 64 messages were sent per clinician (SD
25, median 62, range 17-100). Moreover, the mean number of
sent mobile phone text messages was 32 (SD 14, median 35,
range 9-51).

As shown in Table 4, the clinicians’ ratings of usability
demonstrate how often specific components were assigned to
the patient, as well as the proportion of patients for whom this
component was considered relevant in the therapeutic work.
For example, sharing forms and studying information in the
library for own professional development were on average used
2.8 times (ie, less used than “sometimes”). Yet, most of the
clinicians rated these functions to be relevant for more than 50%
of their patients.

Table 4. Clinicians’ (n=9) evaluation of support system usability on a 6-point Likert scale (0=never and 5=very often), sorted by mean values.

The component was relevant for n patients, n (%)Questions

More than 50%Less than 50%SDMean

6 (66.7)3 (33.3)1.04.11Sending reminders via mobile phone text messages

6 (66.7)3 (33.3)1.04.00Shared documents, images, and audio files via the library

5 (55.6)4 (44.4)1.03.89Answered questions

5 (55.6)4 (44.4)0.93.89Providing support and encouragement

4 (44.4)5 (55.6)1.13.78Formulated homework assignments

5 (55.6)4 (44.4)1.93.44Provided psychoeducation from the library

4 (44.4)5 (55.6)0.73.44Reading the patients reports on homework assignments

2 (22.2)7 (78.0)1.23.22Asked for feedback on information in the library

4 (44.4)5 (55.6)0.93.11Examined the patient work with homework

5 (55.6)4 (44.4)1.32.88Studied information from the library for own professional development

5 (55.6)4 (44.4)1.52.78Distributed registration forms

2 (22.2)7 (78.0)1.32.78Reviewed homework assignments reported by the patient

1 (11.1)8 (89.0)1.22.44Worked with assignments from the library

3 (33.3)6 (66.7)1.42.44Corrected and revised homework assignments

2 (22.2)7 (78.0)1.21.88Formulated goals for therapy

2 (22.2)7 (78.0)1.31.44Setting an agenda

0 (0)9 (100)0.30.11Play audio during the therapy session
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Table 5. The patients’ (n=33) evaluation of support system usability on a 6-point Likert scale (0=never and 5=very often), sorted by mean values.

MedianSDMeanQuestions

41.33.27Proportion of completed homework assignments

41.63.18Accessed your psychologists formulations of homework assignments

31.72.33Provided information about the progress of your homework assignmentsa

31.82.18Asked for guidance via internal messagesa

31.72.15Answered forms

21.71.91Downloaded and saved information on your computer

21.61.88Reading information from the library

11.71.76Reading and reviewed treatment goals during the therapy

11.71.42Printed documents

01.61.21Reading the agenda

01.41.03Saved your own therapy-related information (text and/or images) in your personal library

01.40.90Listened to audio files

00.80.33Wrote notes regarding questions to discuss with your psychologist

00.80.30Wrote memos

aIndicating differences between the high versus low frequent users.

Patients
Across 12 weeks of access, the patients’ average number of
logins was 14 (SD 15.3, median 11, range 1-95), and they (n=49)
spent on average 92 minutes (SD 157, median 42) on the support
system. One patient was an outlier and spent more than 1000
minutes logged into the support system. After excluding this
outlier, the average number of minutes was reduced to 72 (SD
72, median 40), which corresponds to an average of 6 minutes
of access per week (72/12) and patient. In addition, the patients
sent on average 6 messages to their therapist (SD 10, median
3, range 0-58), although there is a large variation across users.

The patient’s usability ratings of specific components in the
support system are presented in Table 5. High and low frequent
users ratings differed significantly on two items: (1) providing
information about the progress homework assignments (high
users mean 3.1, SD 1; low users mean 1.6, SD 2; β=0.64,
Z=2.40, P=.02), and (2) asked for guidance via internal messages
(high users mean 3.1, SD 1; low users mean 1.2, SD 2; β=0.70,
Z=2.71, P=.002). However, after controlling for multiple
comparisons (ie, Bonferroni correction) the differences were
not significant.

