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Abstract

Background: In the United States, young men who have sex with men (YMSM) remain disproportionately affected by human
immunodeficiency virus (HIV) and other sexually transmitted infections (STIs). Although routine HIV/STI screening is pivotal
to the timely diagnosis of HIV and STIs, initiation of appropriate treatment, and reduced onward disease transmission, repeat
screening is underused. Novel interventions that incorporate elements of games, an approach known as gamification, have the
potential to increase routinization of HIV/STI screening among YMSM.

Objective: The study aims to test the hypothesis that an incentive-based intervention that incorporates elements of gamification
can increase routine HIV/STI screening among YMSM in California.

Methods: The study consists of a formative research phase to develop the intervention and an implementation phase where the
intervention is piloted in a controlled research setting. In the formative research phase, we use an iterative development process
to design the intervention, including gathering information about the feasibility, acceptability, and expected effectiveness of
potential game elements (eg, points, leaderboards, rewards). These activities include staff interviews, focus group discussions
with members of the target population, and team meetings to strategize and develop the intervention. The final intervention is
called Stick To It and consists of 3 components: (1) online enrollment, (2) Web-based activities consisting primarily of quizzes
and a countdown “timer” to facilitate screening reminders, and (3) in-person activities that occur at 2 sexual health clinics.
Participants earn points through the Web-based activities that are then redeemed for chances to win various prizes during clinic
visits. The pilot study is a quasi-experimental study with a minimum of 60 intervention group participants recruited at the clinics,
at community-based events, and online. We will compare outcomes in the intervention group with a historical control group
consisting of individuals meeting the inclusion criteria who attended study clinics in the 12 months prior to intervention
implementation. Eligible participants in the pilot study (1) are 18 to 26 years old, (2) were born or identify as male, 3) report male
sexual partners, and 4) have a zip code of residence within defined areas in the vicinity of 1 of the 2 implementation sites. The
primary outcome is repeat HIV/STI screening within 6 months.

Results: This is an ongoing research study with initial results expected in the fourth quarter of 2017.
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Conclusions: We will develop and pilot test a gamification intervention to encourage YMSM to be regularly screened for
HIV/STIs. The results from this research will provide preliminary evidence about the potential effectiveness of using gamification
to amplify health-related behavioral change interventions. Further, the research aims to determine the processes that are essential
to developing and implementing future health-related gamification interventions.

Trial Registration: Clinicaltrials.gov NCT02946164; https://clinicaltrials.gov/ct2/show/NCT02946164 (Archived by WebCite
at http://www.webcitation.org/6ri3G4HwD)

(JMIR Res Protoc 2017;6(7):e140)   doi:10.2196/resprot.8064

KEYWORDS

gamification; men who have sex with men; young men who have sex with men; HIV screening; STI screening; self-determination
theory; game design; game elements; incentives; intrinsic motivation; homosexuality, male; human immunodeficiency virus;
sexually transmitted diseases

Introduction

New and innovative strategies for human immunodeficiency
virus (HIV) infection prevention are urgently needed to increase
the uptake of health services among men who have sex with
men (MSM). A growing body of evidence suggests that, under
the right circumstances, financial incentives can increase the
demand for HIV screening, change short-term sexual behavior,
enhance linkage to care after HIV diagnosis, and promote
adherence to antiretroviral therapy [1-11]. Several studies have
demonstrated that incorporating elements of games into
incentive-based programs—an approach known as
gamification—can be more effective and cost effective than
simple financial incentives alone [12-14]. Ongoing and
completed studies in the United States and elsewhere, including
several targeting MSM, have demonstrated the feasibility and
acceptability of gamification for improving engagement in HIV
infection prevention and care [15-20].

We hypothesize that gamification for HIV and sexually
transmitted infection (STI) prevention may work well to
reengage and motivate a new generation of MSM in a
cost-effective and sustainable way. A focus on young men who
have sex with men (YMSM) is particularly warranted because
this population remains disproportionally affected by HIV
infection. Although HIV diagnoses among gay and bisexual
men have stabilized in recent years, YMSM continue to
experience the greatest burden of HIV compared with any other
group in the United States, with young men 13 to 24 years of
age accounting for 27% of new diagnoses among all gay and
bisexual men [21]. Additionally, MSM are at increased risk for
STIs [22]. In 2015, 59.6% of all primary and secondary syphilis
diagnosis were among MSM [22]. Rectal chlamydia and
gonorrhea are also common among MSM and are associated
with increased HIV acquisition [23-25]. Moreover, a growing
body of evidence suggests that the Internet and social media
are effective ways to share sexual health information with MSM,
and YMSM in particular [26-33]. To our knowledge, at least
two gamification interventions for diverse YMSM in the United
States are underway or have been completed, including an
intervention to reduce sexual risk behaviors
(healthMpowerment) [15,16] and a mobile phone-based
intervention to improve antiretroviral therapy adherence (Epic
Allies) [17].

To test the potential of gamification for HIV/STI prevention,
our 2-year study developed and will pilot Stick To It, an
HIV/STI prevention intervention for YMSM (18-26 years of
age) that incorporates elements of gamification. The objective
of the intervention is to increase repeat HIV/STI screening,
defined as screening at least every 3 months. HIV/STI screening
is critical both as the gateway to HIV/STI treatment, which can
lead to reduced onward transmission, and as a critical first step
to access prevention strategies such as preexposure prophylaxis
[34]. This paper describes the methodology and protocol of our
study.

Methods

The study consists of 2 distinct phases. The first phase is the
formative research phase, in which we used focus groups,
structured interviews, and rapid prototyping of intervention
elements to determine the most effective and appropriate design
for the intervention. The second phase consists of the
implementation of the intervention in a controlled research
design. First, we present the methodology of the formative phase
and the insights gained from the different elements therein,
leading to the final design of the intervention. Second, we
present the protocol for the implementation phase.

Phase 1: Formative Intervention Design
Our intervention was implemented at 2 sexual health clinics, 1
in northern California (Oakland), and 1 in southern California
(Hollywood). Phase 1 formative research took place at the 2
clinics and at meeting locations on a university campus from
November 2015 to July 2016. Our goal in phase 1 was to design
Stick To It, an intervention incorporating gamification intended
to motivate increased repeat HIV/STI screening among YMSM.
Gamification, “the use of game design elements in non-game
contexts,” [35] is hypothesized to amplify the motivational
power of financial and nonfinancial incentives. It is informed
by self-determination theory, which posits that external rewards
can be internalized and generate lasting intrinsic motivation
(defined as engaging in activities “because of the positive
feelings resulting from the activities themselves”) if they are
experienced in a context that satisfies three basic psychological
needs: autonomy, competence, and relatedness [36].
Gamification scholars have argued that games and gamification
can create such a context [36,37]. At the beginning of phase 1,
we selected the key game elements that we intended to use in
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the intervention. These included a defined theme and a number
of core “game mechanics,” basic mechanisms that define how
the gamification intervention works. The game theme is a
concept that serves to synchronize all components of the game
and is critical to maximizing participant engagement [38]. Figure
1 outlines how potential gamification interventions may facilitate
improved health outcomes among YMSM.

Because the formative phase of gamification design involves
an iterative process of gathering information about the
effectiveness of game elements and refining the intervention,
we simultaneously present both the design of the formative
phase of our study and the results generated by each stage of
the formative research.

Figure 1. Theory of change for how a potential gamification intervention may facilitate improved health outcomes among young men who have sex
with men (YMSM). HIV: human immunodeficiency virus; STI: sexually transmitted infection.

Formative Phase Methods and Results
The phase 1 research activities consisted of 4 components: (1)
10 strategy and development meetings of the entire project team,
consisting of the research team, clinic staff, and a gamification
consultant from the private sector; (2) 4 in-depth interviews
with clinic staff about the clinic and its population; (3) 11 focus
groups with 29 members of the target population (YMSM, 18-26
years of age); and (4) a series of weekly meetings of a smaller
design team, consisting of 3 members of the research team and
1 of the site coordinators.

Strategy and Development Meetings
We held 10 meetings of the entire project team. Participants
were the research team, including the project manager, the 2
site-specific project coordinators, the regional coordinators and
research director of the implementation partner, and the
gamification consultant. At the initial meetings, the emphasis
was on broad game design-related issues such as the theme and
aesthetics of the intervention design. Subsequent meetings
consisted of extensive discussion of the game elements to be
included, such as how to use points; whether to use a
leaderboard; the frequency of participant interaction with the
intervention; how much interaction between participants to
include, if any; when or if to incorporate prizes; and how to use
chance elements to determine prizes or other outcomes. Over
time, these discussions were increasingly informed by the focus
group findings. An important goal of these discussions was to
integrate (1) extensive testing of game elements among the
target population to determine the most suitable, engaging, and
effective intervention design, as this is the cornerstone of

gamification [38]; (2) knowledge of gamification and game
design principles; (3) the research team’s expertise on
established public health behavior change strategies, such as
reminders, incentives, and education; and (4) clinic staff’s
expertise on patient experience, clinic management, and overall
feasibility, including the logistical realities and constrains of
the participating clinics.

Staff Interviews
We conducted structured in-depth interviews with 4 staff
members from both implementation sites. Interviewees were
purposely selected to include testing counselors and clinic
managers. The primary purpose of the interviews was to assess
the kinds of game elements that would be feasible, appropriate,
and best suited to increase engagement between clinic visits
based on staff knowledge of the institutional setting and target
population. The primary game elements discussed were theme
and core game mechanics. The potential core game mechanics
that we initially considered were (1) games of chance (eg, dice
or spin wheels, gumball machines) and a system of points
awarded for achievement of tasks and goals within the
intervention, (2) prizes awarded based on accumulated points
and outcomes of the chance elements, and (3) leaderboards that
display the relative ranking of participants’ points or
accomplishments and are used to create an element of
competition. We used the insights gained from the staff
interviews to develop the set of potential themes, core
mechanics, and game elements presented at the initial focus
groups. We also asked staff members to briefly pilot the games
of chance in the clinic and report their perspectives about the
feasibility and acceptability of each approach.
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Focus Groups
After staff interviews, we conducted an initial set of 4 focus
groups with the target population in both implementation areas.
These discussions followed a standard structured format
designed to elicit detailed information about preferences and
characteristics, with particular focus on use of smartphones and
Internet technology, as well as experiences with different types
of games. Special emphasis was placed on issues of concern to
race and ethnic minorities and the lesbian, gay, bisexual,
transgender, questioning community. In addition, we tested the
themes and game mechanics that emerged from the staff
interviews with focus group participants to determine those that
would be most appropriate and effective.

We conducted 7 additional focus groups, which focused more
narrowly on the specific game elements of the intervention and
followed a progression of increasing detail and specificity of
game elements as the design and content of the intervention
evolved. This stage of the formative research was intended to
implement the iterative game design testing process, an
important component of game testing [38]. In these focus
groups, we presented mock-ups of specific game elements, in
the sequence in which they would be encountered by participants
in the intervention, and elicited input on each of the elements
and their interaction in the overall intervention design. An
additional procedure was to present multiple versions of a
particular game element and elicit rankings of the alternatives

in terms of potential engagement and effectiveness. While we
emphasized the effectiveness of game elements and their
potential for participant engagement, we also prioritized issues
of sensitivity and appropriateness for the target population
during focus group discussions. Namely, we aimed to ensure
that the proposed game mechanics and messaging were
nonstigmatizing, meaningful, and relevant to the target
population. Focus group facilitators used structured focus group
guides but encouraged a flexible conversation based on
participant input during the sessions to facilitate friendly and
open communication that allowed participants to be honest
about their experiences with sexual health screenings and game
design. Participant input on novel designs of specific game
elements or the intervention as a whole was also encouraged.

Among the 11 focus groups held, a total of 29 participants
attended, with between 2 and 9 participants per group session.
The mean age of participants was 24 years old. The
self-identified race/ethnicity of focus group participants was as
follows: American Indian/Alaskan native: 1 (3%); Asian/Pacific
Islander: 3 (10%); black/African American: 4 (14%);
Hispanic/Latino: 10 (34%); white: 9 (31%); mixed or other
race/ethnicity: 2 (7%).

Table 1 summarizes the key results of the focus groups: the
game elements that were discussed, the main insights gained
with respect to each element, and the decisions that were made
about each element in the iterative design process.

Table 1. Focus group results: key insights and decisions about game elements to be used in the Stick To It intervention for young men who have sex
with men (YMSM) in California, 2015-2016.

Design decisions for Stick To ItKey insights from focus group discussionsGame element

Base theme on experiences and interests of YMSM.

Use bright colors, whimsical humor, and fun content.

Prefer contemporary to retro themes.

Prefer fun, lighthearted themes to highly sexualized themes.

Prefer simplicity in design.

Theme

Send communications via SMS.

Link to a fun online activity for points.

Decrease communication intervals from 3 weeks to
1 week between screenings.

Incorporate a “countdown timer” to remind partici-
pants when next quarterly screening is due.

Reminders need to be fun and rewarding.

Prefer text messages (SMSa) over email and social media-
based reminders.

Frequency matters.

Reminders to screen at self-sched-
uled time

Use multiple-choice quizzes, with points for answer-
ing questions, and additional points for correct an-
swers.

Limit questions to 5 per quiz.

Mix informational with fun and whimsical activities.

Make questions short and to the point.

Prefer polls and quizzes to games.

Activities should not be competitive.

Interest was expressed in useful information about sexual
health with a fun or whimsical approach.

Time is limited, so online activities should be designed to
be completed in a short period of time, such as waiting in
line, commuting to work or school.

Web-based activities to accompa-
ny reminders and earn points

Use gumball machine at the clinic as a game of
chance.

More points lead to more gumballs.

Base prizes on color combinations of gumballs.

Award small prizes for common combinations and
large prizes for rare combinations.

Guarantee participants always win at least a small prize as
a means to deflect from the anxiety and stress associated
with screening encounters.

Prefer a combination of high-probability small prizes and
low-probability large prizes.

Participants need to believe the chance mechanism isn’t
rigged.

Chance element for awarding
prizes for screening

aSMS: short message service.
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Design Team Meetings
The smaller design team held a series of weekly meetings. The
design team iteratively redesigned components of the
intervention on the basis of the results of the other formative
research components. Each meeting of the design team generated
a revised set of game elements, which were then taken into the
subsequent focus groups and strategy and development meetings
for consideration.

Final Intervention Design
The final intervention consists of 3 components: online
enrollment, Web-based activities, and in-person activities that
occur at the clinic. Participants earn points through the
Web-based activities, which they then redeem for a chance to
win prizes during clinic visits. All content was developed prior
to the implementation phase of the intervention.

In the first component, participants go through an online
enrollment process and introduction to the intervention. The
enrollment process consists of answering study eligibility
questions, providing consent to participate in the study, and
answering basic demographic questions. The introduction to
the intervention consists of reading a short tutorial, inputting
the date of last HIV/STI screening—used to set the countdown
timer for the next recommended screening—and being invited
to answer a 5-question multiple-choice quiz on a topic related
to sexual health. Quizzes include questions that test knowledge
of sexual health information that members of the target
population may value (eg, STI symptoms, treatment,
transmission risk, and prevention strategies) and questions
primarily intended to be humorous or whimsical. Participants
earn points for each step of this process (except for providing
consent).

The second component, Web-based activities, occur on the
intervention website (stick2it.org) and are intended to
accomplish two primary goals. The first is to provide multiple
reminders of the approaching quarterly screening date, which
is accomplished through the prominent display of the countdown
timer on the personalized webpage dashboard using a graphic
presentation that was designed as part of the aesthetic theme of
the intervention. The second is to provide participants the
opportunity to accumulate points, which increases their chance
of winning more valuable prizes at the clinic, thus increasing

their motivation to receive quarterly HIV/STI screening. The
online activities are primarily triggered by a series of short
message service (SMS) text messages, inviting participants to
visit the intervention website and complete various activities,
such as taking the latest quiz, viewing their screening countdown
timer, and inviting friends to join the intervention. Messages
are sent with increasing frequency as the participant approaches
their quarterly screening date, beginning with a 3-week interval,
increasing to a 1-week interval. To complete each quiz,
participants click a link in the SMS message directing them to
their home page on the intervention website, where participants
can also view their countdown timer. Points are awarded for
answering the quiz questions, with additional points awarded
for answering correctly. Participants are provided with an
opportunity to take a new quiz every 3 weeks throughout the
course of the intervention. In addition, participants earn points
when they invite eligible friends who subsequently enroll in the
intervention. Invited friends must meet all participant inclusion
criteria.

The third component of the intervention involves the game of
chance and takes place at the clinic. Participants also receive
additional points for visiting the clinic for screening.
Participants’accumulated points are redeemable for prizes only
at the clinic (for any reason, including screening or treatment).
The redemption process works as follows. Gumball machines
are located at each clinic. This was both the game of chance
overwhelmingly preferred by the target population through our
focus group testing and the most feasible to implement at the
clinics. During their clinic visit, participants can draw between
1 and 5 gumballs, depending on their accumulated points. The
number of points earned corresponds with the number of
gumball draws available to the participant. The color
combinations of the gumballs that are drawn determine the prize
received. Points redeemed for gumball draws are deducted from
the participant’s accumulated points at the time of redemption.
The system of points and prizes was designed to result in an
average prize cost of US $5 per screening visit. After screening,
the countdown timer is reset for the next quarterly screening
date. Multimedia Appendix 1 presents the points system and
prizes used in the intervention. Multimedia Appendix 2 presents
screenshots of the intervention website. Figure 2 shows a
schematic of the final intervention design.
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Figure 2. Schematic of final intervention design. HIV: human immunodeficiency virus; STI: sexually transmitted infection.

Phase 2 Intervention Pilot
Phase 2 will take place from October 2016 to June 2017 and
will address the following aims: (1) evaluate the preliminary
effectiveness of the Stick To It intervention on repeat HIV/STI
screening in a pilot study, (2) evaluate the acceptability of and
participant engagement with the Stick To It intervention, (3)
evaluate the feasibility and cost of implementing an
effectiveness evaluation on a larger scale, and (4) evaluate the
cultural competence of the intervention as designed and
implemented.

Study Population and Eligibility Criteria
Our study targets individuals who (1) are 18 to 26 years old,
(2) were born or identify as male, (3) report male sexual partners
at the time of enrollment, and (4) have a zip code of residence
within defined areas in the vicinity of 1 of the 2 implementation
sites. We selected YMSM aged 18 to 26 years as inclusion
criteria for this pilot study given the substantial variations in
the intervention design that would be required to include
adolescent-aged YMSM. Additionally, a minimum inclusion
age of 18 years will ensure that participants can provide
independent consent to participate in the intervention.

Recruitment, Screening, and Sample Size
Participants will be recruited through three main channels.
Multimedia Appendix 3 (flyers) and Multimedia Appendix 4
(video) present the recruitment tools used for the intervention.

In-Clinic Recruitment
Clinic staff will identify eligible individuals who visit the clinics
for screenings, treatment, or other purposes and will inform
them of the study and invite them to participate. In addition,

placing flyers in the clinics and displaying the gumball machines
in examination rooms will facilitate conversations about the
intervention with potential participants. Those who are interested
will be given a handout directing them to the intervention
website, where they will be invited to complete an eligibility
questionnaire and, if eligible, provide consent to participate in
the study. Those with a smartphone will be invited to sign up
while still at the clinic. Those who are eligible and provide
consent will enter the study.

Community-Based Recruitment
We will place flyers in bars, other clinics, on mobile testing
vans, and at selected community events. The advertisements
and flyers include links to the intervention website, where
individuals are invited to take the eligibility questionnaire and
provide consent.

Online Recruitment
We will post advertisements on social networking platforms
such as Facebook, Twitter, Instagram, Craigslist, and Grindr (a
geolocation-based social networking app used by YMSM).

Study Design
Owing to potential spillover effects between the treatment and
control groups within local peer groups, we deemed a
randomized design to be impracticable. Instead, our study will
use a quasi-experimental study design with a historical control
group consisting of eligible participants identified within the
medical records of the same clinics over the 12 months prior to
the intervention phase of the study. We preregistered the study
(clinicaltrials.gov NCT02946164). All eligible individuals
recruited at the clinics, at community-based events, and online
will be assigned to the treatment group. We will recruit a
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minimum of 60 participants and a maximum of 200 participants
into the treatment group and identify an identical number of
individuals to serve as a historical control group. To our
knowledge, this will be the first intervention using gamification
to target YMSM for repeat HIV/STI screening. Accordingly,
we chose a large sample size range as the upper bound, as it is
not possible for us to predict what the demand will be for such
an intervention among the target population.

Given the pilot nature of the study, the proposed analyses will
likely be underpowered for formal testing purposes.
Nevertheless, if we assume that half of the men in the
comparison group will attend 1 or more repeat HIV/STI
screening visits over 6 months of follow-up, with 60 men in
each group, we will have 80% power to detect a minimum
change of at least 27 percentage points (from 50% to 77%),
which is comparable to the increase observed in an
incentive-based intervention previously implemented by the
community-based organization that operates the 2 clinics in our
study [39].

Outcomes
For the primary outcome of repeat HIV/STI screening, we will
use routinely collected client data from the clinics’ electronic
patient tracking and medical record system. A set of quantitative
and qualitative secondary outcomes will be used to determine
the acceptability and feasibility of Stick To It, and whether the
intervention is suitable for a future effectiveness study on a
larger scale. These implementation outcomes are as follows.
First is the ability to recruit the study population: the percentage
of eligible men approached who are willing to enroll and
whether we can fully enroll the cohort within 6 weeks of study
initiation. Second is participant engagement with the
intervention: among Stick To It participants, we will determine
(1) the proportion who successfully invited 1 or more other
eligible individuals to the intervention, (2) the number of
completed quizzes, and (3) the average number of quizzes
participants completed. Third is cost: we will track the
incremental cost of the program, relative to standard of care,
which we will identify using the ingredients approach, in
accordance with guidance from the World Health Organization
[40]. Fourth is the potential for adverse events; that is, whether
any adverse events occurred and the potential for adverse events
in a larger effectiveness study. Fifth is the cultural competence
of staff who implemented Stick To It services and activities and
the cultural relevance of the intervention for members of the
target population.

Data Collection
For each participant, we will collect data for a period of 6
months following their entry into the study. The primary
outcome is repeat HIV/STI screening, defined as the number
of screenings participants receive over the 6-month observation
period, an indicator of retention in the program and its
effectiveness.

In addition, we will collect qualitative information about the
experiences of participants and clinic staff, described below.

We will use the following methods to collect our secondary
outcomes.

Postpilot Questionnaire, Administered to All Participants
A survey offered to all participants at the end of the study period
will assess HIV/STI screening at other clinics (self-reported),
barriers and facilitators to screening, and perceptions of the
Stick To It intervention.

In-Depth Interviews
We will conduct up to 10 in-depth interviews with members of
the clinic staff at the end the study period. We will gather
detailed information on their perceptions of the intervention,
including implementation challenges and successes, adaptability
and integration with clinic operations, perceptions of
effectiveness, and suggestions for future improvements.

We will also conduct in-depth exit interviews with up to 40
Stick To It participants from both locations. Our goal is to gather
detailed information about whether the intervention was
relevant, motivating, and culturally competent. Further, we hope
to assess the level of satisfaction with the process of earning
and redeeming points, the rewards used, and the program’s
potential applicability to others. We will purposefully select a
diverse group of men from different racial and ethnic groups
and men who had different levels of engagement with the
intervention. Topical areas will include the participant’s
perception of HIV/STI risk, perceptions about and experience
with HIV/STI screening, willingness to discuss sexual health
with others, particularly motivating elements of the game, and
any unexpected challenges or adverse events.

We will examine whether Stick To It was culturally appropriate,
relevant, and nonstigmatizing for YMSM, with an emphasis on
African American and Latino YMSM, who are
disproportionately affected by HIV [41]. Thus, at the completion
of the in-depth interviews, we will administer a short
interviewer-administered survey that includes the validated
20-item Public Perception of Physician’s Cultural Competence
Scale, which measures client perceptions of physicians’cultural
competence [42]. We will adapt the scale to also refer to the
clinic staff involved in Stick To It, and the design of the
intervention itself. In addition, given the issues of stigma and
discrimination that may adversely affect health care access
among YMSM, we will include questions adapted from the
validated Experiences of Discrimination [43] scale and the
Discrimination in Medical Settings Scale [44] to determine
whether the intervention or its implementation was stigmatizing.

In-depth interviews will be conducted in English by trained
staff and will follow standard procedures [45,46]. A
semistructured interview guide will cover predetermined issues
(to ensure systematic data collection), but the interviewer will
be free to change the sequence and wording of questions to
ensure that unexpected themes can emerge [47]. Interviews will
be audio recorded, with participant’s consent, and later
transcribed verbatim.

Figure 3 summarized our study design, screening and
recruitment process, and data collection.
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Figure 3. Summary of study design, screening and recruitment process, and data collection.

Data Analysis
For quantitative outcomes, we will first assess missing data,
describe participant characteristics using frequency tables, and
provide descriptive statistics (eg, means, standard deviations,
medians, ranges, proportions) for the primary and secondary
outcomes stratified by group. For the binary outcomes, we will
compare the intervention and comparison groups by computing
unadjusted and adjusted prevalence ratios and 95% confidence
intervals using generalized linear models, such as log-binomial
regression [48-50]. For the continuous and discrete outcomes,
we will use ordinary least squares and zero-inflated Poisson
regression (depending on the distribution of the outcomes) to
determine the change in outcomes associated with participation
in the intervention, before and after controlling for baseline
characteristics. All regression analyses will include robust
standard errors to adjust for heteroscedasticity and clustering.
We will also perform a per-protocol analysis limited to
participants that had a minimum level of engagement with the
intervention during the study period (eg, ≥25th percentile of
points earned during the game).

Qualitative data analysis will be conducted with ATLAS.ti
(Scientific Software Development GmbH) following standard
procedures [47,48]. In brief, we will combine inductive and
deductive techniques to strengthen the validity of the coding
system and our conclusions during the multistage analysis
process [46-50]. Two researchers will independently review the

transcripts and code according to broad, a priori, and emergent
themes related to gamification theory and barriers and
facilitators of regular screening. Interviewer notes capturing
contextual details, quality, inconsistencies, and impressions will
also be incorporated. Data reduction will be based on coding
sorts of the most central themes (eg, engagement with the
intervention) followed by a systematic analysis of related themes
(eg, motivation, risk perception, stigma) using coding matrices
to identify relationships [44,51]. To reduce threats to validity,
we will solicit feedback on our hypotheses from participants
(respondent validation) [52] and rigorously examine theoretical
validity—whether the data are consistent or inconsistent with
the underlying theoretical models [47].

Results

This is an ongoing research study with initial results expected
in the fourth quarter of 2017.

Discussion

The ongoing study is intended to explore the effectiveness of
incorporating gamification into an incentive-based intervention
to increase repeat HIV/STI screening among YMSM. Given
that this population remains disproportionally affected by HIV
and STIs, novel approaches that supplement proven engagement
strategies may serve an important public health function.
Namely, early HIV diagnosis, as achieved through repeat HIV
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screening, has been shown to facilitate timely linkage to medical
care, initiation of antiretroviral therapy, and attainment of viral
suppression, resulting in reduced transmission risk [53-55].

Given the success of nongamification interventions involving
incentives, and considering the potential of gamification to
harness and amplify intrinsic motivation for both short-term
and long-term behavior change, we hypothesize that this
approach may be particularly effective in increasing routine
HIV/STI screening among YMSM. We emphasize that a
fundamental principle of gamification is to enhance the
motivational effectiveness of known behavior change
mechanisms, such as reminders and incentives, and to amplify
the existing motivation of individuals to accomplish desired
behaviors. However, we do not expect stand-alone gamification
interventions to replace or compete with existing types of
interventions, but rather to enhance established strategies.
Accordingly, we coupled gamification with an incentive-based
structure for this very reason.

A secondary but important goal of this study is to explore the
process of designing gamification interventions for
health-related behavior change and to learn best practices for
future intervention design. This is crucial, due to the fact that
gamification interventions potentially require an extensive
formative design process to determine the optimal set of game
elements and intervention design required to incorporate such
elements. One conjecture is that the success of any given
health-related gamification intervention, and thus of
health-related gamification more generally, may depend on
highly context-specific and population-specific formative

research. Thus, determining best practices for the formative
phase is necessary to achieve the goal of being able to
consistently and predictably design cost-effective interventions
in a range of different circumstances. This paper, in addition to
presenting the protocol of the study, is an attempt at
documenting what formative research to develop a
gamification-based intervention entails.

It is also important to recognize the limitations of this study.
As previously discussed, we will use a historical control group
for comparison. Although a randomized design has advantages,
it was not practical because participants randomly assigned to
the control group would have been exposed to some components
of the intervention, such as recruitment materials posted in the
clinic waiting and examination rooms (eg, comparison group
contamination). Additionally, given the pilot state of the
intervention, a cluster randomized design was neither warranted
nor feasible. Although a historical comparison group will help
us understand whether there is a preliminary signal of the
intervention’s effectiveness and whether further study is
warranted, it has important limitations. Most importantly, we
will be unable to make causal statements about the effect of the
intervention because we will be unable to adequately control
for time trends between the intervention and comparison groups
and the selection bias that may result from differences between
the 2 groups. Nevertheless, a historical comparison group will
still provide us with baseline data on repeat testing among
YMSM in the same geographic region and therefore a
benchmark to which we can make preliminary comparisons
about the intervention’s potential effectiveness.

 

Acknowledgments
The authors thank the following individuals for their contributions to this work: Sagar Amin; Branden Barger; Dale Gluth, MA;
Jamie Murkey, MPH; Sean Young, MS, PhD; Gabe Zichermann; and the Stick To It Community Advisory Board. Publication
was made possible in part by support from the Berkeley Research Impact Initiative sponsored by the University of California,
Berkeley Library. Funding for the study was provided by the National Institute of Mental Health (McCoy R34MH106359). The
content is solely the responsibility of the authors and does not necessarily represent the official views of the National Institute of
Mental Health or the National Institutes of Health.

Conflicts of Interest
None declared.

Multimedia Appendix 1
Stick To It points system/prize decoder.

[PDF File (Adobe PDF File), 181KB - resprot_v6i7e140_app1.pdf ]

Multimedia Appendix 2
Intervention website screenshots.

[PDF File (Adobe PDF File), 746KB - resprot_v6i7e140_app2.pdf ]

Multimedia Appendix 3
Recruitment tools (flyers).

[PDF File (Adobe PDF File), 7MB - resprot_v6i7e140_app3.pdf ]

JMIR Res Protoc 2017 | vol. 6 | iss. 7 |e140 | p.11http://www.researchprotocols.org/2017/7/e140/
(page number not for citation purposes)

Mejia et alJMIR RESEARCH PROTOCOLS

XSL•FO
RenderX

resprot_v6i7e140_app1.pdf
resprot_v6i7e140_app1.pdf
resprot_v6i7e140_app2.pdf
resprot_v6i7e140_app2.pdf
resprot_v6i7e140_app3.pdf
resprot_v6i7e140_app3.pdf
http://www.w3.org/Style/XSL
http://www.renderx.com/


Multimedia Appendix 4
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Abstract

Background: New cases of human immunodeficiency virus (HIV) among young men who have sex with men (YMSM), aged
18 to 24, underscore the importance of developmentally-informed HIV programs for YMSM. We developed an online intervention
focused on risk reduction strategies across different sexual partner types. Intervention activities focus on assisting YMSM reflect
on their partner-seeking behaviors, develop sexual decision-making rules to reduce their HIV risks, and consider the adoption of
HIV prevention behaviors.

Objective: This pilot, randomized controlled trial (RCT) aims to examine the feasibility, acceptability, and preliminary efficacy
of a tailored, Web-based HIV prevention intervention for single YMSM.

Methods: We designed a prospective RCT of online-recruited cis-gender men (N=180) who reported recent unprotected anal
intercourse, self-report as HIV negative or are unaware of their HIV status, and meet sexual partners through online dating apps.
Individuals in the control arm receive an attention-control condition that includes HIV/sexually transmitted infection (STI)
information currently available on sex education websites. Individuals in the intervention arm receive a 6-session Web-based
program tailored on their demographic information, partner-seeking behaviors and relationship desires, and prior sexual attitudes
and behaviors. This tailored content will match HIV prevention messages and safer sex skills with YMSM’s outcome expectancies
when meeting new partners and thereby help them consider how to integrate safer sex practices into different partner types. Study
assessments are taken at baseline, 30-, 60-, and 90-day follow-ups. Intervention acceptability and preliminary efficacy will be
explored in sexual risk behaviors and HIV/STI testing.

Results: The RCT launched in November 2016 and is ongoing. To date, 180 eligible individuals have been enrolled, consented,
and randomized. Of the 120 individuals in the intervention arm, 51.7% (62/120) identify as non-Hispanic white and half of the
control arm identifies as non-Hispanic white. There were no differences observed by arm for race and/or ethnicity, age, or sexual
orientation.

Conclusions: Although there are in-person evidence-based interventions with proven efficacy for YMSM, few HIV/STI
prevention interventions delivered online exist. Online interventions may ease access to comprehensive HIV/STI education among
YMSM and allow personalized content to be delivered. The online intervention that we developed, myDEx, aims to alleviate the
gaps within HIV prevention for YMSM by utilizing tailored, Web-based content with the goal of developing skills for same-sex
dating and relationship building, while reducing their risks for HIV/STI.

Trial Registration: ClinicalTrials.gov NCT02842060; https://clinicaltrials.gov/ct2/show/NCT02842060 (Archived by WebCite
at http://www.webcitation.org/6rcJdxF9v)

(JMIR Res Protoc 2017;6(7):e141)   doi:10.2196/resprot.7965
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Introduction

Scientific Background
Interventions specific to young men who have sex with men
(YMSM) are needed to curtail the rise of new human
immunodeficiency virus (HIV)/acquired immunodeficiency
syndrome (AIDS) infections. In 2015, in the United States,
YMSM aged 13 to 24 years had the greatest percentage increase
(87%) in diagnosed HIV infections [1], with black and Latino
YMSM accounting for the greatest proportion of new infections
among men who have sex with men (MSM) [2]. HIV prevention
tools that are culturally and developmentally adapted for this
population are needed [3]. To this end, we developed an online
intervention that promotes HIV prevention behaviors (eg,
condom use, pre-exposure prophylaxis (PrEP) awareness and
uptake, HIV/sexually transmitted infection [STI] testing) and
reduction of risk behaviors (eg, number of sexual acts where
HIV transmission could be possible) for single YMSM presumed
to be HIV-negative who engage in unprotected (ie, condomless)
anal intercourse (UAI) with sexual partners met online.

Most individuals explore and integrate aspects of their sexuality
into their personal identity as they transition from adolescence
into young adulthood (ie, 15 to 24 years of age). Serial dating
and involvement in different types of relationships has been
documented as helping youth to define their sexual identity, to
narrow the characteristics sought in long-term relationships,
and to practice safer sex negotiation skills [4]. However,
compared to heterosexual counterparts, YMSM may not readily
receive support and advice from family, peer, and school
systems on how to date and seek out same-sex partners.
Furthermore, YMSM do not receive instruction on how to have
anal sex as part of their sex education [5-7] or guidance on how
to negotiate condom use with their partners [8]. This is
particularly problematic as YMSM’s participation in dating
behaviors during this period coincides with their mean age of
initiating anal sex [5,6,8-10], and may create unique HIV
vulnerabilities as they engage in partner-seeking behaviors.
Recognizing the importance of relationship pursuits in this
period, we developed a comprehensive sex education
intervention that addresses HIV risk reduction in the context of
same-sex dating and safer sex negotiation activities with sexual
partners.

Objectives
HIV prevention interventions for single YMSM who meet
partners online must account for different relationship typologies
common in this developmental period: romantic interests, casual
encounters/hook-ups, and friends with benefits [11]. Although
MSM couples-based intervention projects are underway [12],
these interventions may not be translatable to single YMSM
who, by definition, are not in a relationship and do not have a
“main partner.” This pilot, randomized control trial (RCT) aims
to examine the feasibility, acceptability, and preliminary efficacy
of a tailored, Web-based HIV prevention intervention for single
YMSM called myDEx. The pilot RCT compares our tailored

intervention to an attention-control condition. Using a 2:1 block
randomization, we examine our intervention’s feasibility and
acceptability among 180 single, HIV-negative YMSM (50%
racial/ethnic minorities), and gather preliminary behavioral data
to inform a future efficacy trial. Assessments are collected at
baseline, 30-, 60-, and 90-day follow-up.

Methods

Trial Design
The research activities involve a prospective, pilot RCT of
approximately 180 online-recruited cis-gendered MSM.
Individuals in the experimental arm receive a 6-session,
Web-based program with interactive content using story-telling,
case scenarios, risk reduction strategies, and graphics and/or
videos. Individuals in the control arm receive a 6-session online,
non-tailored HIV prevention intervention (NTHP) using
information available on the Centers for Disease Control and
Prevention website. The NTHP condition will have an interface
similar to myDEx aesthetics and site features to avoid
confounding due to site design and navigation.

A youth advisory board (YAB) was recruited for this study.
YAB members (N=3) were YMSM between the ages of 18 and
24 and diverse across race and/or ethnicity, educational
attainment, socioeconomic status, faith, and urban/rural
residential background. YAB members were hired as part-time
research assistants. The YAB’s roles and responsibilities
included (1) providing input into the proposed intervention
content; (2) brainstorming with the research team on how to
deliver the content using active learning and youth-friendly
engagement; and (3) leading or co-facilitating trainings for the
WebApp developers to learn about same-sex attractions and
dating behaviors and popular MSM-specific apps used for dating
and hooking up. As each intervention session was developed,
the YAB and research team independently brainstormed what
content and activities could be included in each session. The
ideas were then discussed as a team, ordered by relevance for
the session and within the session, and annotated for the
developers to consider while building the wireframes (Figure
1). These discussions served to inform the user navigation of
our intervention, including how to organize content within
sessions into 3 levels focused on a core message (level 1),
in-depth discussion of topics linked to that message (level 2),
and an activity component (level 3).

Our intervention will be pilot tested using a racial and/or
ethnically diverse sample (50% racial/ethnic minority) of single
YMSM living throughout the United States (N=120), using an
attention-control comparison condition (N=60) to test our
intervention’s feasibility, acceptability, and preliminary efficacy.
Primary outcomes of interest include increased consistent
condom use across partner types and HIV/STI testing, and
decreased UAI occasions and partners. Participants will
complete 3 online follow-up assessments at 30, 60, and 90 days,
each lasting approximately 30 minutes.
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Figure 1. Wireframe example used during the development of myDEx.

Eligibility Criteria
Eligible participants are (1) male at birth and identify as male;
(2) between the ages of 18 and 24 (inclusive); (3) self-report as
single; (4) self-report as HIV-negative or are unaware of their
HIV status; (5) speak and read English; (5) report using online
dating apps; and (6) report UAI with a male partner in prior 6
months. Participants for the trial are from across the United
States, with recruitment via online advertisements placed on
popular social and sexual networking sites. Promotional

materials describe the study and provide a link to a page
containing basic study information, including a short description
of study activities.

Potential participants interested in the study complete a short
eligibility screener. If eligible, participants complete an online
consent form. Individuals who do not meet eligibility criteria
or do not consent into the study (if eligible) are thanked for their
time and are exited from the study site. Once consent is obtained,
participants complete a 30-minute baseline questionnaire online.
As part of the baseline questionnaire, participants provide
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information that may help us contact them for follow-up
assessments and verify that they are not fraudulent or duplicate
entries [13,14]. We use best practices [15,16] to retain
participants (eg, comprehensive locator information that includes
participants' cell phone number, email, Facebook username,
etc). When the baseline survey is complete, participants are
randomized into the 2 study arms.

Incentives
Individual participants each receive US $30, $15, $20, and $25
for completing the baseline assessment and the 30-, 60-, and
90-day follow-ups, respectively. The incentives are back loaded
to encourage completion of all 3 data collection time points and
reduce participant attrition over time.

Sample Size
The goal is to enroll and maintain a sample of 180 single YMSM
over a 3-month study period, with an expected retention rate of
80%. As a pilot, we recognize that we may not have sufficient
power to detect small effect sizes; however, this design will
inform our subsequent large-scale RCT, allowing us to identify
and address implementation and retention challenges that could
arise in the larger trial. Specifically, the primary purposes of
this pilot trial are (1) to demonstrate the feasibility of the
methods proposed for a subsequent trial; (2) to stabilize
procedures that are replicable; and (3) to determine important
parameters with sufficient accuracy to reliably estimate sample
size and power for a future RCT. As a result, we are not powered
to estimate small effect sizes or carry out sophisticated statistical
analyses; rather, we seek to estimate key study parameters with
sample means and proportions together with 2-sided 95% CIs,
and test the primary null hypotheses at the traditional 2-sided
level alpha of .05.

We will have 80% power to detect a medium intervention effect
(Cohen d less than .35) at alpha of .05 in a continuous measure
using a repeated measures group design (N=180) with 4
observations (baseline and 3 follow-up assessments) when the
standard deviation (SD) is 1 and the correlation between
observations on the same subject (rho) is .6. For dichotomous
outcomes, we estimate 80% power at an alpha of .05 to detect
an odds ratio (OR) of 2.11 or greater assuming that the
proportion for the intervention condition is .58 and the
attention-control condition is .40, with rho also being .60. We
note that there is some controversy regarding the use of “pilot
data” to estimate actual effect size, as specified by Kraemer et
al [17]. We agree with their view that clinically meaningful
effect sizes should be decided based on extrinsic, clinical
judgment grounds, and not based on the pilot data which are
too few, typically, to obtain reliable conclusions. However, we
can use these data to rule out unusually large or small effects
through standard 95% CI procedures. Thus, we will confirm
that extrinsic effect sizes are contained within our CIs. Even
with 20% attrition, we will have preliminary effects with
adequate error margins to inform the subsequent trial.

Randomization
Individuals are randomized to either the intervention arm
(myDEx) or the attention-control arm (NTHP) using a stratified
2:1 block randomization design. Block randomization is

stratified by race (eg, white versus non-white), with equal
allocation in each group. Treatment assignments are generated
with the use of a pseudo-random-number generator with
permutated blocks that are used to ensure balance across
participants’ assigned condition.

Theoretical Framework
A dual processing, cognitive-emotional decision making
framework [18] informs our intervention framework.
Decision-making researchers have noted that affective
motivations may be processed more rapidly than cognitive
motivations and may result in decision-making that is affectively
motivated rather than analytically motivated [19].

To increase participants’cognitive motivations, our intervention
is informed by the Integrated Behavior Model (IBM), one of
the leading behavior change theories in HIV/STI research given
its adaptability across populations and its application in health
communication research [20]. Content geared to increasing
cognitive motivations will focus on risk reduction attitudes,
norms, and perceived behavioral control. Positive attitudes
include assurance of avoiding STIs, increased control,
responsible decision-making, and prolonged and enjoyable
sexual encounters. Negative attitudes include discomfort,
decreased sensitivity and ineffectiveness in preventing STIs,
interrupting the mood, and assuming sickness or irresponsible
and/or immoral behavior. We will also address both descriptive
norms (ie, perceived prevalence of behaviors in YMSM’s social
network) and personal norms (ie, anticipated regret), as
YMSM’s norms may be highly influential on individual attitudes
during this developmental period. Finally, we also address
YMSM’s perceived behavioral control, recognizing that their
ability to engage in risk reduction behaviors may vary across
partner types (eg, romantic interest, casual partner, friends with
benefits).

Although IBM has invaluable strengths, individuals with
conflicting affective and cognitive motivations report less
correspondence between their intentions and behavior [21-23].
Consequently, intervention also acknowledges that YMSM’s
affective motivations may be health promotive (eg, relationship
ideation) or risk enabling (eg, limerence). Building on our prior
work, we hypothesize that YMSM reporting greater relationship
ideation [24] will report fewer HIV/AIDS risk behaviors (ie,
health promotive affective motivations). In addition, we include
anticipated regret [25,26] (ie, anticipation of an emotional
reaction following an unintended behavior) as a health
promotive construct, as it has been associated with fewer
risk-taking behaviors among MSM [27]. However, we also
hypothesize that YMSM who experience greater limerence [28]
and who believe that foregoing condoms with their partners
will create intimacy, love, and trust (decisional balance) [28,29]
may place stronger value on being in a relationship and, in turn,
fuel HIV/AIDS risk behaviors (eg, more UAI partners and
occasions). Therefore, in our intervention sessions, we address
how affective motivations may influence YMSM’s
decision-making regarding consistent condom use, UAI
partnerships, and HIV/STI testing behavior. Finally, the model
acknowledges that YMSM’s cognitive and affective motivations
may be influenced by YMSM’s sexuality-related stressors (eg,
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internalized homophobia), psychological distress (eg,
depression, anxiety, loneliness, low self-esteem), and substance
use and abuse [10]. These risk correlates may influence
YMSM’s ability to regulate their affective motivations and to
engage in risk reduction behaviors due to limited behavioral

control (eg, impairment due to being drunk or high). In sum, as
shown in Figure 2, this cognitive-affective decision-making
model offers a strong, theoretically-driven foundation to inform
our intervention.

Figure 2. Conceptual model informing the myDEx intervention.

Intervention Arm
The proposed intervention consists of a 6-session, Web-based
program (myDEx). Each session’s modular content is delivered
through interactive, tailored story-telling, case scenarios,
motivational interviewing strategies, and graphics and videos.
Cognizant of challenges maintaining users’ attention in a Web
app and to facilitate delivery through a mobile phone with app
capabilities, we designed each session to keep users engaged
for 10 minutes. Tailored content maximizes content
persuasiveness and relevance and facilitates behavior change
by enhancing message processing and message impact through
personalization, content matching, and feedback. Personalization
increases a user’s attention to the message by raising awareness
to customization of content (eg, “Based on your answers…”)
and making it more meaningful (eg, refer to the participants’
behaviors, match photographs to age group and race/ethnicity).
Content matching is a way to target factors known to influence
behavior change by providing users with relevant information
designed to support positive behaviors. Feedback about
participants’ answers increases attention and impact through
self-referential thinking, comparative feedback (eg, “Compared
to others...”) to validate positive beliefs and adjust errors in
normative beliefs, and provides evaluative opportunities linked
to individuals’ underlying values and motivations.

Within each session, participants have access to brief activities
designed to build their HIV risk reduction skills and promote
self-reflection about YMSM’s sexual health and partner-seeking
behaviors. Interactive activities include (1) role-play scenarios
regarding condom use negotiation; (2) a diary to log their dating
experiences throughout the study; (3) quizzes regarding their
ideal relationships, including short-term and long-term
relationships; and (4) opportunities for users to develop dating
strategies. Online modules and activities can be repeated so that
YMSM may compare whether their answers are consistent with
the tailored suggestions and revisit content and/or revise their
answers to reinforce the material.

Participants must complete the first session before they can
access the other 5 sessions and interactive features. Session 1
(“Sexuality & Relationships”) serves as an introduction and
focuses on the importance of feeling comfortable talking about
sexuality, relationship desires, and health. This session focuses
on acknowledging and normalizing YMSM’s affective
motivations and foreshadowing where participants can learn
more about different topics of interest within the remaining 5
sessions of the intervention. Session 2 (“Desires & Behaviors”)
transitions into a discussion regarding different relationship
types (eg, romantic relationships, friends with benefits, hookups)
and sexual decision-making. It highlights the importance of
knowing what kind of relationship one desires, in both the
short-term and long-term, and the role of sex in exploring these
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relationships with different types of partners. Session 3 (“What
makes good sex”) provides a comprehensive sex education
review focused on same-sex behaviors, including the importance
of sex positivity, varying sexual practices, and sexual consent.
Session 4 (“Sexual well-being”) reinforces how to reduce HIV
and STI risks when engaging in anal sex, including clarification
on what lubricants and condoms are best suited for anal
intercourse, facts about HIV and STI transmission, and the
importance of status disclosure prior to sex. Session 5 (“Getting
the sex you want”) provides opportunities for YMSM to learn

strategies to improve their sexual communication with partners
before, during, and after sex. This session includes how to
discuss HIV testing history and status awareness with
prospective partners online, how to ensure their physical safety
when meeting a new partner, and the value of discussing
condoms and PrEP with partners. Session 6 (“Your body, your
health”) summarizes key messages from prior modules and offer
HIV/STI testing resources and PrEP locations in their area. The
main menu and final navigation instructions for the intervention
is shown in Figure 3.

Figure 3. myDEx home screen and navigation instructions.