Technology Acceptance, Perceived Usefulness, and
Ease of Use
The clinician and the patient ratings of technology acceptance,
perceived usefulness, and ease of use are shown in Table 6. The

clinicians and the patients rated two items significantly
differently. First, the clinicians were more motivated to use the
support system after the study termination (β=0.68, Z=2.10,
P=.036). Second, the patients, relative to the clinicians,
highlighted that the support system reminded them about tasks
to complete in the support system (β=–0.50, Z=2.37, P=.018).
However, by controlling for multiple comparisons, these
differences were not significant.

Clinical Outcome and Quality of Life
Total scores on the BAI, MADRS-S, and PHQ-9 decreased
from baseline to 12-week follow-up, yet the GAD-7 only
showed a trend towards statistical significance. Moreover,
quality of life, as measured by QOLI, increased over time (see
Table 7).

Suicidal ideations, as measured by MADRS-S item 9, decreased
by 14% from baseline to follow-up (OR 0.86, Z= 2.05, P=.040).
However, the scored item on suicidal ideation in PHQ-9 did not
change over time (OR 0.89, Z=1.43, P=.152). With the
exception of change on MADRS-S suicidality and QOLI, the
other results on clinical symptoms remained statistically
significant following Bonferroni correction (P<.05).

We did not find that the number of times accessing the support
system was associated with any change in clinical symptoms
of anxiety or depression. We found that 30.52% (420/1376) of
the patients’ logins were made after working hours at the clinic.
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Table 6. Questionnaire targeting technology acceptance and ease of use of the support system. Ratings provided on a 7-point Likert scale (1=strongly
disagree to 7=strongly agree).

Clinicians (n=9)Patients (n=33)Questions

SDMeanSDMean

1.05.221.94.091. Using the platform improves the quality of the work I do

1.63.561.93.612. The platform enables me to accomplish tasks more quickly

1.44.001.93.913. The platform increases my productivity in my work with the therapy

1.04.562.04.584. The platform improves my work and the things I need to do in therapy, such as homework assignments and
practical exercises

0.94.441.84.095. Using the platform can increase my effectiveness working with the therapy

1.64.112.04.706. Using the platform makes it easier to do my tasks

1.45.001.95.677. Learning to operate the platform is easy for me

1.53.221.84.128. Performing an operation in the platform always leads to a predicted result

1.13.221.94.529. The platform has a clear interface that helps me do what I want

1.83.111.84.3310. The platform is flexible and easy to interact with

1.04.891.94.4211. It is easy for me to become skillful at using the platform

1.64.671.95.3012. Overall, I find the platform easy to use

1.34.221.85.1213. I feel confident in finding information in the platform

1.65.331.85.2414. I feel confident in receiving and sending messages

1.84.782.15.1215. I feel confident in downloading files

1.83.781.93.5816. The platform was visually appealing

1.92.672.14.7917. The platform reminds me about tasks to complete

2.03.441.94.4518. The organization of information in the platform is clear

0.96.442.34.3619. I would like to use the platform on a regular basis in the future

Table 7. Generalized estimating equations (GEE) regarding clinical symptoms and quality of life at baseline, and 12-week follow-up (total N=33
patients in the GEE; 29 contributed with complete data from baseline to follow-up).

Cohen da (95% CI)PZCoefficientPost, mean (SE)Pre, mean (SE)Measure

0.45 (0.1 to 0.8).004-2.88-4.7215.82 (1.8)20.54 (1.7)BAI

0.20 (-0.1 to 0.5).077-1.77-1.209.15 (0.9)10.35 (0.8)GAD-7

0.32 (0.0 to 0.6).009-2.61-2.7818.18 (1.4)20.96 (1.3)MADRS-S

0.69 (0.2 to 1.1)<.001-3.68-4.139.19 (1.0)13.32 (0.9)PHQ-9

-0.18 (-0.4 to 0.1).0342.120.400.03 (0.3)-0.37 (0.3)QOLI

aEffect sizes (Cohen d) were calculated on observed data.

Discussion

Principal Findings
The aim of this feasibility study was to test an Internet-based
support system in a clinical psychiatric setting with a focus on
both clinician and patient experiences, and also including patient
outcomes. Overall, we found that clinicians, as compared to the
patients, rated some functions of the support system as more
useful and that ratings by patients tended to be fairly low for
some functions. We also asked clinicians to rate the proportion
of patients for which the components of the support system
would be useful. Less than half of the clinicians rated that the
components would be useful for more than half of their patients.

As there were few clinicians in the study, these estimates should
be interpreted with caution but at least they signal that some
functions, like sending reminders and sharing documents, may
be appealing to clinicians in their work. At the same time, using
the support system to formulate therapy goals, agenda setting,
and playing audio files were barely used by the clinicians.
Overall, usefulness ratings, ease of use, and technology
acceptance varied but were fairly high for some items.
Moreover, 30% of the times the patients accessed the support
system were after working hours at the clinic. This indicated
that this support system also has the potential to increase the
availability of psychiatric care. In line with a large body of
literature on the effects of CBT and ICBT, symptom ratings
decreased over the study period.
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This feasibility study raises many questions. First of all, the
support system tested in our first study [8] appears to work when
delivered in a more regular psychiatric setting with regular
clinicians and patients [20]. Yet, it is important to keep in mind
that a few specific functions within the system were rarely used
by the clinicians. We hesitate to refer to this study as an
effectiveness study as use of the support system per se was not
part of regular practice, and we introduced and tested the system
simultaneously. In the first study [8], we had a smaller sample
and used interviews to gather information on experiences of
clinicians and patients. In this study, we investigated differences
between high versus low activity users and differences between
the clinicians and the patients. No difference turned out to be
statistically significant after controlling for multiple comparisons
but indicated that the high frequent users more often sent
messages to their therapist.

A second aspect to discuss relates to attitudes towards
technology use and preferences (eg, [21,22]). There is a growing
literature on these topics relating to ICBT, but far less work on
the use of technology within face-to-face CBT, sometimes
referred to as blended treatments [23], has been conducted. In
addition, a recent stakeholder survey indicated that blended
treatments are rated as more acceptable than ICBT with less
therapist contact [24]. We expect more studies to appear in the
field of blended interventions [23]. One recent example was a
study on depression in which a mobile phone app was used [25].
Moreover, in this study we did not really focus on the technical
aspects of the system, and there has been increased interest in
the use of novel technologies and how they can be best
incorporated and correctly described in digital health
interventions [26].

Third, what can we expect to achieve with the support system?
There is emerging literature on knowledge acquisition in CBT
[27], and we believe that the support system can serve as a
facilitator for patients when they learn more about themselves
and the treatment presented. This might not necessarily lead to
better outcomes in the short run but is also unlikely to lead to
worse outcomes. In the long run, it is possible that the enhanced
learning and support provided by the system could help to
prevent relapse.

Fourth, this study raises questions regarding training of
therapists and adherence to treatment manuals. It is possible

that clinicians with less training can benefit more from blending
information technology with face-to-face services. There are
examples of using computerized support [7] with good
outcomes, but to the best of our knowledge, there is a lack of
controlled trials testing if clinicians with less training can
perform as well as more skilled clinicians if they work with a
support system. More experienced and well-trained clinicians
may also be more effective if tasks can be delegated to the
computer (eg, handling outcome measures).

Limitations
It is important to keep in mind that this study is limited by a
number of factors. First, the within-group design limits any
causal inferences, and we cannot answer whether or not the
support system made any substantial, positive or negative,
contributions beyond the effect of conventional CBT. However,
in this feasibility study (without a predefined feasibility criteria)
we focused on usability and technology acceptance at an
outpatient psychiatric clinic. Second, the clinicians decided
whether or not to ask a specific patient about participating in
the study (ie, possible self-selection bias). Consequently, it is
possible that the outcome of the study is affected by confounding
by indication. Third, in terms of CBT interventions, we cannot
demonstrate the specific interventions the clinicians delivered.
Moreover, we did not measure the therapist’s competence in
delivering CBT. Nevertheless, by the use of the current support
system we were able to monitor the use of some fundamental
CBT components (eg, that the clinicians provided homework
assignments). Fourth, the number of patients lost to follow-up
may be an important sign of dissatisfaction. Nevertheless, it is
plausible that this was related to issues regarding procedure of
the study (eg, the clinicians were primarily responsible for
initiating the follow-up assessments). In our previous study in
a university setting, we had no missing data.