Control Arm
We created a 6-session, Web-based attention-control comparison
to match myDEx in time and attention yet containing have
non-tailored and non-interactive content (NTHP). Session 1
(“What is HIV?”) focuses on an introduction to HIV, including
how it is transmitted and what can increase a person’s risk of
acquiring it. Session 2 (“HIV and the LGBTQ community”)
focuses on raising awareness of the HIV prevalence and
incidence among YMSM in the United States. Session 3 (“HIV
Risk”) focuses on behavioral strategies that can be used to
reduce HIV risk. Session 4 (“Sex & HIV”) describes the HIV
risks associated with oral and anal sex. Session 5 (“What about
condoms & lube?”) focuses on the importance of condoms and
lubricant. Session 6 (“What about HIV medications?” ) presents
an overview of PrEP.

Our attention-control condition allows us to avoid confounding
due to content (ie, comparing myDEx to a non-HIV “health
promotion” intervention) and ensures that all YMSM receive
some HIV prevention content given their high vulnerability to
HIV (Figure 4). Further, this comparison will help us critically
examine the extent to which tailoring increases YMSM’s
acceptability to the program, beyond having a non-tailored,
non-interactive intervention. We acknowledge that the
comparison condition will make it harder to detect an
intervention effect in our outcome assessments; however, our
pilot trial’s primary goal is to test the intervention’s feasibility
and acceptability, and subsequently estimate critical parameters
that may be required for adequate power estimation in a
subsequent large-scale RCT trial.
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Figure 4. Home screen of the control condition.

Feasibility and Acceptability Outcomes
The study assesses feasibility by examining (1) time to recruit
180 YMSM to the intervention; and (2) retention of rate across
study arms. Intervention acceptability data are collected at the
30-day follow-up assessment. We use the following different
assessments: (1) self-intervention evaluation form (SEF) [30];
and (2) Client Satisfaction Questionnaire (CSQ-8) [31]. The
SEF is a brief, 13-item questionnaire that elicits information
about the participant’s experience with the intervention (ie, was

the intervention interesting, was it relevant to their life, did they
learn from the intervention). The CSQ-8 is used at the
completion of the intervention and at the 30-day and 90-day
follow-up surveys to assess YMSM’s satisfaction with the
intervention, including the content, site layout and design, and
general satisfaction. These domains are assessed on a 4-point
response scale with individually-specified anchors. The CSQ-8
has demonstrated high internal consistency across a large
number of studies [32]. The SEF and CSQ-8 take approximately
10 minutes to complete.
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We also track users’ actions in the intervention as process
evaluation data. These data include the number of times they
visit the site, their geographic location and the website from
which they linked to our site, time spent in each session, number
of times a user returns to a session, and which interactive
features were “clicked on” during sessions. In addition, we
ascertain participants’ acceptability and satisfaction of each
session after it is viewed using the SEF.

Behavioral Outcomes
We measure the change in number of risky sexual partnerships
and change in HIV testing behavior as our primary outcome
measures via the baseline, 30-, 60-, and 90-day online surveys.

Sexual Behaviors
We use the Sexual Practices Assessment Schedule (SPAS) [33]
to quantify the number of occasions of different sexual acts
(oral, anal, receptive, and insertive) with different partner types.
SPAS allows us to estimate the number of unprotected anal
intercourse partners and occasions across partner types, as well
as the proportion of instances when condoms were not used
[28,34,35]. SPAS also ascertains YMSM’s use of condoms
during the past 30 days, whether they knew whether their
partners were on PrEP, and whether they knew their partners’
HIV status prior to sex.

HIV/STI Testing Behaviors
We ask YMSM to indicate the date of their most recent HIV
and STI tests. Subsequently, we ask participants to note if they
have received a medical diagnosis as having one or more STIs
in their lifetime and the date of their most recent STI test if
available. In each follow-up survey, we ask participants whether
they have gone to get tested for HIV and/or STIs in the prior
30 days. If tested, participants are asked to indicate what tests
they received and whether they had been medically diagnosed
as having HIV or a STI. At follow-up, we ask YMSM whether
they have had any changes in their HIV status. Newly diagnosed
cases are asked if they were linked to care.

Secondary measures are also being measured in our study.

Motivations to Engage in HIV Prevention Behaviors
We measure YMSM’s attitudes, subjective norms, and
self-efficacy using previously tested scales with MSM. We use
existing items measuring condom use intentions with different
partner types and self-efficacy to negotiate condoms with
different partner types [36-39]. We also measure PrEP
awareness, uptake, and adherence during the study.

Substance Use Prior To or During Sex
We assess alcohol, tobacco, and other drugs (ATOD) use over
the past 30 days. We then assess the use of alcohol and/or illicit
drug use prior or during sex.

Psychological Well-Being
We measure depression and anxiety symptoms as markers of
psychological distress. Depression (6 items) and anxiety (6
items) symptoms in the past week are measured using the Brief
Symptom Inventory [40].

Statistical Analysis
Prior to conducting multivariable analyses, we examine study
variables using descriptive statistics and test for differences
across demographic characteristics (eg, race and/or ethnicity,
age, education) using t tests, analysis of variance (ANOVA),
and chi-square analysis, as appropriate. Systematic baseline
differences are not expected due to randomization; however, in
the event that some parameters differ across conditions at
baseline, they will be included as covariates in subsequent
analyses. We calculate descriptive summary statistics
corresponding to the study variables at each visit to understand
any temporal patterns, as well as compare the 2 treatment groups
in terms of average change from baseline to post-intervention.

Trial Registration, Ethics, Consent, and Institutional
Board Approval
The research and ethics presented in this study have been
reviewed and approved by the University of Michigan
Institutional Review Board (HUM00091627). The University
of Pennsylvania ceded regulatory oversight to the University
of Michigan. The study is also registered on ClinicalTrials.gov
(NCT02842060).

Results

myDEx was launched in November 2016 and is ongoing.
Initially, 23,365 individuals visited the study site and 1230 were
screened for eligibility. Of the 392 eligible participants, some
did not start the baseline survey (3.8%, 15/392) or did not finish
the baseline survey (7.9%, 31/392). Of the 263 participants who
completed the baseline survey, 31.6% (83/263) were disqualified
due to having duplicate accounts or having falsified their identity
(eg, cis-gender women).

We enrolled and randomized 180 YMSM into the trial (Figure
5). The majority of the participants are white (66.7%, 120/180),
followed by multiracial (16.1%, 30/180), black (10.0%, 18/180),
Asian (5.6%, 10/180), and Middle Eastern (0.6%, 1/120) or
Native American (0.6%, 1/120). In addition, 30.0% (54/180)
of the sample reported being Hispanic/Latino. Of the 120
individuals in the intervention arm, 51.7% (62/120) identify as
non-Hispanic white; 50.0% (30/60) of the control arm identify
as Non-Hispanic white. No differences are observed by arm for

race and/or ethnicity (χ2
4 = 0.53; P=.97). The mean age of

participants is 21.67 (SD 1.81), with no differences observed
by arm (t(179) = 1.05; P=.30). The majority of participants
identify as gay (88.3%, 159/180) followed by bisexual (7.8%,
14/180) and queer (3.9%, 7/180). There are no differences

between treatment arms (χ2
2= 1.40; P=.50).

The follow-up assessments maintained high retention rates. The
30-day follow-up had a response rate of 79.4% (143/180). The
60-day follow-up had a response rate of 83.3% (150/180). The
current 90-day response rate is 81.7% (147/180). Overall, we
have at least 1 follow-up assessment for all study participants
(ie, 9% of sample has not completed any follow-up assessment).
Retention rates do not vary between treatment arms.

As we compared trial paradata to participants’ self-reported
behavioral surveys, we discovered that 25 (41%, 25/60) of the
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control participants inadvertently accessed the intervention
content through a programming error in the automated reminder
emails meant to encourage continued engagement with the site.
Given the cross-arm contamination, we excluded these control
cases from future trial analyses between arms (N=35 control;
N=120 intervention). The 25 excluded cases do not affect our
randomization; we observe no sociodemographic differences
between the revised control arm and intervention arm across

age (t153 = –.80; P=.43), racial/ethnic minority status (χ2
1= .10;

P=.75; N=155), educational attainment (t153= –1.24; P=.22), or

sexual orientation (χ2
2 = 3.23; P=.20; N=155). Retention rates

also do not vary.

Participant recruitment for myDEx is complete. Trial data are
currently being analyzed and will be completed in mid-2018.

Figure 5. Recruitment and retention of myDEx participants.

Discussion

Principal Findings
Given YMSM’s self-reported desire to access comprehensive
sexual education through the Internet [41,42], often ranking the
Web as their top resource to explore their sexuality, learn about
MSM behavior, and refine their interests [41-44], designing and
testing online HIV prevention interventions may present a
number of advantages to reach and address the needs of YMSM.
Online interventions can deliver tailored content to each user’s
HIV risk behaviors and context, be accessed conveniently by a
participant, presented across various platforms (eg., mobile
phones, tablets, laptops), and reduce reach and accessibility
issues due to geography and/or socioeconomic barriers.
Furthermore, online delivered content can be standardized,
ensuring higher intervention fidelity, and be presented through
interactive features. This protocol may serve to address YMSM’s
needs and offer insights on how to reduce their risk for HIV
infection when seeking partners online.

Limitations
We did not include biological confirmation of HIV/STI status
through serologic tests. At this early stage of intervention

development and testing, the added cost of biological testing is
not warranted. HIV testing will be included in a full-scale
efficacy trial. We will not be able to use the 25 excluded control
cases due to contamination. This is less of a concern to this pilot
trial as our protocol aims do not seek to detect differences in
this trial. Moving forward, we urge scholars to examine paradata
files alongside their survey data to reduce the potential of
unintentionally contamination due to unforeseen programming
errors.

Conclusion
myDEx provides an opportunity to develop a culturally relevant
evidence-based intervention for YMSM. Although there are
in-person evidence-based interventions with proven efficacy,
few HIV/STI prevention interventions delivered online exist
for YMSM. Online interventions may ease access to
comprehensive HIV/STI education among YMSM and allow
personalized content to be delivered. myDEx aims to alleviate
the gaps within HIV prevention for YMSM by utilizing tailored,
Web-based content with the goal of developing skills for
same-sex dating and relationship building, while reducing their
risks for HIV/STI.
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Abstract

Background: Adherence to antiplatelet medications is critical to prevent life threatening complications (ie, stent thrombosis)
after percutaneous coronary interventions (PCIs), yet rates of nonadherence range from 21-57% by 12 months. Mobile interventions
delivered via text messaging or mobile apps represent a practical and inexpensive strategy to promote behavior change and
enhance medication adherence.

Objective: The Mobile4Meds study seeks to determine whether text messaging or a mobile app, compared with an educational
website control provided to all Veterans, can improve adherence to antiplatelet therapy among patients following acute coronary
syndrome (ACS) or PCI. The three aims of the study are to: (1) determine preferences for content and frequency of text messaging
to promote medication adherence through focus groups; (2) identify the most patient-centered app that promotes adherence,
through a content analysis of all commercially available apps for medication adherence and focus groups centered on usability;
and (3) compare adherence to antiplatelet medications in Veterans after ACS/PCI via a randomized clinical trial (RCT).

Methods: We will utilize a mixed-methods design that uses focus groups to achieve the first and second aims (N=32). Patients
will be followed for 12 months after being randomly assigned to one of three arms: (1) customized text messaging, (2) mobile
app, or (3) website-control groups (N=225). Medication adherence will be measured with electronic monitoring devices, pharmacy
records, and self-reports.

Results: Enrollment for the focus groups is currently in progress. We expect to enroll patients for the RCT in the beginning of
2018.

Conclusions: Determining the efficacy of mobile technology using a Veteran-designed protocol to promote medication adherence
will have a significant impact on Veteran health and public health, particularly for individuals with chronic diseases that require
strict medication adherence.

Trial Registration: ClinicalTrials.gov NCT03022669

(JMIR Res Protoc 2017;6(7):e134)   doi:10.2196/resprot.7327
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Introduction

Coronary Heart Disease and Medication Adherence
Coronary heart disease is the leading cause of death in Veterans
and affects 15.5 million people in the United States [1,2].
Although coronary heart disease claims the lives of one out of
every seven Americans [2], the decline in acute coronary
syndrome (ACS) and coronary heart disease-related deaths over
the past four decades has been attributed to the availability of
critical pharmacologic and invasive therapies (ie, percutaneous
coronary intervention [PCI]) [3-6]. After PCI with drug-eluting
stents, premature discontinuation of antiplatelet (thienopyridine)
medications is strongly associated with in-stent thrombosis,
leading to myocardial infarction (MI) and death [7,8]. Despite
the critical nature of taking antiplatelet medications to prevent
life-threatening complications, one in seven MI patients treated
with drug-eluting stents no longer take antiplatelet medications
at 30 days [8].

Medication nonadherence is a pervasive public health problem
among Veterans and non-Veterans [9-12]; however, Veterans
suffer from increased morbidity and mortality from chronic
diseases compared to non-Veterans [13]. Medication
nonadherence is the number one problem in treating illnesses,
as more than half of individuals with chronic diseases do not
take any or all of their medications correctly [14,15]. Medication
nonadherence in patients with coronary heart disease is closely
linked to adverse clinical outcomes such as rehospitalization
and mortality [16-18]; therefore, effective strategies are needed
to improve adherence behaviors. Moreover, medication
nonadherence results in an estimated US $290 billion in health
care costs in the United States and is a tremendous burden on
the health care system [19]. Mobile technology may represent
an effective strategy to improve medication adherence during
the critical time period of one year post-ACS/PCI.

Mobile Health
In the past decade, mobile health (mHealth) has been introduced
as a mechanism to enhance medication adherence and
demonstrates strong potential to promote behavior change. The
use of technology can facilitate adoption and integration of
medication adherence by promoting behavioral strategies via
health messaging, emphasizing healthy habits, tracking goals,
and giving incentives for behavior change [20]. While other
behavioral and educational strategies have had disappointing
results in adherence and treatment outcomes over many decades
[21,22], the use of technology may provide an innovative,
practical, personalized, and inexpensive approach to promote
medication adherence. Diverse solutions are required with
tailored theory-based interventions for different populations
and conditions because the reasons for medication nonadherence
are complex and multifactorial [23,24]. Experts agree that a
patient-centered approach is critical to increase patients’
knowledge about medication management [25].

Both text messaging and mobile apps are two popular forms of
mHealth that provide convenient, inexpensive, and nonintrusive
engagement with individuals. The use of mobile technology
can particularly benefit those who have significant barriers to
taking medications, such as confusion about which medications
to take, forgetfulness, and lack of social support. Text messaging
is more widely used by all age groups; however, mobile apps
offer many more features than text messaging, and can harness
the full sensing and computational capacity of mobile devices
to collect and analyze health-related data in real time to deliver
health and behavioral interventions [20,26].

Text messaging is popular, fast, direct, efficient, user-friendly,
traceable, and provides easy data transfer [27]. Text messaging
is also nonintrusive, relatively simple, and lower in cost
compared to mobile voice communication [28]. In a systematic
review of medication adherence studies using text messaging,
we found that most interventions (18/29) resulted in improved
medication adherence [29]. This review did not examine any
studies related to coronary heart disease, but gaps in the
literature were discussed, such as understanding factors that are
needed to maintain engagement (eg, content and frequency of
text messaging). In contrast to text messaging, apps can offer
interactivity, gaming, and feedback. Apps have the advantages
of delivering interventions to an unlimited number of individuals
in a cost-effective manner with favorable cost utility [30]. While
Internet interventions can be delivered via traditional desktop
and laptop computers, users have the capacity to interact with
mobile interventions more frequently and in the context of the
behavior of interest [31]. The trend of desktop use for
research/program interventions is sharply declining in our
current generation, given that most people carry and access their
mobile phones throughout the day for various reasons. Using
real-time sensing technologies available on mobile phones,
health behavioral change interventions can be delivered based
on time/location, psychological state, physiological state, social
context, activity level, and patterns [32].

Preliminary Studies
In a pilot randomized controlled trial (RCT) from 2012-2013,
we compared antiplatelet and statin adherence among patients
with coronary heart disease in a 30-day study who received: (1)
text messaging for medication reminders and education, (2)
educational text messaging only, or (3) no text messaging [33].
Among 90 patients (76% male, mean age 59.2 years), electronic
devices revealed that patients who received text messaging for
antiplatelets had a higher percentage of correct doses taken
(P=0.02), percentage number of doses taken (P=0.01), and
percentage of prescribed doses taken on schedule (P=0.01) [33].
Text messaging response rates were higher for antiplatelets than
statins (P=0.005), and self-reported adherence revealed no
significant differences among groups [33]. We concluded that
the use of text messaging for the medication reminders/education
and education text messaging only groups (compared to no text
messaging for the control group) increased adherence to
antiplatelet therapy by 15% to 17%, respectively. We established
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feasibility and high satisfaction and concluded that mHealth
interventions show promise in promoting medication adherence.

Aims
The proposed research study, Mobile4Meds, seeks to determine
whether text messaging or a mobile app (compared with an
educational website control provided to all Veterans) can
improve adherence to antiplatelet therapy among patients
post-ACS/PCI. There are three topics and aims of this proposed
study. First, using Text Messaging we aim to determine
preferences for content and frequency of text messaging to
promote medication adherence. Second, using Mobile Apps we

aim to identify the most patient-centered (user-friendly,
engaging, personalized) mobile app that promotes medication
adherence with stratification by low/high mobile phone use and
sex. Finally, we aim to examine Medication Adherence by
comparing adherence to antiplatelet medications upon hospital
discharge from ACS/PCI via: (1) text messaging, (2) mobile
app, or (3) website-control. Figure 1 illustrates the aims,
objectives, and outcomes of the proposed research study. Our
long-term goal is to conduct a multi-site full scale RCT to
determine clinical outcomes of emergency department
utilization, rehospitalization, and cardiovascular (and all-cause)
morbidity and mortality.

Figure 1. Aims, objectives, and outcomes.

Methods

Theoretical Framework/Behavioral Change Model
To date, most mHealth studies have not been based on
behavioral health theories [29,31]. In a systematic review of
text messaging studies on medication adherence in various acute
and chronic conditions, we found that only 5 of 29 studies used
theory to guide research [29]. Numerous precipitating factors
and barriers affect medication adherence, and this complex

process can be better understood when examining theoretical
relationships and process. The conceptual model that explains
the relationship between variables in this study is depicted in
Figure 2. No single theory can completely explain the processes
that lead to medication adherence, so we will use a
theory-informed approach to complete the aims for this study.
We will explore the general components of theory that are
closely linked with behavioral change interventions (eg,
perceived norms/threats, health beliefs, self-efficacy, cues to
actions).

Figure 2. Conceptual model of behavior change for medication adherence.
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Figure 3. Overview of study structure and sample. FG: focus group.

Research Design
Mobile4Meds is a mixed-methods study using both qualitative
and quantitative research methods. Engaging patients initially
through qualitative methods will provide opportunities for: (1)
better translation, dissemination, and use of research results;
(2) better evidence to inform guidelines; (3) targeted quality
improvement; and (4) using research to address concerns of
diverse patients [34]. Figure 3 provides an overview of the study
structure and participants involved in each of the aims.

Aim 1: Text Messaging Focus Groups

Design, Sample, Setting
We will use focus groups to fulfill the objectives of Aim 1. Each
focus group will have 6-8 participants, which is a size that
allows for easy exchanges of ideas and a diversity of
perspectives to be represented. We will recruit a convenience
sample of 24-32 participants for four focus groups. Aims 1 and
2 will include the same participants who will attend a total of
four focus group sessions (Figure 3).

The participants from San Francisco Veterans Affairs Medical
Center (SFVAMC) are likely to be predominantly male;
therefore, we will likely recruit one group of female Veterans
from SFVAMC and one focus group of female non-Veterans
from John Muir Medical Center (JMMC) in the East Bay. The
four groups will account for variability in mobile phone use
(low/high) and sex. Inclusion criteria for Aims 1 and 2 include:
(1) >21 years of age, (2) history of ACS or PCI within one year,

and (3) current/former antiplatelet (thienopyridine) prescription.
Exclusion criteria are: (1) cognitive impairment, and (2) lack
of English proficiency/literacy.

Methods

Preliminary Development of Text Messaging

We will explore different content for the development of a text
messaging intervention to determine the ideal tailored messages
for delivery in the RCT (Aim 3). After studying various
behavioral change theories and frameworks, we will create a
text messaging intervention with the underpinnings of common
behavioral change theories. A library of 80-100 sample text
messages that apply personalized content will be created to
enhance medication adherence. We found that education alone
increased medication adherence in prior studies, so we will
deliver cardiovascular risk reduction messages along with
messages regarding medications. Topics will include
medications, diet, exercise, risk factors for coronary heart
disease (eg, smoking, obesity), depression, stress management,
and preventive care. Participants will choose the frequency and
timing of text messaging. An example of an automated
medication text messaging may be, “John, take your Plavix
75mg at 9am. Confirm with 1.”

Recruitment

We will distribute written materials such as flyers and brochures
to advertise voluntary participation in the research study. The
research team (principal investigator and research assistant
[RA]) will consult with the cardiac rehabilitation staff at
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SFVAMC and JMMC to identify individuals who are willing
to participate in a research study. The research team will meet
with interested individuals and provide verbal and written
explanation of the study. Participants will sign a written
informed consent document.

Group Assignment

Upon recruitment into the study, participants will complete a
sociodemographic questionnaire and a brief survey that will
determine if he/she is a low or high mobile phone user.
Separating participants into groups will help facilitate
identification of common ideas and goals that low/high mobile
phone users and men/women may address during the focus
groups. We will use maximum variation sampling to ensure
variability in age, gender, ethnicity, and low/high mobile phone
use.

Focus Groups

In Aim 1, the focus group sessions will address ideal content
and frequency of text messaging. First, we will give an
introduction of the study aims and purpose of the focus group.
Second, we will discuss the needs, preferences, perceived
facilitators, and perceived barriers of using text messaging for
medication adherence. Third, we will review sample text
messaging, and we will ask participants which content and
frequency of text messaging are the most effective and least
intrusive. Finally, all participants will be able to suggest text
messaging to create the most personalized messages.

Data Collection

All focus groups will be audiotaped, and the RA will take field
notes on individual and group reactions that are not captured
by the recording. We will complete field notes at the conclusion
of each session, and all sessions will be transcribed verbatim.

Analysis
Thematic analysis will include reading and coding the completed
field notes and interview transcripts. We will create an initial
set of codes that account for the study aims and other topics
that emerge from the data. Some codes will be generated
deductively, while others will be generated inductively based
on themes and issues that emerge from ongoing coding. We
will compare coding, resolve differences, and revise the coding
scheme. We will assess intercoder reliability by having 10% of
the data cross-coded. The key outcomes will be content and
frequency of text messaging, particularly focusing on how
preferences vary across groups. We will use ATLAS.ti
(Thousand Oaks, CA) for all qualitative analyses to determine
the preferred app for Aim 3.

Aim 2: Mobile Apps: Focus Groups

Design, Sample, and Setting
Aim 2 consists of Aim 2a (content analysis) and Aim 2b
(usability testing). The usability study will include the same
individuals from the focus groups in Aim 1 who are stratified
by low/high mobile phone use and sex, to accommodate easy
exchanges of ideas and a diversity of perspectives. In contrast
to Aim 1, there will be three focus group sessions to fulfill Aim
2. Recruitment, group assignment, and data collection will be
the same for Aim 2a and Aim 2b.

Aim 2a – Content Analysis

Methods

We will conduct a content analysis approximately three months
prior to the focus groups. The first phase will involve a
comparative, descriptive assessment of smartphone apps in the
categories of health and medications. To ensure a comprehensive
search, the research team will search for medication
adherence-oriented apps, provider websites, and app sources
that are available in Apple iTunes, Android Marketplace, and
Blackberry App World Store.

We will provide a comparative, descriptive assessment of the
top 10 smartphone apps related to medication adherence. The
content analysis will examine whether each app applies
constructs from behavioral change theory. We will assess each
of the selected apps using a validated behavioral theory content
survey by Doshi et al [35]. The survey assesses the presence of
essential constructs of four major theories of behavior change:
Health Belief Model, Transtheoretical Model, Theory of
Reasoned Action/Planned Behavior, and Social Cognitive/Social
Learning Theory [35]. After content analysis is completed, we
will rank the top 10 medication adherence apps and record
usability, application of theory, user reviews, star ratings, and
the total number of downloads.

Analyses

We will analyze the content analysis by following the scoring
instructions of the Behavioral Theory Content Survey for the
top 10 mobile apps [35]. The Behavioral Theory Content Survey
will include 20 items from the following domains listed in Table
1. Mean survey score and standard deviation (SD) will be
computed across the top 10 apps based on a total of 20 items
from the 5 domains, each accounting for 1 point (yes=1, no=2)
[35]. We will then provide a descriptive evaluation of the apps
based primarily on survey scores (mean, SD) and subsequent
rankings [36]. Interacting with the mobile app will include a
dynamic process of iterative adjustments in response to user
input, key features, and functionality that may not be apparent
upon initial use and subsequent input [36].
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Table 1. Behavioral strategies included in the Behavioral Theory Content Survey [35,36].

ExampleDomain

General information1. Knowledge

Perceived benefits/barriers/risks, self-efficacy2. Cognitive strategies

Self-monitoring, time management, social support3. Behavioral strategies

Stress management4. Emotion-focused strategies

Motivational readiness5. Therapeutic interventions

Aim 2b - Usability Testing: Methods

Mobile App Focus Groups – Session 1 (Formative Stage)

After the research team identifies the top 10 medication reminder
apps through content analyses, the focus group for Session 1
will help to determine the top 2-4 apps the participants will use
for one week at a time. Four different groups will be stratified
by low/high mobile phone use and sex (Figure 3). We will
briefly demonstrate the apps for participants on a large screen
and ask participants to engage with the preloaded apps on our
research smartphones. We will assess participants’ impressions
of the apps and ask them to score the apps (range 1-5) so we
can determine the ideal number of apps to trial from the
distribution of rankings. Participants’ comments and overall
scores will help determine the preferred apps.

Session 2 (Exploratory Stage)

During the focus group for Session 2, the majority of time will
be spent on group assessment of overall experience with mobile
apps in general. After the group assessment, we will include
introduction of the preselected apps from Session 1. The selected
apps from Session 1 will be downloaded to the patients’ mobile
phones devices. Patients will spend approximately 10-15
minutes experimenting with and evaluating the selected apps.
We will conduct observations of patients as they interact with
the mobile apps. Participants will be randomly assigned to use
the first app in Session 2 and use that app for one week, then
switch to the other app(s) in subsequent weeks. Figure 3 displays
a scenario in which participants will be randomly assigned to
use two mobile apps for two weeks; however, participants may
trial between 2-4 mobile apps for one week each, depending on
the results of the Mobile App Session 1 focus groups.

Participants will record impressions in a diary while using the
apps. We will contact the participants by text/email/
phone-call/visit within two days after using each mobile app to
troubleshoot any difficulties. At the start of each week, we will
contact participants to remind them to switch over to the next
mobile app.

Session 3 (Usability Stage)

After the trial period with mobile apps, the focus group for
Session 3 (which assesses usability) will include: (1) follow-up
on patients’ experience and preferences with using the selected
mobile apps, and (2) completion of a 10-item System Usability
Scale to provide a quantitative evaluation of the mobile apps to
supplement the focus groups and interviews [37]. A winning
app will be selected for the RCT.

Usability Testing: Analysis

The three focus group sessions for Aim 2 will be transcribed,
coded, and analyzed in the same manner as in Aim 1. The
System Usability Scale used in the Mobile App Session 3 focus
group will yield a single number from 0 to 100 representing a
composite measure of the overall usability of mobile apps being
tested [37]. The scale will be scored as directed by the original
authors.

Aim 3: Medication Adherence Randomized Controlled
Trial

Design
The research design for Aim 3 is an RCT that lasts 12 months.
In contrast to Aims 1 and 2 that included participants who were
post-ACS/PCI within one year and recruited from a cardiac
rehabilitation program, participants for Aim 3 will be recruited
from the hospital after ACS/PCI.

Sample Size Estimation
We plan to enroll 225 total participants (75 participants per
group). Allowing for a 15% attrition rate over the 12-month
study, we conservatively estimate that this recruitment target
will result in a total sample size of n=192, which will give 86%
power to detect a medium effect size (half-SD difference)
between at least one treatment group and the control group using
Dunnett’s method to adjust for multiple comparisons. This
sample size would give more than 95% power to detect an effect
size of d=0.69, as found in our previous clinical trial [33].
Analysis of the longitudinal data points with mixed-effects
models will confer additional power.

Sample
The convenience sample will consist of 159 male and female
Veterans from SFVAMC and 66 female participants (29% of
sample) from JMMC. A sample size of 225 is considered to be
feasible considering the number of post-ACS/PCI patients who
are treated at both institutions. We have incorporated a 29%
oversample of women to ensure a sufficient sample size to
examine subgroup differences in intervention effects, given the
low enrollment of female Veterans in Veterans Health
Administration (6%) [38]. Inclusion criteria include: (1) >21
years of age, (2) recent ACS or PCI within one week, and (3)
new antiplatelet (thienopyridine) prescription. Exclusion criteria
are: (1) cognitive impairment, and (2) lack of English
proficiency/literacy. For the process evaluation, we will recruit
a subset of 10 participants from each experimental group (text
messaging and mobile app; total n=20) for in-depth individual
interviews.
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Settings and Recruitment
We will recruit from SFVAMC and JMMC inpatient units using
two recruitment strategies. First, we will inform the cardiologists
and nurses in the cardiac units at the hospital sites about the
study so they can identify patients who meet eligibility criteria.
A patient-friendly handout will be made available for the health
care team to give to interested participants. Second, we will
obtain a daily list of patients who had PCI and their electronic
medical records will be screened for eligibility in the study
using a checklist to examine the inclusion and exclusion criteria.
Participants who agree to participate will provide written
informed consent.

Randomization
Group assignment will be generated by random allocation
sequence using random blocks stratified within recruitment site

(SFVAMC or JMMC) of either three or six, which will be
prepared by the study biostatistician. The research team will
assign patients to their groups by distributing presealed
envelopes in consecutive, numbered order. Due to the nature
of the study design, the research team and participants cannot
be blinded to the intervention once group assignment is
determined.

Baseline Data Collection
After written consent is obtained, we will collect clinical data
by reviewing electronic medical records. Participants will
complete the following baseline questionnaires: (1)
sociodemographic information and medical history, (2) mobile
phone use, and (3) Mini-Cog Test [39]. All instruments and
frequency of administration are described in Table 2.

Table 2. Measurement of medication adherence with intervals.

MonthsRationaleDescriptionMeasure

1296310

Key Primary Endpoint

xxxMost objective, noninvasive
method and considered the
“gold standard”

Electronic pill caps time stamp when the bottle is opened,
correlating with intake of medication. Primary outcome is
percentage (0-100%) of prescribed doses taken

Medication Event Monitoring
System (MEMS) [40]

Secondary Patient-Reported Endpoints

xxxMost objective, noninvasive
method and considered the
“gold standard”

Percentages (0-100%) of (1) days correct doses are taken,
and (2) doses taken on schedule

MEMS [40]

xxxxMost popular scale and well-
validated instrument with
high reliability

Eight-item Morisky Medication Adherence Scale (MMAS-
8) self-reported questionnaire on adherence behavior for a
range of scores 0-8, with higher scores indicating poor ad-
herence (Cronbach alpha=0.83).

Morisky Scale [41,42]

xxxxMost commonly used method
in the clinical setting

One item asking how many days in the past week patient
remembered to take medications. Final outcome is a per-
centage (0-100%).

7-Day Recall

Secondary Objective Endpoints

xxxxxAssesses adherence via 90-
day refill patterns (does not
require active participation)

Veterans Affairs software program that provides detailed
information on inpatient and outpatient medications. Final
outcome is a percentage (0-100%) of days covered during
90-day period.

Veterans Affairs Corporate
Data Warehouse (Veterans)

xxxxxAssesses adherence via
monthly refill patterns (does
not require active participa-
tion)

Private software program that uses refill data directly from
retail pharmacies and Personal Benefits Manager. Final
outcome is a percentage (0-100%) of days covered during
90-day period.

Peoplechart Meds Incontext
(non-Veterans)

Intervention
We will conduct an RCT with random assignment to one of
three groups: (1) text messaging, (2) mobile app, or (3)
website-control, for a total of 12 months. Both intervention
groups will also be offered the patient education website that
the control group will be given. The text messaging group will
receive text messages with content and frequency informed by
Aim 1. We will use the Veterans Affairs (VA) Annie text
messaging program. For non-Veteran females, we will use a
text messaging program from CareSpeak Communications. The
app group will use the preferred app that is selected in Aim 2.
The major purpose of the app is to remind participants to take

medications; however, the app will likely include other features
such as providing educational messages. The website group
will be offered the American Heart Association patient education
website (My Life Check - 7 Steps To Healthy Living) and will
serve as an active control group [43]. The website will be offered
to participants in all three groups. The 7 small steps to big
changes are to manage blood pressure, control cholesterol,
reduce blood sugar, get active, eat better, lose weight, and stop
smoking.

Follow-Up Visits
Subsequent in-person follow-up visits at 1, 6, and 12 months
will take place in participants’ homes or other mutual meeting
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places as requested. Follow-up visits will be scheduled at times
that are convenient for participants to meet.

Primary Outcome/Other Variables and Instruments

Primary Outcome: Medication Adherence
Medication adherence will be assessed with five different
measures at various intervals to validate patterns of adherence,
including: Medication Event Monitoring System (MEMS; key
primary endpoint being percentage of prescribed doses taken),
Morisky Medication Adherence Scale (MMAS-8), 7-day recall,
VA Corporate Data Warehouse (Veterans), and Peoplechart
Meds Incontext (non-Veterans; Table 2). In-person follow-up
visits will occur at 1, 6, and 12 months, while monitoring of
adherence through refill data from computer software will be
done monthly to reduce participant burden.

MEMS technology uses integrated microcircuits with bottle
caps that record the date and time that an individual opens a pill
bottle. Participants will be given one bottle to store their
antiplatelet medication, and will be directed to store their other
medications as they normally would. For those who use 7-day

pill boxes, we will emphasize the need to use the MEMS bottle
for the antiplatelet medication. Data will be wirelessly
transferred to a MEMSCap reader, which is a small device that
connects to a computer software program.

Refill data from computer software will also allow us to monitor
prescription adherence passively, without requiring patient
participation. We will use administrative data from the national
VA repository (VA Corporate Data Warehouse) to provide
adherence to antiplatelet medication for Veterans. For
non-Veteran females from JMMC, we will use an equivalent
data source through Peoplechart Meds Incontext, which is a
software program that tracks adherence through sanctioned
prescription data sourced directly from retail pharmacies and
Prescription Benefits Managers (ie, mail-order companies).

Other Variables and Instruments
We will examine other variables (health-related quality of life,
social support, self-efficacy, depression, anxiety, and
post-traumatic stress disorder) and their relationship to
medication adherence. Patients will complete the instruments
at baseline, 1, 6, and 12 months (Table 3).

Table 3. Instruments used to assess additional variables.

MonthsDescriptionMeasure

1296310

xxxxThe 12-Item Short Form Health Survey (SF-12) is the shorter version of SF-36, which measures
functional health and well-being (relative validity median 0.67 and 0.97 for the physical and mental
components, respectively) [44].

Health-related
quality of life

xxxxThe 20-item Medical Outcomes Study Social Support Survey Instrument uses multi-trait scaling anal-
yses of 4 functional support scales and provides an overall functional social support index (Cronbach
alpha=0.91) [45].

Social support

xxxxThe 13-item Self-Efficacy for Appropriate Medication Use Scale measures how confident individuals
are in taking their medications correctly in certain situations (Cronbach alpha=0.89) [46].

Medication self-
efficacy

xxxxThe 9-item Patient Health Questionnaire is used to diagnose and measure the severity of depression
as well as monitor response to treatment (Cronbach alpha=0.89) [47].

Depression

xxxxThe 7-item Generalized Anxiety Disorder Assessment is used to screen and measure severity of gener-
alized anxiety disorder (Cronbach alpha=0.92) [48].

Anxiety

xxxxThe 17-item Post-Traumatic Stress Disorder Checklist: Civilian is a popular self-report rating scale
for post-traumatic stress disorder. The civilian version will be used instead of the military version because
the majority of participants will not have been on recent active duty, >35% of Veterans with post-
traumatic stress disorder had a nonmilitary trauma, and non-Veteran women will be included (29%;
Cronbach alpha=0.87) [49].

Post-traumatic
stress disorder

Process Evaluation
Upon completion of the intervention study, we will conduct a
process evaluation so that improvements can be made for a
multi-site full scale study. The objectives of the process
evaluation are to assess participants’perspectives on feasibility,
acceptability, usability, challenges, strengths, and weaknesses
of the intervention. In addition, we will ascertain reasons for
nonadherence to antiplatelet medications since understanding
the reasons for nonadherence is crucial to avoid negative patient
outcomes. We will adopt a qualitative research approach using
in-depth individual interviews from a diverse sample of
participants (total n=20).

Analysis
Descriptive statistics, means, and SDs for quantitative variables,
and frequencies and percentages for categorical variables, will
be provided for all demographic and study variables. Random
assignment of the patients to the text messaging, mobile app,
and website groups should ensure that there are no preexisting
differences between the three groups in personal factors (eg,
sociodemographic, clinical, and psychosocial characteristics).

Medication Adherence
The primary outcome will be the percentage of prescribed doses
taken based on MEMS data (aggregated over 12 months).
Secondary outcomes will include: (1) percentages of days
correct number of doses were taken, (2) doses taken on schedule,
(3) MMAS-8, (4) 7-day recall, (5) VA Corporate Data
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Warehouse (Veterans), and (6) Peoplechart Meds Incontext
(non-Veterans). The MMAS-8 will be analyzed as a range of
0-8. We will synthesize adherence measures with the key
primary endpoint of MEMS data compared with secondary
measures of adherence to assess for concurrent and predictive
validity. We will also calculate associations between all of the
adherence measures but expect that they will track well together.
Prior to fitting the mixed-effects linear model, we will examine
univariate and bivariate relationships between the outcomes
and both demographic and coded qualitative responses.

Primary Statistical Analysis
Our primary analysis will use a mixed-effects linear model. The
predictors will be a categorical predictor of group (with control
as reference), time, and the group-by-time interactions, as well
as the recruitment site (SFVAMC vs JMMC), as randomization
is stratified by site. The parameters in the group-by-time
interaction are the primary parameters of interest, describing
whether adherence changes differentially over baseline in each
of the treatment groups compared to the control group. We will
also investigate whether other models for change over time are
more appropriate, including arbitrary means or nonlinear time
functions through comparison of Akaike information
criterion/Bayesian information criterion. Secondary analyses
will adjust for select covariates that are strongly associated with
adherence.

Predictors of Medication Adherence
To determine the factors related to medication adherence, we
will examine sociodemographic, clinical, and psychosocial
variables. The variables that show at least a moderate correlation
and have a significant relationship to medication adherence
(P<0.10) will be included in a multiple regression analysis in
which medication adherence is the dependent variable. The
multiple regression analysis will provide the optimum
combination of these variables to explain the total percent of
variance in medication adherence, and indicate the unique
contribution of each variable to the regression model.

Process Evaluation
The in-depth individual interviews for process evaluation will
be transcribed, coded, and analyzed in the same manner as in
Aims 1 and 2. We will explore reasons for attrition over the
12-month period. We will complete field notes after the
conclusion of each interview, and all interviews will be
transcribed verbatim. Thematic analysis will include reading
the completed field notes and interview transcripts. The key
outcomes will be related to patient satisfaction and process
evaluation, particularly focusing on how views vary across
groups.

Results

We began enrollment for the Mobile4Meds focus groups in
January 2017. The focus group data will inform the development
of the RCT, which is scheduled to begin in early 2018. We
anticipate this four-year research study will be completed in
late 2020.

We believe that participants will provide valuable contributions
on the content and frequency of text messaging in Aim 1. We
expect that focus groups that are stratified by low/high mobile
phone use and sex will have differing opinions on frequency of
text messaging delivery; however, we also predict that the
perceived usefulness of text messaging content will be similar
across groups. Based on participants’ responses, we will refine
our text messaging content and frequency in preparation for
Aim 3.

By conducting Aim 2, we will complete a content analysis of
the top 10 commercially available mobile apps that will provide
an evidence-based guide for health researchers and clinicians.
We expect that using the top 2-4 selected mobile apps over 2-4
weeks on participants’ personal smartphones will provide clear
insight into which mobile app should be used for the RCT.

This study is powered to prove the efficacy of using different
mobile strategies to promote adherence to antiplatelet
medications. By conducting Aim 3, we will compare two
mHealth strategies (with a website-control condition) among
Veterans using multiple methods to assess adherence. We will
also examine the relationship between medication adherence
and important variables (ie, health-related quality of life, social
support, self-efficacy, depression, anxiety, and post-traumatic
stress disorder). The study duration of 12 months, which is the
recommended duration of antiplatelet use for most MI/PCI
patients, will provide valuable information about patterns of
medication adherence.

Discussion

Evaluating the clinical application of mHealth strategies through
rigorous scientific design and methodology is an important step
in establishing whether there is potential for long-term benefit
among Veterans who live with chronic disease [50]. The best
way to ensure strict medication adherence in patients has
continued to elude health care providers. Worldwide
development and adoption of mobile technology has successfully
spurred dramatic growth of mHealth as a platform to deliver
intervention strategies for various health conditions in the past
several years [51].

Researchers suggest that patient knowledge, self-monitoring,
counseling, accountability, and a personalized program can
contribute to improvement in medication adherence [52].
Experts and multiple stakeholders in medication adherence
agree that a patient-centered approach is necessary, and
increasing patient knowledge is critically important [25].
Technological solutions have been suggested to alleviate
medication nonadherence, such as mHealth technology,
electronic monitors, pill-monitoring technology, online
resources, and social media [52]. The best manner to engage
with Veterans via text messaging and mobile apps has yet to be
determined among those of different ages, sexes, chronic
diseases, mobile phone usage patterns, and ethnic populations.
There are many opportunities to explore these unanswered
questions in future studies.
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Limitations
There are potential limitations associated with this study. In
Aims 1 and 2, if we do not reach saturation of ideas or if we
find distinct differences between groups, we may add a
mixed-group to tease out differences. We may also add an
additional focus group of mixed and unstratified participants to
identify differences. Alternatively, we will conduct structured
one-on-one interviews to acquire richer information as a
supplement to the focus groups.

In Aim 3, a limitation may be attrition due to Veteran disinterest
in receiving text messages or using a mobile app for 12 months.
We will address the potential barrier of disinterest during the
two focus groups, as planned in Aims 1 and 2, and ask Veterans
how to best engage with them after ACS/PCI over 12 months.
Multiple strategies will be used to maximize participant retention
and decrease missing data, since the intervention is intended to
last 12 months. The dropout or missing data rates for the three
groups will be examined to see that they are significantly
different. Sensitivity analyses will include a complete-case
analysis.

Another potential limitation may be cross-over effects for the
text messaging and website (control) groups if they use a mobile
app concurrently during the RCT. We will request that patients
not use any other electronic medication reminders, including

on their mobile phones (eg, alarm, app). At the conclusion of
the study, we will ask participants in the text messaging and
control groups if they used any other electronic reminders. If
they have, we will conduct sensitivity analyses as described.

Conclusions
As the aims of Mobile4Meds are achieved, scientific knowledge
and clinical implementation of behavioral change interventions
related to mobile technology and medication adherence will be
advanced. Improving medication adherence through mHealth
technology may have significant effects on lowering morbidity
and mortality among Veterans with coronary heart disease.
Since poor adherence to long-term therapies severely
compromises the effectiveness of treatment, providing
innovative solutions through mHealth may provide relief for
this critical issue in population health from the perspective of
clinical outcomes and quality of life [53]. Moreover, since
medication nonadherence is a major global problem [1], using
mHealth strategies may be a powerful solution to reach large,
diverse populations in a cost-effective manner. In the future,
implementing a strategy to promote adherence through the
vulnerable period of 12 months post-ACS/PCI may be highly
acceptable and generalizable. The findings from Mobile4Meds
may also be highly applicable to other patient classes who
require long-term treatment and strict medication adherence.
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Abstract

Background: Psychosocial problems such as depression, anxiety, and substance abuse are common and burdensome in young
people, particularly those with long-term physical conditions such as asthma and diabetes. In New Zealand, “screening” for such
problems is undertaken routinely only with Year 9 students in low-decile schools and opportunistically in pediatric settings using
a nonvalidated and time-consuming clinician-administered Home, Education/employment, Eating, Activity, Drugs, Sexuality,
Suicide/depression, Safety (HEEADSSS) interview. The Youth version, Case-finding and Help Assessment Tool (YouthCHAT)
is a relatively new, locally developed, eTablet-based composite screener for identifying similar psychosocial issues to HEEADSSS.
Based on individually validated screening instruments, it is self-administered within minutes. Preliminary testing has revealed
its acceptability to young people, but further research is required to expand its modules to cover all HEEADSSS domains, to
evaluate its acceptability for young people with and without long-term physical conditions, and to compare its effectiveness
against HEEADSSS.

Objective: Our aim is to (1) ascertain acceptability and utility of YouthCHAT for children with long-term physical illness and
high school students, (2) validate three additional YouthCHAT domains against comparable HEEADSSS domains, and (3)
compare the performance of YouthCHAT and HEEADSSS in the high school setting.

Methods: During the first phase of the study, three additional YouthCHAT domains were codesigned with high school students.
During the second phase of the study, the updated version of YouthCHAT will be administered to 30 young people with long-term
physical conditions, and to 150 high school students either before or after HEEADSSS in the form of a randomized trial with
counter-balanced design. Primary outcomes include comparability between HEEADSSS and YouthCHAT in detecting psychosocial
issues, and time to administer; acceptability of YouthCHAT as an acceptable alternative or companion to HEEADSSS assessment;
and the utility of YouthCHAT in helping streamline assessment processes.

Results: Recruitment for the first phase of this project commenced in November 2016, and the phase will run from February
to November 2017.

Conclusions: If YouthCHAT is found to be acceptable to study participants and as effective as a HEEADSSS assessment, it
could be an innovative and more efficient means of routine screening for common psychosocial health issues in young people
with and without long-term physical conditions.

Trial Registration: Australian New Zealand Clinical Trials Registry (ANZCTR) ACTRN12616001243404p;
https://www.anzctr.org.au/Trial/Registration/TrialReview.aspx?id=371422 (Archived by WebCite at http://www.webcitation.org/
6rmlEiM1L)

(JMIR Res Protoc 2017;6(7):e135)   doi:10.2196/resprot.7995
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Introduction

Psychosocial problems are a significant issue for young people
in New Zealand, particularly those with long-term physical
conditions. Recent figures indicate that 27% of high school
students are affected by anxiety and depression [1], and at 18
years of age the prevalence of hazardous drinking exceeds 50%.
New Zealand’s 2011 youth suicide rate was the second highest
in the Organisation for Economic Co-operation and
Development (OECD) [2]. As mental health and lifestyle issues
often present in adolescence, it is important to intervene early
so that problems do not become entrenched, leading to costly
poor health and social outcomes [3-5].

Young people with long-term physical conditions are at even
greater risk of psychosocial problems [6]. Depressive symptoms
have been reported in as many as 40% of children with a
long-term condition and socialization problems [7]. Anxiety
has also been identified in children and young people with
long-term physical conditions as an area of clinical significance
[8]. The likelihood of such problems developing is related to
young people’s internal ability to manage stress, which develops
over time; family factors; and the impact of illness and
treatment, particularly association with distress and pain [9].

The World Health Organization and New Zealand policies and
programs all emphasize the importance of addressing youth
mental health with appropriately targeted services and recognize
the need for easily accessible services, including use of
appropriate tools [10-12]. Young people want a greater say in
how services are designed and delivered, and they expect
services to be diverse, contemporary, and responsive. These
requirements are echoed in many national policies including
the New Zealand Mental Health Commission’s Blueprint II
[13,14], the New Zealand Ministry of Health’s Rising to the
Challenge 2012-2017 [15], Statement of Intent 2014-2018 [16],
and the New Zealand Suicide Prevention Action Plan 2013-2016
[17].