Conclusions
In spite of the limitations, this study adds to the literature
showing that modern information technology can be aligned
with conventional face-to-face services. Future studies should
investigate the added value of using a support system in
psychiatric care. Another option is to evaluate the usability of
the support system when training new therapists.
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In the paper by Fontaine et al, entitled “Effectiveness of
Adaptive E-Learning Environments on Knowledge,
Competence, and Behavior in Health Professionals and Students:
Protocol for a Systematic Review and Meta-Analysis” [JMIR
Res Protoc 2017;6(7):e128], a passage was inadvertently omitted
during copyediting. Under the subheading, Secondary Outcome
Measures, the following should have been included:

“Primary studies reporting an objective measure of users’
competence (eg, behavior change counseling competence scores)
or a subjective measure of users’ competence (eg, self-reported
skills) will be considered for inclusion.”

The paragraph given above should have preceded the one below:

“Primary studies reporting an objective measure of users’
behavior (eg, clinical interventions reported in patients’medical
file, number of tests ordered) and a subjective measure of users’

clinical behavior (eg, self-reported performance of clinical
interventions) will be considered for inclusion.”

In addition, the trial registration number and associated url links
were left out of the abstract. This information should have
appeared as follows: Trial Registration: PROSPERO
International Prospective Register of Systematic Reviews:
CRD42017065585; https://www.crd.york.ac.uk/PROSPERO/
display_record.asp? ID=CRD42017065585 (Archived by
WebCite® athttp://www.webcitation.org/6rXGdDwf4).

This omission has been corrected in the online version of the
paper on the JMIR website on August 15, 2017, together with
the publication of this correction notice. Because this was made
after submission to PubMed, the correction notice has been
submitted to PubMed. The corrected metadata have also been
resubmitted to CrossRef.
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Abstract

Background: The adoption of evidence-based practice (EBP) is promoted because it is widely recognized for improving the
quality and safety of health care for patients, and reducing avoidable costs. Providers of primary care face numerous challenges
to ensuring the effectiveness of their daily practices. Primary health care is defined as: the entry level into a health care services
system, providing a first point of contact for all new needs and problems; patient-focused (not disease-oriented) care over time;
care for all but the most uncommon or unusual conditions; and coordination or integration of care, regardless of where or by
whom that care is delivered. Primary health care is the principal means by which to approach the main goal of any health care
services system: optimization of health status.

Objective: This review aims to scope publications examining beliefs, knowledge, implementation, and integration of EBPs
among primary health care providers (HCPs).

Methods: We will conduct a systematic scoping review of published articles in the following electronic databases, from their
start dates until March 31, 2017: Medical Literature Analysis and Retrieval System Online (MEDLINE) via PubMed (from 1946),
Embase (from 1947), Cumulative Index to Nursing and Allied Health Literature (CINAHL; from 1937), the Cochrane Central
Register of Controlled Trials (CENTRAL; from 1992), PsycINFO (from 1806), Web of Science (from 1900), Joanna Briggs
Institute (JBI) database (from 1998), Database of Abstracts of Reviews of Effects (DARE; from 1996), Trip medical database
(from 1997), and relevant professional scientific journals (from their start dates). We will use the predefined search terms of,
“evidence-based practice” and, “primary health care” combined with other terms, such as, “beliefs”, “knowledge”, “implementation”,
and “integration”. We will also conduct a hand search of the bibliographies of all relevant articles and a search for unpublished
studies using Google Scholar, ProQuest, Mednar, and WorldCat. We will consider publications in English, French, Spanish, and
Portuguese.

Results: The electronic database searches were completed in April 2017. Retrieved articles are currently being screened, and
the entire study is expected to be completed by November 2017.

Conclusions: This systematic scoping review will provide a greater understanding of the beliefs, knowledge, implementation,
and integration of EBPs among primary HCPs. The findings will inform clinical practice and help to draw a global picture of the
EBP research topics that are relevant to primary care providers.

(JMIR Res Protoc 2017;6(8):e148)   doi:10.2196/resprot.7727
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Introduction

Evidence-based practice (EBP) is an emerging, breakthrough
approach among health care providers (HCPs) [1,2]. EBP has
its origins in evidence-based medicine and is defined as, “the
conscientious and judicious use of current best evidence in
making decisions about the care of individual patients” [3].
HCPs are expected to use EBPs as a standard approach to daily
practice [4,5], thereby integrating research, patient preferences,
clinical expertise, and innovative technologies [6-8]. However,
the implementation of EBPs remains a controversial process
[9,10], and not all HCPs are convinced that it improves the
quality of care [11,12]. Implementing EBPs is challenging,
especially in primary health care settings [13,14].

Primary health care is defined as: the entry level into a health
care services system, providing a first point of contact for all
new needs and problems; patient-focused (not disease-oriented)
care over time; care for all but the most uncommon or unusual
conditions; and coordination or integration of care, regardless
of where or by whom that care is delivered. Primary health care
is the primary means by which to approach the main goal of
any health care services system: optimization of health status
[15]. Health care provided by primary HCPs includes health
promotion, prevention and diagnosis, detection, intervention,
treatment, and case and care management [16,17]. Furthermore,
primary HCPs provide first-line health care services to
home-dwelling adult patients and long-term nursing home
patients. Nevertheless, in some acute health situations,
home-dwelling individuals will need to be referred to medical
specialists or acute hospital services for additional health care
advice [15,17]. Primary HCPs play a crucial decision-making
role, which strengthens communication and collaboration
between community HCPs and specialized HCPs to provide the
best available overall health care to community-dwelling
individuals [14]. Primary HCPs include general practitioners,
community health care nurses and nurse practitioners, midwives
and allied health care professionals (occupational therapists,
physical therapists, speech and language therapists, podiatrists,
dieticians, psychologists, social workers, and radiological and
medical imaging technologists), pharmacists, and dentists [18].

Although every HCP is generally considered accountable for
providing the best available evidence-based health care [19,20],
recent research has concluded that only a small percentage of
HCPs consistently do so [21-25]. The implementation rate of
EBPs among HCPs in hospital institutions has been largely
documented [26,27] and multiple barriers have been reported
[19,22,28,29]. These barriers include time constraints, a lack
of personal motivation and negative attitudes, professional
resistance to research, and inadequate knowledge of (and skills
needed for) EBPs among clinicians [30-32]. Additionally,
several authors have documented administrative and
organizational problems in the workplace, a lack of mentors for
EBPs, inadequate resources at the point of care, a gap between
theory and practice, a lack of any meaningful transition between
training courses on EBP and the clinical reality, and an absence
or lack of basic education on the subject [21,25,33]. Finally,
different authors have highlighted that HCPs’ beliefs about

EBPs are associated with their capacity to implement such
practices [22,34,35].

Over the last two decades, the use of EBPs in health care has
been documented in exploratory and observational studies in
different settings. However, there have been no wide-ranging
overviews or comparisons examining the beliefs, knowledge,
implementation, and integration of EBPs in primary health care
settings, or among primary HCPs [36,37].

This scoping review aims to explore the different studies
examining the beliefs, knowledge, implementation, and
integration of EBPs in primary health care settings and among
primary care HCPs. The following research questions will be
explored:

1. What is the extent of the research exploring beliefs,
knowledge, implementation, and integration of EBPs among
primary HCPs?

2. What is the nature of the research exploring beliefs,
knowledge, implementation, and integration of EBPs among
primary HCPs?

3. How do the extent and nature of the research exploring
beliefs, knowledge, implementation, and integration of
EBPs vary across primary HCPs?

Methods

We will use the scoping review methodological framework
conceived by Arksey and O'Malley [38], with the refinements
described by Levac et al [39] and Colquhoun et al [40], and
consider the recommendations of the Preferred Reporting Items
for Systematic Reviews and Meta-Analyses Protocols
(PRISMA-P) statement [41].