Home, Education/employment, Eating, Activities, Drugs and
Alcohol, Sexuality, Suicide/depression, Safety (HEEADSSS)
assessment is a clinician-administered, interview-based
assessment of youth that can identify mental health and
substance use problems [18,19]. Currently, all Year 9 (13-14
year olds) students in low-decile schools (those with the highest
proportion of students from low socioeconomic communities),
and some attendees at primary care and pediatric services in
New Zealand are screened for well-being via HEEADSSS
assessment. While HEEADSSS assessment offers a
straightforward, holistic, and gradual approach to assessing
young people across many domains, it is a face-to-face
assessment, not a screening tool. Drawbacks include its lack of
validation for problem identification, the cost of resourcing,
time required for its administration (up to 45 minutes), and
variability of assessment depending on the skill and experience
of the assessor. In many high schools, it takes a full school year

and more than one school nurse to screen all Year 9 students
(personal communication M Goldfinch). In pediatric settings
around New Zealand, routine screening for psychosocial
problems is not usually undertaken and HEEADSSS assessments
are conducted by some medical and nursing staff in an ad hoc
manner.

The Youth version of the electronic Case-Finding and Help
Assessment Tool (YouthCHAT) [20,21] is a self-report
screening tool that covers ten domains: smoking, drinking,
recreational drug use (based on the Substances and Choices
Scale [SACS]) [22], problematic gambling, depression (based
on the Patient Health Questionnaire – Adolescent Version
[PHQ-A]) [23], anxiety (based on the Generalized Anxiety
Disorder scale, 7 item [GAD-7]) [24], sexual health, exposure
to abuse, anger management, and physical activity. For each
positive domain screened, there is a “help” question that asks
participants if they would “like help today,” “want help, but
another time,” or “don’t want help.” Responses to the “help”
question support conversations between young people and their
health providers about the issues they would like addressed,
which facilitates shared decision making, with increased
likelihood that real sustained changes will be made.

YouthCHAT provides summary reports to authorized
school/health clinic staff plus a guide to stepped-care
management from self-help through to secondary care. It is a
rapid screening system (taking 5-15 minutes to complete) and
can be conducted on any electronic device. YouthCHAT has a
14-year history of development in primary care, youth, and
school clinics [20,21,25-31]. Recently, it was successfully
implemented in a rural school clinic and favorably received by
both young patients and clinic staff. Evidence indicates that
students are more likely to disclose information about challenges
they are facing through electronic means than an initial in-person
assessment [32].

As a validated and rapid screening tool, YouthCHAT has the
potential to overcome barriers associated with HEEADSSS
assessment, while providing a similar holistic assessment of
mental health and lifestyle issues. Additionally, as YouthCHAT
collects and provides electronic data, the additional paperwork
that HEEADSSS requires is not needed. YouthCHAT may be
a more efficient screener and serve as a useful substitute or
precursor to HEEADSSS assessment. YouthCHAT currently
screens for all HEEADSSS domains except three: eating issues,
conduct problems/bullying, and resilience/strengths. Additional
screening questions to cover these domains have been added,
based on those available in the existing literature, with
appropriate wording advised by high school students, including
those of Māori and Pacific Island descent via focus groups to
ensure the updated version of YouthCHAT is appropriate for
young people from all major ethnic groups in New Zealand.

The aims of this study are to (1) validate three additional
YouthCHAT domains against comparable HEEADSSS domains,
(2) ascertain the acceptability and utility of YouthCHAT for
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children with long-term physical illness and high school
students, and (3) compare the performance of YouthCHAT and
HEEADSSS in the high school setting.

We hypothesize that a version of YouthCHAT matched to
HEEADSSS for all domains will be an acceptable alternative
to a HEEADSSS assessment to both young people and the
clinical staff conducting the screen. We further hypothesize that
screening using YouthCHAT, followed up by a targeted or full
HEEADSSS assessment where indicated, will be a much more
streamlined and efficient system to enable identification and
intervention of young people at risk.

Methods

Study Design
We will use a mixed-methods participatory action research
approach to development and validation of a YouthCHAT
mapped to all HEEADSSS domains, and assessment of the
acceptability and utility of YouthCHAT at a tertiary pediatric
hospital and a low-decile high school. A randomized controlled
trial (RCT) with counterbalanced design will be conducted at
the high school to assess the comparability of YouthCHAT and
HEEADSSS.

Participants and Recruitment
During the first phase, up to 20 senior students aged 16-18 years
from Tamaki College, a low-decile high school in Auckland,
New Zealand, were invited to participate in focus groups to
update YouthCHAT via flyers sent to their school. These
students were chosen as they were all able to give their own
consent.

During the second phase, approximately 150 Year 9 students
(aged 13-14 years) from the same high school will be invited
to participate in the RCT and school-based acceptability
evaluation via letters will be sent to their parents. Parents may
use a reply-paid form to opt out of the study if they do not wish
their children to participate. However, regardless of this, all
students will receive mandatory HEEADSSS assessments (as
is routine for all students in this class). Students who choose to
participate in the study will be randomly assigned to one of the
two conditions (YouthCHAT followed by HEEADSSS
assessment or HEEADSSS assessment followed by
YouthCHAT) via a computer-generated random numbers table,
with resulting lists provided to clinic staff. Sampling will be
consecutive until all enrolled students have completed
assessment. All screening will take place in the student health
clinic on a desktop computer. A subset of 32 students will be
invited to participate in four focus groups, and four school staff
(nurses and counsellors) will be invited to complete
semistructured interviews on the acceptability, utility, and
comparability of YouthCHAT and HEEADSSS assessment.
This age group of participants was chosen as it matches the age
group of students who routinely receive HEEADSSS
assessments in New Zealand low-decile schools.

Also during the second phase, 30 young people aged 13-18
years with long-term physical conditions (eg, diabetes, asthma,
cystic fibrosis and congenital heart disease) attending outpatient
clinics at Starship Children’s Hospital, a tertiary pediatric

hospital will be invited to participate in the study via flyers
disseminated by clinic staff. Following individual or parental
consent (and personal assent), they will be asked to complete
YouthCHAT and a postconsultation survey to assess its
acceptability and utility. This age group of participants has been
chosen as it matches the age range to which YouthCHAT is
targeted. Pediatricians and specialist nurses who have conducted
these consultations will be also invited to undertake a short
semistructured interview to provide a clinical perspective on
the use of YouthCHAT in a pediatric setting.

Outcome Variables
The main study variables are (1) comparability (eg, is
YouthCHAT at least as good or better than HEEADSSS
assessment at detecting mental health and lifestyle issues among
Year 9 youth? Is it a faster method of screening?), (2)
acceptability (eg, is YouthCHAT content/format an acceptable
alternative or companion to HEEADSSS assessment?), and (3)
utility (eg, is YouthCHAT useful in helping to streamline
assessment processes?).

Our primary outcome measures are (1) comparable detection
rates for each domain for HEADSSS and YouthCHAT as
measured by mental health or lifestyle issue “present” or
“absent” (Tamaki sample only), (2) time taken to complete
YouthCHAT and HEEADSSS screening (Tamaki sample only),
and (3) acceptability and utility of YouthCHAT as assessed via
feedback from staff and students/patients (Starship and Tamaki
participants). Secondary outcome measures include differences
in YouthCHAT versus HEEADSSS screening outcomes by
gender and ethnicity.

Measures and Data Collection

YouthCHAT
YouthCHAT covers 10 domains: smoking, drinking, recreational
drug use, problematic gambling, depression, anxiety, sexual
health, exposure to abuse, anger management, and physical
activity. In the case of positive screens, branching logic links
users to validated assessment tools including SACS for drug
and alcohol use, PHQ-9 for depression, and GAD-7 for anxiety.
For the purpose of this project, three new domains have been
added to YouthCHAT related to diet, body image, and bullying.
Questions related to these domains have been developed based
on existing validated tools and have been trialled with student
focus groups prior to initiation of the study comparing
YouthCHAT with HEEADSSS. Interested readers are welcome
to contact the authors for the complete list of YouthCHAT
questions.

HEEADSSS
HEEADSSS is a clinician-administered, interview-based
assessment of youth that can identify mental health and
substance use problems [18,19]. It covers the domains of Home,
Education/employment, Eating, Activities, Drugs and Alcohol,
Sexuality, Suicide/depression, and Safety. It is currently
administered by trained school health nurses to all Year 9
students in low-decile schools and some attendees at primary
care and pediatric services in New Zealand.
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Administrative Data
Administrative data such as staff time to complete
screening/assessments, psychosocial issues identified via
HEEADSSS and YouthCHAT, and referrals made based on
positive screens will be collected.

Participant Survey
Following completion of YouthCHAT, participants at Starship
and Tamaki College will be asked to complete a survey
comprised of Likert scales, free-text options, and forced-choice
questions on the acceptability and utility of YouthCHAT.

Clinician Interviews
Taped and transcribed semistructured interviews with the
participating school, Starship, and hospital staff will be
conducted (N=10-15). Interviews will focus on perceptions of
the utility and acceptability of YouthCHAT (both settings) and
comparability with HEEADSSS (Tamaki only) and will be
conducted in person or by telephone as preferred by participants.

Focus Groups
Two taped and transcribed student focus groups to advise on
the face validity and wording of the newly added YouthCHAT
modules were conducted at Tamaki College during the first
phase of the research. An additional four taped and transcribed
student focus groups that address acceptability and utility of
the assessments will be conducted at Tamaki College at the end
of the school year during the second phase.

Procedure
During the first phase, screening questions to address the
HEEADSSS domains of eating issues, conduct
problems/bullying, and resilience/strengths were selected based
on existing validated tools sourced through the peer-reviewed
literature. These questions were adapted to the New Zealand
youth context using focus groups with high school students.
Students were asked to judge whether the questions make sense,
explain what they think the questions are asking, identify any
words or phrases they find unclear, and suggest alternative
youth-friendly language. They were also asked to indicate the
order in which the questions should appear and enhancements
followed majority opinion. In the spirit of biculturalism, at least
one focus group was undertaken with only Māori young people
to identify any culturally relevant viewpoints, issues, or
concerns. Focus groups were audiotaped, confidentially
transcribed, and suggestions categorized and tabulated. The
resulting additional modules were programmed into
YouthCHAT.

During the second phase, a counterbalanced RCT of
YouthCHAT and HEEADSSS will be undertaken with high
school students. During this study, one group will receive
YouthCHAT before HEEADSSS assessment (Condition 1),
and the other HEEADSSS assessment before YouthCHAT
(Condition 2) and findings from YouthCHAT and HEEADSSS
assessment will be compared. In addition, the acceptability and
utility of YouthCHAT will be evaluated in two settings—the
high school where YouthCHAT and HEEADSSS assessments
are undertaken and a tertiary pediatric hospital setting where
young people aged 13-18 years with long-term physical

conditions are attending pediatric outpatient appointments.
Following the use of YouthCHAT by both audiences, focus
groups will be undertaken to identify positive feedback, issues,
and concerns regarding the electronic screener. Once again, at
least one focus group will be undertaken in each setting with
only Māori young people to identify any culturally relevant
viewpoints, issues, or concerns. In addition to feedback from
young people, feedback regarding appeal and utility will be
sourced from school nurses at the high school and pediatricians
and specialist nurses at the pediatric hospital.

Any focus group participants at the tertiary pediatric hospital
who are distressed or develop psychosocial concerns during or
following the study will be referred to the hospital-based consult
liaison (mental health) service for further assessment and
management, in a similar manner to what would occur as part
of usual care. Within the high school setting, stepped-care
resources and a clinical pathway (algorithms relating to domain
and severity of identified problem) will be provided to augment
usual care options. These include self-help resources (helplines,
psychoeducation and information sheets, websites, and
e-therapies), clinician interventions (medications and brief
interventions), local community agencies, and referral to
adolescent secondary care mental health and drug and alcohol
services.

Data Handling
HealthLink, an electronic data management system, will provide
secure storage of all YouthCHAT screening data. It will also
enable encrypted secure data transmission to the clinic’s
MedTech32 practice management system (PMS) software by
the same private network used for their electronic referrals
solution. Clinical staff will access their YouthCHAT summary
reports directly from the website. This allows a brief version to
be cut and pasted into clinical notes, or a PDF generated to
attach to the patient file. HEEADSSS data will be managed as
per standard care via the school nurse and his/her team. All
HEEADSSS data are entered into the PMS, with a summary
report provided to the Ministry of Health. HEEADSSS data will
need to be manually inputted into a Microsoft Excel spreadsheet
by a research assistant. Each YouthCHAT generates a unique
code for each participant. This code will be transferred by the
school nurse into the PMS HEEADSSS file for data-matching.
Thus, research data will be anonymized and de-identified prior
to being analyzed.

Power Calculation and Data Analysis
For the RCT component of the study, an estimated 150 Year 9
students will be randomly allocated to either Condition 1
(YouthCHAT first) or Condition 2 (HEEADSSS first). A power
calculation shows that given 144 participants, there will be 90%
power to detect differences between the two assessments
assuming a mean duration of 15 minutes for YouthCHAT (SD
30) and 45 minutes for HEEADSSS assessment (SD 90).

Quantitative data will be analyzed using Microsoft Excel and
Statistical Software Package (SPSS). Analyses will include
basic descriptive statistics (eg, number of youth screened,
YouthCHAT summary data, HEEADSSS summary data,
demographic characteristics of the sample). Parametric data
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will be analyzed using t tests and analysis of variance
(ANOVA). Nonparametric data will be analyzed using Wilcoxon
signed-rank tests.

Qualitative data will be analyzed using a general inductive
approach [33] with collated text analyzed to identify emerging
themes, which will then be independently coded by 2 researchers
with consensus reached by adjudication. Data analysis will be
conducted at the end of 2017.

Ethical Approval
This trial received ethical approval from the New Zealand Health
and Disability Ethics Committee (Reference: 16/CEN/137) on
October 14, 2016.

Results

Participant recruitment for the first phase of this study was
undertaken in November 2016. Recruitment for the second
phase of the study commenced in January 2017 and will
continue until November 2017, with results expected before
July 2018.

Discussion

Principal Considerations
If effective, YouthCHAT could offer an inexpensive, simple,
scientifically valid, and acceptable vehicle for routine
psychosocial screening in all young people in New Zealand
high schools (not just those in Year 9 within low-decile schools)
and all young people with long-term physical conditions (eg,
during routine outpatient visits/annual check-up appointments
in pediatric settings). It may also be useful to screen young
people in multiple settings overseas.

On an individual level, early detection and intervention of
mental health and substance misuse issues can have downstream
benefits including improved physical health and better
compliance with medical treatments, better engagement in
education and subsequent employment, reduced youth suicide,
and improved social relationships. Detecting and intervening
in risky sexual behaviors can lead to a reduction in unwanted
pregnancies and sexually transmitted infections. Dealing with
bullying, physical and sexual abuse, and assisting youth with
anger control will likely have significant psychosocial benefits.
Helping youth make healthy eating choices and increase their
physical activity can contribute to their physical and mental
health and well-being, and reduce the incidence of conditions
such as obesity and related illnesses. Although one other
HEEADSSS-based electronic screener for young people
(TickIT) has been evaluated for acceptability with this audience
[34], no composite screener of this kind has yet been shown to
be as effective in identifying psychosocial problems as
face-to-face HEEADSSS assessment and there is no other gold
standard for psychosocial screening. Evidence of efficacy of
screening instruments is as relevant as evidence of acceptability,
and this study hopes to demonstrate both for YouthCHAT.

On a population level, the potential impact of such screening
and early intervention is enormous. HEEADSSS assessment is
currently costly and is therefore limited to a subset of the
adolescent population of New Zealand. No routine psychosocial
screening is currently undertaken with young people who have
long-term physical conditions and are at higher risk of such
problems. If the updated version of YouthCHAT is as effective
as HEEADSSS assessment in detecting psychosocial issue and
is as acceptable to young people, it may be routinely introduced
as a first-line screener for psychosocial problems in all youth,
especially those at high risk of psychosocial problems. This is
likely to have cost benefits with short-term economic impacts
including reductions in staff time required to conduct
HEEADSSS assessments. Long term, there is the potential for
cost effectiveness across many spheres, such as reductions in
health care costs associated with helping youth maintain better
health through lifestyle choices, reductions in benefits payouts
via improving chances of education and employment, and
reductions in costs associated with the youth justice system via
supporting youth to make prosocial lifestyle choices.

A key advantage of YouthCHAT is its person-centered
approach. Young people are asked to indicate which issues they
would like help with. Clinical staff are provided with
stepped-care resources to use depending on the issue and its
severity, including a number of self-management options such
as e-therapies. The systematic approach of annual screening
and provision of algorithms for stepped-care intervention is
likely to lead to early and more comprehensive intervention of
youth mental health, substance misuse, and other lifestyle issues,
which will have large impacts on their subsequent physical,
mental, and social health and well-being, as outlined above.

Conclusion and Recommendations
If the outcomes indicate that YouthCHAT provides a
comparable mental health and psychosocial assessment to
HEEADDSSS, is acceptable to young people and clinical staff,
and is faster to administer, we propose the following clinical
changes.

• All Year 9 students in low-decile high schools should be
screened using YouthCHAT, and currently routine
HEEADSSS assessments should not be undertaken where
there is a negative screen. Instead, a tailored (targeted)
HEEADSSS assessment should be conducted for the
YouthCHAT positive domains.

• Young people with long-term physical conditions who are
admitted to pediatric hospitals or attending routine
outpatient clinics for long-term physical conditions should
undergo an annual YouthCHAT screen, with targeted
HEEADSSS assessment where needed.

• All students in New Zealand high schools should be
screened using YouthCHAT annually.

• The potential for YouthCHAT to be used in other countries
should also be explored.
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Abstract

Background: Adaptive e-learning environments (AEEs) can provide tailored instruction by adapting content, navigation,
presentation, multimedia, and tools to each user’s navigation behavior, individual objectives, knowledge, and preferences. AEEs
can have various levels of complexity, ranging from systems using a simple adaptive functionality to systems using artificial
intelligence. While AEEs are promising, their effectiveness for the education of health professionals and health professions
students remains unclear.

Objective: The purpose of this systematic review is to assess the effectiveness of AEEs in improving knowledge, competence,
and behavior in health professionals and students.

Methods: We will follow the Cochrane Collaboration and the Effective Practice and Organisation of Care (EPOC) Group
guidelines on systematic review methodology. A systematic search of the literature will be conducted in 6 bibliographic databases
(CINAHL, EMBASE, ERIC, PsycINFO, PubMed, and Web of Science) using the concepts “adaptive e-learning environments,”
“health professionals/students,” and “effects on knowledge/skills/behavior.” We will include randomized and nonrandomized
controlled trials, in addition to controlled before-after, interrupted time series, and repeated measures studies published between
2005 and 2017. The title and the abstract of each study followed by a full-text assessment of potentially eligible studies will be
independently screened by 2 review authors. Using the EPOC extraction form, 1 review author will conduct data extraction and
a second author will validate the data extraction. The methodological quality of included studies will be independently assessed
by 2 review authors using the EPOC risk of bias criteria. Included studies will be synthesized by a descriptive analysis. Where
appropriate, data will be pooled using meta-analysis by applying the RevMan software version 5.1, considering the heterogeneity
of studies.

Results: The review is in progress. We plan to submit the results in the beginning of 2018.
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Conclusions: Providing tailored instruction to health professionals and students is a priority in order to optimize learning and
clinical outcomes. This systematic review will synthesize the best available evidence regarding the effectiveness of AEEs in
improving knowledge, competence, and behavior in health professionals and students. It will provide guidance to policy makers,
hospital managers, and researchers in terms of AEE development, implementation, and evaluation in health care.

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® at
http://www.webcitation.org/6rXGdDwf4)

(JMIR Res Protoc 2017;6(7):e128)   doi:10.2196/resprot.8085

KEYWORDS

adaptive learning environments; intelligent tutoring systems; interactive learning environments; medical education; nursing
education; e-learning; systematic review; meta-analysis

Introduction

Background

Since the beginning of the 21st century, the complexification of
care and the limitation of financial resources in health systems
across the globe pose great challenges to the education of health
professionals [1]. Academic and clinical leaders must find
innovative and effective ways to maintain and update the
curricula of their institutions in order to address systemic
problems, such as the mismatch of health professionals’
competencies to patient and population needs [1]. We have
known since the 1980s that individual learning, through
one-on-one human tutoring, is more effective than learning
through group lectures [2,3]. The consideration of users’
navigation behavior, individual goals, knowledge, and
preferences provides opportunities for individualized instruction
and optimizes learning outcomes [4]. However, while
one-on-one human tutoring has its benefits, it is costly, lacks
accessibility, and realistically cannot be replicated on a large
scale.

E-learning, defined as instruction delivered on a digital device
that is intended to support learning [5], is an ever-expanding
field in health sciences education. Conventional e-learning
courses use words, in the form of spoken or printed text, and
multimedia (eg, illustrations, animations, videos) [5]. Content
is typically presented linearly, much like reading a book.
E-learning can be both asynchronous, (i.e., being designed for
self-study) and synchronous (i.e., attending a Web-based class
taught by an instructor in real time) [5]. Various presentations
of e-learning are increasingly present in clinical settings for the
continuing education of health professionals [6] and in academic
settings for the education of health professions students [7].
Systematic reviews have demonstrated the effectiveness of
e-learning to optimize knowledge, competence, and behavior
in health professionals and students [8-13]. E-learning is
generally considered to be as effective as non–e-learning
educational interventions, such as traditional classroom
instruction and printed text in improving learning outcomes
[8,12]. Specific instructional design variations within e-learning
platforms, such as interactivity, feedback, repetition, and practice
exercises, result in better learning outcomes [14].

While e-learning can provide these features, it generally fails
to provide individualized instruction equivalent to one-on-one

human tutoring [15,16]. Indeed, e-learning is rarely designed
to suit the learning goals, knowledge, and preferences of health
professionals and students. Moreover, e-learning doesn’t provide
opportunities for case-based problem solving and simulations
of complex real-world tasks while providing tailored feedback
and guidance [15]. This is problematic because these
instructional strategies have been shown to be effective to
improve learning outcomes in face-to-face education [17-19].

Adaptive e-learning environments (AEEs) shows great promise
in providing tailored instruction to health professionals and
students by adapting the training to each user [20]. By
continuously collecting data to build a user’s profile (eg,
navigation behavior, individual objectives, knowledge,
preferences), interpreting these data through algorithms, and
adapting in real-time content, navigation, presentation,
multimedia, and tools, AEEs can provide a dynamic and
evolutionary learning path for each user [21]. However, a wide
variety of systems may provide adaptive functionality with
various levels of complexity in different fields of study. For
instance, adaptive hypermedia systems [21-23] and intelligent
tutoring systems [24-26] may both provide variations of an
adaptive functionality.

In recent years, AEEs with various levels of complexity, ranging
from systems using an adaptive functionality, to systems using
artificial intelligence, have been evaluated in some academic
settings with positive results regarding learning outcomes
[24-27]. However, the effectiveness of AEEs for health
professionals’ and students’ education remains unclear. To our
knowledge, no systematic review assessed the effectiveness of
AEEs on knowledge, competence, and behavior in health
professionals and students.

Systematic Review Objective
To systematically identify, appraise, and synthesize the best
available evidence regarding the effectiveness of AEEs in
improving knowledge, competence, and behavior in health
professionals and health professions students.

Systematic Review Question
What is the effectiveness of AEEs in improving knowledge,
competence, and behavior in health professionals and students
in comparison with nonadaptive e-learning environments or
non–e-learning educational interventions?
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Methods

Systematic Review Protocol Development and
Registration
This systematic review protocol has been developed according
to the Preferred Reporting Items for Systematic review and
Meta-Analysis Protocols (PRISMA-P) [28] (Multimedia
Appendix A).

This protocol has also been registered prospectively on the
PROSPERO database (registration number: CRD42017065585).

Inclusion Criteria

Types of Studies
We will include randomized controlled trials (RCTs), non-RCTs,
controlled before-after studies, interrupted time series studies,
and repeated measures studies. In order to assess the eligibility
of study designs, we will use the algorithm proposed by the
Effective Practice and Organisation of Care (EPOC) Cochrane
Review Group [29]. If no studies employing these designs are
identified, we will consider quasiexperimental study designs
for inclusion, such as 1-group pretest/posttest studies and
nonequivalent groups studies.

Studies published in French or English, between 2005 and 2017,
and conducted in all academic and clinical settings will be
considered for inclusion, regardless of the geographic location.

A meta-analysis on the effectiveness of a subtype of AEEs,
intelligent tutoring systems, with college students in computer
science, physics, and mathematics, found that studies published
before 2005-2006 seem to have a bias toward more positive
results [25]. This could be explained by the novelty of e-learning
in earlier studies, which could have positively affected student
motivation and learning outcomes. Thus, we will only include
primary studies published from 2005 onward.

Types of Participants
We will consider primary studies conducted with licensed health
professionals, students, trainees, and residents in any health
care context. From now on, in the context of this review, we
will call health professionals and students “users.”

Types of Interventions
For the purpose of this review, we define an AEE as an
e-learning platform, which continuously collects data to build

each user’s profile (eg, navigation behavior, individual
objectives, preferences, knowledge), interprets these data
through algorithms, and adapts in real-time the content (eg,
showing/hiding information, providing tailored feedback),
navigation (eg, specific links and paths), presentation (eg, device
adaptation, page layout), multimedia presentation (eg, images,
models, views, widgets, graphics items, scripts, and strategies),
or tools (eg, different set of features for the different types of
users) to provide a dynamic and evolutionary learning path for
each user [20,21,30]. We will use the definitions of each type
of adaptation proposed by Knutov and colleagues [21]. The
AEE can involve variable levels of technological complexity,
ranging from simple adaptive functionality to the use of artificial
intelligence [20].

Types of Comparators
Eligible comparators will be nonadaptive e-learning
interventions and non–e-learning educational interventions.
Nonadaptive e-learning interventions can include interactive
features, such as quizzes and practice exercises, and multimedia,
but present the same content linearly for each user.
Non–e-learning educational interventions can be, for example,
traditional classroom instruction, a PowerPoint presentation,
printed text, or a combination of these interventions.

Types of Outcomes Measures
We will consider for inclusion studies reporting the following
outcomes: knowledge, competence, and behavior in health
professionals and students.

In order to define the outcomes of this systematic review, we
adopted the modified conceptual model of Miller [31], which
is a framework that identifies 4 stages of clinical practice
development: knows, knows how, shows how, and does.
Through cognitive and behavioral changes, health professionals
and students progress from developing their knowledge about
a particular health condition to performing interventions in
clinical practice [31]. In the modified version of the model [32],
the stages of development have been modified to better match
the design and effects of educational interventions (Figure 1).

Primary Outcome Measures

Primary studies reporting an objective measure of users’
knowledge (eg, multiple-choice test for assessing factual or
conceptual understanding) or a subjective measure of users’
knowledge (eg, self-reported knowledge) will be considered for
inclusion.
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Figure 1. The modified conceptual model of Miller.

Secondary Outcome Measures

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.

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.

Exclusion Criteria
Any study that does not correspond to the inclusion criteria in
terms of study design, participants, intervention, comparator,
or outcome measures will be excluded.

We will also exclude: (1) studies that do not provide a sufficient
description of the AEE assessed for judging which type(s) and
techniques of adaptation are applied; (2) RCTs not published
in peer-reviewed journals (eg, dissertations and case reports);
(3) systematic reviews, literature reviews, letters, commentaries,
editorials, study protocols; and (4) secondary subgroup analyses
of RCTs or RCT-generated data modeling studies.

Literature Search

Information Sources

Bibliographical Databases

Eligible primary studies will be identified through a
comprehensive literature search of 6 bibliographic databases:
CINAHL (EBSCO), EMBASE (OVID), ERIC (ProQuest),
PsycINFO (APA PsycNET), PubMed (NCBI), and Web of
Science – SCI and SSCI (ISI – Thomson Scientific).

Hand Searching

Relevant journals will be hand-searched for additional articles.
Such journals include: User Modeling and User-Adapted
Interaction, Computers and Education, Journal of Computer
Assisted Learning, Journal of Medical Internet Research,

Educational Technology Research and Development, and British
Journal of Educational Technology.

Reference Searching

Reference lists of primary studies included will be
hand-searched for additional relevant articles. We will also
search the reference lists of systematic reviews and
meta-analyses in the field of AEEs for relevant articles.

Search Strategy for Bibliographical Databases
The search strategy was developed in collaboration with a
Master’s student in information science. The search strategy
uses a combination of keywords and MeSH terms that relate to
3 key concepts (adaptive e-learning environments; health
professionals/health sciences students; effects on knowledge,
skills, and behavior) (Multimedia Appendix B). We first
developed the strategy for PubMed, and then translated it for
other databases (Multimedia Appendix C).

Data Collection and Analysis

Selection of Studies
The titles and abstracts of studies retrieved by the search strategy
will be independently screened and “eligibility criteria will be
applied by 2 review authors. Disagreements will be resolved
through discussion and consensus. A third author will be
involved in case of a persistent disagreement. Reference
management will be done using the EndNote software, version
8.0.

A full-text assessment of selected articles after the initial
screening will be independently conducted by 2 review authors.
Access to articles will be gained through the library system of
the Université de Montréal. Reasons for the exclusion of articles
will be documented and the process of study selection will be
reported in a PRISMA flow diagram [33].

Data Extraction and Management
The data of included studies will be extracted using a modified
version of the data collection form of the EPOC Cochrane
Review Group data collection checklist by 2 review authors
[34] (Textbox 1). Data will then be entered in the Review
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Manager (RevMan) software, version 5.1. In the case of unclear
data, authors will be contacted to obtain relevant data. Data
collection forms will then be sent to the first authors of included
primary studies for validation.

Assessment of Risk of Bias
The quality of included studies will be independently assessed
by 2 review authors using the EPOC risk of bias criteria based
upon the data extracted with the data collection checklist [34].
Discrepancies in rating will be resolved through discussion and
consensus. Based on the EPOC Cochrane Review Group risk
of bias criteria [34], the following 9 criteria will be considered
to assess included studies for potential bias: (1) Was the
allocation sequence adequately generated? (2) Was the allocation

adequately concealed? (3) Were baseline outcome measurements
similar? (4) Were baseline characteristics similar? (5) Were
incomplete outcome data adequately addressed? (6) Was
knowledge of the allocated interventions adequately prevented
during the study? (7) Was the study adequately protected against
contamination? (8) Was the study free from selective outcome
reporting? (9) Was the study free from other risks of bias?

Each criterion will be rated as “low risk” if the bias is unlikely
to have seriously affected the results, “high risk” if the bias
likely weakened the reliability of the results, and “unclear risk”
when there is not enough information to rate the bias as low or
high [35]. Justification of each author’s assessment will be noted
in the risk of bias table.

Textbox 1. Information to extract from included primary studies.

Population and setting

• For descriptive purposes: study setting, inclusion criteria, and exclusion criteria.

• For statistical analyses purposes: study population and study sample.

Methods

For descriptive purposes: study aim, study design, unit of allocation, study start and end date, duration of participation.

Risk of bias assessment

For statistical analysis purposes: random sequence generation, allocation concealment, similarity of baseline outcome measurements, similarity of
baseline characteristics, incomplete outcome data, blinding of participants and personnel, blinding of outcome assessments, measures against
contamination, selective outcome reporting, other risk of bias.

Participants

For descriptive purposes: withdrawals and exclusions, age, sex, level of instruction, number of years of experience as a health professional, practice
setting, previous experience using e-learning.

Interventions (AEE and comparator)

• For descriptive purposes: name of intervention, theoretical framework, statistical model/algorithm, subject, number of training sessions, duration
of each training session, mode of delivery, presence of other educational interventions and strategies.

• For statistical analysis purposes: total duration of the training, type and degree of adaptation within the AEE (content, navigation, presentation,
multimedia presentation, tools).

Outcomes

For descriptive purposes: name, time-points measured, definition, person measuring, unit of measurement, scales, validation of measurement tool.

Results

• For descriptive purposes: comparison, time-point, baseline data, statistical methods used, and key conclusions.

• For statistical analysis purposes: results according to our primary (knowledge) and secondary (competence, behavior) outcomes.
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Table 1. Reasons for downgrading the quality of a body of evidence for a specific outcome.

InterpretationDescriptionFactor

Review authors will interpret the risk of bias as follows:

‘low risk of bias’ would indicate ‘no limitation’;

‘unclear risk of bias’ would indicate either ‘no limitation’ or
‘serious limitation’;

‘high risk of bias’ would indicate either ‘serious limitation’ or
‘very serious limitation’.

The assessments with the EPOC Cochrane
Group risk of bias criteria should feed directly
into this factor.

Limitations in the design and
implementation (within-study
risk of bias)

Review authors will make judgments based on differences in
anticipated effects in the group of primary interest.

Indirect comparisons between intervention A
and B;

Restricted version of the main review question
in terms of population, intervention, compara-
tor, or outcomes.

Indirectness of evidence

Review authors will downgrade the quality of evidence when
there is no plausible explanation to the heterogeneity that exists
and affects the interpretation of results.

Studies yield widely differing estimates of ef-
fect (heterogeneity or variability in results)

Unexplained heterogeneity or
inconsistency of results

Review authors will lower their rating of the quality of the evi-
dence if there is imprecision in results of included primary studies.

Studies include few participants and few events
and have wide confidence intervals.

Imprecision of the results

Review authors will downgrade the quality of evidence level if
there is a high probability of reporting bias based on funnel plot
asymmetry.

The assessments made regarding funnel plot
asymmetry should feed directly into this factor.

High probability of reporting bias

Textbox 2. Subgroup analysis.

Change in targeted health professionals and students

• Doctors and student doctors;

• Nurses and student nurses;

• Other allied health professionals and students.

• Hypothesis: AEEs are more effective for doctors and student doctors than for nurses and student nurses or for health professionals and students.

Change in degree of AEE adaptation: we will rate the degree of adaptation of each AEE from 1-5 according to the types of adaptation (content,
navigation, presentation, multimedia presentation, tools).

• ≤2 of 5 types of adaptation;

• ≥3 of 5 types of adaptation.

• Hypothesis: AEEs including ≥3 of 5 types of adaptation are more effective than those including ≤2 of 5 types of adaptation.

Change in type of AEE adaptation

• Content adaptation;

• Other types of adaptation (navigation, presentation, multimedia presentation, tools).

• Hypothesis: AEEs including content adaptation are more effective than those including other types of adaptation.

Change in AEE training program duration

• AEE training programs lasting 1 week or less;

• AEE training programs lasting more than 1 week.

• Hypothesis: AEEs training programs lasting more than 1 week are more effective than those lasting 1 week or less.

Change in publication years

• Studies published before 2010;

• Studies published after 2010.

• Hypothesis: AEEs reported in studies published after 2010 are more effective than those reported in studies published before 2010.
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Dealing With Unclear Data
We will contact the investigators of included studies if there is
any unclear or missing data. If unsuccessful, we will provide a
narrative synthesis of the data as presented in the study.

Assessment of Heterogeneity
Heterogeneity will first be assessed by examining the
characteristics of included studies, the similarities and disparities
between the types of participants, the types of interventions,
and the types of outcomes.

Heterogeneity will then be assessed by using the chi-square and

the I2 statistics within the RevMan software. The I2 statistic
describes the percentage of variance in effect estimates that is
due to heterogeneity. As suggested by Higgins et al. [36], we

will interpret the I2 values as follows: 0%-40%: might not be
important; 30%-60%: may represent moderate heterogeneity;
50%-90%: may represent substantial heterogeneity; and
75%-100%: considerable heterogeneity.

We intend to use the random-effects model where moderate to
substantial heterogeneity is observed. If substantial or
considerable heterogeneity is observed and study effects are
discordant, we will not pool data, unless heterogeneity is
explained by subgroup differences.

Assessment of Reporting Biases
Reporting biases will be assessed by using funnel plots if more
than 10 studies are included in the meta-analysis, as
recommended by the Cochrane Handbook. We will follow the
guidelines regarding funnel plot asymmetry as described in the
Cochrane Handbook for Systematic Reviews of Interventions
5.1.0 [35]. For analyses performed on less than 10 primary
studies, we will assess reporting bias qualitatively.

Assessment of the Quality of Evidence
The quality of the evidence regarding the outcomes reported in
this systematic review will be assessed using the Grading of
Recommendations Assessment, Development, and Evaluation
(GRADE) approach, based upon the data extracted with the
data collection checklist [37,38]. The GRADE approach
specifies 4 levels of quality (high, moderate, low, and very low)
for each individual outcome.

In order to attribute a level of quality, the GRADE approach
considers 5 factors for downgrading the quality of a body of
evidence for a specific outcome (Table 1). The certainty of the
evidence will be independently assessed by 2 review authors.
Any disagreement will be resolved through discussion.

Data Synthesis
Characteristics of included primary studies, such as population
studied and study design, will be presented in a table format.

Data will then be synthesized by a descriptive analysis. We will
describe the characteristics of AEEs including, when possible:
intervention name, theoretical framework, statistical model or
algorithm, subject, number of training sessions, duration of each
training session, total duration of the training, mode of delivery,
and presence of other educational interventions and strategies.

We will undertake a meta-analysis that will compare changes
between intervention and control participants in primary and
secondary outcomes, for which data from at least 2 studies are
available. Knowledge, competence, and behavior will be
addressed and analyzed separately. Statistical analysis will be
conducted upon consideration of dichotomous outcome variables
(eg, content adaptation, yes/no) and continuous outcome
variables (eg, change in behavior change counseling competence
scores).

Sensitivity Analysis
We will perform sensitivity analyses in order to exclude high
risk of bias studies (as assessed with the EPOC risk of bias
criteria) and small sample size studies (n≤20). Sensitivity
analyses will allow us to determine if our conclusions are robust
or if the key findings disappear with the exclusion of high risk
of bias and small sample size studies.

Subgroup Analysis
Contextual heterogeneity will be considered by conducting the
analyses in subgroups, according to potential effect modifiers.
If sufficient data is available, we plan to perform 5 subgroup
analyses (Textbox 2).

Results

The review is in progress. We plan to submit the manuscript in
the beginning of 2018. The anticipated findings of this
systematic review will have implications for policy, practice,
and research. First, it will provide evidence for policy makers
and hospital managers of whether or not AEEs can increase the
learning effectiveness and efficiency for health professionals
and students, potentially lowering training costs and optimizing
clinical practice. Second, this systematic review will identify
specific considerations regarding AEE design, implementation,
and evaluation in health care, indicating what would need to be
taken into account for future studies.

Discussion

Providing tailored instruction to health professionals and
students is a priority in order to optimize learning and clinical
outcomes. This systematic review will provide a summary of
the best available evidence regarding the effectiveness of AEEs
in improving the knowledge, competence, and behavior of health
professionals and students.

 

Acknowledgments
We wish to thank Quebec’s Healthcare Research Fund, Quebec’s Ministry of Higher Education, the Montreal Heart Institute
Foundation, and the Faculty of Nursing at the Université de Montréal for the financial support they provided to GF.

We also wish to thank Kate Johnson for her careful manuscript editing.

JMIR Res Protoc 2017 | vol. 6 | iss. 7 |e128 | p.55http://www.researchprotocols.org/2017/7/e128/
(page number not for citation purposes)

Fontaine et alJMIR RESEARCH PROTOCOLS

XSL•FO
RenderX

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


Authors' Contributions
GF and GMD developed and tested the search strategy. GF wrote the initial protocol. All authors contributed to protocol writing.
All authors read and approved the final version of the manuscript.
GF and MAMC will be responsible for title and abstract screening, full-text assessment of studies, data extraction, and risk of
bias assessment. GF and SC will perform statistical analysis, which will be validated by an experienced biostatistician.

Conflicts of Interest
None declared.

Multimedia Appendix 1
PRISMA-P Checklist.

[PDF File (Adobe PDF File), 69KB - resprot_v6i7e128_app1.pdf ]

Multimedia Appendix 2
Concept plan used to build the search strategy.

[PNG File, 496KB - resprot_v6i7e128_app2.png ]

Multimedia Appendix 3
Search strategy for PubMed.

[PNG File, 304KB - resprot_v6i7e128_app3.png ]

References
1. Frenk J, Chen L, Bhutta ZA, Cohen J, Crisp N, Evans T, et al. Health professionals for a new century: transforming education

to strengthen health systems in an interdependent world. Lancet 2010;376:1923-1958. [doi: 10.1016/S0140-6736(10)61854-5]
[Medline: 21112623]

2. Bloom BS. The 2 sigma problem: the search for methods of group instruction as effective as one-to-one tutoring. Educ Res
1984;13:4-16. [doi: 10.3102/0013189X013006004]

3. Cohen P, Kulik JA, Kulik CLC. Educational outcomes of tutoring: a meta-analysis of findings. Am Educ Res J
1982;19:237-248. [doi: 10.3102/00028312019002237]

4. Evens M, Michael J. One-on-One Tutoring by Humans and Computers. Mahwah, New Jersey: Lawrence Erlbaum Associates,
Inc; 2006.

5. Clark R, Mayer R. E-Learning and the Science of Instruction: Proven Guidelines for Consumers and Designers of Multimedia
Learning. Hoboken, New Jersey: John Wiley & Sons; 2016.

6. Cheng B, Wang M, Mørch A, Chen NS, Kinshuk K, Spector JM. Research on e-learning in the workplace 2000–2012: a
bibliometric analysis of the literature. Educ Res Rev 2014;11:56-72. [doi: 10.1016/j.edurev.2014.01.001]

7. George P, Papachristou N, Belisario JM, Wang W, Wark PA, Cotic Z, et al. Online eLearning for undergraduates in health
professions: a systematic review of the impact on knowledge, skills, attitudes and satisfaction. J Glob Health 2014;4:010406
[FREE Full text] [doi: 10.7189/jogh.04.010406] [Medline: 24976965]

8. Cook DA, Levinson AJ, Garside S, Dupras DM, Erwin PJ, Montori VM. Internet-based learning in the health professions:
a meta-analysis. JAMA 2008;300:1181-1196. [doi: 10.1001/jama.300.10.1181] [Medline: 18780847]

9. Cook DA, Levinson AJ, Garside S, Dupras DM, Erwin PJ, Montori VM. Instructional design variations in internet-based
learning for health professions education: a systematic review and meta-analysis. Acad Med 2010;85:909-922. [doi:
10.1097/ACM.0b013e3181d6c319] [Medline: 20520049]

10. Lam-Antoniades M, Ratnapalan S, Tait G. Electronic continuing education in the health professions: an update on evidence
from RCTs. J Contin Educ Health Prof 2009;29:44-51. [doi: 10.1002/chp.20005] [Medline: 19288566]

11. Sinclair P, Kable A, Levett-Jones T, Booth D. The effectiveness of Internet-based e-learning on clinician behaviour and
patient outcomes: A systematic review. Int J Nurs Stud 2016;57:70-81. [doi: 10.1016/j.ijnurstu.2016.01.011] [Medline:
27045566]

12. Lahti M, Hätönen H, Välimäki M. Impact of e-learning on nurses' and student nurses knowledge, skills, and satisfaction:
a systematic review and meta-analysis. Int J Nurs Stud 2014;51:136-149. [doi: 10.1016/j.ijnurstu.2012.12.017] [Medline:
23384695]

13. Voutilainen A, Saaranen T, Sormunen M. Conventional vs. e-learning in nursing education: a systematic review and
meta-analysis. Nurse Educ Today 2017;50:97-103. [doi: 10.1016/j.nedt.2016.12.020] [Medline: 28038371]

JMIR Res Protoc 2017 | vol. 6 | iss. 7 |e128 | p.56http://www.researchprotocols.org/2017/7/e128/
(page number not for citation purposes)

Fontaine et alJMIR RESEARCH PROTOCOLS

XSL•FO
RenderX

resprot_v6i7e128_app1.pdf
resprot_v6i7e128_app1.pdf
resprot_v6i7e128_app2.png
resprot_v6i7e128_app2.png
resprot_v6i7e128_app3.png
resprot_v6i7e128_app3.png
http://dx.doi.org/10.1016/S0140-6736(10)61854-5
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=21112623&dopt=Abstract
http://dx.doi.org/10.3102/0013189X013006004
http://dx.doi.org/10.3102/00028312019002237
http://dx.doi.org/10.1016/j.edurev.2014.01.001
http://europepmc.org/abstract/MED/24976965
http://dx.doi.org/10.7189/jogh.04.010406
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24976965&dopt=Abstract
http://dx.doi.org/10.1001/jama.300.10.1181
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=18780847&dopt=Abstract
http://dx.doi.org/10.1097/ACM.0b013e3181d6c319
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=20520049&dopt=Abstract
http://dx.doi.org/10.1002/chp.20005
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=19288566&dopt=Abstract
http://dx.doi.org/10.1016/j.ijnurstu.2016.01.011
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27045566&dopt=Abstract
http://dx.doi.org/10.1016/j.ijnurstu.2012.12.017
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23384695&dopt=Abstract
http://dx.doi.org/10.1016/j.nedt.2016.12.020
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28038371&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/


14. Cook D, Garside S, Levinson AJ, Dupras DM, Montori VM. What do we mean by web-based learning? A systematic review
of the variability of interventions. Med Educ 2010;44:765-774. [doi: 10.1111/j.1365-2923.2010.03723.x] [Medline:
20633216]

15. Crowley R, Legowski E, Medvedeva O, Tseytlin E, Roh E, Jukic D. Evaluation of an intelligent tutoring system in pathology:
effects of external representation on performance gains, metacognition, and acceptance. J Am Med Inform Assoc
2007;14:182-190 [FREE Full text] [doi: 10.1197/jamia.M2241] [Medline: 17213494]

16. Samulski T, La T, Wu RI. Adaptive eLearning modules for cytopathology education: a review and approach. Diagn
Cytopathol 2016;44:944-951. [doi: 10.1002/dc.23558] [Medline: 27534838]

17. Gaberson K, Oermann M. Clinical Teaching Strategies in Nursing. New York, New York: Springer; 2010.
18. Cook D, Hatala R, Brydges R, Zendejas B, Szostek JH, Wang AT, et al. Technology-enhanced simulation for health

professions education: a systematic review and meta-analysis. JAMA 2011;306:978-988. [doi: 10.1001/jama.2011.1234]
[Medline: 21900138]

19. Bloom B. Effects of continuing medical education on improving physician clinical care and patient health: a review of
systematic reviews. Int J Technol Assess Health Care 2005;21:380-385. [Medline: 16110718]

20. Brusilovsky P, Peylo S. Adaptive and intelligent web-based educational systems. International Journal of Artificial Intelligence
in Education 2003;13:159-172.

21. Knutov E, De Bra P, Pechenizkiy M. AH 12 years later: a comprehensive survey of adaptive hypermedia methods and
techniques. New Rev Hypermedia Multimed 2009;15:5-38. [doi: 10.1080/13614560902801608]

22. Brown E, Cristea A, Stewart C, Brailsford RJ. Patterns in authoring of adaptive educational hypermedia: a taxonomy of
learning styles. J Educ Technol Soc 2005;8:77-90.

23. Akbulut Y, Cardak CS. Adaptive educational hypermedia accommodating learning styles: A content analysis of publications
from 2000 to 2011. Comp Educ 2012;58:835-842. [doi: 10.1016/j.compedu.2011.10.008]

24. Ma W, Adesope OO, Nesbit JC, Liu Q. Intelligent tutoring systems and learning outcomes: a meta-analysis. J Educ Psychol
2014;106:901-918. [doi: 10.1037/a0037123]

25. Steenbergen-Hu S, Cooper H. A meta-analysis of the effectiveness of intelligent tutoring systems on K–12 students’
mathematical learning. J Educ Psychol 2013;105:970-987. [doi: 10.1037/a0032447]

26. Kulik J, Fletcher JD. Effectiveness of intelligent tutoring systems: a meta-analytic review. Rev Educ Res 2015;86:42-78.
[doi: 10.3102/0034654315581420]

27. VanLehn K. The relative effectiveness of human tutoring, intelligent tutoring systems, and other tutoring systems. Educ
Psychol 2011;46:197-221. [doi: 10.1080/00461520.2011.611369]

28. Moher D, Shamseer L, Clarke M, Ghersi D, Liberati A, Petticrew M, et al. Preferred reporting items for systematic review
and meta-analysis protocols (PRISMA-P) 2015 statement. Syst Rev 2015:1 [FREE Full text] [doi: 10.1186/2046-4053-4-1]
[Medline: 25554246]

29. EPOC Cochrane Review Group. What study designs should be included in an EPOC review and what should they be
called?. 2014. URL: https://epoc.cochrane.org/sites/epoc.cochrane.org/files/public/uploads/EPOC [accessed 2017-06-27]
[WebCite Cache ID 6rXc2WZjv]

30. Knutov E, De Bra P, Pechenizkiy M. Generic adaptation framework: a process-oriented perspective. Journal of Digital
Information 2011;12:1-22.

31. Miller GE. The assessment of clinical skills/competence/performance. Acad Med 1990(suppl 2):S63-S67. [Medline:
2400509]

32. Moja L, Moschetti I, Cinquini M, Sala V, Compagnoni A, Duca P, et al. Clinical evidence continuous medical education:
a randomised educational trial of an open access e-learning program for transferring evidence-based information - ICEKUBE
(Italian Clinical Evidence Knowledge Utilization Behaviour Evaluation) - study protocol. Implement Sci 2008:37 [FREE
Full text] [doi: 10.1186/1748-5908-3-37] [Medline: 18637189]

33. Liberati A, Altman DG, Tetzlaff J, Mulrow C, Gøtzsche PC, Ioannidis JPA, et al. The PRISMA statement for reporting
systematic reviews and meta-analyses of studies that evaluate health care interventions: explanation and elaboration. PLoS
Med 2009;6:e1000100 [FREE Full text] [doi: 10.1371/journal.pmed.1000100] [Medline: 19621070]

34. EPOC Cochrane Review Group. Data extraction and management: EPOC resources for review authors. 2013. URL: http:/
/epoc.cochrane.org/epoc?specific?resources?review?authors [accessed 2017-06-27] [WebCite Cache ID 6rXcQqGgu]

35. Higgins J, Green S. Cochrane Handbook for Systematic Reviews of Interventions Version 5.1.0: The Cochrane Collaboration.
London, United Kingdom: The Cochrane Collaboration; 2011.

36. Higgins JP, Thompson SG, Deeks JJ, Altman DG. Measuring inconsistency in meta-analyses. BMJ 2003;327:557-560
[FREE Full text] [doi: 10.1136/bmj.327.7414.557] [Medline: 12958120]

37. Guyatt G, Oxman AD, Vist GE, Kunz R, Falck-Ytter Y, Alonso-Coello P, et al. GRADE: an emerging consensus on rating
quality of evidence and strength of recommendations. BMJ 2008;336:924-926 [FREE Full text] [doi:
10.1136/bmj.39489.470347.AD] [Medline: 18436948]

38. Schünemann H. Chapter 12: Interpreting results and drawing conclusions. In: Higgins JPT, Green S, editors. Cochrane
Handbook for Systematic Reviews of Interventions Version 5.1.0. London, United Kingdom: The Cochrane Collaboration;
2011:359-387.

JMIR Res Protoc 2017 | vol. 6 | iss. 7 |e128 | p.57http://www.researchprotocols.org/2017/7/e128/
(page number not for citation purposes)

Fontaine et alJMIR RESEARCH PROTOCOLS

XSL•FO
RenderX

http://dx.doi.org/10.1111/j.1365-2923.2010.03723.x
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=20633216&dopt=Abstract
http://europepmc.org/abstract/MED/17213494
http://dx.doi.org/10.1197/jamia.M2241
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=17213494&dopt=Abstract
http://dx.doi.org/10.1002/dc.23558
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27534838&dopt=Abstract
http://dx.doi.org/10.1001/jama.2011.1234
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=21900138&dopt=Abstract
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=16110718&dopt=Abstract
http://dx.doi.org/10.1080/13614560902801608
http://dx.doi.org/10.1016/j.compedu.2011.10.008
http://dx.doi.org/10.1037/a0037123
http://dx.doi.org/10.1037/a0032447
http://dx.doi.org/10.3102/0034654315581420
http://dx.doi.org/10.1080/00461520.2011.611369
https://systematicreviewsjournal.biomedcentral.com/articles/10.1186/2046-4053-4-1
http://dx.doi.org/10.1186/2046-4053-4-1
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25554246&dopt=Abstract
https://epoc.cochrane.org/sites/epoc.cochrane.org/files/public/uploads/EPOC
http://www.webcitation.org/6rXc2WZjv
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=2400509&dopt=Abstract
https://implementationscience.biomedcentral.com/articles/10.1186/1748-5908-3-37
https://implementationscience.biomedcentral.com/articles/10.1186/1748-5908-3-37
http://dx.doi.org/10.1186/1748-5908-3-37
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=18637189&dopt=Abstract
http://dx.plos.org/10.1371/journal.pmed.1000100
http://dx.doi.org/10.1371/journal.pmed.1000100
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=19621070&dopt=Abstract
http://epoc.cochrane.org/epoc?specific?resources?review?authors
http://epoc.cochrane.org/epoc?specific?resources?review?authors
http://www.webcitation.org/6rXcQqGgu
http://europepmc.org/abstract/MED/12958120
http://dx.doi.org/10.1136/bmj.327.7414.557
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=12958120&dopt=Abstract
http://europepmc.org/abstract/MED/18436948
http://dx.doi.org/10.1136/bmj.39489.470347.AD
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=18436948&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/


Abbreviations
AEE: adaptive e-learning environment
EPOC: effective practice and organisation of care
GRADE: grading of recommendations assessment, development and evaluation
PRISMA-P: preferred reporting items for systematic review and meta-analysis protocols
RCT: randomized control trial

Edited by G Eysenbach; submitted 21.05.17; peer-reviewed by J Apolinário-Hagen, L DelSignore; comments to author 14.06.17;
accepted 17.06.17; published 05.07.17.

Please cite as:
Fontaine G, Cossette S, Maheu-Cadotte MA, Mailhot T, Deschênes MF, Mathieu-Dupuis G
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
URL: http://www.researchprotocols.org/2017/7/e128/ 
doi:10.2196/resprot.8085
PMID:28679491

©Guillaume Fontaine, Sylvie Cossette, Marc-André Maheu-Cadotte, Tanya Mailhot, Marie-France Deschênes, Gabrielle
Mathieu-Dupuis. Originally published in JMIR Research Protocols (http://www.researchprotocols.org), 05.07.2017. 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. 7 |e128 | p.58http://www.researchprotocols.org/2017/7/e128/
(page number not for citation purposes)

Fontaine et alJMIR RESEARCH PROTOCOLS

XSL•FO
RenderX

http://www.researchprotocols.org/2017/7/e128/
http://dx.doi.org/10.2196/resprot.8085
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28679491&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/


Protocol

Sharing Annotated Audio Recordings of Clinic Visits With
Patients—Development of the Open Recording Automated
Logging System (ORALS): Study Protocol

Paul J Barr1, MSc, PhD; Michelle D Dannenberg1, MPH; Craig H Ganoe2, MS; William Haslett2, PhD; Rebecca Faill2;

Saeed Hassanpour2,3,4, MMath, PhD; Amar Das1,2, MD, PhD; Roger Arend5, BS; Meredith C Masel6, MSW, PhD;

Sheryl Piper7; Haley Reicher8, BA; James Ryan9, DO; Glyn Elwyn1, MSc, MD, PhD
1The Dartmouth Institute for Health Policy and Clinical Practice, Geisel School of Medicine, Dartmouth College, Lebanon, NH, United States
2Department of Biomedical Data Science, Geisel School of Medicine, Dartmouth College, Lebanon, NH, United States
3Department of Computer Science, Dartmouth College, Hanover, NH, United States
4Department of Epidemiology, Geisel School of Medicine, Dartmouth College, Lebanon, NH, United States
5Patient Partner, Hanover, NH, United States
6Oliver Center for Patient Safety and Quality Healthcare, University of Texas Medical Branch, Galveston, TX, United States
7Patient Partner, Ludington, MI, United States
8Dartmouth College, Hanover, NH, United States
9Ryan Family Practice, Ludington, MI, United States

Corresponding Author:
Paul J Barr, MSc, PhD
The Dartmouth Institute for Health Policy and Clinical Practice
Geisel School of Medicine
Dartmouth College
Level 5, Williamson Translational Research Building, Rm 555
One Medical Center Drive
Lebanon, NH,
United States
Phone: 1 603 653 0863
Fax: 1 603 653 0896
Email: paul.j.barr@dartmouth.edu

Abstract

Background: Providing patients with recordings of their clinic visits enhances patient and family engagement, yet few
organizations routinely offer recordings. Challenges exist for organizations and patients, including data safety and navigating
lengthy recordings. A secure system that allows patients to easily navigate recordings may be a solution.

Objective: The aim of this project is to develop and test an interoperable system to facilitate routine recording, the Open
Recording Automated Logging System (ORALS), with the aim of increasing patient and family engagement. ORALS will consist
of (1) technically proficient software using automated machine learning technology to enable accurate and automatic tagging of
in-clinic audio recordings (tagging involves identifying elements of the clinic visit most important to patients [eg, treatment plan]
on the recording) and (2) a secure, easy-to-use Web interface enabling the upload and accurate linkage of recordings to patients,
which can be accessed at home.

Methods: We will use a mixed methods approach to develop and formatively test ORALS in 4 iterative stages: case study of
pioneer clinics where recordings are currently offered to patients, ORALS design and user experience testing, ORALS software
and user interface development, and rapid cycle testing of ORALS in a primary care clinic, assessing impact on patient and family
engagement. Dartmouth’s Informatics Collaboratory for Design, Development and Dissemination team, patients, patient partners,
caregivers, and clinicians will assist in developing ORALS.

Results: We will implement a publication plan that includes a final project report and articles for peer-reviewed journals. In
addition to this work, we will regularly report on our progress using popular relevant Tweet chats and online using our website,
www.openrecordings.org. We will disseminate our work at relevant conferences (eg, Academy Health, Health Datapalooza, and
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the Institute for Healthcare Improvement Quality Forums). Finally, Iora Health, a US-wide network of primary care practices
(www.iorahealth.com), has indicated a willingness to implement ORALS on a larger scale upon completion of this development
project.

Conclusions: Upon the completion of this project we will have developed a novel recording system that will be ready for
large-scale testing. Our long-term goal is for ORALS to seamlessly fit into a clinic’s and patient’s daily routine, increasing levels
of patient engagement and transparency of care.

(JMIR Res Protoc 2017;6(7):e121)   doi:10.2196/resprot.7735

KEYWORDS

audiovisual aids; patient engagement; machine learning; disease management; caregivers; patients

Introduction

Background
Higher recall of medical information is associated with improved
disease management, treatment adherence, and higher patient
satisfaction; however, recall of medical information is often
low, with 40% to 80% of medical information from a clinical
visit forgotten immediately by patients [1-5]. Poor knowledge
of medical conditions has been identified as a significant barrier
to self-management of health conditions associated with lower
health status [6]. Difficulty recalling health information is
amplified when patients are emotionally charged [7-10]. Lack
of health literacy—the ability to perform basic reading and
numerical tasks required to function in a health care environment
[10]—exacerbates the challenge of patient recall and
understanding of health information and affects 59% of adults
over 65 years in the United States [11]. Low health literacy is
associated with a reduction in the ability of patients to
self-manage and interpret health messages and medication labels
[12-16]. When patients find it difficult to comprehend health
care information during the visit, they are in turn less able to
recall information following the visit [17-19].

There have been several advances toward addressing this
information recall problem [20]. Providing patients with an after
visit summary (AVS) within 3 days of the clinic visit is a key
requirement of Meaningful Use of an electronic health record
(EHR), stage 1 [21]. Allowing patients to have access to
clinician notes through OpenNotes after the visit makes patients
feel more in control of their care and improves information
recall and medication adherence [22]. Patients also share these
notes with family members, which can enhance decision-making
skills and care because families can better support a patient
through difficult decisions and treatments when they have all
the necessary medical information [23]. Note-taking during the
visit or specific written instructions postvisit are other methods
proposed to improve recall and improve treatment engagement
[24-26]. However, strategies dependent on written material are
much less effective when the patient has basic health literacy
[17,27-29], and the act of note-taking can be distracting to both
the patient and the physician.

An alternative approach, based on 40 years of research, is to
share audio or video recordings of clinic visits. Patients value
listening to and sharing recordings of clinic visits with their
families; access to recordings leads to increased patient and
family engagement, understanding, recall of health care

information, and treatment adherence and reduced decisional
regret [8,30-45]. This is also a benefit for caregivers, who are
better prepared to provide care, which could in turn reduce
caregiver morbidity associated with a perceived lack of
self-efficacy related to the provision of care [46,47].

Despite evidence of benefit, patients are rarely offered
recordings, yet demand is high as evidenced by the rise of
patients secretly recording clinic visits [32,48]. In a recent study
of 130 respondents from the general public in the United
Kingdom, 15% reported covertly recording a clinic visit, and
77% would like their clinic to offer recordings [49]. The main
motivation for recording was to improve understanding and
involve family members in care, and the patients who did record
reported greater engagement and empowerment. However,
patients felt that the absence of a safe, secure, and efficient
recording system was a significant barrier. Navigating lengthy
recordings was also considered a problem because getting the
benefit “depends on picking out...the crucial points...” [32]. A
secure system that allows patients to easily navigate recordings
by tagging elements of the clinic visit that are most important
to them (eg, diagnosis, treatment plan) may be a solution.

Aims
The purpose of this project is to develop and test an
interoperable system to facilitate routine tagged
recordings—Open Recording Automated Logging System
(ORALS)—with the aim of increasing patient and family
engagement in care. ORALS will consist of 2 key elements: (1)
technically proficient software using automated machine
learning technology to enable accurate and automatic tagging
of in-clinic audio recordings and (2) a secure, easy-to-use Web
interface enabling the upload and accurate linkage of recordings
to patients that can be accessed at home. Our team consists of
a range of stakeholders including the Informatics Collaboratory
for Design, Development, and Dissemination (ic3d) at
Dartmouth; Geisel School of Medicine at Dartmouth; patients;
caregivers; and clinicians.

The expected outcome of this project is the development of a
widely accepted and scalable recording system, ORALS, that
can be used by patients and their families, leading to higher
patient and family engagement.

We will use a mixed methods and agile software development
approach, which involves the early and frequent engagement
of end-users, to develop and conduct formative testing of
ORALS in 4 iterative stages: a case study of pioneer clinics
where recordings are currently offered to patients, ORALS
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design and user experience testing, the development of ORALS
software and user interface, and rapid cycle testing of ORALS
in a primary care clinic (Figure 1).

Methods

Stage 1: Case Study

Overview
To gain a deeper understanding of phenomena in their context
of use, a case study methodology is recommended [50]. The
case study will be guided by Yin’s [51,52] approach, using 5
components: research questions, propositions or purpose, units
of analysis, determination of how the data are linked to the
propositions, and criteria to interpret the findings. The first step
to developing ORALS is to gain a deep understanding of
existing approaches to recording visits (see Table 1). We will

conduct site visits to the Ryan Family Practice, Ludington, MI;
University of Texas Medical Branch Cancer Center Victory
Lakes, League City, TX; and Barrow Neurosurgical Institute,
Phoenix, AZ. Each of these sites has a unique approach to
recording visits and thus important insight to share that will
help guide the development of ORALS.

Purpose
Our purpose is to gain insight from pioneer clinics to guide the
development of ORALS. In stages 2, 3, and 4, we will use case
study findings to develop ORALS and test the software in a
human-computer interaction laboratory and in clinic settings.
The ic3d team and patient representatives will be involved in
stage 1 by guiding the study design and interpreting findings.
Figure 2 illustrates the critical steps, from the challenges of
accurate physical recording to creating a secure data store for
safe multiple use access.

Figure 1. Stages of Open Recording Automated Logging System development.

Table 1. Case study research guide (informed by our previous research [53]).

Data sourcesResearch questions

Interview (clinicians, patients, family members, software developers, clinic management and
administrators); documentation (study reports, specifications of software and hardware), direct
observation (use of recording technology)

RQ1. What are the technological aspects of successful
recording software and user interface?

Interview (clinicians, clinic management and administrators, patients), documentation (policy
documents, consent forms, survey data, publications), archival (proportion of clinicians who
offer recording, log of recording use)

RQ2. Why and how was the recording and sharing of
clinical visits with patients adopted?

Interview (clinicians, patients, family members, clinic management and administrators),
documentation (survey data, publications), direct observation (use of recording technology)

RQ3. How are recordings used?

Interview (clinicians, patients, family members, clinic management and administrators),
documentation (survey data), archival (log of system use)

RQ4. What is the added value of tagging recordings
and what are the most important moments to tag?
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Figure 2. A conceptual path to recording, tagging, and sharing the clinical encounter.

Design
We will adopt a multiple case design including 3 sites where
recordings of medical visits are shared with patients [51]. Each
recording system represents a case (ie, the unit of analysis).
Embedded in each case will be clinicians who support recording
and those who do not, patients and their families, and clinic
management and administrative staff.

Settings

Clinic 1: Ryan Family Practice, Ludington, Michigan

This primary care practice consists of a clinician, medical
assistant, secretary, and a 2000-patient panel, with 120 patient
visits per week. Dr James Ryan and Kevin Perdue have
developed an electronic medical record system called the small
brain records project that supports contemporaneous tagging of
audio recordings as Dr Ryan enters patient data (eg, medication
change). These tagged encounters and audio recordings are
shared with patients and caregivers via a secure Web portal.
While Dr Ryan plans to record all of his patient visits, he
currently records approximately 50% of patient visits.

Clinic 2: University of Texas Medical Branch, Cancer Center
Victory Lakes, League City, Texas

The University of Texas Medical Branch (UTMB) Cancer
Center in Victory Lakes consists of 14 clinicians who each treat
approximately 40 to 50 patients per week. Dr Meredith Masel
of the Oliver Center for Patient Safety and Quality Healthcare,
UTMB, Galveston, TX, has pioneered the routine
implementation of audiorecording in UTMB Cancer Clinics
through the “Taking the Message and the Medicine Home”
program. Patients are offered a digital device to record visits or
are educated about recording and using their own device.

Clinic 3: Barrow Neurological Institute, Phoenix, Arizona

Barrow Neurological Institute (BNI) is a large neurological
disease institute. Each of its 27 neurosurgeons treats 50 patients

per week. Currently 10 clinicians use the Medical Memory
video recording service, developed by Dr Randall Porter, to
record the visit and share with patients via a secure Web portal.

Ethics
This research has received Institutional Review Board (IRB)
approval from the Committee for the Protection of Human
Subjects at Dartmouth College (Study #29380).

Participants
Participants will include patients, family members, clinical staff,
management, and administrators. We will use key contacts to
arrange interviews and include clinicians who have chosen not
to offer patients recordings. Interviewees will be 18 years or
older and able to communicate in English. We plan to conduct
a minimum of 6 interviews per stakeholder group at each site
until data saturation is reached [53].

Data Collection

Overview

Yin [51] identifies 6 primary sources of evidence for case study
research. Using multiple sources of evidence per research
question increases the precision of findings through a process
of triangulation, taking different angles toward studying the
same phenomena. Four of these sources can be used to answer
the research questions described above (Table 1). A study
database will be created using ATLAS.ti qualitative data analysis
and research software (Scientific Software Development
GmbH), increasing the reliability of findings by creating a chain
of evidence from data collected, coding, and linkages to research
questions [51]. Further details of theses sources are described
below.

Semistructured Interviews

Semistructured interviews will be conducted and audiorecorded.
We plan to conduct the majority of interviews over 5-day site
visits. Our information technology (IT) team will conduct
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interviews with technology experts at each site. Topic guides
have been developed with patient representatives and IT staff
(Multimedia Appendix 1). All interviews will be transcribed
by Acusis medical transcription service.

Documentation and Archival Sources

Relevant documents will be requested from clinic staff (eg,
clinic recording policies, patient information sheets). We will
liaise with the IT team to assess technical barriers (eg,
interoperability challenges) and, where available, the proportion
of patients with recordings, length of recordings, and playback
frequency.

Direct Observation

We will observe the process from introduction to recording, its
completion, and sharing with the patient.

Analysis
Audio recordings will be transcribed verbatim. Data analysis
will take place simultaneously with data collection, which, in
turn, will assist in the iterative development of the interview
guides. We will use a framework approach to analyze the data.
This approach consists of 6 steps: familiarizing ourselves with
the data, identifying a framework, and indexing, charting,
mapping, and interpreting the data [54,55]. The research
questions will provide the analytic framework with thematic
comparisons across cases. Identifying recurring themes across
sites is a strength of the multiple case study design. Two
researchers will apply an initial codebook, and they will meet
and include new codes into a revised codebook before
conducting a secondary assessment of interview data. Emergent
codes will be added to existing codes. Codes, memos, and short
narrative summations of data will be entered into ATLAS.ti.

Stage 2: Open Recording Automated Logging System
Design

Overview
Case study information will determine the scope and
functionality of Open Recording Automated Logging System
(ORALS) and the user interface designed using usability
engineering [56].

Purpose
Usability engineering will provide iterative, formative feedback
from ORALS target users. Vinter et al [57] reported that
usability errors dominate 60% of software problem reports.
Myers and Rosson [58] reported that about half of code
development is devoted to user interface design. To mitigate
these challenges, early stakeholder engagement in ORALS
design before initial software development and iteratively
thereafter is crucial.

Design
A member of the interaction design team will be embedded in
stage 1 of the case study. We will analyze which moments
during the clinic visit matter most to patients and their families
(RQ4, Table 1) to arrive at a standardized set of tags for the
user interface (eg, test result, treatment plan). This set will be
categorized into terms such as specific medical conditions or

treatments and topics such as treatment decisions and plans.
Case study data will also support the development of a set of
activity scenarios and associated tasks for participants to
complete using prototypes. This will include tasks such as
authenticating into ORALS to allow the secure linkage of
recordings to patients, controlling recordings (eg, starting and
stopping), finding a recent appointment, finding tagged
information in the recordings, and other derived tasks.

Paper prototyping activities will guide early software
development cycles by engaging potential ORALS users. This
work creates an interactive interface by using paper, pens,
markers, Post-It notes, and other media to mock up multiple
screens and overlays for users [59]. As users complete tasks, a
member of the design team responds by changing the paper
interface screens and overlays. This prototyping process offers
the benefits of getting users involved in the design early, when
there is evidence that users are much more likely to offer
feedback because the interface appears more malleable and
capable of change.

The design team will develop a usability specification for the
set of tasks and define the expected interaction paths and the
amount of time to complete each task. The usability specification
will be used as a baseline for determining changes. Survey
questions will be used to collect demographics, preassessment
of user expectations of the system, posttask design feedback,
and postassessment of user impressions of the system.

We anticipate 3 rounds of ORALS usability evaluation with
stakeholder users: (1) paper prototyping as described, (2)
formative evaluation with an early software prototype midway
in the software development cycle, and (3) summative evaluation
at the end of the development cycle to understand how the
ORALS will work in the field and guide final changes.

Settings
Facilitator-led paper prototyping activities will take place in
person with prospective users in the human-computer interaction
lab, ic3d lab, Geisel School of Medicine; observers will take
notes. For formative and summative usability evaluation,
activities can be conducted in person or facilitated remotely
using Web conferencing tools. We will use a software usability
evaluation product called Morae (TechSmith Corp), which
supports screen recording of software use and a log of mouse
and keyboard interactions. Each session will be designed to last
about an hour.

Participants
We will work with a minimum of 6 potential users, patients,
and clinicians in each design round. Participants will be
identified both from local clinics and the in-clinic test site at
UTMB. Participants will receive $25 for their participation.

Data Collection
Paper prototyping sessions will provide data through
observational notes, think-aloud statements, and resulting design
artifacts from changes in each session. Software evaluation
sessions will collect performance measures, think-aloud
statements, survey responses, and recordings of the user
interactions with the system.
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• Design artifacts: Modifications made to the design on the
paper prototype will be photographed/scanned for review
during analysis.

• Performance measures: Morae will capture time to task
completion, successes, and failures.

• Survey responses: Morae will introduce and store survey
questions during each task. Questions will focus on user
roles and experience, ease of use for tasks, understanding
of visual information, and known design tradeoff decisions.

• Screen and input recordings: Morae will produce a screen
and audio recording of the session by task with an
associated log of user input and any real-time codes entered
by the facilitator.

• Observation: The facilitator and/or an observer will take
notes during the session of any design-related events that
take place during the user interactions with ORALS.

• Think aloud: Session participants will be instructed on how
to think aloud during the session [60]. This will involve
users verbally narrating their goals and plans for interacting
with ORALS and reactions to the system’s responses to
their input.

Analysis
The primary evaluation goal is to refine the user interface design,
providing a layout, interface controls, and workflow for creating
and reviewing recordings in ORALS. A member of the research
team with expertise in user design (CG) will analyze the results
of the paper prototyping sessions for themes. CG will also
review recordings of the software session for usability issues,
including deviations from the expected interaction paths. Finally,

CG will analyze performance measures, coded sessions, and
survey responses. Modifications and enhancements to the
interface will be based on commonality of themes.

System Prototyping
After the first round of usability evaluation through paper
prototyping, we will create a set of software requirements for
the initial ORALS prototype, and we will modify and improve
the user interfaces for the software prototype based on feedback
from the second and third rounds of usability evaluation.

Stage 3: Open Recording Automated Logging System
Tagging Software

Overview
ORALS software will be developed and implemented as a secure
Web-based system consisting of user interfaces (stage 2)
supported by recording, transcribing, and automated tagging
software (stage 3). User-facing portions (stage 2) of the software
will be implemented in the Ruby on Rails Web development
framework; the automated-tagging portion of the system will
be written in the Python language (see Figure 3). The automated
tagging software will have 2 components: speech recognition
and tag identification. Speech recognition software has improved
considerably in accuracy over the past 2 decades and is used in
clinical settings for medical transcription [61]. We will use
voice-to-text and text analytics approaches from IBM Research
for speech-to-text transcription. For tag identification, we will
use Weka [62] and SciKit [63], both open-source and widely
used machine learning libraries.

Figure 3. Open Recording Automated Logging System high-level architecture.
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Purpose
In this stage, our goal is to take the text output from the speech
recognition component and develop machine learning methods
that will support accurate tag identification.

Design
As noted in stage 2, we will formalize a list of standard tags
that are either terms or topics. To capture the context of terms
and phrases in text in our tagging system, first we apply a
named-entity recognition system on input text to identify
medical concepts and their corresponding classes. For this
named-entity recognition task we will use Apache cTAKES
information extraction framework [64] and Unified Medical
Language System (UMLS) [65]. cTAKES is open-source
software that identifies terms and phrases in text that correspond
to UMLS concepts in high-level classes such as anatomy,
symptom, procedure, disorder, and drug. To identify topics of
interest within the transcriptions, we will use a supervised
machine learning classifier based on a support vector machine
(SVM) framework [66]. The text, extracted concepts, and their
associated classes will be provided as input features to the SVM
classifier. This classifier will identify the texts that are most
related to a topic based on these features. If the accuracy of the
SVM approach is less than 90%, we will try the alternative
approach of Hidden Markov Model (HMM) [67]. We will
implement the automated tagging software using the Weka,
Natural Language Toolkit, and SciKit libraries in Python.

Transcription Evaluation
We have access to a set of 120 existing patient audio recordings
from a primary care setting and will apply the speech-to-text
software to translate the recordings into written text using
voice-to-text and text analytics approaches from IBM Research.
The accuracy of the automated speech-to-text transcriptions
will be measured as the percentage of words correctly
transcribed. This will be measured by first formatting all
transcripts into a one-word-per-row format, then applying the
OpenDiff tool to count the number of differences between the
manual and software-generated transcripts. Percent correct will
be expressed as the number of differences divided by the total
number of words per transcript. We expect that an accuracy rate
of 90% will be needed in order to have acceptable transcription
performance for automated tagging.

Manual Tagging Evaluation
Four medical students will act as reviewers and will manually
annotate the tags of interest in the text. Tags of interest will be
derived through case study interviews with patients, caregivers,
and clinicians. Students will work in pairs and will review 60
recordings each. An annotation guide will be created with a
primary care clinician, who will also assist in training medical
students in annotation. We will measure the Cohen's kappa
coefficient between the 2 sets of reviewers and assess the
interrater reliability, with a target kappa of >.8 [68].
Discrepancies will be resolved by consensus with other members
of the research team.

Automated Tagging Evaluation
To automatically identify the tags related to terms, we will apply
an SVM classifier to the transcriptions and their corresponding
annotations using Apache cTAKES named-entity recognition
method. We use 10-fold cross-validation to evaluate the
classifier against the manual annotations (our reference
standard). In this evaluation, we measure accuracy, precision,
recall, and F1 score of our method. If the accuracy is below
90%, we will consider and evaluate the performance of other
machine learning approaches for topic identification in text,
such as an HMM.

Development
The usability testing and machine learning efforts in stages 2
and 3 will overlap so that the ORALS system can be developed
and tested in an iterative agile approach. After paper prototyping
is completed in stage 2, we will implement the initial Web-based
prototype, which will include the manually tagged recordings,
for the planned formative evaluation. For the planned summative
evaluation, the ORALS system will include patient recordings
that have been automatically tagged with terms and topics.

We will undertake 2 steps to ensure the privacy of the patient
and physician participants who provided the initial recordings
in our testing with other patient participants in usability
evaluation. First, the project team will rerecord the transcription
for the subset of recordings used in usability testing so that
recording will be in the voices of project team members and
not the original patient or clinician. Second, we will ensure that
all protected health information defined by the Health Insurance
Portability and Accountability Act (HIPAA) is removed from
these recordings.

System Deployment
We will develop ORALS as a secure stand-alone Web-based
application that can be accessed via the Internet from a home
computer. The system will be hosted on HIPAA-compliant
servers within Dartmouth College. For deployment and testing
in stage 4, patient participants will access their individual
recordings through authenticated log-in over an https secure
online connection, ensuring the recording is linked to the correct
patient. In addition, we will design audiorecording control
interfaces that can be used from a native Android app on any
compatible device. The interface will allow for the collection
of the recording in the exam room via the Android device and
the uploading of the recording in an encrypted manner directly
to the ORALS database server.

Stage 4: Open Recording Automated Logging System
In Clinic

Overview
The final stage will involve rapid cycle testing of ORALS using
the Model of Improvement approach, which consists of 3
improvement questions and Plan-Do-Study-Act (PDSA) cycles
[69] (described below). The Centers for Medicaid and Medicare
Innovations recommends this approach for testing innovative
interventions. PDSA cycles are iterative small-scale tests of
change consisting of a hypothesis for improvement (Plan), study
protocol to implement and test the proposed improvement (Do),
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analysis and interpretation of the data (Study), and iteration of
what to do next based on the study (Act) [69-72].

Goals
Our aim is to produce a version of ORALS that is widely
accepted by clinicians and used by patients and their families.
Each cycle will lead to refinements of ORALS, improving
performance, usability, and acceptability. The introduction of
ORALS will be considered a success if all of the following
occur:

1. Patients are engaged in the system as evidenced by their
use of ORALS. Use will be assessed by measuring (1) the
proportion of eligible patients who consent to recording,
(2) the proportion of consenting patients who access their
recording (and playback frequency), (3) proportion of
consenting patients who use tags, (4) proportion of patients
who share their recording (and sharing frequency), and (5)
time spent listening.

2. Accuracy of tagging is high. Patients will be asked to listen
and indicate if ORALS accurately tagged the visit or not.
We aim for 90% accuracy of topics.

3. Patient engagement increases. Patient engagement will be
assessed using the Patient Activation Measure short form
(PAM-SF, a 13-item patient-reported survey) (Multimedia
Appendix 2) administered before and after recording
playback [73].

4. Family members are better prepared to support the patient.
We anticipate that family members will be better prepared
to support the patient and will assess this using the
Preparedness for Caregiving Scale (PCS, a 9-item
caregiver-reported survey) (Multimedia Appendix 3)
administered before and after recording playback [74,75].

5. ORALS is accepted by clinicians and patients. Acceptance
will be assessed by semistructured interviews with end-users
(patients, caregivers, and clinicians).

Setting
We will test ORALS in the 3 clinics of UTMB Family
Medicine—Dickinson, Island East, and Island West—that are
served by approximately 40 clinicians, with 15 to 25 daily
patient visits per clinician. We will focus testing in one of these
clinics, to be decided in conjunction with UTMB in year 2.
UTMB has a dedicated quality improvement team with
experience in rapid cycle testing that will assist in this stage.

Participants
Patients aged 18 years and older with access to the Internet who
can communicate in English will be eligible for inclusion.
Clinicians from the selected UTMB Family Practice clinic will
be eligible for inclusion.

Plan-Do-Study-Act Cycles

Iteration Plan

Prior to PDSA cycles, recording hardware and ORALS software
will be set up in the UTMB exam rooms and tested for audio
quality. We will use written scripts from previously validated
recordings read out loud in the exam room.

After testing, we will introduce ORALS for 1 day with
consenting patients of a single UTMB clinician. A new clinician
will be added per PDSA cycle, with 4 PDSA cycles in total
(Figure 4). Each cycle will be used to refine ORALS, with
results reported back to the IT team. PDSA cycles 1 and 2 will
each take 1 month, and cycles 3 and 4 will each take
approximately 2 months.

Figure 4. Plan-Do-Study-Act cycles: development of Open Recording Automated Logging System.
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Assessment and Data Collection

Information on patient use of ORALS will be collected
automatically within the system. This will include the number
of patients who access their recordings, playback frequency,
duration of use, time to first use, use of tags, and sharing
frequency.

All users can leave feedback in an open text box. A selection
of patients and family members (n=6-12) will be invited to take
part in semistructured phone interviews within 1 week of their
visit, each receiving $20 for participation. Clinician experience
of ORALS will be assessed through semistructured interviews
after each PDSA cycle.

Patient engagement will be measured with PAM-SF. Family
engagement will be measured using the PCS. Surveys will be
administered twice in the ORALS system, once prior to
accessing recordings and again after ORALS use.

We will assess the accuracy of the tagging software by asking
interviewed patients to relisten to their entire recording and
verify each tag or identify missed tags, after which patients will
be offered an additional $20.

Analysis
We will transcribe interviews and identify commonly reported
issues and solutions in each cycle. A descriptive analysis of
ORALS usage will be conducted with continuous data presented
as means and standard deviations and categorical data as
proportions and ranges. Paired t tests will compare PAM-SF
and PCS scores before and after ORALS use. PAM-SF will be
our primary outcome of interest. We will analyze PAM-SF on
a continuous scale; scores range from 0 (low activation) to 100
(high activation). On average, interventions to promote
engagement have required a 3- to 6-point change in PAM-SF
to be a minimally important clinical difference [76,77]. With
200 patients, we will have 80% power to detect a 3-point change
in PAM-SF with an alpha level of 0.05. We will aim for a
minimum of 200 patients (25 patients per clinician per week)
in the final cycle of PDSA testing. All data analysis will be
conducted using Stata 14 (StataCorp LLC).

Results

At the completion of this research, we will have developed an
innovative platform for patients and their caregivers, consisting
of easy-to-navigate recordings of clinic visits. We will
implement a publication plan that includes a final project report
and articles for peer-reviewed journals. In addition to this work,
we will regularly report on our progress using popular relevant
Tweet chats and online using our website,
www.openrecordings.org. We will disseminate our work at
relevant conferences (eg, Academy Health, Health Datapalooza,
and the Institute for Healthcare Improvement Quality Forums).
Finally, Iora Health, a US-wide network of primary care
practices (www.iorahealth.com), has indicated a willingness to
implement ORALS on a larger scale upon completion of this
development project.

Discussion

ORALS will offer patients and their families secure access to
tagged recordings of health care encounters and will offer clinics
a technically sound, interoperable, and secure system to facilitate
routine recording. The proposed research is closely aligned with
several of the strategies outlined in “A Roadmap for Patient and
Family Engagement in Healthcare” [78].

Patient and Family Preparation
The availability of recordings can “educate, prepare, and
empower patients and families to engage effectively in their
health and healthcare” [78]. ORALS can catalyze this increased
engagement by providing recordings of clinic visits with key
information, as identified by patients, tagged in an
easy-to-navigate system and, in turn, creating an electronic
library of their care history. For patients with low literacy, these
audio recordings will be easier to navigate than written text.
Additionally, caregivers often suffer from morbidity resulting
from a perceived lack of self-efficacy related to the provision
of care. ORALS will better prepare caregivers, often family, to
engage in care by providing the information on the health
condition and treatment plan and allow them to do this at
distance. For example, a mother from Harrisburg, PA, can share
a recording with her son in Los Gatos, CA.

Transparency
“Nothing works well without transparency” [78]. There is no
greater level of transparency and accountability than providing
patients with access to recordings of clinical visits. This moves
beyond giving patients access to the medical record, which still
involves barriers for patients with low health literacy. Offering
recordings of clinical visits appears to be the next step in
transparency. Tagging recordings adds more value by providing
structure based on the information that matters most to patients.
Tagging is ubiquitous in today’s society bringing order and
structure to masses of data—for example, the use of hashtags
in Twitter groups tweets. ORALS will apply this same logic to
health care recordings.

Care and System Redesign
ORALS will facilitate information sharing and, in turn, the
potential of greater care coordination across the health care
system. ORALS will enable families to become a bigger part
of the care team by allowing them secure access to health
information. Recordings could also be shared with health
professionals who receive a referral, increasing care integration.
The fragmentation of health information technology is a
significant barrier to sharing information within and between
organizations, clinicians, and patients. ORALS will be an
interoperable platform, offering a scalable solution designed to
operate in any health information technology setting.

Clinical and Leadership Preparation
Currently, many clinicians in training receive feedback based
on a sample of visit recordings. Despite its value, this detailed
feedback rarely occurs posttraining. ORALS could provide an
opportunity for more routine performance assessment and
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feedback based on recorded visits in a safe and secure
environment.

Measurement and Research
The availability of detailed recordings would allow both patients
and their families to provide feedback to clinicians on their
performance. The availability of routinely collected recordings
would also provide an opportunity for researchers, clinicians,
and clinics to evaluate clinician performance.

The proposed ORALS aligns with the strategies outlined in “A
Roadmap for Patient and Family Engagement in Healthcare”
and has the potential to contribute to Gordon and Betty Moore
Foundation’s Patient Care Program’s goals, and, thereby, the
Triple Aim of better patient experience, better outcomes, and
decreased cost. “We can't keep patients in the dark and then call
them stupid for not having enough information” [78]. ORALS
offers an opportunity to address this major information
imbalance and bring patients and their families out of the dark.

The Team
Our multidisciplinary team is uniquely positioned to successfully
complete the proposed project. We have extensive experience
in successfully developing technological solutions in health
care and implementing novel interventions in primary care. We

have a track record of engaging patient partners and other
stakeholders as equal members of our research teams.
Importantly, our patient partners and stakeholders have been
engaged from the outset and represent a spectrum of perspectives
including our target population, experience recording visits and
accessing recordings as caregivers, clinician partners, knowledge
of health IT regulatory and system requirements, and experience
disseminating research findings to target audiences.

Patient Engagement Activities
In addition to having patient partners as equal members of our
research team, we will be holding “Lunch and Listen” exercises
with patients from Dartmouth-Hitchcock’s volunteer support
group. During these 90-minute sessions, 6 to 8 participants will
have the opportunity to comment on the research design and
share their views on recording. These exercises will be co-led
by our 2 patient partners and occur on an annual basis.

Conclusions
Upon the completion of this project we will have developed a
novel recording system that will be ready for large-scale testing.
Our long-term goal is for ORALS to seamlessly fit into a clinic’s
and patient’s daily routine, increasing levels of patient
engagement and transparency of care.
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Abstract

Background: Psoriatic arthritis (PsA) is a chronic inflammatory arthritis affecting approximately 2% to 3% of the population
globally, and is characterized by both peripheral articular manifestations and axial skeletal involvement. Conventional therapies
for PsA have not been fully satisfactory, though natural products (NPs) have been shown to be highly effective and represent
important treatment options for psoriasis. PsA is a multigenic autoimmune disease with both environmental and genetic factors
contributing to its pathogenesis. Accordingly, it is likely that the use of natural compounds with a multi-targeted approach will
enable us to develop better therapies for PsA and related disorders.

Objective: PsA, either on joint damage or on bone erosion, has been shown to respond to anti-psoriatic pharmacotherapy (APP),
APP-like NPs, and their natural compounds. This study aims to uncover specific natural compounds for improved PsA remedies.
Specifically, by targeting bone erosion caused by increased osteoclastic bone resorption, we aim to predict the key signaling
pathways affected by natural compounds. Further, the study will explore their anti-arthritis effects using an in silico, in vitro, and
in vivo approach. Following the signaling pathway prediction, a preclinical efficacy study on animal models will be undertaken.
Collectively, this work will discover lead compounds with improved therapeutic effects on PsA.

Methods: We hypothesize that 9 potential APP-like NPs will have therapeutic effects on arthritis via the modulation of osteoclast
bone resorption and signaling pathways. For in silico identification, the Latin name of each NP will be identified using the
Encyclopedia of Traditional Chinese Medicine (Encyclopedia of TCM). The biological targets of NPs will be predicted or screened
using the Herbal Ingredients' Targets (HIT) database. With the designed search terms, DrugBank will be used to further filter the
above biological targets. Protein ANnotation THrough Evolutionary Relationship (PANTHER) will be used to predict the pathways
of the natural compound sources. Subsequently, an in vitro sample preparation including extraction, fractionation, isolation,
purification, and bioassays with high-speed counter-current chromatography-high-performance liquid chromatography-diode
array detection (HSCCC-HPLC-DAD) will be carried out for each identified natural source. In vitro investigations into the effect
of NPs on osteoclast signaling pathways will be performed. The experimental methods include cell viability assays,
osteoclastogenesis and resorption pit assays, quantitative reverse transcription polymerase chain reaction (RT-PCR), western
blot, and luciferase reporter gene assays. Finally, an in vivo preclinical efficacy on a collagen-induced arthritis rat model will be
carried out using a treatment group (n=10), a control group (n=10), and a non-arthritis group (n=10). Main outcome measure
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assessments during intervention include daily macroscopic scores and a digital calipers measurement. Post-treatment tissue
measurements will be analyzed by serological testing, radiographic imaging, and histopathological assessment.

Results: Studies are currently underway to evaluate the in silico data and the in vitro effects of compounds on osteoclastogenesis
and bone resorption. The preclinical study is expected to start a year following completion of the in silico analysis.

Conclusions: The in silico rapid approach is proposed as a more general method for adding value to the results of a systematic
review of NPs. More importantly, the proposed study builds on a multi-targeted approach for the identification of natural compounds
for future drug discovery. This innovative approach is likely to be more precise, efficient, and compatible to identify the novel
natural compounds for effective treatment of PsA.

(JMIR Res Protoc 2017;6(7):e132)   doi:10.2196/resprot.7636

KEYWORDS

arthritis; osteoclast; RANKL signaling pathways; anti-psoriatic pharmacotherapy (APP); multi-target; natural compounds; in
silico screening; preclinical study

Introduction

Psoriatic arthritis (PsA) is a chronic inflammatory arthritis
characterized by both peripheral articular manifestations and
axial skeletal involvement [1-3]. It affects approximately 2%
to 3% of the population globally, with the majority of patients
experiencing a chronic, progressive course of disease developing
to a destructive, disabling form of arthritis over time [1].
Conventional therapies for psoriasis have not been fully
satisfactory and natural products (NPs)—anecdotally known to
be highly effective (though with little formal scientific research
evidence)—represent important treatment options for psoriasis
[4-8]. PsA is considered a systemic inflammatory disease with
multifactorial (environmental and genetic) factors contributing
to its pathogenesis. Accordingly, a lead compound which
simultaneously effects different targets would be ideal for the
improved treatment of PsA [4,9]. The practice of combining
NPs into formulations, a common method in Chinese medicine,
could prove to be an effective alternative approach for the
development of multi-compound, multi-target therapies [10].

For PsA, joint damage results from the release of the direct
bone-resorbing factors osteoclasts (OCs) and metalloproteinases.
An increased frequency of osteoclast precursor (OCP) is found
in most patients with PsA and correlates with the extent of
radiographic damage observed in affected patients. In
osteoclastogenesis, peripheral OCPs and cluster of

differentiation (CD) 14+ monocytes differentiate to OCs [11].
Disordered osteoclastogenesis leads to altered bone remodeling
causing bone erosion and joint damage, represented by increased
osteoclast precursors numbers, radiographic damage scores,
and disease activity index [3,12]. Typically, this correlates with
increased serum levels of the following cellular biomarkers: (1)
macrophage-colony stimulating factor (M-CSF); (2) tumor
necrosis factor alpha (TNF-α); (3) osteoprotegerin (OPG); (4)
receptor activator of nuclear factor-κB ligand (RANKL); (5)

CD14+/CD11b+/CD16+; and (7) interleukin (IL-23/IL-17)
[3,11,12]. Accordingly, our research direction will focus on the

impact of NPs on the above biomarkers, osteoclastogenesis,
and joint damage/erosion associated with PsA.

There exists an intrinsic connection between psoriasis and PsA.
PsA, either on joint damage or on bone erosion, may respond
to anti-psoriatic pharmacotherapy (APP), APP-like NPs, and
their natural compounds. A psoriasis study recently developed
a novel approach for the identification of promising NPs for
psoriasis therapy based on an extensive literature review of
current clinical evidence available, followed by an in silico
screening of biological targets for APP and drug development.
This approach extends beyond psoriasis and can be applied to
similar diseases with multifactorial causes for which
multi-compound, multi-target therapies are emerging as the
therapeutic norm. This approach has been successfully applied
in psoriasis and generated robust preliminary data identifying
potential NP targets and pathways [13-17]. We have also
previously undertaken in vitro and in vivo studies screening for
natural compounds that affect osteoclast differentiation and
osteoclast-mediated osteolysis, and identified NPs which may
have therapeutic potential for the treatment of bone lytic
disorders [18-22].

With this project, we aim to (1) identify specific lead natural
compounds with therapeutic effects on PsA and/or other
autoimmune joint disorders with a multi-target in silico, in vitro,
and in vivo approach; (2) provide an overview of the relevant
signaling pathways and mechanisms of action; and (3) present
therapeutic targets and preclinical efficacy evaluation of
APP-like NPs and their natural compounds.

Methods

Preliminary Data
Previous work included the development of a novel approach
to identify promising NPs for psoriasis treatment based on
available clinical evidence followed by in silico screening for
biological targets for APP and drug development. Using this
combined approach, 9 APP-like NPs have been identified as
promising candidates for psoriasis therapy (Table 1) [13-17].
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Table 1. Promising natural products for psoriasis (N=12) including 9 anti-psoriatic pharmacotherapy-like natural products.

APPa-like NPsbAdministrationStudy designScientific name

YesExternalNPMc and APP vs APPSophora flavescens

NoExternalNPM and APP vs APPCnidium monnieri

NoExternalNPM and APP vs APPDictamnus dasycarpus

NoExternalNPM and APP vs APPBorneolum syntheticum

YesExternalSingle NP vs APP/placeboAloe vera

YesExternalSingle NP vs APP/placeboIndigo naturalis

YesExternalSingle NP vs APP/placeboCamptotheca acuminata

YesExternalSingle NP vs APP/placeboMahonia aquifolium

YesExternalNP formula vs APP/placeboSophora flavescens

YesExternalNP formula vs APP/placeboLithospermum erythrorhizon

YesInternalNP formula vs APP/placeboOldenlandia diffusa

YesInternalNP formula vs APP/placeboRehmannia glutinosa

YesInternalNP formula vs APP/placeboSalvia miltiorrhiza

aAPP: anti-psoriatic pharmacotherapy.
bNP: natural product.
cNPM: natural product medication.

The effect of the above NPs on bone erosion and arthritis are
still unknown. We hypothesize that these NPs will have
therapeutic effects on arthritis via the modulation of osteoclastic
bone resorption and signaling pathways. Therefore, the aims of
the study consist of the following 4 specific parts: (1) in silico
compound identification; (2) in vitro sample preparation; (3) in
vitro mechanism investigation; and (4) in vivo preclinical
efficacy evaluation (Figure 1).

In Silico Identification of Prospective Natural
Compounds
The preliminary data will return a shortlist of promising NPs
for an in silico molecular investigation on PsA. In addition to
the Encyclopedia of Traditional Chinese Medicine
(Encyclopedia of TCM), the Herbal Ingredients' Targets
database (HIT, China), DrugBank (Canada), and Protein
ANnotation THrough Evolutionary Relationship (PANTHER,
USA) will be applied in the in silico identification procedure
(Figure 2). All are available in English [13].