This multistage model involves: (1) identifying the research
questions (listed above); (2) identifying relevant studies (search
methods used); (3) selecting studies; (4) charting the data; (5)
collating, summarizing, and reporting the results; and, if
necessary, (6) consulting with key stakeholders. The refinements
to the original framework include: establishing clear research
questions, purposes, and expected outcomes of the scoping
review; assembling a team with content and methodological
expertise; searching the literature using an iterative process
involving inclusion and exclusion criteria; using at least two
reviewers to independently review abstracts and full-text papers,
with a consensus procedure in cases of disagreement; developing
a data extraction form onto which two researchers can upload
the data independently; conducting a quality assessment of
included papers; and performing an analysis that includes a
descriptive quantitative summary of papers, as well as a
qualitative thematic analysis.

Eligibility Criteria
Searches in scoping reviews are recommended to be as
comprehensive as possible, in order to identify every possible
study that is relevant to the field [39,42]. Original studies
eligible for inclusion encompass descriptive studies, cohort
studies, interventional studies, qualitative studies, mixed-design
studies, and reports studying EBPs among primary HCPs.
Studies should provide a measure or level of: (1) belief, (2)
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knowledge, (3) implementation, or (4) integration of EBPs, as
defined by the authors.

Studies should be conducted among primary HCPs in primary
health care settings, and among HCPs carrying out parallel
activities in primary, secondary, and tertiary health care settings.
Studies should also include regional and national surveys among
general practitioners, community health care nurses and nurse
practitioners, midwives, occupational therapists, physical
therapists, speech and language therapists, podiatrists, dieticians,
psychologists, social workers, radiological and medical imaging
technologists, dentists, and pharmacists. Grey literature
containing information on beliefs, knowledge, implementation,
and integration of EBPs is eligible. Studies including expert
opinions and editorials will be excluded from the original set
of studies collected.

Information Sources and Search Strategy
We will conduct a systematic scoping search of published
articles in the following electronic databases, from their start
dates until March 31, 2017: Medical Literature Analysis and
Retrieval System Online (MEDLINE) via PubMed (from 1946),
Embase (from 1947), Cumulative Index to Nursing and Allied
Health Literature (CINAHL; from 1937), the Cochrane Central
Register of Controlled Trials (CENTRAL; from 1992),
PsycINFO (from 1806), Web of Science (from 1900), Joanna
Briggs Institute (JBI) database (from 1998), Database of
Abstracts of Reviews of Effects (DARE; from 1996), Trip
medical database (from 1997) and relevant professional
scientific journals for the primary HCPs mentioned (from their
start dates). We will use predefined search terms and Medical
Subject Headings (MeSH) terms such as, “evidence-based
practice”, “evidence-based nursing”, “evidence-based approach”,
“best practices”, “beliefs”, “knowledge”, “implementation”,
“integration”, and “health personnel”. The “health personnel”
MeSH term’s tree will be expanded using the MeSH terms and
keywords “health care” and “allied health care professionals”.
In addition to searching electronic databases, we will conduct
a hand search of the bibliographies of all relevant articles and
a search of unpublished studies using Google Scholar, ProQuest,
Mednar, the WorldCat and Health Technology Assessment
(Canadian Search Interface) databases, and OpenGrey. We will
consider publications in English, French, Spanish, and
Portuguese. If studies are identified in languages other than
those mastered by the research team, we will contact their
authors to complete the data extraction and quality assessment
form. A draft MEDLINE search strategy is included in
Multimedia Appendix 1. When the MEDLINE strategy has
been finalized, subject headings and syntax will be adapted for
the other databases. The search strategy’s results will be reported
following the PRISMA statement guidelines (Multimedia
Appendix 2) [43].

Bibliographic Management
Review Manager software version 5.3 and Endnote 8.0 will be
used for collecting and analyzing the bibliographic references
retrieved using the search strategy [44].

Article Selection Process
We will include studies by using a two-step process with two
independent reviewers for each step. First, each abstract initially
selected will be evaluated. Then, each potentially relevant full
article will be retrieved for consideration of inclusion. Second,
data will be selected and extracted. In cases of a disagreement
between the two reviewers, the other team members will
contribute to the decision. Disagreements will be resolved
through discussion among the team members or, if needed, a
consensus will be reached following a further discussion with
the authors. Article selection will be based on the
methodological framework for scoping studies recommended
by Arksey and O'Malley and Levac et al [38,39] and the
systematic review by Leung et al [45].