The Encyclopedia of TCM can successively locate the relevant
Latin names and the contained chemical compounds with the
individual and unique plant code of each promising NP species.
Subsequently, HIT can access the relevant biological targets

with their individual name identification (ID) and types in an
Excel spreadsheet. With a dedicated search term(s) (eg, psoriatic
arthritis), DrugBank can induce the reference targets (together
with the previous cellular biomarkers) to be further filtered by
the above biological targets.

For each identified natural compound, their known protein
targets will be entered into the keyword search using the “homo
sapiens” setting. For each target, the identified Gene ID will be
saved a Notepad (txt) file. One Notepad file is created for each
species. This file contains all the Gene IDs for all the known
therapeutic targets of all the compounds that are known to be
active in the species. Each file will be sequentially uploaded
into the Gene List Analysis field in PANTHER. This will report
the following 5 aspects in Excel for the particular species: (1)
molecular function(s), (2) biological processes, (3) cellular
component(s), (4) protein class, and (5) pathway(s). The Excel
files will be sorted to identify the most commonly identified
pathway for each species. For each of the most commonly
identified pathways, all the identified proteins, excluding
upstream and downstream proteins, will be entered into Excel.
Since the nomenclatures used by PANTHER and by HIT differ,
cross-referencing will be undertaken regarding the short and
long names used for the proteins in both databases.
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Figure 1. Flowchart of study progression. NI: non-intervention, NP: natural product, PsA: psoriatic arthritis, CIA: collagen-induced arthritis, TCM:
traditional Chinese medicine.
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Figure 2. Target-directed in silico identification.

In Vitro Sample Preparation Using the Identified
Compound Sources for Drug Development
This stage includes the extraction, fractionation, isolation,
purification, and the formation of a series of bioassays for the
identified compounds. The extraction method is specific to the
nature of the source material and target compound. It typically
involves a process of drying, grinding, homogenization, or
maceration of the plant. For a pure single compound, the crude
extract initially needs to be fractionated into various discrete
fractions containing compounds in similar polarities or
molecular sizes. NP isolation is also subject to the nature of the
target compound(s) presented in the crude extract or fraction.
Part sample compounds may be purchased from the market or
supported by the relevant group. Qualitative chemical tests,
preliminary thin-layer chromatography (TLC), and/or high
performance liquid chromatography-photodiode array
hyphenated technique (HPLC-PDA) can be used to obtain
spectral profiles from molecular mixtures or
chromatographically separated samples [23]. For isolation and
purification, an efficient on-line purity monitoring strategy
based on on-line coupling of high-speed counter-current

chromatography (HSCCC) with high performance liquid
chromatography-diode array detection (HPLC-DAD) will be
performed. In summary, this part of project consists of the
preparation of a crude extract, preparation of a 2-phase solvent
system, HSCCC separation, and HPLC-DAD purity analysis
of counter-current chromatography (CCC) peak fractions [24].

In Vitro Investigation of Drug Candidates
We will perform in vitro studies on compounds prepared in
stage 2 to investigate their effects on osteoclastogenesis and

bone resorption (Figure 3). For osteoclast formation, 1×104

bone marrow macrophage (BMM) cells per well will be isolated
from the femur and tibiae of 6-week-old C57BL/6 mice and
will be cultured in media containing macrophage-colony
stimulating factor (M-CSF) (30 ng/mL) and RANKL (100
ng/mL). After a cell viability evaluation, further investigations
will be carried out using resorption pit assays, quantitative
reverse transcription polymerase chain reactions (RT-PCR),
western blot analysis, luciferase reporter gene activity assays,
and osteoclastogenesis assays. For statistical analysis, the student
Newmane-Keuls test will be applied with mean (SD) for data
expression and P less than .05 for statistical significance [25].
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Figure 3. Natural compound inhibitors of the RANKL pathway.

Preclinical Efficacy Evaluation Using Animal Models
The collagen-induced arthritis (CIA) model is regarded as the
best-studied animal model for PsA [26] and will be used in this
study to determine the anti-arthritic effects of NPs (as utilized
in previously published work by this laboratory) [19,21].

A total of 30, 9-week old female Dark Agouti (DA) rats will be
used with 10 assigned to the non-arthritic control group (C).
The remaining 20 rate will be induced following the CIA
protocol and will be randomly assigned to either the treatment
group (A) or the placebo group (B) when PsA symptoms first
appear. Groups A and B will be subject to a subcutaneous
injection of the purified natural compound (1 mg/kg in 0.9%
saline) or 0.9% saline control every second day from onset of
symptoms (clinical score 2 or greater), until tissue collection at
day 14. Natural compounds differ in their bioavailability and
solubility in water. As such, the proposed dosage and/or
administration of may be further adjusted if required. All rats
will be raised with water, 0.9% sodium chloride (NaCl) and
standard rodent food ad libitum in a 22℃ and 12h illuminated
daily environment. Main outcome measures include a daily
macroscopic scoring system and digital calipers to measure
dorsal to plantar thickness (3 times per week) of each paw.
Groups will be compared with (1) serological tests including
serum albumin, alanine transaminase (ALT), aspartate

transaminase (AST), and bilirubin using a clinical biochemical
analyzer; (2) micro-computed tomography (micro-CT) image
analysis of hind paws and femora and contact radiographs for
both hind feet; and (3) histopathological assessment using
tartrate-resistant acid phosphatase (TRAP) staining [27] of serial
5 μm sagittal sections through the digits. The latter requires at
least 2 digits randomly taken from each rat. Each digit will have
distal interphalangeal (DIP), proximal interphalangeal (PIP),
and metatarsophalangeal (MTP) joints intact for scoring by 2
independent observers. Analysis of variance (ANOVA) and
Fishers' protected least significant difference (PLSD) tests will
be applied for statistical analyses (using StatView 4.0) with P
values less than .05 indicating statistical significance.

Results

This 4-stage study will take approximately 4 years to complete
and proposes to discover the effects of natural compounds
against PsA through the identification of relevant signaling
pathways and preclinical efficacy evaluations using animal
models (Figure 4). Currently, we are in the early stages of
evaluating the in silico data and detailing the in vitro effects of
compounds on osteoclastogenesis and bone resorption. The
findings from this research are expected to be published when
the proposed studies are fully completed.

Figure 4. Study timelines. Green squares represent scheduled parts.
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Discussion

Significance of Findings
Anecdotal evidence suggests that promising NPs are able to act
on specific targets regulating osteoclast function and here they
constitute the compounds identified for PsA drug discovery.
For each identified compound, its extracted sample will be
validated in a preparation bioassay such as HPLC. This can
directly prove or discount a previous PANTHER prediction by
demonstrating the signaling pathways associated with joint
damage and/or bone erosion. Further preclinical studies will
demonstrate the anti-arthritic effects of validated natural
compounds. The principal methods and findings of this project
can be further applied in the search of other natural compounds
effective against other arthropathies.

In Silico, Multi-Targeted Approach
The in silico, multi-targeted approach is a target-directed
large-scale analysis using multiple databases [13]. It is able to
locate biological targets for NPs and APPs. Consequently, the
consolidated list of APP targets could be used to screen NPs
target lists. This approach could also be used to further identify
APP-like NPs by filtering out those targets irrelevant to any of
the APPs. This can “fish” out a specific target across NPs and
APPs. The identification of protein targets related to a specific
natural compound can also reflect its therapeutic molecular
mechanisms and hint at potential side effects. However, the
number of estimated potential targets on the human genome is
huge [28]. Therefore, an in silico model is necessary for
large-scale data analysis to elucidate potential protein targets
associated with natural compounds (including their formulae)
effective against a certain disease.

That the HIT database contains a list of NPs along with their
active ingredient makes this model innovative and broadens the
scope of searches, ensuring the inclusion of all potentially
relevant proteins [13]. An additional novelty is the “APP-like”
NP identification and the NP/APP property exploration. With
such a database cluster, the NP target list can be matched against

potential APP drug targets to identify APP-like NPs. This may
provide a direct biological and/or pharmaceutical comparison
between NPs and APPs, in terms of their possible effects on
specific proteins, for the same disorder.

The Reliability of In Silico Screening Data
The in silico solution extensively uses frequency effects in target
identification, which provides an objective approach to short
listing targets and facilitates the reliability of the in silico data
to a considerable extent. On the other hand, popular targets often
reflect the hot topics previously undertaken in natural product
research. Due to a number of studies and reports on natural
products in chronic inflammation with PsA, some inflammatory
targets may be presented in high frequency within the identified
data sets. It is also noted that multiple terms of a single potential
target often exist in the above main databases (HIT, DrugBank,
and PANTHER) [13]. The variable nomenclature in different
databases may impact the reliability of data when locating a
crossing target. Structure-based drug docking has emerged as
a valuable tool to identify lead compounds and to facilitate drug
development.

Following the in silico work, we will undertake in vitro studies
and an in vivo CIA preclinical trial to individually validate the
anti-arthritic effects of the identified natural compounds which
have shown promise to be effective against PsA . During this
part of the project, we will adopt standardized quality control
over procedures, a high performance analysis approach, and
employ established animal models to ensure the study’s success
and feasibility.

Conclusion
The in silico rapid approach is proposed as a more general
method for adding value to the results of a systematic review
of NPs. More importantly, the proposed study builds on a
multi-targeted approach for the identification of natural
compounds for future drug discovery. This innovative approach
is likely to be more precise, efficient, and compatible to identify
the novel natural compounds for effective treatment of PsA.
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Abstract

Background: The potential of technology to aid integration of care delivery systems is being explored in a range of contexts
across a variety of conditions in the United Kingdom. Prostate cancer is the most common cancer in UK men. With a 10-year
survival rate of 84%, there is a need to explore innovative methods of care that are integrated between primary health care providers
and specialist teams in order to address long-term consequences of the disease and its treatment as well as to provide continued
monitoring for recurrence.

Objective: Our aim was to test the feasibility of a randomized controlled trial to compare a model of prostate cancer continuing
and follow-up care integration, underpinned by digital technology, with usual care in terms of clinical and cost-effectiveness,
patient-reported outcomes, and experience.

Methods: A first phase of the study has included development of an online adaptive prostate specific Holistic Needs Assessment
system (HNA), training for primary care-based nurses, training of an IT peer supporter, and interviews with health care professionals
and men with prostate cancer to explore views of their care, experience of technology, and views of the proposed intervention.
In Phase 2, men in the intervention arm will complete the HNA at home to help identify and articulate concerns and share them
with their health care professionals, in both primary and specialist care. Participants in the control arm will receive usual care.
Outcomes including quality of life and well-being, prostate-specific concerns, and patient enablement will be measured 3 times
over a 9-month period.

Results: Findings from phase 1 indicated strong support for the intervention among men, including those who had had little
experience of digital technology. Men expressed a range of views on ways that the online system might be used within a clinical
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pathway. Health care professionals gave valuable feedback on how the output of the assessment might be presented to encourage
engagement and uptake by clinical teams. Recruitment to the second phase of the study, the feasibility trial, commenced March
2017.

Conclusions: To our knowledge, this study is the first in the United Kingdom to trial an online holistic needs assessment for
men with prostate cancer, with data shared between patients and primary and secondary care providers. This study addresses
recommendations in recent policy documents promoting the importance of data sharing and enhanced communication between
care providers as a basis for care integration. We anticipate that this model of care will ultimately provide important benefits for
both patients and the National Health Service.

Trial Registration: International Standard Randomized Controlled Trial Number (ISRCTN): 31380482;
http://www.isrctn.com/ISRCTN31380482 (Archived by WebCite at http://www.webcitation.org/6s8I42u5N)

(JMIR Res Protoc 2017;6(7):e147)   doi:10.2196/resprot.7667
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Internet; prostate cancer; holistic needs assessment; integrated care

Introduction

Increasing numbers of cancer patients and cancer survivors
represent a growing demand on overstretched specialist
secondary care services in the United Kingdom. Evidence
indicates that these services often fail to meet the various needs
of survivors [1-4]. The potential role for primary care in
addressing these needs and reducing the demand on specialist
services is now widely recognized [5]. In response, there has
been a rapid increase in recent years in interventions aiming to
introduce and evaluate integrated and shared approaches to care,
in which primary care services take on an extended role in the
care of patients during or following treatment [6,7]. Macmillan
Cancer Support has promoted greater primary care involvement
with patients with cancer and has developed and rolled out a
training program in cancer follow-up for practice nurses [8].

Prostate cancer is the most common cancer in men, with over
47,000 men diagnosed each year in the United Kingdom [9].
With current 10-year survival rates of 84% [10], there are over
330,000 men in the United Kingdom living with and after
prostate cancer. Men with prostate cancer follow a range of
treatment pathways depending on factors such as the stage their
cancer was diagnosed, comorbidities, and patient choice. They
often live with the direct consequences of their illness or
treatment, such as urinary, sexual and bowel problems, as well
as fatigue. These symptoms can have a negative impact on
men’s quality of life [11-14]. Men on hormone treatment also
face an increased risk of osteoporosis and cardiovascular events
[15-18]. In addition, men are often affected by indirect
consequences of their cancer such as social, financial, and
psychological difficulties [4,19,20]. In particular, men may
suffer from anxiety and depression, both during initial treatment
and thereafter [21,22]. These may be especially pronounced if
they have a lack of positive support, detrimental interactions,
and a high perceived threat of cancer [23]. This may contribute
to men with prostate cancer reporting a worse experience of
care and follow-up than those with other cancers [24,25]. There
is also evidence that problems may remain unrecognized and
unaddressed and may persist for many years [26-28].

While high survival rates in prostate cancer are extremely
encouraging, there remains a need for greater attention to quality

of life. As well as treatment of the disease and its physical
symptoms, methods to identify men’s emotional and
psychological concerns, or “holistic needs,” are required. Care
pathways that are designed to address these from an early stage
are needed.

A Role for Primary Care
While protocols vary widely throughout the United Kingdom,
the National Institute for Health and Care Excellence (NICE)
has recommended that after 2 years of secondary care based
follow-up, care should be transferred to the general practitioner
(GP) as long as there are no concerning symptoms or treatment
complications [29]. Many specialist services currently transfer
care of men with “stable” disease either after surgery or on
hormone treatment to primary care providers under locally
enhanced or incentivized service arrangements with provision
for men to return to specialist care if necessary. Primary care
clinicians appear willing to undertake an early role in follow-up
[30-32]. Interventions that increase communication between
primary and secondary specialist services have been shown to
facilitate the transfer of care process [33].

Practice nurses and other primary care team members are well
placed to understand the wide ranging needs of men with
prostate cancer with their knowledge of each patient’s
comorbidities, family, and social circumstances. They are also
better placed to provide opportunistic support, as GP
consultation rates for men with prostate cancer are around three
times higher than those of their peers [34]. Much of their
expertise and skills in the care of patients with chronic
conditions in relation to supporting self-management may be
transferable to prostate cancer care. Primary care staff may also
have detailed knowledge of local resources that may be of value
to the patient, and GPs may make direct referrals to community
support services. Evaluation within one Clinical Commissioning
Group, where follow-up for stable patients has been transferred
to primary care, has demonstrated benefits in terms of patient
experience and costs and barriers to the pathway redesign
including issues around primary and secondary care
communication [35].
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Holistic Needs Assessment
In recognition of the changing needs of cancer patients
throughout their cancer journey, “holistic needs assessment” as
a method of identifying, assessing, and planning appropriate
care has been widely promoted for use in the specialist
secondary care setting. The National Cancer Survivorship
Initiative’s “Living with and beyond cancer programme”
recommended that all cancer patients should have access to a
Holistic Needs Assessment (HNA) and Care Plan [36]. The
program promotes the use of the HNA for encouraging patients
to self-manage during and after their treatment. A recent
National Prostate Cancer Audit [37] has also highlighted the
importance of identifying the needs of men with prostate cancer
and linking men to appropriate services. While there is general
agreement regarding the potential of the HNA, there is little
evidence of effectiveness [38,39]. Adoption of the HNA with
respect to men with prostate cancer has also been shown to be
uneven, with staff identifying barriers including the time needed
for completion in clinic (Prostate Cancer UK unpublished
report). To address the limitations of a paper-based system [40],
Macmillan Cancer Support has developed an electronic generic
HNA. Evaluation has demonstrated acceptability of the
electronic format to both patients and staff but pointed out
difficulties of implementation within the secondary care setting
[41]. To date, there is little indication of uptake of such
assessments tools within general practice.

Information Technology
The use of information technology (IT) in cancer patient
follow-up and primary care has been explored in the United
States [42], Norway [43,44], and Australia [45] but has as yet
received limited attention within the United Kingdom. However,
technology now well embedded within general practice
management is increasingly incorporated into patient care in a
variety of forms and across a range of conditions (eg [6,46-50]).
The GP Forward View policy document describing the National
Health Service (NHS) plans for developing general practice in
the next 5 years emphasizes its increasing importance and
includes a key policy aim to support the design and adoption
of technology that enables patient self-care and
self-management. The document also highlights the central role
of technology in improving primary and secondary care
communication and the provision of integrated care [51].
Secondary care adoption of IT, however, has been comparatively
slow and the need for secondary care digitization, including
patient-facing systems, has recently been highlighted by the
National Advisory Group on Health Information Technology
in England [52].

In order to better address the ongoing needs of men with prostate
cancer and to try to reduce the pressures on specialist services,
we have designed an innovative study that brings together IT,
HNA, and primary care involvement throughout the cancer
pathway. Our intervention aims to promote an integrated
approach to care through enhanced communication between the
patient and health care providers. This protocol describes a
feasibility study in which an online prostate-specific HNA is
shared between patient and their clinical teams. In addition, our
study involves training for practice nurses in collaboration with

Macmillan Cancer Support and ongoing support from specialist
teams. To our knowledge, this is the first UK-based study in
which IT provides the basis for a primary care based intervention
in prostate cancer and the first UK-based study that seeks to
develop an integrated and holistic approach to care for all men
with prostate cancer from diagnosis onwards.

Methods

Design
This study involves a complex intervention [53] that includes
both the development of patient self-efficacy and the
implementation of organizational change [54]. Hence, we have
adopted a mixed-methods, two-phase design. Phase 1 of the
study (March-November 2016) was designed to include
technical development, training, recruitment, and qualitative
interviews. Phase 2 is a nonrandomized cluster controlled trial
of the intervention. Follow-up interviews will be undertaken
with patient participants and health professionals to explore
their experience of the trial.

Population, Setting, and Inclusion Criteria
Our study population extends to all men who have ever had a
diagnosis of prostate cancer. The selection of this population
offers the opportunity for participation to any man who may
have problems related to prostate cancer, whether currently
receiving treatment, monitoring, or follow-up. This will allow
us to identify the wide range of short- and long-term concerns
that may occur during or following different treatment regimens.

The study is set in 14 general practices including 10 intervention
and 4 control practices within one Clinical Commissioning
Group (CCG) in the West Midlands and one specialist secondary
care site within an NHS Foundation Trust hospital. Eligibility
for general practices is determined by location within the
participating CCG and a referral pathway to the specialist center.
Practices must also be willing to support a practice nurse taking
part in the Macmillan training program and the prostate specific
training or to enable a primary care research nurse who has
undergone the training to run the study within the practice.

Patient eligibility for each of the study phases requires
registration with any of the participating practices and diagnosis
of prostate cancer or treatment at any time at the participating
specialist center. Men must be able to read written and
understand spoken English and be able and willing to give
informed consent. GPs’ screening of the list of potentially
eligible men ensures capacity to participate.

Men are ineligible for inclusion if they are aged under 18 years,
unable to give informed consent, unable to complete outcome
measures, living in a care setting, suffer from mental health
problems, or are unable to communicate in English.

Practice nurses and GPs from participating practices are eligible
to take part in interviews prior to or following the intervention.

Phase 1 Summary
During Phase 1, the HNA has been finalized and installed on a
secure study website at the participating Trust. Participating
patients, associated clinicians in secondary and primary care,
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and members of the study team have access to the site. Ten
intervention and 4 control general practices within the
participating CCG have been recruited. Five Macmillan trained
nurses recruited to the study have undertaken additional prostate
cancer training at the specialist secondary care center. One
volunteer peer supporter has been recruited and trained in order
to help men complete the HNA if needed. Qualitative
semistructured interviews have been undertaken with 8 primary
care based health care professionals and 10 patient participants
recruited through their general practices. The purpose of the
interviews was to determine variation in delivery and experience
of usual care and to identify barriers and facilitators to
implementation of the intervention and to assess the views of
health care professionals and patients on the online HNA.

Findings from Phase 1 demonstrate an enthusiasm for the project
among patients. Men who have had little experience with IT
have expressed a willingness to take part, in some cases despite
a lack of access to the Internet. We have responded to this
potential barrier by equipping the ITmate peer supporter with
an Internet-enabled tablet computer. Health professionals have
also been supportive of the study and acknowledged the potential
of the intervention. GPs in particular expressed the importance
of a brief output from the HNA, hence the summary document
generated by the assessment has been designed to be concise
and easily interpreted.

Aims and Objectives
The aim of the trial is to test the feasibility of undertaking a
future cluster randomized controlled trial (RCT) comparing a
model of integrated prostate cancer continuing care and
follow-up care with usual care in terms of clinical and
cost-effectiveness, patient-reported outcomes, and experience.

Trial objectives are to (1) assess the fidelity of intervention
delivery, and the acceptability and utility of the intervention by
patients and primary and secondary care clinicians, (2) test
patient recruitment, data collection, and retention in both
intervention and control practices, (3) analyze how the HNA is
used by men over a 9-month period, with self-assessment
completed at baseline, 3 months, and 6 months, (4) test the
willingness of clinicians and patients to provide qualitative and
quantitative data including process data and measurement of
outcomes, (5) test the feasibility of collecting use of resource
data and process data, including numbers of primary and
specialist contacts and consultations, (6) identify the most
suitable primary outcome measure and refine secondary outcome
measures for a future cluster RCT, and (7) estimate parameters
for a sample size calculation for cluster RCT.

The Holistic Needs Assessment Instrument
The HNA is an online self-assessment tool designed to capture
the needs of men who have had a diagnosis of prostate cancer.

It is composed of 11 different sections, including Physical
Health, Emotional and Psychological Issues, Independence and
Activity, and Access to Services. These can be used flexibly so
that men can complete all of the sections or only the ones they
feel are relevant to them, in any order, and in their own time.
As men work through the assessment, they are shown links to
advice pages or videos on websites such as Prostate Cancer UK,
with the aim of encouraging and enabling self-management.
This system shows a “red flag” if a patient reports having any
physical or psychological symptoms of serious concern, for
example, “blood in urine” or “thoughts of ending it all” with a
prompt to visit their GP as soon as possible. The system will
also alert the clinician to these red flags when they access the
output from their patient’s HNA. At the end of each section,
men have the facility to disclose additional concerns, and this
text is inserted into the summary generated on completion of
the assessment. This summary auto-populates the first pages of
a Care Plan to be completed with a health professional.

The system has been designed to be attractive and easy to
navigate. Figures 1 and 2 illustrate two of the initial screens.
The online HNA has been finalized following an iterative
process of user and patient testing (Prostate Cancer UK
unpublished report). It has been installed on a study website
hosted on a Trust server and penetration tested to ensure
security.

The project platform incorporates three elements: (1) a Web
app for patients to complete the holistic needs assessments, (2)
a Web app for nurses to review those assessments and record
care plans, and (3) a windows app design to allow administration
of the project such as adding patient or nurse users and
monitoring completion of study stages by the research team.

Intervention
Participants in the intervention group will be invited to complete
the HNA three times in a 9-month period. Following submission
of the assessment, men will be invited to make an appointment
with the nurse to discuss any concerns identified and to complete
and personalize the care plan. The care plan will summarize
any topics discussed, outcomes or referrals, actions taken
regarding any “red flag” symptoms, and actions to be undertaken
by the man himself. The document will be generated and a copy
given to participants and added to their patient notes. Where
specific clinical concerns are identified, sharing of the online
data with the secondary care team will enable rapid specialist
advice or referral. If the participants attend the surgery between
the three study appointments, practice nurses or GPs will be
encouraged to undertake opportunistic reinforcement of the care
plan, for example, checking whether the man has undertaken
any actions he has agreed to in the plan or whether referrals
made have led to appointments.
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Figure 1. The HNA login screen.

Figure 2. Assessment page showing the different sections of the HNA.

If the participant is a patient undergoing ongoing treatment at
the specialist center, study participation will be flagged in his
notes. Relevant secondary care clinicians will be able to access
the participants assessment summary and care plan prior to or
during an appointment. If any concerns other than clinical issues
related to the prostate cancer arise in the consultation (eg,
occupational or family concerns, worries over comorbidities),
the secondary care clinician may, with the participant’s
permission, contact the primary care based nurse.

Usual Care
Usual care comprises a community-based, stable prostate clinical
care pathway. Men with advanced disease on hormone treatment
are also largely seen in primary care for their injections and will

be seen only in secondary care if their prostate specific antigen
(PSA) rises above a threshold or other complications occur.
Care of men by specialist teams continues up until 3 years
postcurative treatment and is reintroduced if a clinical need
arises (symptoms that are suggestive of prostate cancer
progression, eg, significant rise in PSA, suspected metastases,
pain or treatment complication, deteriorating renal function).
Men on active surveillance are excluded from this pathway.
Men who do not meet the criteria continue to be seen by
secondary care teams.

Recruitment
The GP and practice nurse will search for eligible patients, who
will then be sent a participant information sheet and a covering
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letter of invitation to participate signed by the GP. If patients
are considering taking part in the study or have decided to do
so, they will return an enclosed reply slip to the study team. If
there has been no response after 2 weeks from the initial contact,
the practice nurse will telephone to check whether the patient
is interested. Patients can also be invited to take part on an
opportunistic basis, such as during a routine appointment.
Written consent will be taken by a member of the study team.

Data Collection
Participants in the intervention group will complete the HNA
at baseline, as well as 3 months and 6 months later. We will use
six validated questionnaires to measure unmet need, quality of
life, and general health and well-being of participants: the
Cancer Survivors Unmet Needs instrument [55], the Patient
Activation Measure [56], the Expanded Prostate Cancer Index
Composite [57], the EuroQol five dimensions questionnaire
(EQ5D) [58], the European Organisation for Research and
Treatment of Cancer Quality of Life Questionnaire
(EORTC-QLQ) [59], and the Warwick and Edinburgh Mental
Well-being Scale [60], as participants in the intervention group
progress through the study. At baseline and 9 months later,
participants in both the intervention and control groups will
complete all the outcome measures. Participants in the
intervention group will also complete a smaller subset of
outcome measures before consultations at 3 and 6 months. Men
can either complete these online or fill out paper copies for
postal return.

A small number of patients from the intervention group (n<10)
will be followed up at the end of the study for an interview
about their experiences of the intervention. We will also invite
participants to complete an HNA technology acceptance and
usability questionnaire developed by members of the study
team.

Outcomes
Patient and feasibility outcomes will be assessed. In order to
determine feasibility of carrying out a larger scale RCT to
compare the intervention with usual care, we will evaluate this
study in terms of >25% eligible men consenting to participate
in the study and >70% of participants in the intervention group
completing the HNA and the patient outcome measures at each
time point.

Figure 3 illustrates the study pathway.

Analysis

Quantitative
The analyses will be exploratory and mainly descriptive. Point
estimates and corresponding 90% confidence intervals will be

calculated for all outcome measures in both arms, and their
distributions will be assessed to identify appropriate statistical
analysis methods for a future RCT. Hierarchical mixed models
accounting for within GP practice correlation will be fitted for
potential primary outcomes to explore the effect of the
intervention relative to usual care at a single time point as well
as over time (repeated measures model). Propensity score
matching and regression adjustment techniques will be used as
sensitivity analyses and to minimize potential bias in outcomes
estimates due to the nonrandomized nature of the study.

Data will be downloaded from the HNA database to assess
completion rates at each time period, sequential completion
over a year, and analysis of the needs identified.

Qualitative
Thematic analysis of the interviews will also take place with
the audiorecorded data transcribed and entered into a software
analysis package (NVivo 10). Members of the research team
will each identify broad themes from close reading of the
interview transcripts. Further themes and subthemes will be
developed through an iterative process of coding, categorization,
and discussion between team members. Topics to be explored
include men’s experiences of the new model of care, advantages
and disadvantages of the intervention, and any impact on heath
and confidence in self-management.

Health Economic Analysis
Completion rates for collecting resource utilization data, contacts
with health care professionals and referrals to hospitals and
other community health and social care providers will be
evaluated. Data collected at each time point will be analyzed to
provide preliminary indications of the costs associated with the
intervention over the 9-month period.

Intervention Fidelity
Researchers within the project team are able to access the
ICARE-P admin site. This will allow the tracking of completion
of HNAs and Care Plans and to identify how the software has
been used by participants and health professionals. Content of
the HNAs and Care Plans are also accessible to these members
of the research team. Analysis of Care Plans and referral data
retrieved from practices will allow assessment of intervention
fidelity.

Ethics
Phase 1 of the study was approved by NHS Research Ethics
Committee proportionate review process (ref: 15/EM/0534).
Phase 2 was considered and approved under full review (ref:
16/YH/0278).
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Figure 3. Flowchart for ICARE-P Adapted from CONSORT guidelines for randomized controlled trials.

Discussion

Principal Considerations
The online HNA that forms the cornerstone of our intervention
puts the patient at the center of care [61], enabling him to
identify and express concerns to both primary care and specialist
teams, as well as encouraging and facilitating self-management.
The adaptive nature of the HNA ensures its suitability for men
from early diagnosis onwards regardless of treatment modality
or their stage in the care pathway. The online system offers an
opportunity for integrated care allowing all linked clinicians
access to the HNA output in which prostate specific clinical
issues, broader concerns, or issues related to comorbidities are
summarized.

Integration between primary and specialist secondary care
services and the role of technology in supporting this aim
represent key themes of the five-year forward policy document
[51]. Integrated services offer advantages to patients in terms

of continuity and coordination together with a potential for
streamlining of provision. Interoperability of systems that allow
easy data sharing are critical to integration, and the
implementation of such systems has been identified as priority
in a recent report by the National Advisory Group on Health
Information Technology in England [52]. Primary care clinicians
interviewed in Phase 1 of our study endorsed the need for
improvements in communication with specialist colleagues,
expressing frustration at the speed of current systems. The report
has also highlighted the relatively slow adoption of digital
technology in secondary care compared with high levels of
primary care digitization and has emphasized the need for
secondary care implementation. Barriers identified include
extreme caution in relation to data security and a lack of
attention to the needs of the end user when systems have been
developed and put in place. Our HNA and Care Plan have been
designed for ease of use by patients and clinicians, and they
aim to be comprehensive yet relevant. We have provided
training for participating clinicians in the use of the system to
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encourage engagement with the study. To overcome any
difficulties patients may experience, we have the trained ITmate
available to assist them. We have met the need to conform to
rigorous data security standards and have worked collaboratively
with our participating NHS Trust, our institution, and our IT
partners to ensure all requirements are met.

A further recommendation of the report is a stepwise approach
to digitization. We recognize the importance of such an approach
both from the technological and the behavioral standpoints.
This study introduces an innovative approach to the care of men
with prostate cancer; however, more can be achieved.

If feasibility aims are met in terms of recruitment (>25% of
eligible men and >70% retention) and usability and acceptability
testing with patients and clinical teams indicate support for the
intervention, further technical development of the HNA is
proposed prior to a full effectiveness trial. This development
will involve full integration of the HNA within the Trusts’ own
clinical data management system and the development of an

enhanced communication pathway between specialist and
primary care teams enabling automated alerts and notifications.

Limitations
As a feasibility study, the sample size involved is limited. A
nonrandomized controlled trial may result in some biases (in
particular confounding and allocation bias). We aim to reduce
these biases through the use of regression adjustment and
propensity score matching.

Conclusion
This study is the first of its kind to trial an online HNA for men
with prostate cancer with data shared between patients and
primary and secondary care providers. We anticipate that this
system will ultimately provide important benefits for patients
in terms of addressing unmet needs, identifying concerning
symptoms, and enabling self-management, and benefits to the
NHS in terms of effective use of resources and appropriate use
of skills.
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Abstract

Background: Patient education resources are crucial to the effectiveness of prescribed pharmacotherapy. However, user interest
and patient preference for these materials is lacking. Regardless of the field, nearly every article on designing mHealth apps
references the lack of end-user involvement as a key flaw to sustainable design. The traditional paper-based methods of patient
education are difficult to tailor to a patient’s specific needs and learning styles, but a customizable app might be beneficial.

Objective: Regarding a mobile app for patient education, the objectives of the study were to (1) quantify patient interest, (2)
determine desirable features, and (3) determine if a relationship exists between patient variables and interest in an iPad app for
patient education.

Methods: A paper-based questionnaire was developed and administered to consenting patients receiving care within three sites:
two suburban outpatient sites where ambulatory care services are provided and one urban hospital site where ambulatory care
transition services are provided.

Results: A total of 121 surveys were completed. Most respondents were female (64/120, 53.3%), between 50 and 70 years of
age, white/Caucasian (94/120, 78.3%), owned at least one technology device, and knew what an iPad was. Diabetes was the most
common disease state (43/120, 35.8%), followed by heart failure (27/120, 22.5%), history of venous thromboembolism (VTE)
(21/120, 17.5%), and asthma/chronic obstructive pulmonary disease (17/120, 14.2%). Overall interest in a mobile health app for
patient education was 63.7% (72/113). Interest increased to 68.4% (78/114) if a health care provider recommended it. Respondents
with one chronic health condition were more likely to be interested in an app compared to those with two or more. Respondents
with a history of VTE were mostly likely to be interested in using an app on their own accord, while respondents with diabetes
were mostly likely to be interested if their health care provider recommended it.

Conclusions: This preliminary needs assessment identified that patients are interested in using mHealth apps for health-related
education in pharmacy practice, particularly if their health care provider recommends it.

(JMIR Res Protoc 2017;6(7):e133)   doi:10.2196/resprot.5886
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Introduction

Mobile devices are growing increasingly popular. Based on
recent data from Pew Internet Research surveys, 32% of adults
in the United States own an e-reader, 42% own a tablet, and
64% own a mobile phone [1-2]. In the past year, a large majority
(62%) of mobile phone users have used their phones to look up
health information. Furthermore, a larger number of individuals
access the Internet from a mobile device than from a traditional
computer [3].

Earlier studies have examined the use of personal digital
assistants (PDAs) for health care professionals and patients.
Most studies utilized PDAs for journaling or data collection
[4-6]. These early studies demonstrate the usefulness of a mobile
device to support daily clinical activities and as a preferred
method for diary entries by patients. Mobile devices today (eg,
mobile phones and tablets) have advanced capabilities and
provide greater functionality; this has created a boon in mobile
health apps.

The latest published information shows there are around 165,000
mobile health apps available in major app stores [7].
Patient-centered mobile health apps target major disease states
(eg, diabetes, asthma, heart failure, and chronic pulmonary
disorders), promote wellness and healthy habits, provide
information and education, allow for tracking of health
information, promote engagement with health care providers,
and leverage social influence [8,9]. The growth of mobile apps
for health-related purposes will continue to increase as mobile
devices become more ubiquitous [10].

Despite the number of mobile health apps available, mobile
apps used in health care are in their infancy. The majority of
mobile health apps researched for mHealth interventions have
focused on behavioral changes and self-management. Review
of mobile health apps for diabetes, smoking cessation, asthma,
and sexually transmitted disease and HIV prevention indicate
that most of the available apps do not follow established
guidelines; these apps may have questionable reliability, may
lack comprehensive information, and may not be personalized
[11-14]. Additionally, mobile health apps are often developed
without the end user (ie, the patient or health care provider) in
mind [8,15-17]. It is also unclear whether or not patients would
be interested in a mobile health app as a means for a health care
service. Regarding a mobile app for patient education, the
objectives of this study were to (1) quantify patient interest, (2)
determine desirable features, and (3) determine if a relationship
exists between patient variables and interest in an iPad app for
patient education.

Methods

Setting
The three study sites offered clinical pharmacy services in the
Chicago metropolitan area and included two suburban outpatient
sites where outpatient ambulatory care services (OACS) are
provided and one urban hospital site where hospital-based
ambulatory care transition services (HATS) are provided. At
the OACS sites, clinical pharmacists provide face-to-face

medication therapy management to patients who have been
referred by their primary care provider. The OACS sites were
comprised of one private internal medicine physician group and
one primary care office associated with a patient-centered
medical home. At the HATS site, clinical pharmacists provide
medication reconciliation and counseling to patients at discharge
from the hospital. These patients are being discharged from
inpatient treatment on a cardiac medicine floor or one of three
internal medicine floors.

Patients were recruited by a sample of convenience. Patients
under the age of 18 or for whom English is not their primary
language were excluded from the study. Return of the completed
survey indicated consent.

Survey Instrument
A paper-based questionnaire was developed and administered
to consenting patients receiving care within the three
predetermined sites. The survey was comprised of 19
multiple-choice questions and one open-ended question for
general comments. The multiple-choice component included
eight questions related to background demographic information,
five questions related to technology use, and six questions
related to interest in iPad apps and app features. Two of the
questions related to technology were only to be answered by
respondents who indicated that they own or proficiently use a
tablet device or mobile phone. Some questions allowed
respondents to “check all that apply.”

To ensure a standardized baseline level of knowledge, a
laminated information card titled “What is an iPad?” was
provided to the patient after the patient’s knowledge of an iPad
was assessed. The iPad was chosen as a platform identifier that
the general public was thought to be familiar with at the time
the survey was conducted.

The survey was pilot-tested by a group of pharmacy faculty,
refined, then pilot-tested by patients prior to distribution.

Statistical Analysis
A total of 120 surveys were to be administered, split evenly
between OACS and HATS, in order to investigate the
relationship between certain patient demographics and an
interest in an iPad app. The total number of surveys was
estimated based on collecting approximately 10 surveys per
variable of interest.

The authors identified 12 variables of interest: diabetes, heart
failure, asthma/chronic obstructive pulmonary disease (COPD),
history of venous thromboembolism (VTE), perceived level of
health, knowledge of what an iPad is, types of technology used,
age, sex, race/ethnicity, level of education, and type of health
insurance. Any answer that was left blank by the survey
respondent was not included in the analysis.

Variables of interest were collapsed into categories and analyzed
as follows: presence or absence of each of the chronic disease
states (ie, diabetes, heart failure, history of VTE, asthma/COPD);
perceived level of health (ie, positive—excellent, very good,
good—or negative—fair, poor, very poor); knowledge of what
an iPad is (ie, yes or no); use of technology (ie, computer, game
consoles, mobile phone, tablet device, other portable electronic
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device, none); age (ie, <40, 40-49, 50-59, 60-69, 70-79, >79);
sex (ie, male, female, other); race/ethnicity (ie, American Indian
or Alaskan Native, Asian/Pacific Islander, black/African
American, Hispanic American, white/Caucasian, other); level
of education (ie, high school or less, some college or associate
degree, bachelor’s degree or higher); and type of health
insurance (ie, Medicare/Medicaid, other public, private
[employer sponsored], private [individually purchased], self
pay). Descriptive statistics for all parameters were reported.

Ad hoc analyses of variables included number of chronic disease
states (ie, 1, 2, 3, 4+, 1+); number of technology devices owned
(ie, 1, 2, 3, 4, 5, 3+); age (ie, <50, 50-70, >70); race/ethnicity
(ie, white, nonwhite); and type of health insurance (ie,
government sponsored, private, self-pay).

This study was designated exempt by the Midwestern University
Institutional Review Board.

Results

Survey collection was complete with 121 collected surveys.
Data collection began in December 2012 and ended in July
2013.

Demographics and Background Information
The mean age of all respondents was 63.7 years and the majority
of respondents were between 50 and 70 years old. Less than
half of the respondents identified as male (56/120, 46.7%). The
most predominant self-identified race/ethnicity was
white/Caucasian (94/120, 78.3%), followed by black/African
American (11/120, 9.2%). Of the four chronic health conditions
identified as variables of interest, diabetes was the most common
(43/120, 35.8%), followed by heart failure (27/120, 22.5%),
history of VTE (21/120, 17.5%), and asthma/COPD (17/120,
14.2%). Most of the respondents owned at least one technology
device and knew what an iPad was.

OACS patients were more likely to have fewer chronic health
conditions, a more positive perception of health, and a history
of VTE. They were also more likely to identify as
white/Caucasian (52/60, 87%) and male (32/60, 53%). HATS
patients were more likely to have asthma/COPD, have completed
a high school diploma or less, and be racially/ethnically diverse.
Additional demographics of the survey respondents are outlined
in Table 1.

Interest in mHealth Apps
Overall interest in a mobile health app for patient education was
63.7% (72/113). Interest increased to 68.4% (78/114) if a health

care provider recommended it. Compared to the general study
population, HATS patients were slightly more interested on
their own accord (68%) and 75% of this population would use
a mobile app if a health care provider recommended it.
Regardless of the variable of interest and population, in most
cases, the respondent’s interest in a mobile app increased if a
health care provider recommended it (see Table 2).

Based on number of chronic health conditions, respondents with
one condition were most likely to be interested in an app. More
than 60% of patients with at least one disease state of interest
were interested in using an app. Respondents with a history of
VTE were mostly likely to be interested in using an app on their
own accord, while respondents with diabetes were mostly likely
to be interested if their health care provider recommended it.
As the respondent’s perception of their health decreased, their
interest in an app lessened.

Respondents who knew what an iPad was were more likely to
be interested in using an app (73.1% vs 45.5%). Number of
technology devices owned was directly proportional to interest
in a mobile app. Of respondents who owned three or more
devices, 95.8% would use a mobile app if their health care
provider recommended it.

Compared to those aged <50 and >70 years, respondents who
were 50-70 years old were most likely to be interested in a
mobile app. The two age groups with the highest interest in
apps were 60-69 years old (86.5%) and <40 years old (83.3%).
No notable differences in interest were identified based on the
respondent’s sex. Respondents who identified as white were
less likely to be interested compared to nonwhite respondents
(60.9% vs 77.3%) and were less likely to use the app if it was
recommended by a health care provider (65.5% vs 86.4%). A
vast majority of patients with employer-sponsored or privately
purchased insurance was interested in an app (78.4%) and would
use it if their health care provider recommended it (81.1%).

Many of the same patterns in the overall population were
consistent within the OACS and HATS populations. However,
OACS respondents <50 years old were slightly more interested
than were respondents 50-70 years old and those >70 years old.
OACS respondents with a negative perception of health were
more likely to be interested in an app, while the opposite was
true for HATS patients. Respondents within the HATS
populations who had one or two chronic conditions had a very
high likelihood (>80%) of using an app if recommended by a
health care provider.
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Table 1. Interest in mHealth app stratified by demographic and clinical characteristics of 120 respondents.

Interested in an app if recommended by health care
professional, n (%)

Interested in an app, n (%)Variable

Number of diseases

21 (75)19 (68)One (n=28)

15 (56)18 (67)Two (n=27)

23 (72)20 (63)Three (n=32)

40 (73)35 (64)Four or more (n=55)

75 (68.8)71 (65.1)One or more (n=109)

Chronic disease states

32 (80)27 (68)Diabetes (n=40)

14 (61)16 (70)Heart failure (n=23)

14 (70)15 (75)History of VTEa (n=20)

14 (64)13 (59)Asthma/COPDb (n=22)

Perceived level of health

53 (69)51 (66)Positive (n=77)

23 (68)20 (59)Negative (n=34)

Knowledge of an iPad

61 (78)57 (73)Yes (n=78)

16 (48)15 (45)No (n=33)

Technology

7 (35)8 (40)No devices (n=20)

23 (59)22 (56)One device (n=39)

21 (88)20 (83)Two devices (n=24)

23 (96)20 (83)Three or more devices (n=24)

Sex

36(67)35 (65)Male (n=54)

41(72)37 (65)Female (n=57)

Age in years

14 (78)13 (72)<50 (n=18)

14 (86)39 (76)50-70 (n=51)

17 (43)19 (48)>70 (n=40)

Race

57 (66)53 (61)White (n=87)

19 (86)17 (77)Nonwhite (n=22)

Education

18 (56)18 (56)High school diploma or less (n=32)

33 (79)30 (71)Associate degree or some secondary education
coursework (n=42)

24 (71)23 (68)Bachelor’s degree or more (n=34)

Type of insurance

41 (64)37 (58)Government sponsored (n=64)

30 (81)29 (78)Employer sponsored or purchased (n=37)

4 (50)4 (50)Self-pay (n=8)
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aVTE: venous thromboembolism.
bCOPD: chronic obstructive pulmonary disease.

Table 2. Patient interest in a mobile app for patient education in pharmacy practice increased if recommended by a health care professional.

Interested in an app if recommended by health care
professional, n (%)

Interested in an app, n (%)Population variable

78/114 (68.4)72/113 (63.7)All respondents

43 (75)39 (68)HATSa (n=57)

34 (62)33 (60)OACSb (n=55)

aHATS: hospital-based ambulatory care transition services.
bOACS: outpatient ambulatory care services.

Table 3. Desirable methods for using a mobile health app for patient education (n=109).

n (%)Options

37 (33.9)I want my health care provider to use and demonstrate the app

58 (53.2)I want to have access to the app at home

22 (20.2)Both

Technology Use Preferences
A majority of respondents (81.3%) owned at least one device,
which was always a computer. Of those that owned two devices,
the second device was almost always a mobile phone; of those
that owned three devices, the most common combination was
computer, mobile phone, and tablet. Mobile phone and tablet
users indicated that they use their devices at least daily (86.2%).
The most common apps used were weather apps, search tool
apps, and news apps. Health and fitness apps were used by
30.9% of mobile device owners.

When asked how they prefer to receive information about their
health, 5.7% of respondents indicated software apps. Less than
half the respondents have seen an iPad used in a health care
setting.

Regarding methods for using a mobile health app, the majority
of respondents were more interested in having access to the app
at home (58/109, 53.2%) compared to having the health care
provider use and demonstrate the app (37/109, 33.9%); some
patients would prefer both (22/109, 20.2%). Table 3 indicates
the distribution of responses.

Respondents indicated an interest in a variety of health-related
information, with the most common being information about
the medications they are taking (see Table 4). The two most
common methods to display information were articles with
printed text (56/95, 59%) and images and diagrams (46/95,
48%), while the least common were podcasts and audio
recordings (20/95, 21%).

Table 4. Types of information and methods to display information that patients would find beneficial in a mobile health app for patient education.

n (%)Information and methods of display

Type of information (n=105)

87 (82.9)Medications

81 (77.1)Health conditions

58 (55.2)Lifestyle changes

68 (64.8)Treatment options

59 (56.2)Tools and resources to improve health

Methods to display information (n=95)

56 (59)Articles with printed text

46 (48)Images and diagrams

41 (43)Links to resources

39 (41)Interactive tutorials

27 (39)On-demand educational videos

28 (30)Animation with narration

20 (21)Podcasts or audio recordings
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Figure 1. Actions respondents would be likely or very likely to take when using a mobile health app for patient education.

Respondents were also asked to identify their likelihood of
performing various actions related to patient education as shown
in Figure 1. Relevant comments written in response to the
open-ended question included one comment asking for both
Kindle and Blackberry software to be included.

Discussion

Principal Findings
Overall, a majority of respondents indicated that they were
interested in a mobile app for patient education. Almost all
patient variables indicated a large interest in an app. Interested
respondents were younger, had some amount of secondary
education, owned one or more devices, received private health
care coverage, and had basic knowledge of an iPad. A digital
divide grew as interest decreased dramatically for those over
age 70, for those that do not own any mobile technology devices,
and for those who pay for health care fully out of pocket (ie,
self-pay).

Survey respondents were more likely to be interested in an app
they could use at home versus a provider-driven, point-of-care
app. A similar percentage of those who reported seeing a health
care provider use an iPad were interested in an app at the point
of care. This interest may increase as exposure to mobile
technology increases. Concurrently, there may be an increased
expectation from patients for health care providers to use mobile
apps when providing care to patients.

If a health care provider recommended an app, there was an
almost universal increase in interest. Power, size, portability,
built-in features, access to the Internet, social and
communication tools, personal affection, and a large marketplace
makes using a mobile app for patient education attractive to
patients [9]. These factors increase a health care professional’s
abilities to provide point-of-care or just-in-time services to
patients, both in practice settings and remotely. This would also
support the notion of app prescribing.

A potential starting place for health care providers to introduce
mHealth apps into patient care is recommending specific apps
to patients that they can access on their own device at any time.
Health care providers may choose to target certain populations,
such as younger patients with one chronic health condition and
a positive perception of health, in deciding to whom they should
recommend mHealth apps. Apps may not be best suited for
patients with a preference for personal consultation from their
provider, approximately a third of patients over 55 [18].

It is interesting to note that the perception of health influenced
an interest in app technology in different ways based on the
type of health care setting of the respondent. Ambulatory
patients in primary care settings were more likely to be
interested if they had a negative perception of their health. These
individuals with poor health and many chronic conditions are
usually the most vulnerable and tend to require extensive patient
education. On the other hand, patients who were about to be
discharged from the hospital, who had a positive perception of
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health and only one chronic condition, were more likely to be
interested in mobile apps for health-related information.
Discharge counseling at this point in time is crucial for many
patients because they are likely to be more receptive to
information to promote a healthy lifestyle, prevent disease
progression, and avoid readmission. Utilization of apps among
these types of patients at discharge from the hospital may be
beneficial.

When asked about what types of information they would find
beneficial, respondents indicated that they want more
information in a wide variety of areas and formats. We believe
that this suggests that options for app developers are bountiful.
Interestingly, respondents indicated most frequently that they
are interested in articles, printed text, images, and diagrams as
delivery methods for medical information. Use of these delivery
methods for educating patients has been common practice for
years. We wonder if this was due to familiarity and, furthermore,
wonder if many of the respondents knew what podcasts and
audio recordings are. With more education as to what podcasts
and audio recordings are, patients may potentially be more
interested in these as delivery methods within mobile apps for
health-related information.

Limitations
The focus of the survey specifically on the iPad device may
limit our ability to generalize this data to other mobile
technology devices and mHealth apps. Additionally, the survey
was conducted early in the adoption of the tablet devices. We
chose to focus solely on the iPad as investigators felt it was the
most recognizable mobile device on the market; inclusion of
other devices could have confused patients, especially those
that were not familiar with tablet devices and would have
required an explanation of other tablet devices. Respondents
who may be interested in receiving education through the use
of other devices may not have identified an interest in the use
of the iPad. There were several comments to this effect that
were relayed verbally to the survey administrator, who is the
primary author. We suspect that interest in the use of an iPad,
or any tablet device, would not have decreased from the time
that this study was conducted.

Of the surveyed population, approximately one-third did not
know what an iPad was. For some of these respondents, the
laminated information card could have provided enough
information to trigger the respondent’s memory. For other
respondents that may not have ever encountered an iPad, it is
possible that some of them may not have been able to
conceptualize the device, even despite reading the description
and viewing the life-size picture. Demonstrating the use of an
iPad device and/or app to respondents was assessed during
survey development, but ultimately was not utilized due to
feasibility.

One question in particular was designed to provide app
developers with more insight into what patients want in an app
for patient education, as this has been suggested to be an
important aspect of the design process [16]. Unfortunately, there
was a low response rate for this question. The low response rate
was likely due to the fact that the question was asked in a matrix
and patients did not understand the format. With the data that

we have, we are able to suggest some areas for app development
based on the likelihood that patients would use certain features,
but future research in this area is warranted.

The patient populations of each site are uniquely different and
cover a broad range of demographics; therefore, inherent bias
exists. Additionally, the study utilized a sample of convenience,
as patients were not randomly selected. OACS patients report
to clinic for appointments with clinical pharmacists. Those who
adhere to appointments may be more likely to want additional
education, though this survey was not conducted in a manner
to assess this thought. Patients who did not show up for
appointments were not able to complete a survey. Thus, the
population of patients surveyed may not represent the entirety
of the OACS patient population.

The population of survey respondents at HATS may have
included some patients who were not actually discharged from
the hospital setting. We made every attempt to capture patients
that were ambulant and had a high likelihood of being
discharged from the hospital. However, the clinical status
changed for some of the patients and they continued to be
hospitalized after survey completion. Surveys were deidentified
and we were not able to exclude patients who were not
discharged. It is notable that being hospitalized was not
specifically addressed as an exclusion criterion for this study.
Including surveys from a broad patient population in different
health care settings may affect the homogeneity of the
respondents, but it may also strengthen the results by reflecting
the diverse opinion(s) patients have.

Strengths and Future Research
One of the strengths of this study is that it included patients
who previously did not know what an iPad was. Despite this
lack of prior knowledge, many of these respondents indicated
an interest in obtaining health-related information via mobile
apps. This counters a preconceived notion that those who are
older and may not have used mobile devices or know what one
is will be less likely to want to learn in this way.

Additionally, the responses suggested that patients would use
apps for education if their health care providers recommended
them. Given this data, providers should be guiding patients to
resources. Health care professionals in primary care and
transition-of-care settings should carefully weigh the pros and
cons of utilizing this technology with their patients.

Despite patient interest and known benefits of patient education
for chronic disease, not much is known regarding the utility of
mHealth apps for patient education. Published studies assessing
the impact of mHealth apps on clinically relevant health
outcomes are limited. However, early data show promise
[19-21].

Future areas of research include looking further into the
desirable features of apps for patient education. Investigators
and developers need to include patients and health care providers
in this area of research. With more data in this area, it will be
possible to develop and utilize an app for educational
interventions that is tailored to a patient and/or a health care
provider and that impacts health outcomes.
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Conclusions
Interest in an mHealth app for patient education is high,
regardless of patient variables. A health care provider’s

recommendation may increase the likelihood of a patient using
an app. This emphasizes the need to develop evidence-based,
medically sound, and reliable mobile apps that both patients
and pharmacists can use and trust.
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Abstract

Background: In the UK, eating disorders affect upward of 725,000 people per year, and early assessment and treatment are
important for patient outcomes. Around a third of adult outpatients in the UK who are referred to specialist eating disorder services
do not attend, which could be related to patient factors related to ambivalence, fear, and a lack of confidence about change. This
lack of engagement has a negative impact on the quality of life of patients and has implications for service costs.

Objective: To describe the development of a Web-based program (“MotivATE”) designed for delivery at the point of referral
to an eating disorder service, with the aim of increasing service attendance.

Methods: We used intervention mapping and a person-based approach to design the MotivATE program and conducted a needs
assessment to determine the current impact of service nonattendance on patients (via a review of the qualitative evidence) and
services (through a service provision survey to understand current issues in UK services). Following the needs assessment, we
followed the five steps of program development outlined by Bartholomew et al (1998): (1) creating a matrix of proximal program
objectives; (2) selecting theory-based intervention methods and strategies; (3) designing and organizing the program; (4) specifying
adoption and implementation plans; and (5) generating program evaluation plans.

Results: The needs assessment identified current nonattendance rates of 10%-32%. We defined the objective of MotivATE as
increasing attendance rates at an eating disorder service and considered four key determinants of poor attendance: patient
ambivalence about change, low patient self-efficacy, recognition of the need to change, and expectations about assessment. We
chose aspects of motivational interviewing, self-determination theory, and the use of patient stories as the most appropriate ways
to enable change. Think-aloud piloting with people with lived experience of an eating disorder resulted in positive feedback on
the MotivATE program. Participants related well to the stories used. Nonetheless, because of feedback, we further modified the
program in line with patients’ stage of change and addressed issues with the language used. A consultation with service staff
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meant that we could make clear implementation plans. Finally, a randomized controlled trial is currently underway to evaluate
the MotivATE program.

Conclusions: Using intervention mapping, we have developed a novel pretreatment Web-based program that is acceptable to
people with eating disorders. To our knowledge, this is the first such program. The model of development described here could
be a useful template for designing further programs for other difficult-to-engage populations.

(JMIR Res Protoc 2017;6(7):e146)   doi:10.2196/resprot.7440

KEYWORDS

Program Development; Program Evaluation; Internet; Patient Acceptance of Health Care; Assessment, Process; Feeding and
Eating Disorders; Anorexia Nervosa; Bulimia Nervosa; Binge Eating Disorder

Introduction

Eating disorders (including anorexia nervosa, bulimia nervosa,
other specified feeding or eating disorder, and binge eating
disorder) have a prevalence rate of 1 in 600,000–725,000 people
in the UK, affecting up to 6.4% of adults at any time [1,2]. These
disorders are typically characterized by people over-evaluating
themselves based on their weight and shape or by people
engaging in eating behaviors as a mechanism for coping with
difficult emotions or relationships [3,4]. Eating disorders have
the highest mortality rate of all mental health conditions [5],
and the number of affected individuals being diagnosed and
admitted to inpatient care in the UK has been increasing by 7%
each year since 2009 [2]. Early assessment and intervention are
essential for patient outcomes [6,7] and the quality of life of
patients and their carers [1], but it is reported that as many as
44% of people with eating disorders do not access mental health
care treatment for their eating disorder [8].

After a person in the UK initially seeks help for his or her eating
disorder (eg, from primary care), he or she is usually referred
to a specialist eating disorder service for an initial assessment
appointment. However, research highlights that up to a third of
people referred for specialist psychological treatment do not
access the services and that 16.4% of these people simply do
not attend their first scheduled assessment appointment [9].
Reasons for this lack of engagement may include having had
an eating disorder for a long time; laxative abuse; and symptoms
of depression, substance abuse, or borderline personality
disorder but predictors of nonattendance are still relatively
unknown, as current quantitative studies report extremely low
sample sizes [10]. Other barriers to psychological treatment
may include stigma, poor mental health literacy, a perceived
lack of a need for treatment, unhelpful past experiences with
treatment, a fear of change, low motivation to change, service
restrictions, and cost [11]. Aiming to address some of these
barriers to psychological care, we have developed MotivATE,
a Web-based, motivation enhancement-focused program that
specifically seeks to improve patient engagement at the initial
assessment appointment, that is, at the point that a person is
referred to an eating disorder service. This paper describes the
development of this program.

Methods

We developed the MotivATE program using intervention
mapping, which recognizes three phases of program

development: needs assessment, program development, and
evaluation [12]. As recommended by Bartholomew et al [12],
our development team included developers (researchers at the
university; SM, KA, KW, JD, ST, and PT), implementers
(consultants working within adult eating disorder services; CN
and JA), and prospective program participants (people with
lived experience of having and recovering from an eating
disorder; JG and HH). We also used a person-based approach
to develop MotivATE to ensure that the user experience was at
the heart of each stage of intervention development [13]. As
highlighted in the introduction, there are a number of personal
barriers to engagement with specialist services for people with
eating disorders; therefore, it was essential that we had a deep
understanding of their experience and needs to increase the
likelihood that the intervention would be relevant, acceptable,
and useful for our target group.

Needs Assessment
The aims of the needs assessment were to understand the
problem of nonattendance at adult eating disorder services and
to consider both patients’ personal barriers and service-level
barriers that the program would need to address. In line with
the person-based approach, our first step was to review our own
qualitative research with people who described themselves as
not wanting to receive treatment for an eating disorder [4] and
those who described themselves as in recovery [14,15], as these
cases were the source of the idea for the program. Thus, we
considered this work alongside other published work relating
to patients’ experiences of having an eating disorder and
attending treatment. To understand the impact of nonattendance
at specialist eating disorder services, we also conducted a
telephone-based service provision survey with four lead
consultants for outpatient services in the UK. The survey
questions consisted of a mix of close-ended and open-ended
questions and asked about the number of referrals, the number
of patients who did not attend an assessment appointment, and
the processes used to try to engage patients. The survey study
received university ethics approval, and each service gave verbal
consent to use of its data.

Program Development and Evaluation
Bartholomew et al [12] outline five steps of program
development, and we detail these below, along with a description
of the methods used to implement the steps.
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1. Creating a Matrix of Proximal Program Objectives
The needs assessment, team discussions, and consultations with
eating disorder-focused charities enabled us to determine (a)
the objectives of the program, (b) the behaviors that potential
users needed to engage in, (c) the factors (or determinants)
influencing these behaviors, and (d) the target population (and
any subgroups) who would use the program.

2. Selecting Theory-Based Intervention Methods and
Practical Strategies
We reviewed the current theory related to increasing motivation
to change, including the current evidence relating to eating
disorders, and then considered practical strategies for
implementing this theory. As per the person-based approach,
this enabled us to develop guiding principles for the design of
the program [13].

3. Designing and Organizing a Program
The team designed the structure and content of the intervention
during team meetings, and we used open-source LifeGuide
software to create the MotivATE platform [16]. We started with
a booklet already devised by CN and JG that aimed to help
people think about the recovery process, as this was already
well received by existing service users. This booklet was based
on motivational activities commonly used to improve motivation
to change. We adapted it to (a) address some of the barriers to
engagement identified in the needs assessment stage and
incorporate the language and style of a person-based approach,
(b) incorporate new knowledge gained from revisiting
motivational theory, (c) better address the program aims (ie, to
be specifically about attending an assessment appointment,
rather than about beginning therapy), and (d) enhance usability
via a Web-based platform (increasing interactivity with videos,
quizzes, and click-throughs) and enable tailoring based on the
person’s stage of change. We also adapted the content based on
our evaluation of the program (see below).

People with experience of an eating disorder then qualitatively
evaluated our initial prototype of the program via think-aloud
interviews to understand beliefs about the relevance,
acceptability, and usability of the program [17]. We recruited
participants from the university and a local eating
disorder-focused charity via advertisements asking for people
with experience of an eating disorder to evaluate a web program
aimed at preparing people for their assessment, resulting in an
opportunity sample of 12 participants (5 with binge eating
disorder (4 female, 1 male), 4 with anorexia nervosa (1 male,
3 female), 2 with bulimia nervosa (both female), and 1 with an
eating disorder not otherwise specified (female)). The
think-aloud interviews followed an unstructured approach and
asked participants to verbalize their thoughts as they occurred.
Participants were asked to think back to when they were referred
to an eating disorder service and to think aloud as they used the
program. The researcher could then observe in-the-moment
reactions to the program and used prompts (such as “What are
you thinking about now?” or “Can you please explain why you
chose to click on that option?”) to encourage participants’
verbalization and to understand their experience of the program.
We subsequently used participant feedback to modify the

program to make it more acceptable and relevant for program
users.

4. Specifying Adoption and Implementation Plans
This phase involved making plans for the delivery of the
program: two team members demonstrated the program to staff
at a local eating disorder service that was typical of outpatient
services across the UK and invited feedback about
implementation.

5. Generating Program Evaluation Plans
The final stage of the intervention mapping described by
Bartholomew et al [12] is to generate plans to evaluate the
program.

Results

Needs Assessment

Literature Review
The idea to develop a program to address attendance at
psychological services for eating disorders originated from
previous qualitative research conducted by the authors [4,14-15].
Qualitative studies examined people who wished to maintain
their eating disorder [4] and those who wished to recover [14,15]
to understand their lived experience of having an eating disorder
and attending treatment. The results from both types of studies
identified the extreme ambivalence that people with eating
disorders experience: people with eating disorders can perceive
their eating disorder to be a coping mechanism, and at the same
time recognise its consequence on their health, their family, and
their future lives. Other qualitative research has also identified
this ambivalence [18-21]. Ambivalence is a “natural phase in
the process of change,” but it can cause patients to get stuck in
a phase of inaction, and therefore negatively impact treatment
engagement [22]. People with eating disorders also experience
barriers to recovery, including low self-efficacy and (often
inaccurate) preconceived expectations of what treatment could
entail [4,14,20]. Leavey et al [21] conducted qualitative
interviews with 13 people with eating disorders who did not
attend an assessment appointment. Underlying participants’
experiences was an ambivalence about change that ultimately
stopped them from attending their appointment. Participants
also reported feelings of mistrust of health professionals,
dissonance between their own and professional views of the
disorder, fear of abandonment, comorbid mental health issues,
previous negative experiences with services, misguided
expectations, stigma about mental health services, and long
waiting times as barriers to attendance. Although initiatives
exist to improve service attendance in general health care (eg,
appointment reminders or the use of opt-in systems where a
person is invited to make an appointment), they can deter people
who are already known to be more difficult to engage [23-25].
Given the ambivalence that many people with eating disorders
experience, an intervention to improve service attendance needs
to enhance autonomous motivation to change through active
behavioral change techniques. Here, we chose a Web-based
approach, as it would be less resource intensive for the service
and more acceptable to patients who would not need to approach
the service directly.
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Service Provision Survey
Waller et al [9] reported a nonattendance rate of 16.4% in 2
South London services; we wanted to determine to what extent
this was an issue in services across the UK. We sent email
invitations to 9 services, and 4 (1 from the South of England,
2 from Central England, and 1 from the North) took part.

Reasons for nonparticipation included a lack of time and/or a
lack of useful audit data. Table 1 presents the results from the
survey. Of those who were suitable for an assessment
appointment, between 10% and 32% did not attend. Similar to
published research [24,25], these results suggest that the use of
opt-in systems to try to improve engagement may actually
increase the number that do not attend.

Table 1. Results of the service provision survey relating to nonattendance rates and the assessment appointment process for 2013.

Service 4Service 3Service 2Service 1

Opt-in process via letter.
Patient to contact service
within 2 weeks

Opt-in process via letter.
Patient to contact service
within 2 weeks

Send appointment letter with
date and time

Contact by telephone, then
send appointment letter with
date and time

Description of assessment ap-
pointment process

Outcome measures packet,
information about service,
map to service, questions
about demographics

Some monitoring or dieti-
cian advice if advised by
clinician

Outcome measures packetMap to serviceResources provided before
assessment

34 daysNot reported2.5 months14 daysAverage length of wait (refer-
ral to assessment)

352153135172n suitable for outpatient assess-
ment (in the year 2013)

86 (24)24 (16)N/AN/An did not opt ina (% of suit-
able referrals)

16 (5)25 (16)14 (10)33 (19)n suitable outpatient referrals
who did not attend appoint-
ment (% of suitable referrals)

102 (29)49 (32)14 (10)33 (19)Total who did not attend first
assessment appointment (%)

aThe number that did not schedule an appointment when invited to

Program Development and Evaluation

Creating a Matrix of Proximal Program Objectives
The main objective of the program is to “increase attendance
at an eating disorder service”. In contrast to the opt-in process
detailed above, which simply asks patients to make an
appointment at a convenient time, the MotivATE approach aims
to increase attendance rates by fostering personal intrinsic
motivation and increased self-efficacy to attend while addressing
negative beliefs and expectations about the service. The target
population for the program was all adults who have been
referred to an outpatient eating disorder service for an
assessment appointment. People in the UK are usually referred
to an eating disorder service by their general practitioner,
although there are other routes to treatment, depending on the
structure of the local service model. Some services allow referral
by any health or social care professional, and others welcome
the person to refer himself or herself. Clinicians at the service
review the referral letter to determine the next steps, guided by
the urgency of referral, risks, etc. When the person is suitable
for outpatient treatment (eg, there are no immediate risks
requiring a higher level of care), the service will contact the
person to invite him or her for an assessment appointment (eg,

to assess eating disorder behaviors and symptoms and the need
and motivations for treatment and to collaboratively develop a
treatment plan). The wait times for the assessment appointment
are different across the UK, ranging from 4 weeks to 6 months.
It is when inviting the person for assessment that we intend to
include the invitation to use MotivATE.

People who have been referred to the service may be in one of
three of the five stages of change [26]. First, patients may be in
the precontemplation stage of change; that is, they may not
believe that they have an eating disorder and are not intending
to change. Second, many are likely to be in the contemplation
stage; they may be aware of the pros and cons of change but
highly ambivalent about doing so. Third, those in the preparation
stage may have plans to change within the next month but may
not have high enough confidence (or self-efficacy) to do so.
The last two stages of change include the action stage (those
who have been making changes in the last 6 months) and the
maintenance stage (those who have made a change and are
working to prevent relapse). People in these two stages would
not be target users of the program, as they are likely to be
already engaging with a treatment program. Table 2 provides
details of how theses stages of change could impact program
requirements.
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Table 2. Subgroups of potential program users.

Example of performance objectivesImplications for performance objectivesDistinctionSubgroup

Starting to recognize eating disorder
experience and becoming educated
about the cons of the disorder

Least likely to attend an assessment;
require education about eating disor-
ders and stories from others to start
recognizing own problematic behaviors

Not considering changing eating disor-
der and/or may not believe they have
an eating disorder

Precontemplation

Weighing pros and cons of change and
addressing ambivalence

Ambivalence is a salient determinantExtremely ambivalent group; may be
swaying between attending and not at-
tending

Contemplation

Feel more confident about ability to
change, think about assessment and
what to expect, and prepare to attend

Low self-efficacy is an important deter-
minant

Accept a need for change but may not
have high enough confidence to do so

Preparation

Table 3. Program objectives for MotivATE.

DeterminantsPerformance objective

Expectations about assess-
ment

Recognition of need to
change

Self-efficacyAmbivalence about change

Have realistic expectations
of what is involved at the
assessment appointment

Recognize possible need to
change and attend to learn
more

Feel confident and in control
of assessment appointment

Recognize ambivalence but
attend to learn more

Attend assessment appoint-
ment

The needs assessment and the identification of the target group
enabled us to ascertain four main determinants that the program
needed to address: (1) patient ambivalence about change, (2)
low patient self-efficacy, (3) recognition of the need to change,
and (4) expectations about assessment. This resulted in the final
matrix of proximal program objectives outlined in Table 3.

Selecting Theory-Based Intervention Methods and
Practical Strategies
The main objective of the program is to increase motivation to
attend an assessment appointment. Motivational therapies are
advocated in the treatment of eating disorders [27] and are
effective at improving motivation to change [28-30]. These
interventions are based on or closely adapted from the principles
of motivational interviewing [22,31,32] and involve addressing
and working through ambivalence and initiating “change talk”
from patients, encouraging them to make choices that fit with
their own goals and values. Specifically, psychoeducation,
examining the pros and cons of symptoms, experimental
strategies, and exploring personal values are four methods
proposed to help ambivalent eating disorder patients move
through the stages of change [33]. A service traditionally
delivers these methods face to face once a person has engaged
with the service, but there is growing evidence for Web-based
delivery [34,35] and for offering intervention prior to
engagement among those with eating disorders [36].

We also drew on self-determination theory (SDT) for the
intervention, which is in keeping with the person-based
approach. SDT recognizes that human behavior centers on three
innate needs: autonomy, competence, and relatedness [37].

People need to feel in control and autonomous to be able to
internalize behavioral change and perceive it as important to
their own values and goals. Choice is particularly important to
patients with eating disorders, who may fear that control will
be taken away from them during treatment [18,38]. It may also
have a direct impact on service engagement. Indeed, when
people with eating disorders referred for inpatient treatment had
full choice (even including whether they would stay at all), they
were less likely to drop out of treatment [39]. Competence refers
to the person’s self-efficacy or confidence to perform the
behavioral change. Relatedness refers to the person’s ability to
relate to others and foster supportive relationships. As in
motivational interviewing, the clinician’s role, per SDT, is to
provide supportive autonomy by encouraging patients to take
the lead in making a change and to help them to internalize
recognition of change as an important goal for themselves [40].
In MotivATE, we relied on video and written accounts of
people’s experiences and success stories of attending an
assessment appointment (also known as narrative
communication [41]) to enhance a sense of relatedness and to
address the four determinants of the program (increase
recognition of the need to change, increase self-efficacy, address
expectations, and address ambivalence). For example, people
could recognize their own situation in the stories (increase
recognition), and reading success stories from others can
increase self-efficacy and the intention to change [42].

The program objectives highlighted in the previous stage and
the examination of theory and practical strategies allowed us
to develop guiding principles, outlined by the person-based
approach, for the program (Table 4).
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Table 4. Guiding principles for MotivATE.

Key feature(s)Intervention design objectives

Provide a digital intervention with education about service and assessment
through interactive quizzes and stories about others’ experiences

To be delivered before any formal contact with the service and to address
expectations about assessment (ie, address the question of “What will they
do to me?”)

Build autonomous motivation, address patients’ mixed feelings about
change and link change to their own personal goals and values, tailor
program to stages of change, provide psychoeducation about eating disor-
ders, and highlight choice that person can make during program and when
they attend assessment

To address and acknowledge ambivalence and to enhance or maintain
motivation to attend

Develop intervention user’s competence through user storiesTo increase self-efficacy and to help patients to make their own decisions

Table 5. The content of the MotivATE program.

ContentAimModule

Provides an interactive quiz to explore common misconceptions about as-
sessment, information about the assessment appointment, and stories and
videos about others’ experiences.

Address expectations about the
assessment appointment

1. What happens at the first appoint-
ment?

Introduces people to the stages-of-change model with stories of others’ ex-
periences. Person can choose his or her stage of change.

Introduce the idea of change2. How motivated are you?

Provides information about the pros and cons of eating disorders. Those
who have selected the contemplation or preparation stage of change can
complete their own tables of pros and cons and complete exercises designed
to address ambivalence.

Help people to recognize prob-
lematic behaviors (precontempla-
tion) and address ambivalence

3. Arming yourself with information

Includes a video of a clinician welcoming people to the assessment, and
users can make plans to attend their appointment.

Improve confidence to attend4. Preparing for your assessment

Designing and Organizing a Program
We aimed to present a professional-looking, gender- and
age-neutral program. The color scheme is blue and white, and
images are based on nature, with the intention of depicting
positive well-being (see Figure 1). No images of people or food
are included, as we do not want the program to negatively
influence people or to cause them to compare their body shape
or eating behaviors to those of others. Talking-head videos of
real people are included throughout the intervention, depicting
men and women with different eating disorders, under the
assumption that their stories will resonate with program users.
The university and service logos are included on each page to
convey professionalism and credibility, and it is clear from the
start that people with eating disorders, researchers, and clinicians
designed the intervention.

The final MotivATE program consists of four 15-minute
Web-based modules (see Table 5 for details about the content).
The modules are brief to accommodate program users’
potentially limited concentration levels. We wanted to design
the program to give users as much choice as possible. Program
users can work through the modules in any order (though a
specific order is recommended) and can complete the modules
all at once or as desired and when they had time. The choice of
language reflects the person-based approach (see [12]), and an
autonomy-supportive tone is used (eg, “you may find...” and
“people have told us they feel worried about their assessment”).
It is nonprescriptive and does not assume users’ experiences
but does acknowledge users’ ambivalence (eg, “perhaps you
are a little worried about letting go and have mixed feelings”).

People with experience of an eating disorder evaluated early
versions of MotivATE. The results of the evaluations fit into
four overarching themes.
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Figure 1. Home page of the MotivATE website.

Theme 1: Positive Perspectives on MotivATE

General comments about the MotivATE website were positive.
Participants liked the esthetics of the site, describing it as
“bright”, “cheerful”, and “calming”. They liked the blue color
scheme and neutral images.

It’s quite a neutral image as well. I don’t think it’d
be very nice if there was like images of people or
anything like that so I quite like it...I think they’re
right, neutral pictures, that’s always a great idea.
[Kate, binge eating disorder]

Participants consistently referred to the information and stories
on the site as “positive” and “reassuring”. They felt that the
information and stories were relevant to them; they related well
to the people in the stories, and this seemed to improve
self-efficacy and helped them to recognize areas for change.

That’s very good, too, as you need proof. You
desperately need to see someone or hear of someone
who really has got better, and these are all things
that are building confidence, aren’t they? [Lily,
anorexia nervosa]

Theme 2: The Need to Tailor the Program to Different
Motivational Needs

Some participants worried that the information could be
inappropriate or unhelpful for those in the precontemplation
stage of change. Sam, who did not believe “there was anything
wrong” at the time of his assessment, gave good insight into
how he would have felt at the time of referral:

After [I was] diagnosed and before [I was] assessed,
not sure I would have felt any of these things...But as
I was through my recovery, then yes, I probably said
all of these things.... [Sam, anorexia nervosa]

Sam described how reading stories of others’experiences helped
him to recognize similar thinking patterns and behaviors in
himself. Once he started to realize that he had an eating disorder,
he sought as much information as he could. These insights
helped us to tailor the stories better, and we added more
psychoeducation for those in the precontemplation stage of
change.

Theme 3: Addressing Fears About Recovery

Thinking further ahead than the assessment appointment could
be “daunting and scary” (Evie, Bulimia Nervosa), and it was
clear from talking to participants that the website should not be
overtly about “recovery”; instead, it should “sow the seed”
(Sam) and focus on how to prepare for the assessment
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appointment. Early versions of the program also discussed the
concepts of recovery and psychological treatment, but based on
the following feedback, the final program only considered the
first step of the assessment appointment:

I freaked a little bit then. Thinking about change in
the future. I’m going to move onto something else
(chooses quiz to distract from message on page)
because that’s what I would do. [Sally, eating disorder
not otherwise specified]

Theme 4: Eating Disorder-Specific Aspects of Designing a
Web-Based Program

Some participants (particularly those with a history of anorexia
nervosa) believed that some modules were too long, and we
therefore decided to shorten the modules to no longer than 10
minutes, focusing on essential information. Participants also
commented on the terminology. For example, we referred to
question scales and motivational exercises, but these have
connotations related to body weight, so we removed these
references.

We used the results from the think-aloud interviews to modify
the program, and further consultations with participants as well
as consultations with charity directors and others with
experience of eating disorders confirmed that the program was
acceptable to users.

Specifying Adoption and Implementation Plans
We demonstrated the MotivATE program to clinical and
administrative staff at one eating disorder service before we
asked for feedback about implementing MotivATE in their
practice. Two key points arose: (1) it should not impact existing
service resources and staff time, and (2) the modules needed to
be short enough to optimize engagement of patients. MotivATE
would be a free, stand-alone program that would not require
training for service staff or patients. Invitation to MotivATE
would occur via the same materials as the standard invitation
to attend an assessment and would therefore not impact staff
time and resources. We are planning a process evaluation with
program users and service staff to further explore
implementation.

Evaluation
We have already evaluated the acceptability and usability of
the intervention as part of the program development described
here. A randomized controlled trial (RCT) is also currently
underway to evaluate the impact of the MotivATE program on
improving attendance at an eating disorder service (Trial
Registration: NCT02777944).

Discussion

This paper described the development of a pretreatment
Web-based program designed to support adults with eating
disorders as they prepare for an assessment appointment at a
specialist outpatient eating disorder service. We have yet to
establish the program’s value for and impact on service
attendance rates, although the RCT will enable us to determine
this. Nonetheless, we believe the program will improve

attendance at assessment appointments based on comments
from service users and service staff.

The combined approach of using intervention mapping and a
person-based approach worked well, as it allowed us to structure
our development process in a logical manner by identifying
areas of need, setting out key objectives from the outset, and
highlighting key theory and strategies that could be used while
always ensuring that each of these components would work for
the target user. Our person-based approach is a key strength of
the development process. Specifically, this program needs to
be acceptable, motivating, and empowering for users who
already find it difficult to engage with services. Interviews with
service users and service staff also revealed important
shortcomings of the first version of the intervention, developed
based on existing literature and theory, which we have been
able to address and tailor more to service user needs (ie, shorter
sessions, more psychoeducation for those in an earlier stage of
change, and more focus on assessment rather than the full
recovery process). The use of existing qualitative literature and
theory was also fundamental to our intervention design since
they not only ensured an evidence-based approach to program
development, but they also enabled the inclusion of a variety
of processes designed to increase motivation, and allowed us
to consider the characteristics of populations that can be difficult
to engage. Our needs assessment has also demonstrated the
potential usefulness of the MotivATE program across services
in the UK, although one weakness of our service provision
survey is that for practical reasons (resources and time demands
making it difficult for services to engage), we included only
four services. Nonetheless, the study still provides a more
generalized view than existing studies, which have focused only
on one area of the UK [9].

One difficulty in the design phase was the production of a
Web-based intervention that utilized the principles of
motivational interviewing and SDT, which rely heavily on
face-to-face interaction. Use of a person-based language style,
which enabled us to provide autonomy support [13], and
optional interactive tasks, which allowed people to engage in
motivation-to-change techniques, overcame this difficulty.
Again, by working with participants to qualitatively evaluate
the modules, we could adapt the language to ensure that it was
motivating for them. Nonetheless, a weakness of the program
is that we have not yet assessed whether the intervention
improves motivation to change in individuals, and this is a plan
for a future study.

Despite positive feedback regarding the acceptability of the
MotivATE program, a key unknown is whether people will
register for and engage with it, particularly as Web-based
interventions are known to have low rates of engagement [43].
Our RCT will give us some details about this, but further
research is required to understand uptake of and engagement
with Web-based interventions, particularly in populations
already known to be difficult to engage by face-to-face
intervention. It seems that consideration of user engagement
should form part of the intervention design [44] and could be
implemented within the intervention mapping process. A
developing area of interest regarding uptake is the study of how
peripheral cues, such as esthetic appeal, may improve website
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stickiness [45]; however, this concept is yet to be applied to the
design of Web-based health behavioral change interventions,
and further research is needed.

To our knowledge, the MotivATE program is the first
intervention designed for delivery to eating disorder patients

prior to formal contact with an eating disorder service with the
aim of enhancing engagement with face-to-face services. If the
program is effective, it could act as a template for the design of
similar pretreatment Web-based programs for other patient
groups in which ambivalent attitudes and/or a lack of
engagement with services may be an issue.
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Abstract

Background: In the 10 most populated countries in the world, Parkinson's disease (PD) affects more than 5 million individuals.
Despite optimal treatment options already developed for the disease, concomitant involvement of other areas of health care plays
an important role in complementing the treatment. From this perspective, dancing can be viewed as a non-drug alternative that
can reduce falls by improving some motor skills, such as mobility, balance, gait, and posture, and can also improve the overall
quality of life. Brazilian samba promotes improvement in motor and non-motor symptoms in individuals with PD, providing a
new treatment option for this population.

Objective: The main objective of this quasi-experimental study is to provide a 12-week samba protocol (2x/week) for individuals
with PD and to compare its effects with the group without intervention. The hypothesis is that the Brazilian samba protocol will
promote improvement in primary (motor) and secondary (non-motor) outcomes in individuals with PD.

Methods: The sample will be selected at random from individuals diagnosed with PD in the city of Florianopolis (SC, Brazil).
Sample size calculation was performed with the G*Power 3.1.9.2 software, with 0.447 effect size, at 5% significance level, power
of 0.9, and test and sample loss of 20%. This yielded 60 individuals divided between the intervention and control groups. The
questionnaires will be filled out before and after the dance intervention. The data collection for the control group will be held
simultaneously to the intervention group. The classes will last for 1 hour, twice a week in the evening for 12 weeks, and all classes
will be divided into warm-up, main part, and relaxation. Two-way analysis of variance with repeated measures and Sidak post-hoc
comparison test will be used for a comparative analysis of the final results of the control group with the experimental group and
of the within-group changes between pre- and postintervention period.

Results: We expect to complete follow-up in September 2017.

Conclusions: The major inspiration for this study was to encourage the creation of new rehabilitation programs that do not
emphasize doctor involvement. This is a unique protocol for PD and we believe it can be an important tool to alleviate the motor
and non-motor symptoms of individuals with PD. Dance is a simple activity depending on little equipment and few financial
resources, facilitating its implementation and improving the cost-benefit relationship. In addition, activities that have a cultural
aspect for the population in question, and which are pleasant, enable the participants to commit long term. This can enhance
patient’s compliance with the therapy, which is often a problem for many rehabilitation programs.

(JMIR Res Protoc 2017;6(7):e129)   doi:10.2196/resprot.6489
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Introduction

In the 10 most populated countries in the world, Parkinson’s
disease (PD) affects more than 5 million individuals and the
projection is that by 2030 more than 9.3 million people will
have been diagnosed [1]. Given its epidemiological importance,
the disease can be considered a public health problem,
manifestations of which encompass social, family, economic,
and even legal problems [2], and involve high costs to the health
system. Individuals with chronic diseases, such as PD, deal with
physical discomforts on a daily basis arising from deficits and
motor symptoms [3-6] and as autonomic, sensory, and
behavioral disorders from non-motor symptoms. These can
result in a severe reduction of independence [7] and quality of
life in this population [8].

From this perspective, dancing can be viewed as a non-drug
alternative for both symptomatologies: (1) improving some
motor skills (eg, mobility, balance, gait, posture, fall reduction),
and (2) improving some non-motor symptoms (eg, fatigue and
depression). The benefit is an overall improvement in quality
of life [9-11]. For this population, dance is perhaps the most
“complete” of all interventions, mainly because the stimulation
of different cerebral areas is so important for patients with PD.

Recently, Sharp et al [12] conducted a systematic review, which
sought to analyze the effectiveness of dance as an intervention
for PD. They found improvement in motor scores on Unified
Parkinson’s Disease Rating Scale (UPDRS), balance, and gait
speed in subjects who underwent dance therapy compared to
the group that did not receive any intervention. Similarly, there
was an improvement in quality of life when dance intervention
was compared to exercise interventions [12]. In another
systematic review, dance demonstrated maintenance of muscle
strength and improvements in support and balance, aerobic
power, full range of body movements, resulting in positive
lifestyle changes in individuals with PD [13].

Among the surveys already performed with dance and patients
with PD, tango is the most commonly applied ballroom dance
form in studies involving PD [12]. According to Earhart [14],
the practice of this particular rhythm could facilitate the
activation of brain areas that normally are less active in PD.
Tango movements, following a well-defined and precise rhythm,
were associated with increased activation of neural areas not
normally active in patients with PD [15] and with stimulation
of cortical activation by increasing motor skills [16]. These
results indicate that the characteristics of this rhythm may
increase the demand for conscious awareness of movement in
patients with PD, thus facilitating mobility [14].

Widespread in Latin America, especially in Brazil, the samba
is a dance that evolved similar to tango. It was influenced by
African rhythms and became popular in Europe at the same
time, which explains the similarity in the execution of steps in
the two rhythms [17]. Samba has a two-four time rhythm and
has similar passages and diversity of execution as tango.
Movement can be performed with higher or lower speed without
necessarily being out of the musical time [18]. Samba marking
characteristics and basic step, with stops in the movements and
shifts forward and back, are similar to tango markings [19].

In addition, samba has many lively rhythms and makes use of
percussion instruments, stimulating its dancers, facilitating
awareness, and marking the rhythm. There are numerous styles
of samba, like the slower bossa nova, or the faster gafieiras
sambas [20]. This rhythm has already been used in the area of
rehabilitation, with patients recovering from heart disease. It
was shown that participants adapted well to the samba protocol,
and it was feasible as possible exercise during cardiac
rehabilitation [18].

Although the tango world is widespread, use of other dance
styles could lead to more accessible and attractive interventions,
when adapted to culture of the population. Furthermore, it may
facilitate diversity of music [21] and application protocols.
However, there is still a lack of evidence of the effectiveness
of rhythms other than tango in PD. Thus, the main objective of
this non-randomized study is to provide a 12-week samba
protocol (2x/week) for individuals with PD and to compare its
effects with the group without intervention. We hypothesize
that the Brazilian samba protocol will promote improvement in
primary (motor) and secondary (non-motor) outcomes in
individuals with PD, providing a new treatment option for this
population.

Methods

Study Type
This clinical non-randomized study comprises 12 weeks of
intervention and monitoring of a control group (Figure 1).

Participants
The sample will be selected at random from individuals
diagnosed with PD in the city of Florianopolis (SC, Brazil).
They will be recruited from a telephone list of individuals who
take part in the Parkinson Association Santa Catarina. Half of
those (n=30, intervention group) will be take part in activities
in the Rhythm and Movement Extension Program at the Health
Sciences and Sports Centre at the State University of Santa
Catarina in the Santa Catarina Rehabilitation Center (CCR).
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Figure 1. Flowchart showing the process of participant selection and steps in the study protocol.

Inclusion criteria consist of individuals of both sexes; aged ≥50
years; with a clinical diagnosis of PD, according to the criteria
of the London Brain Bank [22]; on stable doses of medication;
who attend one or two times weekly, a physiotherapy section
and who have not participated in any dance classes for at least
3 months. Exclusion criteria consist of people who are taking
part in combined practice of any physical activity program
and/or exercise; fail to complete all stages of the study
(intervention); are decompensated clinically; do not meet the
cut-off points on the Mini-Mental State Examination, in
accordance with the criteria established by Bertolucci et al [23]
for the Brazilian population (13=illiterate, 18=medium level of
education, 26=high school); and with physical disability
affecting daily or social life activities, due to a condition other
than PD.

In order to avoid confusion bias before the intervention,
participants will be excluded from either of the groups, if they
have participated in systematic physical activity, for at least 3
months prior to the start of the study.

Outcome Measures
According to interventions already undertaken with distinctive
dance forms [9,21,24-27], it is believed that the samba classes
can generate positive results in both motor symptoms and
non-motor symptoms. The expectation is that the activity will
have a greater effect on the primary outcomes such as motor
exploration and balance, and a minor effect on non-motor
symptoms such as depression and fatigue. We also decided to
include an assessment for sleep disorders, as this outcome is
still not observed in dance studies. To maintain uniformity in
the results of future studies, we chose the more popular
assessment tools for each variables, as well as the number of
outcomes. Table 1 lists the variables to be evaluated, as well as
the instruments used to measure them.

Ethical Approval
The project was approved by the Research Ethics Committee
in Human Beings, University of Santa Catarina State under the
protocol 1.268.353.
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Table 1. Variables and instruments used for assessment of the outcomes in individuals with PD.

InstrumentsDefinitionVariables

Symptomatology

HYa-Degree of Disability ScaleLight disability, Moderate disability, High disabilityGeneral condition of the patient with PD

UPDRSbProgression of the diseaseEvaluation of PD

Motor/Non-motor Symptoms

BBScRestricted to the wheelchair; Needs during walking; Independent
walking

Balance

PDSSd Sleep quality

BDIeMinimal, mild, moderate, severeDepressive symptoms

FSSf Fatigue

PDQ-39g Quality of life

aHY: Hoehn and Yahr.
bUnified Parkinson's Disease Rating Scale.
cBBS: Berg Balance Scale.
dPDSS: Parkinson’s Disease Sleep Scale.
eBDI: Beck Depression Inventory.
fFSS: Fatigue Severity Scale.
gPDQ-39: Parkinson’s Disease Questionnaire.

Data Collection

Experimental Group
The classes will be held at the CCR while participants are taking
their medication. They will be invited to participate in the study
voluntarily and to take part in the dance classes. The potential
participants will be provided with an explanation of the study
procedures (assessment prior to data collection, dance classes,
and assessment after data collection) and the importance of
attending the classes for health benefits. After the participants
sign the informed consent forms, we will start collecting data.
The questionnaires will be filled out before the dance
intervention in a quiet place to facilitate subjects’understanding
of the questions, during a 2-week period preceding the
application of the protocol. After the initial assessment, the
dance classes will start twice a week and last 1 hour each time,
according to the study protocol. At the end of the 12-week
course, a second assessment will be held, in the same manner
as the first one.

Control Group
The data collection for the control group will be held
simultaneously to the intervention group of the period. The
researcher will schedule a visit to the patient’s home or other
preferred place, where they will clarify the goals of the study,
emphasize the importance of keeping to normal daily activities,
and request that the patient avoids starting a physical activity
during these 12 weeks. The subjects in the control group will
also be advised that not performing physical activity for 12
weeks is against the guidance for prevention of disease and
maintenance of health, and therefore, it is only a guideline.

The participants in the control group will be invited to monthly
lectures that address the maintenance of health, prevention of

falls, and psychological care. They will be asked, in person,
about their general health and performance of daily activities.
During the interview after the 12 weeks of data collection, any
subjects who state that they have started a regular physical
activity of any type will be excluded from the control group.
At the end of the study, all participants (control and intervention)
will receive a booklet stating, in a clear and objective way, the
main results for both the group and individually (including the
activities started during the period and the option to be excluded
from the databank). Since the dance classes will continue after
the end of the study, all participants will be invited to take part
in them.

Intervention: Brazilian Samba Protocol
The dance protocol will consist of dance classes, which will be
conducted in a spacious room with appropriate facilities for a
dance class for individuals with PD (floor without deformities,
chairs for resting, and stereo with moderate volume to allow
everyone to clearly hear the music). The classes will last for 1
hour, twice a week in the evening, for 12 weeks. The rhythm
chosen for the classes is the Brazilian samba (two-four rhythm),
as it was identified that its high resemblance to tango in the
strong marking and the basic forward-backward steps can help
development of balance and muscle tone of individuals.
Furthermore, as a known national rhythm, appreciated by most
of the population, it should facilitate obtaining participants’
compliance with the protocol. All classes will be divided into
warm-up, main part, and relaxation. The activities will start
with typical, 10-minute warm-up for ballroom dances suggested
by Hackney and Earhart [9], including light walking to the
rhythm of pre-selected music (samba), focusing on the breath,
followed by light exercise of upper limb movement (rotation,
abduction, and adduction), while always working on the
musicality and rhythm, as well as postural alignment. During
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the main part of the lesson, the participants will follow the
teacher/researcher instructions. The teacher will first
demonstrate the step to be taught in that class, and the
participants will initially execute it without a partner. Next, they
will be paired up and perform the requested activity. The main
part of the lesson will last 35 minutes, and partners will change
every 7 minutes. This is aimed at facilitating practice with the

largest possible number of pairings to develop motor skills and
balance and to improve the adaptation to change process. During
the lessons, activities will be divided into (1) following the
commands of the teacher, or (2) dancing freely. The steps to be
taught are described in Table 2. The sequences of classes and
selected songs, including the steps, are shown in Multimedia
Appendix 1.

Table 2. Description of the steps to be taught.

Feature executionSteps

During the class, traversing movements with songs of different speeds will be executed, to familiarize students with
the rhythm.

Presentation of Rhythm

One step forward, two steps in place, and a step back.Basics Steps

With one foot forward and one foot back, the students shift their weight between the front and back legs without
moving.

Gingaa

Adapting previously learned movements and steps to songs of different rhythms and speeds.Working with Rhythm

The pair forms an X, to perform the basic step forward. The gentleman goes on the side of the lady.“X”a

Starting in the position of X, the pair faces each other and returns to the X position.Cruzadoa

Starting in the starting position, the lady and gentleman move away from each other and return to the starting position.Bate e Voltaa

Students repeat the learned steps in predefined sequence, first pausing after each step, until they will are able to
perform them with music.

Steps Sequence

Steps taken individually focusing on shifts at different rhythms.Samba no péa

Starting with the backwards basic step, the gentleman leads the lady to make the turn, the lady holds the rotation
moving forward, and the gentleman accompanies her movement walking forward at her side.

Giro da Damaa

At random, a review with all learned steps will be performed to enhance learning and improve step implementation.Review of Steps

During the free dancing session, music of different speeds and rhythms will be included. Students will be dancing
together, and the pairs will be encouraged to swap with every song to practice the already-learned steps.

Prom

aThe steps names were maintained in their original language.

The songs were divided, according to the beats per minute
(bpm), into three movements: slow (40-72 bpm), medium
(72-120 bpm), and fast (120-208 bpm) [18]. The beats analysis
was performed with BPM Detector Pro.

At the end of every class, calm exercises will be performed for
5 minutes to promote relaxation after activity, involving
massage, stretching, or a slow walk with quiet music in the
background.

Statistical Analysis and Sample Size
Sample size was based on primary outcomes and calculation
performed with the G*Power 3.1.9.2 software [28], assuming
a moderate effect of Brazilian samba on motor signals (UPDRS
III), according to Cohen [29] with 0.447 effect size. We chose
a more cautious effect size because there is still no evidence of
Brazilian samba in DP rehabilitation. However, due to the effects
already found in similar interventions (ref=-0.62/-0.55) [30] as
described in the meta-analysis by Lutzke et al, a significant
effect is expected regarding to motor symptoms. We used
alpha=.05 and power of 0.9, applied in two groups (experimental
group and control group) analyzing the results through a
two-way analysis of variance (ANOVA) with repeated measures
and Sidak post-hoc comparison test for a comparative analysis
into and between groups. Significance level will be set at 5%.
Anticipating 25 individuals in each group, but foreseeing a

sample loss of around 20% [31,32], we have chosen to include
30 individuals per group, ending with a total of 60 subjects.

After the intervention, the data will be transferred to SPSS v.
20.0. First, descriptive statistics will be performed (mean,
standard deviation, and percentage). Two-way ANOVA with
repeated measures and Sidak post-hoc comparison test will be
used for a comparative analysis of the results of the control
group with the experimental group and of the within-group
changes between pre- and postintervention period. Significance
level will be set at 5%.

Discussion

Principal Findings
The major inspiration for this study was to encourage the
creation of new rehabilitation programs that do not emphasize
doctor involvement. A further goal was to provide an
environment where patients, caregivers, and teachers can interact
in a friendly and relaxed manner, while stimulating and
encouraging social relations, important for maintaining of the
well-being of patients [21].