Data Collection Process
We will use standardized data collection forms (Microsoft Excel
sheets for the data on the studies and interventions, as well as
a quality assessment of the studies included) developed by the
research team. Data extraction will be conducted independently
by two separate reviewers using a specially designed,
standardized data extraction form based on a relevant, previously
published extraction form [46]. Discrepancies will be resolved
through discussion and consultation with the co-authors.

Data Items
The following information will be extracted from each included
study and put into an appropriate usable form: (1) study author,
year of publication, and country in which the study was
conducted; (2) study characteristics (including research
questions, study setting and design, instruments used, duration
of follow-up, and sample size); (3) participants’ characteristics
(including sex, age, professional activity and experience, level
of education, and setting); and (4) types of outcome measures
[47].

Outcomes and Prioritization
The primary outcomes will be the nature, number, and
comparison of studies examining beliefs, knowledge,
implementation, and/or integration of EBPs among primary
HCPs. These outcomes will allow us to generate an overview
of the existing implementation and integration of EBPs in
primary health care.

We hypothesize that significant differences will exist in the
designs and instruments of EBPs, both in different primary
health care settings and among different primary HCPs.
Secondary outcomes will focus on: the beliefs, knowledge,
implementation, and integration measures/levels of EBPs; the
theoretical frameworks and instruments used for assessment;
and the level of evidence provided in the included studies [48].
Overall, the outcomes of this scoping review will provide useful
suggestions and recommendations for identifying possible gaps
in the research [38].

Data Synthesis
We will summarize the results using a descriptive
(noninterpretive) narrative synthesis [38,39,42] and content
analysis [49]. All data on the beliefs, knowledge,
implementation, and integration measures/levels for EBPs will
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be summarized in a table. By summarizing and critically
appraising all studies, we will be able to identify gaps in the
current evidence and avenues for future research.

Confidence in Cumulative Evidence and Risk of Bias
As recommended by Daudt et al [42], we will assess the quality
of the eligible observational and mixed-method studies by using
the appropriate recommended tools: Grading of
Recommendations Assessment, Development, and Evaluation;
and the Mixed-Methods Appraisal Tool [47,50]. Qualitative
studies will be assessed using the Letts Qualitative Review Form
[51]. The risk of bias in the retrieved studies will be assessed
using the Cochrane Collaboration tool [44]. We will not,
however, exclude studies based on a quality assessment, because
we wish to provide a comprehensive overview of the available
evidence and its extent. The quality of evidence will be assessed
using the following items: risk of bias, inconsistency,
imprecision, indirectness, publication bias, and the confidence
effect [44]. Using these tools, each of the following domains
will be rated as: (1) very low quality, (2) low quality, (3)
moderate quality, or (4) high quality [52]. Any disagreements
regarding the quality assessment will be resolved through
discussion among the team members.

Ethics and Dissemination
All data in this project will be gathered through searches of
literature databases, and recommendations and guidelines
available online. No information on individuals will be collected
within the framework of this project, thus approval from a
research ethics committee is not required.

Results

The electronic database searches were completed in July 2017.
Retrieved articles are currently being screened and the entire
study is expected to be completed by November 2017.

Discussion

Providing the best available, safe, high-quality health care is
the gold standard objective in all health care settings. To the
best of our knowledge, there exists no global overview of the
beliefs, knowledge, implementation, and integration of EBPs
among primary HCPs and institutions. This documentary
research project will provide a picture of the state of the art of
research in this domain, and reveal to what extent EBPs are
implemented and integrated. This review will, therefore, provide
valuable information to practitioners, policy makers, and other
stakeholders.

Strengths and Limitations
This systematic scoping research protocol’s strengths are: (1)
obtaining a broad overview of the studies dealing with beliefs,
knowledge, implementation, and integration of EBPs among
primary HCPs; (2) the use of an appropriate search strategy
designed in collaboration with two specialist librarians who are
experienced in conducting such reviews; and (3) the inclusion
criteria, which impose no restrictions on time period or
geographic location.

Nevertheless, this protocol does include some limitations which
may introduce bias: (1) the exclusion of articles written in
languages other than English, French, Spanish, or Portuguese;
and (2) the personal judgements of the reviewers’ study
assessments.
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