Dance, already used as a rehabilitation tool with other diseases
[33,34], has properties that address important aspects of PD
[12,13]: music stimulates affective memory and the rhythm
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engages different neural regions [35]. Dance replaces treatments
or exercises that sometimes discourage patients. In addition,
because it embraces natural movements to the human being
[36], dance stimulates control and motor actions, which are of
great value to individuals with PD [10-13].

The positive results already found in similar studies lead us to
believe in the potential of this intervention for these individuals.
The protocol’s main characteristics are based on four pillars:
gradual progression, stimulation of adaptability, constant
revision, and provision of a lively environment during the
activities. The first two pillars mainly involve motor symptoms
such as gait control and balance, while the last two pillars
stimulate non-motor symptoms such as cognitive stimulation
and memory, providing an enjoyable activity leading to a
reduction in fatigue and depressive symptoms, in addition to
stimulating social interaction.

The gradual progression of difficulty of the exercises will
facilitate learning and give students the motivation to learn new
steps. Introduction of new steps every 2 weeks (except when
the turns are taught) is extremely important in PD because the
motor skills essential to daily activities often require adaptability
to changing environments and the ability to deal with
unpredictable fluctuations in the disease. Therefore, expanding
the motor skills repertoire must be constant [9].

Further, stimulating memory function is no less important than
stimulating adaptability. The process of constantly reviewing

the steps already learned will promote the exercise of cognitive
abilities, instigating memory formation, and activation of neural
areas that normally have a reduced activity in PD [15,37]. The
basic samba steps, characterized by steps forward and back and
performed rhythmically, can stimulate cortical activation, as
has been observed in tango, increasing the attention and
concentration, especially in regards to mobility [14].

Conclusions
This is a unique protocol for individuals with PD, which can
be an important tool to alleviate motor and non-motor
symptoms. Currently, validated study protocols for this
population are geared mostly to exercises for specific motor
tasks [38,39], ways to run long-term monitoring and
management of the patients [40,41], or even different types of
dance [42]. Dance is a simple activity depending on little
equipment and few financial resources, facilitating its
implementation and improving the cost-benefit relationship. In
addition, activities that have a cultural aspect for the population
in question, and which are pleasant, enable the participants to
commit long term. This can enhance patient’s compliance with
therapy, which is often a problem for many rehabilitation
programs [14].

While these benefits are important on the international scene,
they present great value in countries similar to Brazil, which
faces challenges in funding disease treatment and has limited
investments for research in rehabilitation.

 

Multimedia Appendix 1
Brazilian samba protocol for 12 weeks to PD patients.

[PNG File, 237KB - resprot_v6i7e129_app1.png ]
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Abstract

Background: Patients with gastric cancer and peritoneal carcinomatosis have a very poor prognosis; median survival is 3 to 4
months. Palliative systemic chemotherapy is currently the only treatment available in the Netherlands. Intraoperative hyperthermic
intraperitoneal chemotherapy (HIPEC) has an established role in the treatment of peritoneal carcinomatosis originating from
colorectal cancer, appendiceal cancer, and pseudomyxoma peritonei; its role in gastric cancer is uncertain. Currently, there is no
consensus on the choice of chemotherapeutic agents used in HIPEC for gastric cancer.

Objective: The main objectives of this study are (1) to investigate the safety, tolerability, and feasibility of gastrectomy combined
with cytoreductive surgery and HIPEC after systemic chemotherapy, as a primary treatment option for patients with advanced
gastric cancer with tumor positive peritoneal cytology and/or limited peritoneal carcinomatosis; and (2) to determine the maximum
tolerated dose (MTD) of intraperitoneal docetaxel in combination with a fixed dose of intraperitoneal oxaliplatin.

Methods: The PERISCOPE study is a multicenter, open label, phase I-II dose-escalation study. The MTD of docetaxel will be
studied using a 3+3 design. Patients with locally advanced (cT3-cT4) gastric adenocarcinoma are eligible for inclusion if the
primary gastric tumor is considered resectable, tumor positive peritoneal cytology and/or limited peritoneal carcinomatosis is
confirmed by diagnostic laparoscopy/ laparotomy, and prior systemic chemotherapy was without disease progression. At laparotomy,
cytoreductive surgery (complete removal of all macroscopically visible tumor deposits) and a total or partial gastrectomy with a
D2 lymph node dissection is performed. An open HIPEC technique is used with 460mg/m2 hyperthermic oxaliplatin for 30
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minutes (41°C to 42°C) followed by normothermic docetaxel for 90 minutes (37°C) in a dose that will be escalated per 3 patients
(0, 50, 75, 100, 125, 150 mg/m2). The primary endpoint is treatment related toxicity.

Results: Patient accrual is ongoing and the first results are expected in 2017.

Conclusions: The PERISCOPE study will determine the safety, tolerability, and feasibility of gastrectomy combined with
cytoreduction and HIPEC using oxaliplatin in combination with docetaxel after systemic chemotherapy as primary treatment
option for gastric cancer patients with tumor positive peritoneal cytology and/or limited peritoneal carcinomatosis. This study
will provide pharmacokinetic data on the intraperitoneal administration of oxaliplatin and docetaxel, including the MTD of
intraperitoneal-administered docetaxel. These data are a prerequisite for the safe conduct of future HIPEC studies in patients with
gastric cancer.

Trial Registration: Netherlands Trial Registration (NTR): NTR4250; http://www.trialregister.nl/trialreg/admin/
rctview.asp?TC=4250 (Archived by WebCite at http://www.webcitation.org/6rWJONgkt)

(JMIR Res Protoc 2017;6(7):e136)   doi:10.2196/resprot.7790

KEYWORDS

gastric cancer; peritoneal carcinomatosis; gastrectomy; cytoreduction; HIPEC; hyperthermic intraperitoneal chemotherapy;
oxaliplatin; docetaxel

Introduction

Patients with advanced gastric cancer have a poor prognosis.
The 5-year survival rate is around 30%, even after potentially
curative treatment [1-3]. In approximately 15% of patients the
peritoneum is synchronously affected at diagnosis [4]. Patients
with gastric cancer and peritoneal carcinomatosis have a very
poor prognosis with a median survival of about 3 to 4 months
without treatment [5]. It has been proposed that extended
resection consisting of cytoreductive surgery (ie, complete
removal of all macroscopically visible tumor deposits) and
gastrectomy, combined with intraperitoneal chemotherapy,
could improve survival in patients with peritoneal
carcinomatosis from gastric cancer [6]. The limited permeability
of the peritoneal plasma barrier allows the delivery of high
concentrations of chemotherapeutic drugs directly into the
peritoneal cavity without the danger of high plasma
concentrations and subsequent systemic toxicity [7].

Intraoperative hyperthermic intraperitoneal chemotherapy
(HIPEC) has an established role in the treatment of peritoneal
carcinomatosis originating from colorectal cancer, appendiceal
cancer, and pseudomyxoma peritonei [7,8]; however, the role
of HIPEC in the treatment of gastric cancer with peritoneal
carcinomatosis is uncertain. A systematic review showed that
good quality evidence is limited as many studies included
heterogeneous patient populations and differed in type, timing,
method, and duration of drug delivery [9]. Better-designed
studies showed longer survival of patients receiving
intraperitoneal chemotherapy and cytoreductive surgery than
those treated with surgery alone. Currently, various
intraperitoneal chemotherapeutic drugs are used in gastric cancer
but the best and the most suitable regimen is unknown [10]. An
important issue which needs to be addressed is the choice of
intraperitoneal chemotherapy and the most effective dose.

This study aims to evaluate the safety, tolerability, and feasibility
of gastrectomy combined with cytoreductive surgery and HIPEC
with oxaliplatin and docetaxel after systemic chemotherapy, as
primary treatment for gastric cancer patients with tumor positive
peritoneal cytology and/or limited peritoneal carcinomatosis.

Methods

Objectives

Primary Objective
The primary objective of this study is to investigate the safety,
tolerability, and feasibility of gastrectomy combined with
cytoreductive surgery and HIPEC after systemic chemotherapy,
as a primary treatment option for advanced gastric cancer with
tumor positive peritoneal cytology and/or limited peritoneal
carcinomatosis.

Secondary Objectives
The secondary objectives are (1) to determine the maximum
tolerated dose (MTD) of intraperitoneal docetaxel that can be
given in combination with a fixed dose of oxaliplatin in patients
with gastric cancer undergoing a gastrectomy combined with
cytoreductive surgery and HIPEC after systemic chemotherapy;
(2) to investigate the pharmacokinetics of intraoperative
intraperitoneal-administered oxaliplatin and docetaxel; and (3)
to determine the 2-year disease-free and overall survival of
patients with advanced gastric cancer with tumor positive
peritoneal cytology and/or limited peritoneal carcinomatosis,
treated with gastrectomy, cytoreductive surgery and HIPEC.

Study Population
Patients, 18 years or older, with biopsy proven surgically
resectable (cT3-cT4, any N) gastric adenocarcinoma with tumor
positive peritoneal cytology and/or limited peritoneal
carcinomatosis are eligible for participation. Patients have to
be treated with systemic chemotherapy, preferably 3 to 4
courses, with the last course ending within 8 weeks prior to
inclusion. Accepted neoadjuvant chemotherapy regimens
generally consist of a platinum drug combined with a
fluoropyrimidine. In addition, an anthracycline or taxane may
have been added according to local protocol. Examples of
accepted chemotherapy regimens are (1) docetaxel with
oxaliplatin and capecitabine (DOC); (2) docetaxel with cisplatin
and 5-fluorouracil (5-FU; DCF); (3) epirucibin with cisplatin
and capecitabine (ECC); and (4) epirucibin with oxaliplatin and
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capecitabine (EOC). Progressive disease under systemic
chemotherapy precludes inclusion. Patients with metachronous
peritoneal carcinomatosis, distant metastases, or recurrent gastric

cancer will not be eligible for the current study. An overview
of the inclusion and exclusion criteria is shown in Textbox 1
[11].

Textbox 1. Inclusion and exclusion criteria for the PERISCOPE study.

Criteria

• Inclusion criteria

• Age 18 years or older

• World Health Organization (WHO) performance status 0 to 2

• American Society of Anesthesiologists classification I to III

• Biopsy proven adenocarcinoma of the stomach (also tumors at the esophagogastric junction with the bulk located in the stomach for which
the intended surgical treatment is a gastric resection, not a resection of the esophagus and cardia)

• T3-T4 tumor according to the 7th edition of the tumor, node, metastasis (TNM) classification system [11]

• Tumor positive peritoneal cytology and/or peritoneal carcinomatosis limited to the upper abdominal cavity (above the transverse colon)
and/or at the most at one location in the lower abdominal cavity (eg, Douglas’ pouch, ovarian metastasis, Sister Mary Joseph nodule)
confirmed by diagnostic laparoscopy or laparotomy

• Treated with neoadjuvant systemic chemotherapy (last course ending within 8 before inclusion)

• Adequate bone marrow, hepatic, and renal function. Acceptable laboratory values at inclusion:

• Absolute neutrophil count greater than or equal to 1.5 x 109/L

• Platelet count greater than or equal to 100 x 109/L

• Serum bilirubin less than or equal to 1.5 times the upper limit of normal (ULN) and alanine transaminase and aspartate transaminase
less than or equal to 2.5 times ULN

• Creatinine clearance greater than or equal to 50 ml/min (measured or calculated by Cockcroft-Gault formula)

• Negative pregnancy test (urine/serum) for female patients with childbearing potential

• Life expectancy 3 months or greater

• Able and willing to undergo blood sampling for pharmacokinetics

• Written informed consent

• Exclusion criteria

• Distant metastases (eg, liver, lung, para-aortic lymph nodes) or small bowel dissemination

• Signs of local irresectability of the primary gastric tumor

• Recurrent gastric cancer

• Metachronous peritoneal carcinomatosis

• Prior resection of the primary gastric tumor

• Pregnancy, breast feeding, active pregnancy ambition, or unreliable contraceptive methods

• Uncontrolled infectious disease or known infection with human immunodeficiency virus

• Known history of hepatitis B or C with active viral replication

• Recent myocardial infarction (less than 6 months) or unstable angina

• Uncontrolled diabetes mellitus

• Any medical condition that is considered to possibly, probably, or definitely interfere with study procedures (including adequate follow-up
and compliance) and/or would jeopardize safe treatment

• Known hypersensitivity for any of the applied chemotherapeutic agents and/or their solvents

Design
This is a multicenter, open label, phase I-II dose-escalation
study. The MTD of docetaxel will be studied using a 3+3 design.
The first 3 patients will be treated at the lowest docetaxel dose

level (0 mg/m2docetaxel), that is, with the fixed dose of

oxaliplatin only (460 mg/m2). If none of the patients in this
dosage cohort experience a dose-limiting toxicity (DLT), the
next 3 patients will be treated with a higher docetaxel dose.

JMIR Res Protoc 2017 | vol. 6 | iss. 7 |e136 | p.123http://www.researchprotocols.org/2017/7/e136/
(page number not for citation purposes)

van der Kaaij et alJMIR RESEARCH PROTOCOLS

XSL•FO
RenderX

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


Docetaxel dosages will be escalated per cohort of at least 3

patients (0, 50, 75, 100, 125, 150 mg/m2). If at least 1 of the 3
patients in a dosage cohort experiences a DLT, a total of 6
patients will be treated at the same dose level. When
dose-limiting toxicities occur in 2 or more patients in a cohort,
no further dose escalation steps will be undertaken (see safety
paragraph). The MTD of docetaxel is defined as the dose below
the dose level that caused DLT in 2 or more patients in a cohort.

Sample Size
The sample size cannot be determined upfront since the number
of patients will depend on the number of dose-escalation steps.
It is expected that 20 to 30 patients will be included in the study.

Study Procedures
Patients with locally advanced (cT3-cT4, any N) gastric
adenocarcinoma are eligible for inclusion if the primary gastric
tumor is considered resectable, tumor positive peritoneal
cytology and/or limited peritoneal carcinomatosis is confirmed
by diagnostic laparoscopy/ laparotomy, there is no evidence for

distant metastasis, and systemic chemotherapy was without
disease progression. Following informed consent, patients will
proceed to surgery no longer than 12 weeks after the last course
of chemotherapy. The flowchart of this study is shown in Figure
1.

Laparotomy
At laparotomy, a thorough inspection of the peritoneal cavity
is performed. Before manipulation, the presence and extent of
peritoneal tumor deposits will be recorded according to the
peritoneal cancer index and the simplified peritoneal cancer
index (Figures 2 and 3) [12,13]. Gross peritoneal carcinomatosis
(more than one location below the transverse colon and/or small
bowel dissemination) is considered tumor progression and will
preclude further study participation. Similarly, if a potentially
curative gastric resection is not possible, the patient is further
treated off study. In these instances, HIPEC is not performed
and it will be up to the surgeon to decide on the best palliative
surgical intervention (if possible).

Figure 1. Flowchart of the study design.
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Figure 2. Peritoneal cancer index.

Figure 3. Simplified peritoneal cancer index.

Gastrectomy, Cytoreductive Surgery, and Hyperthermic
Intraperitoneal Chemotherapy
When a potentially curative resection of the primary tumor can
be achieved, a total or partial gastrectomy with a D2 lymph
node dissection is performed. In patients with limited peritoneal
carcinomatosis, cytoreductive surgery will be performed with
the objective to leave no macroscopic tumor behind.
Peritonectomy is performed as described previously [14].
Reconstruction of the gastrointestinal continuity is postponed
until the intraperitoneal chemoperfusion is completed.

HIPEC is performed using an open abdominal technique with
3 inflow and 2 outflow catheters under continuous circulation.

The peritoneal cavity is perfused with 460 mg/m2oxaliplatin at

an intraperitoneal temperature of 41°C to 42°C. After 30
minutes, the perfusion fluid is drained from the abdomen and
the peritoneal cavity is perfused with docetaxel for 90 minutes
at 37°C. In successive patient cohorts, escalating docetaxel

doses will be used (0, 50, 75, 100, 125, 150 mg/m2).
Gastrointestinal continuity is restored by either a Billroth II or
Roux-en-Y reconstruction. A feeding jejunostomy catheter is
inserted and will remain in situ until oral intake is adequate.

Pharmacokinetics
For pharmacokinetic analysis, plasma and perfusion samples
will be obtained at the start, after 15 minutes, and at end of
oxaliplatin perfusion, and at the start of docetaxel perfusion,
after 45 minutes, and at the end of docetaxel perfusion.
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Approximately 2 and 12 hours after the operation, plasma
samples will be collected.

Adjuvant Treatment
Adjuvant treatment is not part of the standard study protocol
but it will be discussed for all study patients in the
multidisciplinary tumor board meeting. The decision will be
made based upon the patient’s individual intraoperative and
pathological results, response to previous systemic therapy and
experienced toxicity, as well as postoperative recovery.

Follow-Up
All patients will be seen at the outpatient clinic once every 3
months for the first year (including the first month after surgery),
and every 6 months thereafter until 2 years after surgery.
Survival status and disease recurrence/progression will be
assessed until death. Follow-up will consist of physical
examination, diagnostic investigations (blood tests, computed
tomography scans), and hospital admission details (if
applicable).

Safety
There will be at least a period of 2 weeks between the HIPEC
procedures within 1 dose-level cohort. To allow adequate
toxicity assessment, dose-escalation cannot take place until 4
weeks have elapsed since the last patient's HIPEC procedure in
a previous dose level. When the treatment of 3 patients in 1
dose level is completed, the study team will discuss the toxicity
and morbidity of the patients in the cohort and will decide in
consensus whether dose-escalation can be performed or whether
the endpoint of the study has been reached. Toxicity will be
graded using the National Cancer Institute (NCI) Common
Toxicity Criteria version 4.0. In this study, dose-limiting
toxicities include the following events within 30 days after the
HIPEC procedure: (1) thrombocytopenia with platelets less than

25.000 x106/L of any duration; (2) grade 4 neutropenia during
7 days or more; (3) grade 3 or 4 febrile neutropenia; (5) grade
3 or higher non-hematological toxicities (excluding grade 3
diarrhea, nausea, vomiting, fatigue, or lethargy); and (6) any
other (non)-hematological toxicity, which is regarded as
dose-limiting by the investigators.

Early Stopping Rules
If DLT is observed in more than 1 patient who is treated at the
lowest dose level, the current study protocol is considered unsafe
and the study will be terminated. At the following dose levels,
no further dose escalation steps will be undertaken if DLT
occurs in 2 or more patients. In addition, the study team can
decide that continuation is undesirable or unethical for other
reasons than mentioned in the protocol and thus terminate the
study.

Analysis
Study outcome parameters will be analyzed using descriptive
statistical methods. For the calculation of pharmacokinetic
parameters, non-compartmental methods will be used.
Disease-free and overall survival analyses will be performed
by the Kaplan-Meier method for all patients. In these analyses,
survival will be measured from the date of start of systemic
chemotherapy to the date of disease recurrence and/or death.

Ethical Considerations
The study protocol has been approved by the medical ethical
committee of the Netherlands Cancer Institute/Antoni van
Leeuwenhoek Hospital. The study will be performed in
accordance with the declaration of Helsinki. The protocol of
this study is registered at the Netherlands Trial Registration
(NTR) with code NTR4250, and in the Dutch Central Committee
on Research Involving Human Subjects (NL42799.031.13).
After explanation of the study objectives and procedures (both
verbally and in writing), written informed consent will be
acquired from all patients.

Results

Patient recruitment started in January 2014. At first, systemic
chemotherapy was part of the study procedure (ie, patients were
included prior to chemotherapy). This turned out to hamper
patient accrual because most patients were referred after or
during systemic chemotherapy given in another hospital. In
June 2015, an amendment was submitted in which systemic
chemotherapy was abandoned as study treatment (the current
protocol). To date, 17 patients underwent the intervention under
study (ie, gastrectomy combined with cytoreductive surgery
and HIPEC). The results of this study are expected in 2017.

Discussion

Study Rationale
The PERISCOPE study aims to determine the safety,
tolerability, and feasibility of gastrectomy combined with
cytoreductive surgery and HIPEC using oxaliplatin in
combination with docetaxel after systemic chemotherapy, as a
primary treatment option for patients with advanced gastric
cancer with tumor positive peritoneal cytology and/or limited
peritoneal carcinomatosis. Previous studies of intraperitoneal
chemotherapy in gastric cancer patients suggest that
intraperitoneal chemotherapy may be beneficial in selected
patients [9,15-17]. However, many of these studies are of limited
quality as they were based on heterogeneous patient populations
including either patients at risk, being treated prophylactically,
or patients with manifested peritonitis treated with therapeutic
intent. Most studies use different (neo)adjuvant and
intraperitoneal chemotherapy regimens, and many of these
studies have been performed in Asian countries which raises
the question whether the results can be extrapolated to other
ethnic populations.

Well-designed prospective randomized trials are warranted with
clearly defined inclusion criteria, distinct neoadjuvant and
adjuvant treatment protocols, and with uniform surgical and
HIPEC treatment. Prior to such trials, pharmacokinetic studies
are mandatory to identify the most optimal chemotherapeutic
regimen to be compared to the best available standard treatment.
An important issue in intraperitoneal chemotherapy in gastric
cancer, therefore, is the choice and dosing of the
chemotherapeutic agent. The present PERISCOPE study was
designed as the first Western dose escalation trial of
intraperitoneal docetaxel in patients with gastric cancer.
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Choice of Intraperitoneal Drugs
Several regimens of intraoperative hyperthermic chemoperfusion
in gastric cancer have been explored or are still under
investigation [9]. Mitomycin and cisplatin are the most
frequently used chemotherapeutic agents, originating from the
widespread usage of these drugs in ovarian and colorectal
HIPEC. We performed an extensive literature review on the
selection of intraperitoneal chemotherapeutic drugs for the use
in patients with gastric cancer [10]. Theoretically, a combination
of drugs results in more effective treatment. Based on a pioneer
study by Elias et al, oxaliplatin is increasingly used as a drug
for intraperitoneal chemotherapy with promising results [18].
Oxaliplatin was preferred over cisplatin, as oxaliplatin is not
nephrotoxic and appears to have a more favorable
pharmacokinetic profile. Following the study by Elias et al, the
current dosage of intraperitoneal oxaliplatin is known and widely
applied, which provides a valuable starting point for further
exploration of combinations of intraperitoneal chemotherapeutic
drugs. The taxanes docetaxel and paclitaxel, both seem like
promising drugs for intraperitoneal chemotherapy as their
systemic uptake is limited, permitting the use of high local
concentrations. As the tumor and cell penetration appears to be
significantly higher in docetaxel compared to paclitaxel
following intraperitoneal administration, we selected docetaxel
as the taxane [19]. In addition, severe anaphylactic
hypersensitivity reactions have been described of paclitaxel’s
solvent Cremophor EL [20]. A combination of oxaliplatin and
docetaxel may result in a promising chemotherapeutic regimen.
However, no dose-finding study has been performed on
intraperitoneal docetaxel administration. Furthermore, the
intraperitoneal administration of the combination of oxaliplatin
and docetaxel has not yet been investigated in Western patients.

Patient Selection
In patients with limited peritoneal carcinomatosis and/or tumor
positive peritoneal cytology, cytoreductive surgery combined
with HIPEC might improve the overall and disease free survival
based on current literature. Therefore, this study was considered
ethically justified for this patient group. In patients with limited
peritoneal dissemination, a complete cytoreduction (ie, complete
removal of all macroscopically visible tumor deposits) can be
achieved. Complete cytoreduction is one of the key factors
associated with improved survival following HIPEC treatment
[21,22]. Patients with extensive disease, unresectable tumors,
or distant metastases are excluded as the prognosis of these
patients is extremely poor. These patients qualify for palliative
treatment, or best supportive care only, and are not eligible for

an extensive treatment of which the associated complications
do not outweigh the potential benefits.

Patients with tumor positive cytology of the peritoneal fluid
without macroscopic peritoneal carcinomatosis have a median
survival of 15 months and a 5-year survival rate of 0%.[23] As
many as 15% of patients without visible metastatic disease will
have tumor positive peritoneal cytology, and this proportion
will increase to 30% to 50% in patients with serosa-infiltrating
tumors or lymph node metastases [24-26]. In these high risk
patients, HIPEC is expected to decrease the risk of peritoneal
dissemination. Therefore, this group of patients was also
included in the study.

Systemic Chemotherapy
Perioperative treatment has demonstrated an improved
progression-free and overall survival in patients with resectable
adenocarcinoma of the stomach [1]. Commonly applied regimes
include epirubicin with cisplatin and continuous 5-FU (ECF),
ECC, and DCF. Similarly, these regimens are used in the
palliative setting for metastatic gastric cancer. All 3 regimens
have fairly good response rates of 35% to 50%, but the median
survival will only be prolonged by a few months and does not
surpass 12 months [27]. At present, neoadjuvant chemotherapy
is considered standard treatment prior to surgery with curative
intent for gastric cancer. In the current study, it was decided
that patients prior to inclusion have to be treated with preferably
3 to 4 courses of systemic chemotherapy. All regimens,
consisting of a platinum drug combined with a fluoropyrimidine,
or those with an additional anthracycline or taxane (according
to the local protocol), are accepted. Patients showing progression
under systemic chemotherapy were excluded for the study.

Conclusions
The PERISCOPE study will determine the safety, tolerability,
and feasibility of gastrectomy combined with cytoreductive
surgery and HIPEC using oxaliplatin in combination with
docetaxel after systemic chemotherapy as a primary treatment
option for patients with advanced gastric cancer with tumor
positive peritoneal cytology and/or limited peritoneal
carcinomatosis. The study will provide pharmacokinetic data
on the intraperitoneal administration of both oxaliplatin and
docetaxel. The acquired study results are a prerequisite for the
safe conduct of future studies on HIPEC in patients with gastric
cancer, either in the prophylactic or therapeutic setting. The
ultimate goal of this ongoing project is to establish a new
treatment standard for advanced gastric cancer patients by
providing significant survival benefit with acceptable treatment
related morbidity.

 

Conflicts of Interest
None declared.

Authors' Contributions
BvS and JvS share senior authorship. All authors made substantial contributions to conception and design of the study. All authors
have been involved in revising the manuscript critically and all authors read and approved the final manuscript.

References

JMIR Res Protoc 2017 | vol. 6 | iss. 7 |e136 | p.127http://www.researchprotocols.org/2017/7/e136/
(page number not for citation purposes)

van der Kaaij et alJMIR RESEARCH PROTOCOLS

XSL•FO
RenderX

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


1. Cunningham D, Allum WH, Stenning SP, Thompson JN, Van de Velde CJ, Nicolson M, et al. Perioperative chemotherapy
versus surgery alone for resectable gastroesophageal cancer. N Engl J Med 2006 Jul 06;355(1):11-20. [doi:
10.1056/NEJMoa055531] [Medline: 16822992]

2. Smalley SR, Benedetti JK, Haller DG, Hundahl SA, Estes NC, Ajani JA, et al. Updated analysis of SWOG-directed
intergroup study 0116: a phase III trial of adjuvant radiochemotherapy versus observation after curative gastric cancer
resection. J Clin Oncol 2012 Jul 01;30(19):2327-2333 [FREE Full text] [doi: 10.1200/JCO.2011.36.7136] [Medline:
22585691]

3. Dassen AE, Dikken JL, Bosscha K, Wouters MW, Cats A, van de Velde CJ, et al. Gastric cancer: decreasing incidence but
stable survival in the Netherlands. Acta Oncol 2014 Jan;53(1):138-142. [doi: 10.3109/0284186X.2013.789139] [Medline:
23829603]

4. Thomassen I, van Gestel YR, van Ramshorst B, Luyer MD, Bosscha K, Nienhuijs SW, et al. Peritoneal carcinomatosis of
gastric origin: a population-based study on incidence, survival and risk factors. Int J Cancer 2014 Feb 01;134(3):622-628
[FREE Full text] [doi: 10.1002/ijc.28373] [Medline: 23832847]

5. Sadeghi B, Arvieux C, Glehen O, Beaujard AC, Rivoire M, Baulieux J, et al. Peritoneal carcinomatosis from non-gynecologic
malignancies: results of the EVOCAPE 1 multicentric prospective study. Cancer 2000 Jan 15;88(2):358-363. [Medline:
10640968]

6. Yonemura Y, Endou Y, Shinbo M, Sasaki T, Hirano M, Mizumoto A, et al. Safety and efficacy of bidirectional chemotherapy
for treatment of patients with peritoneal dissemination from gastric cancer: selection for cytoreductive surgery. J Surg
Oncol 2009 Sep 15;100(4):311-316. [doi: 10.1002/jso.21324] [Medline: 19697437]

7. Sugarbaker PH. New standard of care for appendiceal epithelial neoplasms and pseudomyxoma peritonei syndrome? Lancet
Oncol 2006 Jan;7(1):69-76. [doi: 10.1016/S1470-2045(05)70539-8] [Medline: 16389186]

8. Verwaal VJ, Bruin S, Boot H, van Slooten G, van Tinteren H. 8-year follow-up of randomized trial: cytoreduction and
hyperthermic intraperitoneal chemotherapy versus systemic chemotherapy in patients with peritoneal carcinomatosis of
colorectal cancer. Ann Surg Oncol 2008 Sep;15(9):2426-2432. [doi: 10.1245/s10434-008-9966-2] [Medline: 18521686]

9. Matharu G, Tucker O, Alderson D. Systematic review of intraperitoneal chemotherapy for gastric cancer. Br J Surg 2011
Sep;98(9):1225-1235. [doi: 10.1002/bjs.7586] [Medline: 21644239]

10. Braam HJ, Schellens JH, Boot H, van Sandick JW, Knibbe CA, Boerma D, et al. Selection of chemotherapy for hyperthermic
intraperitoneal use in gastric cancer. Crit Rev Oncol Hematol 2015 Sep;95(3):282-296. [doi: 10.1016/j.critrevonc.2015.04.004]
[Medline: 25921419]

11. Edge SB, Byrd DR, Compton CC, Fritz AG, Greene FL, Trotti A, editors. AJCC Cancer Staging Manual, 7th Edition. New
York, NY: Springer; 2011.

12. Jacquet P, Sugarbaker PH. Clinical research methodologies in diagnosis and staging of patients with peritoneal carcinomatosis.
Cancer Treat Res 1996;82:359-374. [Medline: 8849962]

13. Verwaal VJ, van Tinteren H, van Ruth S, Zoetmulder FA. Predicting the survival of patients with peritoneal carcinomatosis
of colorectal origin treated by aggressive cytoreduction and hyperthermic intraperitoneal chemotherapy. Br J Surg 2004
Jun;91(6):739-746. [doi: 10.1002/bjs.4516] [Medline: 15164445]

14. Sugarbaker PH. Peritonectomy procedures. Ann Surg 1995 Jan;221(1):29-42. [Medline: 7826158]
15. Coccolini F, Cotte E, Glehen O, Lotti M, Poiasina E, Catena F, et al. Intraperitoneal chemotherapy in advanced gastric

cancer. Meta-analysis of randomized trials. Eur J Surg Oncol 2014 Jan;40(1):12-26. [doi: 10.1016/j.ejso.2013.10.019]
[Medline: 24290371]

16. Mi DH, Li Z, Yang KH, Cao N, Lethaby A, Tian JH, et al. Surgery combined with intraoperative hyperthermic intraperitoneal
chemotherapy (IHIC) for gastric cancer: a systematic review and meta-analysis of randomised controlled trials. Int J
Hyperthermia 2013;29(2):156-167. [doi: 10.3109/02656736.2013.768359] [Medline: 23418917]

17. Gill RS, Al-Adra DP, Nagendran J, Campbell S, Shi X, Haase E, et al. Treatment of gastric cancer with peritoneal
carcinomatosis by cytoreductive surgery and HIPEC: a systematic review of survival, mortality, and morbidity. J Surg
Oncol 2011 Nov 01;104(6):692-698. [doi: 10.1002/jso.22017] [Medline: 21713780]

18. Elias D, Bonnay M, Puizillou JM, Antoun S, Demirdjian S, El OA, et al. Heated intra-operative intraperitoneal oxaliplatin
after complete resection of peritoneal carcinomatosis: pharmacokinetics and tissue distribution. Ann Oncol 2002
Feb;13(2):267-272. [Medline: 11886004]

19. Miyamoto K, Shimada T, Sawamoto K, Sai Y, Yonemura Y. Disposition kinetics of taxanes in peritoneal dissemination.
Gastroenterol Res Pract 2012;2012:963403 [FREE Full text] [doi: 10.1155/2012/963403] [Medline: 22666236]

20. Gelderblom H, Verweij J, Nooter K, Sparreboom A. Cremophor EL: the drawbacks and advantages of vehicle selection
for drug formulation. Eur J Cancer 2001 Sep;37(13):1590-1598. [Medline: 11527683]

21. Sugarbaker PH, Ryan DP. Cytoreductive surgery plus hyperthermic perioperative chemotherapy to treat peritoneal metastases
from colorectal cancer: standard of care or an experimental approach? Lancet Oncol 2012 Aug;13(8):e362-e369. [doi:
10.1016/S1470-2045(12)70210-3] [Medline: 22846841]

22. Levine EA, Stewart JH4, Shen P, Russell GB, Loggie BL, Votanopoulos KI. Intraperitoneal chemotherapy for peritoneal
surface malignancy: experience with 1,000 patients. J Am Coll Surg 2014 Apr;218(4):573-585 [FREE Full text] [doi:
10.1016/j.jamcollsurg.2013.12.013] [Medline: 24491244]

JMIR Res Protoc 2017 | vol. 6 | iss. 7 |e136 | p.128http://www.researchprotocols.org/2017/7/e136/
(page number not for citation purposes)

van der Kaaij et alJMIR RESEARCH PROTOCOLS

XSL•FO
RenderX

http://dx.doi.org/10.1056/NEJMoa055531
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=16822992&dopt=Abstract
http://europepmc.org/abstract/MED/22585691
http://dx.doi.org/10.1200/JCO.2011.36.7136
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=22585691&dopt=Abstract
http://dx.doi.org/10.3109/0284186X.2013.789139
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23829603&dopt=Abstract
http://dx.doi.org/10.1002/ijc.28373
http://dx.doi.org/10.1002/ijc.28373
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23832847&dopt=Abstract
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=10640968&dopt=Abstract
http://dx.doi.org/10.1002/jso.21324
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=19697437&dopt=Abstract
http://dx.doi.org/10.1016/S1470-2045(05)70539-8
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=16389186&dopt=Abstract
http://dx.doi.org/10.1245/s10434-008-9966-2
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=18521686&dopt=Abstract
http://dx.doi.org/10.1002/bjs.7586
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=21644239&dopt=Abstract
http://dx.doi.org/10.1016/j.critrevonc.2015.04.004
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25921419&dopt=Abstract
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=8849962&dopt=Abstract
http://dx.doi.org/10.1002/bjs.4516
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=15164445&dopt=Abstract
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=7826158&dopt=Abstract
http://dx.doi.org/10.1016/j.ejso.2013.10.019
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24290371&dopt=Abstract
http://dx.doi.org/10.3109/02656736.2013.768359
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23418917&dopt=Abstract
http://dx.doi.org/10.1002/jso.22017
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=21713780&dopt=Abstract
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=11886004&dopt=Abstract
https://dx.doi.org/10.1155/2012/963403
http://dx.doi.org/10.1155/2012/963403
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=22666236&dopt=Abstract
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=11527683&dopt=Abstract
http://dx.doi.org/10.1016/S1470-2045(12)70210-3
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=22846841&dopt=Abstract
http://europepmc.org/abstract/MED/24491244
http://dx.doi.org/10.1016/j.jamcollsurg.2013.12.013
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24491244&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/


23. Bentrem D, Wilton A, Mazumdar M, Brennan M, Coit D. The value of peritoneal cytology as a preoperative predictor in
patients with gastric carcinoma undergoing a curative resection. Ann Surg Oncol 2005 May;12(5):347-353. [doi:
10.1245/ASO.2005.03.065] [Medline: 15915368]

24. Wong J, Kelly KJ, Mittra A, Gonen M, Allen P, Fong Y, et al. RT-PCR increases detection of submicroscopic peritoneal
metastases in gastric cancer and has prognostic significance. J Gastrointest Surg 2012 May;16(5):889-96; discussion 896.
[doi: 10.1007/s11605-012-1845-2] [Medline: 22362071]

25. Bonenkamp JJ, Songun I, Hermans J, van de Velde CJ. Prognostic value of positive cytology findings from abdominal
washings in patients with gastric cancer. Br J Surg 1996 May;83(5):672-674. [Medline: 8689216]

26. Lee SD, Ryu KW, Eom BW, Lee JH, Kook MC, Kim YW. Prognostic significance of peritoneal washing cytology in
patients with gastric cancer. Br J Surg 2012 Mar;99(3):397-403. [doi: 10.1002/bjs.7812] [Medline: 22101572]

27. Wagner AD, Unverzagt S, Grothe W, Kleber G, Grothey A, Haerting J, et al. Chemotherapy for advanced gastric cancer.
Cochrane Database Syst Rev 2010 Mar 17(3):CD004064. [doi: 10.1002/14651858.CD004064.pub3] [Medline: 20238327]

Abbreviations
5-FU: 5'fluorouracil
DCF: docetaxel with cisplatin and 5-fluorouracil
DLT: dose limiting toxicity
ECC: epirucibin with cisplatin and capecitabine
HIPEC: hyperthermic intraperitoneal chemotherapy
MTD: maximum tolerated dose
ULN: upper limit of normal

Edited by G Eysenbach; submitted 31.03.17; peer-reviewed by B Ansa; accepted 30.05.17; published 13.07.17.

Please cite as:
van der Kaaij RT, Braam HJW, Boot H, Los M, Cats A, Grootscholten C, Schellens JHM, Aalbers AGJ, Huitema ADR, Knibbe CAJ,
Boerma D, Wiezer MJ, van Ramshorst B, van Sandick JW
Treatment of Peritoneal Dissemination in Stomach Cancer Patients With Cytoreductive Surgery and Hyperthermic Intraperitoneal
Chemotherapy (HIPEC): Rationale and Design of the PERISCOPE Study
JMIR Res Protoc 2017;6(7):e136
URL: http://www.researchprotocols.org/2017/7/e136/ 
doi:10.2196/resprot.7790
PMID:28705789

©Rosa T van der Kaaij, Hidde JW Braam, Henk Boot, Maartje Los, Annemieke Cats, Cecile Grootscholten, Jan HM Schellens,
Arend GJ Aalbers, Alwin DR Huitema, Catherijne AJ Knibbe, Djamila Boerma, Marinus J Wiezer, Bert van Ramshorst, Johanna
W van Sandick. Originally published in JMIR Research Protocols (http://www.researchprotocols.org), 13.07.2017. 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. 7 |e136 | p.129http://www.researchprotocols.org/2017/7/e136/
(page number not for citation purposes)

van der Kaaij et alJMIR RESEARCH PROTOCOLS

XSL•FO
RenderX

http://dx.doi.org/10.1245/ASO.2005.03.065
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=15915368&dopt=Abstract
http://dx.doi.org/10.1007/s11605-012-1845-2
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=22362071&dopt=Abstract
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=8689216&dopt=Abstract
http://dx.doi.org/10.1002/bjs.7812
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=22101572&dopt=Abstract
http://dx.doi.org/10.1002/14651858.CD004064.pub3
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=20238327&dopt=Abstract
http://www.researchprotocols.org/2017/7/e136/
http://dx.doi.org/10.2196/resprot.7790
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28705789&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/


Protocol

Data Preparation for West Nile Virus Agent-Based Modelling:
Protocol for Processing Bird Population Estimates and
Incorporating ArcMap in AnyLogic

Hamid Reza Nasrinpour1, MSc; Alexander A Reimer1, BSc; Marcia R Friesen1, PhD; Robert D McLeod1, PhD
University of Manitoba, Electrical and Computer Engineering Department, Winnipeg, MB, Canada

Corresponding Author:
Hamid Reza Nasrinpour, MSc
University of Manitoba
Electrical and Computer Engineering Department
E1-450 EITC, University of Manitoba
Winnipeg, MB, R3T 5V6
Canada
Phone: 1 204 474 7360
Fax: 1 204 474 7312
Email: Hamid.Nasrinpour@UManitoba.CA

Abstract

Background: West Nile Virus (WNV) was first isolated in 1937. Since the 1950s, many outbreaks have occurred in various
countries. The first appearance of infected birds in Manitoba, Canada was in 2002.

Objective: This paper describes the data preparation phase of setting up a geographic information system (GIS) simulation
environment for WNV Agent-Based Modelling in Manitoba.

Methods: The main technology used in this protocol is based on AnyLogic and ArcGIS software. A diverse variety of topics
and techniques regarding the data collection phase are presented, as modelling WNV has many disparate attributes, including
landscape and weather impacts on mosquito population dynamics and birds’ roosting locations, population count, and movement
patterns.

Results: Different maps were combined to create a grid land cover map of Manitoba, Canada in a shapefile format compatible
with AnyLogic, in order to modulate mosquito parameters. A significant amount of data regarding 152 bird species, along with
their population estimates and locations in Manitoba, were gathered and assembled. Municipality shapefile maps were converted
to built-in AnyLogic GIS regions for better compatibility with census data and initial placement of human agents. Accessing
shapefiles and their databases in AnyLogic are also discussed.

Conclusions: AnyLogic simulation software in combination with Esri ArcGIS provides a powerful toolbox for developers and
modellers to simulate almost any GIS-based environment or process. This research should be useful to others working on a variety
of mosquito-borne diseases (eg, Zika, dengue, and chikungunya) by demonstrating the importance of data relating to Manitoba
and/or introducing procedures to compile such data.

(JMIR Res Protoc 2017;6(7):e138)   doi:10.2196/resprot.6213

KEYWORDS

AnyLogic; shapefiles; ArcMap; West Nile Virus; land cover; bird roosts; bird home range; Manitoba

Introduction

This paper examines data inputs into an agent-based model
(ABM) and simulation of West Nile Virus (WNV) using the
AnyLogic software [1], with a specific focus on data collection
and compatibility, and preparation or processing techniques.
Mosquitoes of certain genera carry and transmit WNV to other
animals including humans. Under certain weather and habitat

conditions, adult female mosquitoes take a blood meal from
their hosts to obtain necessary nutrition to lay their eggs. During
the next stages of the mosquito life-cycle, eggs hatch into larvae,
and then begin molting their skins until they change into pupae
that develop into adult mosquitoes [2]. The main means of
transmission and spread of WNV is through birds [3]. An
infected mosquito can infect a (healthy) bird by feeding on it.
An infected bird can, in turn, infect a (healthy) mosquito that

JMIR Res Protoc 2017 | vol. 6 | iss. 7 |e138 | p.130http://www.researchprotocols.org/2017/7/e138/
(page number not for citation purposes)

Nasrinpour et alJMIR RESEARCH PROTOCOLS

XSL•FO
RenderX

mailto:Hamid.Nasrinpour@UManitoba.CA
http://dx.doi.org/10.2196/resprot.6213
http://www.w3.org/Style/XSL
http://www.renderx.com/


bites the bird. In this transmission cycle, birds act as amplifying
hosts since the virus is amplified in their bloodstream, and it
could be transmitted to the next group of feeding mosquitoes.
Conversely, various kinds of mammals (including humans) act
as incidental or dead-end hosts that cannot pass the virus to
another host or feeding mosquitoes. The process is shown in
Figure 1.

Many scientific studies have examined the transmission dynamic
modelling of WNV. Various approaches to model WNV
transmission risk or spread are reviewed in Chevalier et al [4].
Most notably, differential equation (DE) models have been
utilized to model disease transmission dynamics. Thomas and
Urena formulated a difference equation for WNV evolution in
a mosquito-bird-human community with a focus on mitigation
via pesticide [5]. Wonham et al developed a single-season
susceptible-infectious-removed DE model for WNV
transmission in a bird-mosquito population [6]. Bowman et al
proposed a single-season DE model of WNV transmission
dynamics in a mosquito-bird-human population [7]. In this
context, ABMs could be deployed to incorporate biodiversity
of birds and mosquitoes as completely as possible, along with
their interactions with humans. To date, the use of ABMs in the
WNV literature has been rather scant, even though it has been
extensively employed in many different health care applications
[8-13]. In the WNV literature, an ABM was proposed by Li et

al [14] for an area of 165 km2in Cook County, Illinois, which
was modelled as a raster map. Three possible bird species of
black-capped chickadee, blue jay, and American crow were
considered within this ABM. Another ABM with no human
component was proposed by Bouden et al [15] for southern
Quebec, Canada. Two bird-biting species of Culex pipiens and
Culex restuans, and two general groups of birds (ie, American
crows and the remainder, competent species) were considered
within this ABM. In their respective ABM, birds are grouped
into roost agents whose moving behavior is modelled with
particle systems proposed by Reeves [16], wherein birds’ flight
speed and home range are crucial model parameters.

Although AnyLogic is a powerful multi-paradigm modelling
framework, there are few user group resources or forums
available for its users. To the best of our knowledge, there is
only one active user community in LinkedIn for the AnyLogic
modelling software. In addition to more traditional simulation,
AnyLogic also has relatively recent support for geographic
information system (GIS) simulation and modelling. Within
GIS, Esri shapefiles are the most commonly used [17-21]. The
shapefile format includes vector data representing location,
shape, and attributes of geographic features such as lakes,
mountains, buildings, and roads.

However, it can be quite difficult to format shapefiles in a way
that a modeler could easily apply or use within the AnyLogic
framework for GIS-based simulations. This paper explains (in
a tutorial-based style) the procedures used to prepare the data
required to develop an ABM of WNV spread in Southern
Manitoba, Canada. The region of interest is an area of

approximately 148,812 km2that is partially covered by
grasslands (Canadian Prairies), where the primary WNV vector
is Culex tarsalis.

The value of ABMs is being established through a growing
literature base in various fields, but the modelling approach
itself is still considered a relative newcomer in relation to
mathematical models and more established simulation models
of social and human agent systems. ABM is recognized as a
computational model that permits a distinctive approach to
complementary empirical research [22,23]. In ABMs, dynamic
social systems are modelled as a collection of highly stochastic
agents (in many cases, primarily humans), their individual
profiles or characteristics, their individual behaviors, and
interactions between agents and between agents and the
environment. Agents are purposeful and autonomous entities
able to assess their situation, make decisions, and compete or
co-operate with one another on the basis of a set of rules. The
conceptual depth of an ABM is derived from its ability to model
behavior that may be counterintuitive and/or to discern a
complex behavioral whole that is greater than the sum of its
parts. ABM provides a natural description of a system that can
be calibrated and validated by representative expert agents and
is flexible enough to be tuned to high degrees of sensitivity in
agent behaviors and interactions. ABMs are particularly well
suited to dissipative irreversible system modelling in which
agent behavior is complex, nonlinear, stochastic, and may
exhibit memory or path-dependence [24,25]. However, the full
potential of ABMs remains unrealized as the methods to exploit
massive amounts of data are still emerging. The key challenges
of an ABM approach applied to socio-ecological systems are
improving agent decision and adaption models, improving
validation and verification, and improving spatial representation
and levels of abstraction [26]. Furthermore, the key challenges
for the ABM approach to advance and realize its potential
include validating agent behaviors and emergent phenomena,
better agent behavioral models, improved simulation analytics,
and improving hybrid and large-scale ABMs [27-29].

As noted, WNV is carried and transmitted by mosquito vectors.
Birds and humans are among the hosts for the infection. A WNV
model requires, at a minimum, data on these three agent types.
The mosquito-related data include (but are not limited to)
weather for population dynamics, landscape features for habitat
preferences, and twilight times and daylight duration for setting
peak periods of mosquito agents’biting activities. A conceptual
ABM may model the area as a grid, in which each cell has
different properties regarding mosquito population dynamics.
Such data would be used to tune or modulate the mosquito
parameters of each cell according to weather, landscape, and
daylight conditions, ultimately governing mosquito behaviors
and interactions. The bird-related data that are collected include
nesting/roosting locations, population estimates of each species,
home range areas, breeding season months, communal or
solitary living habits, and typical flight speeds. A conceptual
ABM may distribute and initialize the bird agents of different
species based on the population estimates and roosting locations.
The movement patterns of birds may be determined based on
the home range, flight speed, and living habits of each species.
For instance, in each time-step, birds could pick a random flight
speed in a certain range and fly up to a certain maximum
distance. The algorithms used for movement simulation may
be different depending on whether the species are solitary, and
whether they are mating at a particular time of the year. The
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human-related data necessary to incorporate realistic human
movement patterns include census counts, street networks, and
coordinates of cellular telephone towers providing service for
a number of anonymized mobile users, where mobile phones
act as proxies for their users. A conceptual ABM may initially
distribute human agents over the map based on the census data.
Human agents may then move inside the street network

according to cellular phone towers or trajectories provided by
the data, with cellphones serving as proxies for individuals. The
high-level architecture of such an ABM is illustrated in Figure
2. This paper describes and presents the methodology and results
for collecting, assembling, and reformatting some of these data
for each agent type of a conceptual ABM of WNV propagation.

Figure 1. Mosquito life cycle and West Nile Virus transmission cycle diagram.

Figure 2. High-level architecture of the ongoing agent-based model.
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Methods

The validity and relevance of any ABM relies on incorporating
as much real and meaningful data as possible to characterize
the environment and the agents. This section examines the
collection and processing techniques of data most relevant for
an ABM associated with WNV. This information includes agent
data related to mosquitoes, birds, and humans. Similar data
processing would be required for other mosquito-transmitted
diseases.

The applied techniques are described in some detail, in order
to assist others using AnyLogic in combination Esri ArcGIS,
which combine to provide a powerful toolbox to modelers,
particularly those working on geo-simulations. The details
provided here would significantly reduce frustration for other
modelers who are beginning to utilize the software, as there is
a high level of subtlety in the mechanism/interface of both suites
of software. The techniques also illustrate a primary challenge
in ABM: specifically, combining different and often disparate
datasets.

Mosquito Data

Weather
Preparing weather data is a simple process, and does not need
to be discussed in detail; this is primarily due to the familiarity
everyone has with weather, as well as readily available data.
For this work, one weather station per municipality was
considered. The weather data (including precipitation and
temperature) for the years 2002-2014 were downloaded from
Canada National Climate Data and Information Archive and
BioSim databases [30] whenever possible. For the municipalities
in which there was no weather station, and for filling in any
missing data in the real data, BioSim was used to provide
simulated weather data. As an input point for the BioSim built-in
simulator [30], whenever possible the coordinates of an existing
weather station were used. Otherwise, a location provided by
Wikipedia and confirmed on Google maps was used as the
coordinates of a municipality. These data were combined with
the gathered hourly and daily data. Wherever simulated data
were used (in 114 out of 118 municipalities included), the data
were flagged for future reference.

Landscape
A common approach to describe landscape features is to classify
different regions of land into various categories based on ground
cover, ground features, and land use. As such, this land feature
is called either land cover or land use classification. These
categories or classes may include an urban area, rural area,
grassland, agricultural cropland, various forest types, sands,
roads, and water. When the classes are defined, remote sensing
satellite images (from the Manitoba Remote Sensing Centre in
our case) are usually used to classify each region.

This data and other geospatial data are typically available in the
shapefile format. The GIS library and components available in
AnyLogic have the ability to work with shapefiles. As such,
one way to add land-based habitat characteristics for mosquitoes
in a WNV model in any GIS-integrated software (such as

AnyLogic) is through shapefiles. A square grid shapefile of
Southern Manitoba was chosen, where each cell represented a

5 x 5 km2mosquito site. Within each cell, the area of each land
cover class can be calculated and recorded in the shapefile
database file (DBF). The shapefile can then be loaded in
AnyLogic. For any given coordinate in the map, one could
retrieve the covering mosquito cell and its associated
information in the shapefile database. Here, the procedure to
create such a shapefile using the Esri ArcMap (part of the
ArcGIS software package) is explained in detail. It is noted that
the changes in land cover over the span of simulation years are
negligible.

First, the land cover data for each region of Manitoba was
downloaded from the Manitoba Initiative Data Warehouse [31]
in the shapefile format. The class of land cover for each feature
(polygon) in the data was identified with a GridCode number
in the shapefile DBF. The coordinate system of these shapefiles
is the Universal Transverse Mercator (UTM), which is a
projected coordinate system that enables the ArcMap to calculate
geometric properties of a polygon feature such as area or
perimeter. For this reason, the coordinate system was kept
unchanged at this time.

All shapefiles were then added together to make a single general
map of land cover using the append command in the
geo-processing toolbox of ArcMap. Next, the geometry of the
new map was repaired using the features toolset under the data
management toolbox, which is part of the geo-processing
toolbox. Repairing the geometry was necessary to fix some
common geometry problems (eg, empty parts or duplicate
vertices). The outcome was a map (or shapefile) with standard
geometric specifications, as shown in Figure 3.

At this stage, the 5 x 5 km2mosquito grid had to be built to
incorporate the land cover data from the previously prepared
shapefile. An overlay grid of southern Manitoba (ie, region of
interest) with an accuracy of 5 km x 5 km was created using the
Fishnet command in the geo-processing toolbox of ArcMap.
The output of this procedure was a rectangle-shaped map
containing many square cells, as shown in Figure 4. It is noted
that the coordinate system of this grid was the UTM, the same
as that of the data source and data frame of all the layers in the
ArcMap project.

Subsequently, the land cover shapefile from the previous step
had to be attached to the mosquito grid. To do so, the identity
command in the geo-processing toolbox was applied to find the
geometric intersection of the grid and land cover map by setting
the grid as the identity feature, and the land cover map as the
input feature. As a result, the land cover map (or portions
thereof) that overlapped the grid obtained the attributes of the
grid, which were basically the square cell identifications (IDs).
This means for every single pair of a square cell and a land
cover polygon with some overlapping area, a new polygon
feature is created in the new map (or shapefile). Figure 5
illustrates an example of this operation. The new map is called
the land cover grid. For all entries (polygon features) with a
known square cell ID in the land cover grid, the land cover
GridCode is also known. For the next step, the geometric area
of each of these entries is required. Therefore, a new field called
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Area_Sq_M was added to the shapefile database using the
attribute table in the ArcMap. The area of each feature in square
meters was then calculated and stored in this field using the
calculate geometry feature in the attribute table.

There are ways to find the proportional area of each land cover
class for each square cell using ArcMap. Once these metadata
are calculated, they can be stored in the shapefile DBF format,
and can be accessed in a classical FoxPro database query.
However, there are two techniques that a developer should
consider. First, the filename plus its extension must be less than
eight characters. Second, there is only one table per DBF, so
the table name in a Structured Query Language (SQL) select
command is the same as the filename, and the database address
in the connection string only includes the location without the
filename. A sample Java code is provided in Multimedia
Appendix 1, illustrating how to connect to a shapefile DBF
using a Miscrosoft (MS) Access dBase driver connection string.

Given the limitation of shapefile databases, a decision was made
to clone the shapefile database into an MS access database, and
apply necessary queries and adjustments there. As such, the
land grid shapefile database was exported into a text file, and
the text file was imported into an MS Access dBase. Using a
small C# application, the proportional area of each land cover
class within each square cell was then calculated and stored in
an MS Access table where the primary key was the square cell
ID. This means that for any given mosquito cell, if the cell ID
is known, a simple SQL query could reveal the exact information
regarding the land cover within the cell. The AnyLogic GIS
library is helpful in these instances. Once a shapefile is loaded
into a GIS map component of AnyLogic, for any given pair of
latitude and longitude, the ID (or any other attribute) of the
shapefile feature at the same point is accessible using the
findPoliticalArea function. In our case, AnyLogic was set to
return the square cell ID for the polygon feature over a given
coordinate. The cell ID can, in turn, be used to query land cover
information of the area.

The last step is to prepare the mosquito grid shapefile to be
loaded into AnyLogic. For this, the mosquito grid must be
clipped to reduce the number of unnecessary cells in which no
information about the land cover is present. First, a mask of all
the cells with useful information is created to clip out the
remaining cells. The mask creation procedure is as follows: (1)
the dissolve command from the geo-processing tool is applied
by setting the land cover grid (including the grid and land cover
data) as the input, and (2) the “Create multipart feature” option
is unchecked; no field is added to the dissolve or statistics fields.

This would give a single polygon for the whole map of the land
cover grid, which could be used as the boundary of the region
of interest. At this stage, a hole was noticed in the single
boundary (mask) polygon which was due to missing data in the
land cover map. As such, a filling donut holes procedure was
necessary: (1) the editor toolbar was added to the ArcMap
toolbar, then an edit session was started by selecting the editor
toolbar; (2) the mask in the create features bar was selected as
the active layer, then a template as the construction tool from
the box below it was selected; (3) a rectangle or a polygon over
the donut hole was drawn, then edits were saved and the edit
session ended; and (4) once again the shapefile was dissolved
to merge all polygons in this shapefile together. At this stage,
the mask without any holes was ready, as shown in Figure 6.

To exclude the unnecessary mosquito cells, either the clip or
intersection command must be applied on the mask and the
mosquito grid. It is noted that while the intersect method saves
a copy of feature ID (FID) fields of both shapefiles in the new
shapefile, the clip method keeps no record of FIDs. Therefore,
if one uses the clip method, the FID of each cell of the grid (ie,
mosquito cell ID) should be copied into a new field beforehand.

Finally, the coordinate system must be projected from UTM to
World Geodetic System 1984 so that it is consistent with
AnyLogic. One more vital technique is that the shapefile must
have at least two fields (other than the default FID and Shape)
so that it can be loaded within AnyLogic, in particular for use
with the findPoliticalArea function.
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Figure 3. Manitoba Land Cover map (shapefile) generated by combing data from all regions. Blue color represents water body or wetlands; green
represents different forest types; orange represents agricultural or forage cropland.

Figure 4. Mosquito grid beneath the map of municipal boundaries. The municipalities are shown (in color) for a better visual clarity of where the
mosquito grids are located.
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Figure 5. The result of the "identity" command by setting mosquito grid as the "identity feature" and municipal boundaries as the "input feature".

Figure 6. The boundary mask of land cover grid. The area indicates locations where the land cover data are known.

Bird Data

Population Estimate
Many different data sources had to be combined to produce the
bird population database. Since detailed population maps were
not readily available for most species, a process had to be
developed to estimate the population of individual species within
relatively small areas. Two approaches were developed to create

these estimates. The first was a “top-down” approach, which
relied heavily on population estimates for large regions and
relative abundance maps for local distributions. The second
method could be considered a “bottom-up” approach. This
approach used localized point count surveys and species-specific
correction factors to estimate population. Using these two
separate approaches, it was possible to establish population
estimates that were suitable for our models. As with many ABM
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approaches attempting to use as realistic and meaningful data
as possible, best guess estimations were required. As more
accurate data becomes available, the veracity of the estimates
improves.

Partners In Flight Approach
The first “top-down” approach used the United States Geological
Survey (USGS) abundance maps, which were created by USGS
from their 50 roadside stops breeding bird surveys that were
conducted at peak breeding season (June for most species) [32].
The files were downloaded from the website in the form of
shapefiles [32]. Each cell in these maps contained a relative
abundance value representing the average number of birds
observed by the survey in that area. The data from these surveys
had been extrapolated and processed so that a map of the entire
United States and Southern Canada was available (see Figure
7).

These abundance maps were then combined with a 10 x 10

km2grid, provided by the Manitoba Breeding Bird Atlas
(MBBA) [33]. This was done to make the data compatible with
the breeding location data from the MBBA. The grid was
downloaded as a Keyhole Markup Language Zipped file from
the MBBA website, and combined with the abundance map
shapefiles using a Python script in the Esri ArcMap.

Each 10 km x 10 km square received the relative abundance
value of the abundance map cell that covered it. If a square was
covered by parts of two or more cells, the relative abundance
value was taken as the weighted mean between all cells values,
with more weight being given to those cells that covered the
majority of the 10 km x 10 km square. If the square was not
completely covered by the abundance map cells, the parts that
were not covered were considered to be covered by a cell with
a relative abundance value of zero. This value assumed that the
species in question did not live beyond the edges of the
abundance map. In many places, this will have been a valid
assumption, but at the edges of the USGS study area, this may
have caused an underestimation of abundance. In this regard,
the relative abundance data was combined with the MBBA 10
km x 10 km squares as shown in Figure 8.

Next, the relative abundances were combined with the Partners
in Flight (PIF) population estimates for regions in Manitoba
[34]. Each PIF population estimate was an estimated population
of a certain species for an individual Bird Conservation Region
(BCR) in Manitoba. The study area contained three BCR
regions, and the PIF gave population estimates for each of the
three regions for all species (see Figure 9 [35]). The population
was distributed between the squares in each region to create
real population estimates for each square. A greater population
was given to squares with a higher relative abundance. Some
squares were not exactly 10 km x 10 km, so a greater population
was also given to the larger squares. The equation for the
estimated real population of each square is provided in Figure
15.

To achieve an idea of how the population changed over the
course of a year (mostly due to migration), the population
estimates of each square were combined with weekly abundance
estimates of bird species in Manitoba, made available by the
Manitoba Naturalist Society [36]. The population estimate was
assumed to be the population at the time of maximum abundance
in June when the USGS point counts were conducted. From
this value, the rest of the data were scaled accordingly. In this
way, the single population estimate was extrapolated over the
year.

Finally, the squares were filtered by whether or not the bird
species bred in that area. Using the breeding status data provided
by the MBBA, it was possible to remove each square that did
not contain a nesting or roosting area within it. Considering the
requirements of the WNV ABM, no differentiation was made
between roosting and breeding areas.

An assumption was made that by filtering out squares after
dividing population estimates, the number of birds in each
square was underestimated. However, efforts to divide the
population after filtering by breeding status led to negligibly
different results (<0.5%), since most squares where a species
was found contained breeding, so this effect could be ignored.

Figure 7. An example of the USGS abundance map. The darker areas denote areas of high species abundance.
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Figure 8. United States Geological Survey abundance data for Manitoba quantized into a 10 km by 10 km grid.

Figure 9. Bird Conservation Regions in Manitoba, with example population estimates for each region. Population estimates did not include birds in
the same Bird Conservation Region outside of Manitoba.
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Boreal Avian Modelling Approach
The population was also estimated using a second process, the
“bottom-up” approach. Using this approach, we began with
point count data that was provided by the MBBA. This data
was only for squares where breeding was suspected, and gave
a larger sample size than the USGS abundance maps had within
Manitoba. The MBBA point counts were conducted by a
participant standing in several predetermined locations inside
each 10 km x 10 km square who recorded the number of birds
that they observed or heard within 5 minutes. This system did
not record all birds in the area, but it did give a relative index
into how many birds were in the area. To convert the point count
data into a real population estimate for the square, correction
factors needed to be applied.

Correction factors were obtained from the Boreal Avian
Modelling (BAM) project [37]. Although BAM takes many
different and complex correction factors into consideration as
they create their own population estimates, only two are
considered here: the effective detection radius (EDR) and
singing rate. The EDR is defined as the distance from the point
of observation where as many birds were detected beyond this
radius as were undetected within this radius [37]. This factor
took into consideration the fact that a bird further away would
be less likely to be detected, and that certain species would be
harder to detect at further distances. Thus, when the point count
data were considered, it was reasonable to assume that the point
count numbers correlated to the number of birds within the
EDR.

The singing rate was given as the rate at which a bird sang out
per minute, or similarly the proportion of a bird population that
sang at least once in one minute. Since most point counts depend
on hearing the sound of a bird more than seeing it to identify
the species, the singing rate gives a useful approximation of
how many birds remain quiet and thus undetected during the
point count. By multiplying the singing rate by the number of
minutes spent in observation, one can find the proportion of
birds that sang out and had a chance of being identified in the
point count. If the point count was long enough, this proportion
would rise above 100% as birds began to sing more than once.
However, the observer for each point count was trained to count
individual birds, not individual bird songs, so multiple bird
songs by the same bird could be discarded [38]. Therefore, the
singing rate-time product was capped at 100%. The population
estimate for each square was calculated as shown in Figure 16.

After calculating population estimates for each square, the
population was again modulated to show annual changes. This
was done in the same fashion as the first “top-down” approach
using the annual abundance data. In this way, both approaches
were used to create usable population estimates for the model.

Species Data
Other data that were collected and inferred from a diverse
variety of sources regarding each species are reported in
Multimedia Appendix 1. These data include home range area,
breeding season months, communal or solitary living habits,
and typical flight speeds.

The spring/summer home range of all birds was considered to
be a circular area. As such, the average radius in meters was
calculated and reported in Multimedia Appendix 1. The home
range of a given species depends heavily on the habitat and food
abundance conditions. The top priority was to collect the data
from Manitoba. If possible, reported mean home ranges for the
landscapes neighboring the province were considered. When
there were no data for similar landscapes, the mean of the home
ranges (as reported in different sources and weighted by the
sample sizes) was used. It was also desirable to avoid
underestimating the average home range, as the ongoing ABM
required the ceiling of an average home range to be set as the
maximum flight distance for birds.

Breeding timing and living habit data were primarily collected
from the Birds of North America online database [39]. The
breeding season range goes up to, but does not include, the end
month. Living habits were categorized into three groups: solitary
roosting behavior, year-round communal roosting, and
semiannual communal roosting. Semiannual communal roosting
included species that roost individually or in pairs during the
breeding season, and then form flocks for migration in the fall.
In general, the roosting behaviors of birds are often difficult to
categorize. These designations represent an estimate on which
type of model each species’behavior may best fit in the specific
ABM, and are not intended to reflect a universal definition of
communal roosting.

Mean flight speed is reported in the format of meters per second
in Multimedia Appendix 1. For many species, the data on flight
speed were either very sparse or nonexistent. For such species,
certain approximations had to be made, such as using the
reported speed for a similar species of that genus or taking the
average of reported speeds of the whole family. It was decided
to find the typical flight speed at which birds fly/forage during
a day; however, in most sources it was unclear what type of
speed was measured. Values were generally either minimum
power speed (Vmp) or maximum range speed (Vmr). If a certain
species had both Vmp and Vmr available, the smaller Vmp would
have been recorded as the flight speed of the species. Whenever
there were only reports on the maximum flight speed, the
minimum number in the given range of maximum flight speeds
was used as the typical speed. It is notable that a bird’s normal
flight speed going from perch to perch is much less than the
numbers reported in Multimedia Appendix 1. These values were
treated as the ceiling of typical speed in the birds’ movement
component of the ongoing ABM, and the birds’minimum flight
speed was set at two meters per second.

Human Data
The Open Street Map of the province was downloaded from
GeoFabrik.de as a highly compressed Protocol-Buffer Binary
Format file. The street map was then extracted from this binary
file using the routing features of AnyLogic. A sample street
map of Southern Manitoba including only trunk, primary, and
secondary roads can be seen in Figure 10. The A* pathfinding
algorithm was applied on this network for human agents’
routing. Census data for each municipality of the province for
initial location of human agents were downloaded from Statistics
Canada. Municipal boundaries in Manitoba were downloaded
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as a shapefile from the National Resources Canada website.
The population of human agents then had to be distributed
within these boundaries according to the census data for each
municipality. AnyLogic has a GISRegion component, in which
one can call the function randomPointInside to randomly choose
a point inside the given region. Therefore, this function can be
used to initialize the human agents’ population inside each
municipality. However, the shapefile polygon features,
representing municipal boundaries, first had to be converted to
AnyLogic GISRegion(s). Up to AnyLogic version 7.2, the
built-in converter was not fully functional to convert all the
shapefile features to AnyLogic GISRegion(s). A sample
AnyLogic Java code for this nonintuitive conversion can be
found in Multimedia Appendix 1. The code also gives hints to

developers on how to extract all point coordinates of objects in
a shapefile. It is notable that each shapefile has a different
number of nested layers of objects. This may be the reason why
the built-in converter does not work for all shapefiles.

For the purpose of this paper and brevity, human movement
patterns, data collection, and processing methods are not
discussed further, but these factors are integral to ongoing WNV
agent-based modelling. In addition to the readily available
census data mentioned above, other sources include those related
to personal cellular devices, as well as technologies being
developed for intelligent transportation systems. Earlier proofs
of concept were demonstrated in prior work [13,40,41]. A
further extension of this paper will discuss the preparation and
manipulation of these data sources.

Figure 10. Comparison of crow population estimates between the Boreal Avian Modelling (BAM) and Partners In Flight (PIF) methods in some selected
squares. EDR-USGS: Effective Detection Radius-United States Geological Survey.

Results

Mosquito Data
The final weather database had daily and hourly values of
weather temperature and rainfall for 118 rural and urban
municipalities in Manitoba from 2002 to 2014. This dataset
could be used for any weather-dependent studies in the Southern
Manitoba region. The final land cover database had information
on 6067 square cells in Southern Manitoba. For each cell, the
corresponding municipality and weather station, total area,
coordinates, and area of different land cover classes present in
the cell were known. The land cover classes used in this dataset
include Agricultural Field, Deciduous Forest, Water Body,
Range and Grassland, Mixed-Wood Forest, Wetland-Marsh,
Wetland-Treed Bog, Treed Rock, Coniferous Forest, Fire-Burnt
Area, Open Deciduous Forest/Shrub, Agricultural-Forage Crop,
Cultural Features, Forest Cut Block, Sand and Gravel, Roads
and Rail Lines, Wetland-Fen, and Lichen health. The land cover
database can be used in geo-spatial studies in Southern
Manitoba. Such studies are of particularly high importance for
agricultural purposes. One limitation of the land cover database
and the extraction procedure is that the land cover was assumed
to be static. Generally, more work on land cover (and in

particular on dynamic land cover changes) is ongoing. For
instance, Murray-Rust et al proposed an open-frame ABM to
capture changes in land cover [42]. As future work, the land
cover extraction procedure could be automated using Python
scripts in ArcGIS. Such an automated procedure makes the
system adjustable in response to changes in land cover data.
The land cover database, in conjunction with the weather
database, could benefit studies that focus on the forecasting of
mosquito-borne diseases in Sothern Manitoba.

Future work on weather data may focus on improving algorithms
used for simulating missing data, particularly hourly rainfall
values for a specific area, if hourly estimates are necessary. In
this study, the BioSim software was applied for this purpose,
which produced estimates of hourly rainfall values. Depending
on the fidelity of the application, one may need to include more
weather stations in Manitoba by going through the same
procedures explained earlier.

Bird Data
The final bird database contained information on 152 different
bird species. For each species, there were population estimates
for each of the 2056 square cells, which were roughly 10 km x
10 km areas located in Southern Manitoba. Each of these
population estimates was also used to create a weekly population
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estimate for each square to represent weekly impacts of
migration. Only squares in which some evidence of breeding
had been found were included for each species, as these squares
were assumed to also contain nocturnal roosts for the species
[15]. This dataset could also be used by other researchers
working on topics such as modelling birds’ movements, bird
interactions in various ABMs, and geo-simulations including
birds.

Due to fundamental differences between the two population
estimation approaches, their assumptions, and availability of
data, the two estimates show a degree of disparity in some areas.
The chart in Figure 11 shows a comparison of population
estimates of American crow species for various locations
(squares) in Manitoba. The BAM population estimates were
calculated using the methodology previously discussed. The
EDR-USGS estimates in Figure 11 were calculated in a similar
manner, but used the USGS 50 stops data for point counts
instead of the MBBA point counts. The PIF population
estimates, as mentioned before, were calculated from the
regional PIF estimates and abundance maps created from the
USGS 50 stops data. The similarity between the EDR-USGS
and PIF estimates in most of the squares reveals the importance
of the availability of stops and point counts data. Notably, the
difference between the two estimates in the other squares
confirms the differences between the “top-down” and
“bottom-up” approaches. Figure 12 shows the physical location
of selected squares in Figure 11. To achieve an idea of how the
two estimates compare against some historical data in Manitoba,
an average density for a number of species was calculated from
the average BAM and PIF estimates for the species across the
province. In Figure 13 and Figure 14, these densities are
compared against the Manitoban bird densities calculated for
1966-1994 by Downes and Collins [43] and reported in the
work of Kirk et al [44] for two groups of species of
short-distance and long-distance migrants. If a species winters
mostly within Canada or North America, it is categorized as a
short-distance migrant. If the birds mainly spend winters in
Central or South America, they are considered long-distance
migrants [44]. In general, for the long-distance migrants, the
BAM densities have less disparity from the birds’ densities
provided by Downes and Collins [43], compared to the PIF.
Conversely, for the short-distance migrants, the PIF densities
are closer to the birds’densities provided by Downes and Collins
[43].

Both bird population estimate approaches have several
assumptions and shortcomings built in. The “top-down”
approach used USGS abundance maps that were based on a
very small sample size (<2% of the birds’ project area, or

approximately 4112 of 205,600 km2), and these points had only
been surveyed approximately once per year (50 stops per year).
Additionally, the PIF regional population estimates, although
useful for large-scale conservation efforts and approximations
[34], are not made to be accurate at a small scale. Thus, the first
approach contains rather sparse data that has been heavily
processed and extrapolated to pertain to a large detailed area.
The “bottom-up” approach sought to fix some of these problems,
and was based on the MBBA point counts, which were available
for all of the squares over several years. These squares were
again not surveyed regularly over the span of a year (15 times
over 5 years) but much more of the study area was covered by
these point counts [38]. The correction factors used to convert
point counts into population estimates were also (in part)
designed by BAM to make up for the weaknesses in the PIF
population estimates. However, the correction factors used here
did not take every factor into account that could have influenced
the point counts. The EDR (and possibly the singing rate) would
have varied with different habitats and vegetation types, but the
approach described here did not take this into account. The EDR
has a large effect on the population estimate, and is consistently
smaller than the radius used in the PIF estimates. As a result,
the population estimates are likely to be higher than the PIF
estimates. There is also likely a habitat bias against certain
hard-to-reach habitats. The point counts were done by
volunteers, and mostly beside roads, so the more remote
locations were less likely to be surveyed. This factor may have
caused an over- or under-representation, depending on the
species and its preferred habitat. In addition to this problem,
there is evidence that point counts done next to roads obtained
biased results for some species. More work on correction factors,
and population estimates in general, is ongoing and future
studies and data should be able to improve on these processes.

Bird species data, including home range area, breeding season
months, communal or solitary living habits, and typical flight
speeds, are presented in Multimedia Appendix 1. As mentioned
in the Methods section, as well as Multimedia Appendix 1,
many of the reported species data are estimations of some kind.
Therefore, many more field studies and work on bird species
(although improving) are consistently required.
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Figure 11. Southern Manitoba street network showing only trunk, primary, and secondary roads.

Figure 12. Physical location of some selected squares of bird roosts.
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Figure 13. Comparison of the mean densities of Boreal Avian Modelling (BAM) and Partners In Flight (PIF) against densities in Downes and Collins
for a number of long-distance migrant species.

Figure 14. Comparison of the mean densities of Boreal Avian Modelling (BAM) and Partners In Flight (PIF) against densities in Downes and Collins
for a number of short-distance migrant species.

Figure 15. Equation to estimate real population of bird species using the Boreal Avian Modelling (BAM) approach.
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Figure 16. Equation to estimate real population of bird species using the Partners In Flight (PIF) approach.

Human Data
The procedures explained in this paper (for preparing the human
data) have two outputs. The first output details a database of
human census in municipalities of Manitoba with their boundary
coordinates. These coordinates are saved as AnyLogic
GISRegion objects on file. The second output involves the street
network of the province in a compatible format with AnyLogic
GIS components. A future extension of this paper will discuss
issues regarding the extraction of trajectories for human agents
according to cellular phone tower data.

Discussion

Conclusions
AnyLogic simulation software, in combination with Esri
ArcGIS, provides a powerful toolbox for developers and
modelers to simulate almost any GIS-based environment or
process. In this paper, the application of interest was WNV
propagation in the province of Manitoba. The land cover data
of Manitoba was rasterized in an optimum sized shapefile
compatible with AnyLogic. Some hints and techniques regarding
working with shapefiles in AnyLogic were reviewed. A database
of over 150 different bird species vulnerable to WNV, including
their nesting locations, population estimates, home range radii,
roosting behavior, and start and end of the breeding season, was
collected. The street network for Manitoba, extracted from
OpenStreetMap, was loaded into AnyLogic to be used in its
pathfinding library. The procedures for collecting, combining,
and reformatting all these data are explained in detail in a
tutorial-based style to benefit other modelers working in similar
areas.

Researchers are constantly exploiting new nontraditional sources
of data for modelling different human diseases. For example,
in a relatively recent study, Google search data have been used

for modelling transmission dynamics of the Zika virus [45]. On
the contrary, in this paper, more traditional data sources were
gathered and prepared in a suitable way for agent-based
modelling of WNV. However, the final proposed dataset could
also be used to model mosquito population dynamics (eg, to
evaluate control strategies). Some recent studies in this area can
be found in the work of Ewing and Cobbold [46] and Marini et
al [47]. Inevitably, modelling natural or environmental processes
depends heavily on the availability of appropriate data; this is
particularly true for verification and validation of models, as
models and simulations would not gain significant attention
unless they are shown to closely resemble reality. This
resemblance can only occur with meaningful data; therefore,
the importance of data cannot be overstated. The pertinent
procedures and an overview of resultant data for WNV
geo-modelling are presented in this paper.

Limitations
There are some limitations in our data mining and assembling
procedures, each of which was discussed in the corresponding
section. Notwithstanding, similar mining methods could be
adopted by other researchers to compile such datasets according
to their own specific needs for other geographic areas (eg,
estimating population and location of birds in other
provinces/states in North America). This research should be
useful to others working on a variety of mosquito-borne diseases
(eg, Zika, dengue, and chikungunya) by providing the data
relating to Manitoba and/or a systematic path to follow for
producing and processing such crucial data. Unlike WNV, these
viruses generally only survive in humans. WNV has been able
to permanently establish itself in the United States because it
can survive in humans, horses, and birds, giving the virus a
wider variety of hosts. However, the requirement for modelling
human movement patterns, weather, and habitat is still equally
important, as any WNV model is tightly correlated with these
components.
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Abstract

Background: Chronic obstructive pulmonary disease (COPD) is significantly underdiagnosed in Kazakhstan, and there is no
previously conducted study on COPD prevalence in the country.

Objective: The purpose of this study is to assess the prevalence of COPD among individuals aged 40 to 59 years based on
results of spirometry before and after bronchodilator, presence of structural changes in the lungs (emphysema, inflammatory
changes, and thickening of the walls of the large and small airways) detected by computer tomography, and the symptoms of
COPD. The study has 3 study groups: smokers of conventional cigarettes, those who had quit smoking 1 to 5 years ago, and those
who haven’t smoked cigarettes.

Methods: This is an observational study with a cross-sectional design among individuals aged 40 to 59 years in Almaty,
Kazakhstan. The sample of 900 individuals of both sexes contains 500 smokers, 200 ex-smokers, and 200 never-smokers. Study
measures include spirometry, chest computed tomography, electrocardiography, physical exams, laboratory testing of serum,
anthropometry, and 6-minute walk test. Data are collected by computer-assisted personal interviewing with tablets. The questionnaire
was designed to explore possible COPD risk factors including history of smoking, current smoking, level of smoking exposure
(in pack-years), passive smoking, occupational and environmental hazards, and covariates: age, gender, ethnicity, education,
occupation, and self-reported morbidity. COPD Assessment Test (CAT) is used to collect information about COPD symptoms.

Results: We have completed the participant recruitment and study procedures. Currently, we are working on data processing
and data analysis. The authors anticipate the preliminary results should be available by September 2017. Study results will be
published in peer-reviewed scientific journals.

Conclusions: This is the first study in Kazakhstan that assesses prevalence of COPD and its comorbidities in the adult population
aged 40 to 59 years. The results of the study will be useful for improving COPD preventive measures, better COPD screening,
identification, and registration. Findings of the study will also contribute to global knowledge on the epidemiology of COPD.

Trial Registration: ClinicalTrials.gov NCT02926534; https://clinicaltrials.gov/ct2/show/NCT02926534 (Archived by WebCite
at http://www.webcitation.org/6rjwGsPOZ)

(JMIR Res Protoc 2017;6(7):e143)   doi:10.2196/resprot.7422
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Introduction

Chronic obstructive pulmonary disease (COPD) is the fourth
leading cause of death worldwide [1]. The number of affected
individuals and deaths from COPD are expected to increase as
the population ages [2]. In Russia, the largest neighboring
country of Kazakhstan, the prevalence of symptomatic COPD
in the adult population was estimated to be 15.3% [3]. An
estimated 1.4 million individuals in Kazakhstan may be affected
by COPD. This estimate is based on studies that have been
conducted in other countries in the World Health Organization
European Region [4] but not in Kazakhstan, because a study
on the prevalence of COPD has not been conducted in the
country yet. COPD is significantly underdiagnosed in
Kazakhstan. In 2013, the rate of reported COPD cases was
315.9 per 100,000 or around 53,000 registered cases of COPD
[5]. A better understanding of the epidemiology and social and
other determinants of the disease is needed in order to recognize
the true magnitude of the problem and develop effective
treatments and prevention strategies.

Various criteria for COPD have been used in population-based
studies. The most common criterion is airflow obstruction
detected by spirometry testing, defined as a postbronchodilator
ratio of forced expiratory volume in 1 second (FEV1) to forced
vital capacity (FVC) less than 0.7 or 70% [6]. This criterion is
simple to implement and widely used in epidemiological
surveys. However, COPD prevalence based on this could be
slightly biased—overestimated in old subjects and
underestimated in younger ones [7]. For this reason, the fifth
percentile of the FEV1/FVC ratio or the lower limit of normal
distribution of the FEV1/FVC ratio defined for specific
age-gender group is also recommended for use in
epidemiological studies [8].

Respiratory symptoms [9] and physical examination [10] were
frequently used to evaluate COPD prevalence. However,
collecting such data is more important for establishing the
clinical diagnosis of COPD [6]. The specific symptoms of
COPD include progressive dyspnea, cough, and sputum
production [6]. The COPD Assessment Test (CAT) was
specially designed to measure how COPD symptoms lead to
health status impairment. The test is derived from 8 items, and
the score varies from 0 to 40. The cut-off point for the CAT is
10, after which regular treatment for symptoms is recommended
[6]. Although a physical examination is rarely used in COPD
diagnosis, particularly in detecting mild to moderate COPD,
thoracic examination of patients with severe disease can usually
reveal the following signs: hyperinflation, wheezing, diffusely
decreased breath sounds, hyperresonance on percussion, and
prolonged expiration [11].

Chest computed tomography (CT) scan is recommended for
subjects with airflow limitation and signs and symptoms
suggestive of COPD for making an accurate diagnosis of COPD
to exclude other conditions [12]. CT scan also helps to separate
COPD patients into 2 main phenotypes, emphysema and small
airway disease [13]. CT images can be visually assessed by
qualified observers to describe patterns of altered lung structure
or quantified for assessment of the extent of emphysema, gas

trapping, and airway abnormality [14]. Some studies suggested
that severity of emphysema detected by CT scan is associated
with greater lung function decline even if airway obstruction is
not currently presented [15,16]. As a result, CT-detected
emphysema may predict future development of airflow
obstruction [16,17].

Tobacco smoking, occupational and environmental exposures
including workplace dusts and chemicals, and smoke from home
cooking and heating fuels are the main risk factors for COPD
[8]. In addition, advanced age, chronic respiratory infections
such as tuberculosis, low socioeconomic status, and being
underweight may influence COPD development [18,19]. Genetic
predisposition also plays an important role in COPD
development. Originally described more than 50 years ago,
α1-antitrypsin deficiency may cause COPD and accounts for
1% to 2% of all COPD cases. There are other genome variants
currently being investigated as candidates for COPD genes, but
only the Z variant of α1-antitrypsin is accepted as a COPD gene
at the present time [20].

Comorbidities are frequently found in persons with COPD.
Some of them have risk factors, which are the same as for
COPD, particularly tobacco smoking and aging. Moreover,
systemic inflammation and chronic hypoxia present in COPD
patients may cause other health-related conditions. Common
comorbidities include heart disease, lung cancer, osteoporosis,
metabolic syndrome and diabetes, anemia, anxiety, cognitive
decline, and sleep disorders [21,22]. Specific comorbidities
increase mortality and poor outcome in COPD, so management
of main comorbidities has been included to COPD guidelines
[6].

The aim of the study is to assess the prevalence of COPD among
smokers, ex-smokers, and never-smokers aged 40 to 59 years
based on pulmonary function assessment (spirometry), structural
changes (emphysema and large and small airway inflammation
with thickening) identified by high-resolution CT, COPD
symptoms, and exercise limitations. In addition, the study
objectives include comparing the prevalence of health conditions
considered as COPD comorbidities (heart disease, hypertension,
metabolic syndrome, diabetes mellitus) in 3 study groups and
their interaction with COPD.

Methods

Study Design
This is an observational study with a cross-sectional design to
assess the prevalence of COPD in Almaty, Kazakhstan, among
individuals aged 40 to 59 years based on results of spirometry,
the presence of structural changes in the lungs, and symptoms
of COPD.

The study population is 3 groups of male and female residents
of Almaty, the largest city in Kazakhstan, with a population of
1.7 million people, 9% of whom are aged 40 to 59 years.
Members of the first group include current smokers with more
than a 10 pack-year history of smoking (smokers). The second
group comprises individuals who quit smoking from 1 to 5 years
ago and have more than a 10 pack-year history of smoking
(ex-smokers). The third group comprises persons who have
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never smoked regularly (ie, smoked less than 100 cigarettes in
their lifetime) (never-smokers).

We recruited individuals who are 40 years of age or older
because most people are at least 40 years old when the
symptoms of COPD first appear [23]. The same age limit is
selected for many COPD prevalence studies [24-26]. The upper
age was set at 59 years to avoid survival bias [27] possibly
leading to underestimating the effects of risk factors on COPD.
We have taken into account that the life expectancy at birth
among males was only 66 years in Kazakhstan in 2015 [28].

Inclusion and Exclusion Criteria
Male and female participants aged 40 to 59 years who have a
10 pack-year and more of smoking history (for smokers and
ex-smokers) or fewer than 100 cigarettes in their lifetime (for
never-smokers) and are able to provide informed consent can
be included in this study.

Exclusion criteria:

• Pregnancy
• Fever (37°C or higher) at the time of the visit or during the

2 weeks preceding the visit
• Legally incapable
• Chronic infectious and noninfectious lung disease except

asthma (eg, pulmonary fibrosis, bronchiectasis, cystic
fibrosis, tuberculosis)

• Resection of at least one lobe (or performing procedures to
reduce lung volume)

• Any cancer; receiving a course of radiation or chemotherapy
at the time of the visit

• Suspected lung cancer (presence of significant lung
neoplasm)

• Presence of metal in the chest
• Ophthalmic surgery within the last 12 months prior to the

visit
• Myocardial infarction or other form of acute or chronic

coronary insufficiency or cardiac arrhythmia diagnosed at
least 6 months prior to the visit

• Myocardial infarction or other form of acute or chronic
coronary insufficiency or cardiac arrhythmia for which an
individual regularly receives medication

• Severely elevated blood pressure (equal to or greater than
a systolic 180 or diastolic of 100)

• History of cerebrovascular accident
• Thoracic or abdominal surgery within the last 6 months
• Contraindications to use salbutamol or its analogs
• CT scan or other research using ionizing radiation within

the last 6 months

Sampling
According to the Burden of Obstructive Lung Disease (BOLD)
protocol, a minimal sample size of 600 is recommended to
achieve an acceptable level of precision for estimating COPD
prevalence [29]. Our goal is for a sample size of 900 including
500 smokers, 200 ex-smokers, and 200 never-smokers. We have
used the National Health and Nutrition Examination Surveys
data to assume COPD prevalence in these 3 groups [30]. The
sample size of 500 allows for achieving the precision of 3.5%
with the expected prevalence of obstructive impairment of 20%.
The sample size of 200 and the expected prevalence of
pulmonary obstruction of 10% and 2% among ex-smokers and
never-smokers, respectively, provides sample estimates with
4.2% and 1.9% precision, respectively [31].

The 3 study groups are planned to have the same gender and
age distribution by implementing age-gender quota to eliminate
age and gender potential confounding effect to the associations
between smoking status and outcomes.

It was shown that the sample characteristics depend on
recruitment method used [32]. To recruit study participants,
active and passive approaches are used. Participants are recruited
by using personal networks of investigators and persons who
are already participating in the study (snowball), placing an
advertisement of the study in social media (Facebook) targeting
those individuals who are potentially eligible to participate (live
in Almaty, specific age group), and meeting with the owners
and managerial staff of several large companies located in
Almaty to explain the benefits of participation in the study.
Employees of these companies who are potentially eligible to
participate in the study are contacted by phone calls.

Study Procedures
The study flow is shown in  Figure 1. Participants are expected
to attend 2 to 3 visits for the study, for a total of about 3 hours.
Completing study procedures for each participant, including
sharing the study results with the participant, is expected to take
up to 2 weeks.
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Figure 1. Patient recruitment, enrollment, and data collection and sharing.

Spirometry
Spirometry is performed by trained investigators, with 3
technically satisfactory maneuvers performed by each study
participant. The largest value of FEV1 and the respective value

FVC are selected to calculate ratio of FEV1 to FVC. The
CardioTouch 3000-S (BiTech Medical Corp), a 12-lead resting
electrocardiogram (ECG) machine with a spirometer with a
measuring accuracy that complies with American Thoracic
Society requirements [33], is used to perform lung function
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tests. Calibration of the spirometer was performed every day
before using it. A 3-L syringe was pumped through to check
that accuracy did not exceed a tolerance of 3% [33].

Computed Tomography
Study subjects undergo 64-channel CT scans of the chest
(Philips Brilliance CT 64). Subjects with restrictive (FEV1/FVC
from 70% to 80%) and obstructive (FEV1/FVC less than 70%)
lung diseases or signs and symptoms of COPD found during
the physical examination and survey undergo
inspiratory-expiratory CT scans obtained at the following
settings: detector collimation 0.6-0.75 mm, 0.625-0.9 mm
reconstructed slice thickness, 0.45-0.625 mm slice interval, 120
kV, 200 (inspiratory) and 50 (expiratory) mAs. Other subjects
have only inspiratory CT scans: 0.8 mm reconstructed slice
thickness, 0.4 mm slice interval, smooth reconstruction
algorithm iDose 7, matrix size 512×512, range = –500 to 1500,
120 kV, 40 mAs [34].

CT scans are evaluated by 3 independent qualified observers to
produce semiquantified measures that characterize the extent
of emphysema, severity of bronchial dilatation, traction
bronchiectasis, bronchial wall thickening, and small airway
disease. We use the Bhala scoring system [35] modified by
Tulek at al [36]. The kappa test will be used to evaluate interrater
reliability of visual CT scan analysis. The median score by 3
observers will be recorded for each participant.

Electrocardiography
A standard 12-lead ECG is performed with the CardioTouch
3000-S for each study subject by employing strictly standardized
procedures. Research staff members were trained to properly
place electrodes. At least 4 cardiac cycles are taken from each
of 12 leads. The machine runs at 50 mm/sec. The following
ECG parameters are evaluated by a trained clinical researcher:
waves and complexes, presence and description of ECG
abnormalities including pathologic q-waves, ST elevation, ST
depression, T-wave inversion, hypertrophy, QRS axis deviation,
block, and arrhythmia. ECGs were visually inspected for
technical errors and were interpreted by a qualified cardiologist.
The prevalence of specific ECG abnormalities as well as
grouped abnormalities will be reported for each study group.
Associations between COPD and ECG abnormalities, crude
and adjusted by sex, age, and smoking status, will be measured
and presented.

Physical Exam
Clinical investigators were trained to conduct the pulmonary
(percussion and inspection) exam and technique for listening
to second heart sounds. Two Stanford Medicine 25 modules
were used as study materials in hands-on sessions [37,38]. The
prevalence of individual pathological findings will be presented
for each study group. Associations between pathological
findings from 2 exams and COPD will be evaluated.

Anthropometry
Anthropometry measures include height, weight, waist
circumference, heart rate, blood pressure, and pulse oximetry.

Six-Minute Walk Test
All study subjects will take a 6-minute walk test to evaluate
functional exercise capacity. Investigators assess whether
contraindication exists or not. Absolute contraindications are
unstable angina and myocardial infarction during the previous
month. Relative contraindications are blood pressure more than
180/100 mm Hg and a resting heart rate of more than 120 beats
per minute [39]. Subjects with any of the contraindications are
referred to the clinical coordinator for a decision about the
conduct of the test. Posttest dyspnea is measured using the Borg
scale [40].

Laboratory Data
Serum from each participant is tested for blood cholesterol level,
high-density lipoprotein (HDL), low-density lipoprotein (LDL)),
triglycerides, C-reactive protein, fibrinogen, glucose, hepatitis
B and C IgM and IgG antigens and antibodies, alanine
aminotransferase (ALT) and aspartate aminotransferase (AST)
liver enzymes, and α1-antitrypsin.

Questionnaire
The questionnaire was designed to collect data on possible
COPD risk factors including history of smoking; current
smoking; level of smoking exposure (in pack-year); passive
smoking; and occupational and environmental hazards including
dusts, chemicals, and indoor fuel pollution. The questionnaire
contains the following covariates: age, gender, ethnicity,
education, occupation, and self-reported morbidity. CAT is used
to collect Information about COPD symptoms. The test was
designed and validated for use in routine clinical practice to
evaluate the health status of patients with COPD [41].
Computer-assisted personal interviewing (CAPI) with tablets
has been implemented to collect, store, and transmit data related
to a personal survey interview.

The questionnaire was piloted by interviewing 7 testers—3
smokers, 2 ex-smokers, and 2 never-smokers. After completing
pilot interviews, the testers were asked to answer specific
questions and then provide comments and suggestions on the
whole questionnaire. The questions that were not clear enough
were identified and have been improved.

Statistical Analysis
Data from all CAPI devices will be exported to one database,
and R version 3.3.1 (The R Foundation) will be used for data
analysis. Descriptive analyses will be performed using mean,
median, interquartile interval, and standard deviation for
quantitative variables and frequency tables for categorical
variables. Depending on the nature of outcome and exposure
variables, type of data distribution, and the sample size, bivariate
comparisons will be made by the following tests: chi-square
test, Fisher’s exact test, analysis of variance, t test, and the
Mann-Whitney test.

A multivariable analysis (generalized linear models) will be
conducted to control for confounding. Presence of effect
modification/interaction terms will be explored. An alpha <.05
will be considered significant. To construct the optimal model,
backward elimination will be used. The full models will contain
all independent effects and some important interactions.
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Mediators (variables that lie on the causal pathway between
exposure and outcome) will not be included in the model. To
avoid multicollinearity, we will examine the tolerance for each
independent variable. If the tolerance value is less than 0.1, we
will omit a variable from the analysis. The optimal model will
be defined based on the Akaike Information Criterion. Model
diagnostic plots will be generated to test model assumptions
(eg, normality of deviance residuals).

Ethics Approval
The National Central Ethics Committee under the Ministry of
Health and Social Development in the Republic of Kazakhstan
approved this study on August 19, 2016. The study has been
registered at ClinicalTrials.gov [NCT02926534].

Results

We have completed the participant recruitment and study
procedures. Currently, we are working on data processing and
data analysis. The authors anticipate the preliminary results
should be available by September 2017. Study results will be
published in peer-reviewed scientific journals.

Discussion

To the best of our knowledge, this is the first study in
Kazakhstan that assesses COPD prevalence in the general
population aged 40 to 59 years, specifically smokers,
ex-smokers, and never-smokers. The study also aims to
investigate COPD comorbidities and their interaction with
COPD. Improving COPD preventive measures, COPD

screening, identification, and registration requires obtaining this
epidemiological information. Study strengths include its
relatively large sample size and collection of comprehensive
medical, behavioral, and other health-related data from each
study participant.

However, there remain some limitations. First, the study is
observational. Thus, the possibility of unidentified or
unmeasured confounders exists. We are going to conduct the
sensitivity analysis to assess a covariate that could eliminate
the effect of smoking on COPD. Second, the study is
cross-sectional, and the time when COPD occurred cannot be
identified. The values of potential confounders measured in the
study could differ from ones when symptoms of COPD first
appeared and could be diagnosed. As a result, causal inferences
cannot be made. Third, the study includes many components
to be measured, which makes it impossible to employ probability
sampling to select participants. The main risk of nonprobability
sampling is that the distribution of important covariates in the
sample will differ significantly from their distribution in the
study population. We employ quota sampling to set quotas for
gender and age, 2 important covariates for COPD, to balance
them in the sample. In addition, we measure all known important
covariates or confounders to make the desired adjustments in
our data analysis. Fourth, the study is conducted in one city,
Almaty, which reduces the generalizability of the study results
to the country population. Finally, we expect some measurement
bias that arises from errors in the data collection. For example,
participants could avoid socially undesirable answers. To reduce
the latter bias, all data collection procedures were tested and
the research staff members were trained.
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